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Background and purpose: Machado—Joseph disease (MJD/SCA3) is the most
frequent spinocerebellar ataxia, characterized by brainstem, basal ganglia and
cerebellar damage. Few magnetic resonance imaging based studies have inves-
tigated damage in the cerebral cortex. The objective was to determine whether
patients with MJD/SCA3 have cerebral cortex atrophy, to identify regions
more susceptible to damage and to look for the clinical and neuropsychologi-
cal correlates of such lesions.

Methods: Forty-nine patients with MJD/SCA3 (mean age 47.7 + 13.0 years,
27 men) and 49 matched healthy controls were enrolled. All subjects under-
went magnetic resonance imaging scans in a 3 T device, and three-dimensional
T1 images were used for volumetric analyses. Measurement of cortical thick-
ness and volume was performed using the FreeSurfer software. Groups were
compared using ANCcovA with age, gender and estimated intracranial volume as
covariates, and a general linear model was used to assess correlations between
atrophy and clinical variables.

Results: Mean CAG expansion, Scale for Assessment and Rating of Ataxia
(SARA) score and age at onset were 72.1 £4.2, 147+ 7.3 and
37.5 + 12.5 years, respectively. The main findings were (i) bilateral paracen-
tral cortex atrophy, as well as the caudal middle frontal gyrus, superior and
transverse temporal gyri, and lateral occipital cortex in the left hemisphere
and supramarginal gyrus in the right hemisphere; (ii) volumetric reduction of
basal ganglia and hippocampi; (iii) a significant correlation between SARA
and brainstem and precentral gyrus atrophy. Furthermore, some of the
affected cortical regions showed significant correlations with neuropsychologi-
cal data.

Conclusions: Patients with MJD/SCA3 have widespread cortical and subcorti-
cal atrophy. These structural findings correlate with clinical manifestations of
the disease, which support the concept that cognitive/motor impairment and
cerebral damage are related in disease.

Introduction

Machado—Joseph disease (MJD/SCA3) is the most fre-
quent autosomal dominant spinocerebellar ataxia world-
wide. It is a neurodegenerative disease characterized by
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remarkable phenotypic heterogeneity and caused by an
unstable mutation (CAG repeat expansion) at the
ATXN3 (MJDI) gene on chromosome 14q. The clinical
manifestations include ataxia, peripheral neuropathy,
ophthalmoparesis, pyramidal symptoms, dystonia, sleep
disorders or parkinsonism. Furthermore, it is known
that CAG repeat length correlates with age at onset and
disease severity [1].

Neuroimaging studies have been very valuable in
characterizing brain damage in spinocerebellar ataxias
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(SCAs) and MJD/SCA3 in particular. In MJD/SCA3,
however, some of these magnetic resonance imaging
(MRI) based studies relied solely upon visual analysis
or manual quantification [2]. In fact, only a few have
used automated volumetric measurements [2-4]. Fur-
thermore, most neuroimaging reports have focused on
the cerebellum and its direct connections, such as
brainstem, spinal cord and basal ganglia, because
ataxia is the major clinical characteristic in the disease
[1,5] Interestingly, little is known about cerebral
cortical damage in these patients [6]. D’Abreu et al.
[7] employed a voxel-based morphometry (VBM)
approach in a large cohort of patients and found atro-
phy in the neocortex, including frontal, parietal, tem-
poral and occipital lobes. Furthermore, some studies
using positron emission tomography (PET) and single
photon emission tomography (SPECT) showed
involvement of the cortex in this illness [8].

These imaging data strongly suggest that neurode-
generation in MJD/SCA3 extends far beyond the
cerebellum and motor pathways. In the last few
years, cognitive deficits have been increasingly recog-
nized in the disease. Lopes et al. [9] found episodic
and working memory deficits, whereas Kawai et al.
[10] also identified difficulties in visuospatial and lan-
guage tasks. Such neuropsychological abnormalities
cannot be explained exclusively by cerebellar dam-
age. In this scenario, it is crucial to systematically
investigate cerebral cortex damage in patients with
MIJD/SCA3 and to determine whether it correlates
with neuropsychological findings. Recent advances in
MRI analyses now enable reliable investigation of
cerebral cortex damage, using tools such as the Free-
Surfer package (http://surfer.nmr.mgh.harvard.edu).
FreeSurfer performs automatic segmentation of all
cortical and subcortical structures in the brain, thus
enabling determination of the volume, area and
thickness of the cerebral cortex. Measurements are
accurate and present high reproducibility [11]. This
methodology has been successfully used in other neu-
rodegenerative disorders. Therefore, the primary aim
of this study was to determine whether patients with
MIJD/SCA3 have cerebral cortex atrophy and to
identify regions more susceptible to damage. As a
secondary objective, clinical correlates of such
involvement were investigated including both motor
and cognitive functioning.

