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Background: Progressive supranuclear palsy (PSP) is a clinically heterogenous
atypical parkinsonian syndrome. Therefore, early recognition and correct
diagnosis of PSP is challenging but essential. This study aims to characterize the
clinical manifestations, magnetic resonance imaging (MRI), and longitudinal MRI
changes of PSP in China.

Method: Clinical and MRI presentations were compared among 150 cases with
PSP. Then the longitudinal MRI changes among 20 patients with PSP were further
explored. Additionally, a series of midbrain-based MRI parameters was compared
between PSP-P and PD.

Results: Throughout the course of the disease, there were differences in the
symptoms of the fall and hand tremor between the PSP-RS and PSP-P. There were
significant differences in the six midbrain-based MRI parameters between the
PSP-RS and the PSP-P, including hummingbird sign, midbrain diameter, midbrain
to pons ratio (MTPR), midbrain area, midbrain area to pons area ratio (Ma/Pa), and
midbrain tegmental length (MBTegm). Longitudinal MRI studies revealed that the
annual reLAMTPR and rel.A (Ma/Pa) for PSP were 5.55 and 6.52%, respectively;
additionally, PSP-RS presented a higher decline rate than PSP-P. Moreover,
MTPR <0.56, midbrain diameter <0.92, midbrain area <1.00, and third ventricle
width < 0.75 could identify PSP-P from PD.

Conclusion: PSP-P differs from PSP-RS regarding clinical manifestations, MRI, and
longitudinal MRI changes. MRI parameters could be potential imaging markers to
identify PSP-P from PD.

KEYWORDS

progressive supranuclear palsy, phenotype, Richardson’s syndrome, parkinsonism,
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1. Introduction

Progressive supranuclear palsy (PSP) is an atypical parkinsonian
syndrome associated with a specific four repeat (4R) tau
neuropathology at autopsy. The classic movement disorder clinical
phenotype now was referred to as Richardson’s syndrome (PSP-RS).
It was first described in 1964 as a clinicopathological entity,
characterized by vertical supranuclear gaze palsy, early postural
instability with unprovoked falls, progressive axial rigidity, and mild
dementia (Steele et al., 1964; Ling, 2016; Armstrong, 2018). Following
its initial description, other phenotypes of PSP have been gradually
described, known as the variant PSP (vPSP), which greatly broadened
the clinical spectrum of PSP (Williams et al., 2005; Respondek et al.,
2014; Owens et al., 2016; Hoglinger et al., 2017). The cardinal
neuropathologic features of PSP at autopsy included neurofibrillary
tangles (hyperphosphorylated tau protein), along with neuronal loss
and gliosis (Dickson et al., 2007). Second-generation tau tracers, such
as 1FFIMK-6240, '*F1P1-2620 and others, could be expected to be viable
biomarkers for 4R tauopathies (Leuzy et al., 2019; Cassinelli Petersen
et al,, 2022). Tau PET imaging could enable in vivo visualization of
PSP-related tau pathology, and play an important role in identifying
PSP from atypical parkinsonisms (Jin et al., 2023).

PSP is a rare disease with an estimated prevalence of 3-6/100000
(Respondek et al.,, 2017); However, it is worth noting that this
prevalence data mainly reflected the occurrence of PSP-RS (Stamelou
etal., 2019). The true prevalence of PSP is likely underestimated due
to insuflicient recognition of vPSP. Among the different phenotypes,
PSP-RS is the most common, followed by PSP-parkinsonism (PSP-P)
(Alster et al., 2020). Although Movement Disorder Society new
clinical diagnostic criteria for PSP (MDS-PSP) were published in
2017, aiming to include all PSP subtypes early, clinicians still have
difficulties in diagnosing the vPSP phenotype (Hoglinger et al., 2017;
Ali et al., 2019).

There was a delay, usually 3 years, from the onset of symptoms to
the diagnosis of PSP (Cui et al., 2020). That is halfway through the
illness. PSP is a uniformly fatal disease without effective therapies, but
treatment can be helpful. Moreover, potential disease-modifying
therapies for PSP heighten the need for early, accurate clinical
diagnosis (Boxer et al., 2017; Hoglinger et al., 2017; Jabbari et al.,
2020); therefore, early recognition and correct diagnosis of PSP
is essential.

This study analyzed the «clinical characteristics, disease
progression, and MRI assessment of PSP patients in mainland China.
Then, the characteristics between PSP-RS and PSP-P cases were
compared. We aim to investigate the frequency of major clinical
symptoms at different stages of PSP, identify easily accessible imaging
parameters, and determine the predictors for early diagnosis in
the clinic.

2. Methods
2.1. Study participants

A total of 150 Chinese patients with PSP were enrolled in this
study. A total of 43 Chinese PD patients who had multiple visits and

underwent cranial MRI were recruited. All patients underwent
thorough neurological examination by two experienced neurologists
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at Xiangya Hospital, Central South University. The diagnoses of PD
and PSP were performed according to MDS-PD and NINDS-SPSP,
MDS-PSP, respectively (Litvan et al., 1996; Postuma et al., 2015;
Hoglinger et al., 2017). The diagnoses and clinical phenotypes were
confirmed using the MDS-PSP criteria and Multiple Allocations
eXtinction (MAX) rules at the last clinical follow-up evaluation
(Hoglinger et al., 2017; Grimm et al., 2019). The present study was
approved by the Ethics Committee of Xiangya Hospital, Central South
University. Written informed consent was obtained from each
participant or their legal representatives.

2.2. Data collection

2.2.1. Clinical data

Detailed information of patients with PSP was acquired.
Demographic data included sex, age, age at onset (AAO), education,
and family history. Data on clinical symptoms included the following
seven aspects: (1) ocular symptoms, including ocular motor
dysfunction, dry eyes, visual blurring, diplopia, reduced blinking rate,
and apraxia of eyelid opening; (2) postural instability, including
unstable walking, falls, weakness of limbs, and gait change; (3)
parkinsonian symptoms, including gait freezing, bradykinesia, tremor,
axial or limb rigidity, and levodopa-responsiveness; (4) cognitive
impairment, including memory decline, personality and behavior
change (depression/anxiety/apathy), and decreased verbal fluency; (5)
bulbar dysfunction, including dysarthria and dysphagia; (6)
autonomic dysfunction including dizziness, urinary frequency/
urgency/urinary incontinence; and (7) other symptoms, such as sleep
disorders and localized pain. Additionally, we collected all available
assessment scales, including the Mini-Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), Unified Parkinson
Disease Rating Scale (motor subsection III, UPDRS III) and
improvement in the acute levodopa challenge test (ALCT) parameters
(Folstein et al., 1975; Nasreddine et al., 2005; Martinez-Martin and
Forjaz, 2006).

