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Background and Purpose  The correlation between dopamine transporter (DAT) imaging 
and neuromelanin-sensitive magnetic resonance imaging (NM-MRI) in early-stage Parkin-
son’s disease (PD) has not yet been established. This study aimed to determine the correlation 
between NM-MRI and DAT positron-emission tomography (PET) in patients with early-
stage PD.
Methods  Fifty drug-naïve patients with early-stage PD who underwent both 0.8-mm isovox-
el NM-MRI and DAT PET were enrolled retrospectively. Using four regions of interest (nigro-
some 1 and nigrosome 2 [N1 and N2] regions) from a previous study, the contrast ratios (CRs) 
of 12 regions were measured: N1, N2, flipped N1, flipped N2, combined N1 and N2, and 
whole substantia nigra pars compacta [SNpc] (all on both sides). The clinically more affected 
side was separately assessed. The standardized uptake value ratios (SUVRs) were measured in 
the striatum using DAT PET. A partial correlation analysis was performed between the SUVR 
and CR measurements.
Results  CR of the flipped left N1 region was significantly correlated with SUVR of the right 
posterior putamen (p=0.047), and CR values of the left N1 region, left N2 region, flipped right 
N1 region, and combined left N1 and N2 regions were significantly correlated with SUVR of 
the left posterior putamen (p=0.011, 0.038, 0.020, and 0.010, respectively). SUVR of the left an-
terior putamen was significantly correlated with CR of the left N2 region (p=0.027). On the 
clinically more affected side, the CR values of the N1 region, combined N1 and N2 regions, and 
the whole SNpc were significantly correlated with SUVR of the posterior putamen (p=0.001, 
0.024, and 0.021, respectively). There were significant correlations between the SUVR of the an-
terior putamen and the CR values of the N1 region, combined N1 and N2 regions, and whole 
SNpc (p=0.027, 0.001, and 0.036, respectively).
Conclusions  This study found that there were significant correlations between CR values in 
the SNpc on NM-MRI and striatal SUVR values on DAT PET on both sides in early-stage PD.
Keywords    Parkinson’s disease; neuromelanin-sensitive MRI; dopamine transporter imaging.

Correlation Between Neuromelanin-Sensitive MRI and 
18F-FP-CIT PET in Early-Stage Parkinson’s Disease: 
Utility of a Voxel-Wise Analysis by Using 
High-Spatial-Resolution MRI

INTRODUCTION

Dopamine transporter (DAT) imaging has been widely used to determine the presence or 
absence of nigrostriatal degeneration in patients with parkinsonism. Striatal uptake values 
on DAT imaging have been suggested to be correlated with the number of neuromelanin-
containing dopaminergic neurons in the substantia nigra pars compacta (SNpc).1,2 Howev-
er, the application of DAT imaging is restricted by its high availability, cost, and radiation 
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exposure. In contrast, magnetic resonance imaging (MRI) is 
more accessible, does not involve exposure to ionizing radia-
tion, and is often suggested for patients who present with par-
kinsonism to rule out structural pathologies in the brain. 

Neuromelanin-sensitive MRI (NM-MRI) has been used 
to identify the loss of neuromelanin-containing dopaminer-
gic neurons in the SNpc in patients with Parkinson’s disease 
(PD).3,4 This use of NM-MRI is supported by a recent study 
finding that the signal intensity on NM-MRI was correlated 
with the neuromelanin concentration.5 

