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Abstract

Objectives: Parkinson’s disease (PD) and progressive
supranuclear palsy (PSP) are neurodegenerative condi-
tions that have overlapping clinical and imaging features,
thus making it difficult to distinguish and diagnose PSP
from PD. Therefore, in this study, we aimed to investi-
gate the optimal value of magnetic resonance planimetry
and the parkinsonism index to differentiate between PSP
and PD.

Methods: In this retrospective study, we recruited a total
of 84 patients (27 patients with PSP, 27 patients with
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PD and 27 normal controls) who underwent MRI brain
examinations. For each subject, we -calculated the
corpus callosum area, midbrain area, pons area, middle
cerebellar peduncle (MCP) width and superior cerebellar
peduncle (SCP) width on MRI brain images. We also
calculated the pons to midbrain area (P/M) ratio, MCP/
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SCP ratio and magnetic resonance parkinsonism index
(MRPI).

Results: Receiver operating characteristic curve (ROC)
analysis was used to identify the diagnostic value of each
biomarker. MRPI had a sensitivity of 70.4%, a specificity
of 88.9%, and a diagnostic accuracy of 79.6% with an
optimum cut off of 24.3 for differentiating PSP from PD.
P/M ratio had a sensitivity of 74.1%, a specificity of
77.8%, and a diagnostic accuracy of 75.9% with an
optimal cutoff of 24.3 for differentiating PSP from PD.
The MCP/SCP ratio had a sensitivity of 66.7%, a speci-
ficity of 77.8%, and an accuracy of 72.2% with an
optimal cut off of 4.65 for differentiating PSP from PD.

Conclusions: The study revealed that MRPI and P/M
ratio are accurate markers for differentiating PSP from
PD. The optimal cut-off values derived from our study
can help in the early diagnosis of PD.

Keywords: MRI brain; Parkinson’s disease; Parkinsonism
index; Progressive supra nuclear palsy

© 2023 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Parkinson’s disease (PD) is a neurological condition that
affects the motor system and causes coordination issues. !
Progressive Supranuclear Palsy (PSP) is the second most
frequent neurodegenerative condition after Parkinson’s
disease.” Although PSP has its own clinical manifestations,
such as vertical gaze palsy, distinguishing PD from PSP
can be difficult and lacks sensitivity, particularly in the
initial stages of the disease®™’

Magnetic resonance imaging (MRI) plays a vital role in
diagnosing various neurodegenerative diseases.’” Due to
MRI’s high spatial contrast resolution and multiplanar
capabilities, it is possible to detect the in vivo presentation
of a reduction in a substantial portion of structures in the
central nervous system (CNS) with a regional distribution
pattern; this is the typical finding of many movement
disorders.>” PSP is associated with atrophy of the
midbrain and superior cerebellar peduncle (SCP)." In
PD, however, all of these brain structures are spared.() 1
Mid-sagittal MRI can help us to appreciate midbrain at-
rophy and provides a direct comparison of other parts of
the brainstem.'”

Despite these suggestive characteristics, most clinical re-
sults are not clearly evident as there is considerable overlap
between PD and PSP."® Due to the lack of typical clinical
findings, misdiagnosis is widespread in the early stages of
many disorders. Several international studies have been
conducted to investigate the accuracy of MRI planimetric
measurements and the magnetic resonance parkinsonism
index (MRPI) value. However, no previous study has
determine the exact optimal cut-off value to differentiate

PSP from PD. Therefore, the main objective of this study was
to investigate the optimum value of MRPI and planimetry
value for discriminating PSP from PD.

Materials and Methods

This was a retrospective study. The data was collected
retrospectively from patients who had undergone MRI of the
brain between January 2016 and January 2022; due to the
retrospective nature of this study, the need for informed
consent was waived. This current study included 27 patients
with PD, 27 patients with PSP, and 27 normal controls who
had undergone MRI brain studies. The inclusion criteria
were subjects with MRI brain images with clinically proven
PSP and PD and healthy individuals who had underdone
MRI brain studies for the evaluation of headache, but the
MRI images reported by the radiologist showed no signifi-
cant diagnostic abnormalities. Patients were excluded if they
had any history of neurodegenerative disease or movement
disorders, such as Alzheimer’s disease, Huntington’s disease,
amyotrophic lateral sclerosis, frontotemporal dementia, and
spinocerebellar ataxias. The demographic details of patients
included age and gender; this information was collected from
the hospital medical database.