2.2.2. Radiographic data

All patients with PSP underwent brain MRI after symptom onset.
If a patient had multiple MRI examinations of the brain, we selected
the MRI image closest to the time of diagnosis. The presence of the
‘hummingbird sign’ was visually assessed as described by Kato et al.
(2003). Midbrain and pons diameters, Midbrain and pons areas,
midbrain tegmental length (MBTegm), cerebral peduncle angle, third
ventricle width, and frontal horns width were measured as previously
described (Kato et al., 2003; Oba et al., 2005; Massey et al., 2013;
Eraslan et al., 2019; Picillo et al., 2020). In patients who underwent
oblique coronal MRI, middle cerebellar peduncle width (MCP) and
superior cerebellar peduncle width (SCP) was measured (Morelli
et al, 2011; Madetko et al.,, 2022; Quattrone et al., 2022). All
quantitative parameters were measured three times for each
participant and averaged. Subsequently, midbrain to pons ratio
(MTPR), midbrain area to pons area ratio (Ma/Pa), third ventricle
width to frontal horns width ratio (3rdV/FH), Magnetic Resonance
Parkinsonism Index (MRPI), and Magnetic Resonance Parkinsonism
Index 2.0 (MRPI 2.0) were calculated. Annual reductions in MTPR
and Ma/Pa and its relative changes were calculated for patients who
had undergone multiple MRI examinations of the brain. Using the
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MTPR as an example, the formulae were defined as follows: annual
AMTPR = (MTPRy; -MTPRy,;)/(Agen-Ager) and annual relative
AMTPR (rel. AMTPR) = (annual AMTPR/MTPRBL) x 100% (MTPRy,
refers to the baseline MTPR, and MTPRy, refers to the MTPR at
PSP diagnosis).

2.3. Statistical analyses

For all collected data, categorical variables were presented as
frequency and continuous variables as mean * standard deviation
(SD). Quantitative variables were compared using the t test or the
Mann Whitney U test. Qualitative variables were compared using
the chi-squared test or fisher test. The frequency of symptoms and
MRI parameters among different groups were compared using
logistic regression model or linear regression model, adjusted by
disease duration and/or age at MRI. All analyses were performed
using R 4.1.1. A value of p <0.05 was considered
statistically significant.

3. Results
3.1. Characteristics of all participants

In total, 150 patients fulfilled the clinical criteria for PSP and were
enrolled in our study. Their demographic and clinical characteristics
were shown in Table 1. According to the MDS-PSP criteria, 100
(66.7%) were classified as PSP-RS, 44 (29.3%) as PSP-P, and 6 (4.0%)
were diagnosed with other vPSPs, including 3 cases (2.0%) of postural
instability (PSP-PI), 2 cases (1.3%) of frontal lobe cognitive or
behavioral presentations (PSP-F), and one (0.7%) case of corticobasal
syndrome (PSP-CBS). Patients with an age at onset (AAQO) between
60 and 65 years were common and accounted for 32.7% of our cohort.
In the PSP cohort, the proportion of men was significantly higher than
that of women (p =0.003). There were no differences in AAO, MMSE,
MoCA, UPDRS III, or ALCT scores between the PSP-RS and PSP-P
groups; however, the disease duration in the PSP-RS group

TABLE 1 Demographic and clinical data of patients with PSP.

10.3389/fnagi.2023.1229491

(2.57 £ 1.69years) was significantly shorter than that in the PSP-P
group (4.26+2.78years; p < 0.001).

3.2. Initial symptoms in patients with PSP

This section described the frequency of the main initial symptom,
defined as the symptom reported by the patient within 6 months of
onset. At the same time, the proportions of each symptom between
the PSP-RS and PSP-P groups were compared. As shown in Table 2,
62.7% of the patients with PSP had bradykinesia as the initial
symptom. Ocular symptoms were important suggestive symptoms of
PSP, but it was almost absent in the early stages. For PSP-RS group,
bradykinesia was the most common initial symptom, followed by
unstable gait and falls. For PSP-P group, the symptoms with the
highest proportions at onset were bradykinesia and tremors.
Compared with PSP-P, patients with PSP-RS were more likely to
experience unsteady walking or falls in the early stage (both p=0.01),
less likely to have tremor at onset (p <0.001).

3.3. Evolution of main symptoms of PSP

Eight important and easily noticeable symptoms were selected,
and the frequencies of each symptom at different stages of PSP were
then summarized (Figure 1). In the PSP cohort (blue lines), the
number of patients with vertical ocular dysfunction increased most
rapidly as the disease progressed. Additionally, the number of patients
with each selected symptom remained nearly unchanged after the
sixth year of disease.

Throughout the course of the disease, the number of patients with
falls was consistently highest in the PSP-RS group (orange lines), while
hand tremors remained more common in the PSP-P group (gray lines).

Moreover, the number of patients with hand tremors and falls
stabilized after the fourth year of disease.

