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Pain is common in Parkinson’s disease and frequently observed in other diseases involving 
parkinsonism. Abnormal scaling function in PD has been reportedly associated with pain, but the role 
of this function in pain in other parkinsonism-related diseases remains unknown. We screened 127 
patients with multiple system atrophy (MSA, n = 24), progressive supranuclear palsy (PSP, n = 15), 
drug-induced parkinsonism (DIP, n = 56), or vascular parkinsonism (VP, n = 32). After screening, 79 
patients with parkinsonism (23 MSA, 10 PSP, 28 DIP, and 18 VP patients) were included in the study. 
We divided the patients of each group into two groups (with or without pain).The percentages of 
patients in those groups with pain were 73.9%, 50.0%, 67.9%, and 66.7%, respectively. There was 
no difference in mean SDT between patients with and without pain in any disease (all p ≥ 0.052). 
The number of patients showing unmeasurable SDT did not differ between those with and without 
pain in any disease (all p ≥ 0.316). Our study found no evidence of a role of scaling function in pain 
development in parkinsonian disorders such as atypical parkinsonism, DIP, and VP.
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Pain is common in Parkinson’s disease (PD) as well as in other diseases showing parkinsonism, such as atypical 
parkinsonism and vascular parkinsonism (VP)1–4. Pain prevalence was reported to be 73% in multiple system 
atrophy (MSA) and 52% in progressive supranuclear palsy (PSP)3. The pain proportion was approximately 
61–81% for MSA, 25–52% for PSP, and 60.0–61.0% for VP in previous studies4–7. Pain prevalence in drug-
induced parkinsonism (DIP), despite being the second most common parkinsonism after PD, is not well known. 
Overall, pain in parkinsonism appears to be underrecognized, and its clinical features and pathogenesis are 
poorly understood3.

Pain potentially has different characteristics or mechanisms among diseases showing parkinsonism. Pain 
is a unique non-motor symptom in PD and is considered a pre-motor symptom. In our previous study, pain 
occurred before motor symptoms in MSA and VP, while motor symptoms occurred before pain in PSP. In 
addition, pain location in the body differed among these atypical parkinsonism diseases4. This suggests that pain 
mechanisms differ among parkinsonian disorders. However, previous studies have shown similar abnormal pain 
mechanisms, suggesting the existence of a shared mechanism8,9. Furthermore, in earlier studies, researchers did 
not classify patients based on the presence or absence of pain. Although pain in parkinsonian disorders differs 
from that in healthy controls (HCs), it is unclear why pain is more frequent in patients with these disorders8–12. 
We study the differences between groups with and without pain to explain these findings.

Previously, we showed that scaling function in the sensory system was compromised in PD patients with pain 
compared with PD patients without pain and proposed that this abnormality contributes to the development of 
pain in such patients13.

As in PD, the basal ganglia (BG) is involved in diseases that involve parkinsonism. The BG is involved in the 
planning of movement amplitude14 and in timing and context-appropriate movement selection15. However, it is 
unclear whether this scaling problem exists in other diseases involving parkinsonism and if it varies by disease. 
In support of that, hypokinesia with progressive decrement, a typical calibration problem observed in PD, was 
observed in MSA but not in PSP16,17.

In this study, we aimed to explore the existence of scaling problems in the sensory system in various 
parkinsonian disorders with pain, including MSA, PSP, DIP, and VP.
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Results
A total of 79 patients with parkinsonism was included in this study (23 MSA, 10 PSP, 28 DIP, and 18 VP, Table 1). 
The proportions of these patient groups with pain were 73.9%, 50.0%, 67.9%, and 66.7%, respectively.

The comparisons of demographic and clinical variables between patients with and without pain are shown 
in Table 2 by disease. Difference was not observed in clinical parameters among MSA, PSP, and VP patients 
with and without pain (all p ≥ 0.093). Statistical differences between DIP patients with and without pain were 
observed in K-MoCA, education years, UPDRS I, and UPDRS III scores (p = 0.026, 0.004, 0.034, and 0.025, 
respectively).

SDTs did not differ between patients with and without pain for any disease (Fig. 1A, ipsilateral hand, p = 0.808 
in MSA, 0.064 in PSP, 0.227 in DIP, 0.144 in VP; contralateral hand, p = 0.052 in MSA, 0.643 in PSP, 0.342 in 
DIP, 0.223 in VP). In addition, the ratios of unmeasurable SDTs between patients with and without pain in each 
disease were not statistically different (Fig. 1B, ipsilateral hand, p = 1.000 in MSA, 0.524 in PSP, 0.630 in DIP, 
0.316 in VP; contralateral hand, p = 1.000 in MSA, 0.524 in PSP, 0.371 in DIP, 0.600 in VP).

