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Background: The incidence of Parkinson disease (PD) has been increasing each year. The development of 
new magnetic resonance imaging (MRI) technology can help understand its pathogenesis and identify more 
effective imaging-based biological indicators. 
Methods: The clinical and MRI imaging data of 40 patients with PD and 40 healthy controls were 
analyzed. All participants underwent susceptibility-weighted imaging (SWI), neuromelanin-sensitive 
magnetic resonance imaging (NM-MRI), and T2*mapping sequence examination. The diagnostic value 
of single and combined multiparameter indicators was analyzed using the receiver operating characteristic 
curve.
Results: Compared with the healthy control group, the PD group showed significant differences in the 
disappearance of bilateral “swallow tail sign”, the distribution volume of melanocytes in the substantia 
nigra and the smaller volume in the bilateral substantia nigra, the maximum signal of the locus coeruleus 
and the smaller and average volume in the bilateral substantia nigra, and the values of T2* and R2* in the 
bilateral substantia nigra (P<0.01). The maximum and smaller value and the average value of the bilateral 
locus coeruleus signal were negatively correlated with the disease course duration (P<0.05), and the smaller 
distribution volume of the melanin neurons in the bilateral substantia nigra was negatively correlated with 
Hoehn and Yahr (H-Y) grade (P<0.05). In the joint diagnosis with multiple indicators, some composite 
parameters were found to be negatively correlated with H-Y grading (P<0.05), while others were negatively 
correlated with disease course duration (P<0.05). Joint use of multiple parameter indicators greatly improved 
diagnostic efficacy [area under the curve (AUC) =0.958]. 
Conclusions: The distribution volume of melanin in substantia nigra and the maximum value of locus 
coeruleus signal may be the biological imaging indicators for the early diagnosis, severity, and follow-up 
evaluation of PD. Compared with a single indicator, composite indicators used in combination with multiple 
techniques have a significantly better diagnostic efficacy for PD.
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Introduction

Parkinson disease (PD) is a common degenerative disorder of 
the nervous system in which clinical symptoms worsen with 
an increase in the degree of neuronal degeneration (1). In 
China, the incidence rate of PD has continuously increased 
with the aging of the population, and the number of 
patients with PD in China is projected to reach 5 million by 
2030 (2), which will place a heavy burden on both families 
and society. Recently, magnetic resonance imaging (MRI) 
has rapidly improved and shown considerable advantages 
in detecting nervous system diseases; thus, it is currently 
widely used in clinical settings (3). However, the value of 
using conventional MRI sequences or single-sequence 
images for PD diagnosis is limited. Consequently, there 
is an urgent need to develop the use of special imaging 
sequences and composite indicators in combination with 
multiple techniques to improve the detection and diagnostic 
efficacy in PD treatment.

The major neuropathological changes of PD include 
damage to substantia nigra neurons and the related disorder 
of dopamine receptor passage; the substantia nigra is 
located on the ventral side of the dorsal tegmental region 
of the mesencephalon, on the outer side of the red nucleus, 
and on the dorsal side of the crus cerebri. It is a gray-matter 
band adjacent to the crus cerebri, containing cell clusters 
of melanin, which are rich in dopamine. The increase 
of abnormal glial protein iron complex in the substantia 
nigra region induces the accumulation of neuroglia cell, 
leading to neuronal damage and expedited cell death (3,4). 
Susceptibility-weighted imaging (SWI) can more sensitively 
monitor the iron deposition area and its range. A normal 
substantia nigra shows a “swallow tail sign” change on SWI 
due to the decreased signal in nigrosome 1 during abnormal 
iron deposition. Importantly, SWI indirectly reflects the 
degeneration of dopamine-secreting neurons (5,6). 

For other imaging modalities, neuromelanin-sensitive 
magnetic resonance imaging (NM-MRI) has been used 
to better display the distribution area of neuromelanin in 

the substantia nigra, locus coeruleus, and other regions. A 
decreased signal in the corresponding regions indirectly 
reflects the degeneration of melanin neurons (7). The 
T2*mapping sequence adopts the method of multiple echo 
acquisition within a gradient echo and obtains the R2* 
value through matrix operation to reflect the R2* weight. 
Because iron deposition shortens T2* and increases R2*, 
T2*mapping can be used to quantify iron deposition and 
monitor the development of PD (8). Previous studies have 
examined the use of a single sequence for PD detection 
and evaluation (9,10). However, manual sketching of the 
anatomical area of the substantia nigra to measure its signal 
or volume can easily lead to evaluation deviation due to 
the degeneration and unclear boundaries of neural tissue 
in the substantia nigra. In addition, the small volume of 
the locus coeruleus often leads to measurement errors and 
affects the accuracy of the analysis. Therefore, to improve 
the diagnostic accuracy in PD, it is necessary to further 
advance the measurement and evaluation methods of 
related PD indicators through the combination of MRI 
techniques (11-13).