The progression of pseudobulbar palsy (including dysarthria and
swallowing dysfunction) and other nonmotor symptoms (including
cognitive decline, dizziness, and urinary dysfunction) was similar in

PSP (n =150) #PSP-RS (n =100) #PSP-P (n = 44) Other vPSP *#value of p
(n=6) (PSP-RS vs.
PSP-P)

Sex (% male) 62.0 58.0 70.5 66.7 0.218
Family history (%) * 10.6 9 13.6 16.7 0.587
AAO (years) 62.05+7.93 62.48+7.82 61.41+7.51 59.67+12.88 0.445
Disease duration (years) 3.21+2.56 2.57+1.69 4.26+2.78 6.33+6.77 <0.001
Education (years) 9.13+3.17 9.16+3.81 8.79+3.67 11.0£1.55 0.597
MMSE (score) 21.15+£7.03 21.05+7.31 20.85+6.77 24.75+2.22 0.905
MoCA (score) 13.69+6.48 14.16 £6.41 12.42+6.80 - 0.335
UPDRS III (score) 38.72+15.00 37.53+15.98 41.21+£13.42 - 0.385
Improvement of ALCT 0.17+0.10 0.16+0.10 0.19+0.10 - 0.295

PSP, progressive supranuclear palsy; PSP-RS, progressive supranuclear palsy-Richardson’s syndrome; PSP-P, progressive supranuclear palsy-parkinsonism; vPSP: variant progressive
supranuclear palsy; AAO, age at onset; MMSE, mini-mental state Examination; MoCA, montreal cognitive assessment; UPDRS, unified Parkinson disease rating scale; ALCT, acute levodopa
challenge test; Disease duration, the interval from symptom onset to PSP diagnosis. *Family history refers to family members with similar symptoms to patients with PSP,

“Value of p refers to comparisons between the PSP-RS and PSP-P groups. p <0.05 is marked in bold.
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TABLE 2 Initial symptoms among the chief complaints in patients with PSP.

PSP (n =150) #PSP-RS (n=100)  *#PSP-P (n=44) Other vPSP #value of p (PSP-
(n=6) RS vs. PSP-P)
Ocular symptoms (%) 33 5.0 0.0 0.0 0.995
Unstable walking (%) 253 32.0 9.1 333 0.010
Falls (%) 23.3 31.0 6.8 16.7 0.010
Weakness of limbs (%) 11.3 13.0 9.1 0.0 0.515
Gait changes 3.3 4.0 2.3 0.0 0.425
Bradykinesia (%) 62.7 60.0 70.5 50.0 0.309
Tremors (%) 19.3 9.0 40.9 333 0.001
Limb rigidity (%) 53 7.0 2.3 0.0 0.224
Cognitive impairment (%) 7.3 10.0 0.0 16.7 0.991
Pseudobulbar palsy (%) 7.3 10.0 2.3 0.0 0.127
Dizziness (%) 6.0 6.0 6.8 0.0 0.671

PSP, progressive supranuclear palsy; PSP-RS, progressive supranuclear palsy; Richardson’s syndrome; PSP-P, progressive supranuclear palsy-parkinsonism; vPSP: variant progressive
supranuclear palsy. “P-value refers to the comparisons between the PSP-RS and PSP-P groups. p-value was calculated by logistic regression model, adjusted by disease duration. p<0.05 is

marked in bold.

patients with PSP-RS and PSP-P, especially in the late stage of
the disease.

3.3.1. MRI parameters in patients with PSP

A total of 141 patient imaging data were available for analysis.
Among them, 47.5% of patients (67/141) showed hummingbird signs.
The mean midbrain diameter and area in PSP cohort were
7.88+1.23mm and 82.18+20.98 mm?, respectively. The midbrain
diameter, midbrain area, MBtegm, MTPR, and Ma/Pa of the PSP-RS
group were significantly lower than those of the PSP-P group (all
p<0.001), while the frequency of hummingbird signs was higher in the
PSP-RS group (p=0.04) (Table 3). There was no significant difference in
other MRI parameters between PSP-RS group and PSP-P group.

3.4. Longitudinal MRI changes in patients
with PSP

The progression of midbrain atrophy via longitudinal brain MRI
was investigated. In total, twelve PSP-RS cases and eight PSP-P cases
were included. The most common initial diagnoses among these 20
patients were Parkinson’s disease (PD) and parkinsonian syndrome.
These patients were diagnosed with PSP approximately 2 years (range:
1.0-4.0) after the initial visit. The median annual rel. AMTPRs for PSP,
PSP-RS, and PSP-P were 5.55, 6.16, and 3.86%, respectively, and the
median annual rel. A (Ma/Pa) were 6.52, 7.35, and 3.62%, respectively.
Compared with PSP-P, annual AMTPR, annual A (Ma/Pa), annual rel.
AMTPRs, and annual rel. A (Ma/Pa) were significantly higher in
PSP-RS patients (Figure 2). It was worth noting that in our cohort,
significant changes in MRI were observed in two patients within
half a year.

3.5. Demographic characteristics and MRI
parameters of patients with PSP-P and PD

A total of 43 patients with PSP-P and 43 patients with PD were
included in this section. The average onset age of PSP-P patients was

Frontiers in Aging Neuroscience

significantly higher than PD patients (61.51 +7.56 vs. 55.58 +10.48),
while the MMSE scores was significantly lower than that of PD
patients (21.24£6.59 vs. 26.16+3.87). There was no significant
difference in disease duration. Compared with those in the PD group,
nine midbrain-based MRI parameters significantly decreased in the
PSP-P group, including midbrain diameter, pons diameter, MTPR,
midbrain area, pons area, Ma/Pa, MBtegm, third ventricle width,
3rdV/FH (all p<0.05) (Table 4).

Receiver operating characteristic (ROC) analyses confirmed the
excellent accuracy of MTPR <0.56 in distinguishing PSP-P from PD
(AUC=0.91, sensitivity =86.00%, specificity =90.70%). In addition,
midbrain diameter <0.92, midbrain area < 1.00, and third ventricle
width <0.75 were also suggestive signs of PSP-P (Figure 3).

4. Discussion

In this study, we systematically analyzed the clinical characteristics,
disease progression and MRI assessment of PSP patients in mainland
China. During disease progression, PSP-RS patients were more prone
to falls and vertical ocular dysfunction, whereas PSP-P patients were
more likely to develop tremors. By reflecting the MRI parameters of
midbrain atrophy, it was confirmed that the midbrain atrophy in the
PSP-RS group was more obvious than that in the PSP-P group.
Longitudinal MRI changes were more pronounced in PSP-RS than in
PSP-P. In addition, a series of midbrain-based MRI assessments would
identify PSP-P from PD with good diagnostic accuracy.