Materials

Participants

This study was approved by our institution research
ethics committee and written signed consent was

obtained from all subjects. Forty-nine adult symptom-
atic patients (27 men) with molecular confirmation of
MID/SCA3 and 49 healthy controls (27 men) were
enrolled in the study (Table 1). All patients were
recruited from the neurology and neurogenetics outpa-
tient clinics (Department of Neurology, University of
Campinas, Campinas, Brazil) between 2009 and 2013.
Patients with unavailable clinical or genetic data were
excluded from the study.

Neurological and cognitive evaluation

For each patient, information about age at onset, dis-
ease duration and CAG repeat length were recorded.
In addition, a neurologist performed the Scale for
Assessment and Rating of Ataxia (SARA) [12] on the
same day as the MRI acquisition.

A subgroup of 28 patients also underwent neuro-
psychological assessment, performed by a trained psy-
chologist [9]. Mean age and educational level of these
subjects were 46.5 + 11.5 years and 10.0 £+ 4.0 years,
respectively. The following tests, validated for the Por-
tuguese language, were included: Rey auditory verbal
learning test (coding, delayed recall and recognition);
Corsi block-tapping task (forward and backward);
digits span — forward and backward; semantic verbal
fluency (animal category); figure memory, logical
memory I and IT and associated paired visual I and II
subtests (WMS-R); similarities and picture completion
(WAIS III subtest); Boston naming test; Hooper
visual organization; Wisconsin card sorting test; and
Raven Progressive Matrix Test (General Scale). Beck
inventories for depression (BDI) and anxiety (BAI)
were also applied to these 28 patients to evaluate
depressive symptoms and anxiety. Mean BAI, BDI
and educational level scores in this subgroup were
10.0 +£ 9.7, 15.0 £ 13.0 and 9.8 + 3.8, respectively.

Table 1 Demographics data

Patients Controls
(n = 49) (n = 49)
Gender (men/women) 27/22 27/22
Age? 47.7 £ 13.0 47.5 £ 12.7
(mean + SD, years)
CAG (mean £ SD) 72.1 £4.2 -
Age at onset 37.5 £ 12.5 -
(mean + SD, years)
Duration 10.0 £ 4.7 -
(mean + SD, years)
SARA (mean £ SD) 147 +£ 7.3 -
Patients with dystonia 19 (39%) -

Clinical subtype
(1/2/3/4)

14/23/11/1 -

4P value = 0.932, ¢ test.
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Image acquisition

All subjects underwent a detailed MRI protocol on a
Philips 3 T scanner that included (i) T1 volumetric
sequence — sagittal orientation, slice thickness of
I mm, echo time (TE)= 3.2 ms, repetition time
(TR) = 7.1 ms, excitation angle (flip angle) 8°, isotro-
pic voxels of 1.09 1.0 9 1.0 mm’, field-of-view
(FOV) =240 9 240 9 180; (ii) T2 sequence — coro-
nal multi-echo (five echos) T2-weighted images with
TE = 30 ms, TR = 3300 ms, voxels reconstructed to
0.42 9 042 9 3.00 mm’, FOV =180 9 180; (iii)
FLAIR sequence — coronal and axial orientation, T2-
weighted images anatomically aligned at the hippo-
campus with the gap between the slices 1 mm,
TE = 140 ms, TR =12 000 ms, time inversion
= 2850 ms, voxels reconstructed to 0.459 0.45 9
4.00 mm?, FOV = 220 9 206.

All images were first reviewed and those patients
who had abnormalities unrelated to MJID/SCA3 (e.g.
white matter disease, minor strokes) or significant
motion artifacts were excluded. Then, T1 volumetric
images were used for all further analyses in the Free-
Surfer software.

