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ORIGINAL RESEARCH
ADULT BRAIN

MRI Planimetry and Magnetic Resonance Parkinsonism Index in
the Differential Diagnosis of Patients with Parkinsonism

X V.C. Constantinides, X G.P. Paraskevas, X G. Velonakis, X P. Toulas, X E. Stamboulis, and X E. Kapaki

ABSTRACT

BACKGROUND AND PURPOSE: Differential diagnosis of multiple system atrophy, progressive supranuclear palsy, and corticobasal degener-
ation from Parkinson disease on clinical grounds is often difficult. MR imaging biomarkers could assist in a more accurate diagnosis. We examined
the utility of MR imaging surface measurements (MR imaging planimetry) in the differential diagnosis of patients with parkinsonism.

MATERIALS AND METHODS: Fifty-two patients with Parkinson-plus (progressive supranuclear palsy, n � 24; corticobasal degeneration,
n � 9; multiple system atrophy, n � 19), 18 patients with Parkinson disease, and 15 healthy controls were included. Corpus callosum,
midbrain, and pons surfaces; relevant indices; and the Magnetic Resonance Parkinsonism Index were calculated. Corpus callosum subsec-
tion analysis was performed, and the corpus callosum posteroanterior gradient was introduced.

RESULTS: A Magnetic Resonance Parkinsonism Index value of �12.6 discriminated progressive supranuclear palsy from other causes of
parkinsonism with a 91% sensitivity and 95% specificity. No planimetry measurement could accurately discriminate those with multiple
system atrophy with parkinsonism from patients with Parkinson disease. A corpus callosum posteroanterior gradient value of �191 was
highly specific (97%) and moderately sensitive (75%) for the diagnosis of corticobasal degeneration versus all other groups. A midbrain-
to-corpus callosum posteroanterior gradient ratio of �0.45 was highly indicative of progressive supranuclear palsy over corticobasal
degeneration (sensitivity 86%, specificity 88%).

CONCLUSIONS: MR imaging planimetry measurements are potent imaging markers of progressive supranuclear palsy and promising
markers of corticobasal degeneration but do not seem to assist in the diagnosis of multiple system atrophy with parkinsonism.

ABBREVIATIONS: CBD � corticobasal degeneration; CC � corpus callosum; CCP-A grad � corpus callosum posteroanterior gradient; MRPI � Magnetic Resonance
Parkinsonism Index; MSA � multiple system atrophy; MSA-C � multiple system atrophy cerebellar type; MSA-P � multiple system atrophy with parkinsonism; PD �
Parkinson disease; PSP � progressive supranuclear palsy

Multiple system atrophy (MSA), progressive supranuclear

palsy (PSP), and corticobasal degeneration (CBD) are neu-

rodegenerative parkinsonian disorders that compose the Parkin-

son-plus syndromes. Despite the presence of distinct clinical fea-

tures, differential diagnosis is often difficult.1 Diagnostic criteria for

PSP and MSA lack sensitivity, particularly in atypical cases and at the

early stages of the diseases.2,3 Recently established criteria of CBD, on

the other hand, are considered to lack specificity, and misdiagnosis

may reach up to 50%.4 Thus, objective diagnostic markers are needed

to improve diagnostic accuracy in parkinsonian disorders.

PSP is characterized by relatively selective midbrain and supe-

rior cerebellar peduncle atrophy,5 as well as anterior corpus cal-

losum thinning.6 Pons and middle cerebellar peduncle atrophy is

pronounced in MSA.7 Patients with CBD present with asymmet-

ric frontoparietal cortical atrophy as well as middle and posterior

corpus callosum (CC) thinning.8,9 By means of MR imaging pla-

nimetry, the midbrain-to-pons surface ratio and the Magnetic

Resonance Parkinsonism Index (MRPI), calculated by multiply-

ing the pontine-to-midbrain area ratio by the middle cerebellar

peduncle-to-superior cerebellar peduncle width ratio, have been

suggested to assist in a more accurate and earlier diagnosis of PSP

and, to a lesser extent, of MSA.10 To the best of our knowledge, no

MR imaging planimetry study has incorporated midbrain, pons,

and CC surface measurements in all 3 Parkinson-plus syndromes.

The aim of the present study was to examine the utility of
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already-suggested MR imaging brain stem surfaces and ratios in the

differential diagnosis of patients with parkinsonism, including CBD,

and to assess novel ones (incorporating the CC surface and CC sub-

sections) in a well-characterized, prospectively diagnosed cohort.