M RI measurements

All patients had undergone MRI brain examination on a
1.5 T MRI system (Signa HDxt, GE Healthcare). The se-
quences included T1 weighted sagittal (TR: 340 ms, TE: 8.0 ms,
slice thickness: 2 mm and spacing: 2 mm) and T2 weighted
coronal (TR: 4480 ms, TE: 110 ms, slice thickness: 2 mm,
spacing: 1 mm). The MRI brain images were retrieved from
PACS (Picture Archiving and Communication System) and
were loaded on a DICOM viewer in InstaRISPACS Version 5.

The corpus callosum (CC) area, midbrain area, and pons
area were measured at the mid—sagittal plane on sagittal T1-
weighted MRI images (Figure 1). Using sagittal T1-weighted
MR images, we measured the width of the middle cerebellar
peduncle (MCP) (Figure 2). In addition, the width of the
superior cerebellar peduncle (SCP) was measured on coronal
T2-weighted MRI images (Figure 3). The average of the right
and left side of the MCP and SCP widths was calculated. The
ratio between the pons and midbrain areas, MCP and SCP
widths (MCP/SCP), and MRPI, were calculated using the
following formula, MRPI = [pons/midbrain] x [MCP/
SCP].'* All measurements were performed manually using a
free hand tool by two readers with more than ten years of
experience in neuroradiology. The readers were blinded to
the diagnosis and performed their measurements at different
periods. These values were averaged to provide the final
measurement. The method of MRI measurement validity has
previously been proven to be excellent with respect to intra-
and inter-observer variability. 15

Statistical analysis

SPSS (Statistical Package for Social sciences) version 20.0
was used for statistical analysis. The mean and standard
deviation of MRI planimetric measurements and
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Parkinson’s index for all three groups were calculated. One-
way analysis of variance was used to compare the MRI
planimetry and parkinsonism index value between the three
groups. Receiver operating characteristic curve (ROC)
analysis was used to calculate the sensitivity, specificity, ac-
curacy, area under the curve (AUC), and optimum cut off
value for P/M, MCP/SCP and MRPI value for differenti-
ating PSP from PD. The Mann—Whitney U test was used for
pairwise comparisons between groups (PD vs PSP, PD vs NC
and PSP vs NC) and the p-value was determined by Bon-
ferroni correction.

Results
Demographic details

A total of 81 patients were included; these were divided
into three groups. Group 1 included 27 patients with PD;
Group 2 included 27 patients with PSP, and Group 3
included 27 healthy controls. The demographic details of
patients and healthy controls are shown in Table 1.

MRI planimetric measurements and M RPI: group
comparisons

One-way analysis of variance was used to compare the
MRI planimetric measurements and the Parkinson’s index
across the three groups. The mean and standard deviation of
MRI planimetric measurements and the Parkinson’s index
for all three groups were calculated and shown in Table 2.

The mean measurements of the corpus callosum and pons
did not show any significant difference in mean value
(Figure 5A, Figure 6A, Figure 7A). The midbrain surface
area measurements of PSP patients were significantly
smaller with a mean of 0.99 cm? (Figure 5A) when
compared to the mean measurements of patients with PD
(1.40 cmz) (Figure 6A) and normal controls (1.99 sz)
(Figure 7A) (p < 0.001) (Figure 4A). The mean width of
the MCP was slightly smaller and more significant in
patients with PSP (1.08 cm) (Figure 5B) when compared to
that of PD (1.19 cm) (Figure 6B) and NC (1.47 cm)
(Figure 7B) (p < 0.001) (Figure 4B). Similarly, the mean

Ares: 1.1054g cm

' Area: 4.300sq cm

Figure 1: Tl-weighted sagittal MRI image showing surface area
measurements of the corpus callosum (i), midbrain (ii), and pons (iii).

Figure 2: T1-weighted sagittal MRI image showing measurements
of the middle cerebellar peduncle (MCP) width.

Figure 3: T2-weighted coronal MRI image showing measurements
of the right and left superior cerebellar peduncle (SCP) width.

width of the SCP in patients with PSP was significantly
smaller with a mean of 0.18 cm (Figure 5C) when
compared to mean measurements of the SCP in patients
with PD (mean 0.24 cm) (Figure 6C) and NC (Figure 7C)
(mean 0.29 cm) (p < 0.001) (Figure 4C). The P/M ratio
showed a significant difference (p > 0.001) and the mean
value was comparably larger in patients with PSP
(Figure 4D). The MCP/SCP ratio did not show statistically
significance across the three groups. The MRPI in patients

Table 1: Demographic details of participants.

