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Early pathological changes in the parkinsonian brain
demonstrated by diffusion tensor MRI
K Yoshikawa, Y Nakata, K Yamada, M Nakagawa
...............................................................................................................................
See Editorial Commentary, p 352

J Neurol Neurosurg Psychiatry 2004;75:481–484. doi: 10.1136/jnnp.2003.021873

Objective: To determine whether the fractional anisotropy
(FA) of magnetic resonance diffusion tensor imaging is
decreased in the nigrostriatal projection in parkinsonian
patients.
Methods: FA values were compared in the extrapyramidal
system of 12 patients with Parkinson’s disease and eight age
matched normal controls.
Results: Patients with Parkinson’s disease had significantly
decreased FA in the region of interest along a line between
the substantia nigra and the lower part of the putamen/
caudate complex, in which most of the nigrostriatal
dopaminergic neurones are included. Loss of FA in this
region was obvious even during the early clinical stages of
Parkinson’s disease.
Conclusions: Assuming that the loss of FA parallels the
neuronal change in the brain, the results are consistent with
the view that more than half the dopaminergic neurones in
the nigrostriatal projection are lost before the onset of
Parkinson’s disease. Close comparison of FA in the basal
ganglia may contribute to the early diagnosis of Parkinson’s
disease.

T

he discovery of the selective loss of dopaminergic
neurones projecting from the substantia nigra in the
midbrain to the neostriatum in patients with idiopathic
Parkinson’s disease has led to the use of l-dopa treatment,
which markedly improves the prognosis of parkinsonian
patients.1 2
According to pathological studies, at least 70–80% of
dopaminergic neurones were lost before the onset of
Parkinson’s disease.3 A significant amount of dopaminergic
neurone loss during the early stages of Parkinson’s disease
was also suggested by functional imaging of these neurones
using positron emission tomography (PET) with L-[18F]fluorodopa,4 or single photon emission computer tomography
(SPECT) with [123I]-bCIT.5
Recently, magnetic resonance (MR) diffusion tensor
imaging of the brain has allowed visualisation of neuronal
projections in the central nervous system,6 or estimation of
the neuronal changes in the white matter of either normal
subjects7 or patients with neurological diseases such as
amyotrophic lateral sclerosis8 and multiple sclerosis,9 through
a decrease in the fractional anisotropy (FA) value derived
from the MR tensor image. In the present study, we
compared FA values in the extrapyramidal system of normal
subjects with those of parkinsonian patients.

METHODS
Twelve patients with Parkinson’s disease (mean (SD) age,
71.3 (7.7) years) were compared with eight age matched
normal subjects (70.1 (8.4) years). Seven patients with

