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of the Globus Pallidus in Patients with Machado-
Joseph Disease and Parkinson Disease, and in
Healthy Subjects
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BACKGROUND AND PURPOSE: Linear hyperintensity along the medial margin of the internal segment
of the globus pallidus (GPi) on T2-weighted images from patients with Machado-Joseph disease (MJD)
was recently reported. In this study, we aimed to compare the prevalence of this linear hyperintensity
between patients with MJD and patients with Parkinson disease, and in control subjects.

MATERIALS AND METHODS: We report the prevalence of linear hyperintensity along the GPi in 10
consecutive patients with MJD, 38 with Parkinson disease (PD), and 25 control subjects. We evaluated
the prevalence of linear hyperintensities on T2-weighted axial images in these groups, and in nearly
age-matched subjects younger than 60 years. We performed statistical analysis using the �2 test and
Fisher exact test to compare the prevalence of the hyperintensity in each group.

RESULTS: The prevalence of the linear hyperintensity in patients with MJD was significantly higher
than that in patients with PD and in control subjects (P � .014 and .006, respectively). In subjects
younger than 60 years, the prevalence of the hyperintensity in patients with MJD was significantly
higher than that in patients with PD and control subjects (P � .011 and P � .001, respectively). In the
control subjects, the linear hyperintensity tended to be greater in subjects older than 60 years (8/14
[57%] patients) than in subjects younger than 60 years (2/11 [18%] patients; P � .058). In patients with
PD, the prevalence did not differ between patients older than 60 years and patients younger than 60
years.

CONCLUSION: Linear hyperintensity along the globus pallidus is frequently found in patients with MJD,
but it can be also found in patients with PD and in control subjects, probably because of the normal
aging process.

Machado-Joseph disease (MJD) is an autosomal dominant
neurodegenerative disease caused by the expansion of

CAG trinucleotide repeats in a gene located at chromosome
14q.1 MJD is clinically characterized by variable combinations
of cerebellar ataxia, progressive external ophthalmoplegia, py-
ramidal signs, dystonia, muscular rigidity, amyotrophy, and
peripheral neuropathy. Neuropathologic findings indicate
that the spinocerebellar tracts are affected, along with the ves-
tibular and dentate nuclei. There is also frequent involvement
of the internal segment of the globus pallidus (GPi), the sub-
stantia nigra, and the subthalamopallidal connections.1

Recently, Yamada et al2 reported that T2-weighted images
(T2WI) of patients with MJD frequently showed linear hyper-
intensity along the GPi. This finding is helpful for diagnosing
MJD, and it is important because MJD is an inherited, slowly
progressive disease, and early genetic counseling is usually rec-
ommended. Observations in our clinical practice are consis-
tent with this finding, but we have also observed linear hyper-
intensity along the GPi in patients with other diseases, such as
Parkinson disease (PD), and in elderly subjects. PD is a com-
mon disease that affects the nigrostriatal fibers, some parts of
which run along the medial margin of the GPi.

Here, we investigated the presence of linear hyperintensity
on T2WI along the medial margin of the GPi in patients with
MJD or PD and in healthy subjects to better understand its
clinical significance.

Materials and Methods
There were 10 consecutive patients with MJD, 38 with PD, and 25

control subjects who were enrolled in our study. We confirmed the

diagnosis of MJD by measuring the expansion of the CAG repeat of

the MJD1 gene.3 Clinical diagnosis of PD was made in accordance

with the UK Parkinson’s Disease Society Brain Bank Clinical Diag-

nostic Criteria.4 The control subjects were patients without any neu-

rologic abnormalities who complained of headache or dizziness. De-

mographic data on the subjects are listed in the Table.

Brain MR imaging was performed with a 1.5T Signa Horizon MR

scanner (GE Healthcare, Milwaukee, Wis). We acquired T2WI using

the following parameters: fast spin-echo, TR, 4000 ms; TE, 99 ms;

number of averages, 2; section thickness, 6.0 mm; section gap, 1.5

mm; FOV, 230 � 230 mm; and matrix, 256 � 256. The axial sections

were set to lie parallel to the anteroposterior commissure line. The

axial section with the largest GPi was selected for evaluation. This

section always contained the posterior limbs of the internal capsule

and the thalamic pulvinar that were usually rostral to the anterior

commissure. On this selected section, 2 experienced neurologists

(W.S. and S.I.) who were blinded to the diagnosis evaluated whether

linear hyperintensity along the medial margins of the GPi was present

or absent. We performed statistical analysis using the �2 test and

Fisher exact test. We calculated the Cohen � value as a marker repre-

senting interrater reliability.
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Results
All 10 of the patients with MJD had linear hyperintensity along
the medial margin of the GPi (Table). Of the 38 patients with
PD, the linear hyperintensity was absent in 15 (39%) patients
and present in 23 (61%) patients. Of the 6 patients younger
than 60 years with PD, the hyperintensity was absent in 4
(67%) and present in 2 (33%). Of the 25 control subjects, the
linear hyperintensity was absent in 12 (48%) and present in 13
(52%). Of the 11 control subjects younger than 60 years, the
hyperintensity was absent in 9 (82%) and present in 2 (18%).
Interrater reliability was moderate (� value � 0.47).