PD PSP NC

No. of participants 27 27 27

()
Mean age (years) at 68.11 +9.22 67.51 = 8.12 67.88 £ 9.16

evaluation

(Mean + SD)
Sex Male (n) 16 24 11

Female (n) 11 3 16
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Table 2: MRI planimetric measurements and MRPI in PSP, PD and normal controls.

MRI measurements PSP (mean + SD) PD (mean + SD) NC (mean + SD) p value
Corpus Callosum (cmz) 5.24 + 1.06 5.70 + 0.88 6.19 £+ 0.84 0.004
Midbrain (cm?) 0.99 £ 0.17 1.40 £ 0.33 1.99 £ 0.25 <0.001
Pons (cm?) 4.74 £ 0.50 5.09 + 1.02 5.23 £ 0.48 0.005
MCP width (cm) 1.08 £ 0.17 1.19 £ 0.14 1.47 £ 0.21 <0.001
SCP width (cm) 0.18 £ 0.07 0.24 £ 0.05 0.29 £ 0.05 <0.001
Pons to midbrain ratio 4.90 £ 1.07 3.77 £ 0.89 2.66 £ 0.39 <0.001
MCP to SCP ratio 6.79 £ 2.62 5.36 +£ 1.91 5.02 +1.24 0.003
MRPI 32.97 + 12.95 20.63 £ 11.36 13.24 £+ 3.35 <0.001
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Figure 4: Box plots of MRI planimetric measurements. (A) Midbrain surface area, (B) MCP width, (C) SCP width, (D) Pons to midbrain
ratio and (E) MRPI in PSP, PD and NC. Outliers (circles) are defined as cases when the interquartile ranges were more than 1.5 box
lengths from the upper or lower box edge.
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Figure 5: Sagittal T1-weighted MRI image of PSP showing the measurement of (A) corpus callosum area (5.23 cm?), midbrain area
(0.99 cm?), pons area (4.73 cm?), (B) MCP width (1.08 cm), (C) coronal T2-weighted MRI image of PSP showing the measurement of right

SCP width (0.17 cm) and left SCP width (0.18 cm).

Figure 6: Sagittal T1-weighted MRI image of PD showing the measurement of (A) corpus callosum area (5.69 cm?), midbrain area
(1.38 cm?), pons area (5.05 cm?), (B) MCP width (1.19 cm), (C) coronal T2-weighted MRI image of PD showing the measurement of right

SCP width (0.25 cm) and left SCP width (0.24 cm).

Area: 5.18 sq cm

Figure 7: Sagittal T1-weighted MRI image of normal controls showing the measurement of (A) corpus callosum area (6.17 cm?), midbrain
area (1.88 cm?), pons area (5.18 cm?), (B) MCP width (1.41 cm), (C) coronal T2-weighted MRI image of normal controls showing the
measurement of right SCP width (0.28 cm) and left SCP width (0.28 cm).

with PSP was significantly higher with a mean value of 32.97
compared to patients with PD with a mean value of 20.63
and normal controls with a mean value of 13.244
(p < 0.001) (Figure 4E). All measurements showed a minor
overlap between the patients with PSP, PD and NC.

M RI planimetric measurements and MRPI: cut off value,
sensitivity, specificity, diagnostic accuracy and area under
the curve

ROC curve analysis was used to identify the cutoff value,
sensitivity, specificity, and diagnostic accuracy of MRI
planimetric measurement and MRPI for differentiating

patients with PSP, PD and NC compared with the other
groups (Table 3).

For the differentiation of PSP vs PD, MRPI had a cut off
value of 24.3 (sensitivity: 70.4%, specificity: 88.9%, diag-
nostic accuracy: 79.6% and AUC: 82%), the MCP/SCP ratio
had a cut off value of 4.65 (sensitivity: 66.7%, specificity:
77.8%, diagnostic accuracy: 72.2% and AUC: 69.8%), and
the P/M ratio had a cut off value of 4.33 (sensitivity: 74.1%,
specificity: 77.8%, diagnostic accuracy: 75.9% and AUC:
83.7%) (Figure 8A, B and C). For the differentiation of PSP
vs NC, MRPI had a cut off value of 16.15 (sensitivity: 96.3%,
specificity:85.2%, diagnostic accuracy: 90.7% and AUC:
95.7%), the MCP/SCP ratio had a cut off value of 4.66
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Table 3: ROC curve analysis of MRI planimetric measurements and MRPI for differentiating PSP vs PD vs normal controls.