Cortical thickness analyses

Cortical thickness was determined using the FreeSur-
fer software v.5.3. This measure was chosen because it
is more sensitive to cortical variations than area and
volume [13]. Measurements were performed according
to the protocol suggested by Fischl and Dale [11].
Images were corrected for magnetic field inhomoge-
neity, aligned to the Talairach and Tournoux atlas
[14] and skull-stripped. Next, voxels were labeled as
gray matter, white matter or cerebrospinal fluid. From
these, using triangle meshes, two surfaces were cre-
ated: the white surface, which is the interface between
gray matter and white matter, and the pial surface
[11]. Cortical thickness was calculated as the shortest
distance between the pial and white surface at each
vertex across the cortical mantle. For all analyses, a
Gaussian filter with 10 mm full width at half maxi-
mum was used for smoothing the surface. Further-
more, estimated total intracranial volume (eTIV) [15]
and the volume for subcortical regions [16] were cal-
culated. Regional cortical thickness variations between
the patient and control groups were assessed using a
general linear model (GLM) with age, gender and
eTIV as covariates. Monte Carlo simulations were
then employed to correct for multiple comparisons
thus enabling the identification of significant vertex-
wise group clusters. This analysis was performed using
the Qdec suite which is part of the FreeSurfer toolbox
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(https://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial/
QdecGroupAnalysis_freeview).

In addition to vertex-wise comparisons, FreeSurfer
enables the comparison of cortical thickness and sub-
cortical volume measurements for parcellation [16,17]
taking into account anatomical atlases such as that
proposed by Desikan ef al. [18]. In this analysis,
another GLM with age, gender and eTIV as covari-
ates was performed to assess cortical thickness and
subcortical volume differences between the two groups
for each region. In order to correct for multiple
comparisons, the Dunn—Sidak multiple comparison
test (level of significance a = 0.001) was employed.
This analysis was performed using the SYSTAT soft-
ware v13.0 (San José, CA, USA).

Correlation analyses

Cortical data
For correlation analyses with clinical and genetic data,
only those regions where cortical thickness was
reduced in MJD/SCA3 patients were investigated.
First, a simple regression was performed to investigate
the association between cortical thickness of those
regions and severity of disease (SARA score). Next,
multiple regression analyses were performed to investi-
gate (i) the determinants of cortical damage and (ii)
possible correlations with neuropsychological data. In
the former, age, age at onset, disease duration and
length of the expanded CAG repeat were used as
regressors. In the latter, BDI, BAI, SARA, age, gen-
der and educational level were included as covariates
in the model.

Systat v13.0 was employed for all these analyses.
The P values were set to 0.0014 (Dunn—Sidak correc-
tion for multiple comparisons).

Subcortical data

Linear regression analyses to investigate possible rela-
tionships between subcortical volumes and severity of
disease (SARA score) were used, adjusted for the vari-
ables ¢TIV and gender. These analyses were per-
formed in SYSTAT v13.0 and the level of significance
was set at P = 0.003 (corrected for multiple compari-
sons, Dunn—Sidak).

Results

Cortical thickness analyses

Using vertex-wise analysis, significant differences in
cortical thickness between patients and controls were
found in the left hemisphere at the superior frontal,
superior temporal and precentral cortices, and in the
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right hemisphere at the superior frontal cortex. These
data are shown in Fig. 1 and Data S1.

Using the Desikan et al. atlas, significant cortical
thinning was found in several regions of both hemi-
spheres (Table 2).

Volumetric analyses

Several subcortical structures presented significantly
smaller volumes in patients with MJD/SCA3 compared
with healthy controls (Table 3). Interestingly, both hip-
pocampi were also atrophic in the MJD/SCA3 group
(right, 4026 + 474 vs. 4435 + 507 mm®, P < 0.001;
left, 3941 + 482 vs. 4259 + 489 mm?>, P < 0.001).

Correlation analyses

Cortical data

Single variable. In the group of patients with MJID/
SCA3, the SARA scores showed a significant inverse
correlation with cortical thickness of the left precen-
tral gyrus (r = —0.302, P = 0.035), anterior transverse
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Figure 1 Map for group difference between patients and controls
regarding cortical thickness; vertex-by-vertex analysis.

