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ABSTRACT

Background Diagnosis of Parkinson’s disease and atypical par-

kinsonism is based on clinical evaluation of the patient’s symp-

toms and on magnetic resonance imaging (MRI) of the brain,

which can be supplemented by nuclear medicine techniques.

MRI plays a leading role in the differentiation between Parkin-

son’s disease and atypical parkinsonism. While atypical parkin-

sonism is characterized by relatively specific MRI signs, imaging

of Parkinson’s disease previously lacked such signs. However,

high-field MRI and new optimized MRI sequences now make it

possible to define specific MRI signs of Parkinson’s disease and

have significant potential regarding differentiated imaging,

early diagnosis, and imaging of disease progression.

Methods PubMed was selectively searched for literature re-

garding the definition and discussion of specific MRI signs of

Parkinson’s disease, as well as the most common types of

atypical parkinsonism with a leading motor component. No

time frame was set, but the search was particularly focused

on current literature.

Results This review article discusses the different MRI signs

of Parkinson’s disease, multiple system atrophy, and progres-

sive supranuclear palsy. The pathogenesis of the MRI signs is

described, and imaging examples are given. The technical as-

pects of image acquisition are briefly defined, and the differ-

ent signs are discussed and compared with regard to their

diagnostic significance according to current literature.

Conclusion The MRI signs of Parkinson’s disease, which can

be defined with high-field MRI and new optimized MRI se-

quences, enable differentiated structural image interpreta-

tion and consecutive diagnostic workup. Despite the fact that

the signs are in need of further validation by bigger studies,

they have the potential to achieve significant diagnostic rele-

vance regarding the imaging of Parkinson’s disease and atyp-

ical parkinsonism.

Key Points:
▪ High-field MRI and specialized sequences make it possible

to define specific MRI signs for neurodegenerative disorders

▪ Cerebral alterations can be detected in prodromal stages

of Parkinson’s disease

▪ The combination of specific MRI signs makes it possible to

differentiate between Parkinson’s disease and atypical

parkinsonism

Citation Format
▪ Aludin S, Schmill LA. MRI Signs of Parkinson’s Disease and

Atypical Parkinsonism. Fortschr Röntgenstr 2021; 193:

1403–1409

ZUSAMMENFASSUNG

Hintergrund Die Diagnostik des idiopathischen Parkinson-

Syndroms und der atypischen Parkinson-Syndrome basiert

auf der klinischen Einschätzung der Patientensymptomatik

und der gezielten Bildgebung mittels Magnetresonanztomo-

grafie, welche noch durch nuklearmedizinische Verfahren er-

gänzt werden kann. Die Bildgebung dient hierbei der Aufgabe

der Differenzierung der verschiedenen Erkrankungen. Wäh-

rend atypische Parkinson-Syndrome recht spezifische MR-

Zeichen aufweisen, ist das idiopathische Parkinson-Syndrom

bildmorphologisch bisher eher als unspezifisch zu werten.

Hohe Feldstärken und optimierte MR-Sequenzen ermöglichen

jedoch neuerdings die Definition von spezifischen MR-Zei-

chen, welche Potenzial in der differenzierteren Bildgebung,

der Frühdiagnostik und der Verlaufsdiagnostik des idiopathi-

schen Parkinson-Syndroms hegen.

Review
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Methode Es erfolgte eine gezielte PubMed-Recherche mit

Fokus auf Arbeiten zur Definition und Erörterung spezifischer

MR-Zeichen des idiopathischen Parkinson-Syndroms sowie

der häufigsten atypischen Parkinson-Syndrome mit führender

motorischer Komponente. Es erfolgte keine Zeitraumbegren-

zung bei besonderem Augenmerk auf aktuelle Literatur.

Ergebnisse Der vorliegende Übersichtsartikel erörtert die

verschiedenen neuen MR-Zeichen des idiopathischen Parkin-

son-Syndroms sowie die bekannten Zeichen der Multisystem-

atrophie und der progressiven supranukleären Blickparese.

Die den Zeichen zugrunde liegende Pathologie wird jeweils

definiert sowie bildmorphologische Beispiele gegeben. Es

werden die technischen Aspekte der Untersuchungen kurz

erörtert und die Zeichen anhand aktueller Literatur hinsich-

tlich der diagnostischen Wertigkeit zueinander verglichen.

