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Abstract
Purpose The aim of this study was to evaluate the integrity of the corticospinal tracts (CST) in patients with SCA3 and age- and
gender-matched healthy control subjects using diffusion tensor imaging (DTI). We also looked at the clinical correlates of such
diffusivity abnormalities.
Methods We assessed 2 cohorts from different Brazilian centers: cohort 1 (n = 29) scanned in a 1.5 T magnet and cohort 2 (n =
91) scanned in a 3.0 T magnet. We used Pearson’s coefficients to assess the correlation of CST DTI parameters and ataxia
severity (expressed by SARA scores).
Results Two different results were obtained. Cohort 1 showed no significant between-group differences in DTI parameters.
Cohort 2 showed significant between-group differences in the FA values in the bilateral precentral gyri (p < 0.001), bilateral
superior corona radiata (p < 0.001), bilateral posterior limb of the internal capsule (p < 0.001), bilateral cerebral peduncle (p <
0.001), and bilateral basis pontis (p < 0.001). There was moderate correlation between CST diffusivity parameters and SARA
scores in cohort 2 (Pearson correlation coefficient: 0.40–0.59).
Conclusion DTI particularly at 3 T is able to uncover and quantify CST damage in SCA3. Moreover, CST microstructural
damage may contribute with ataxia severity in the disease.

Keywords Spinocerebellar ataxia type 3 . Machado-Joseph disease . Cerebellar ataxia . Corticospinal tract . Diffusion tensor
imaging . Retrograde degeneration

Introduction

Spinocerebellar ataxia type 3 (SCA3) or Machado-Joseph dis-
ease (MJD) is the most common autosomal dominant
spinocerebellar ataxia (SCA) worldwide and is caused by a
CAG trinucleotide expansion located in exon 10 of ATXN3
[1]. This is a neurodegenerative disorder that typically begins

in the 3rd or 4th decade of life. The clinical spectrum of SCA3
inc ludes var iab le degrees of cerebe l l a r a tax ia ,
ophthalmoplegia, nystagmus, pyramidal and extra-pyramidal
signs, and also non-motor symptoms [2–5]. Several clinical,
imaging, and pathological studies in SCA3 have demonstrated
widespread neurodegeneration, with involvement of the
brainstem, basal ganglia, spinal cord, peripheral nerves,
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cerebral cortex, and the cerebellum [6–9]. Pyramidal signs
such as brisk tendon reflexes and spasticity are common,
and reflect involvement and degeneration of the corticospinal
tracts (CST).

Neuroimaging studies have proven useful to characterize
the extension of CNS damage and to track progression of
SCA3. MRI-derived parameters may turn into potential bio-
markers to assist in the design of clinical trials for SCA3.
However, these studies mostly focused in the cerebellum
and connections [9–11]. Few articles have evaluated the
CST in SCA3. Neurophysiological studies with transcranial
magnetic stimulation demonstrated alteration in cortical excit-
ability and central motor conduction time, suggesting motor
system neurodegeneration [12, 13]. Other DTI studies showed
widespread white matter damage in SCA3 patients, including
in the CST [14, 15]. In this scenario, diffusion tensor imaging
(DTI) emerges as an interesting tool to investigate damage to
this tract. It is an MRI technique that uses different gradient
directions to generate images based on the random motion of
water molecules. DTI provides quantitative measures of mag-
nitude and direction of water molecules, using different mea-
sures, like fractional anisotropy (FA), mean diffusivity (MD),
radial diffusivity (RD) and axial diffusivity (AD). These met-
rics are considered surrogate markers of the microstructural
integrity of white matter tracts in the brain.

Therefore, considering that pyramidal signs are frequent in
SCA3, the aim of this study is to characterize the pattern of
CST damage in the disease using DTI. We also looked at the
clinical correlates of such diffusivity abnormalities.

