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Structural and Functional Imaging 
in Parkinsonian Syndromes1

Movement disorders with parkinsonian features are common, and 
in recent years imaging has assumed a greater role in diagnosis and 
management. Thus, it is important that radiologists become famil-
iar with the most common imaging patterns of parkinsonism, espe-
cially given the significant clinical overlap and diagnostic difficulty 
associated with these disorders. The authors review the most com-
mon magnetic resonance (MR) and molecular imaging patterns of 
idiopathic Parkinson disease and atypical parkinsonian syndromes. 
They also discuss the interpretation of clinically available molecular 
imaging studies, including assessment of cerebral metabolism with 
2-[fluorine-18]fluoro-2-deoxy-d-glucose (FDG) positron emis-
sion tomography (PET), cortical amyloid deposition with carbon 
11 (11C) Pittsburgh compound B and fluorine 18 (18F) florbetapir 
PET, and dopaminergic activity with iodine 123 (123I) ioflupane 
single photon emission computed tomography (SPECT). Although 
no single imaging test is diagnostic, a combination of tests may help 
narrow the differential diagnosis. Findings at 123I ioflupane SPECT 
can confirm the loss of dopaminergic neurons in patients with 
parkinsonism and help distinguish these syndromes from treatable 
conditions, including essential tremor and drug-induced parkin-
sonism. FDG PET uptake can demonstrate patterns of neuronal 
dysfunction that are specific to a particular parkinsonian syndrome. 
Although MR imaging findings are typically nonspecific in par-
kinsonian syndromes, classic patterns of T2 signal change can be 
seen in multiple system atrophy and progressive supranuclear palsy. 
Finally, positive amyloid-binding PET findings can support the di-
agnosis of dementia with Lewy bodies. Combined with a thorough 
clinical evaluation, multimodality imaging information can afford 
accurate diagnosis, allow selection of appropriate therapy, and pro-
vide important prognostic information.
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After completing this journal-based SA-
CME activity, participants will be able to:
 ■ Discuss the fundamentals of 123I ioflu-

pane SPECT interpretation in parkin-
sonism.

 ■ Identify normal amyloid-binding PET 
findings in atypical parkinsonian syn-
dromes.

 ■ Describe abnormal MR imaging find-
ings in multisystem atrophy and progres-
sive supranuclear palsy.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Advances in clinically available functional and metabolic imaging 
techniques, such as U.S. Food and Drug Administration (FDA) ap-
proval of iodine 123 (123I) ioflupane single photon emission computed 
tomography (SPECT) in 2011 and fluorine 18 (18F) florbetapir posi-
tron emission tomography (PET) in 2012, combined with the increas-
ing use of semiquantitative 2-[fluorine-18]fluoro-2-deoxy-d-glucose 
(FDG) PET, highlight the need for radiologists to become familiar 
with the most common imaging patterns of parkinsonism (Table). 
When these techniques are used in combination with conventional 
magnetic resonance (MR) imaging and a thorough clinical examina-
tion, an accurate diagnosis can frequently be made. There is good rea-
son to believe that additional diagnostic accuracy will be gained with 
use of imaging techniques that are currently under development.
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neurons that project from the substantia nigra pars 
compacta in the midbrain to the striatum (puta-
men and caudate nucleus) (4). The medial fibers 
of the nigrostriatal system typically project to the 
caudate nucleus, whereas the lateral fibers project 
to the putamen. The lateral projections to the pos-
terior putamen are commonly affected earlier and 
to a greater extent than the medial projections to 
the caudate nucleus (Fig 1). It is this neuronal loss 
that leads to a dopaminergic deficit, which is be-
lieved to contribute to the clinical symptoms. Typi-
cally, 40%–60% of the dopaminergic neurons are 
lost before patients become symptomatic (5).

Diagnosis
The definitive diagnosis of Parkinson disease 
relies on histologic confirmation of intraneural 
Lewy body inclusions in the substantia nigra 
compacta, which it is not feasible to identify clini-
cally. Therefore, a combination of patient history, 
physical examination, and favorable response to 
dopaminergic therapy remains the diagnostic 
standard of reference. Similarly, APS are diag-
nosed based on clinical signs and symptoms. 
Unfortunately, the features unique to APS, such 
as frequent and early falls, symmetric motor 
signs, lack of resting tremor, dysautonomia, rapid 
progression, and poor response to levodopa, are 
often either not present at all or present only very 
late in the disease (6). Therefore, APS are dif-
ficult to differentiate from both Parkinson disease 

Movement disorders with parkinsonian fea-
tures are characterized by tremor, rigidity, bra-
dykinesia, and postural imbalance. Idiopathic 
Parkinson disease is the most common move-
ment disorder. It has an overall prevalence of 1% 
among Europeans between 65 and 85 years of 
age (1) and affects over 1 million people in North 
America (2). The differential diagnosis includes 
benign essential tremor, drug-induced parkinson-
ism, and vascular parkinsonism, among other 
disorders (3). Furthermore, many APS, also 
known as Parkinson-plus syndromes, have clinical 
hallmarks similar to those of Parkinson disease; 
however, they have different management and 
prognostic implications. These syndromes include 
MSA, PSP, DLB, and CBD.