Schlussfolgerung Die bei hohen Feldstärken und optimier-

ten Sequenzen definierbaren MR-Zeichen des idiopathischen

Parkinson-Syndroms ermöglichen eine differenziertere struk-

turelle Befundung und konsekutive Diagnostik. Die Zeichen

müssen in größeren Studien weiter validiert werden, können

jedoch künftig eine entscheidende diagnostische Relevanz in

der Bildgebung der Erkrankungen aus dem Parkinson-For-

menkreis bieten.

Introduction

Neurodegenerative diseases are a group of diseases affecting the
central nervous system typically resulting in effects ranging from
irreversible damage to the destruction of nerve cells. Epidemiolo-
gically speaking, the prevalence of these diseases increases signif-
icantly with age so that a substantial increase in the diagnosis of
these diseases can be expected in the future in light of demo-
graphic changes. The diseases that are currently most common
are the different forms of dementia and Parkinson’s disease (PD)
[1]. PD is characterized by the destruction of dopaminergic neu-
rons in the substantia nigra (SN), which is part of the basal ganglia
and is functionally associated with the extrapyramidal motor sys-
tem. Patients affected by this disease have motor deficits charac-
terized by the following key motor symptoms: akinesia, rigidity,
tremor, and postural instability [2, 3]. The different types of atyp-
ical parkinsonism, e. g., multiple system atrophy (MSA) and pro-
gressive supranuclear palsy (PSP), as the most common types of
atypical parkinsonism with a predominant motor component,
have a similar clinical manifestation but differ pathogenetically
and must be differentiated from PD. Diagnosis and differentiation
of these diseases require dedicated clinical evaluation of the
symptoms and represent a challenge for clinicians. Therefore, cer-
ebral magnetic resonance imaging (MRI), which plays a significant
diagnostic role in the differentiation between atypical parkinson-
ism and PD, is an important diagnostic tool [4]. To date, the PD
has only been associated with nonspecific MRI signs in the clinical
routine. However, recent studies have been able to define and de-
termine new signs due to innovations in MRI techniques and se-
quences. In the future, in addition to currently established nuclear
medicine methods like DaTSCAN and FDG-PET, these could have
potential regarding the diagnosis of PD as well as differentiation
from atypical parkinsonism [5–7]. Therefore, these MRI signs of
PD are presented and explained in this overview. In addition, the
MRI signs of the most important types of atypical parkinsonism
are presented.

Parkinson’s disease

In general, the cerebral MRI changes seen in Parkinson’s disease
are the result of the structural degeneration of dopaminergic neu-

rons, which are primarily located in the SN of the mesencephalon.
Histologically and functionally, this degeneration is characterized
by destruction of the neurons with an increase in the total iron
content in this area [8, 9]. These changes cannot be sufficiently
visualized, and diagnostically significant MRI signs are difficult to
define using conventional MR imaging with field strengths of less
than three Tesla. However, field strengths of three Tesla and high-
er as well as modern sequences for imaging iron, specific neuro-
pigments, and diffusion processes make it possible to visualize
these changes, resulting in new MRI signs and parameters for
evaluating the disease in terms of biomarkers [5–7]. These new
MRI signs as a morphological imaging correlate of the neurode-
generation that occurs in PD are presented and explained in the
following. However, it must be noted that these signs are not pa-
thognomonic signs of PD but can also been seen in atypical par-
kinsonism.

Dorsal nigral hyperintensity

The increasingly precise visualization of anatomical structures via
MRI makes it possible to better differentiate and evaluate neuro-
functional structures, with the SN becoming increasingly relevant.
The SN can be divided into the pars reticularis (SNpr) and the pars
compacta (SNpc), with the SNpc housing the majority of the do-
paminergic neurons in the central neuromotor system. The struc-
tural composition of the individual components is extremely com-
plex. However, additional subregions in the SNpc known as
nigrosomes can be defined. These are regions with a particularly
high density of dopaminergic neurons and a proportionately low
iron concentration. Of the five total nigrosomes (nigrosome-1
through 5), nigrosome-1 is the largest and is located in the dorsal
section of the SNpc (▶ Fig. 1a) [10, 11].