Materials and methods

Subject’s selection

We retrospectively evaluated 120 patients with clinical and
genetically confirmed SCA3 from Ataxia Outpatient Clinic
at UNIFESP hospital and from Neurogenetics Outpatient
Clinic at UNICAMP hospital. We divided those subjects in
2 cohorts: cohort 1 included 29 patients from the UNIFESP
Ataxia Outpatient Clinic that were scanned in a 1.5 T MRI;
cohort 2 included 91 patients from the UNICAMP
Neurogenetics Outpatient Clinic that underwent 3.0 T MRI.

A control group of 120 age- and gender-matched healthy
individuals underwent MRI scans and results were compared
with SCA3 patients. Twenty-nine control subjects were from
UNIFESP and were scanned in a 1.5 T MRI. Ninety-one con-
trol subjects were from UNICAMP and were scanned in a 3.0
T MRI.

Institutional ethics committee (Comitê de ética em
Pesquisa da UNIFESP) approved this study and written in-
formed consent was obtained from all participants.

Clinical evaluation

All SCA3 patients were evaluated with neurological examina-
tion and the Scale for the Assessment and Rating of Ataxia
(SARA) [16]. The interval between clinical evaluation and
MRI scanning was no more than 1 month. Some demograph-
ical and clinical features such as age at onset, disease duration,
and CAG repeat length were also collected.

Imaging acquisitions

Cohort 1 Twenty-nine SCA3 patients and twenty-nine control
subjects underwent a high-resolutionMRI acquisition on a 1.5
T Phillips Achieva Scanner. Imaging acquisition was made
using a standard 8-channel head coil. For DTI multi-atlas
analyses, we used a single shot echo planar DTI sequence:
2.2 × 2.2 × 2.2 mm3 acquiring voxel size, interpolated to 1 ×
1 × 1 mm3; reconstructed matrix of 128 × 128; TE/TR 70/
8156 ms; flip angle 90°; 32 gradient directions; no averages;
max b-factor = 700 s/mm2. For T1 multi-atlas, we used high-
resolution T1 volumetric images of the brain with axial orien-
tation, voxel matrix 256 × 256, voxel size 1 × 1 × 1.1 mm3,
TR/RE 7.7/3.8 ms, and flip angle 8°.

Cohort 2 Ninety-one SCA3 patients and ninety-one control
subjects underwent a high-resolution MRI acquisition on a
3.0 T Phillips Achieva Scanner. Imaging acquisition was
made using a standard 8-channel head coil. For DTI multi-
atlas analyses, we used a spin echo DTI sequence: 2 × 2 ×
2 mm acquiring voxel size, interpolated to 1 × 1 × 2 mm3;
reconstructed matrix 256 × 256; TE/TR 61/8500 ms; flip an-
gle 90°; 32 gradient directions; no averages; max b-factor =
1000 s/mm2. For T1 multi-atlas, we used a high-resolution T1
volumetric images of the brain with sagittal orientation, voxel
matrix 240 × 240 × 180, voxel size 1 × 1 × 1mm3, TR/TE
7/3.201 ms, and flip angle 8°.

A routine T2-weighted sequence and fluid-attenuated in-
version recovery (FLAIR) was performed in all subjects and
carefully reviewed by a board-certified neuroradiologist
(Inada BSY) in order to rule out unrelated abnormalities. No
patients were excluded due to poor image quality.

DTI analysis

To process the DTI images, we used a web-based service for
multi-contrast imaging segmentations and quantification—
“MRICloud” (MRICloud.org). To remove subject motion,
the raw DTI images were corrected for eddy currents and
co-registered [17] using a 12-pareameter affine transform
[18]. We used a multivariate linear fitting to quantify the
DTI parameters. To skull-strip, we used the intensity threshold
using a b = 0 image with a tool of RoiEditor software (Li, X.;
Jiang, H.; Yue, Li.; and Mori, S.; Johns Hopkins University,

218 Neuroradiology (2021) 63:217–224

http://mricloud.org


www.MriStudio.org or www.kennedykrieger.org). After that,
we employed the multi-contrast LDDMM algorithm to regis-
ter the atlas to the images and then the parcellation, which
employs a DLFA algorithm [19]. All analyses are performed
in native space. The computations were processed on the
Gordon cluster of XSEDE [20].