Given the utility of NM-MRI, it would be better to observe 
significant correlations between the measures (either signal 
intensity ratio or volume) in the SNpc on NM-MRI and the 
striatal uptake values on DAT imaging. Two previous studies 
found that SNpc volumes measured on NM-MRI were signif-
icantly correlated with DAT activity,6,7 but these studies may 
have been limited by their inclusion of patients with both ear-
ly- and advanced-stage PD. The ceiling effect may lead to un-
reliable DAT imaging results in the advanced stages of PD, 
and so it would therefore be better to include drug-naïve pa-
tients with early-stage PD when assessing the relationship be-
tween NM-MRI and DAT imaging. Another limitation of 
the previous studies was that they did not perform an analysis 
based on the striatum and SNpc subregions. A recent study 
conducted a subregion-based analysis using NM-MRI and 
DAT imaging.8 However, it only found a significant relation-
ship on the clinically defined, more affected side. Moreover, a 
greater loss of signal intensity in the SNpc on the clinically 
less affected side was found in a substantial proportion of pa-
tients (~38%). Neuronal loss in PD occurs on both sides of the 
SNpc, although asymmetric involvement is distinctively ob-
served in the early stages. The results of that study might there-
fore have not fully established the relationship between NM-
MRI and DAT imaging. This lack of clarification about the 
relationship between NM-MRI and DAT imaging may be ex-
plained by the following factors: 1) the inclusion of patients 
with advanced-stage PD, and 2) the limited spatial resolution 
in the previous studies is prone to being affected by the par-
tial-volume effect, which in turn leads to lower reliability. 

A recent study recommended using thinner (1.5 mm) NM-
MRI for voxel-wise analysis of the SNpc.9 It would therefore 
be better to conduct a similar study with both drug-naïve pa-
tients with early-stage PD and NM-MRI with a high spatial 
resolution. In the present study, we obtained both 0.8-mm 
isovoxel NM-MRI and DAT positron-emission tomography 
(PET) images from 50 patients with early-stage PD, and ad-
opted the regions of interest (ROIs) in the SNpc that were re-
cently identified in a voxel-wise analysis10 to determine if there 
was a significant correlation between the measures of NM-
MRI and DAT imaging.

METHODS

Participants
This retrospective study, which was approved by the Institu-
tional Review Board of Gachon University Gil Medical Cen-
ter (IRB no. GCIRB2021-177), enrolled 46 out of 50 patients 
with PD who were assessed in a recently reported study.10 All 
participants gave informed consent. The four patients were 
excluded because their raw data from N-3-fluoropropyl-2β-
carbomethoxy-3β-(4-iodophenyl) nortropane PET (18F-FP-
CIT PET) were unavailable. We therefore retrospectively re-
cruited four patients with PD (maintaining the sex ratio [one 
female patient] and age range compared with those of the 
four excluded patients). All of the patients had been diag-
nosed with PD between January 2018 and April 2020. Both 
MRI and 18F-FP-CIT PET of the head were obtained for the 
initial diagnosis. Motor symptoms were assessed by an experi-
enced neurologist using the Hoehn and Yahr scale11 and Uni-
fied Parkinson’s Disease Rating Scale (UPDRS).12 Clinical lat-
erality of motor symptoms was considered to be present 
when the UPDRS III scores differed between the right and 
left sides. For cases without clinical laterality, the side with a 
lower standardized uptake value ratio (SUVR) of the posteri-
or putamen on 18F-FP-CIT PET was considered to have been 
affected more. Only drug-naïve patients with early-stage PD 
(Hoehn and Yahr scale score ≤2.5) were included. Ninety-
six healthy subjects were enrolled to create templates of unbi-
ased NM-MRI and susceptibility map-weighted MRI (SMwI) 
data. Healthy subjects were participants of the Environmental 
Pollution-Induced Neurological Effects study, which involved 
a community population.13 Of those 96 healthy subjects, 50 
age- and sex-matched subjects were chosen to determine the 
areas with significant differences in the SNpc through a vox-
el-wise analysis.

Imaging data acquisition
MRI was performed using a 3-T scanner with a 32-channel 
coil (Skyra, Siemens Healthineers, Forchheim, Germany). 
Whole-brain sagittal three-dimensional (3D) magnetization 
prepared rapid gradient echo (MP-RAGE) imaging was first 
obtained with the following parameters: repetition time (TR), 
1,800 ms; echo time (TE), 3 ms; inversion time, 920 ms; ma-
trix 256×256; field of view (FOV), 250×250; acceleration fac-
tor, 2; and acquisition time, 3 min and 35 s. 