Discussion
Our results showed no difference in SD function between the groups with and without pain in various 
parkinsonian disorders (MSA, PSP, DIP, and VP), indicating that scaling dysfunction does not contribute to 
pain development.

A possible reason for these results is that scaling dysfunction is not the main pathophysiology of other 
parkinsonian disorders, unlike PD. This presumption may not be the case for MSA, in which abnormal 
temporal discrimination threshold and hypokinesia with progressive decrement during repetitive movements 
were observed16,18,19. However, scaling dysfunction is unlikely associated with the occurrence of pain in MSA 
because temporal discrimination and progressive reduction of hypokinesia were more impaired in MSA than 
in PD. Based on the above-mentioned studies, if scaling dysfunction is associated with pain in MSA, it would 
assumedly be more severe in MSA patients with pain, which was not observed in our study. The fundamental 
pathophysiological mechanisms of pain generation are not yet well known. Various structures in the nervous 
system may be involved in such pain including the anterior cingulate cortex, substantia nigra, putamen, insula, 
amygdala, dorsal raphe nuclei, locus coeruleus, periaqueductal gray matter, corticospinal pyramidal system, 
and preganglionic sympathetic cells in the thoracic intermediolateral column8,10,20. However, since there was a 
statistical trend (p = 0.052 in the contralateral hand), it cannot be concluded at this point that scaling dysfunction 
is entirely independent of pain occurrence in MSA.

Reduced pain threshold in PSP was reported8, but the scaling of sensorimotor function was uncertain. 
Because progressive hypokinesia during repetitive movements was not observed in PSP, a scaling dysfunction 
may not be the main pathophysiology16,17. This was presumably associated with a more extensive lesion17. In 
addition, decreased pain threshold was suggested to be related to periaqueductal gray involvement8,12. Our 
results showed that the mean SDT values seemed to be lower in PSP patients with pain than in patients without 
pain (Fig. 1), but there was no statistical difference at all, probably because the sample size was too small.

Research on the pathophysiology of pain in DIP is scarce. Furthermore, the frequency of pain is contradictory 
and appears to be related to the research design. In one study, the frequency of pain between DIP and HC 
did not differ and was higher only in PD21. However, in another study, significantly higher frequency was 
observed between patients with neuroleptic drug-induced parkinsonism (NIP) those without NIP22. To date, 
pain threshold in DIP has been investigated in only one study, and no difference was observed between HC and 

MSA
n = 23

PSP
n = 10

DIP
n = 28

VP
n = 18

Age, years 61.4 ± 7.1 69.8 ± 5.9 71.9 ± 8.2 74.7 ± 6.6

Women, n (%) 10 (43.5) 5 (50.0) 19 (67.9) 9 (50.0)

Duration of disease, months 22.8 ± 18.1 16.9 ± 11.0 15.2 ± 17.3 40.4 ± 62.7

K-MMSE 27.2 ± 2.8 24.9 ± 2.4 25.2 ± 4.0 24.7 ± 3.9

K-MoCA 23.7 ± 4.5 20.9 ± 3.8 18.9 ± 5.7 19.1 ± 5.9

Education, years 10.3 ± 5.1 6.8 ± 2.7 7.7 ± 4.5 7.5 ± 5.0

BDI 12.5 ± 7.0 16.6 ± 6.6 15.4 ± 5.7 11.4 ± 7.3

HY stage 2.5 ± 0.6 2.4 ± 0.5 2.2 ± 0.6 2.3 ± 0.6

UPDRS I 2.3 ± 1.6 2.6 ± 2.3 3.8 ± 3.3 3.1 ± 2.3

UPDRS II 10.9 ± 5.3 9.7 ± 5.1 8.7 ± 5.0 9.1 ± 5.1

UPDRS III 33.6 ± 12.9 30.3 ± 13.3 32.5 ± 12.0 27.3 ± 10.4

Pain present, n (%) 17 (73.9) 5 (50.0) 19 (67.9) 12 (66.7)

Table 1.  Demographic and clinical characteristics of studied patients with parkinsonism. Values are expressed 
as means ± SD or number (percentage). Abbreviations: MSA, multiple system atrophy; PSP, progressive 
supranuclear palsy; DIP, drug-induced parkinsonism; VP, vascular parkinsonism; K-MMSE, the Korean 
version of the Mini-Mental State Examination; K-MoCA, the Korean version of the Montreal Cognitive 
Assessment; BDI, Beck depression inventory; HY stage, Hoehn and Yahr stage; UPDRS I, II, III, Unified 
Parkinson’s Disease Rating Scale part I, II, III.
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DIP23. However, since our study showed no difference in pain threshold between HC and PD, the results should 
be interpreted with caution.