DTI multi-atlas automatically segmented the brain white
matter in 59 labels. We choose the following segments to
study the CST: precentral gyrus (PCG), superior corona
radiata (SCR), posterior limb of internal capsule (PLIC), ce-
rebral peduncle (CP), and basis pontis (BP) (Fig. 1).
Afterwards, we computed the values of FA, MD, RD, and
AD separately for all previously mentioned labels.

Statistical analysis

We used descriptive statistics to report the major findings.
Age variance and distribution were accessed with Levene’s
test and skewness normality test. For each variable of interest,
the Shapiro-Wilk test was employed to assess the presence of
a normal distribution. The inferential analysis utilized the one
sample t test (intragroup differences) or the two samples t test
(intergroup differences).

Correlation degree and the level of interaction between
quantitative variables were verified by utilizing Pearson cor-
relation coefficient (PCC). The strength of PCCwas described
by using the following guide: very weak: 0.00–0.19; weak:
0.20–0.39; moderate: 0.40–0.59; strong: 0.60–0.79; very
strong: 0.80–1.00.

For all comparisons, the level of significance was set at
0.05, corrected for multiple comparisons with post hoc
Tukey_HSD test. We used the software SPSS (version 25)
to run the analyses.

Results

Cohort 1

No differences were observed between SCA3 subjects and the
respective control group regarding age (40.5 ± 10.5 vs 42.5 ±
9.6 years, p = 0.4) and gender (16 females and 13 males in
SCA3 subjects and control). The mean disease duration was
7.1 ± 4.2 years (ranging from 2 to 20 years). The mean CAG
repeat length was 71.0 ± 3.7 (ranging from 63 to 77). Mean
SARA score was 10.8 ± 6.6 (ranging from 1 to 25.5).

DTI analysis showed reduction in FA values in bilateral
PCG in SCA3 subjects (right side: 0.572 ± 0.037 vs 0.593 ±
0.016, p = 0.007; left side: 0.591 ± 0.036 vs 0.610 ± 0.011, p =
0.009.).

We did not find reduction in FA values in the SCR, PLIC,
CP, and BP. We did not find either significant differences in

MD, RD, and AD values comparing patients and controls
(Table 1).

There was no significant correlation between disease dura-
tion, SARA, and CAG repeat length and any of the DTI-
derived parameters.

Cohort 2

No differences were observed between SCA3 subjects and the
respective control group regarding age (48.16 ± 12.79 vs
47.92 ± 12.5, p = 0.8) and gender (49 females and 42 males
in SCA3 subjects and control). Themean disease duration was
10.38 ± 6.82 years (ranging from 0 to 34 years). The mean
CAG expansion length in SCA3 patients was 71.93 ± 3.69
(ranging from 64 to 83). Mean SARA score in SCA3 patients
was 13.13 ± 8.63 (ranging from 0 to 31).

FA: The SCA3 group showed decrease in FA in bilateral PCG,
SCR, PLIC, CP, and BP (Table 2).

MD: The SCA3 group showed increased MD in left PCG,
bilateral SCR, bilateral PLIC, bilateral CP, and bilateral BP
(Table 2). We did not find significant reduction in MD values
in right PCG in SCA3 subjects.

RD: The SCA3 group showed increased RD in bilateral PCG,
SCR, PLIC, CP, and BP (Table 2).

AD: The SCA3 group showed increased AD in bilateral PLIC,
bilateral BP, and left CP compared with the respective control
group. We did not find significant increase at the PCG, bilat-
eral SCR, and right CP (Table 2).

In order to find the most affected segment of the CST, we
calculated the mean value difference (in percentage) of FA,
MD, RD and AD between the SCA3 subjects of the cohort 2
and the respective control group in all segments of this tract
(Fig. 2).