Oblique axial 3D multiecho gradient-recalled echo (GRE) 
imaging was obtained parallel to the plane from the posterior 
commissure and the top of the pons, which was localized us-
ing sagittal MP-RAGE imaging. The parameters of the 3D 
multiecho GRE imaging were as follows: TR, 48 ms; minimum 
TE, 14.38 ms; echo train length, 3; echo spacing, 12.3 ms; ma-
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trix 384×384; FOV, 192×192 (100% phase resolution); slice 
thickness, 1 mm; number of slices, 32; acceleration factor, 2; 
and acquisition time, 4 min and 46 s. 

Both magnitude and phase multiecho GRE images were 
used to reconstruct quantitative susceptibility mapping (QSM) 
using the iterative least-squares method. The SMwI images 
were reconstructed while using the QSM as a mask. This ap-
proach further enhanced the susceptibility contrast and im-
proved the visualization of the nigrosome regions. Additional 
details for reconstructing SMwI can be found elsewhere.14,15

T1-weighted 3D sampling perfection with application-op-
timized contrast using different flip angle evolutions (SPACE) 
imaging was obtained at the same imaging plane as multiecho 
GRE imaging, with the following parameters: TR, 900 ms; 
TE, 4.8 ms; echo spacing, 4.76 ms; echo train duration, 338 
ms; variable flip angle; delay alternating with nutation for tai-
lored excitation (DANTE) preparation to improve SNpc de-
lineation;16 matrix 288×288; FOV, 230×230 (100% slice/phase 
resolution); slice thickness, 0.8 mm; number of slices, 208; ac-
celeration factor, 2 (controlled aliasing in parallel imaging re-
sults in higher acceleration); and acquisition time, 5 min and 
12 s. T1-weighted SPACE imaging with DANTE prepara-
tion was used in this study because it allowed high-spatial-
resolution images to be obtained more rapidly, which has been 
shown to have a comparable diagnostic performance to GRE 
imaging with magnetization transfer.16

18F-FP-CIT PET was obtained using a PET/CT (computed 
tomography) scanner (Biograph-6, Siemens, Erlangen, Ger-
many). CT was performed from the vertex to the base of the 
skull (30 mAs, 120 kVp, and thickness of 3 mm). PET imag-
ing data were collected in a 3D scanning mode with 40 slices 
(thickness of 3 mm) at 120 min after the administration of 5 
mCi (185 MBq) of 18F-FP-CIT. The CT data were used for at-
tenuation correction. 

Image processing
To measure DAT availability, SUVR values at both the ROI 
and voxel levels were calculated using the following proce-
dure: First, we spatially normalized the reconstructed 18F-FP-
CIT PET image of each patient into a stereotaxic space using 
SPM12 software (https://www.fil.ion.ucl.ac.uk/spm/), based 
on the registration of the coregistered T1-weighted MP-RAGE 
image to the Montreal Neurological Institute (MNI) tem-
plates of T1-weighted images. We then extracted regional av-
erages from each normalized 18F-FP-CIT PET image for each 
ROI. To define the ROI masks in the MNI space, we modified 
the Oxford-GSK-Imanova striatal17 and probabilistic cerebel-
lar18 atlases in the FSL package (https://fsl.fmrib.ox.ac.uk/fsl). 
The substriatal ROIs included the posterior putamen, anteri-
or putamen, posterior caudate nucleus, anterior caudate nu-

cleus, and ventral striatum (Fig. 1). The reference ROI was 
placed in the cerebellar gray matter. Finally, the SUVR values 
in the substriatal ROIs of each patient were calculated after nor-
malizing the 18F-FP-CIT PET images with the average values 
of the cerebellar ROI. 

