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ABSTRACT

BACKGROUND AND PURPOSE: Spinocerebellar ataxia type 7 is an autosomal dominant neurodegenerative disease caused by a
cytosine-adenine-guanine (CAG) repeat expansion. Clinically, spinocerebellar ataxia type 7 is characterized by progressive cerebellar
ataxia, pyramidal signs, and macular degeneration. In vivo MR imaging studies have shown extensive gray matter degeneration in
the cerebellum and, to a lesser extent, in a range of cortical cerebral areas. The purpose of this study was to evaluate the impact
of the disease in the spinal cord and its relationship with the patient's impairment.

MATERIALS AND METHODS: Using a semiautomated procedure applied to MR imaging data, we analyzed spinal cord area and ec-
centricity in a cohort of 48 patients with spinocerebellar ataxia type 7 and compared them with matched healthy controls. The
motor impairment in the patient group was evaluated using the Scale for Assessment and Rating of Ataxia.

RESULTS: Our analysis showed a significantly smaller cord area (t ¼ 9.04, P , .001, d ¼ 1.31) and greater eccentricity (t¼ –2.25,
P ¼. 02, d ¼ 0.32) in the patient group. Similarly, smaller cord area was significantly correlated with a greater Scale for Assessment
and Rating of Ataxia score (r ¼ –0.44, P¼ .001). A multiple regression model showed that the spinal cord area was strongly associ-
ated with longer CAG repetition expansions (P¼ .002) and greater disease duration (P¼ .020).

CONCLUSIONS: Our findings indicate that cervical spinal cord changes are progressive and clinically relevant features of spinocere-
bellar ataxia type 7, and future investigation of these measures as candidate biomarkers is warranted.

ABBREVIATIONS: CAG ¼ cytosine-adenine-guanine; SARA ¼ Scale for Assessment and Rating of Ataxia; SCA7 ¼ spinocerebellar ataxia type 7

Spinocerebellar ataxia type 7 (SCA7) is a neurodegenerative
disease characterized by cerebellar ataxia, pyramidal signs,

and retinal dystrophy.1 SCA7 is caused by the expansion of a
cytosine-adenine-guanine (CAG) repeat that lies in the coding
region of in the ATXN7 gene on chromosome 3p12-13.2 Patients

with SCA7 may eventually develop other neurologic deficits,
including loss of manual dexterity, dysarthria, dysphagia, and
eye-movement abnormalities.1

Olivopontocerebellar atrophy associated with SCA7 has been
documented in different neuropathologic studies using both
postmortem and in vivo imaging techniques. These techniques
have identified severe gray matter degeneration in a broad range
of cerebellar and cerebral regions, including the cerebellar cortex,
the inferior olivary complex tracts, the subthalamic nucleus, the
pallidum, and the substantia nigra.3 Similarly, MR imaging stud-
ies in SCA7 reported extensive cerebellar degeneration and, to a
lesser extent, in cortical cerebral regions such as the pre-/post-
central gyri, cuneus, precuneus, inferior occipital gyrus,
insula, and inferior frontal gyrus.4-6 However, studies of the
central nervous system to date in SCA7 have focused primar-
ily on brain changes, overlooking the possible involvement of
spinal cord degeneration on the motor deficits caused by the
disease. A number of reports in other ataxias have shown a
strong association between spinal cord and the motor deficits
that the patients develop, including Friedreich ataxia,7

SCA1,8 and SCA3.9
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Here, using structural MR images that cover the brain and
upper spinal cord, collected using standard clinical proto-
cols, we systematically measured in vivo spinal cord degener-
ation in a large cohort of patients with SCA7 and matched
healthy controls from Mexico and France. We aimed to
investigate the hypothesis that SCA7 is associated with
decreased cervical spinal cord area and increased spinal cord
eccentricity (flattening) and that these measures are associ-
ated with ataxia severity. Our results will show the potential
use of spinal cord morphology as an MR imaging biomarker
for SCA7 progression.

MATERIALS AND METHODS
Subjects
The data set used in this study was previously reported in sepa-
rate studies for both the Universidad Nacional Autonoma de
Mexico and the Pitié-Salpêtrière University Hospital.6,10,11 The
final sample (48 patients) included 38 patients from Mexico
and 10 patients from France. For each site, age- and sex-
matched healthy volunteers were invited to participate as a
control group. General demographics can be found in Table
1. All participants gave their informed consent before enter-
ing the study, and all the procedures in this study were con-
ducted in accordance with the international standards
dictated by the Helsinki Declaration of 1964. Additionally, all
the procedures were performed in accordance with the ethical
standards of the committees on human experimentation of
the Universidad Nacional Autonoma de Mexico and by the
Comité de Protection des Personnes-Ile de France Paris VI,
respectively.