temporal gyrus (r = —0.303, P = 0.034), superior tem-
poral sulcus (r = —0.354, P =0.013), caudal middle
frontal cortex (r = —0.330, P = 0.020), paracentral
cortex (r = —0.311, P = 0.03) and transverse temporal
cortex (r = —0.346, P = 0.015).
Multiple regression. In the multiple regression model,
the thickness of the right angular gyrus, the posterior
ramus of the left lateral sulcus and left caudal middle
frontal cortex were significantly correlated with age,
age at onset and disease duration (Table 4). No corre-
lation between the length of the expanded CAG
repeat and thickness measurements was found.
Regarding neuropsychological tests, a correlation
was found between the similarity test (Wechsler
Intelligence Adult scale III subtest) and precentral
gyrus thickness; the Raven Progressive Matrix Test
(General Scale) and middle occipital gyrus thickness;
the similarity test and superior occipital gyrus thick-
ness (Table 5).
Subcortical data. A significant correlation was found
between SARA scores and subcortical volumes: brain-
stem (r = 0.581, P <0.001), left thalamus volume
(r=0.624, P <0.001) and ventral diencephalon both
at right (r=0.575, P <0.001) and left (r = 0.641,
P <0.001) (Data S2). Duration of the disease also
correlated with volumes of left (r = 0.619, P < 0.001)
and right (r = 0.578, P < 0.001) ventral diencephalon
and right cerebellar white matter (r = 0.543,
P =0.001) (Data S3). No correlations between sub-
cortical volumes and age, age at onset and length of
the expanded CAG repeat were found.

Discussion

This is the first study specifically devoted to investigat-
ing cerebral cortical damage in MJD/SCA3, using
high resolution MRI scans and robust software for
cortical thickness measurements (FreeSurfer). Multifo-
cal cortical damage in the disease in a large cohort of
patients was demonstrated. Motor regions of the fron-
tal lobes were particularly affected, but cortical thin-
ning also included areas of the parietal, temporal and
occipital lobes. Gliosis and neuronal loss probably
underlie these volumetric abnormalities [19]. Previous
studies have indeed found loss of giant Betz neurons
of layer V predominantly in the primary motor cortex
of MID/SCA3 patients, which is in line with our own
results [20]. Although several atrophic cortical areas
were found, damage was not homogeneously distrib-
uted over the cortical mantle. If it is considered that
ataxin-3 (both normal and expanded) is expressed all
over the cortex [21], this suggests that some neurons,
such as pyramidal cells, are more vulnerable to the
harmful effects of the mutant protein. These neurons
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Table 2 Gyral-based areas with cortical thinning in patients with
MID/SCA3

MIJD mean Control mean

Structure (mm) (mm)
Left hemisphere

Middle occipital gyrus 2.27 £ 0.19 2.40 + 0.17
Precentral gyrus 249 + 0.18 2.63 + 0.20
Anterior transverse 2,13 £0.27 231 £0.24
temporal gyrus

Posterior ramus of the 2.14 £ 0.22 2.30 £ 0.20
lateral sulcus

Inferior part of the 2.12 £ 0.15 2.26 + 0.16
precentral sulcus

Superior temporal sulcus 2.19 £ 0.17 2.32 +£0.14
Right hemisphere

Paracentral lobule and sulcus 1.98 + 0.18 2.16 £ 0.17
Middle-posterior part of the 2.35 +0.19 247 + 0.14
cingulate gyrus and sulcus

Short insular gyri 3.35 £ 0.30 3.49 + 0.19
Superior occipital gyrus 1.89 + 0.19 2.03 + 0.21
Angular gyrus 235 +£0.17 247 £ 0.17
Precentral gyrus 243 + 0.25 2.62 + 0.22
Posterior ramus of the 222 +£0.18 2.34 £0.14
lateral sulcus

Central sulcus 1.62 £ 0.12 1.72 £ 0.12
Marginal branch of the 1.99 + 0.16 2.11 + 0.16
cingulate sulcus

Medial occipito-temporal 222 +0.21 2.37 + 0.19

sulcus and lingual sulcus

Table 3 Subcortical structures with volumetric reduction in patients
with MJD/SCA3

Structure MIJD mean (mm?) Control mean (mm?)

Left hemisphere

Cerebellum WM 8511 + 1951 15 204 + 2298
Cerebellum GM 38 270 + 4735 44 921 £ 6052
Thalamus 6184 + 758 7439 + 1036
Caudate 3005 + 355 3471 + 427

Putamen 5099 + 608 5804 £ 956

Pallidum 1167 + 200 1395 + 261

Ventral diencephalon 2972 + 364 3742 + 374

Right hemisphere

Cerebellum WM 8322 + 1863 15 449 + 2063
Cerebellum GM 38 781 + 4895 45 603 + 5819
Thalamus 5782 + 640 6631 £ 737

Caudate 3169 + 392 3678 + 543

Putamen 5101 + 585 5747 + 821

Pallidum 1186 + 163 1565 + 240

Ventral diencephalon 3018 + 352 3852 + 460

Brainstem 14 313 + 2367 20 929 + 2445

WM, white matter; GM, gray matter.