Processing of the NM-MRI images was performed using 
Advanced Normalization Tools (https://www.nitrc.org/proj-
ects/ants, version 2.1.52-0). To calculate contrast ratios (CRs), 
all NM-MRI images were spatially normalized using the NM-
MRI template, which was constructed in a recent study that 
involved patients with early-stage PD and healthy subjects.10 
Two areas in each SNpc were found to have significant differ-
ences on NM-MRI, notably in the nigrosome 1 and nigrosome 
2 (N1 and N2, respectively) regions, when these areas were 
overlaid on the SMwI template (Fig. 2A and B).10 Since the ar-
eas with significant differences were the N1 and N2 on both 
sides, they were defined as the nigrosome ROIs in this study. 
The accuracies of localizations of the N1 and N2 regions 
were assessed because the nigrosome regions (and N2 in par-
ticular) were relatively small (Supplementary Material in the 
online-only Data Supplement). We measured the CR values 
of four nigrosome ROIs (N1 and N2 regions in the bilateral 
SNpc) and two composite ROIs (combined N1 and N2 re-
gions on each side of the SNpc) among our data set (Fig. 3). 
Since the left nigrosome ROIs were slightly larger than those 
on the right, right-left (horizontally) flipped ROIs were also 
created to measure the CR values (Fig. 2C; Supplementary 

Fig. 1. The substriatal regions of interest consisted of the anterior 
caudate nucleus, posterior caudate nucleus, ventral striatum, anterior 
putamen, and posterior putamen. Each region is overlaid on the Mon-
treal Neurological Institute template. R, right; L, left, A, anterior; P, pos-
terior.

https://www.fil.ion.ucl.ac.uk/spm/
https://fsl.fmrib.ox.ac.uk/fsl
https://www.nitrc.org/projects/ants
https://www.nitrc.org/projects/ants
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Fig. 3. The combined N1 and N2 regions of interest (ROIs) were defined as the composite N1 and N2 ROIs. The ROIs are depicted on the neuromela-
nin-sensitive MRI template.

Fig. 2. Two areas in each side of the substantia nigra with significant differences on neuromelanin-sensitive magnetic resonance imaging (NM-MRI) 
between healthy subjects and patients with early-stage Parkinson’s disease were determined and overlaid on a susceptibility map-weighted imaging 
template to determine their anatomical locations (A). These areas were noted in the nigrosome 1 and nigrosome 2 (N1 and N2, respectively) regions 
(orange and yellow dashed ovals, respectively) (B), which were defined as the regions of interest (ROIs) of N1 and N2. Right-left flipped ROIs were also 
created to measure the contrast ratios (C). CN III, third cranial nerve. Fig. 2A and B: adapted from Sung et al. Hum Brain Mapp 2021;42:2823-2832.10

A  

B  

C  
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Material in the online-only Data Supplement for use of the 
flipped ROIs). We also measured the CR values in the whole 
SNpc on both sides. The CR values of 12 ROIs were therefore 
assessed: N1, N2, flipped N1, flipped N2, combined N1 and 
N2, and whole SNpc (all on both sides). The sizes of the ROIs 
are listed in Supplementary Table 1 (in the online-only Data 
Supplement). The CR values measured on the clinically more 
affected side were assessed separately to determine if they were 
correlated with the SUVR values of the substriatal regions 
on 18F-FP-CIT PET.

Statistical analysis
We conducted a partial correlation analysis after adjusting for 
age to test whether there were correlations between the SUVR 
values in each subregion on 18F-FP-CIT PET and between 
the CR values of the ROIs in the SNpc on NM-MRI. The rela-
tionship between the clinical severity (UPDRS III score) and 
CR values of the ROIs in the SNpc on MRI was also assessed 
using a partial correlation analysis. Significance was set at 
p<0.05. Statistical analyses were performed using SPSS (ver-
sion 27, IBM Corp., Armonk, NY, USA).