In this article, we discuss how a combina-
tion of structural imaging with MR imaging and 
functional assessment of cerebral metabolism 
with FDG PET, cortical amyloid deposition with 
carbon 11 (11C) Pittsburgh compound B (PiB) 
and 18F florbetapir PET, and dopaminergic activ-
ity with 123I ioflupane SPECT can aid in the dif-
ferentiation and diagnosis of idiopathic Parkinson 
disease and atypical parkinsonian syndromes.

Parkinsonism and  
the Dopaminergic System

The predominant pathologic condition in Par-
kinson disease, which accounts for 70%–80% of 
parkinsonian syndromes, is loss of dopaminergic 

Most Common Imaging Patterns of Idiopathic Parkinson Disease and APS

Imaging Modality

Disease 
Entity MR Imaging FDG PET Amyloid PET 123I Ioflupane SPECT

Parkinson 
disease

Often normal,
occasional diffuse 

atrophy

Usually normal, preserved 
putaminal activity, occa-
sional decreased uptake in 
the parieto-occipital cortex

Normal Decreased striatal activ-
ity (usually asymmet-
ric)

MSA Putaminal atrophy and 
marginally increased 
T2 signal, “hot cross

    bun sign”

Decreased putaminal or 
cerebellar uptake, subtype 
dependent

Normal Symmetric or asymmet-
ric decreased striatal 
activity

PSP “Hummingbird sign,”
 “Mickey Mouse sign”

Decreased uptake in the pos-
terior frontal lobes, mid-
brain, and basal ganglia

Normal Symmetric or asymmet-
ric decreased striatal 
activity

DLB Diffuse atrophy Generalized decreased uptake 
(more prominent in the 
occipital lobes)

Positive in  
most cases

Symmetric or asymmet-
ric decreased striatal 
activity

CBD Asymmetric parietal 
and/or frontal corti- 
cal atrophy

Asymmetric decreased up-
take in the parietal and/or 
frontal lobes

Normal Decreased striatal activ-
ity (usually asymmet-
ric)

Note.—APS = atypical parkinsonian syndromes, CBD = corticobasal degeneration, DLB = dementia with Lewy 
bodies, MSA = multiple system atrophy, PSP = progressive supranuclear palsy.
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Figure 1. Drawings illustrate how both idiopathic Parkinson disease and APS are characterized by loss 
of dopaminergic neurons that project from the substantia nigra pars compacta in the midbrain to the stria-
tum (putamen and caudate nucleus). The medial fibers of the nigrostriatal system typically project to the 
caudate nucleus, and the lateral fibers to the putamen. Most commonly, the projections to the posterior 
putamen (lateral) are affected earlier and to a greater extent than those to the caudate nucleus (medial).

T1-weighted or fluid-attenuated inversion re-
covery (FLAIR) images, which highlight the 
contrast of high-signal central nervous system 
structures against low-signal cerebrospinal fluid 
(9). Increased T2 signal typically reflects varying 
degrees of wallerian degeneration, demyelination, 
and gliosis, whereas low T2 signal indicates the 
physiologic accumulation of paramagnetic sub-
stances such as ferritin (9). Both increased and 
decreased T2 signal can be useful in identifying 
particular APS, especially in cases that show clas-
sic patterns of T2 signal change.

FDG PET

General Considerations.—Glucose metabolism 
is closely related to neuronal activity: Approxi-
mately 95% of the adenosine triphosphate (ATP) 
needed for brain function is derived from glu-
cose. FDG, a glucose analog, becomes trapped 
in cells after irreversible phosphorylation. Conse-
quently, FDG PET is useful for imaging regional 
glucose consumption in the brain, where a patho-
logic change in neuronal activity is reflected by a 
corresponding decrease in glucose metabolism. 
FDG PET is FDA approved only for differen-
tiating Alzheimer disease from frontotemporal 
dementia, and currently, its use in APS is an off-
label indication.

Interpretation.—Interpretation entails both quali-
tative and semiquantitative techniques. Qualitative 
analysis relies on visual examination of standard 

and from each other, and many published reports 
suggest a high rate of misdiagnosis in early- and 
even late-stage disease (7). This is problematic 
for both the patient and the evaluating physician, 
since the prognosis and treatment options are 
substantially different among the various causes 
of parkinsonism. For example, levodopa admin-
istration is a good treatment in patients with 
Parkinson disease but is generally ineffective in 
patients with CBD and can worsen orthostatic 
hypotension in patients with MSA (8).

Despite these diagnostic difficulties, neuro-
imaging may not be warranted in patients with 
typical clinical findings and a good response to 
therapy. It is the patients with atypical findings 
and lack of response who may benefit from clini-
cally available multimodality imaging techniques. 
These techniques include structural evaluation 
with MR imaging and functional assessment of 
cerebral metabolism with FDG PET, cortical 
amyloid deposition with 11C PiB and 18F flor-
betapir PET, and dopaminergic activity with 123I 
ioflupane SPECT.