This study aimed to explore the application of combining 
multiple MRI techniques in PD diagnosis, evaluate the 
correlation of combined MRI technique-related indicators 
with clinical stage and disease course, and evaluate the 
diagnostic value of the application of composite indicators 
used in combination with multiple techniques in PD. 
To this end, the high signal intensity area of NM-MRI 
distribution was delineated, the volume was measured, and 
the maximum value of the locus coeruleus signal was used 
for evaluation. SWI, NM-MRI, and T2*mapping were 
evaluated as composite indicators, and further correlation 
analysis with clinical scale scores were conducted. In 
addition, the sensitivity and specificity of each single index, 
as well as those of composite indicators, were analyzed. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-87/rc).

Keywords: Parkinson disease (PD); susceptibility-weighted imaging (SWI); neuromelanin-sensitive magnetic 

resonance imaging (NM-MRI); receiver operating characteristic curve; diagnostic efficacy

Submitted Jan 20, 2023. Accepted for publication Aug 08, 2023. Published online Aug 18, 2023.

doi: 10.21037/qims-23-87

View this article at: https://dx.doi.org/10.21037/qims-23-87

https://qims.amegroups.com/article/view/10.21037/qims-23-87/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-87/rc


Quantitative Imaging in Medicine and Surgery, Vol 13, No 10 October 2023 6505

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(10):6503-6516 | https://dx.doi.org/10.21037/qims-23-87

Methods

Study design and participants

This study recruited 40 patients with PD from the 
Department of Neurology of Guangzhou Xinhai Hospital 
from March 2020 to August 2022. The selection criteria 
were as follows: (I) PD diagnosis evaluated based on 
the patient’s symptoms of motor delay, static tremor, or 
myotonia and meeting the Chinese diagnostic criteria for 
PD diagnosis (2020 version); (II) no contraindication of 
MRI and able to complete MRI examination; and (III) image 
quality meeting diagnostic criteria. The exclusion criteria 
were are as follows: (I) secondary Parkinson syndrome, 
such as organic psychosis of the nervous system or effects of 
medication; and (II) factors affecting image evaluation, such 
as traumatic brain injury, brain malformation development, 
and neurological- or psychiatric-related diseases. Data on 
patients’ clinical medical history, Hoehn and Yahr (H-Y) scale 
grading, and multiparameter MRI results were collected.

Meanwhile, 40 healthy controls from employees or 
relatives of Guangzhou Xinhai Hospital were enrolled in the 
study. The inclusion criteria were as follows: (I) no motor 
or nonmotor symptoms associated with PD; (II) no family 
history of PD or essential tremor; (III) no contraindication 
to MRI and ability to undergo MRI examination; and (IV) 
image quality meeting diagnostic criteria. The exclusion 
criteria were as follows: (I) neurological and psychiatric 
disorders due to taking medication; and (II) traumatic brain 
injury, brain malformation development, or other factors 

that would influence image assessment.
This study was authorized by the ethics committee 

of Guangzhou Xinhai Hospital (No. GZXH-20200147) 
and was implemented on the basis of the principles of 
the Declaration of Helsinki (as revised in 2013). Written 
informed consent was obtained from all participants after 
detailed information concerning the research purpose, 
scanning duration, relevant risks, and examination 
considerations was provided.

Instruments and imaging methods

A 3.0 T magnetic resonance scanner (model No. uMR780; 
Union-Imaging Healthcare, Shanghai, China) with a 
24-channel coil was used for head and neck scans. The 
routine MRI sequence consisted of the transverse axial 
[T1-weighted imaging (T1WI), T2WI, fluid-attenuated 
inversion recovery (FLAIR), diffusion-weighted imaging 
(DWI)], sagittal (T2WI), coronal (FLAIR), SWI, NM-
MRI, and T2*mapping sequences. The NM-MRI sequence 
adopted united compressed sensing (uCS; fast factor 1.8) 
technology. All parameters are listed in Table 1. The total 
MRI scanning time was 28 minutes and 36 seconds.

