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Introduction 

Parkinson’s disease (PD) is the second most common 

neurodegenerative disorder of aging with a prevalence of about 1–2% 

in adults over age 60 in industrialized countries.1 In excess of one 

million people suffer from PD in the United States alone and, due to 

the progressive aging of the population, the importance of PD as a 

public health issue is expected to increase. The incidence of the 

disease is increasing over time, particularly in males, and it is 

projected that by 2030 the number of individuals with PD in the world 

will triple. In the United States, annual medical costs associated with 

PD, including doctor visits, medications, physical and speech 

therapies, and comorbidities of the disease (such as depression and 

dementia) are significant burdens to the healthcare system, with a total 

cost to the nation projected to be $23 billion annually. 

The burden of disease is likely even greater considering the 

widespread presence of Lewy bodies in PD and the multifaceted 

symptoms and signs associated with this syndrome.5Put another way, 

This brief review focuses on magnetic resonance imaging (MRI) of 

Parkinson’s disease (PD), which is the second most common 

neurodegenerative disease after Alzheimer’s disease (AD). Approximately 

1% of those over 65 years of age have PD. While MRI is presently not 

able to directly image dopaminergic neuronal loss that underlies PD, it can 

provide complementary data to that obtained with nuclear tracer imaging. 

This article will review commonly available and research MRI methods 

that may provide an imaging measure of disease. 

T2 and T2
* Imaging 

In the 1980s MRI imaging was first applied in PD, when several groups 

focused on demonstrating the presence of increased iron in the substantia 

nigra of individuals with PD. This was followed by Gorell et al. in 1995 

who utilized T2 and T * imaging of the substantia nigra and showed a 

separation between those with PD from control participants by using a 

change in relaxation time constants as a surrogate for increased iron in PD 

. The focus on T *or its reciprocal R *has remained an important aspect of 

our  traditional  definition  of  parkinsonism  is  just  the  ―tip  of  the 

iceberg‖ of what PD truly appears to be.And if Lewy bodies remain a 

cardinal pathologic feature of PD, it is now clear that PD is just one 

aspect of a larger synucleinopathy, best described as multisystem 

Lewy body disease (MLBD) and comprising PD, pure autonomic 

failure (PAF), and dementia with Lewy bodies (DLB). 

These evolving concepts regarding the widespread nature of PD 

synucleinopathy has also led to challenges in diagnosis, which, as 

typically defined, relies on the clinical acumen of an experienced 

neurologist, ideally one who is specialized in movement disorders. For 

decades, diagnosis has been based on the recognition of four cardinal 

signs: resting tremor, bradykinesia, rigidity and postural instability. 

However, recent evidence has shown that the clinical diagnosis is 

often incorrect in an alarming percentage of patients, particularly in 

the early stages of the disease. Obviously, this could affect day-to-day 

patient care and seriously confound the interpretation of clinical trials. 

In this paper, we provide supportive evidence for a dual imaging 

algorithm that could markedly improve the diagnostic accuracy of 

MLBD, including its dominant clinical manifestation—idiopathic PD. 

nigral imaging protocols, and an excellent demonstration of macroscopic 

nigral changes attributable to iron was shown by Cho et al. in their 7 Tesla 

(T) imaging study . One crucial assumption about ―iron‖ based imaging is 

that the methods reflect upon non-heme iron as opposed to heme-iron, and 

that while the small pool of free labile iron may be pathogenic - imaging 

methods are presently sensitive to the more prevalent bound iron that is 

stored as ferritin or neuromelanin . Today MRI cannot determine if these 

iron changes arise from neuromelanin in dopaminergic neurons or ferritin 

in glia or neurons. 

Susceptibility-weighted Imaging 

SWI methods exploit the differences in magnetic susceptibility between 

tissues, and are available on clinical MRI platforms. Using gradient echo 

(GRE) pulse sequences with long echo time (TE), SWI provides enhanced 

image contrast for detecting susceptibility variations when combining 

magnitude and phase data. Specifically, the local field variations are the 

source of local phase differences in the MRI signal. Phase variations 

contain both microscopic and macroscopic effects. The phase variations 

due to microscopic effects mainly originate from local iron deposits 

whereas the macroscopic effects can be attributed to geometry effects or 

air/tissue interfaces. 
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Complicated tissue geometries such as capillary beds, interstitial 

spaces, large and small vessels, etc., distort the local field homogeneity 

and thus induce signal variations. In fact, induced susceptibility 

differences depend not only on the geometry of such structures, but 

also on their orientations with respect to the external magnetic field. 

Magnetization Transfer Imaging (MTI) 

Magnetization transfer imaging (MTI) utilizes the transfer of 

magnetization between free water protons and protons associated with 

macromolecules which provides information about tissue integrity [. 

The detection of the magnetization transfer (MT) effect in clinical 

practice is usually limited to the measurement of MT ratios (MTRs), 

i.e. ratios of signal intensity measured with and without the off 

resonance saturation pulse. One group has shown the utility of MTR 

in PD while others have shown its value in atypical parkinsonian 

conditions. 

Resting-state MRI 

The focus of resting-state MRI is on brain activity that occurs in the 

absence of externally triggered activity. Even in a ―resting state‖ there 

are physiological variations in brain activity and accompanying blood 

flow alterations that manifest as fluctuations in the MRI blood oxygen 

level dependent (BOLD) signal. Spontaneous correlations in BOLD 

signal  can  be  utilized  to  determine  the  ―functional  connectivity‖ 

between different regions. 

Clinical Applications 

MRI methods are making their way into the clinic by aiding the 

neurosurgeon in planning deep brain stimulation (DBS) surgery. 

Secondly, multi-modality approaches may increase sensitivity to 

disease states, as shown for example in the combination of structural 

and iron sensitive imaging. It is hoped that cross-sectional and 

longitudinal studies will provide insights about the ability of such 

methods to provide a correlate to disease severity and progression. 
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