MATERIALS AND METHODS
Patients
Patients were consecutively and prospectively recruited (between

2011 and 2014) as part of the Parkinson-Plus Registry of the 1st

Department of Neurology, National and Kapodistrian University

of Athens. Detailed neurologic history was obtained, and a com-

prehensive neurologic examination was performed in all patients,

with a follow-up of at least 2 years. Standard laboratory tests to

exclude secondary causes of parkinsonism were performed in all

patients, as appropriate.

All patients fulfilled the established the diagnostic criteria for

probable PSP with a Richardson syndrome phenotype,11 probable

corticobasal degeneration with a probable corticobasal syndrome

phenotype,4 or multiple system atrophy.12 None of the included pa-

tients had a history of stroke or other focal lesions, in accordance with

the exclusion criteria of the established diagnostic criteria.

The Unified Parkinson’s Disease Rating Scale III was applied

in all patients to measure the severity of parkinsonism. The bra-

dykinesia and rigidity subscores were also included.

CSF � amyloid (A�42), � protein (��), and phosphorylated �

protein at threonine-181 (�P-181) were measured in all patients, as

described elsewhere.13 Patients with a typical Alzheimer disease CSF

biochemical profile were excluded (ie, decreased A�42, elevated ��

and �P-181 according to cutoff values of our laboratory).13 Thus 5

patients fulfilling the criteria for probable CBD were excluded.

Finally, 52 patients with Parkinson-plus were included (PSP,

n � 24; CBD, n � 9; MSA, n � 19). For comparison, a group of 18

patients with Parkinson disease (PD) diagnosed according to the

UK Parkinson’s Disease Society Brain Bank clinical diagnostic

criteria were used.14 Furthermore, 15 otherwise healthy individ-

uals, with no history of neurologic, psychiatric, or other major

diseases and no signs of parkinsonism or cognitive dysfunction

who were admitted to our department for nonrelevant issues

(headache, dizziness, and so forth) served as a control group. De-

mographic data of our cohort are presented in Table 1.

Ethical Issues
All patients (or the next of kin caretaker in cases of compromised

mental capacity) gave written informed consent for participation

in the study, which was performed according to the ethics guide-

lines of the 1964 Declaration of Helsinki and had the approval of

the Scientific and Ethics Committee of Eginition Hospital.

MR Imaging Acquisition
MR imaging was performed on a variety of high-field (1.5T to

3T) MR imaging units. The sequences included T1-weighted ax-

ial, sagittal, and coronal images or 3D T1-weighted turbo field

echo sequences. MR imaging specifications were as follows: TR

range, 500 – 650 ms; TE range, 10 –15 ms; FOV range, 24 –25 cm;

matrix range, 192 � 256 to 320 � 320; section thickness, 1–5 mm;

intersection spacing, 1 mm.

Midbrain, pons, and CC surfaces were measured at the mid-

sagittal plane. Lines parallel to the mammillary–posterior com-

missural plane at the rostral and caudal pontine border were used

to determine the midbrain and pons surfaces (Fig 1), according to

the method of Kato et al.15 Middle cerebellar peduncle width was

measured parasagittally, and superior cerebellar peduncle width

was measured coronally (On-line Fig 1), according to the method

of Longoni et al.16 The validity of the method has already been

FIG 1. MR imaging planimetry measurements. Midsagittal T1-
weighted image depicts corpus callosum (A), midbrain tegmentum (B),
and pons (C) surfaces.

Table 1: Demographic and clinical characteristicsa

Controls
n = 15

PSP
n = 24

CBD
n = 9

MSA
n = 19

PD
n = 18 P Value

Demographic data
Sex (M/F) 8:7 13:11 4:5 14:5 10:8 .454b

Age (yr) 62.6 (9.0) 63.2 (6.8) 67.9 (5.6) 64.2 (7.1) 64.4 (9.3) .433c

Disease duration (yr) NA 3.3 (1.8) 3.3 (1.8) 3.1 (2.1) 10.6 (6.1) �.001c

Clinical data
UPDRS III NA 21.3 (9.8) 25.2 (7.1) 19.6 (19.1) 32.3 (11.5) .875c

UPDRSbrad NA 6.1 (4.7) 12.5 (3.6) 7.7 (9.3) 14.5 (8.4) .134c

UPDRSrig NA 4.1 (3.0) 7.2 (4.4) 3.9 (5.6) 9.2 (6.5) .266c

White matter lesion burden assessment
Fazekas PVH score 0.38 (0.65) 0.71 (0.75) 0.70 (0.48) 0.37 (0.50) 0.47 (0.62) .321c