MR Imaging
Conventional MR imaging is extremely useful for 
excluding structural abnormalities such as mass 
lesions, infarcts, or hydrocephalus, which may 
produce symptoms mimicking neurodegenera-
tive disease. In some instances, MR imaging may 
also demonstrate findings specific to particular 
APS. Morphologic changes, such as selective 
lobar atrophy, are typically better visualized on 
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Figure 2. (a–c) Normal findings in a patient undergoing evaluation for possible Alzheimer 
disease. Axial FDG PET images (a), semiquantitative three-dimensional (3D) stereotac-
tic surface projection (SSP) FDG PET images (b), and Z-score images (c) show normal 
findings (continues).

axial (Fig 2a, 2d), coronal, and sagittal images 
for areas of decreased radiotracer uptake. Semi-
quantitative techniques include creation of 3D 
SSP images and Z-score images. At our institu-
tion, 3D SSP and Z-score images are gener-
ated using CortexID software (GE Healthcare, 
Waukesha, Wis). In this technique, the FDG 

PET dataset is processed to account for ana-
tomic variations and sampled at approximately 
16,000 locations throughout the cortex of both 
cerebral hemispheres, yielding a 3D SSP im-
age (Fig 2b, 2e). Each cortical region is then 
compared with a normative database on a voxel-
by-voxel basis, yielding an age-matched Z-score 
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Figure 2. (continued) (d–f) Abnormal findings in a patient with known Alzheimer disease 
and progressive verbal difficulties. Axial FDG PET images (d) demonstrate marked bilat-
eral temporoparietal hypometabolism (arrows), a finding that is confirmed on semiquantita-
tive 3D SSP FDG PET images (e) and Z-score images (f) (arrows). Prominent left frontal 
hypometabolism is also seen (arrowhead in f).

that quantifies differences between the patient 
and healthy control subjects. To confirm charac-
teristic metabolic patterns, Z-score images are 
displayed with 3D SSP images for assessment 
(Fig 2c, 2f) (10,11).

Amyloid-binding PET

General Considerations.—b-amyloid plaques 
are present in the majority of cases of Alzheimer 
disease, and accumulation in the gray matter 
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Figure 3. (a) Axial 
18F florbetapir PET 
images obtained in 
a healthy patient 
demonstrate nonspe-
cific cerebellar and 
cerebral white matter 
uptake (arrows) with 
minimal gray matter 
activity. (b) Axial 18F 
florbetapir PET im-
ages obtained in a 
patient with known 
Alzheimer disease 
demonstrate normal 
white matter uptake 
(arrow) and minimal 
gray matter uptake in 
the cerebellum, but 
marked cerebral gray 
matter uptake that 
makes gray matter–
white matter differ-
entiation difficult.

typically develops many years before the onset of 
dementia (12). The first experimental PET radio-
tracer with a high affinity for b-amyloid plaques 
was 11C PiB (T1/2 = 20.3 min), a derivative of 
thioflavin (13). Since its development, several 18F 
radiotracers (T1/2 = 110 min) with a high affin-
ity for b-amyloid plaques have also been created, 
among them florbetapir (14), which was recently 
FDA approved under the trade name Amyvid 
(Lilly, Indianapolis, Ind). The distribution of ra-
diolabeled amyloid-binding ligands can be imaged 
with PET/CT; the regional retention reflects the 
regional density of amyloid plaques. These radio-
tracers are useful not only in confirming cases of 
clinically suspected Alzheimer disease; they can 
also be used to discriminate between Alzheimer 
disease and frontotemporal dementia, a group of 
syndromes with clinical features that overlap with 

Alzheimer disease but do not demonstrate amy-
loid deposition. Most APS lack amyloid deposi-
tion. However, 11C PiB and 18F florbetapir PET 
scans are often positive in cases of DLB, 50%–
70% of which show amyloid deposition (15).

Interpretation.—Visual interpretation of amy-
loid-binding PET data may be sufficient (12,14). 
Healthy individuals show nonspecific white mat-
ter uptake of amyloid radiotracers but minimal 
binding in the cortical gray matter (Fig 3a). Posi-
tive studies demonstrate cortical binding equal 
to or greater than white matter binding (Fig 3b). 
The cerebellar gray matter and pons, in both of 
which amyloid rarely accumulates, can be used 
as internal controls. Visual interpretation can be 
accomplished by setting the gray scale so as to 
clearly see the difference in uptake between the 
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intense cerebellar white matter and mildly in-
tense cerebellar gray matter, then inspecting the 
midsagittal section for uptake in the orbitofrontal 
cortex and posteromedial parietal area. Subse-
quently, axial images are evaluated for uptake in 
the lateral temporal, parietal, and striatal regions, 
again focusing on cortical activity equal to or 
greater than white matter activity and, therefore, 
loss of the visual distinction between adjacent 
gray matter and white matter (12,14). It is useful 
to correlate these findings with computed tomo-
graphic images to ensure that severe atrophy of 
cerebral parenchyma is not misinterpreted as lack 
of gray matter activity.

