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Abstract
Objectives MR planimetry of brainstem structures can be helpful for the discrimination of Parkinsonian syndromes. It has been
suggested that ageing might influence brainstemMRmeasurements assessed byMR planimetry, while effects of gender and total
intracranial volume (TIV) have not been assessed so far. The aim of this study was to evaluate age, gender and TIV effects on
brainstem MR planimetric measures.
Methods Brainstem MR planimetric measures of diameters (midbrain, pons, middle and superior cerebellar peduncle) and areas
(pons and midbrain), the derived ratios, and the magnetic resonance Parkinsonism index (MRPI) were assessed on 1.5-T MR
images in a large cohort of 97 healthy controls and analysed for the influence of age, gender and TIV with univariate and
multivariate linear models.
Results Neither gender nor age effects on planimetric measurements were observed in the population relevant for the differential
diagnosis of neurodegenerative Parkinsonism, aged 50 to 80 years, except for single area-derived measurements, with gender
effects on pontine area (p = 0.013) and age effects onmidbrain area (p = 0.037). Results were similar upon inclusion of the TIV in
the analyses.
Conclusions There is no need to correct for age, gender or TIV when using brainstem-derived MR planimetric measurements in
the differential diagnosis of neurodegenerative Parkinsonism.
Key Points
• There were no gender effects on single or combined imaging measurements of the brainstem in the population aged 50 to 80
years, the age range relevant for the differential diagnosis of neurodegenerative Parkinsonism (except for pontine area).

• There were no age effects on single or combined imaging measurements of the brainstem in the population aged 50 to 80 years,
the age range relevant for the differential diagnosis of neurodegenerative Parkinsonism (except for midbrain area).

• There is no need for age- or gender-specific cut-offs for the relevant age group.
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Abbreviations
3D-MPRAGE 3-dimensional magnetisation-prepared

rapid gradient-echo
CSF Cerebrospinal fluid
GLM General linear models
GM Grey matter
ICC Interclass correlation coefficients
MA/PA Midbrain-to-pons area ratio
MCPd Middle cerebellar peduncle diameter
Md/Pd Midbrain-to-pons diameter ratio
MRPI Magnetic resonance Parkinsonism index
MSA Multiple system atrophy
PSP Progressive supranuclear palsy
SCPd Superior cerebellar peduncle
WM White matter

Introduction

Magnetic resonance (MR) planimetry can assist in the differ-
ential diagnosis of progressive supranuclear palsy (PSP) from
non-PSP neurodegenerative Parkinsonism [1–5].

While structural changes of the brain regarding decreased
brain tissue size and increased brain cerebrospinal fluid vol-
ume during ageing have been well-established [6–8], studies
investigating age effects on brainstem structures are limited.
Negative correlation between midbrain volume and ageing
has been shown in several MR studies [9–11]. Moreover, a
recent study byMorelli et al. suggested influence of ageing on
brainstem-derived measures as pontine area, midbrain area,
middle cerebellar peduncle diameter (MCPd) and midbrain-
to-pons area ratio (MA/PA) in PD patients, and on midsagittal
area of the midbrain and the MA/PA in healthy controls [12].

Since studies on gender effects have focused on grey and
white matter thickness, surface, distribution and integrity in
general, effects of gender on the whole brain are well known
[13–15], whereas evidence for gender-specific effects of the
brainstem volumes remain conflicting [13–15].

As brainstem planimetry is a simple and fast tool to assist
for the discrimination of PSP from non-PSP neurodegenera-
tive Parkinsonism with growing interest in the research com-
munity over the past decade [1, 3, 16–21], the aim of this
study was to explore age- and gender-related effects on
brainstem MR planimetric measures in healthy controls.

Materials and methods

Study population

Our study involved 97 healthy controls aged 30 to 80 years
(30–40 years (n = 6); 40–50 years (n = 5); 50–60 years (n =
13); 60–70 years (n = 58), 70–81 years (n = 15)). Healthy
controls were without history of neurological or psychiatric
disease and had normal neurological examinations. Evidence
of vascular lesions, including lacunae or infarctions in the
midbrain or basal ganglia, as evaluated with routine MRI se-
quences, was excluded by experienced neuroradiologists.

The healthy controls were recruited as part of three differ-
ent studies.

All participants provided written informed consent before
participating in this study, which was approved by the local
Ethics Committee of the Medical University Innsbruck.

Magnetic resonance imaging protocol and image
analysis

High-resolution MR images of all subjects were acquired on a
1.5-T scanner (Magnetom Avanto, Siemens). All participants
received a coronal T1-weighted 3-dimensional magnetisation-
prepared rapid gradient-echo (3D-MPRAGE) sequence with a
TR of 1600ms, a TE of 3.44ms, a slice thickness of 1.2 mm, a
matrix of 256 × 224 pixels and a field of view of 220 × 192
mm.

Midsagittal midbrain area, midsagittal pontine area, middle
cerebellar peduncle (MCPd) diameter and superior cerebellar
peduncle (SCPd) diameter were assessed as previously de-
scribed [1]. Moreover, the midsagittal midbrain diameter and
pontine diameter were obtained as recently proposed (Fig. 1)
[3]. From these brainstem-derived planimetric measures, the
magnetic resonance Parkinsonism index (MRPI), MA/PA and
the midbrain-to-pons diameter ratio (Md/Pd) were calculated.