Cut off value

Sensitivity (%)

Specificity (%)

Diagnostic Accuracy (%)

Area under curve (%)

PSP vs PD
MRPI
MCP/SCP
P/M

PSP vs NC
MRPI
MCP/SCP
P/M

PD vs NC
MRPI
MCP/SCP
P/M

>24.3
>4.65
>4.33

>16.15
>4.66
>3.56

>15.76
>4.92
>3.56

70.4
66.7
74.1

96.3
77.8
100

74.1
55.6
81.5

88.9
77.8
77.8

85.2
66.7
100

74.1
44.4
81.5

79.6
72.2
75.9

90.7
72.2
100

74.1
50.0
81.50

82
69.8
83.7

95.7
72.8
100

83.4
54.2
90.9

(sensitivity: 77.8%, specificity: 66.7%, diagnostic accuracy:
72.2% and AUC: 72.8%), and the P/M ratio had a cut off
value of 3.56 with 100% sensitivity, specificity, diagnostic
accuracy and AUC, respectively (Figure 9A, B and C). For
the differentiation of PD vs NC, MRPI had a cut off value
of 15.76 with 74.1% sensitivity, specificity and diagnostic

accuracy, respectively (AUC = 83.4%). The MCP/SCP
ratio had a cut off value of 4.92 (sensitivity: 55.6%,
specificity: 44.4%, diagnostic accuracy: 50% and AUC:
54.2%), while the P/M ratio had a cut off value of 3.56
with 81.5% sensitivity, specificity and diagnostic accuracy,
respectively (AUC: 90.9%) (Figure 10A, B and C).
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Figure 8: ROC curve for differentiating PSP vs PD: MRPI (A), MCP/SCP ratio (B), P/M ratio (C).
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Figure 9: ROC curve for differentiating PSP vs NC: MRPI (A), MCP/SCP ratio (B), P/M ratio (C).
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Figure 10: ROC curve for differentiating PD vs NC: MRPI (A), MCP/SCP ratio (B), P/M ratio (C).

Table 4: MRI planimetric measurements and MRPI pairwise comparison between groups.

Corpus Callosum (sz) Midbrain (sz) Pons (sz) MCP (cm) SCP (cm) MCP/SCP ratio Pons/midbrain ratio MRPI

PD vs PSP 0.007 <0.001 0.022
PD vs NC 0.017 <0.001 0.193
PSP vs NC <0.001 <0.001 <0.001

0.029 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001  0.018 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001

MRI planimetric measurements and M RPI: pair wise
comparisons

The Mann—Whitney U test was used for pairwise com-
parisons (PD vs PSP, PD vs NC, and PSP vs NC) of MRI
planimetric measurements and MRPI values. Mid brain
surface area, SCP width, pons to midbrain ratio and MRPI
showed statistical significance between all three groups in
terms of pairwise comparisons. However, MCP was signifi-
cantly different when compared between PD and NC and
between PSP and NC but was not statistically significant
when compared between PD vs PSP. The corpus callosum
and pons were significantly different when compared be-
tween PSP and NC (Table 4).

Discussion

The measurements of neurological structures involving
PSP and PD showed statistically significant differences, thus
representing useful parameters for differential diagnosis.
Importantly, increased atrophy was seen in the midbrain
(PSP 0.9971 c¢m? (PD = 1.4034 cm? and SCP
(PSP = 0.1811 cm2) (PD = 0.2368 cm2), although there was
some overlap in midbrain and SCP measurements in in-
dividuals with PSP and PD. A previous study conducted by
Nizamani et al. showed that there was a difference between
midbrain measurements; however there was no significant
difference between SCP measurements due to overlapping of
the individual values. This prevented the differentiation of
PSP from other group59

In our study, the P/M ratio was increased in patients with
PSP with a mean value of 4.90 when compared to patients
with PD with a mean value of 3.77. Similar results were
obtained by Nizamani et al.” and Longoni et al.'® Hussl
et al,'” Morelli et al.'' and Moller et al.!” previously

calculated the midbrain to pons ratio (M/P ratio) instead
of the P/M ratio, in which the mean value of PD was
greater than the mean value of PSP. Heim et al. reported
that MRPI and the M/P ratio provide good diagnostic
accuracy for the differentiation of PSP from multiple
system atrophy (MSA).18 Although the M/P ratio was
determined, MRPI was calculated in previous studies by
application of the same formula as in our study, thus
leading to similar results.