High magnetic field strengths of three Tesla or higher and
high-resolution iron-sensitive sequences like T2*-weighted se-
quences or susceptibility-weighted sequences (SWI) make it pos-
sible to also visualize these structures on MRI. Nigrosome-1 is vis-
ualized as a hyperintense, ovoid structure in the dorsolateral
segment of the SNpc in these sequences. Since this region resem-
bles a swallow tail on axial imaging of the mesencephalon, it is ac-
cordingly referred to as the “swallow tail sign” by some authors
[12]. The neurodegeneration seen in PD results in the destruction
of the dopaminergic neurons and an increase in the iron content
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in all nigrosomes. This occurs particularly clearly and early in ni-
grosome-1. It was able to be shown in this connection that nigro-
some-1 or the physiological swallow tail sign is absent in iron-sen-
sitive sequences (▶ Fig. 1b, c) [5, 11, 13]. The association
between this absence of the swallow tail sign and PD has since
been able to be confirmed in multiple studies and meta-analyses
at high field strengths compared to healthy controls. Therefore, in
2017, Mahlknecht et al. were able to show a total sensitivity and
specificity of 97.7 % and 96.4 %, respectively, in patients with PD
compared to healthy controls in a meta-analysis of studies with
field strengths of three and seven Tesla. In 2020, in another more
recent meta-analysis, Chau et al. also found high values of 94 %
and 90 % compared to healthy controls [14, 15]. However, it
must be noted at this point that loss of the swallow tail sign is
not to be interpreted as pathognomonic for PD. This sign was
also able to be detected in additional studies regarding different
types of atypical parkinsonism like multiple system atrophy
(MSA) and progressive supranuclear palsy (PSP). Therefore, differ-
entiation of the diseases on the basis of this sign alone is not
recommended and additional morphological imaging criteria of
atypical parkinsonism should be used [16–18]. In addition to the
higher sensitivity and specificity compared to healthy controls, it
is interesting that a bilateral decrease in hyperintensity can typi-
cally be additionally seen in PD patients at higher field strengths
while this decrease tends to be unilateral on the dominant symp-
tom side at three Tesla. The differences can probably be attribu-
ted to the better spatial resolution at higher field strengths so that
findings can be evaluated in greater detail. In addition to the de-
tection of this phenomenon in patients with PD, the relatively
early change in nigrosome-1 is also a potential and interesting
biomarker for early or prodromal phases of the disease. In a study
in 2017, Yung Bae et al. were able to show a corresponding phe-
nomenon in a small cohort of patients with idiopathic REM sleep
behavior disorder (iRBD). According to current knowledge, this
disorder represents a possible prodromal phase of PD and the
authors show a significantly greater incidence of this phenomen-
on in patients with iRBD relative to the healthy control group (HC)
[19]. However, the results of the available studies must be viewed
in consideration of multiple aspects For example, the acquisition
technique of the SWI sequences must be taken into account. A
standardized sequence protocol has not yet been established in

the literature. In a current overview by Kim et al. evaluating
technical questions regarding nigrosome-1 imaging via SWI
techniques, the authors state that slice thicknesses between 0.7
and 2.4mm have been used in relevant studies. Based on their
experience, the authors recommend a spatial resolution of
0.5 × 0.5 × 1mm³ for good resolution and contrast-to-noise ratio.
However, they also state that optimized clinical studies are need-
ed to establish a standardized protocol for SWI imaging of nigro-
some-1 [22].

Neuromelanin

Neuromelanin (NM) is a pigment protein that is characteristically
seen in specific brain regions in humans like the SN and the locus
coeruleus (LC). It is produced during the oxidation of dopamine
and has the ability to bind iron and other metals on an intracellular
level. However, extracellular neuromelanin caused by cell death
can result in neuroinflammatory processes [20, 21]. The amount
of NM follows a typical age-dependent trajectory [23].