Image preprocessing analysis

All collected image data were processed in a postprocessing 
workstation (model No. uWS-MR-R004; Union-Imaging 
Healthcare). Dr. Cao Q with 12 years of medical imaging 

Table 1 Parameter value of each sequence scan

Sequence
TR 

(ms)
TE (ms) Voxel size (mm3)

Number 
of slices

Slice spacing 
(mm)

Flip 
angle

Average 
times

Interpolation
IR 

(ms)

T2WI_TRA 5,103 119.9 0.67×0.60×5.00 23 1 150 2 – –

T1WI_TRA 2,267 10.2 0.69×0.63×5.00 23 1 135 1 – 920

FLAIR_TRA 8,000 118.6 0.95×0.76×5.00 23 1 120 2 – 2,500

DWI_TRA 2,087 107.1 1.44×1.44×5.00 23 1 – – – –

T2WI_SAG 5,683 121.8 0.77×0.65×5.00 23 1 145 1.2 – –

FLAIR_COR 8,000 112.9 0.90×0.72×5.00 25 1 150 1.5 – 2,500

SWI_TRA 30.3 20 0.51×0.51×2.00 56 – – 1 2 –

NM-MRI_TRA 738 10.54 0.62×0.44×3.00 22 0 130 5 – –

T2*mapping_TRA 436.7 6.71/15.65/24.6/33.54/42.48 0.48×0.48×3.00 11 0.3 – 1 – –

TR, repetition time; TE, time to echo; IR, inversion-recovery time; T2WI, T2-weighted imaging; TRA, transverse; T1WI, T1-weighted 
imaging; FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; SAG, sagittal; COR, coronal; SWI, susceptibility-
weighted imaging; NM-MRI, neuromelanin-sensitive magnetic resonance imaging. 
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diagnosis experience, and Dr. Li Y, with 20 years of medical 
imaging diagnosis experience, evaluated the images, agreed 
on the principle of blindness, measured the relevant image 
indicators, and averaged the 2 measurements. The physicians 
evaluated the swallow tail sign based on the SWI chart and 
determined whether it had disappeared (Figure 1A) according 
to the following scoring scheme: 2 points, both sides of the 
swallow tail sign disappeared; 1 point, 1 side disappeared; 
and 0 point, no sign of disappearance of the swallow tail 
sign on either side. The layer-by-layer distribution of 
melanin in bilateral substantia nigra neurons on NM-MRI 
was recorded, and the volume and average signal value were 
calculated (Figure 1B).

Before images were collected, the appropriate window 
width and position were fixed to reduce visual and signal 
differences. We only delineated the high signal areas of the 
substantia nigra, without drawing the areas of attenuation. 
Images were collected without any gaps. The volume of 
high signal intensity areas in the distribution of melanin 

neurons was calculated layer by layer based on voxels, the 
volume of distribution of melanin in bilateral substantia 
nigra, and bilateral average value and smaller value; 
meanwhile, the measured signal was determined as the 
average value of the sketched area. Given that the locus 
coeruleus is small and the signal intensity of the locus 
coeruleus is higher than that of the surrounding tissues, the 
maximum signal value of its voxel level was first obtained by 
measuring the signals of the bilateral locus coeruleus areas. 
Then, the signals of the bilateral locus coeruleus areas were 
compared in each patient, and their smaller and average 
values were recorded (Figure 1C).

For T2*mapping data processing, some cases showed 
heavy skull-base magnetic susceptibility artifacts (3 cases in 
the PD group). In 4 cases in the PD group, multiple time 
to echo (TE) data points caused by skull-base plane motion 
could not be processed with motion correction, and thus 
these patients were not included. Ultimately, in 33 patients 
in the PD group and 40 patients in the healthy control 

A B

C D

Figure 1 Display of the substantia nigra and locus coeruleus regions and corresponding indicator observations based on multiple MRI 
sequences. (A) Swallow tail sign displayed on SWI (the area is indicated by the red arrows). (B) The distribution of melanin in neurons of 
bilateral substantia nigra on NM-MRI (green outlined area). (C) The high signal intensity in bilateral locus coeruleus nuclei on NM-MRI (the 
red arrows indicate the high signal area). (D) The bilateral substantia nigra areas were outlined, and T2* and R2* values were obtained based 
on T2*mapping (dark blue area outlined by the wireframe). VOI, volume of interest; SD, standard deviation; SP, scale pixel; MRI, magnetic 
resonance imaging; SWI, susceptibility-weighted imaging; NM-MRI, neuromelanin-sensitive magnetic resonance imaging.
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group, bilateral substantia nigra areas were drawn while 
T2* and R2* values were calculated (Figure 1D) based on 
T2*mapping to quantitatively analyze iron deposition in the 
substantia nigra (14).