The mean MRPI of PSP patients in the current study was
significantly higher at 32.97 when compared to PD patients
(20.62) and that of normal controls (13.244). This significant
difference between PSP and PD value will play a crucial role in
differentiating PSP patients from those with PD. Comparing
the results of our study with those from other studies, all
previous studies showed a significant difference in MRPI
values between PSP and PD patients, thus facilitating differ-
ential diagnosis. Longoni et al.' reported a mean of 20.7,
Hussl et al.'’ reported a mean of 18.63 and Quattrone
etal.” reported a mean of 24.56. The higher value obtained
in our study might be due to the increased atrophy present
in PSP patients when compared to other studies.

In the current study, when differentiation PSP from PD,
the MRPI had a cut off value of 24.3 with a sensitivity of
70.4%, a specificity of 88.9% and a diagnostic accuracy
79.6%. Quattrone et al.'” reported higher sensitivity and
specificity (100%) with a cut off of 13.55, whereas
Constantinides et al.'* reported 91% and 95% sensitivity
and specificity, respectively, with a cut off of 12.6 and an
accuracy of 88.5%. Zangini et al.! reported a sensitivity
and specificity of 87% and 93%, respectively, with a cut
off of 10.67. Longoni et al.'® obtained a sensitivity of 70%,
a specificity of 68%, and an accuracy of 40%. In the
current study, the MRPI for differentiating PSP and NC
showed a higher sensitivity of 96.3% and a specificity of
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85.2% with a diagnostic accuracy of 90.65% and a cut-off of
16.15. Therefore, an MRPI value of more than 24.3 will yield
a better diagnosis of PSP.

In the current study, the pons to mid brain ratio had a
sensitivity of 74.1% and a specificity of 78 % for differentiating
PSP from PD with a cut-off of 4.33. We obtained 100%
sensitivity, specificity, and diagnostic accuracy in discrimi-
nating PSP from NC with a cut-off value of 3.56. In a previous
study, Zangini et al.' concluded that P/M was a better
biomarker for the differential diagnosis of PSP from PD.
Morelli et al.'' found that P/M was not useful in
distinguishing PSP from PD as these authors obtained lower
specificity and diagnostic accuracy but obtained a higher
sensitivity; this was due to the overlapping individual values.
Hussl et al.'” also reported a lower specificity and diagnostic
accuracy and a higher sensitivity although this did not yield
any differential diagnosis when correlated clinically.

The ROC analysis of MCP/SCP in patients with PSP and
PD obtained a sensitivity of 74.1%, a specificity of 77.8%,
and a diagnostic accuracy of 83.7% with a cut-off of 4.65.
When differentiating PSP from NC, the sensitivity, speci-
ficity, and diagnostic accuracy was 77.8%, 66.7% and
72.85%, respectively, with a cut off of 4.66. However, other
studies did not report the sensitivity, specificity and diag-
nostic accuracy of the MCP/SCP ratio for differentiating
PSP from PD.'®"” In the current study, there were
statistically significant differences in midbrain surface area,
P/M ratio, and MRPI p < 0.001) between patients with
PSP and PD. MCP was not significant. Similar results were
obtained by Hussl et al.,'’ Nizamani et al.’ Longoni
et al.,l(’ and Kim et al.”’

There are some limitations to this study that need to be
considered. Firstly, the sample size was considerably small.
Secondly, correlation with clinical details was not performed.
Therefore, further prospective studies are needed with larger
cohorts along with clinical and pathological confirmation.

Conclusion

We found that the optimal values of MRPI, MCP/SCP
ratio and P/M ratio for discriminating PSP from PD were
24.3, 4.65 and 4.33, respectively. MRPI and P/M ratio had
the highest accuracy for differentiating PSP from PD. The
integration of MRPI and planimetry measurements will
facilitate early diagnosis.
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