Knowledge regarding pain in VP is limited, and there is no research on sensory function or pain mechanisms 
in VP. Currently, the pain mechanism in VP remains unknown. However, because abnormal sensorimotor 
integration occurs in VP24–26 and sensory dysfunction such as olfactory function has also been reported27, we 
hypothesize an involved sensory dysfunction.

Our study had several limitations. First, the sample size for each disease was small, especially for PSP. It’s 
hard to say precisely, but it may require a much larger number of patients. For example, our previous research 
investigated 90 PD patients (18 patients without pain, and 72 patients with pain, Kim et al., 2023)13 Second, 
although JVP domes are a standardized grating tool for spatial discrimination evaluation, a more sophisticated 
and comprehensive evaluation method may be required.

In conclusion, the results of our study did not show any evidence of scaling dysfunction in association with 
pain in MSA, PSP, DIP, and VP patients. This indicates that the pain mechanisms of these disorders differ from 
that of PD. Further investigations to confirm the results of the present study are warranted.

Methods
Patients.

We consecutively investigated patients experiencing parkinsonism in our hospital from September 2015 to 
September 2021 (24 MSA, 15 PSP, 56 DIP, and 32 VP). These patients were diagnosed according to the current 
international diagnostic criteria28–31. We included only VP patients who underwent18 F-N-(3-fluoropropyl)-
2b-carbon ethoxy3b-(4-iodophenyl) nortropane (FP-CIT) PET scan to exclude those with neurodegenerative 
dopaminergic deficits4. DIP was diagnosed based on the following criteria: (1) the presence of at least two of 

MSA PSP DIP

Without pain
n = 6

With pain
n = 17 p*-value

Without pain
n = 5

With pain
n = 5 p*-value

Without pain
n = 9

With pain
n = 19 p*-value

Age, years 57.8 ± 5.7 62.7 ± 7.3 0.122 67.0 ± 6.4 72.6 ± 4.1 0.093 71.1 ± 10.3 72.3 ± 7.2 0.961

Women, n (%) 1 (16.7) 9 (52.9) 0.179 1 (20.0) 4 (80.0) 0.206 4 (44.4) 15 (78.9) 0.097

Duration of 
disease, months 20.8 ± 20.6 23.6 ± 17.8 0.622 20.2 ± 12.0 13.6 ± 10.1 0.329 15.3 ± 19.1 15.1 ± 17.0 0.654

K-MMSE 27.2 ± 1.5 27.2 ± 3.2 0.543 24.8 ± 2.2 25.0 ± 2.8 0.915 26.7 ± 2.7 24.5 ± 4.3 0.158

K-MoCA 23.3 ± 3.7 23.8 ± 4.8 0.778 21.6 ± 2.6 20.2 ± 4.9 0.600 22.1 ± 4.6 17.3 ± 5.6 0.026

Education, years 12.0 ± 5.2 9.6 ± 5.1 0.239 8.2 ± 3.0 5.4 ± 1.3 0.095 11.3 ± 4.1 5.9 ± 3.7 0.004

BDI 11.2 ± 9.3 12.9 ± 6.2 0.482 17.0 ± 7.0 16.2 ± 7.0 0.834 15.0 ± 5.2 15.5 ± 6.0 0.863

HY stage 2.3 ± 0.4 2.6 ± 0.7 0.260 2.4 ± 0.4 2.4 ± 0.5 0.910 2.1 ± 0.2 2.3 ± 0.7 0.517