with long projections have a high metabolic demand
to support the transport of proteins and organelles all
along the axon. Such metabolic needs might be com-
promised due to mutant ataxin-3 deleterious effects
such as dysfunction of the ubiquitin-proteasome sys-
tem and mitochondrial failure [22].
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Most MRI-based studies in MJD/SCA3 focused
on the cerebellum and subcortical structures [5,23].
In accordance with these previous reports, our data
also indicate volumetric reduction of both thalami
and basal ganglia, as well as the cerebellum and
brainstem. These are regions involved in motor con-
trol that account for the main clinical manifestations
found in patients with MJD/SCA3, such as ataxia,
dystonia and pyramidal signs. In our analyses,
severity of ataxia correlated with brainstem and tha-
lamic volumes, which gives further support to this
hypothesis. On the other hand, available data that
report cortical damage in MJD/SCA3 are scant [5].
Some PET and SPECT studies identified cortical
areas of hypoperfusion in SCA3, including the infe-
rior and superior portions of the frontal lobes, lat-
eral portion of the temporal lobes, parietal lobes
and occipital lobes [8]. D’Abreu et al. [7] performed
VBM analyses and found widespread cortical atro-
phy in a large cohort of patients. In another study,
Goel et al. [24] found cortical thinning in the supe-
rior temporal gyrus and inferior frontal gyrus in
both hemispheres. These results are similar to those
reported here, but atrophy in some regions reported
in that paper, such as the insula, cuneus and precu-
neus, were not found [7]. This apparent discrepancy
is probably explained by the different technical
approaches employed by VBM and FreeSurfer to
determine gray matter volumes. Briefly, VBM
merges information about morphology, size and
position of the cortex to determine gray matter
densities. In contrast, FreeSurfer performs an auto-
mated segmentation and calculates thickness in
native space images using a surface-based model,
measuring differences in gray matter based on the
geometry of the cortical surface [11,16,17,25-29].
Therefore, cortical thickness is a direct measure and
less susceptible to errors induced by positional vari-
ance, since the cortex extraction follows the gray
matter surface [30,31]. Studies that attempted to
compare both methods found that surface-based
techniques are more sensitive to detect cerebral cor-
tex abnormalities compared with VBM, both in nor-
mal aging [13] and in neuropsychiatric disorders
[25,32,33].

In SCA3, some clinical features are mostly deter-
mined by expanded CAG repeat length, such as dysto-
nia, whereas others are time-dependent, such as
peripheral nerve damage [34]. Therefore, the determi-
nants of cortical damage were identified using multiple
variable regression analyses. The thickness of the right
angular gyrus, caudal middle frontal cortex and pos-
terior fissure significantly correlated with disease dura-
tion but not with CAG repeat length. These results
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Table 4 Multiple regression of thickness measurements versus clinical parameters in the MJD/SCA3 group

Structure R adjusted P-valor regression Independent variables Regression coeflicient P value
LH_ Caudal middle frontal cortex 0.569 0.004 Age —0.240 0.029
CAG —0.007 0.129
Onset 0.239 0.029
Duration 0.223 0.040
Gender 0.070 0.105
RH_Angular gyrus 0.662 <0.001 Age —0.390 0.001
CAG —0.003 0.469
Onset 0.386 0.001
Duration 0.376 0.001
Gender 0.111 0.010
RH_ Posterior ramus of the lateral sulcus 0.603 0.001 Age —0.266 0.029
CAG —0.006 0.232
Onset 0.258 0.033
Duration 0.248 0.039
Gender 0.058 0.219
Table 5 Multiple regression of thickness measurements versus neuropsychological tests in the MID/SCA3 group
Neuropsychological test R adjusted P value adjusted Independent variables Regression coefficient P value
Similarity® 0.823 0.001 LH_Precentral gyrus —13.261 0.041
BDI —0.260 0.044
BAI 0.217 0.156
SARA 0.160 0.395
Age 0.057 0.611
Educational level 1.543 <0.001
Gender —3.319 0.164
RAVENP 0.900 <0.001 LH_Middle occipital gyrus —16.528 0.025
BDI —0.209 0.131
BAI 0.135 0.419
SARA —0.047 0.805
Age —0.170 0.171
Educational level 2.708 <0.001
Gender 0.497 0.846
Similarity® 0.837 <0.001 RH_ Superior occipital gyrus —20.066 0.017
BDI —0.251 0.044
BAI 0.151 0.315
SARA 0.191 0.278
Age 0.018 0.872
Educational level 1.688 <0.001
Gender —2.611 0.255

4Similarity: Wechsler Intelligence Adult scale 111 subtest; "(RAVEN: Raven Progressive Matrix Test (General Scale).

suggest that cerebral cortical damage in MJD/SCA3 is
mostly time-dependent, rather than CAG expansion-
dependent. It seems that the MJD/SCA3 mutation
accelerates an age-dependent phenomenon of neuronal
death in some cortical regions.