Correlation analyses PCG, SCR, PLIC, CP, and BP demon-
strate moderate negative correlation between FA values and
SARA scores, and moderate positive correlation of MD and
RD values with SARA scores. We also identified a weak
positive correlation between SARA scores and AD values
for these regions. Furthermore, there was no significant corre-
lation between disease duration or CAG repeat length and any
of the DTI-derived parameters (Online resource).

Discussion

In this study, DTI was employed to evaluate the CST in SCA3
patients from 2 different institutions. We looked at 4 DTI
parameters: FA and MD are the most popular measures
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Table 1 Cohort 1 mean FA, MD, RD, and AD values in SCA3 and control subjects

CST labels DTI measures

FA p value MD (10−3) p value RD (10−3) p value AD (10−3) p value

RPCG SCA3 0.5721 ± 0.0369 0.007 0.4071 ± 0.0682 0.423 0.2710 ± 0.0618 0.184 0.6791 ± 0.0829 0.977
Control 0.5929 ± 0.0160 0.3966 ± 0.0140 0.2552 ± 0.0132 0.6796 ± 0.0204

LPCG SCA3 0.5907 ± 0.0364 0.009 0.4064 ± 0.0690 0.349 0.2633 ± 0.0617 0.142 0.6926 ± 0.0854 0.889
Control 0.6098 ± 0.0114 0.3941 ± 0.0122 0.2460 ± 0.0101 0.6903 ± 0.0207

RSCR SCA3 0.6931 ± 0.0487 0.145 0.3973 ± 0.0689 0.936 0.2142 ± 0.0659 0.507 0.7636 ± 0.0791 0.386
Control 0.7068 ± 0.0114 0.3963 ± 0.0093 0.2059 ± 0.0083 0.7768 ± 0.0192

LSCR SCA3 0.7014 ± 0.0497 0.173 0.4013 ± 0.0720 0.929 0.2134 ± 0.0689 0.490 0.7768 ± 0.0830 0.350
Control 0.7147 ± 0.0150 0.4001 ± 0.0105 0.2044 ± 0.0108 0.7920 ± 0.0243

RPLIC SCA3 0.7676 ± 0.0390 0.355 0.4238 ± 0.0629 0.853 0.1848 ± 0.0542 0.745 0.9019 ± 0.0867 1.000
Control 0.7601 ± 0.0180 0.4261 ± 0.0186 0.1882 ± 0.0144 0.9019 ± 0.0404

LPLIC SCA3 0.7660 ± 0.0382 0.766 0.4335 ± 0.0656 0.652 0.1899 ± 0.0553 0.812 0.9209 ± 0.0928 0.528
Control 0.7637 ± 0.0169 0.4393 ± 0.0214 0.1925 ± 0.0154 0.9331 ± 0.0454

RCP SCA3 0.7622 ± 0.0342 0.695 0.5384 ± 0.0669 0.215 0.2440 ± 0.0551 0.341 1.1274 ± 0.0983 0.175
Control 0.7652 ± 0.0231 0.5214 ± 0.0294 0.2334 ± 0.0217 1.0971 ± 0.0668

LCP SCA3 0.7595 ± 0.0308 0.810 0.5646 ± 0.0708 0.154 0.2621 ± 0.0590 0.262 1.1699 ± 0.0991 0.106
Control 0.7611 ± 0.0191 0.5443 ± 0.0275 0.2488 ± 0.0216 1.1349 ± 0.0570

RBP SCA3 0.6944 ± 0.0401 0.534 0.4244 ± 0.0719 0.502 0.2276 ± 0.0601 0.624 0.8182 ± 0.1054 0.417
Control 0.6892 ± 0.0198 0.4148 ± 0.0262 0.2218 ± 0.0174 0.8003 ± 0.0533