Statistical analysis

Kappa consistency test [disappearance of the SWI swallow 
tail sign: R_Kappa (right_weighted kappa coefficient) 
0.822, P<0.001; L_Kappa (left_weighted kappa coefficient) 
0.863, P<0.001] and intraclass correlation coefficient (ICC; 
all remaining measured values 0.6< ICC <1; P<0.001) 
consistency evaluation was used for the measurement 
values of the 2 doctors, with both doctors showing good 
consistency in their measurements. Between-group 
comparisons were performed using an independent samples 
t-test or chi-squared test. Pearson correlation analysis 
was used to evaluate the correlation between imaging 
indicators of each sequence and composite indicators 
used in combination with multiple techniques and clinical 
PD indicators. The area under the receiver operating 
characteristic curve (AUC) was used to analyze the 
threshold value of disappearance of the SWI swallow tail 
sign (SWI), distribution volume of NM-MRI melanin in the  
substantia nigra (NM-MRI_SN_volume), maximum signal 
value of locus coeruleus (NM-MRI_LCmax), and iron 
deposition in the T2*mapping R2* value in the substantia 
nigra area (T2*mapping_R2*) for the diagnosis of PD. In 
addition, the diagnostic value of the composite indicators 
used in combination with multiple techniques in PD was 

evaluated. Logistic regression analysis was conducted on 
each of the single and composite indicators, and the AUC 
of single and composite indicators were compared via the 
Delong test. All statistical analyses were performed using 
SPSS 22.0 (IBM Corp., Chicago, USA). A 2-tailed P value 
<0.05 was considered statistically significant.

Results

Patient characteristics

The MRIs of 48 patients were collected. However, 6 
patients with idiopathic tremor did not meet the diagnostic 
criteria for PD, and 2 patients could not be evaluated due 
to poor image quality. Therefore, 40 patients (23 males and 
17 females) were included in the PD group. The average 
patient age was 67.025±15.22 years, the average disease 
course duration was 6.51±6.06 years, and the average 
H-Y grade was 2.76±1.07. Meanwhile, the control group 
included 40 individuals (23 males and 17 females) with an 
average age of 62.150±12.35 years. There was no significant 
between-group difference in age (P=0.120), and the 2 
groups were gender-matched (Figure 2).

Multiple technique image analysis

Between-group comparisons in the number of 
disappearances of bilateral swallow tail sign upon SWI 
evaluation
In the healthy control group, the swallow tail sign 
disappeared on the right and left in 2 (2/40) and in 3 (3/40) 

PD patients (n=48)
Healthy control group (n=40)

Excluded (n=8)
• 6 patients excluded due to diagnosis of idiopathic tremor and/or 

non-parkinsonism 
• 2 patients excluded due to poor compliance during imaging

PD patients (n=40)  
(23 males and 17 females)

Healthy control group (n=40) 
(23 males and 17 females)

Statistical analysis

Figure 2 Diagram of study flow. PD, Parkinson disease.
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cases, respectively. In the PD group, the swallow tail sign 
disappeared on the right and left in 31 (31/40) and 27 cases 
(27/40), respectively. Statistical differences were found 
between the groups in terms of right swallow tail sign 
disappearance (χ2=43.378; P<0.01) and left swallow tail 
sign disappearance (χ2=30.720; P<0.01) (Table 2). There 
was also a statistical difference between the 2 groups in the 
disappearance scores of swallow tail sign (t=9.842; P<0.01).

Between-group comparison of melanin signal and 
distribution in the substantia nigra and locus coeruleus 
based on NM-MRI 
There were significant differences between the control 

group and PD group with respect to the distribution volume 
of melanin in the bilateral substantia nigra (right: t=−8.291, 
P<0.01; left: t=−8.218, P<0.01), the smaller value of volume 
in the bilateral substantia nigra (t=−9.262; P<0.01), the 
average value of volume in the bilateral substantia nigra 
(t=−8.722; P<0.01), the maximum signal value of the 
bilateral locus coeruleus (right: t=−2.229, P=0.029; left: 
t=−3.122, P=0.003), the smaller value of the bilateral locus 
coeruleus (t=−2.398; P=0.019), and the average value of the 
bilateral locus coeruleus (t=−2.858; P<0.01). Meanwhile, no 
significant difference was observed in the mean signal values 
of the bilateral substantia nigra (right: t=−0.970, P=0.335; 
left: t=−0.610, P=0.544) (Table 3).

Table 2 Intergroup comparison of bilateral swallow tail sign disappearance based on SWI

Indicator Name PD group (n=40), n (%) Healthy control group (n=40), n (%) χ2 P value

R_swallow tail sign 
disappearance

Positive 31 (77.50) 2 (5.00) 43.378 <0.01

Negative 9 (22.50) 38 (95.00)

L_swallow tail sign 
disappearance

Positive 27 (67.50) 3 (7.50) 30.720 <0.01

Negative 13 (32.50) 37 (92.50)

Chi-squared test was used to compare the disappearance of bilateral swallow tail sign in SWI between the groups, with the difference 
being considered significant at a statistical threshold of P<0.05. The number outside the parentheses is the number of instances, and the 
number inside the parentheses bracket is the percentage within the group. SWI, susceptibility-weighted imaging; PD, Parkinson disease; R, 
right; L, left. 