There were 150 PSP patients in our cohort, including 100 PSP-RS
patients, 44 PSP-P patients, and 6 other vPSP patients. The PSP-RS
patients accounted for 66.7% of PSP cases in our cohort, while vPSP
patients were for 33.3%. Respondek et al. found that vPSPs occurred
in 60-75% of PSP cases in an autopsy-confirmed cohort (Respondek
etal, 2014). This value was much higher than the ratio in our cohort.
A potential explanation was that the typical features of vPSP did not
exist, or it would only be apparent after a few years of disease
(Respondek et al., 2017). This may lead to missed diagnosis of vPSP
patients. As we observed, the disease duration of PSP-P patients was
obviously longer. This was consistent with previous report that
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FIGURE 1
Frequency of important clinical features during different disease stages in patients with PSP, including Vertical ocular dysfunction, Falls, Dysarthria,
Swallowing dysfunction, Hand tremor, Cognitive decline, Dizziness, and Frequency/urgency of micturition. PSP, progressive supranuclear palsy; PSP-
RS, progressive supranuclear palsy-Richardson’s syndrome; PSP-P, progressive supranuclear palsy-parkinsonism.
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TABLE 3 MRI assessments of patients with PSP.

PSP (n =141) #PSP-RS (n=92) #PSP-P (n=43)  OthervPSP (n=6) #p-value (PSP-

RS vs. PSP-P)
Hummingbird sign (%) 47.5 51.1 419 333 0.04*
Midbrain diameter (mm) 7.88+1.23 7.60+1.08 8.43+1.30 8.15+1.80 <0.001
Pons diameter (mm) 17.13+1.08 16.99+1.00 17.31+1.17 17.87+1.22 0.26
MTPR 0.46+0.07 0.45+0.07 0.49+0.07 0.46+0.10 0.001
Midbrain area (mm?) 82.18+20.98 78.32+17.02 89.91+£25.81 85.37+25.00 0.001
Pons area (mm?) 495.86+53.06 489.10+50.10 503.53 +56.65 495.86+53.06 0.11
Ma/Pa 0.17+0.04 0.16+0.03 0.18+0.04 0.16+0.04 0.006
MRPI* 16.68 £5.76 17.37+£6.03 13.52+3.37 - 0.27
MBTegm (cm) 9.62+1.59 9.30+£1.32 10.30+1.93 9.50+£1.22 <0.001
CPA (°) 69.60+7.87 69.48+8.19 69.58+£7.71 71.58+3.13 0.90
Third ventricle width 8.67+2.31 8.79+2.46 8.38+1.88 9.04+2.91 0.16
(mm)
Frontal horns width (mm) 35.57+4.17 35.33+4.43 36.20+3.78 34.73+2.08 0.61
3rdV/FH 0.24+0.06 0.25+0.06 0.23+0.05 0.26+0.08 0.08
MRPI2.0** 397+1.73 4.22+1.77 3.19+1.60 - 0.30

PSP, progressive supranuclear palsy; PSP-RS, progressive supranuclear palsy; Richardson’s syndrome; PSP-P, progressive supranuclear palsy-parkinsonism; vPSP: variant progressive
supranuclear palsy. “p-value refers to the comparisons between the PSP-RS and PSP-P groups.

*p-value was calculated by logistic regression model, adjusted by disease duration and age at MRI. Other p-value was calculated by linear regression model, adjusted by disease duration and age
at MRI

#A total of 29 patients (22 in the PSP-RS group and 7 in the PSP-P group) had measurable MRPI and MRPI2.0. p <0.05 is marked in bold.

*
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FIGURE 2
Longitudinal changes in 20 patients with PSP (*p < 0.05).

patients with PSP-P and PSP-progressive gait freezing (PSP-PGF)  with an initial diagnosis of PD developed PSP-P during a 4-year
experienced a long delay in diagnosis, because they have similar  follow-up (Quattrone et al., 2019). By contrast, PSP-P and PSP-PGF
clinical trajectory and initial clinical characteristics as PD (Jabbari ~ were associated with slower rates of disease progression, which may
etal., 2020). One study demonstrated that a number of patients (9.1%)  also have led to a delay (Jabbari et al., 2019). There was a significant
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TABLE 4 Clinical information and MRI assessments of patients with PSP and patients with PD.

PSP-P (n = 43)

PD (n=43) p-value (PSP-P vs. PSP-

PD)

Sex (% male) 69.76% 69.76% 1?
AAO (years) 61.51+£7.56 55.58+10.48 0.005"
Disease duration (years) 4.22+2.80 5.71+4.81 0.083
MMSE (score) 21.24+6.59 26.16+3.87 0.001°
Midbrain diameter (mm) 8.43+1.30 10.21+0.89 <0.001
Pons diameter (mm) 17.31+1.17 16.62+1.51 0.03
MTPR 0.49+0.07 0.62+0.07 <0.001
Midbrain area (mm?) 89.91+£25.81 116.21+£16.39 <0.001
Pons area (mm?) 503.53 £56.65 551.12+55.07 <0.001
Ma/Pa 0.18+0.04 0.21+0.03 <0.001
MBTegm (cm) 10.30+1.93 11.58+0.82 <0.001
CPA (°) 69.58+7.71 69.20+9.03 0.73
Third ventricle width (mm) 8.38+1.88 6.20+1.95 <0.001
Frontal horns width (mm) 36.20+3.78 35.02+4.56 0.64
3rdV/FH 0.23+0.05 0.18+0.06 <0.001

PSP-P, progressive supranuclear palsy-Parkinsonism; PD, Parkinsonism disease. *p-Value was calculated by Chi-squared test.
"p-Value was calculated by Mann Whitney U test; Other value of p were calculated by logistic regression model, adjusted by disease duration and age at MRI. p<0.05 is marked in bold.

sex difference in our PSP cohort, with more men than women. This
phenomenon might be explained by differences regarding sex-based
comorbidities at a higher age or the lower life expectancy of older men
(Chiu et al,, 2010; Jecmenica-Lukic et al., 2014). Additionally, recent
studies have proposed that sex-based differences exist in PSP
regarding the clinical characteristics, progression, and survival of the
disease (Mahale et al., 2022).