Clinical Assessment
We used the Scale for the Assessment and Rating of Ataxia
(SARA) to measure the motor impairment in the patient group.
The clinical evaluation was performed either the day of the scan-
ning or within a week from the scanning session. The SARA
score comprises 8 items, including tests of gait, stance, sitting,
and speech, as well as the finger-chase test, finger-to-nose test,
rapid alternating movements, and heel-to-shin test.12 The score
ranges from 0 to 40, with a higher score indicating a greater
impairment.

Image Acquisition
Images from the Mexican subset were acquired using a 3T
Achieva MR imaging scanner (Phillips Healthcare) and a 32-

channel head coil. The anatomic sequence
consisted of a 3D T1 fast-field echo sequence,
with a TR/TE ¼ 8/3.7ms, FOV ¼ 256 �
256mm, and reconstruction matrix ¼ 256 �
256, resulting in an isometric resolution of
1mm. The images from the French subset
were acquired using a 3T Magnetom Trio
scanner (Siemens) and a standard transmit
body coil (Siemens) and a 32-channel
receive head coil array. The anatomic
sequence consisted of a 3D MPRAGE volu-
metric image with TR¼ 2530ms, TE¼

3.65ms, TI¼ 900ms, flip angle¼ 9°, and FOV¼ 256� 256mm,
resulting in an isometric resolution of 1mm.

Spinal Cord Measurement
All the image analyses were implemented in Matlab R2020b
(MathWorks). To minimize any systematic differences between
scanners, we created a model using an independent set of MR
imaging data of healthy subjects from both the Mexican (n¼ 20)
and French (n¼ 20) sites. In this model, we assigned a different
regressor per site. Then, we regressed out the respective site coef-
ficients from the data used in this study before any processing.
The spinal cord segmentation was then performed using the
Spinal Cord Toolbox, Version 5.0.1 (SCT; www.
spinalcordtoolbox.com)13 and the ENIGMA-Ataxia pipe-
line (http://enigma.ini.usc.edu/ongoing/enigma-ataxia/) for
spinal cord analysis. In brief, the SCT provides a preprocess-
ing platform to segment and normalize automatically the spi-
nal cord into a template, correcting for variations in imaging
angle and neck position. Then morphologic metrics of the
normalized cross-sections of the spinal cord were obtained
for statistical analysis.

On the basis of previous reports,8,9 we selected the base (lower
limit) of the second and third cervical vertebrae, defined by the
location of the relevant intraverterbral discs, for further analysis.
The selection of the cervical vertebrae in the normalized images
required manual intervention. This step was performed by an
expert using a graphic interface in which the base of the vertebra
of interest was identified in the sagittal plane of the T1 image for
each subject. We estimated the mean values of the cross-sectional
area and eccentricity of the spinal cord from the analysis of 3 con-
secutive slices for each vertebra following a validated procedure.14

These 2 metrics provide different morphologic information—eg,
the cross-sectional area can be used to evaluate the overall degen-
eration, while the eccentricity provides an approximation of the
flattening of the cord section.

Statistical Analysis
Statistical tests were performed in Matlab R2020b. Normal distri-
bution of the metrics was evaluated using the Kolmogorov-
Smirnov test. We used a Student t test to identify significant
group differences in the spinal cord area and eccentricity of each
vertebra, and we report effect size using the Cohen D. Then to
test the association between the SARA score and the morphologic
metrics in the SCA7 group, we used the Pearson correlation. To
control for the variable rate of decline in disease progression as

Table 1: Demographics and descriptive statistics

SCA7 (n= 48) Healthy Controls (n= 48) P Value
Age (mean) (yr) 40.02 (SD, 14.1) 42.31 (SD, 13.61) .452
Sex (M/F) 26:22 26:22 1.000
Disease duration (mean) (yr) 9.52 (SD, 6.3) NA NA
Spinal cord area (mean) (mm2) 49.45 (SD, 7.7) 63.39 (SD, 7.2) ,.001
Spinal cord eccentricity (mean) 0.75 (SD, 0.07) 0.72 (SD, 0.05) .026
CAG (mean) 46.72 (SD, 6.1) NA NA
SARA (mean) 14.79 (SD, 8.6) NA NA

Note:—NA indicates not applicable.
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predicted by the CAG repeat length, we used a multiple regres-
sion model to evaluate the effects of CAG repetition expansion
and disease duration on the morphology of the spinal cord.
Finally, to further explore the association of the spinal cord area
and the disease progression, we calculated the Pearson correlation
between disease burden and the spinal cord area. The disease bur-
den was calculated as the interaction between the CAG expansion
and age. Then we split the patient group into early (,5 years
from onset), middle (.5 and ,10 years from onset), and late
(.10 years from onset) stages, based on the distribution of our
sample and to try to get similar group sizes for visualization.