Various semiquantitative techniques can also 
be used. The ratio of cortical to cerebellar bind-
ing can be described as a standardized uptake 
value ratio. This ratio can be ascribed to a par-
ticular region, or the calculation can be made 
for the “neocortex,” as the average of the ratios 
in several areas known to accumulate amyloid, 
including the frontal lobes, lateral and medial 
parietal lobes, lateral temporal lobes, and anterior 
and posterior cingulate gyri. Generally, a stan-
dardized uptake value ratio greater than 1.3–1.6 
is considered positive for amyloid deposition 
(12,16). Several studies have demonstrated good 
correlation between visual and quantitative as-
sessment in amyloid PET interpretation (16,17).

123I Ioflupane SPECT

General Considerations.—123I ioflupane is a mo-
lecular imaging agent that is used to demonstrate 
the location and concentration of dopamine 
transporters. Dopamine transporters are located 
in the presynaptic nigrostriatal axons and func-
tion to clear and recycle dopamine from the syn-
aptic cleft located in the putamen and caudate 
nucleus. Dopamine transporter concentrations 
are lower in both Parkinson disease and APS; 
thus, 123I ioflupane SPECT can help differenti-
ate these syndromes from essential tremor and 
drug-induced parkinsonism, which have intact 
dopamine activity (18). 123I ioflupane SPECT has 
been shown to have a sensitivity and specificity 
exceeding 90% in differentiating between Parkin-
son disease and essential tremor (19). However, it 
cannot reliably help distinguish between Parkin-
son disease and APS, or even among APS, since 
all of these conditions demonstrate abnormal 
but overlapping patterns of dopamine deficiency 
(20,21).

Interpretation.—Because patients generally do 
not become symptomatic before a significant 
number of striatal synapses have degenerated, the 
difference between normal and abnormal imag-

ing appearances is usually clear, so that visual 
interpretation of the scan is sufficient for clinical 
evaluation (19). In healthy subjects, 123I ioflupane 
SPECT demonstrates two symmetric comma- 
or crescent-shaped regions of activity mirrored 
about the median plane (Fig 4a). Both striata 
should be symmetric in healthy individuals. Cau-
date and putaminal activity should be compared; 
generally, the putamen—in particular, the poste-
rior putamen—is affected earlier and to a greater 
degree than the caudate nucleus in patients with 
parkinsonism. In addition, disease often mani-
fests first in the putamen contralateral to the 
neurologic signs (22). Abnormal studies typically 
fall into one of three categories: (a) asymmetric 
decreased putaminal activity (Fig 4b), (b) ab-
sence of putaminal activity but preserved caudate 
activity (Fig 4c), or (c) absence of putaminal 
activity and greatly reduced activity in one or 
both caudate nuclei (Fig 4d). It should be noted 
that certain medications (eg, selegiline, sertraline, 
citalopram, and paroxetine) can significantly af-
fect the scan, and their presence must be docu-
mented and considered prior to injection (18).

Idiopathic Parkinson Disease

Clinical Features
The clinical diagnosis of Parkinson disease relies 
on the presence of bradykinesia plus one of the 
following cardinal symptoms: tremor, rigidity, 
or gait disturbance (7,23). An excellent initial 
response to dopaminergic therapy is also impor-
tant. Additional supportive features, which also 
allow differentiation from APS, include presence 
of rest tremor, unilateral onset, and persistent 
asymmetry throughout the course of the disease 
with the side of onset most affected (24,25).

Imaging Findings
Conventional MR imaging is usually not help-
ful in the diagnosis of early Parkinson disease 
because it most often yields normal findings 
(Fig 5a). In advanced disease, abnormalities of 
the substantia nigra, including volume loss, de-
creased T2 signal reflecting iron deposition, and 
blurring of the margins, can be seen (26–28). 
However, the primary use of MR imaging is to 
exclude specific structural abnormalities that 
could potentially mimic Parkinson disease (eg, 
normal-pressure hydrocephalus, intracranial 
mass, and bilateral subdural hematomas).

FDG PET images are most often normal and 
show preserved metabolism in the putamen and 
globus pallidus (Fig 5b). This preservation of 
metabolic activity in the basal ganglia is a defin-
ing imaging feature of Parkinson disease and 
allows differentiation from both PSP and MSA, 
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which commonly demonstrate reduced basal 
ganglia FDG activity. Occasionally, patients with 
Parkinson disease may demonstrate cortical hy-
pometabolism in both parieto-occipital associa-
tion areas (Fig 5b, 5d, 5e) and the dorsolateral 
prefrontal cortex, similar to the pattern seen in 
Alzheimer disease (29,30). When a pattern simi-
lar to that seen in Alzheimer disease is encoun-
tered, amyloid PET can be very useful, since it 
usually yields normal findings in patients with 
Parkinson disease (Fig 5c). However, it must be 

noted that because both Parkinson disease and 
Alzheimer disease are quite common, especially 
in an aging population, the presence of amyloid 
does not exclude Parkinson disease, since pa-
tients can sometimes have both conditions. 123I 
ioflupane SPECT reveals reduced uptake in the 
striata (Fig 5f), which is (a) more pronounced in 
the posterior putamen and caudate nucleus, and 
(b) usually asymmetric, with more severe reduc-
tion in activity contralateral to the clinically af-
fected limb (4,31).