Fazekas DWMH score 0.77 (0.73) 0.54 (0.66) 0.40 (0.52) 0.53 (061) 0.53 (0.51) .684c

Note:—DWMH indicates deep white matter hyperintensity; UPDRS, Unified Parkinson Disease Rating Scale; UPDRSbrad, bradykinesia subscore of UPDRS; UPDRSrig, rigidity
subscore of UPDRS; PVH, periventricular; NA, not applicable.
a Data are presented as mean (SD).
b �2 test.
c ANOVA.
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established as excellent, with low intra- and interrater variability

of the measurements.16-18 All surfaces were manually traced by

G.V. with the DICOM viewer R3.0-Sp3 (Philips Healthcare, Best,

the Netherlands).

CC subsections were determined according to the classifica-

tion of Hofer and Frahm.19 According to this classification, the

CC can be subdivided into 5 sections (CC1 to CC5), which repre-

sent, from anterior to posterior, the following brain regions: 1)

prefrontal cortex, 2) premotor and supplementary motor cortex,

3) primary motor cortex, 4) primary sensory cortex, and 5) pari-

etal, occipital, and temporal cortices (On-line Fig 2). To optimize

diagnostic accuracy, we calculated and compared various indices

based on CC subsections. Of these indices, the CC posteroanterior

gradient (CCP-A grad) provided the greatest discriminative power

and was therefore used. The CCP-A grad was calculated by subtract-

ing the CC1 subsection from the remaining CC subsections

(CCP-A grad � CC2 � CC3 � CC4 � CC5–CC1). The rationale

behind the implementation of the CCP-A grad was the relatively

selective (CC2 to CC4) atrophy in CBD, with a preserved CC1

surface (On-line Fig 3).

The Fazekas periventricular and deep white matter hyperin-

tensity score was used to measure while matter lesion burden.20

Statistical Analysis
Numeric variables were checked for normality and homogeneity

of variances by the Shapiro-Wilk and Levene tests, respectively.

Analysis of covariance, using the diagnosis, sex, and magnetic

field strength (1.5T versus 3T) as co-factors and age as a covariate,

followed by post hoc Bonferroni correction for multiple compar-

isons or the Kruskal-Wallis test (followed by the Dunn post hoc

test), was used as appropriate. Receiver operating characteristic

curve analysis was applied for determination of the diagnostic

value of each biomarker.

Two sets of analyses were performed. Initially, each diagnostic

group (PSP, MSA, and CBD) was compared with all other groups,

to examine the utility of planimetry MR imaging markers in the

clinical scenario of a patient with parkinsonism of unknown eti-

ology. The second analysis included pair-wise comparison of di-

agnoses that can be difficult to differentiate in clinical practice (ie,

PSP versus multiple system atrophy with parkinsonism [MSA-P]

versus CBD versus PD).

Analyses were performed by SPSS

Statistics, Version 22.0.0.0 (IBM, Ar-

monk, New York; 2013) and GraphPad

Prism, Version 5.03 (GraphPad Soft-

ware, San Diego, California; 2009).

RESULTS
Clinical and Demographic Data
Groups did not differ among each other

with respect to age and sex (Table 1). As

expected, disease duration was significantly

greater in those with PD compared with

patients with Parkinson-plus. ANCOVA

revealed significant effects by diagnostic

group, but none of the cofactors and cova-

riates affected the models significantly.

Planimetry Measurements
Patients with PSP exhibited significantly smaller midbrain surfaces

compared with all other groups, resulting in smaller midbrain/CC

and midbrain/pons ratios, as well as greater MRPI values (On-line

Table). Furthermore, they presented with mild pons atrophy (nu-

merically greater than MSA-P but lower than multiple system atro-

phy cerebellar type [MSA-C]).

Patients with MSA had smaller pons surfaces and pons-de-

rived surface ratios as well as MRPI values. This difference came

from patients with MSA-C because patients with MSA-P exhib-

ited pons surfaces comparable with those of controls. Likewise,

their midbrain and CC surfaces were like those of controls.

Patients with CBD had smaller CC surfaces compared with the

other groups and numerically decreased midbrain surfaces (On-

line Fig 4).