RESULTS

Demographic and clinical characteristics
The 50 patients included 29 females. Five patients were left-
handed, and the median age of all patients was 69 years (in-
terquartile range [IQR]=58–78 years). The median disease 
duration was 6 months (IQR=3.3–12 months). The median 
UPDRS III score was 13 (IQR=9.3–22). Using the differenc-
es between the UPDRS III scores on the right and left, right 
and left dominant clinical laterality were determined in 29 
and 14 patients, respectively (Supplementary Table 2 in the 
online-only Data Supplement). The clinical laterality of the 
remaining seven patients was determined using the SUVR of 
the posterior putamen on 18F-FP-CIT PET, which revealed 
right and left dominant clinical laterality in four and three pa-
tients, respectively. 

Correlations between the CR values of the SNpc on 
NM-MRI and SUVR values of the striatum on 
18F-FP-CIT PET
For the ROIs in the right SNpc, CR of the flipped left N1 re-
gion was significantly correlated with the SUVR of the right 
posterior putamen (p=0.047). No significant correlations were 
observed among the other regions (Table 1). The strengths of 
correlations between the CRs of the right N1 and N2 regions 
and the SUVRs of the right posterior putamen were modest, 
and not significant (p=0.071 and p=0.068, respectively).

For the ROIs in the left SNpc, the CR values of the left N1 

region, left N2 region, the flipped right N1 region, and the 
combined left N1 and N2 regions were significantly correlated 
with the SUVR values of the left posterior putamen (p=0.011, 
p=0.038, p=0.020, and p=0.010, respectively). The SUVR of the 
left anterior putamen was significantly correlated with CR of 
the left N2 region (p=0.027). No significant correlations were 
found among the other regions (Table 1).

On the clinically more affected side, the CR values of the N1 
region, combined N1 and N2 regions, and the whole SNpc 
were significantly correlated with the SUVR of the posterior 
putamen (p=0.001, p=0.024, and p=0.021, respectively). There 
were significant correlations between the SUVR values of the 
anterior putamen and the CR values of the N1 region, com-
bined N1 and N2 regions, and whole SNpc (p=0.027, p=0.001, 
and p=0.036, respectively). In the other regions, there were 
no significant correlations between the CR values of the ROIs 
of the SNpc and the SUVR of the striatum on 18F-FP-CIT PET 
(Table 2).

Correlations between the CR values of the SNpc on 
NM-MRI and clinical severity
There were no significant correlations between the CR values 
of all ROIs in the SNpc on NM-MRI and the UPDRS III scores 
on both sides (all p>0.05).

The CR values of the whole SNpc and N1 and N2 regions, 
and their flipped regions, are listed in Supplementary Tables 
3 and 4 (in the online-only Data Supplement). Box-and-
whisker plots of the CR values in each SNpc region in patients 
with early-stage PD and healthy subjects are presented in the 
Supplementary Fig. 1 (in the online-only Data Supplement).

DISCUSSION

This study found significant correlations between SUVR val-
ues in the posterior putamen on 18F-FP-CIT PET and CR val-
ues in the N1 regions of both sides of the SNpc in 50 drug-na-
ïve patients with early-stage PD. In contrast to our results, a 
previous study only found a significant relationship on the 
clinically more affected side.8 The specific ROIs in the SNpc 
used in the present study to measure the CR values on the 
high-spatial-resolution NM-MRI template, which was derived 
from a voxel-wise analysis of 50 patients with early-stage PD 
and 50 healthy subjects, may also represent an advantage over 
the method employed in that previous study, where the ventral 
tier of the SNpc was arbitrarily defined on the NM-MRI tem-
plate.8 However, our ROIs were more specific because their 
CR values for patients with PD differed significantly from 
those of healthy subjects. Different populations, the use of 
high-spatial-resolution NM-MRI, and the use of more-specif-
ic ROIs in the SNpc may have helped to yield better results.
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Table 1. Correlations between CRs of the SNpc on NM-MRI and SUVRs of the striatum on 18F-FP-CIT PET on the right and left