With the introduction of NM-sensitive MRI sequences by Sasaki
et al. [6], NM has become increasingly important and has been in-
creasingly used in studies regarding the diagnosis of Parkinson’s
disease and the differentiation of PD from essential tremor (ET)
and atypical parkinsonism. The paramagnetic properties of NM
which cause shortening of the T1 time in T1 turbo-spin-echo se-
quences are used here (▶ Fig. 1d) [24, 25]. Numerous studies de-
scribe a high specificity and sensitivity of a decreased amount of
NM in the SN and the LC with respect to differentiating between
patients with PD and healthy controls (HC). Moreover, combining
the amount of NM and quantitative susceptibility mapping (QSM)
allowed differentiation of patients with ET from untreatable
patients with PD [24]. Studies examining the amount of NM over
the course of PD showed that NM is already decreased in the early
stages of the disease but then remains at a constant low at a cer-
tain point over the course of the disease. This allows differentia-
tion between patients in early and late stages of the disease. How-
ever, the amount of NM does not correlate with disease
progression [26]. There are promising results indicating that neu-
romelanin can be used as a marker for early detection particularly
in the early stage and in the preliminary stages of PD. iRBD seems
to correlate with a decreased amount of NM in the LC. Therefore,

▶ Fig. 1 Axial slice of the mesencephalon at the level of the substantia nigra. In the pictures, right (R) and left (L) are marked accordingly. a Illustration
of mesencephalon, with the substantia nigra (SN), divided into the pars reticularis (SNpr) and pars compacta (SNpc), and the dorsal nigrosome-1
(N-1). Red nucleus (NR) and mesencephalic aqueduct (AM). b SWI sequence of a healthy control with physiological swallow tail sign by hyperintense
nigrosome-1. c SWI sequence of a patient with Parkinson's disease with loss of swallow tail sign and reduced hyperintensity of nigrosome-1. d Two
halves of an axial slice of the mesencephalon of a patient with Parkinson' disease (left) and of a healthy control (right) (T1-weighted, neuromelanin-
sensitive sequence). Hyperintense signal of SNpc on the right as correlate of neuromelanin and reduced hyperintensity on the left as a sign of loss
of neuromelanin.
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the amount of NM in PD patients compared to healthy controls is
significantly decreased but is also significantly lower in iRBD-posi-
tive PD patients compared to iRBD-negative patients [27]. Based
on NM imaging combined with other sequences, it is also possible
to differentiate iRBD patients from healthy controls [28]. Damage
in the LC is also hypothesized as one of the causes of REM sleep
behavior disorder [29].

Initial studies also show possible differentiation between PD,
HC, and types of atypical parkinsonism like MSA and PSP using
deep learning algorithms. However, this still needs to be con-
firmed on the basis of larger cohorts [30].

Iron content

Like NM, iron, which is usually bound to NM or ferritin, is also
found in specific regions of the brain [9]. In a healthy person, the
highest iron concentrations are found in the putamen (PUT), the
globus pallidus (GP), and the nucleus caudatus (NC) and smaller
amounts are found in the SN and LC. Examinations of healthy sub-
jects show that the iron content in the LC remains largely constant
over a lifetime, while it increases linearly with age in the SN.

However, atypical iron concentrations usually in terms of an
accumulation are seen in numerous neurodegenerative diseases
like PD or Alzheimer’s disease (AD). To date, it is still unclear
whether the iron deposits are the primary or a secondary event.
However, it has been shown that iron deposits also result in accu-
mulation of alpha-synuclein and the formation of fibrils near the
nucleus [31]. Magnetic resonance imaging takes advantage of
the T2-shortening effect of iron resulting in clear demarcation in
T2- and T2*-weighted sequences. However, more precise map-
ping is possible with R2 (R2 = 1/T2) and R2* (R2* = 1/T2*) [29].
Sensitive visualization of iron is also possible using SWI or new
methods like QSM which have already provided realistic quantifi-
cation of iron content in postmortem studies [32].

Many studies comparing these parameters between PD patients
and HC describe significant differences with an increased iron con-
tent in PD patients in the SN in SWI [33] as well as R2 / R2* and QSM.
It has been shown multiple times that QSM is more sensitive than
R2* [7, 34]. However, some contradictory results have been pub-
lished with respect to QSM in other regions of the brain. This may
be able to be attributed to various disease stages in the patients
who were examined. Among others, the SNpc, the GP internus, the
PUT, the NC, and the red nucleus (NR) have been described as re-
gions with increased concentrations [35]. With a focus on the SN
and the time curve of iron concentrations, a significant increase in
R2* values in the SNpc within a period of 18 months with a good
correlation with the progression of non-motor symptoms is seen in
patients with advanced PD with a disease duration of more than five
years [36]. Ulla et al. also examined the curve of R2* values for a
period of 3 years and detected a significant increase in values in the
SNpc and SNpr in PD patients, with the delta R2* values correlating
positively with the increase in the UPDRS III score [37]. Langkammer
et al. also describes a correlation of the QSM with the UPDRS but
also with the Hoehn & Yahr Score and the Levodopa-equivalent daily
dose (LEDD) [7]. Thus, the detection of iron in the basal ganglia via
R2* and QSM is a promising technique for diagnosing PD and for
evaluating progression. However, multicenter and longitudinal

studies are needed to validate the results. Initial approaches using
these self-learning analysis methods to differentiate atypical parkin-
sonism from PD have yielded promising results [38].