UPDRS I 2.0 ± 0.9 2.5 ± 1.8 0.772 2.2 ± 1.6 3.0 ± 3.0 0.589 2.2 ± 2.1 4.6 ± 3.5 0.034

UPDRS II 9.0 ± 5.2 11.5 ± 5.4 0.194 9.6 ± 4.2 9.8 ± 6.5 1.000 6.3 ± 3.5 9.8 ± 5.2 0.092

UPDRS III 32.3 ± 13.2 34.0 ± 13.2 0.779 25.8 ± 11.9 34.8 ± 14.4 0.462 25.6 ± 10.0 35.8 ± 11.6 0.025

Pain severity - 3.4 ± 3.0 - - 3.0 ± 1.4 - - 2.8 ± 1.7 -

VP

Without pain n = 6 With pain n = 12 p*-value

Age, years 74.7 ± 8.6 74.8 ± 5.7 0.742

Women, n (%) 3 (50.0) 6 (50.0) 1.000

Duration of disease, months 66.0 ± 103.4 24.1 ± 4.4 0.387

K-MMSE 26.0 ± 2.2 24.5 ± 4.3 0.507

K-MoCA 22.1 ± 4.6 17.3 ± 5.6 0.186

Education, years 8.8 ± 4.2 6.8 ± 5.5 0.341

BDI 12.0 ± 10.0 11.1 ± 6.2 1.000

HY stage 2.3 ± 0.5 2.3 ± 0.7 0.653

UPDRS I 2.2 ± 2.0 3.6 ± 2.4 0.230

UPDRS II 9.5 ± 5.3 8.8 ± 5.2 0.925

UPDRS III 23.8 ± 7.9 29.0 ± 11.3 0.399

Pain severity - 4.3 ± 2.5 -

Table 2 .  Clinical characteristics of parkinsonian patients without pain and with pain. Values are expressed as 
means ± SD or number (percentage). Pain severity was evaluated with a visual analog scale with scores ranging 
from 0 to 10. *p < 0.05 indicates significant differences. Abbreviations: MSA, Multiple system atrophy; PSP, 
progressive supranuclear palsy; DIP, drug-induced parkinsonism; VP, vascular parkinsonism; K-MMSE, the 
Korean version of the Mini-Mental State Examination; K-MoCA, the Korean version of the Montreal Cognitive 
Assessment; BDI, Beck depression inventory; HY stage, Hoehn and Yahr stage; UPDRS I, II, III, Unified 
Parkinson’s Disease Rating Scale part I, II, III.
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Fig. 1.  Comparison of SDT between patients with and without pain in various parkinsonian disorders. The 
ipsilateral SDT represents that at the more affected hand, while the contralateral SDT represents that at the 
less affected hand. (A) Bar graphs illustrate the mean and standard deviation (error bars). The mean SDT 
values were not different between patients with and without pain by disease (ipsilateral hand, p = 0.808 in 
MSA, 0.064 in PSP, 0.227 in DIP, 0.144 in VP; contralateral hand, p = 0.052 in MSA, 0.643 in PSP, 0.342 in 
DIP, 0.223 in VP). (B) The percentage of patients showing unmeasurable SDT did not differ between patients 
with and without pain by disease (ipsilateral hand, p = 1.000 in MSA, 0.524 in PSP, 0.630 in DIP, 0.316 in VP; 
contralateral hand, p = 1.000 in MSA, 0.524 in PSP, 0.371 in DIP, 0.600 in VP). SDT = spatial discrimination 
threshold; MSA = multiple system atrophy; PSP = progressive supranuclear palsy; DIP = drug-induced 
parkinsonism; VP = vascular parkinsonism
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the four cardinal symptoms of parkinsonism; (2) no parkinsonism prior to exposure to offending drugs; (3) 
resolution of or significant improvement in parkinsonism within 12 months after withdrawal of offending drugs; 
(4) no alternative explanation for parkinsonism; (5) normal symmetric dopamine transporter (DAT) binding in 
the caudate nucleus and putamen on18 F-FP-CIT PET32,33.

We collected Hoehn and Yahr (H&Y) stage, Unified Parkinson’s Disease Rating Scale (UPDRS) parts I–III, 
disease duration, the Korean Version of the Mini-Mental State Examination (K-MMSE), the Korean Version of 
the Montreal Cognitive Assessment (K-MoCA), education years, Beck Depression Inventory (BDI), the presence 
of pain, and pain severity at diagnosis for all patients. We evaluated the pain using a systematic questionnaire. The 
systematic questionnaire included detailed information about pain type. Using this questionnaire, we classified 
patients who did not have any type of pain into the pain-free group. Pain severity was measured using a visual 
analog scale (VAS) scored from 1 to 10 (1 = no pain, 10 = the worst pain). The exclusion criteria were cognitive 
dysfunction (K-MMSE < the 2.5th percentile for age and educational-appropriate norm)34; severe depression 
(BDI score ≥ 29)35; and a co-morbid pain condition such as rheumatic disease, severe osteoarthritis, or traumatic, 
orthopedic, or peripheral nerve injury36. The Institutional Review Board of Hallym University Dongtan Sacred 
Heart Hospital approved this study. All methods were performed in accordance with the Declaration of Helsinki 
and followed relevant guidelines and regulations. Informed consent was obtained from all participants.

Spatial discrimination measurement.
We used plastic John-Van Boven-Philips (JVP) domes (Stoelting, Wood Dale, IL, USA) to measure spatial 

discrimination (SD). JVP domes are a commercially available, standardized grating task set, and SD threshold 
(SDT) was determined as described in other studies13,37.