Planimetric measurements were performed by two experi-
enced raters, all of them blinded to age and gender of the study
population. All measurements were repeated by the same in-
vestigator and by an independent second investigator. Only
the measurements performed by the first rater were included
for further calculations.

The estimation of the total intracranial volume (TIV) was
conducted using SPM 12 (Statistical Parametric Mapping)
while running MATLAB 9.5 (R2018b; MathWorks). T1-
weighted images were reoriented and automatically segment-
ed into grey matter (GM), white matter (WM) and cerebrospi-
nal fluid (CSF) with default settings [22]. Native space tissue
maps were selected to minimise effects due to spatial
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normalisation. TIV was calculated as the sum of resulting raw
values for GM, WM and CSF.

Statistical analysis

For evaluation of age and gender effects on the single or com-
bined imaging measurements of the brainstem MRPI,MA/PA,
Md/Pd, midbrain diameter, pontine diameter, midbrain area
and pontine area in HC, univariate and multivariate analyses
were performed. Univariate analyses included calculations of
unpaired t test for gender, Pearson correlation coefficient r for
age and performance of univariate general linear models
(GLM) for age and gender, including each MR planimetric
measurement as dependent variable, gender as factor and
age as covariate. Multivariate GLMs were performed with
gender as independent variable and age as covariate, including
age × gender interaction. Multivariate GLMs were then re-
peated with gender as independent variable and age as covar-
iate, including age × gender × TIV interaction, to correct for
the effect of TIV. In all GLMs, univariate und multivariate,
age was used as a continuous variable and not ranked.

Moreover, we repeated the analysis for the population rel-
evant for the differential diagnosis of Parkinsonism, aged 50
to 80 years.

Scatter plots for all single and combined MR planimetric
measurements versus age under colour coding for gender in-
cluding a linear fit model with 95% confidence interval was

calculated for raw and TIV-corrected MR planimetric
measurements.

Inter- and intrarater variability was calculated using inter-
class correlation coefficients (ICC, Table 2). All the values
were interpreted as follows [23]: values < 0.50 are considered
poor; values between 0.50 and 0.75 moderate; values between
0.75 and 0.90 good; and values > 0.90 excellent. Statistical
analysis was performed with SPSS v. 22.0 for Windows and
GraphPad Prism v. 5.03 for Windows.

Results

Demographic, clinical and MRI data of participants in the
study are shown in Table 1.

Inter- and intrarater variability was “excellent” with ICCs
over 0.90 for all measurements except for the interrater vari-
ability of the diameter-based measures which was “good”
(Table 2).

All 97 participants were aged 30 to 80 years (mean age,
63.02 ± 10.76 years) and equally gender-distributed (female-
to-male ratio = 49:48) including all participants as well as
within each age rank. This cohort showed significant
gender-related effects on pontine diameter and pontine area
in all univariate and multivariate tests performed.

Univariate analyses further revealed age-related effects on
midbrain diameter and midbrain area, as well as on MCPd,

Fig. 1 MR planimetric measurements. The midbrain area was depicted
between the first line (passing through the superior pontine notch and the
inferior edge of the quadrigeminal plate) and the trace of the midbrain
tegmentum (1), while the pontine area included the area between the
second line (parallel to the first line by passing through the inferior
pontine notch) and the anterior and posterior margins of the pons (2).
Diameters of left and right middle cerebellar peduncles (MCPd) were
identified on parasagittal views that best exposed the MCPd between
the pons and cerebellum (3). Diameters of left and right superior

cerebellar peduncles (SCPd) were rated on the first oblique coronal
image (parallel to the floor of the fourth ventricle) with inferior colliculi
and SCPd separated (4). A mean value for left and right MCPd as well as
left and right oblique coronal SCPd was calculated. Elliptical regions of
interest were defined over the midbrain (5, without including the
collicular plate) and pons (6, excluding the pontine tegmentum). The
minor ellipsoid axes, defined as the maximum midsagittal
anteroposterior midbrain and pontine diameter, were derived to obtain
midbrain diameter and pontine diameter
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SCPd, Md/Pd and MA/PA, which were confirmed in multivar-
iate analyses, except for SCPd (Table 1).

For the cohort aged 50 to 80 years (mean age, 66.01 ± 5.82
years; female-to-male ratio = 42:43), age-related effects were
shown by univariate and multivariate analyses for midbrain
area only, whereas gender-related effects were significant on
both pontine area and diameter with univariate analyses, and
only on pontine area with multivariate analyses. There were
neither gender- nor age-related effects for Md/Pd, MA/PA and
MRPI in this cohort (Table 1, Fig. 2). Table 1 includes MR
planimetric measurements proven relevant in the differential
diagnosis of degenerative Parkinsonism as shown in a recent
study [24], and measurements showing gender- or age-related
effects.