Table 3 Intergroup comparison of melanin signal in the substantia nigra and locus coeruleus based on NM-MRI

Indicator PD group (n=40) Healthy control group (n=40) t value P value

R_SN_volume of melanin 263.84±108.91 439.79±78.44 −8.291 <0.01

L_SN_volume of melanin 314.65±108.36 502.90±96.18 −8.218 <0.01

The small value of the bilateral SN_volume of melanin 252.73±98.98 435.87±76.44 −9.262 <0.01

Bilateral SN_volume average 289.25±103.05 471.35±82.56 −8.722 <0.01

R_LC_signal maximum 489.95±30.70 504.25±26.52 −2.229 0.029

L_LC_signal maximum 507.63±29.96 529.95±33.88 −3.122 0.003

The small value of the bilateral LC_ signal maximum 488.50±29.14 503.38±26.26 −2.398 0.019

Bilateral LC_ signal maximum average 498.79±28.72 517.10±28.60 −2.858 <0.01

R_SN_signal average 460.64±21.51 465.06±19.20 −0.970 0.335

L_SN_signal average 469.20±23.38 472.00±17.25 −0.610 0.544

Intergroup comparison of melanin signals in the substantia nigra and locus coeruleus according to the independent samples t-test, with 
the difference being considered significant at a statistical threshold of P<0.05. Data are presented as mean ± SD. NM-MRI, neuromelanin-
sensitive magnetic resonance imaging; PD, Parkinson disease; SD, standard deviation; R, right; L, left; SN, substantia nigra; LC, locus 
coeruleus. 
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Between-group comparison of T2* and R2* values in 
the substantia nigra based on T2*mapping
The control and PD groups showed significant differences 
in the T2* (right: t=−4.546, P<0.01; left: t=−3.621, P<0.01) 
and R2* values (right: t=5.285, P<0.01; left: t=4.252, P<0.01) 
of the bilateral substantia nigra (Table 4).

Correlation analysis of the PD group

Correlation analysis was conducted between the swallow 
tail sign disappearance score, bilateral maximum signal 
value of the locus coeruleus, bilateral melanin distribution 
volume of the substantia nigra, R2* value of the substantia 
nigra in the PD group, H-Y scale grading, and disease 
course duration. The results showed that the maximum 
signal value of the bilateral locus coeruleus was negatively 
correlated with disease course duration (right side: 
r=−0.345, P=0.029, left side: r=−0.380, P=0.016; Figure 3A).  
The smaller and average values of the bilateral locus 
coeruleus signal were negatively correlated with disease 
course duration (smaller: r=−0.334, P=0.035; average: 
r=−0.383, P=0.015; Figure 3B). The smaller volume of 
melanin in the bilateral substantia nigra was negatively 
correlated with H-Y scale grading (r=−0.325; P=0.041; 
Figure 3C), but there was no correlation between the 
average volume of melanin in the bilateral substantia 
nigra and disease course duration (r=−0.249; P=0.122) or 
H-Y scale grading (r=−0.285; P=0.075). In contrast, the 
disease course duration of patients with PD was positively 
correlated with H-Y scale grading (r=0.388; P=0.013; 
Figure 3D). However, swallow tail sign disappearance 
score did not show a significant correlation with H-Y scale 
grading (r=0.281; P=0.079) or disease course duration 
(r=−0.064; P=0.696). In addition, the correlation analysis 
between composite indicators and H-Y scale grading 
indicated that SWI and NM-MRI_SN_volume (r=−0.227; 

P=0.043) ;  SWI and NM-MRI_LCmax (r=−0.239; 
P=0.032); SWI and T2*mapping_R2* (r=−0.268; P=0.029); 
SWI, NM-MRI_SN_volume, and NM-MRI_LCmax 
(r=−0.228; P=0.041); SWI, NM-MRI_SN_volume, and 
T2*mapping_R2* (r=−0.256; P=0.038); SWI, NM-MRI_
LCmax, and T2*mapping_R2* (r=−0.301; P=0.014); and 
SWI, NM-MRI_SN_volume, NM-MRI_LCmax, and 
T2*mapping_R2* (r=−0.261; P=0.035) were negatively 
correlated with H-Y scale grading (Figure 4A). There 
was a negative correlation between PD disease course 
duration and NM-MRI_SN_volume and NM-MRI_
LCmax (r=−0.247; P=0.027); NM-MRI_SN_volume and 
T2*mapping_R2* (r=−0.351; P=0.004); NM-MRI_LCmax 
and T2*mapping_R2* (r=−0.298; P=0.015); and NM-
MRI_SN_volume, NM-MRI_LCmax, and T2*mapping_
R2* (r=−0.346; P=0.005) (Figure 4B).