Participants were asked to sit comfortably with their eyes closed and hold their palms in a supinated position. 
Both hands were tested. Handedness was determined based on self-report, and all participants were right-handed. 
We applied eight plastic JVP domes with gratings of various widths (3.0, 2.0, 1.5, 1.25, 1.0, 0.75, 0.5, 0.35 mm). 
Twenty vertical or horizontal orientations per dome (10 times for each of the two possible orientations) were 
applied to the distal fat pad of the index finger for approximately 1–2 s, beginning with the largest groove width 
and progressing through narrower widths in a predetermined random order. The participants were asked to 
report the orientation of the grooves. The SDT was determined by calculating the grating width corresponding 
to a 75% correct response using a linear interpolation technique13,38. Unmeasurable SDT was defined as a case 
in which the participant reported pressure but could not determine the orientation of the widest groove. The 
ipsilateral SDT was measured at the more affected hand, and the contralateral SDT was that of the less affected 
hand.

Because diseases involving parkinsonism do not always show marked motor asymmetricity, the method was 
a slightly modified version of that used to determine the more and less affected sides of Parkinson’s disease 
in our previous study and was based on UPDRS part III (items 18–31)13. The side of disease onset was used 
if the more affected side could not be determined with UPDRS part III (i.e., if the sides did not differ based 
on UPDRS part III). If one side experienced axial symptoms, the more affected side was regarded as that with 
the first lateralized symptoms in medical history39. This is generally based on the observation that the side on 
which symptoms appear first in the medical history is usually the side with more severe motor symptoms on 
neurological examination. If the more affected side could not be determined using these methods, the right side 
was considered the more affected side.

Statistical analysis
We analyzed patients with MSA, PSP, DIP, and VP for each disease. Demographic and clinical variables in the 
groups with and without pain were compared. Data are expressed as mean ± standard deviation. The chi-square 
test or Fisher’s exact test were used for categorical variables, and the unpaired t-test or Mann-Whitney U test 
was used for continuous variables, as appropriate. Patients with MSA, PSP, and VP showed no difference in 
clinical variables between those with and without pain, and the Mann-Whitney U test was used to determine the 
difference in SDT between these groups. In DIP patients, one-way ANCOVA was used to compare SDT between 
DIP patients with and without pain after adjusting UPDRS III scores and education years. The normality test was 
performed using skewness and kurtosis, and the acceptable values were < 3 and < 10, respectively40. Although 
there were statistical differences between DIP patients with and without pain in education years, K-MoCA, 
UPDRS I, and UPDRS III scores, only UPDRS III and education years were adjusted. In DIP patients, one-
way ANCOVA was used to compare SDT between DIP patients with and without pain after adjusting UPDRS 
III scores and education years… This lack of adjustment was due to K-MoCA and UPDRS I overlapping with 
other variables (i.e. K-MMSE and BDI) and reflecting similar clinical features such as cognition and mood. A 
p-value < 0.05 was considered statistically significant in IBM SPSS 28 statistics (IBM Corp., Armonk, NY, USA).

Data availability
The data that support the findings of this study are available from the corresponding authors upon reasonable 
request.

Received: 11 August 2024; Accepted: 25 November 2024

References
	 1.	 Chaithra, S. P. et al. The non-motor symptom profile of progressive supranuclear palsy. J. Mov. Disord. 13, 118–126. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​

g​/​1​0​.​1​4​8​0​2​/​j​m​d​.​1​9​0​6​6​​​​ (2020).

Scientific Reports |        (2024) 14:29902 5| https://doi.org/10.1038/s41598-024-81050-5

www.nature.com/scientificreports/

https://doi.org/10.14802/jmd.19066
https://doi.org/10.14802/jmd.19066
http://www.nature.com/scientificreports


	 2.	 Kwon, D. Y. et al. The KMDS-NATION study: Korean movement disorders society multicenter assessment of non-motor symptoms 
and quality of life in Parkinson’s disease NATION study group. J. Clin. Neurol. 12, 393–402. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​9​8​8​/​j​c​n​.​2​0​1​6​.​1​2​.​4​.​3​
9​3​​​​ (2016).

	 3.	 Rana, A. Q. et al. Prevalence of pain in atypical parkinsonism: a systematic review and meta-analysis. J. Neurol. 266, 2093–2102. 
https://doi.org/10.1007/s00415-018-9049-7 (2019).