Figure 4. Visual-
ization of dopamine 
transporters at 123I 
ioflupane SPECT.  
(a) 123I ioflupane 
SPECT image ob-
tained in a healthy 
subject shows two 
symmetric comma- or 
crescent-shaped re- 
gions of activity mir-
rored about the me-
dian plane. (b–d) 123I 
ioflupane SPECT im-
ages show abnormal 
patterns, including 
mild abnormality with 
asymmetric decreased 
putaminal activity 
(arrow in b), moder-
ate abnormality with 
no putaminal activity 
but preserved caudate 
activity (arrows in c), 
and severe abnormal-
ity with no putaminal 
activity and greatly re-
duced activity in one 
or both caudate nuclei 
(arrowhead in d).

Figure 5. Idiopathic Parkinson disease. (a) Axial FLAIR MR image shows hyperintense foci in the periventricular 
and subcortical white matter related to chronic small vessel ischemic disease. The white matter is otherwise normal. 
(b) FDG PET image shows parietal hypometabolism (arrows) and preserved basal ganglia activity. (c) Amyloid PET 
image demonstrates normal findings. (d, e) Semiquantitative 3D SSP FDG PET images (d) and Z-score images (e) 
show decreased temporal and parietal activity (arrows in e). (f) 123I ioflupane SPECT image shows markedly decreased 
uptake in the putamina (arrows).
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Multiple System Atrophy

Clinical Features
The term multiple system atrophy encompasses a 
group of neurodegenerative disorders, including 
olivopontocerebellar atrophy, Shy-Drager syn-
drome, and striatonigral degeneration. MSA is 
characterized by varying degrees of parkinsonism, 
cerebellar ataxia, and prominent autonomic dys-
function, including urinary dysfunction and ortho-
static hypotension (32). Affected patients are gen-
erally classified as having parkinsonian type MSA 
(MSA-P) or cerebellar ataxia type MSA (MSA-C) 
on the basis of predominating symptoms. The 
term Shy-Drager syndrome may be used when au-
tonomic dysfunction predominates. Limb ataxia, 
which manifests as past-pointing at finger-nose 
testing, is seen in MSA but rarely in Parkinson dis-
ease and can be a useful clinical discriminator (8). 
Postural instability and falls, bulbar involvement, 
pyramidal signs including an extensor plantar re-
flex, and disease progression despite dopaminergic 

treatment also suggest MSA rather than Parkinson 
disease (33,34). Executive function tends to be 
relatively well preserved in MSA compared with 
Parkinson disease and other APS (35).

Imaging Findings
There are a few distinct MR imaging patterns seen 
in MSA that differ between MSA-P and MSA-C. 
In patients with MSA-P, abnormalities are typi-
cally confined to the putamen and include atrophy, 
symmetric hypointensity on T2- and T2*-weighted 
images, and “slitlike” marginal T2 hyperintensity 
(27,36,37). The presence of putaminal atrophy 
appears to help discriminate MSA from Parkinson 
disease (38), whereas putaminal T2 hypointensity 
is a nonspecific sign that can also be seen in PSP, 
Wilson disease, neurodegeneration with brain iron 
accumulation, and other acquired conditions (9). 
Similarly, external putaminal T2 hyperintensity 
can be seen in Parkinson disease, and has even 
been reported to be a normal finding in healthy 
subjects at 3.0-T MR imaging (39).

Figure 6. Cerebel-
lar dominant type 
MSA. (a, b) Axial 
FLAIR MR images 
demonstrate marked 
focal atrophy of the 
midbrain and both 
middle cerebral pe-
duncles (arrows in a) 
with ex vacuo dilata-
tion of the fourth 
ventricle, as well as 
subtle cruciform T2 
hyperintensity in the 
pons (hot cross bun 
sign) (arrow in b). 
(c, d) Axial FDG 
PET images dem-
onstrate cerebellar 
hypometabolism (ar-
rows in c) (continues). 
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Patients with MSA-C often show selective 
atrophy of the lower portion of the basis pon-
tis, medulla, middle cerebellar peduncles, and 
cerebellar hemispheres, with widening of the 
fourth ventricle (Fig 6a) (9,27). Correspond-
ing increased T2 signal is seen in the pons, 
middle cerebellar peduncles, and cerebellar 
white matter, with sparing of the corticospinal 
tracts and superior cerebellar peduncles (40). 
These changes may produce a cruciform T2 
hyperintensity within the basis pontis, popularly 

referred to as the hot cross bun sign (Fig 6b). 
This sign has relatively high sensitivity for MSA-
C, being reported in up to 80% of patients (33); 
however, it is not specific for MSA, since it is 
also seen in many spinocerebellar ataxia sub-
types (39).