Diffusion-weighted imaging

Diffusion-weighted imaging is already part of the clinical imaging
routine in neurodegenerative diseases. Diffusion tensor imaging
(DTI) detects characteristics like fractional anisotropy (FA) and
mean diffusion (MD). Meta-analyses have shown that significant
differences between patients with PD and HC can be found with
these techniques [39, 40]. The main features here are decreased
FA and/or increased MD in the SN, the corpus callosum, the frontal
lobes, the cingulum, and the temporal cortex. Additions to this
technique, like Bi-tensor DTI, which takes the effect of free water
into consideration, provide increasingly precise results [41] [24]
and detect significant increases in free water in the posterior SN,
which are also an indication of cell death in PD [42].

Newer methods like diffusion kurtosis imaging (DKI), which
also detects the non-Gaussian distribution of water, or NODDI
(neurite orientation dispersion and density imaging), which allows
specific characterization of tissue microstructure, provide new
insight into the changes seen in neurodegenerative diseases.
There have been few studies to date addressing DKI in the SN
[43, 44], but the available studies describe a significant increase
in the kurtosis in the SN, which correlates positively with the
Hoehn & Yahr score and the UPDRS III [43].

Multiple system atrophy

MSA is an α-synucleinopathy and is characterized by typical oligo-
dendroglial cytoplasmic inclusion bodies. In addition to pro-
nounced autonomic dysfunction, the symptoms of MSA are sim-
ilar to those of PD in many cases, which often makes clinical
differentiation from other parkinsonian syndromes difficult.
Depending on the symptoms, a differentiation is made between
MSA-P (Parkinsonian type) and MSA-C (cerebellar type) [45].
There are several ways to further define the appearance of the
syndromes on MRI.

The characteristic features of MSA-P are atrophy of the puta-
men with a bilateral “putaminal rim sign”, which represents a T2
hyperintense border of the dorsolateral putamen (▶ Fig. 2a), as
well as a fundamental T2 hypointensity and atrophy of the puta-
men. Atrophy of the middle cerebellar peduncle (MCP), the cere-
bellum, and the pons, the hot-cross bun sign indicating T2 hyper-
intensity of the pons (▶ Fig. 2b), and the MCP sign indicating T2
hyperintensity of the MCP are the main characteristic features of
MSA-C [46]. These characteristic atrophy patterns can be detect-
ed based on an increased midbrain-to-pons ratio (MTPR; area ra-
tio of M to P in the median sagittal slice, shown as an example in
▶ Fig. 2c) or based on a low magnetic resonance parkinsonism in-
dex (MRPI; (area of P × diameter of MCP)/(area of M×diameter of
the SCP)) [45, 47]. Based on the MRPI, MSA-P can be differenti-
ated from PD or PSP [47]. Moreover, the various disease groups
can be differentiated on the basis of diffusion-weighted imaging
which shows significantly elevated ADC values in the MCP in
MSA-P [45]. A combination of the T2* relaxation rates in the puta-
men can be used to differentiate between MSA-P and PD [48].
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Progressive supranuclear palsy

Progressive supranuclear palsy (PSP) is a tauopathy and is charac-
terized by the deposition of tau proteins in brain tissue as well as
neurodegeneration and atrophy in the basal ganglia, the brain
stem, and the cerebellar nuclei. Based on the clinical appearance,
multiple sub-types can be differentiated, with the most common
being Steele-Richards Syndrome (PSP-RS) and Parkinson-predo-
minant PSP (PSP-P). PSP-RS is associated with hypokinetic-rigid
motor function, early postural instability, vertical gaze palsy, and
impaired cognition. PSP-P is characterized by predominantly
hypokinetic-rigid motor function and a late onset of additional
symptoms like gaze palsy [49].