	 4.	 Sung, Y. H. & Kang, S. Y. Pain in atypical parkinsonism, vascular parkinsonism, and Parkinson’s disease. Neurol. Sci. 43, 4797–
4802. https://doi.org/10.1007/s10072-022-06035-6 (2022).

	 5.	 Colosimo, C. et al. Non-motor symptoms in atypical and secondary parkinsonism: The PRIAMO study. J. Neurol. 257, 5–14. 
https://doi.org/10.1007/s00415-009-5255-7 (2010).

	 6.	 Kass-Iliyya, L., Kobylecki, C., McDonald, K. R., Gerhard, A. & Silverdale, M. A. Pain in multiple system atrophy and progressive 
supranuclear palsy compared to Parkinson’s disease. Brain Behav. 5, e00320. https://doi.org/10.1002/brb3.320 (2015).

	 7.	 Yust-Katz, S., Hershkovitz, R., Gurevich, T. & Djaldetti, R. Pain in extrapyramidal neurodegenerative diseases. Clin. J. Pain 33, 
635–639. https://doi.org/10.1097/AJP.0000000000000437 (2017).

	 8.	 Avenali, M. et al. Pain processing in atypical parkinsonisms and Parkinson disease: A comparative neurophysiological study. Clin. 
Neurophysiol. 128, 1978–1984. https://doi.org/10.1016/j.clinph.2017.06.257 (2017).

	 9.	 Perrotta, A. et al. Enhanced temporal pain processing in multiple system atrophy. Neurosci. Lett. 555, 203–208. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
1​0​1​6​/​j​.​n​e​u​l​e​t​.​2​0​1​3​.​0​9​.​0​3​5​​​​ (2013).

	10.	 Mylius, V. et al. Experimental pain sensitivity in multiple system atrophy and Parkinson’s disease at an early stage. Eur. J. Pain 20, 
1223–1228. https://doi.org/10.1002/ejp.846 (2016).

	11.	 Ory-Magne, F. et al. Abnormal pain perception in patients with multiple system atrophy. Parkinsonism Relat. Disord. 48, 28–33. 
https://doi.org/10.1016/j.parkreldis.2017.12.001 (2018).

	12.	 Stamelou, M. et al. Clinical pain and experimental pain sensitivity in progressive supranuclear palsy. Parkinsonism Relat. Disord. 
18, 606–608. https://doi.org/10.1016/j.parkreldis.2011.11.010 (2012).

	13.	 Kim, M. S. et al. Scaling problem in Parkinson’s disease patients with pain. Parkinsonism Relat. Disord. 116, 105868. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​1​0​1​6​/​j​.​p​a​r​k​r​e​l​d​i​s​.​2​0​2​3​.​1​0​5​8​6​8​​​​ (2023).

	14.	 Desmurget, M., Grafton, S. T., Vindras, P., Grea, H. & Turner, R. S. Basal ganglia network mediates the control of movement 
amplitude. Exp. Brain Res. 153, 197–209. https://doi.org/10.1007/s00221-003-1593-3 (2003).

	15.	 Tunik, E., Houk, J. C. & Grafton, S. T. Basal ganglia contribution to the initiation of corrective submovements. Neuroimage 47, 
1757–1766. https://doi.org/10.1016/j.neuroimage.2009.04.077 (2009).

	16.	 Djuric-Jovicic, M. et al. Finger tapping analysis in patients with Parkinson’s disease and atypical parkinsonism. J. Clin. Neurosci. 30, 
49–55. https://doi.org/10.1016/j.jocn.2015.10.053 (2016).

	17.	 Ling, H., Massey, L. A., Lees, A. J., Brown, P. & Day, B. L. Hypokinesia without decrement distinguishes progressive supranuclear 
palsy from Parkinson’s disease. Brain 135, 1141–1153. https://doi.org/10.1093/brain/aws038 (2012).

	18.	 Lyoo, C. H., Lee, S. Y., Song, T. J. & Lee, M. S. Abnormal temporal discrimination threshold in patients with multiple system 
atrophy. Mov. Disord. 22, 556–559. https://doi.org/10.1002/mds.21111 (2007).

	19.	 Rocchi, L. et al. Somatosensory temporal discrimination threshold may help to differentiate patients with multiple system atrophy 
from patients with Parkinson’s disease. Eur. J. Neurol. 20, 714–719. https://doi.org/10.1111/ene.12059 (2013).

	20.	 Chang, J. Y., Rukavina, K., Lawn, T. & Chaudhuri, K. R. Pain in neurodegenerative diseases with atypical parkinsonism: A 
systematic review on prevalence, clinical presentation, and findings from experimental studies. J. Integr. Neurosci. 20, 1067–1078. 
https://doi.org/10.31083/j.jin2004108 (2021).