Taken in combination, these patterns of at-
rophy and T2 signal change in the putamen and 
infratentorial structures in both MSA subtypes 
are relatively specific in distinguishing patients 
with Parkinson disease from healthy control 

Figure 6. (continued) 
(e) Amyloid PET 
image shows normal 
findings. (f, g) Semi-
quantitative 3D SSP 
FDG PET images (f )  
and Z-score images 
(g) obtained for 
quantitative cortical 
analysis demonstrate 
cerebellar hypometab-
olism (arrows in g), 
thereby confirming the  
findings seen at axial 
FDG PET. (h) 123I 
ioflupane SPECT 
image shows bilateral 
loss of putaminal 
activity (arrows) and 
symmetric decreased 
activity in the caudate 
nuclei (arrowheads).
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Progressive Supranuclear Palsy

Clinical Features
PSP is characterized by parkinsonism with bra-
dykinesia and rigidity, postural instability, and 
a pseudobulbar syndrome with dysarthria and 

Figure 7. PSP.  
(a) Axial fast spin-
echo T2-weighted 
MR image demon-
strates the Mickey 
Mouse sign (circle), 
created by selective 
midbrain atrophy 
with relative preserva-
tion of the cerebral 
peduncles and tec-
tum. (b) Midsagittal 
T1-weighted MR 
image demonstrates 
the hummingbird 
sign (oval), created 
by selective atrophy 
of the midbrain 
tegmentum with 
relative pontine pres-
ervation. (c, d) Axial 
FDG PET images 
show hypometabo-
lism in the posterior 
frontal lobes and basal 
ganglia, worse on the 
right side (arrow in 
c). (e) Amyloid PET 
image shows normal 
findings (continues).

subjects. However, their sensitivity in the detec-
tion of MSA, particularly in the early stages, is 
suboptimal (27,33,38).

FDG PET may reveal patterns of regional 
hypometabolism that mirror areas of atrophy 
and T2 signal alteration at MR imaging. Spe-
cifically, patients with MSA-P demonstrate 
relatively symmetric decreased putaminal FDG 
activity, and patients with MSA-C show reduced 
FDG activity in the cerebellar hemispheres and 
middle cerebellar peduncles (Fig 6c, 6d, 6f, 6g) 
(29,30,41). Interestingly, cerebellar hypome-
tabolism may be seen in patients without clinical 
signs of cerebellar dysfunction, and also in pa-
tients with MSA-P (29). These patterns are use-
ful in distinguishing MSA from Parkinson dis-
ease, which demonstrates normal putaminal and 
cerebellar metabolism. No cortical deposition 
is seen at amyloid PET (Fig 6e). 123I ioflupane 
SPECT findings are abnormal in MSA patients, 
with varying degrees of unilateral or bilateral 
decreased striatal uptake (Fig 6h).
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dysphagia. The key feature of PSP is supranuclear 
palsy of vertical gaze; however, this finding may be 
absent at disease onset. In contrast to Parkinson 
disease, PSP manifests as a symmetric rather than 
asymmetric akinetic-rigid syndrome. PSP also 
initially targets the trunk and neck rather than the 
limbs, causing early postural and gait instability 
with falls. As such, PSP and MSA are the most 
likely causes of unexplained postural instability 
and falls occurring within 1 year after the onset of 
parkinsonian symptoms (8,42,43).

Imaging Findings
A number of structural and signal changes at 
MR imaging are unique to PSP. Patients often 

exhibit atrophy of the midbrain and tegmen-
tum, manifesting as third ventricular dilatation, 
reduced midbrain anteroposterior diameter, or 
flattening or concavity of the superior midbrain 
(27,28,44). Reduced midbrain anteroposterior 
diameter at the level of the superior colliculi 
on axial images gives rise to an appearance that 
some have referred to as the Mickey Mouse sign 
(Fig 7a). Midbrain atrophy with relative pres-
ervation of the pons produces an appearance 
some refer to as the hummingbird sign (45) or 
“penguin sign” (46), with the tegmentum repre-
senting the head with a long, thin beak, and the 
pons the body of the hummingbird or penguin 
(Fig 7b). Additional findings include superior 

Figure 7. (contin-
ued) (f–h) Semi-
quantitative 3D SSP 
FDG PET images 
(f) and Z-score im-
ages (g, h) obtained 
for quantitative 
analysis show pos-
terior frontal lobe 
hypometabolism (ar-
rows in g), best seen 
on the superior view 
(oval in h). (i) 123I 
ioflupane SPECT im-
age shows decreased 
bilateral putaminal 
dopaminergic activity, 
more notably on the 
right side (arrow).
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cerebellar peduncle atrophy and increased 
FLAIR signal, both of which have reasonably 
high sensitivity and specificity in distinguishing 
PSP from Parkinson disease and MSA (47,48).

FDG PET reveals decreased glucose metabo-
lism in the basal ganglia, midbrain, and midline 
frontal lobes—in particular, the anterior cingulate 
cortices (Fig 7c, 7d, 7f–7h) (29,30,41). There is 
no corresponding cortical deposition at amyloid 
PET (Fig 7e). 123I ioflupane SPECT demon-
strates reduced striatal dopaminergic activity with 
variable patterns, which may be symmetric or 
asymmetric and may affect the putamen or cau-
date nucleus (Fig 7i) (20).