Diagnostic value of the combined MRI techniques

The diagnostic value of the disappearance of the SWI, NM-
MRI_SN_volume, NM-MRI_LCmax, and T2*mapping_
R2* was evaluated according to the clinical diagnosis of 
PD. The sensitivity, specificity, and AUC of a single index 
(Figure 5A, Table 5), 2 indices combined (Figure 5B, Table 5),  
and more than 2 indices combined (Figure 5C, Table 5) 
were analyzed. The results showed that the combination 
of all indices was the most effective in diagnosing PD. 
The Delong test comparison of single-index analysis, SWI 
(AUC =0.832), NM-MRI_SN_volume (AUC =0.889), 
and T2*mapping_R2* (AUC =0.777) showed no statistical 
difference in the diagnostic efficacy of PD (P>0.05), and the 
diagnostic efficacy each of the 3 indices was significantly 
higher than that of NM-MRI_LCmax (AUC =0.664) 
(P<0.05). In the analysis of combined multiple indices, it 
was found that SWI combined with NM-MRI_SN_volume 
could greatly improve the diagnostic efficacy of PD, and 

Table 4 Intergroup comparison of T2* and R2* values in the substantia nigra based on T2*mapping

Indicator PD group (n=33) Healthy control group (n=40) t value P value

R_SN_T2* value 29.31±2.15 31.59±2.11 −4.546 <0.01

R_SN_R2* value 35.45±2.39 32.70±2.06 5.285 <0.01

L_SN_T2* value 29.58±2.71 31.68±2.24 −3.621 <0.01

L_SN_R2* value 35.06±2.89 32.53±2.20 4.252 <0.01

Intergroup comparison of T2* and R2* values in the substantia nigra according to the independent samples t-test, with the difference 
being considered significant at a statistical threshold of P<0.05. Data are presented as mean ± SD. SD, standard deviation; PD, Parkinson 
disease; R, right; L, left; SN, substantia nigra. 
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operating characteristic; SWI, susceptibility-weighted imaging; NM-MRI, neuromelanin-sensitive magnetic resonance imaging; PD, 
Parkinson disease. 

Table 5 Comparison of the diagnostic value of multiparameter MRI sequences

MRI sequence AUC (95% CI) Sensitivity Specificity

SWI 0.832 (0.760, 0.905) 0.727 0.937

NM-MRI_SN_volume 0.889 (0.835, 0.944) 0.833 0.887

NM-MRI_LCmax 0.664 (0.575, 0.753) 0.667 0.562

T2*mapping_R2* 0.777 (0.700, 0.853) 0.606 0.837

SWI + NM-MRI_SN_volume 0.942 (0.907, 0.976) 0.924 0.825

SWI + NM-MRI_LCmax 0.880 (0.820, 0.940) 0.833 0.862

SWI + T2*mapping_R2* 0.890 (0.834, 0.946) 0.773 0.925

NM-MRI_SN_volume + LCmax 0.892 (0.839, 0.946) 0.848 0.850

NM-MRI_SN_volume + T2*mapping_R2* 0.929 (0.888, 0.971) 0.909 0.862

NM-MRI_LCmax + T2*mapping_R2* 0.791 (0.717, 0.865) 0.682 0.825

SWI + NM-MRI_SN_volume + LCmax 0.943 (0.909, 0.976) 0.924 0.800

SWI + NM-MRI_SN_volume + T2*mapping_R2* 0.958 (0.929, 0.986) 0.970 0.837

SWI + NM-MRI_LCmax + T2*mapping_R2* 0.899 (0.846, 0.953) 0.818 0.887

NM-MRI_SN_volume + LCmax + T2*mapping_R2* 0.931 (0.890, 0.972) 0.894 0.875

SWI + NM-MRI_SN_volume + LCmax + T2*mapping_R2* 0.958 (0.929, 0.986) 0.955 0.850

MRI, magnetic resonance imaging; AUC, area under the curve; CI, confidence interval; SWI, susceptibility-weighted imaging; NM-MRI, 
neuromelanin-sensitive magnetic resonance imaging; SN_volume, volume of melanin in the substantia nigra; LCmax, maximum value of 
the locus coeruleus signal. 