Then, clinical features and MRI image presentations between
PSP-RS group and PSP-P group were further compared. Patients in
the PSP-RS and PSP-P groups mainly exhibited distinct motor
symptoms throughout the disease. The former was dominated by
postural instability, and the latter by parkinsonism. Previous research
found that the PSP-RS phenotype had a shorter interval from disease
onset to clinical milestones—such as frequent falls, severe dysphagia,
speech difficulties, and wheelchair dependence—while the PSP-P
phenotype had a more favorable course and longer survival (O'Sullivan
et al., 2008; Jecmenica-Lukic et al., 2014; Glasmacher et al., 2017).
Moreover, the tau burden was significantly higher in the PSP-RS than
PSP-P (Williams et al., 2007). In short, there were differences in PSP-P
and PSP-RS in terms of pathological characteristics, clinical progress
and prognosis. Thus, early diagnosis and detection of PSP-P is critical.

A series of midbrain-based MRI morphometric assessments have
provided clues to differentiate PSP from other parkinsonian disorders.
However, there have been relatively few studies of MRI assessment of
different PSP phenotypes. Picillo et al. found that the midbrain area,
MBTegm, and MTPR showed significant differences between patients
with PSP-RS and vPSP (Picillo et al., 2020). It was comparable to our
observations that PSP-RS had a lower midbrain diameter, MTPR,
midbrain area, Ma/Pa, and MBTegm than PSP-P. Moreover, MRI
biomarkers may be predictors of the prognosis and disease features of
PSP. The MRPI accurately predicted the appearance of vertical
supranuclear gaze palsy in patients with PSP-P, and reduced midbrain
area was significantly associated with greater ocular motor
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dysfunction, more rapid disease progression, and earlier death
(Quattrone et al., 2016; Cui et al., 2020; Picillo et al., 2020). Although
MRI plays an important role in supporting the clinical diagnosis of
PSP, longitudinal MRI studies involving patients with PSP in the early
symptomatic phase were insufficient.

In our cohort, the longitudinal MRI changes were investigated in
patients with PSP. The annual re. AMTPR and rel.A (Ma/Pa) for PSP
were 5.55 and 6.52%, respectively; additionally, PSP-RS presented a
higher decline rate than PSP-P. The possible reason was that PSP-P
patients presented with a slower rate of progression than
PSP-RS. Previous longitudinal MRI studies reported that the relative
1-year decline in MTPR in patients with PSP was 4.74%, with greater
midbrain atrophy in patients with PSP than in those with PD (Hwang
etal, 2017; Kannenberg et al., 2021). Midbrain-based measurements,
including the MRPI and MRPI 2.0 scores, progressed differently in
PSP-RS and PSP-P (Quattrone et al., 2020); The rate of midbrain
atrophy changes with disease progression requires further exploration.
An interesting finding was that the two MRI scanning intervals of the
patient were only half a year, but midbrain-based measurements
changed significantly. Previous studied found that interval of 6 months
could reveal imaging atrophy and clinical progression in PSP patients
(Whitwell et al., 2012; Dutt et al., 2016). In total, the clinical evaluation
and MRI examination of patients with atypical parkinsonian
syndrome every six months were appropriate, which could help
clinicians identify PSP. Longitudinal MRI studies involving more
patients with PSP were essential for the discovery of potential in vivo
imaging markers for early diagnosis.

As mentioned above, PSP-P was difficult to diagnose in the early
stages and was frequently misdiagnosed as PD initially. They had
similar clinical trajectories and initial clinical features but differed in
their responses to treatment and prognosis. Early diagnosis and
detection of PSP-P was critical. Our result was consistent with
previous studies that midbrain-based MRI parameters had
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FIGURE 3
ROC curve for midbrain to pons ratio, midbrain diameter, midbrain area, and third ventricle width (PSP-P vs. PD).

significantly decreased in the PSP-P group compared with those in the
PD group (Alster et al., 2020). Moreover, among them, MTPR <0.56,
midbrain diameter <0.92, midbrain area < 1.00, and third ventricle
width<0.75 could identify PSP-P from PD with good diagnostic
accuracy. With the development of neuroimaging research, several
single photon emission computed tomography (SPECT) studies have
shown that the hypoperfusion subregions of cerebellar and frontal
lobe were feasible in identifying PSP-P from MSA-P (Alster et al.,
2022; Madetko-Alster et al., 2022). Future studies should verify these
approaches in the larger cohort.

Our study has several limitations. Firstly, Information was
mainly compiled from the medical history, which may be less
accurate due to the biased memory of patients; however, movement
disorder specialists have reconfirmed the information through
structured interviews with the patients or their caregivers.
Secondly, diagnoses were made based on clinical criteria, since
we could not access pathologically-proven cases in this study;
however, the enrolled patients who fulfilled the clinical criteria
were diagnosed with possible or probable PSP with relatively high
specificity. Thirdly, despite the fact that PSP is a rare disorder, the
number of participants with PSP in our study was relatively small,
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especially in the vPSP patients. Additionally, the number of cases
with longitudinal MRI images was small, and the intervals between
the different cases varied; therefore, further studies with larger
cohorts, including different PSP phenotypes, are warranted to
identify biomarkers that support the clinical phenotypic
categorization of patients with PSP.

5. Conclusion

This study with a relatively large PSP cohort suggested differences
in clinical presentation, MRI and longitudinal MRI changes between
PSP-P and PSP-RS, as well as MRI parameters that might serve as
potential imaging markers to differentiate PSP-P from PD.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

08 frontiersin.org


https://doi.org/10.3389/fnagi.2023.1229491
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org

Wen et al.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Xiangya Hospital, Central South University. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

YW and QY: conceptualization, investigation, formal analysis,
data curation, and writing - original draft. B], WZ, YaZ, QX, HZ, LW,
XL, YuZ, JW, JG, XY, HJ, and BT: investigation and formal analysis. JL:
formal analysis and writing - review and editing. LS: conceptualization,
investigation, and writing - review and editing. All authors
contributed to the article and approved the submitted version.