Comparison of Each Group versus All Other Groups
The MRPI provided excellent discriminative power for PSP ver-

sus all other groups, with a value of �12.6 providing 91% sensi-

tivity and 95% specificity (Table 2 and On-line Fig 5). The MRPI

was better compared with other indices for the differential diag-

nosis of MSA versus all other groups, with moderate sensitivity

(74%) and excellent specificity (94%) for a cutoff point of �7.32.

The CCP-A grad with a cutoff point of �191 mm2 provided 97%

specificity and 75% sensitivity for the diagnosis of CBD. A CC

surface of �470 mm2 provided moderate sensitivity (67%) and

excellent specificity (95%) for the diagnosis of CBD.

Pair-Wise Group Comparisons
The MRPI achieved very good discrimination between PSP and

MSA-P with 100% specificity and sensitivity (Table 3). Likewise, the

MRPI discriminated patients with PSP from those with PD with a

sensitivity of 86% and a specificity of 100%. The midbrain/CCP-A grad

ratio provided 86% sensitivity and 88% specificity in the differential

diagnosis of PSP from CBD. No MR imaging measurement was clin-

ically useful in differentiating patients with PD from those with

MSA-P. The CCP-A grad provided moderate sensitivity and excellent

specificity in the differential diagnosis of patients with CBD from

those with PD (75% and 100%, respectively). Midbrain surface dis-

criminated between patients with MSA-P and CBD with a sensitivity

and specificity of 89%.

Table 2: ROC curve analysis of the discriminative power of morphometric measurements in
patients with PSP, MSA, and CBD compared with all other groups

AUC (SD)
P

Value
Cutoff
Value

Sensitivity
(%)

Specificity
(%)

Likelihood
Ratio

PSP vs all groups
Midbrain 0.94 (0.03) �.001 �107 79 97 24.54
Midbrain/pons 0.93 (0.03) �.001 �0.22 88 84 5.42
Midbrain/CC 0.92 (0.04) �.001 �0.21 92 80 4.58
MRPI 0.98 (0.01) �.001 �12.6 91 95 18.48

MSA (total) vs all groups
Pons 0.74 (0.08) .001 �475 63 85 4.23
Midbrain/pons 0.86 (0.05) �.001 �0.29 74 90 7.05
MRPI 0.91 (0.04) �.001 �7.32 74 94 11.78

CBD vs all groups
Corpus callosum 0.79 (0.09) .004 �470 67 95 12.33
CCP-A grad 0.83 (0.10) .002 �191 75 97 25.12
Pons/CCP-A grad 0.81 (0.08) .003 �2.22 89 71 2.98

Note:—AUC indicates area under the curve.
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DISCUSSION
The present study aimed at examining the utility of MR imaging

planimetry measurements as surrogate markers of midbrain,

pons, and CC atrophy, in the differential diagnosis of patients

with Parkinson-plus syndrome.

Patients with PSP in our cohort were characterized by severe mid-

brain and, to a lesser extent, pons atrophy. Of the patients with MSA,

only those with MSA-C presented with pons atrophy. On the con-

trary, patients with MSA-P were not characterized by pons atrophy.

Patients with CBD had predominantly CC atrophy and mild mid-

brain atrophy. Patients with PD did not differ from control subjects.

Most studies support midbrain and superior cerebellar pe-

duncle atrophy as predominant features in patients with PSP.21,22

This translates into a significantly higher MRPI and lower mid-

brain-to-pons surface ratio values in patients with PSP.10,23,24

The MRPI was indeed the most potent imaging marker for the

differential diagnosis of PSP from all other groups in our cohort.

This also applied to the differential diagnosis of PSP from MSA-P

or PD. It has been reported that these imaging findings are present

early in the disease course of patients with PSP, often before the

complete clinical phenotype of Richardson syndrome is evi-

dent.21,22,25 This finding renders the MRPI and midbrain-to-

pons surface ratio useful in the early differentiation of patients

with PSP from those with MSA-P and PD.

Low MRPI values have been suggested to further aid in the

differential diagnosis of MSA from other causes of parkinson-

ism.17,26-28 In our cohort, low MRPI values were moderately sen-

sitive (74%) and highly specific (94%) in the differentiation of

patients with MSA from all other groups. This however was due to

the inclusion of patients with MSA-C in the MSA group. These

patients have particularly low MRPI values, due to pronounced

pons and middle cerebellar peduncle atrophy. After we excluded

patients with MSA-C, the MRPI was not clinically useful in the

differential diagnosis of patients with MSA-P from those with PD

or CBD. Thus, we could not establish the utility of the MRPI in the

discrimination of patients with MSA-P from other patients with

parkinsonism, except for PSP. Considering that patients with

MSA-C are rarely confused with other patients with Parkinson-

plus, due to their predominant cerebellar symptoms, low MRPI

values may not provide clinically relevant assistance in most cases.