there was no statistical difference in the diagnostic efficacy 
between the 2 indices in combination with other indexes 
(P>0.05). There was similarly no statistical difference 
between composite (2 or 3) indicators consisting of SWI 

and combinations consisting NM-MRI_SN_volume 
(P>0.05), but there were significant differences (P<0.05) 
between combined composite indicators with and without 
SWI and NM-MRI_SN_volume (P<0.05) (Figure 6).
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difference between different indicators in the Delong test. The critical values for yellow and orange are P=0.05, with P<0.05 showing a 
yellowish hue. SWI, susceptibility-weighted imaging; SN, distribution volume of NM-MRI melanin; LC, maximum signal value of the locus 
coeruleus; R2, T2*mapping R2* value; AUC, area under the curve; NM-MRI, neuromelanin-sensitive magnetic resonance imaging.

Discussion

This study focused on the analysis and comparison of 
SWI, NM-MRI, and T2*mapping sequences and their 
combination in diagnosing PD. The results showed that 
the swallow tail sign of the substantia nigra, the change 
of melanin neuron volume and the locus coeruleus signal 
in the substantia nigra, and the change of iron deposition 
in the substantia nigra had significant diagnostic value 
for PD; moreover, the combined use of multiple indices 
could significantly improve the diagnostic efficacy of PD 
compared with the use of single index. Our findings further 
demonstrated that improving the delineation method for 
the substantia nigra region and the measurement method 
for locus coeruleus signal intensity can improve the 
repeatability of analysis, which is helpful for the clinical 
detection and evaluation of individuals with PD.

Correlation analysis was conducted with clinical 
indicators to determine whether these indicators can detect 
PD earlier and evaluate the severity of the disease. The 
results suggested that the combined use of MRI parameters 
could diagnose and analyze PD from different angles and 
improve the diagnostic efficiency. The course and severity 
of PD can also be evaluated using certain indices or 
composite indicators.

Imaging sequences and their application value

SWI sequence detection of the bilateral swallow tail 
sign has high specificity, particularly for nigrosome 1. In 
this study, the disappearance of the swallow tail sign was 
detected in 2 cases in the right side and 3 cases in the left 
side of the control group. More disappearances were found 
in the PD group, which may be related to the pathogenesis 
of PD (15). The disappearance of the swallow tail sign in 
PD reflects the degeneration of dopamine neurons in the 
substantia nigra (16). Normally, nigrosome 1 has a high 
signal intensity on SWI. When nigrosome 1 neurons 
degenerate, the signal weakens or disappears, thus causing 
the disappearance of the swallow tail sign (15,16). In this 
study, the rate of disappearance of the swallow tail sign was 
significantly higher in the PD group than in the healthy 
control group. However, the disappearance of the swallow 
tail sign was not correlated with the disease course duration 
or H-Y grade, which is inconsistent with the previous 
studies (17-19). The lack of correlation in our study may 
be attributable to the relatively long disease course of the 
patients in the PD group and the limited number of cases.

This study was based on the delineation and volume 
measurement of melanin distribution in the substantia 
nigra. We found that the volume of melanin distribution 
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was significantly reduced in the PD group, reflecting a 
significant degeneration of melanin neurons (20,21). Sasaki 
et al. (22) used NM-MRI to simultaneously image the 
substantia nigra and locus coeruleus of patients with PD 
and healthy volunteers and compared the images with those 
of cadaveric specimens. The results showed that the areas 
of the substantia nigra and locus coeruleus with high signal 
intensity were significantly correlated with the distribution 
of melanin, and the signals of the corresponding areas of the 
substantia nigra and locus coeruleus of most patients with 
PD were weakened. In our study, the volume of melanin 
in bilateral substantia nigra of patients with PD was not 
correlated with disease course duration or H-Y grade, but a 
smaller volume of melanin in bilateral substantia nigra was 
negatively correlated with H-Y grade. The degeneration 
of melanin in the left and right sides of the substantia nigra 
might show individual differences, which is consistent with 
previously reported results indicating that the degree of 
melanin neuron degeneration was related to the severity of 
the disease (20,23,24).

Matsuura et al. (25) used NM-MRI to examine the 
substantia nigra area in terms of contrast-to-noise ratio and 
to follow-up patients with PD. They found that NM-MRI 
could be used to monitor disease progression. However, 
owing to the small sample size, the locus coeruleus could be 
accurately delineated and measured (10,26). The novelty of 
the present study is in the method analysis for measuring 
and obtaining the maximum signal strength value of the 
locus coeruleus tissue based on its high signal intensity. The 
results showed that the locus coeruleus signal in PD patients 
was significantly reduced. There was a statistical difference 
in the smaller value between the healthy control group and 
PD group. The smaller and average value of the bilateral 
locus coeruleus signal was negatively correlated with disease 
course. Therefore, the abnormal change of locus coeruleus 
signal may be useful for the early detection, evaluation, and 
monitoring of progression in patients with PD (27,28).