	21.	 Kim, J. S., Youn, J., Shin, H. & Cho, J. W. Nonmotor symptoms in drug-induced parkinsonism and drug-naive Parkinson disease. 
Can. J. Neurol. Sci. 40, 36–41. https://doi.org/10.1017/s0317167100012920 (2013).

	22.	 Decina, P., Mukherjee, S., Caracci, G. & Harrison, K. Painful sensory symptoms in neuroleptic-induced extrapyramidal syndromes. 
Am. J. Psychiatry. 149, 1075–1080. https://doi.org/10.1176/ajp.149.8.1075 (1992).

	23.	 Galoppin, M. et al. Chronic neuroleptic-Induced parkinsonism examined with positron emission tomography. Mov. Disord. 35, 
1189–1198. https://doi.org/10.1002/mds.28046 (2020).

	24.	 Benitez-Rivero, S. et al. Abnormal sensorimotor integration correlates with cognitive profile in vascular parkinsonism. J. Neurol. 
Sci. 377, 161–166. https://doi.org/10.1016/j.jns.2017.03.050 (2017).

	25.	 Kang, S. Y. & Ma, H. I. N30 somatosensory evoked potential is negatively correlated with motor function in Parkinson’s disease. J. 
Mov. Disord. 9, 35–39. https://doi.org/10.14802/jmd.15038 (2016).

	26.	 Rossini, P. M. et al. Abnormalities of short-latency somatosensory evoked potentials in parkinsonian patients. Electroencephalogr. 
Clin. Neurophysiol. 74, 277–289. https://doi.org/10.1016/0168-5597(89)90058-0 (1989).

	27.	 Navarro-Otano, J. et al. 123I-MIBG cardiac uptake, smell identification and 123I-FP-CIT SPECT in the differential diagnosis 
between vascular parkinsonism and Parkinson’s disease. Parkinsonism Relat. Disord.. 20, 192–197. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​p​a​r​k​r​
e​l​d​i​s​.​2​0​1​3​.​1​0​.​0​2​5​​​​ (2014).

	28.	 Hoglinger, G. U. et al. Clinical diagnosis of progressive supranuclear palsy: The movement disorder society criteria. Mov. Disord. 
32, 853–864. https://doi.org/10.1002/mds.26987 (2017).

	29.	 Rektor, I. et al. An updated diagnostic approach to subtype definition of vascular parkinsonism - recommendations from an expert 
working group. Parkinsonism Relat. Disord. 49, 9–16. https://doi.org/10.1016/j.parkreldis.2017.12.030 (2018).

	30.	 Wenning, G. K. et al. The movement disorder society criteria for the diagnosis of multiple system atrophy. Mov. Disord. 37, 1131–
1148. https://doi.org/10.1002/mds.29005 (2022).

	31.	 Zijlmans, J. C., Daniel, S. E., Hughes, A. J., Revesz, T. & Lees, A. J. Clinicopathological investigation of vascular parkinsonism, 
including clinical criteria for diagnosis. Mov. Disord. 19, 630–640. https://doi.org/10.1002/mds.20083 (2004).

	32.	 Jimenez-Jimenez, F. J. et al. Drug-induced parkinsonism in a movement disorders unit: A four-year survey. Parkinsonism Relat. 
Disord. 2, 145–149. https://doi.org/10.1016/1353-8020(96)00013-2 (1996).

	33.	 Sung, Y. H., Noh, Y., Lee, J. & Kim, E. Y. Drug-induced parkinsonism versus idiopathic Parkinson disease: Utility of nigrosome 1 
with 3-T imaging. Radiology 279, 849–858. https://doi.org/10.1148/radiol.2015151466 (2016).

	34.	 Kang, S. Y., Ma, H. I., Lim, Y. M., Hwang, S. H. & Kim, Y. J. Fatigue in drug-naive Parkinson’s disease. Eur. Neurol. 70, 59–64. 
https://doi.org/10.1159/000350289 (2013).

	35.	 Wang, Y. P. & Gorenstein, C. Psychometric properties of the beck depression inventory-II: A comprehensive review. Braz J. 
Psychiatry 35, 416–431. https://doi.org/10.1590/1516-4446-2012-1048 (2013).

	36.	 Behari, M., Srivastava, A., Achtani, R., Nandal, N. & Dutta, R. B. Pain assessment in Indian Parkinson’s disease patients using King’s 
Parkinson’s disease pain scale. Ann. Indian Acad. Neurol. 23, 774–780. https://doi.org/10.4103/aian.AIAN_449_20 (2020).