Differentiation from PD is based on clinical findings and MR
imaging. However, the new signs of PD described above accord-
ing to currently available studies can only be applied with caution
since both the amount of neuromelanin and the hyperintensity of
the dorsolateral portion of the SNpc can also be decreased in iron-
sensitive sequences in PSP. Reliable differentiation on the basis of
these signs alone is therefore difficult and the significance of the
currently available studies is not yet fully clear [18, 50].

Based on the atrophy pattern occurring primarily in the mid-
brain in PSP, special signs that can be visualized on conventional
MR imaging can be defined. Sagittal sequences through the brain
stem and mesencephalon make it possible to detect the hum-
mingbird sign in which the morphology of the structures resem-
bles the silhouette of a hummingbird as a result of atrophy of the
tegmentum (▶ Fig. 2c). An axial slice of the tegmentum of the
midbrain in corresponding sequences reveals laterally pro-
nounced volume loss in this region, resulting in a silhouette re-
sembling Mickey Mouse in the midbrain. The sign is therefore
called the Mickey Mouse sign by some authors (▶ Fig. 2d). In the
literature these signs have high specificity but only moderate sen-
sitivity. For example, in 2018 in a large retrospective analysis
including 481 patients with neurodegenerative diseases (85 pa-
tients with PSP and 79 healthy controls), Mueller et al. found a

high specificity of 99.5 % for the hummingbird sign and 97.7 %
for the Mickey Mouse sign but proportionately low sensitivities of
51.6 % and 38.6 %, respectively [51]. In addition, evaluation of
whether these signs can be detected at an early stage of the dis-
ease and should be used for early diagnosis is of particular inter-
est. A corresponding work group examined a subgroup of patients
that could not be definitively clinically diagnosed at the time of
imaging. With respect to subsequent clinical diagnosis of PSP
within this subgroup, they found a specificity of 100 % for both
signs but only a low sensitivity of 35.3 % [52]. In addition to quali-
tative detection of midbrain atrophy based on corresponding MRI
signs, an additional quantitative approach to detecting atrophy
pattern has proven useful. Therefore, determination of the
above-mentioned MRPI based on the pronounced atrophy prima-
rily in the superior cerebellar peduncle in PSP (especially PSP-RS)
allowed good differentiation from MSA-P and PD with excellent
specificity and sensitivity [52, 53]. The quantitative approach
using MRPI also seems to have certain potential regarding early di-
agnosis. Therefore, in a study in 2016, Quattrone et al. were able
to show that a pathological MRPI in PSP-P patients has a better
correlation with the development of vertical gaze palsy than
symptoms like postural instability or vertical ocular slowness
[54]. However, there are not many studies currently on this topic
and additional studies are needed to evaluate this potential more
closely.

Summary

MR imaging is an important tool for diagnosing and differentiat-
ing neurodegenerative diseases among Parkinson’s-like diseases.
In addition to the atrophy patterns that are already established
for differentiating between the different types of atypical parkin-
sonism, new MRI signs have potential regarding differentiated di-
agnosis and follow-up. Therefore, the loss of DNH, decreased neu-
romelanin in the SNpc and in the LC, an increase in iron deposits,
and impaired diffusion in the SNpc can be used for the diagnosis

▶ Fig. 2 Several MRI signs for multiple system atrophy (MSA) and progressive supranuclear palsy (PSP). a Axial T2-weighted image showing puta-
men with hyperintense border of the dorsolateral part on the left as putaminal rim sign. b Axial T2-weighted image showing pons with hyperin-
tense hot-cross bun sign. c Sagittal T1-weighted image of the brainstem showing atrophy of the mesencephalon and the hummingbird sign. The
areas for determining the MTPR are drawn here as an example. M: Midbrain; P: Pons. d Axial T2-weighted image of the mesencephalon with pro-
nounced lateral atrophy of the tegmentum and Mickey Mouse sign.
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of PD. The loss of DNH and a decrease in neuromelanin could con-
tribute to early detection already in the prodromal phase. Iron
quantification and diffusion kurtosis imaging can be used for the
monitoring PD. However, these signs must be further validated in
longitudinal and multicenter studies. An interesting future aspect
is the development and application of artificial intelligence in this
field which will increase the reliability of early diagnosis based on
multifactorial image interpretation.
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