LBP SCA3 0.6970 ± 0.0417 0.434 0.4261 ± 0.0681 0.399 0.2272 ± 0.0583 0.549 0.8240 ± 0.0952 0.306
Control 0.6897 ± 0.0264 0.4137 ± 0.0377 0.2200 ± 0.0278 0.8015 ± 0.0680

CST corticospinal tract, SCA3 spinocerebellar ataxia type 3, RPCG right precentral gyrus, LPCG left precentral gyrus, RSCR right superior corona
radiata, LSCR left superior corona radiata, RPLIC right posterior limb of internal capsule, LPLIC left posterior limb of internal capsule, RCP right
cerebral peduncle, LCP left cerebral peduncle, RBP right basis pontis, LBP left basis pontis

Fig. 1 CST segmented in 5 labels
(a), precentral gyrus (white
arrow) (b), superior corona
radiata (black arrow) (c), posterior
limb of internal capsule
(black dotted arrow) (d), cerebral
peduncle (black arrow head) (e),
and basis pontis (white dotted
arrow) (f)
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obtained in DTI studies, and reflect the directionality and the
average magnitude of water molecules motion, respectively.
Axial diffusivity (AD) is the value of the primary eigenvector,
which represents the diffusivity along the axon axis. Radial
diffusivity (RD) is an average of diffusion direction perpen-
dicular to the axon axis. We found no significant differences
in CST diffusivity parameters of SCA3 patients scanned at 1.5
T (group 1), except for reduced FA at the PCG. In contrast, we
found significant differences in almost all DTI measures (FA,
MD, RD, and AD) along the CST of SCA3/MJD patients
scanned at 3.0 T. Such discrepancy may be due to technical
acquisition issues, such as the difference in magnetic field (1.5
T vs 3.0 T, respectively), methodology used to compute the
diffusion parameters by the employed software, echo time (TE
= 70 ms and 61 ms, respectively), gradient strength, and b-
value (700 s/mm2 vs 1000 s/mm2, respectively) [21–23].
Another possible explanations are the sample size in each
cohort (29 vs 91), which may have turned cohort 1 underpow-
ered to detect subtle diffusivity changes, and the differences
regarding the age difference of the SCA3 patients between
cohort 1 and cohort 2 (40.5 ± 10.5 vs 48.16 ± 12.79) may
have also interfered with the values of DTI parameters.

SCA3 is classically associatedwith neurodegeneration, and
the presence of neuronal intra-nuclear ataxin-3 inclusion bod-
ies is a pathologic hallmark of the disease [6, 24, 25]. Studies

demonstrate the presence of ataxin-3 inclusion bodies in
degenerated as well as in spared central nervous system re-
gions, including the corticospinal tract [7, 10]. More recent
pathological studies in SCA3 patients found degeneration in
gray matter in the motor cerebellothalamocortical loop (cere-
bellar dentate and fastigial nuclei, cerebellar Purkinje cell lay-
er, pontine and thalamic ventral lateral nuclei) and severe de-
pletion of giant Betz pyramidal cells in the primary motor
cortex of terminal SCA3 patients [7]. White matter lesion
damage is less severe, and the corticospinal tract is often
spared in SCA3 [4, 7].

The difference in FA, MD, and RD values between SCA3
and control subjects in cohort 2 is suggestive of dysfunction in
pyramidal tract, which is often spared in pathologic studies. In
a similar way, D’Abreu et al. showed in a study with MR
spectroscopy deep cerebral white matter dysfunction not
found in previous pathologic studies [26]. Our results are in
line with clinical findings, since pyramidal signs are one of the
most common clinical manifestations in SCA3 and can be
found in 74–82% of the patients [27, 28]. It is worth to high-
light a rare presentation of SCA3 in which patients present
spastic paraparesis without cerebellar ataxia or signs of cere-
bellar atrophy in MRI studies [29, 30]. This rare presentation
reinforces that degeneration of the pyramidal tract is a feature
of SCA3. It would be interesting in future study to compare