Dementia with Lewy Bodies

Clinical Features
In the elderly population, DLB is the second 
most common cause of neurodegenerative de-
mentia after Alzheimer disease. The central fea-
ture of DLB is dementia, with core features in-
cluding fluctuating cognition, recurrent detailed 
visual hallucinations, and parkinsonism. Support-
ive features include behavioral disorders during 
rapid eye movement (REM) sleep, neuroleptic 
sensitivity, repeated falls, dysautonomia, delu-
sions, and depression (49). Parkinsonian symp-
toms are seen in 70%–90% of  patients with DLB 
and can often be as severe as those exhibited in 
Parkinson disease (50), although they are usually 
more symmetric than in Parkinson disease. Al-
though patients with Parkinson disease can also 
develop dementia, patients with DLB develop de-
mentia before or concomitant with the develop-
ment of parkinsonian signs; in contrast, dementia 
generally occurs in well-established parkinsonism 
in Parkinson disease (51,52).

Imaging Findings
Conventional MR imaging findings in patients 
with DLB are frequently nonspecific, with vary-
ing patterns of atrophy and white matter signal 
change. Despite clinical visual cortex dysfunction, 
which manifests as visuospatial dysfunction, se-
lective occipital lobe atrophy is not observed (Fig 
8a) (53). FDG PET shows generalized decreased 
FDG activity, with more profound decreased me-
tabolism in both occipital and parieto-occipital 
regions (Fig 8b, 8d, 8e) (17,41,54). This pattern 
appears to have good sensitivity in distinguishing 

DLB from Alzheimer disease (55), which shows 
decreased metabolism centered more anteriorly 
in the temporoparietal lobes, with relative spar-
ing of the visual cortex. Unlike patients with 
Parkinson disease and other APS, 50%–70% of 
patients with DLB demonstrate cortical deposi-
tion at amyloid PET (Fig 8c) (12,15), a finding 
that, if present, can be critical in suggesting the 
diagnosis.

123I ioflupane SPECT demonstrates variable 
patterns of decreased dopaminergic activity in pa-
tients with DLB (Fig 8f). These patterns are useful 
in differentiating DLB from Alzheimer disease, 
which demonstrates preserved dopaminergic activ-
ity (4,56,57). Large multicenter trials have demon-
strated excellent sensitivity and specificity for this 
purpose (58), and abnormal 123I ioflupane SPECT 
findings have been included as a suggestive feature 
of DLB (49,58). However, it is not possible to dis-
tinguish DLB from other APS with 123I ioflupane 
SPECT owing to overlapping patterns.

Corticobasal Degeneration

Clinical Features
CBD was originally described as an asymmetric, 
akinetic-rigid neurodegenerative syndrome with 
cortical dysfunction. However, it is now recog-
nized as often beginning with cognitive or behav-
ioral disturbance, with eventual movement dys-
function (59–61). The movement abnormalities 
initially affect one limb and may include varying 
degrees of akinesia, extreme rigidity, focal my-
oclonus, dystonia, ideomotor apraxia, and alien 
limb phenomenon. Unlike in patients with Par-
kinson disease and MSA, there is often marked 
apraxia. Patients may complain that their clumsy, 
stiff limb feels as if it belonged to someone else 
(8). Cognitive features include executive dysfunc-
tion, aphasia, apraxia, behavioral change, and vi-
suospatial disturbances (8,62). Lack of response 
to levodopa is typical in patients with CBD and 
helps distinguish them clinically from patients 
with Parkinson disease (8,42).

Imaging Findings
Even in the early stages of disease, conventional 
MR imaging findings may be abnormal. Asym-
metric atrophy centered in the posterior frontal 
and parietal lobes develops in a significant propor-
tion of patients (Fig 9b). There may be associated  

Figure 8. DLB. (a) Axial FLAIR MR image reveals moderate diffuse cerebral volume loss without focal atrophy. 
(b) Axial FDG PET image shows diffuse cortical hypometabolism, more marked in the occipital lobes (ovals). (c) Am-
yloid PET image shows diffuse cortical deposition. (d, e) Semiquantitative 3D SSP FDG PET images (d) and Z-score 
images (e) obtained for quantitative analysis demonstrate prominent occipital hypometabolism (arrows in e). (f ) 123I 
ioflupane SPECT image reveals bilateral absence of putaminal activity (arrows) and asymmetrically decreased activity 
in the right caudate nucleus (arrowhead).
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Figure 9. CBD. 
(a, b) Axial FLAIR 
MR images show 
structurally intact 
basal ganglia and fo-
cal left parietal lobe 
atrophy (oval in b). 
(c) Amyloid PET 
image shows normal 
findings. (d, e) Axial 
FDG PET images 
show preserved basal 
ganglia activity and 
left parietal hypome-
tabolism (oval in e) 
(continues).

atrophy of the ipsilateral cerebral peduncle 
(27,63,64). FLAIR images may reveal subcortical 
white matter hyperintensity in the atrophic fron-
toparietal sulci, presumably reflecting neuronal 
degeneration (9). Unlike many of the other APS, 
CBD does not demonstrate volume or signal 
changes in the basal ganglia in the majority of 
cases (Fig 9a) (63).