Funding

The study was supported by the National Key R&D Program of
China (Nos. 2020YFC2008500, 2018YFC1312003), the National
Natural Science Foundation of China (Nos. 81501110, 81671075,
81971029, 82071216, 81901171), National Major Projects in Brain

References

Ali, F, Martin, P. R, Botha, H., Ahlskog, J. E., Bower, J. H., Masumoto, J. Y., et al.
(2019). Sensitivity and specificity of diagnostic criteria for progressive Supranuclear
palsy. Mov. Disord. 34, 1144-1153. doi: 10.1002/mds.27619

Alster, P., Madetko, N., Koziorowski, D., and Friedman, A. (2020). Progressive
Supranuclear palsy-parkinsonism predominant (PSP-P)-a clinical challenge at the
boundaries of PSP and Parkinson's disease (PD). Front. Neurol. 11:180. doi: 10.3389/
fneur.2020.00180

Alster, P, Madetko-Alster, N., Migda, B., Nieciecki, M., Koziorowski, D., and
Krolicki, L. (2022). The assessment of subregions in the frontal lobe may be feasible in
the differential diagnosis of progressive Supranuclear palsy-parkinsonism predominant
(PSP-P) and multiple system atrophy (MSA). Diagnostics 12:2421. doi: 10.3390/
diagnostics12102421

Armstrong, M. J. (2018). Progressive Supranuclear palsy: an update. Curr. Neurol.
Neurosci. Rep. 18:12. doi: 10.1007/s11910-018-0819-5

Boxer, A. L, Yu, J. T,, Golbe, L. I, Litvan, L, Lang, A. E., and Hoglinger, G. U. (2017).
Advances in progressive supranuclear palsy: new diagnostic criteria, biomarkers, and
therapeutic approaches. Lancet Neurol. 16, 552-563. doi: 10.1016/S1474-4422(17)30157-6

Cassinelli Petersen, G., Roytman, M., Chiang, G. C,, Li, Y,, Gordon, M. L., and
Franceschi, A. M. (2022). Overview of tau PET molecular imaging. Curr. Opin. Neurol.
35, 230-239. doi: 10.1097/WCO.0000000000001035

Chiu, W. Z., Kaat, L. D., Seelaar, H., Rosso, S. M., Boon, A. J., Kamphorst, W,, et al.
(2010). Survival in progressive supranuclear palsy and frontotemporal dementia. J.
Neurol. Neurosurg. Psychiatry 81, 441-445. doi: 10.1136/jnnp.2009.195719

Cui, S. S, Ling, H. W,, Du, J. ], Lin, Y. Q, Pan, J., Zhou, H. Y, et al. (2020). Midbrain/
pons area ratio and clinical features predict the prognosis of progressive Supranuclear
palsy. BMC Neurol. 20:114. doi: 10.1186/s12883-020-01692-6

Dickson, D. W,, Rademakers, R., and Hutton, M. L. (2007). Progressive supranuclear
palsy:  pathology and  genetics.  Brain  Pathol. 17, 74-82.  doi:
10.1111/j.1750-3639.2007.00054.x

Dutt, S., Binney, R. J., Heuer, H. W, Luong, P, Attygalle, S., Bhatt, P, et al. (2016).
Progression of brain atrophy in PSP and CBS over 6 months and 1 year. Neurology 87,
2016-2025. doi: 10.1212/WNL.0000000000003305

Eraslan, C., Acarer, A., Guneyli, S., Akyuz, E., Aydin, E., Colakoglu, Z., et al. (2019).
MRI evaluation of progressive supranuclear palsy: differentiation from Parkinson's
disease and multiple system atrophy. Neurol. Res. 41, 110-117. doi:
10.1080/01616412.2018.1541115

Folstein, M. E, Folstein, S. E., and McHugh, P. R. (1975). Mini-mental state. A
practical method for grading the cognitive state of patients for the clinician. J. Psychiatr.
Res. 12, 189-198. doi: 10.1016/0022-3956(75)90026-6

Frontiers in Aging Neuroscience

10.3389/fnagi.2023.1229491

Science and Brain-like Research (No. 2021ZD0201803), Hunan
Innovative Province Construction Project (No. 2019SK2335), and the
Youth Science Foundation of Xiangya Hospital (No. 2018Q020).

Acknowledgments

The authors in the present study are grateful to all participants for
participation and cooperation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Glasmacher, S. A., Leigh, P. N, and Saha, R. A. (2017). Predictors of survival in
progressive supranuclear palsy and multiple system atrophy: a systematic review and
meta-analysis. J. Neurol. Neurosurg. Psychiatry 88, 402-411. doi: 10.1136/
nnp-2016-314956

Grimm, M. ], Respondek, G., Stamelou, M., Arzberger, T., Ferguson, L., Gelpi, E., et al.
(2019). How to apply the movement disorder society criteria for diagnosis of progressive
supranuclear palsy. Mov. Disord. 34, 1228-1232. doi: 10.1002/mds.27666

Hoglinger, G. U,, Respondek, G., Stamelou, M., Kurz, C., Josephs, K. A, Lang, A. E.,
et al. (2017). Clinical diagnosis of progressive supranuclear palsy: the movement
disorder society criteria. Mov. Disord. 32, 853-864. doi: 10.1002/mds.26987

Hwang, M., Yang, H., Kim, Y,, Youn, J., Park, J., Huh, Y. E,, et al. (2017). Differential
progression of midbrain atrophy in parkinsonism: longitudinal MRI study. Neurodegener
Dis 17, 31-37. doi: 10.1159/000448174

Jabbari, E., Holland, N., Chelban, V., Jones, P. S., Lamb, R., Rawlinson, C., et al. (2020).
Diagnosis across the Spectrum of progressive Supranuclear palsy and Corticobasal
syndrome. JAMA Neurol. 77, 377-387. doi: 10.1001/jamaneurol.2019.4347

Jabbari, E., Woodside, J., Tan, M. M. X., Pavese, N., Bandmann, O., Ghosh, B. C. P,
et al. (2019). The genetic and clinico-pathological profile of early-onset progressive
supranuclear palsy. Mov. Disord. 34, 1307-1314. doi: 10.1002/mds.27786

Jecmenica-Lukic, M., Petrovic, I. N., Pekmezovic, T., and Kostic, V. S. (2014). Clinical
outcomes of two main variants of progressive supranuclear palsy and multiple system atrophy:
a prospective natural history study. J. Neurol. 261, 1575-1583. doi: 10.1007/s00415-014-7384-x

Jin, J., Su, D., Zhang, J., Li, X., and Feng, T. (2023). Tau PET imaging in progressive
supranuclear palsy: a systematic review and meta-analysis. J. Neurol. 270, 2451-2467.
doi: 10.1007/s00415-022-11556-3