Patients with CBD in our cohort had decreased CC surfaces

compared with other groups. A low (�470 mm2) corpus callosum

surface was highly specific (95%) for CBD but lacked sensitivity

(67%). This finding is in agreement with a single planimetry study

that demonstrated CC atrophy in patients with CBD compared

with PSP, with substantial between-group overlap however.29 CC

subsection analysis indicated a posteroanterior CC atrophy gra-

dient in CBD, with relative preservation of the CC1 segment (pre-

frontal cortex). PSP, on the other hand, had more pronounced

anterior CC atrophy. This generated the CCP-A grad, which pro-

vided improved sensitivity (75%) and specificity (97%) in the

diagnosis of CBD versus all other groups. The CCP-A grad was

superior to all other indices in the differentiation of CBD from

PD, with excellent specificity (100%) and moderate sensitivity

(75%). Furthermore, the midbrain/CCP-A grad ratio was superior

to the MRPI in the differential diagnosis of PSP from CBD (sen-

sitivity 86%, specificity 88%).

Most planimetry studies of Parkinson-plus syndromes in the

field lack pathologic confirmation, as is the case with our study.

To compensate for the problem, we exclusively included prospec-

tively diagnosed patients who fulfilled the “probable” diagnostic

criteria. To keep the possibility of misdiagnosis as low as possible,

all patients were followed up for at least 2 years. None of the

patients presented with any atypical clinical features during this

Table 3: Pair-wise analysis of the discriminative power of morphometric measurements with ROC curve analysis

MRPI
Midbrain

(mm2)
Pons

(mm2) CC (mm2)
CCP-A grad

(mm2)
Midbrain/

Pons Midbrain/CC Midbrain/CCP-A grad Pons/CC
PSP vs MSA-P

Cutoff �11.0 �129 NS NS NS �0.22 �0.19 �0.45 NS
Sens (%) 100 96 88 75 86
Spec (%) 100 89 89 100 100

PSP vs PD
Cutoff �12.7 �109 �523 NS NS �0.21 �0.19 �0.40 NS
Sens (%) 86 79 75 71 75 77
Spec (%) 100 94 78 100 100 94

PSP vs CBD
Cutoff �13.7 �100 NS �470 �192 �0.19 �0.18 �0.45 �0.87
Sens (%) 73 71 92 91 67 71 86 46
Spec(%) 100 100 67 75 89 100 88 100

MSA-P vs PD
Cutoff �8.0 NS NS NS NS NS NS NS NS
Sens (%) 56
Spec (%) 89

CBD vs PD
Cutoff NS �146 �563 �479 �193 NS NS NS NS
Sens (%) 100 100 67 75
Spec (%) 67 56 94 100

MSA-P vs CBD
Cutoff �11.0 �129 NS �478 �199 NS NS NS NS
Sens (%) 100 89 89 100
Spec (%) 63 89 67 75

Note:—NS indicates not significant; Sens, sensitivity; Spec, specificity; ROC, receiver operating characteristic.
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period. Furthermore, we used CSF biochemical profile analysis to

exclude patients with an underlying Alzheimer disease pathology.

The sample size of our cohort is moderate, as is expected for

diseases as rare as Parkinson-plus syndromes, but comparable

with most studies on the subject. Intra- and interrater agreement

of MR imaging surface measurements was not tested in the pres-

ent study because it has already been proved excellent in previous

studies.17,22,25,28

Further studies of larger cohorts of patients with Parkinson-

plus syndrome, incorporating clinical, imaging, and pathologic

data, would assist in further elucidating the complex interaction

among underlying pathology, atrophy profile, and clinical pheno-

type. These studies could examine the utility of more focused

planimetry markers, which take into account the topographic se-

lectivity of atrophy (such as the CCP-A grad).

CONCLUSIONS
MR imaging planimetry can facilitate the differential diagnosis of

patients with parkinsonism. Midbrain surface and relevant indi-

ces (such as the MRPI) are already established markers of PSP.

Likewise, corpus callosum surface indices are promising markers

of CBD. MR imaging planimetry, however, does not assist in the

differential diagnosis of MSA-P from PD.
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