	37.	 Shin, H. W., Kang, S. Y. & Sohn, Y. H. Dopaminergic influence on disturbed spatial discrimination in Parkinson’s disease. Mov. 
Disord. 20, 1640–1643. https://doi.org/10.1002/mds.20642 (2005).

	38.	 Van Boven, R. W. & Johnson, K. O. The limit of tactile spatial resolution in humans: Grating orientation discrimination at the lip, 
tongue, and finger. Neurology 44, 2361–2366. https://doi.org/10.1212/wnl.44.12.2361 (1994).

	39.	 Shreve, L. A. et al. Subthalamic oscillations and phase amplitude coupling are greater in the more affected hemisphere in Parkinson’s 
disease. Clin. Neurophysiol. 128, 128–137. https://doi.org/10.1016/j.clinph.2016.10.095 (2017).

	40.	 Kline, R. B. Principles and Practice of Structural Equation Modeling 3rd edn (Guilford Press, 2011).

Scientific Reports |        (2024) 14:29902 6| https://doi.org/10.1038/s41598-024-81050-5

www.nature.com/scientificreports/

https://doi.org/10.3988/jcn.2016.12.4.393
https://doi.org/10.3988/jcn.2016.12.4.393
https://doi.org/10.1007/s00415-018-9049-7
https://doi.org/10.1007/s10072-022-06035-6
https://doi.org/10.1007/s00415-009-5255-7
https://doi.org/10.1002/brb3.320
https://doi.org/10.1097/AJP.0000000000000437
https://doi.org/10.1016/j.clinph.2017.06.257
https://doi.org/10.1016/j.neulet.2013.09.035
https://doi.org/10.1016/j.neulet.2013.09.035
https://doi.org/10.1002/ejp.846
https://doi.org/10.1016/j.parkreldis.2017.12.001
https://doi.org/10.1016/j.parkreldis.2011.11.010
https://doi.org/10.1016/j.parkreldis.2023.105868
https://doi.org/10.1016/j.parkreldis.2023.105868
https://doi.org/10.1007/s00221-003-1593-3
https://doi.org/10.1016/j.neuroimage.2009.04.077
https://doi.org/10.1016/j.jocn.2015.10.053
https://doi.org/10.1093/brain/aws038
https://doi.org/10.1002/mds.21111
https://doi.org/10.1111/ene.12059
https://doi.org/10.31083/j.jin2004108
https://doi.org/10.1017/s0317167100012920
https://doi.org/10.1176/ajp.149.8.1075
https://doi.org/10.1002/mds.28046
https://doi.org/10.1016/j.jns.2017.03.050
https://doi.org/10.14802/jmd.15038
https://doi.org/10.1016/0168-5597(89)90058-0
https://doi.org/10.1016/j.parkreldis.2013.10.025
https://doi.org/10.1016/j.parkreldis.2013.10.025
https://doi.org/10.1002/mds.26987
https://doi.org/10.1016/j.parkreldis.2017.12.030
https://doi.org/10.1002/mds.29005
https://doi.org/10.1002/mds.20083
https://doi.org/10.1016/1353-8020(96)00013-2
https://doi.org/10.1148/radiol.2015151466
https://doi.org/10.1159/000350289
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.4103/aian.AIAN_449_20
https://doi.org/10.1002/mds.20642
https://doi.org/10.1212/wnl.44.12.2361
https://doi.org/10.1016/j.clinph.2016.10.095
http://www.nature.com/scientificreports


Acknowledgements
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (NRF-2021R1F1A1051738). This research was supported by a grant of the Korea Health 
Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the 
Ministry of Health & Welfare, Republic of Korea (grant number: RS-2023-00266948).

Author contributions
M.S.K. and S.Y.K. designed the study, collected the data, and wrote the manuscript. J.H.K. reviewed the manu-
script. All authors reviewed the manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval
This protocol was approved by our Institutional Review Board of Dongtan Sacred Heart Hospital. All methods 
were carried out in accordance with relevant guidelines and regulations. Informed consent was obtained from 
all participants and/or their legal guardians. This study was performed in accordance with the Declaration of 
Helsinki. The study conducted in accordance with good clinical practice.

Additional information
Correspondence and requests for materials should be addressed to S.Y.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2024 

Scientific Reports |        (2024) 14:29902 7| https://doi.org/10.1038/s41598-024-81050-5

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Spatial discrimination in patients with MSA, PSP, DIP, and VP with pain
	﻿Results
	﻿Discussion
	﻿Methods
	﻿Statistical analysis

	﻿References