The classic finding at FDG PET is asymmetric 
basal ganglia and cortical glucose hypometabo-
lism contralateral to the affected side (Fig 9d, 9e, 
9g–9i) (29,30,41,65). Interestingly, several stud-
ies have shown that patients with CBD can have 
increased FDG activity in the basal ganglia and 
cortex ipsilateral to the clinically affected side 
(29,65). Amyloid PET shows no corresponding 
deposition (Fig 9c). 123I ioflupane SPECT demon-
strates variable decreased putaminal activity that, 
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like the atrophy at MR imaging and the hypome-
tabolism at FDG PET, is often asymmetric and 
contralateral to the affected side (Fig 9f) (66,67).

Future Directions
A variety of new functional and quantitative MR 
imaging techniques have shown promise in the di-
agnosis and management of both Parkinson disease 
and APS but are not yet part of standard clinical 
practice. Voxel-based morphometry is useful in 
quantifying specific areas of volume loss in parkin-

sonian conditions. On the basis of coregistration of 
high-resolution 3D datasets normalized to study-
specific templates, this technique allows automated 
analysis of morphologic brain changes without a 
priori bias. Diffusion-weighted and diffusion-tensor 
MR imaging allow objective evaluation of the gray 
matter–white matter microstructure. Neuronal loss 
and gliosis in neurodegenerative conditions disrupt 
the organized central nervous system architecture, 
resulting in measurable changes in diffusivity—
namely, an increased apparent diffusion coefficient 

Figure 9.  (contin-
ued) (f) 123I ioflupane 
SPECT image shows 
decreased activity in 
the left putamen (ar-
row). (g–i) Semiquan-
titative 3D SSP FDG 
PET images (g) and 
Z-score images (h, i) 
demonstrate isolated 
left parietal hypome-
tabolism, most evi-
dent on the superior 
view (oval in i).
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and decreased fractional anisotropy. Finally, magne-
tization transfer MR imaging can be used to exam-
ine the interactions between protons bound to mac-
roproteins (as in cell membranes and myelin) and 
those in free water. By comparing sequences with 
and without selective saturation of bound protons, 
a magnetization transfer ratio can be determined, 
which can be used as a measure of microstructural 
integrity (9,28).

Other molecular imaging techniques may prove 
useful in the understanding, differentiation, and 
diagnosis of Parkinson disease and APS. Given 
the overlapping patterns of presynaptic dopamine 
transporter reduction in Parkinson disease and 
APS, the use of PET and SPECT with D2-recep-
tor antagonists has been studied to evaluate post-
synaptic D2 receptor availability in parkinsonian 
syndromes. Striatal dopamine receptors are local-
ized on medium spiny GABAergic neurons. These 
remain intact in Parkinson disease until very late 
in the disease process but undergo degeneration 
in some APS such as MSA and PSP. Therefore, 
unlike with 123I ioflupane SPECT, MSA and PSP 
can be differentiated from Parkinson disease on 
the basis of decreased activity at postsynaptic D2-
receptor imaging (3,4,9,68).

Although currently limited to the research 
setting, these tools offer a glimpse into the fu-
ture, where an even greater array of techniques 
should advance the diagnostic algorithm and 
positively affect the management of patients 
with parkinsonian disorders.

Conclusion
Movement disorders with parkinsonian features are 
common, and imaging is playing an increasingly 
important role in diagnosis and management. It 
is important that radiologists be familiar with the 
classic MR imaging appearances of some APS, gain 
confidence in interpreting molecular imaging stud-
ies, and recognize the most common patterns of 
Parkinson disease and APS at FDG PET, amyloid 
PET, and 123I ioflupane SPECT. This knowledge 
will allow a more accurate diagnosis than with clini-
cal evaluation alone and can aid in selecting the 
appropriate therapy for patients with parkinsonism.
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Visual interpretation of amyloid-binding PET data may be sufficient. Healthy individuals show nonspe-
cific white matter uptake of amyloid radiotracers but minimal binding in the cortical gray matter. Positive 
studies demonstrate cortical binding equal to or greater than white matter binding. The cerebellar gray 
matter and pons, in both of which amyloid rarely accumulates, can be used as internal controls.

Page 1279
123I ioflupane SPECT has been shown to have a sensitivity and specificity exceeding 90% in differentiat-
ing between Parkinson disease and essential tremor. However, it cannot reliably help distinguish between 
Parkinson disease and APS, or even among APS, since all of these conditions demonstrate abnormal but 
overlapping patterns of dopamine deficiency
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FDG PET images are most often normal and show preserved metabolism in the putamen and globus 
pallidus. This preservation of metabolic activity in the basal ganglia is a defining imaging feature of 
Parkinson disease and allows differentiation from both PSP and MSA, which commonly demonstrate 
reduced basal ganglia FDG activity.
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Patients often exhibit atrophy of the midbrain and tegmentum, manifesting as third ventricular dilata-
tion, reduced midbrain anteroposterior diameter, or flattening or concavity of the superior midbrain.

Page 1286
Unlike patients with Parkinson disease and other APS, 50%–70% of patients with DLB demonstrate cor-
tical deposition at amyloid PET, a finding that, if present, can be critical in suggesting the diagnosis.