progressive supranuclear palsy (PSP) (74.6 (7.3) years) were
also studied. As patients with PSP show brain atrophy,
including atrophy of the basal ganglia, it is suggested that
they may serve as positive controls for FA change showing a
robust decrease.
Parkinson’s disease was diagnosed using the UK Brain
Bank criteria.10 The patients were separated into two groups,
depending on the Hoen and Yahr rating scale11: patients in
stage I or II were classified as the earlier group (n = 7; 70.0
(3.7) years), and those in stage III or more were classified as
the advanced group (n = 5; 73.2 (2.4) years).
The diagnosis of PSP was according to the NINDS-SPSP
criteria.12 Normal subjects were examined by neurologists,
and no abnormality was confirmed.
Informed consent for the study was obtained from each
subject before the examination. MR imaging (MRI) was done
with a 1.5 T imager (‘‘Gyroscan Intera’’, Philips Medical
Systems, Best, Netherlands), between August 1 2001 and
October 31 2002. In addition to conventional T1 weighted
images (repetition time (TR) 611 ms, echo time (TE) 13 ms)
and T2 weighted images (TR 4754, TE 100), diffusion tensor
images (DTI) were obtained. The imaging sequence of DTI
was as follows: field of view 2306230 mm; matrix 128637
with SENSE; SENSE reduction factor = 2 (matrix is 128674
equivalent); TR/TE = 6000/88; flip angle = 90˚; two b values
(0 and 800 s/mm2); 36 slices; 3/0 mm slice/gap. Diffusion
sensitisation was done in six directions.13
FA values of 15 regions of interest (ROI) from a single
hemisphere were compared between normal subjects and the
patient groups. The investigators (KY and YN) were blinded
to the patient’s name and group. ROIs were determined (see
below) on conventional MRI, and the mean FA values in the
corresponding DTI were measured.
According to the landmarks, four ROIs were allocated on
MRI plane ‘‘b’’ and ‘‘c’’ (fig 1A, 1C, and 1D): oval ROIs sized
41 mm2 in the caudate head, putamen, nucleus ventralis
lateralis, and subcortical white matter of the premotor cortex
(area 6).
The remaining 11 ROIs were set on an axial MR image in
the basal ganglia (plane ‘‘a’’ in fig 1A and 1B). The plane
immediately below the AC–PC line roughly included structures such as the substantia nigra, subthalamic nucleus, and
the lower part of the globus pallidus, putamen, and caudate
nucleus.14 This plane is also suggested to include most of the
nigrostriatal neurones.15 16 Eleven oval ROIs sized 20 mm2
were arrayed along a line between the substantia nigra and
the caudate/putamen complex at the same interval so that
the ROIs covered the majority of the dopaminergic neurones
between the structures (fig 1B).
To avoid the influence of motion, the subject’s head was
firmly fixed to the holder during acquisition. In addition, we
................................................................
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Figure 1 (A) Anatomy of the extrapyramidal system in the paramedian sagittal view. Localisation of axial planes of magnetic resonance imaging
(MRI) is indicated by dotted squares. Fibres of nigroneostriatal projection, which are selectively lost in Parkinson’s disease, are illustrated by black lines
originating from the substantia nigra. (B–D) Fractional anisotropy (FA) images derived from diffusion tensor images are shown with 11 small ROIs and
three large ROIs. (E) FA in the extrapyramidal system of normal subjects and patients. Mean FA values of the ROIs in each group are indicated by
figures with error bars. FA values in patients with progressive supranuclear palsy (PSP) were decreased in most of the ROIs except for those in the
neostriatum. Parkinsonian patients showed a significant decrease in the FA values of the subthalamic ROI beside the substantia nigra. The FA values in
the white matter of the premotor cortices were significantly smaller than controls in PSP and patients with advanced Parkinson’s disease. I, II, III, and IV
in fig 1E indicate the four regions in the extrapyramidal system. AC, anterior commissure; CN, caudate nucleus; Ctr, age matched normal subjects as
control; GP, globus pallidus; GPe, globus pallidus lateral segment; GPi, globus pallidus medial segment; PC, posterior commissure; PD12, Parkinson’s
disease in the early stage group; PD345, Parkinson’s disease in the advanced stage group; PSP, progressive supranuclear palsy; ROI, region of
interest; SN, substantia nigra; SNc, substantia nigra pars compacta; SNr, substantia nigra pars reticulate; STN, subthalamic nucleus; VL, nucleus
ventralis lateralis.

monitored the FA of the cerebrospinal fluid (CSF) in the
lateral ventricles and the splenium of the corpus callosum.
If the FAs in these structures were lower than the mean
value minus 2 SD of the normal subjects, we rejected the
patient.
Analyses
Statistical evaluations were done using SPSS 11.0J for
Windows. Multiple comparisons of the 38 hemispheres in
three patient groups with 16 hemispheres of normal subjects
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as a control were undertaken using Dunnett’s method.
Statistical significance was defined by a probability (p) value
of 0.05.

RESULTS
The mean FA values of all the ROIs are illustrated in fig 1E.
The FAs of either the CSF or the corpus callosum were very
consistent among the subjects, and no patient was rejected.
In patients with PSP, a significant decrease in the FA
values was observed in most of the subthalamic structures
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Fractional anisotropy (FA) values in five circuits of the extrapyramidal system
Circuits (corresponding regions)

Control
PD12
PD345
PSP

P (II+III+IV)

First (II+III)

Second (II)

Third (I+II+III)

Fourth (I+II+III+IV)

0.490
0.451
0.456
0.403**

0.483
0.445
0.456
0.410**

0.583
0.548
0.537
0.449**

0.542
0.493*
0.495*
0.439**

0.542
0.434*
0.493*
0.432**

Parkinsonian patients showed a significant decrease in FA values in the third and fourth accessory circuits,
regardless of clinical stage.
*p,0.05, **p,0.01.
P, principal circuit; PD12, Parkinson’s disease in the early stage group; PD345, Parkinson’s disease in the
advanced stage group; PSP, progressive supranuclear palsy.