Kannenberg, S., Caspers, J., Dinkelbach, L., Moldovan, A. S., Ferrea, S., Sudmeyer, M.,
etal. (2021). Investigating the 1-year decline in midbrain-to-pons ratio in the differential
diagnosis of PSP and IPD. J. Neurol. 268, 1526-1532. doi: 10.1007/s00415-020-10327-2

Kato, N., Arai, K., and Hattori, T. (2003). Study of the rostral midbrain atrophy in
progressive supranuclear palsy. J. Neurol. Sci. 210, 57-60. doi: 10.1016/
$0022-510X(03)00014-5

Leuzy, A., Chiotis, K., Lemoine, L., Gillberg, P. G., Almkvist, O., Rodriguez-Vieitez, E.,
etal. (2019). Tau PET imaging in neurodegenerative tauopathies-still a challenge. Mol.
Psychiatry 24, 1112-1134. doi: 10.1038/s41380-018-0342-8

Ling, H. (2016). Clinical approach to progressive Supranuclear palsy. ] Mov Disord. 9,
3-13. doi: 10.14802/jmd.15060

Litvan, I, Agid, Y., Calne, D., Campbell, G., Dubois, B., Duvoisin, R. C., et al. (1996).
Clinical research criteria for the diagnosis of progressive supranuclear palsy (Steele-

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1229491
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1002/mds.27619
https://doi.org/10.3389/fneur.2020.00180
https://doi.org/10.3389/fneur.2020.00180
https://doi.org/10.3390/diagnostics12102421
https://doi.org/10.3390/diagnostics12102421
https://doi.org/10.1007/s11910-018-0819-5
https://doi.org/10.1016/S1474-4422(17)30157-6
https://doi.org/10.1097/WCO.0000000000001035
https://doi.org/10.1136/jnnp.2009.195719
https://doi.org/10.1186/s12883-020-01692-6
https://doi.org/10.1111/j.1750-3639.2007.00054.x
https://doi.org/10.1212/WNL.0000000000003305
https://doi.org/10.1080/01616412.2018.1541115
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1136/jnnp-2016-314956
https://doi.org/10.1136/jnnp-2016-314956
https://doi.org/10.1002/mds.27666
https://doi.org/10.1002/mds.26987
https://doi.org/10.1159/000448174
https://doi.org/10.1001/jamaneurol.2019.4347
https://doi.org/10.1002/mds.27786
https://doi.org/10.1007/s00415-014-7384-x
https://doi.org/10.1007/s00415-022-11556-3
https://doi.org/10.1007/s00415-020-10327-2
https://doi.org/10.1016/S0022-510X(03)00014-5
https://doi.org/10.1016/S0022-510X(03)00014-5
https://doi.org/10.1038/s41380-018-0342-8
https://doi.org/10.14802/jmd.15060

Wen et al.

Richardson-Olszewski syndrome): report of the NINDS-SPSP international workshop.
Neurology 47, 1-9. doi: 10.1212/WNL.47.1.1

Madetko, N., Alster, P., Kutytowski, M., Migda, B., Nieciecki, M., Koziorowski, D.,
etal. (2022). Is MRPI 2.0 more useful than MRPI and M/P ratio in differential diagnosis
of PSP-P with other atypical Parkinsonisms? J. Clin. Med. 11:2701. doi: 10.3390/
jem11102701

Madetko-Alster, N., Alster, P, Migda, B., Nieciecki, M., Koziorowski, D., and Krolicki, L.
(2022). The use of cerebellar Hypoperfusion assessment in the differential diagnosis of
multiple system atrophy with parkinsonism and progressive Supranuclear palsy-
parkinsonism predominant. Diagnostics 12:3022. doi: 10.3390/diagnostics12123022

Mahale, R. R., Krishnan, S., Divya, K. P, Jisha, V. T., and Kishore, A. (2022). Gender
differences in progressive supranuclear palsy. Acta Neurol Belg. 122, 357-362. doi:
10.1007/s13760-021-01599-0

Martinez-Martin, P, and Forjaz, M. J. (2006). Metric attributes of the unified
Parkinson's disease rating scale 3.0 battery: part I, feasibility, scaling assumptions,
reliability, and precision. Mov. Disord. 21, 1182-1188. doi: 10.1002/mds.20916

Massey, L. A, Jager, H. R, Paviour, D. C., O'Sullivan, S. S., Ling, H., Williams, D. R,
etal. (2013). The midbrain to pons ratio: a simple and specific MRI sign of progressive
supranuclear palsy. Neurology 80, 1856-1861. doi: 10.1212/WNL.0b013e318292a2d2

Morelli, M., Arabia, G., Salsone, M., Novellino, F,, Gioftr¢, L., Paletta, R., et al. (2011).
Accuracy of magnetic resonance parkinsonism index for differentiation of progressive
supranuclear palsy from probable or possible Parkinson disease. Mov. Disord. 26,
527-533. doi: 10.1002/mds.23529

Nasreddine, Z. S., Phillips, N. A, Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I,
et al. (2005). The Montreal cognitive assessment, MOCA: a brief screening tool for mild
cognitive impairment. J. Am. Geriatr. Soc. 53, 695-699. doi: 10.1111/j.1532-5415.2005.53221.x

Oba, H., Yagishita, A., Terada, H., Barkovich, A. J., Kutomi, K., Yamauchi, T., et al.
(2005). New and reliable MRI diagnosis for progressive supranuclear palsy. Neurology
64, 2050-2055. doi: 10.1212/01.WNL.0000165960.04422.D0

O'Sullivan, S. S., Massey, L. A., Williams, D. R, Silveira-Moriyama, L., Kempster, P. A.,
Holton, J. L., et al. (2008). Clinical outcomes of progressive supranuclear palsy and
multiple system atrophy. Brain 131, 1362-1372. doi: 10.1093/brain/awn065

Owens, E., Josephs, K. A., Savica, R., Hassan, A., Klassen, B., Bower, J., et al. (2016).
The clinical spectrum and natural history of pure akinesia with gait freezing. J. Neurol.
263, 2419-2423. doi: 10.1007/s00415-016-8278-x

Picillo, M., Abate, E, Ponticorvo, S., Tepedino, M. E, Erro, R., Frosini, D., et al. (2020).