In the statistical analysis, the prevalence of the linear hyper-
intensity in patients with MJD was found to be significantly
higher than that in the patients with PD and in the control
subjects (P � .014 and P � .006, respectively). There was no
significant difference between the patients with PD and the
control subjects. In subjects younger than 60 years, the preva-
lence of the hyperintensity in patients with MJD was signifi-
cantly higher than that in patients with PD or in the control
subjects (P � .011 and P � .001, respectively). In the control
subjects, linear hyperintensity had a tendency to be greater in
subjects older than 60 years (8/14 [57%]) than in subjects
younger than 60 years (2/11 [18%]; P � .058). In patients with
PD, the prevalence did not differ between patients older than
60 years and patients younger than 60 years.

Discussion
In our study, linear hyperintensity along the medial margin of
the GPi on T2WI was frequently observed in patients with
MJD, which is consistent with the results of a previous report2

in which hyperintensity along the GPi was considered to indi-

cate the degeneration of the lenticular fasciculus, which orig-
inates from the inner portion of the GPi and runs dorsomedi-
ally through the fibers of the internal capsule.5,6 The GPi and
its efferent fibers, such as the lenticular fasciculus and ansa
lenticularis, are frequently degenerated in patients with MJD,
and there is also frequent involvement of the nigrostriatal and
subthalamopallidal connections,1,7 which also run along the
GPi.8,9 Thus, linear T2 hyperintensity in patients with MJD
might reflect not only degeneration of the lenticular fascicu-
lus, but also degeneration of other fibers near the GPi.

Control subjects older than 60 years had more frequent
linear hyperintensity along the GPi than control subjects
younger than 60 years. Thus, we hypothesized that linear hy-
perintensity along the GPi was related to normal aging of the
brain, though we do not know what structural changes might
be causing the linear hyperintensity. Hyperintensity can be
interpreted as an abnormal sign when it appears in young
subjects, especially in those younger than 60 years, but should
probably be interpreted as a sign of normal aging of the brain
when it appears in older subjects, especially in those older than
60 years, though no research supports this hypothesis. On the
contrary, several reports show no apparent correlation be-
tween aging and the volume of the GPi.10-12 We speculate that
the hyperintensity along the GPi does not necessarily corre-
spond to atrophy of the GPi.

In patients with PD, the score of the linear hyperintensity
along the GPi was not significantly different from that in con-
trol subjects. Because most of the patients with PD were older
than 60 years, the linear hyperintensity might have been the
result of nonspecific changes in the aging brain, though it is
possible that nigrostriatal degeneration, as the main patho-

Demographic data and scores of linear hyperintensity along the medial margin of the globus pallidus on T2-weighted axial images

All Subjects Subjects Younger than 60 Years

MJD (n � 10) PD (n � 38) NC (n � 25) MJD (n � 9) PD (n � 6) NC (n � 11)
Men/Women 6/4 23/15 11/14 6/3 5/1 4/7
Age (y) 45 � 10 66 � 7 60 � 11 42 � 7 53 � 3 51 � 9
Disease duration (y) 12 � 7 5 � 5 11 � 7 4 � 3
Linear hyperintensity along the

globus pallidus
Absent, n (%) 0 (0) 15 (39) 12 (48) 0 (0) 4 (67) 9 (82)
Present, n (%) 10 (100)* 23 (61) 13 (52) 9 (100)* 2 (33) 2 (18)

Note:—MJD indicates Machado-Joseph disease; PD, Parkinson disease; NC, controls.

Fig 1. T2-weighted axial images in which the largest areas of
the globus pallidus are shown. A, There is no apparent linear
hyperintensity along the medial margin of the globus palli-
dus. B, There is apparent linear hyperintensity on both sides
along the medial portion of the globus pallidus. These signals
are hyperintense (ie, similar to the gray matter signals) and
are located in the outer portion of the posterior limb of the
right internal capsule. In addition, there are dilated perivas-
cular spaces in the bilateral globus pallidi.
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logic feature of PD, contributes to the presence of the linear
hyperintensity.

With regard to the selection of the sequences on MR imag-
ing, we evaluated the findings only on fast spin-echo T2WI
and could not make a comparison between fast spin-echo and
gradient-echo T2WI or between fast spin-echo T2WI and flu-
id-attenuated inversion recovery (FLAIR) images. We specu-
late that fast spin-echo T2WI is more suitable for depicting the
linear hyperintensity than gradient-echo T2WI because a sus-
ceptibility effect in the GPi on gradient-echo T2WI may cause
obscure hyperintensity along the GPi. FLAIR images may be
inferior because of their low signal-to-noise ratio compared
with fast spin-echo T2WI.

MR imaging features of MJD have been reported to be at-
rophy of the pons, especially pontine tegmentum; atrophy of
the cerebellum; fourth ventricular dilation; atrophy of the su-
perior cerebellar peduncles; and mild frontal atrophy.13,14 To-
kumaru et al13 failed to show atrophy of the globus pallidus,
and they did not mention any abnormalities of signal intensity
surrounding the GPi. The MR imaging diagnosis of MJD is
mainly based on loss of volume of the cerebellum and pons;
there is no confirmed change in signal intensity to suggest the
diagnosis of MJD. In patients with clinically suspected MJD, a
finding of linear hyperintensity along the medial margin of the
GPi can be useful for further confirmation of the diagnosis.

Conclusion
Linear hyperintensity along the medial margin of the GPi on
T2WI reflects some degeneration in patients with MJD, and it
is highly suggestive of MJD in younger people. However, it
also appears in healthy older subjects, and it is important to

keep in mind that the hyperintensity is highly suggestive of,
but not specific for, MJD in older people.
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