Anterior putamen Posterior putamen
Anterior caudate 

nucleus
Posterior caudate 

nucleus
Ventral striatum

18F-FP-CIT PET on the right

N1 right

Correlation 0.075 0.263 0.075   0.023 0.105

Significance 0.611 0.071 0.611   0.876 0.477

N2 right

Correlation 0.229 0.266 0.067 -0.052 0.063

Significance 0.118 0.068 0.650   0.726 673

Flipped left N1

Correlation 0.220 0.288 0.079   0.015 0.122

Significance 0.132  0.047* 0.594   0.917 0.408

Flipped left N2

Correlation 0.203 0.189 0.124 -0.002 0.136

Significance 0.166 0.199 0.402   0.992 0.357

Combined right N1 and N2 

Correlation 0.183 0.257 0.067   0.061 0.099

Significance 0.213 0.078 0.653   0.680 0.502

Whole SNpc right

Significance 0.198 0.150 0.051 -0.037 0.091

Correlation 0.178 0.308 0.731   0.805 0.539
18F-FP-CIT PET on the left

N1 left

Correlation 0.260 0.363 0.186 0.155 0.135

Significance 0.074  0.011* 0.206 0.294 0.359

N2 left

Correlation 0.320 0.300 0.238 0.057 0.240

Significance  0.027*  0.038* 0.103 0.701 0.101

Flipped right N1

Correlation 0.231 0.335 0.177 0.167 0.129

Significance 0.113 0.020* 0.230 0.256 0.384

Flipped right N2

Correlation 0.214 0.230 0.165 -0.011 0.120

Significance 0.145 0.116 0.261 0.943 0.417

Combined left N1 and N2

Correlation 0.270 0.370 0.190 0.142 0.146

Significance 0.063 0.010 0.195 0.335 0.323

Whole SNpc left

Correlation 0.251 0.280 0.188 0.088 0.168

Significance 0.085 0.054 0.201 0.552 0.254

*p<0.05, statistical significance.
CR, contrast ratio; NM-MRI, neuromelanin-sensitive magnetic resonance imaging; N1, nigrosome 1; N2, nigrosome 2; SNpc, substantia nigra pars com-
pacta; SUVR, standardized uptake value ratio; 18F-FP-CIT PET, N-3-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl) nortropane positron-emission to-
mography. 

When we determined the regions with significant differenc-
es between healthy subjects and patients with early-stage PD 
in the SNpc on NM-MRI in our previous study,10 we suggest-
ed that the larger number of right-handed patients may result 

in size differences among the abnormal regions. However, it 
was still uncertain why the sizes of the areas with significant 
differences between the right and left N1 and N2 regions were 
different. We assumed that the smaller N1 and N2 regions on 
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the right on NM-MRI might not completely correspond to 
the histological (or pathological) N1 and N2. We therefore 
horizontally flipped the left N1 and N2 regions to the right 
SNpc, and calculated the CR values again. On the other hand, 
the left N1 and N2 regions might be bigger on NM-MRI than 
the histological (or pathological) N1 and N2. The right N1 
and N2 regions on NM-MRI were therefore also flipped hor-
izontally to the left, and the CR values were measured again. 
While the CR values of the left N1 region were significantly 
correlated with the SUVR values of the ipsilateral posterior 
putamen on 18F-FP-CIT PET, those of the right N1 region 
were not significantly correlated with the SUVR values of the 
ipsilateral posterior putamen. In contrast, the flipped left N1 
region, which was located in the right SNpc, was significantly 
correlated with the SUVR values of the right posterior puta-
men. This suggests that the ROIs located in the right N1 re-
gions of patients with PD, which was determined using a vox-
el-wise analysis, may not fully reflect the status of DAT activity 
in the ipsilateral posterior putamen. The larger ROI mirrored 
from the left N1 region may more accurately reflect the sta-
tus of DAT activity in the posterior putamen.