RESULTS
Descriptive statistics of the patients and healthy volunteers can be
found in Table 1. The spinal cord area in patients with SCA7 was
significantly smaller than in the healthy volunteers (Fig 1) in both
C2 (t¼ 9.04, P¼,.001, d¼ 1.31) and C3 (t¼ 8.96, P¼,.001,
d¼ 1.25). The spinal cord eccentricity was only significantly dif-
ferent in C2 (t = �2.25, P¼ .02, d¼ 0.32). Spinal cord segmenta-
tion of an exemplary subject of each group can be found in the
Online Supplemental Data. We found a strong association
between the cord area and the SARA score (Fig 2) in both C2

(r ¼�0.44, P¼ .001) and C3 (r ¼�0.39, P¼ .005). We found
no association between the cord eccentricity and the SARA
score (P¼ .896). Finally, our multiple variable regression
showed that the cord area was associated with CAG repeti-
tion expansion (coefficient ¼ �1.09, P¼ .002) and disease
duration (coefficient ¼�3.72, P¼ .02), while the cord eccen-
tricity was not significantly associated with either of the 2 in-
dependent variables (Table 2). We found a strong negative
correlation between disease burden and spinal cord area (r ¼
�0.41, P¼ .003), suggesting that the spinal cord area is
reduced during disease progression. This was more evident
when we grouped the patients on the basis of the disease du-
ration. Figure 3 shows that patients in the early stage have a
significantly smaller area than the control group (t¼ 2.88,
P¼ .005, d¼ 0.66) but a larger area than those in the middle
and late stages (t¼ 2.39, P¼ .02, d¼ 0.86).

DISCUSSION
In this study, we report that cervical spinal cord degeneration is a
robust feature of the manifestation of SCA7 and is significantly
associated with disease severity and duration. These findings sup-
port the potential for readily quantifiable MR imaging measures
of the spinal cord area to provide biomarkers that allow tracking
of the degenerative process in SCA7. The methods used herein
enable accurate measurement of the spinal cord using clinically
standard brain MR imaging acquisitions. Our results provide the
first in vivo corroboration of postmortem neuropathologic
reports of spinal atrophy in SCA715 and additionally reveal asso-
ciations between spinal morphology and disease severity. Bang et
al,4 in 2004, suggested that the degenerative process in SCA7
starts in the brainstem, even before the patients develop ataxia.
Only when the cerebellar degeneration becomes prominent do
patients develop motor impairment. Given the association
between spinal cord atrophy and cerebellar dysfunction in our
patient group, it is possible that spinal cord degeneration occurs
parallel to cerebellar degeneration, affecting the communication
between the cerebellum and motor neurons in the peripheral
nervous system. Further investigation using other image modal-
ities, such as diffusion MR imaging, and longitudinal data sets
could provide evidence regarding the degenerative mechanism in

SCA7 and other ataxias.
Our analysis also revealed differences

with previous reports in other SCAs.
For example, a strong association
between the cord area and the CAG
expansion was found in SCA18 and
SCA7, but not in SCA3.9 Similarly, dif-
ferent amounts of spinal cord flattening
(assessed by the cord eccentricity) have
been reported in those 3 subtypes.7-9

Flattening of the spinal cord generally
reflects the targeted atrophy of $1 spi-
nal tract (eg, ascending dorsal sensory
tracts versus descending ventral motor
tracts). The finding of robust reductions
in total spinal cord area, along with
more modest changes in eccentricity,

FIG 1. Spinal cord cross-sectional area in patients with SCA7 and
healthy controls (HC). The asterisks indicate significant difference.

FIG 2. Association between the spinal cord cross-sectional area and the SARA score. Each dot
represents 1 patient with SCA7
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may reflect a more generalized pattern of spinal atrophy. Such
differences between different SCAs should be further explored on
a larger scale to identify whether different areas of the spinal cord
are susceptible to specific mutations, an effect that has been
reported in the cerebellar cortex.10

A limitation of this study is that our current analysis is limited
to a specific cross-sectional area (see Materials and Methods). For
example, in our cohort, we found flattening in the cervical region
around the second vertebra but no significant difference around
the third vertebra, suggesting different degrees of morphologic
changes across levels in the spinal cord. New analytic techniques
that analyze the spinal cord in a voxelwise fashion could provide
a more detailed mapping of spinal cord degeneration caused by

SCA7. Similarly, the use of other MR imaging modalities such as
diffusion-weighted imaging can provide relevant information
regarding the integrity of the fibers, a metric that could be more
sensitive to the degenerative process. Although our data indicate
a clear progressive degeneration, we cannot assess or rule out the
potential contribution of developmental hypoplasia to the overall
between-group differences. Furthermore, we correlated spine at-
rophy with the SARA score, which is widely used to assess disease
severity in patients with spinocerebellar ataxia. However, the
SARA score was not specifically designed to assess pyramidal dys-
function; hence, future studies of spinal degeneration can benefit
from using clinical measures of pyramidal tract alterations and
sensory deficits.

CONCLUSIONS
SCA7 is characterized by extensive spinal cord degeneration that
is associated with the disease severity. The cervical cross-sectional
area in the patients is highly related to CAG repetition expansion
and disease duration. Hence, spinal cord morphometry provides
a compelling candidate for use as a potential MR imaging bio-
marker of SCA7 progression.
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