Results were similar when we included the TIV in the anal-
yses (see Table 1). Only the significant age effects on the
MCPd in the whole study cohort vanished when correcting
for TIV. Supplementary Fig. 1 further demonstrates all single
and combined MR planimetric measurements in relation to
age and gender for both, rawmeasurements and TIV corrected
measurements.

Discussion

In our study, we sought to determine the effects of age and
gender on single and combined imaging measurements of the
brainstem considered relevant for the differential diagnosis of
Parkinsonian syndromes. Our results suggest gender effects
on both pontine area and pontine diameter in healthy controls,
with male subjects showing larger measurements, and age
effects on midbrain diameter, midbrain area, and Md/Pd and
MA/PA.

However, though gender effects on pontine area and age
effects on midbrain area were observed, the effect on

brainstem ratios as Md/Pd, MA/PA and MRPI was not con-
firmed after including only controls aged 50 to 80 years.
Moreover, correction of the single and combined imaging
measurements of the brainstem for TIV revealed similar
results.

A large body of neuroimaging studies have proposed
brainstem-derived MR planimetric measures as diagnostic
biomarkers for PSP or MSA [16]. To date, it is unclear wheth-
er gender and age effects should be considered for these mea-
surements, which would highlight the need for gender- and
age-adapted cut-off levels. Gender effects on planimetric mea-
surements have never been investigated so far. To date, there
has been one study suggesting age effects on brainstem-
derived planimetric measurements in healthy controls, PD
and PSP patients [12], not including however gender as an
important demographic variable in the analyses, such as
false-positive findings cannot be excluded in this study [12].

When analysing the population aged 50 to 80 years, i.e. the
age range relevant for the differential diagnosis of neurode-
generative Parkinsonism, neither age nor gender effects on
combined brainstem planimetric measures (i.e. MA/PA, Md/
Pd and MRPI) nor midbrain diameter could be detected, sug-
gesting that age and gender effects on combined measure-
ments mainly derive from the younger study population.

Given the large number of healthy participants in this study,
the present results are promising and are therefore valid for
brainstem planimetric measurements performed in the cohort
aged 50 to 80 years. However, further studies are needed to
verify the observed gender and age effects on MR planimetric
measurements of the brainstem in participants aged 30 to 50
years, which might be of interest for early-onset Parkinsonism
and other neurological disease entities, such as e.g. multiple
sclerosis.

Therefore, there is no need for age- or gender-specific cut-
offs for the age group relevant for the differential diagnosis of
neurodegenerative Parkinsonism. It is however unclear if
there are effects of disease stages or disease duration on single
or combined brainstemMR planimetric measurements as sug-
gested previously in diseased patients [12]. From a clinical
point of view, this issue however is not relevant, as differential
diagnosis of neurodegenerative Parkinsonism is relevant in
the early disease stages only.

MR planimetric measurements were performed as de-
scribed in the literature [3, 5, 8]. However, none of these
studies corrected the brainstem-derived planimetric measures
for TIV. If quantitative assessments of regional cerebral atro-
phy such as brainstem-derived planimetric measures are not
corrected for TIV, the effect of age or gender might be com-
promised by a hidden association with TIV. Therefore, we
corrected our analyses for TIV, to exclude an underlying as-
sociation of reported effects onMR planimetry. To our knowl-
edge, our study is the first to exclude any effect of TIV on
brainstem-derived MR planimetric measurements.

Table 2 Inter- and intrarater variability assessed by interclass
correlation coefficient

Planimetric measurement Intrarater Interrater

Midbrain diameter 0.949 0.873

Pontine diameter 0.990 0.845

Midbrain area 1.000 0.992

Pontine area 0.998 0.993

Mean MCPd 0.975 0.976

Mean SCPd 0.959 0.938

Md/Pd 0.955 0.858

MA/PA 0.999 0.979

MRPI 0.984 0.993

SCPd, superior cerebellar peduncle diameter; MCPd, middle cerebellar
peduncle diameter; Md/Pd ratio, midbrain-to-pons diameter ratio; MA/PA
ratio, midbrain-to-pons area ratio; MRPI, magnetic resonance
Parkinsonism index
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A limitation of our study is that MRI images were
obtained on 1.5-T scanners only, which potentially
might be a source for a methodological bias when being
reproduced on 3-T MRI. There is, however, evidence
that different scanners produce similar results of quanti-
fiable, infratentorial changes using MRI planimetry on
both 1.5-T and 3-T MR images. We therefore conclude
that our present results can be transferred without meth-
odological bias to the use of different scanners [25, 26].
Because MR planimetry poses the risk of reproducibility
bias, we have assessed inter- and intrarater reliability,
which both were high confirming the high inter- and
intrarater reliability of MR planimetry–derived measures
[3, 12] used for the discrimination of PSP from other
forms of Parkinsonism.

In conclusion, our study indicates that there is no need for
age- or gender-specific cut-offs of the brainstem-derived MR
planimetric measurements used for the differential diagnosis
of degenerative Parkinsonism. Moreover, TIV has no effects
on these measurements. Therefore, the results of our study
have important practical implications for the routine diagnos-
tic work-up of patients with degenerative Parkinsonism when
using brainstem-derived MR planimetric measurements as an
easy-to-perform procedure.
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