Bilateral substantia nigra signals showed no difference 
between the 2 groups examined in this study. This is likely 
due to the fact that the delineated area was taken as the 
average value of the signal calculated from the high signal 
intensity area while the signal attenuation area was not 
delineated. However, this also indirectly indicates that the 
high signal intensity in the sketched area was relatively 
accurate and did not contain many attenuation area signals, 
making the volume calculated in the sketched area more 
meaningful. 

Compared with the SWI sequence, the T2*mapping 

sequence has advantages in quantitatively analyzing 
paramagnetic material (iron deposition) in the substantia 
nigra area. Considering that paramagnetic materials can 
shorten the T2 relaxation time, the T2* value in the 
corresponding area decreases while the R2* value increases 
(29,30). In this study, the PD group showed more significant 
changes in iron deposition than did the healthy control 
group, reflecting the correlation between the changes 
in iron deposition and the degeneration of PD neurons. 
However, the amount of iron deposition was not correlated 
with the H-Y grade or time of disease onset. This may 
indicate that indicators of neuron degeneration and disease 
course are not related to the amount of iron deposition in 
PD (31,32).

Diagnostic efficacy of multiple MRI techniques

Clinical diagnosis is often a comprehensive analysis 
of a disease from multiple perspectives, and in PD, 
using multiple sequences and multiple parameters may 
be necessary for validating the diagnosis. This study 
examined 4 image indicators measured through SWI, 
NM-MRI, and T2*mapping sequences to test the 
diagnostic efficacy of multiple sequences and multiple 
indices for PD. To this end, the sensitivity and specificity 
of the 4 imaging indicators and their combined use were 
analyzed, and the AUC values were compared. The higher 
the corresponding value was, the greater the clinical value 
of the corresponding image indicators for diagnosing 
PD. The results consistently point to shortcomings in 
the sensitivity and specificity of a single parameter. For 
example, SWI swallow tail sign had a higher specificity for 
diagnosing PD, but its sensitivity was not high, suggesting 
that it should be used in combination with other highly 
sensitive sequences, such as NM-MRI imaging indicators 
of the distribution volume of melanin in the substantia 
nigra. In this way, we can obtain higher sensitivity and 
specificity to improve the diagnostic efficacy of PD. In 
addition, we conducted a correlation analysis between the 
composite indicators used in combination with multiple 
indices and the disease course duration and H-Y grading: 
some composite indicators were negatively correlated with 
the H-Y grading, while others were negatively correlated 
with disease course duration. This indicates that the 
combination of multiple indices can not only improve 
the sensitivity and specificity of PD diagnosis but can 
also facilitate in the early clinical diagnosis and follow-up 
evaluation of patients with PD.
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Study limitations

This study had some limitations. First, the sample size 
was not sufficiently large to compare the characteristic 
symptoms of PD with the image performance during the 
analysis of a certain characteristic symptoms of PD. In 
addition, the data of patients with the same high signal loss 
in the substantia nigra due to causes other than PD were 
not collected, nor were they compared with those of the 
PD group to ascertain their differences. The diagnostic 
interference analysis of NM-MRI based on the signal or 
volume change in different regions (e.g., cognition and 
motion) also requires further research (33,34). In the 
analysis of diagnostic efficacy, the sensitivity and specificity 
were not evaluated according to the disease stage (i.e., 
early and late PD), and thus additional data according 
to the disease stage should be collected. Moreover, 
there might have been empirical differences in physician 
evaluation of the swallow tail sign in the substantia nigra 
and in the delineation and measurement of the signal 
intensity in the substantia nigra. Given this, errors in the 
manual measurement of the image indicators might have 
occurred, but no further measurement or analysis of signal 
attenuation was conducted. Nevertheless, the evaluations 
were performed and agreed upon by 2 radiologists, and the 
average value of the measured indicators was used in the 
analysis to reduce the impact of errors.

Conclusions

The combination of multiple MRI techniques indicators, 
including the swallow tail sign in the substantia nigra, 
the distribution volume of melanin, the change of locus 
coeruleus signal, and R2* values based on T2*mapping 
can reflect the pathological mechanism of PD and disease 
course duration. Compared with use of a single indicator, 
the application of combined indicators is more beneficial for 
the diagnosis, treatment, and follow-up of patients with PD 
and has considerable value in clinical guidance. Inclusion of 
swallow tail sign in the substantia nigra and the distribution 
volume of melanin significant can significantly improve the 
diagnostic efficacy of composite indicators. 
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