Table 2 Cohort 2 mean FA, MD, RD, and AD values in SCA3 and control subjects

CST labels DTI measures

FA p value MD (10−3) p value RD (10−3) p value AD (10−3) p value

RPCG SCA3 0.4123 ± 0.0145 < 0.001 0.7409 ± 0.0341 0.282 0.5714 ± 0.0314 0.036 1.0798 ± 0.0428 0.071
Control 0.4233 ± 0.0146 0.7354 ± 0.0347 0.5615 ± 0.0318 1.0831 ± 0.0433

LPCG SCA3 0.4345 ± 0.0161 < 0.001 0.7251 ± 0.0293 < 0.001 0.5482 ± 0.0280 < 0.001 1.0791 ± 0.0364 0.609
Control 0.4466 ± 0.0148 0.7105 ± 0.0232 0.5307 ± 0.0233 1.0703 ± 0.0288

RSCR SCA3 0.4782 ± 0.0268 < 0.001 0.6920 ± 0.0343 < 0.001 0.4997 ± 0.0358 < 0.001 1.0766 ± 0.0416 0.761
Control 0.4977 ± 0.0249 0.6799 ± 0.0345 0.4806 ± 0.0339 1.0786 ± 0.0444

LSCR SCA3 0.4881 ± 0.0276 < 0.001 0.6852 ± 0.0315 < 0.001 0.4907 ± 0.0338 < 0.001 1.0741 ± 0.0384 0.179
Control 0.5081 ± 0.0246 0.6670 ± 0.0249 0.4670 ± 0.0268 1.0669 ± 0.0338

RPLIC SCA3 0.6422 ± 0.0265 < 0.001 0.6499 ± 0.0364 < 0.001 0.3715 ± 0.0327 < 0.001 1.2067 ± 0.0612 0.241
Control 0.6613 ± 0.0205 0.6326 ± 0.0335 0.3507 ± 0.0282 1.1963 ± 0.0569

LPLIC SCA3 0.6455 ± 0.0276 < 0.001 0.6786 ± 0.0357 < 0.001 0.3870 ± 0.0357 < 0.001 1.2618 ± 0.0533 0.040
Control 0.6619 ± 0.0238 0.6599 ± 0.0327 0.3666 ± 0.0330 1.2464 ± 0.0468

RCP SCA3 0.6181 ± 0.0368 < 0.001 0.8594 ± 0.0563 0.001 0.5204 ± 0.0610 < 0.001 1.5375 ± 0.0689 < 0.001
Control 0.6560 ± 0.0279 0.7893 ± 0.0508 0.4484 ± 0.0474 1.4713 ± 0.0790

LCP SCA3 0.6262 ± 0.0397 < 0.001 0.9213 ± 0.0655 < 0.001 0.5561 ± 0.0722 < 0.001 1.6517 ± 0.0748 < 0.001
Control 0.6586 ± 0.0338 0.8468 ± 0.0496 0.4839 ± 0.0536 1.5728 ± 0.0717

RBP SCA3 0.4957 ± 0.0347 < 0.001 0.7813 ± 0.0539 < 0.001 0.5586 ± 0.0529 < 0.001 1.2267 ± 0.0691 < 0.001
Control 0.5478 ± 0.0251 0.7147 ± 0.0335 0.4838 ± 0.0297 1.1765 ± 0.0601

LBP SCA3 0.5080 ± 0.0345 < 0.001 0.8064 ± 0.0607 < 0.001 0.5665 ± 0.0578 < 0.001 1.2861 ± 0.0808 < 0.001
Control 0.5530 ± 0.0277 0.7366 ± 0.0326 0.4925 ± 0.0308 1.2248 ± 0.0589

CST corticospinal tract, SCA3 spinocerebellar ataxia type 3, RPCG right precentral gyrus, LPCG left precentral gyrus, RSCR right superior corona
radiata, LSCR left superior corona radiata, RPLIC right posterior limb of internal capsule, LPLIC left posterior limb of internal capsule, RCP right
cerebral peduncle, LCP left cerebral peduncle, RBP right basis pontis, LBP left basis pontis

221Neuroradiology (2021) 63:217–224



the corticospinal tract with the brainstem and cerebellar white
matter using DTI in SCA3 patients presenting with spastic
paraparesis.