A major finding in our analyses was motor cortex
atrophy in MJD/SCA3 compared with healthy con-
trols. Furthermore, severity of disease, expressed by
SARA scores, correlated with thickness of precentral
and paracentral cortices. Taken together, these data
indicate that motor impairment in MJD/SCA3 not

only is caused by cerebellar damage but is also related
to cerebral cortex atrophy. A possible explanation is
that precentral neuronal loss might disrupt the corti-
cospinal, cortico-bulbar and cortico-ponto-cerebellar
tracts. This hypothesis is supported by two recently
published diffusion tensor imaging-based studies in
MIJD/SCA3, which found abnormal radial diffusivity
in the frontal lobe white matter [4]. It would be inter-
esting now to validate these findings in a longitudinal
study and to separately evaluate patients with differ-
ent clinical subtypes of the disease.
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Several papers have described cognitive impairment
in patients with MJD/SCA3, including verbal and
visual memory deficits, visuospatial dysfunction and
executive dysfunction [9]. Depressive symptoms are
common as well [9]. Some authors consider that
these neuropsychological abnormalities in MJD/
SCA3 are related to the cerebellar cognitive affective
syndrome (CCAS) [35]. This syndrome was first
described by Schmahmann and Sherman [36] in
patients presenting behavioral changes and multiple
cognitive deficits due to lesions confined within the
cerebellum. The anatomical substrate for CCAS
probably involves dysfunction of circuits that con-
nect the cerebellum with the prefrontal, superior
parietal, superior temporal and limbic cortices [36].
Although this is a sound hypothesis, one must con-
sider that patients with MJD/SCA3 have extra-cere-
bellar pathology. In fact, volumetric reduction in
some cortical areas that might be involved with the
mental abnormalities found in MJD/SCA3 has been
found. Occipital and cingulate gyri damage, for
instance, may be associated with visuospatial deficits
and mood disorders, respectively. Bilateral hippocam-
pal atrophy was also found in the MIJD/SCA3
group, which may help to explain both visual and
verbal memory impairment in these patients. In addi-
tion, some of the affected cortical regions correlated
with neuropsychological tests, which further supports
the concept that cognitive impairment and cerebral
damage are related in MJD/SCA3. The thickness of
the right superior occipital gyrus presented a direct
correlation with the similarity subscore of the
Wechsler Intelligence Adult scale III and the left
middle occipital gyrus also correlated with the Raven
Progressive Matrix Test (General Scale). These find-
ings can be explained because these subtests require
the individual to describe how alike two given things
are (similarity) as well as to perform a mental visual-
ization of the patterns used in the Raven progressive
matrix, thus demanding intact visuospatial function-
ing. In a recent study, Zamboni et al. performed a
functional MRI study using a visuospatial task (simi-
lar to the similarity test) in a cohort of healthy
elderly and looked for the neuroanatomical corre-
lates for this cognitive function. Interestingly, they
found the superior occipital cortices to be signifi-
cantly activated, which supports the concept that it
is an important structure for recognition and visual-
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based memory retrieval [37]. An unexpected finding
was the association between left precentral gyrus
thickness and similarity subscore. However, Porro
et al. [38] in a functional MRI study found activa-
tion of this region in cognitive tasks that involve
motor imagery.

Conclusion

Patients with MJD/SCA3 have cerebral cortical dam-
age, including regions associated with motor and
cognitive function. Interestingly, motor and cognitive
dysfunction in these patients was significantly associ-
ated with the volumetric reduction of some cortical
regions. Furthermore, cerebral cortical damage in
MIJD/SCA3 is mostly time-dependent rather than
(CAG) expansion-dependent. Taken together, these
data indicate that neurodegeneration in MJD/SCA3
extends far beyond the cerebellum and that some clin-
ical manifestations may be caused by direct cerebral
cortical damage.
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