Association of MRI measures with disease severity and progression in progressive
Supranuclear palsy. Front. Neurol. 11:603161. doi: 10.3389/fneur.2020.603161

Postuma, R. B., Berg, D., Stern, M., Poewe, W., Olanow, C. W,, Oertel, W, et al. (2015).
MDS clinical diagnostic criteria for Parkinson's disease. Mov. Disord. 30, 1591-1601.
doi: 10.1002/mds.26424

Frontiers in Aging Neuroscience

10

10.3389/fnagi.2023.1229491

Quattrone, A., Bianco, M. G., Antonini, A., Vaillancourt, D. E., Seppi, K., Ceravolo, R.,
et al. (2022). Development and validation of automated magnetic resonance
parkinsonism index 2.0 to distinguish progressive Supranuclear palsy-parkinsonism
from Parkinson's disease. Mov. Disord. 37, 1272-1281. doi: 10.1002/mds.28992

Quattrone, A., Morelli, M., Quattrone, A., Vescio, B., Nigro, S., Arabia, G., et al. (2020).
Magnetic resonance parkinsonism index for evaluating disease progression rate in
progressive supranuclear palsy: a longitudinal 2-year study. Parkinsonism Relat. Disord.
72, 1-6. doi: 10.1016/j.parkreldis.2020.01.019

Quattrone, A., Morelli, M., Vescio, B., Nigro, S., Le Piane, E., Sabatini, U,, et al. (2019).
Refining initial diagnosis of Parkinson's disease after follow-up: a 4-year prospective
clinical and magnetic resonance imaging study. Mov. Disord. 34, 487-495. doi: 10.1002/
mds.27621

Quattrone, A., Morelli, M., Williams, D. R., Vescio, B., Arabia, G., Nigro, S., et al.
(2016). MR parkinsonism index predicts vertical supranuclear gaze palsy in patients
with  PSP-parkinsonism.  Neurology =~ 87,  1266-1273.  doi:  10.1212/
‘WNL.0000000000003125

Respondek, G., Kurz, C., Arzberger, T., Compta, Y., Englund, E., Ferguson, L. W,, et al.
(2017). Which ante mortem clinical features predict progressive supranuclear palsy
pathology? Mov. Disord. 32, 995-1005. doi: 10.1002/mds.27034

Respondek, G., Stamelou, M., Kurz, C., Ferguson, L. W, Rajput, A., Chiu, W. Z., et al.
(2014). The phenotypic spectrum of progressive supranuclear palsy: a retrospective
multicenter study of 100 definite cases. Mov. Disord. 29, 1758-1766. doi: 10.1002/
mds.26054

Stamelou, M., Giagkou, N., and Hoglinger, G. U. (2019). One decade ago, one decade
ahead in progressive supranuclear palsy. Mov. Disord. 34, 1284-1293. doi: 10.1002/
mds.27788

Steele, J. C., Richardson, J. C., and Olszewski, J. (1964). Progressive SUPRANUCLEAR
palsy. A heterogeneous degeneration involving the BRAIN stem, basal ganglia and
cerebellum with vertical gaze and pseudobulbar palsy, nuchal dystonia and dementia.
Arch. Neurol. 10, 333-359. doi: 10.1001/archneur.1964.00460160003001

Whitwell, J. L., Xu, J., Mandrekar, J. N., Gunter, J. L., Jack, C. R. Jr.,, and Josephs, K. A.
(2012). Rates of brain atrophy and clinical decline over 6 and 12-month intervals in PSP:
determining sample size for treatment trials. Parkinsonism Relat. Disord. 18, 252-256.
doi: 10.1016/j.parkreldis.2011.10.013

Williams, D. R., de Silva, R., Paviour, D. C., Pittman, A., Watt, H. C., Kilford, L., et al.
(2005). Characteristics of two distinct clinical phenotypes in pathologically proven
progressive supranuclear palsy: Richardson's syndrome and PSP-parkinsonism. Brain J.
Neurol. 128, 1247-1258. doi: 10.1093/brain/awh488

Williams, D. R., Holton, J. L., Strand, C., Pittman, A., de Silva, R., Lees, A. J., et al.
(2007). Pathological tau burden and distribution distinguishes progressive supranuclear
palsy-parkinsonism from Richardson's syndrome. Brain 130, 1566-1576. doi: 10.1093/
brain/awm104

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1229491
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1212/WNL.47.1.1
https://doi.org/10.3390/jcm11102701
https://doi.org/10.3390/jcm11102701
https://doi.org/10.3390/diagnostics12123022
https://doi.org/10.1007/s13760-021-01599-0
https://doi.org/10.1002/mds.20916
https://doi.org/10.1212/WNL.0b013e318292a2d2
https://doi.org/10.1002/mds.23529
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1212/01.WNL.0000165960.04422.D0
https://doi.org/10.1093/brain/awn065
https://doi.org/10.1007/s00415-016-8278-x
https://doi.org/10.3389/fneur.2020.603161
https://doi.org/10.1002/mds.26424
https://doi.org/10.1002/mds.28992
https://doi.org/10.1016/j.parkreldis.2020.01.019
https://doi.org/10.1002/mds.27621
https://doi.org/10.1002/mds.27621
https://doi.org/10.1212/WNL.0000000000003125
https://doi.org/10.1212/WNL.0000000000003125
https://doi.org/10.1002/mds.27034
https://doi.org/10.1002/mds.26054
https://doi.org/10.1002/mds.26054
https://doi.org/10.1002/mds.27788
https://doi.org/10.1002/mds.27788
https://doi.org/10.1001/archneur.1964.00460160003001
https://doi.org/10.1016/j.parkreldis.2011.10.013
https://doi.org/10.1093/brain/awh488
https://doi.org/10.1093/brain/awm104
https://doi.org/10.1093/brain/awm104

	Clinical features of progressive supranuclear palsy
	1. Introduction
	2. Methods
	2.1. Study participants
	2.2. Data collection
	2.2.1. Clinical data
	2.2.2. Radiographic data
	2.3. Statistical analyses

	3. Results
	3.1. Characteristics of all participants
	3.2. Initial symptoms in patients with PSP
	3.3. Evolution of main symptoms of PSP
	3.3.1. MRI parameters in patients with PSP
	3.4. Longitudinal MRI changes in patients with PSP
	3.5. Demographic characteristics and MRI parameters of patients with PSP-P and PD

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