While significant correlations were found between the CR 
values of the left and flipped-left N1 regions and the SUVR 
values in the bilateral posterior putamen on 18F-FP-CIT PET 
in our study, the correlation coefficients were only moderate 
(0.288 and 0.363 on the right and left, respectively). A previous 
study suggested that DAT imaging reflects the dopaminergic 
phenotype and neuronal dysfunction, with NM-MRI reflect-
ing a structure or neurodegeneration.8 It has been shown that 
loss of DAT activity in the striatum occurs more than the loss 
of dopaminergic neurons in the SNpc.19,20 These discrepant 

changes in DAT activity in the striatum and the number of 
dopaminergic neurons in patients with PD might explain the 
relatively modest correlations observed in our study.

In this study, the CR values of the ROI in the left N2 region 
were significantly correlated with the SUVR values of the ip-
silateral anterior putamen, which has not been reported pre-
viously. In PD, N1 has been found to be affected the most sig-
nificantly, followed by N2.21 18F-FP-CIT PET of PD patients 
has revealed that the posterior putamen is most significantly 
involved, followed by the anterior putamen and posterior cau-
date nucleus.22 As the ROIs in the N1 and N2 regions were 
larger on the left in a previous study,10 the left SNpc might be 
more affected in patients. The significant correlations between 
the CR values of the left N2 region and the SUVR values of 
the left anterior putamen may therefore be partly due to the 
more affected left SNpc. This was supported by the results on 
the clinically more affected, where the SUVR values of both 
the anterior and posterior putamina were significantly corre-
lated with the CR values of the more-affected N1 region, the 
more-affected combined N1 and N2 regions, and the more-
affected whole SNpc. 

In this study, we did not observe a relationship between the 
CR values of the SNpc and clinical severity based on UPDRS 
III scores. This was expected since the CR values of the SNpc 
were not correlated with disease duration in a previous study.10 
Only enrolling patients with early-stage PD might have been 
responsible for no significant correlation being observed in 
our study. A significant correlation between the CR values of 
the SNpc and the UPDRS III scores might appear if patients 
with both early- and advanced-stage PD are enrolled. Howev-
er, this was beyond the scope of this study, and so needs to 

Table 2. Correlations between CRs of the SNpc on NM-MRI and SUVRs of the striatum on 18F-FP-CIT PET on the clinically more affected side

Anterior putamen Posterior putamen
Anterior caudate 

nucleus
Posterior caudate 

nucleus
Ventral striatum

More-affected N1

Correlation 0.319 0.464 0.057  0.029 0.024

Significance  0.027*  0.001* 0.701  0.843 0.869

More-affected N2

Correlation 0.078 0.178 0.121 -0.046 0.141

Significance 0.599 0.225 0.412  0.755 0.341

More-affected combined N1 and N2

Correlation 0.458 0.324 0.065  0.025 0.031

Significance  0.001*  0.024* 0.663  0.869 0.834

More-affected whole SNpc

Correlation 0.304 0.332 0.162  0.059 0.134

Significance  0.036*  0.021* 0.272  0.690 0.363

*p<0.05, statistical significance.
CR, contrast ratio; NM-MRI, neuromelanin-sensitive magnetic resonance imaging; N1, nigrosome 1; N2, nigrosome 2; SNpc, substantia nigra pars com-
pacta; SUVR, standardized uptake value ratio; 18F-FP-CIT PET, N-3-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl) nortropane positron-emission to-
mography. 
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be assessed in the future.

This was a single-center study that used a specific NM-MRI 
sequence based on 3D T1-weighted SPACE imaging with 
DANTE preparation. Although a recent study that used a simi-
lar sequence indicated its clinical utility when compared with 
conventional 3D T1-weighted GRE imaging with magnetiza-
tion transfer contrast,16 this specific sequence was only avail-
able from a specific MR vendor. This may reduce the general-
izability of our results to clinical applications or to research 
investigations.

In summary, using a specific ROI in the SNpc, this study 
found significant correlations between the CR values in the 
SNpc on NM-MRI and the SUVR values in the posterior pu-
tamen on 18F-FP-CIT PET on both sides. On the clinically 
more affected side, there were significant correlations between 
the CR values in the SNpc on NM-MRI and the SUVR values 
in the anterior and posterior putamina on 18F-FP-CIT PET.
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