Some studies proposed a non-invasive method to differen-
tiate axon and myelin pathology using DTI technique. Initial
researches suggest that reduction in AD values is associated
with axonal loss, like in transaxonal degeneration, and in-
crease in RD values is associated with myelin loss [31–33].
The results obtained in cohort 2 showed increase in RD values
in all the labels of pyramidal tract of the SCA3 patients com-
pared with control subjects, suggesting that myelin loss is
present in CST degeneration.

Different from RD, which showed widespread alteration, the
AD values had significant between-group differences only in the
lower segments of CST (CP and BP). This find may reinforce
that the axonal damage is more severe (and may appears first) in
the brainstem. It can also indicate that the myelin sheath micro-
structural damage precedes axonal degeneration.

In the comparison between the labels of CST, we notice
that FA in BP had the greatest difference between SCA3 and
control subjects, and the PCG white matter had the smallest
difference between SCA3 and controls subjects, indicating
more severe microstructural lesion in the lower segments of
CST than in upper segments. This find may be an indicative of
a retrograde degeneration (dying back degeneration) of the
CST in SCA3 patients. In a research using DTI to quantify
the CST, damage in patients with lateral amyotrophic sclerosis

(ASL) showed greatest decrease in FA and ADC values in BP
than in PLIC and corona radiata, suggesting a dying back
neurodegeneration [34]. In the same year, Fisher et al. used
a model with mutant mouse to suggest that ASL is distal
axonopathy with a dying back degeneration mechanism. In
this research, they found earliest degeneration in neuromuscu-
lar junction followed by motor axon from the ventral root and
motor neuron in spinal cord [35].

The use of graduation scales for ataxia is well established in
clinical practice and researches. The SARA is based on a
semiquantitative assessment of the impairment related to the
ataxia and is composed of eight items: gait, stance, sitting,
speech disturbance, finger chase, nose-finger test, fast alter-
nating hand movements, and heel-shin slide [16]. Oculomotor
function and non-ataxia symptoms are not included in the
evaluation. It has been validated in large cohorts of
spinocerebellar ataxia patients, and did not showmajor ceiling
of floor effect. It has the advantage of being a simple and fast
scale to administer in clinical practice, with a high interrater
reliability [16, 36–39].

A moderate correlation was found between FA, MD, and
RD values of the CST with ataxia severity (SARA) in SCA3
subjects in cohort 2. Previous DTI and studies also found
significant correlation between FA values in non-cerebellar
regions (frontal, thalamic, and midbrain white matter) and
SARA [40]. This suggests that non-cerebellar motor dysfunc-
tion may influence in ataxia severity in SCA3.

Fig. 2 Relative difference of the mean FA, MD, RD, and AD (in percentage) between SCA3 and control subjects in cohort 2
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Our study has some limitations. Firstly, the patients were
selected retrospectively and the image acquisition was obtain-
ed with different MRI parameters, as exposed before.
Secondly, we analyzed the pyramidal tract in superior corona
radiate, posterior limb of internal capsule, and cerebral pedun-
cle, and the pyramidal tract is not the only white matter tract in
those structures.

In conclusion, this study demonstrated CST tracts dysfunc-
tion in patients with SCA3 using DTI technique in 3.0 T
scanner and a moderate correlation of FA, MD, and RD with
ataxia severity (SARA). Moreover, we showed greatest mi-
crostructural damage in lower segments of CST, indicating the
possibility of a dying back neurodegeneration of this tract.
Finally, the different results obtained in 1.5 T and 3.0 T scan-
ners showed the importance of improving DTI protocol in
future clinical trials.
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