(216.2% to 34.1%, p,0.01 to 0.05). Subcortical white matter
also showed a severe decrease (239.6%, p,0.01).
In patients with Parkinson’s disease, FA values were
significantly low in ROIs beside the substantia nigra
(210.5% to 16.0%, p,0.05). In advanced cases, subcortical
white matter also showed low FA values compared with the
normal subjects (216.9%, p,0.05). FA values in the putamen, caudate nucleus, or nucleus ventralis lateralis showed
no significant decrease in either subgroup.
For further evaluation, we compared the regional change
of FA in the extrapyramidal system. The system consisted of
one principal striatal circuit and four accessory circuits.17
Accordingly, we divided the 15 ROIs into four regions
(regions I to IV in fig 1E), and assigned the regions to each
neural circuit: the principal circuit (P)—which included the
cortex, neostriatum, globus pallidus, and thalamus—could be
estimated by ROIs in regions II, III, and IV. In the same way,
the first accessory circuit corresponded to regions II and III,
the second to region II, the third to regions I, II, and III, and
the fourth to all regions. We then compared the FA values of
each circuit in normal subjects with those in the patient
groups.
In patients with PSP, the FA values were low in all of the
circuits compared with the normal subjects. The patients
with Parkinson’s disease showed a significant decrease in the
third and fourth circuits where the nigrostriatal projections
were involved, regardless of the clinical stage of the disease
(table 1).

DISCUSSION
Duguid et al reported that patients with Parkinson’s disease
showed histological changes in the midbrain which can be
detected as subtle alterations around the substantia nigra on
conventional MRI.18 These differences were too small to help
in distinguishing parkinsonian brains from normal brains
with high reproducibility in routine clinical imaging.
After the study, advanced MR techniques such as diffusion
weighted imaging and magnetisation transfer ratios were
made available for clinical use and immediately applied to
the diagnosis of Parkinson’s disease. However, these attempts
failed to distinguish patients with Parkinson’s disease from
normal subjects.19 20
The FA value is derived from eigenvalues of the diffusion
tensor and is a measure of the anisotropy of water diffusion
in tissue: completely isotropic diffusion has an FA of 0,
whereas in highly anisotropic diffusion the FA approaches 1.
As far as white matter is concerned, uniformity of fibre
bundles is the primary issue: pyramidal tract or corpus
callosum, in which unidirectional fibres are dominant, will
show high FA values.21 A decrease in FA of these structures
may be a sensitive indicator of histological abnormality, even
if the values were derived from normal-appearing tissue by
conventional MRI.22 At present, the pathological interpretation of FA reduction in the brain with neurodegenerative

disease is not clear, and may be caused by—among other
things—neuronal loss, gliosis, or demyelination.7–9
According to this assumption, PSP patients were expected
to show a robust decrease of FA in these structures, and the
change was confirmed in this study. Similarly, patients with
Parkinson’s disease may show low FA values in the
nigrostriatal projection, which is selectively lost in the
disease. As the projections consist of so few and such small
dopaminergic neurones that they cannot be allocated by
conventional MRI or other techniques such as fibre tracking,6 23 we spread arrays of ROIs in subthalamic structures,
where the major part of the nigrostriatal projections would be
involved.15
The present results showed that the parkinsonian patients
had decreased FA values in two striatal circuits in which
dopaminergic neurones are included, and the change was
evident regardless of clinical stage. Assuming that the loss of
FA parallels the neuronal change in the brain, our results
corresponded well to the view that 70–80% of dopaminergic
neurones are lost before the onset of Parkinson’s disease.
Our study also revealed a significant change in subcortical
white matter among the cases of advanced Parkinson’s
disease. This might be a result of extended damage in the
extrapyramidal system including the corticostriatal and
thalamocortical projections.
Finally, the results suggested that FA values potentially
contribute to the diagnosis of neurodegenerative disorders
with normal appearing brain by conventional MRI, although
the correlation between the FA and pathological changes in
brain tissue is a primary concern for further studies.
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