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Abstract

Background
Spinocerebellar ataxia 27B (SCA27B) is an autosomal dominant, late-onset cerebellar ataxia caused by
an intronic FGF14 GAA•TTC repeat expansion and frequently associated with cerebellar atrophy. In this
study, we aimed to quantitatively determine whether the cerebellar atrophy in SCA27B is predominantly
localized to some sub-cerebellar regions and can be detected on clinical MR studies.

Methods
We analyzed 3D and/or sagittal T1-weighted MR images from 13 subjects with SCA27B (median age: 67
years, IQR: 9 years, 2 females; median GAA size 383) and 52 age- and sex-matched controls. Cerebellar
segmentation was performed using the DeepCERES pipeline. For each region of interest, we calculated
mean volume, standard deviation, and relative volume differences between groups. Analysis of
covariance (ANCOVA) was used to test the effect of disease status on the volumes while adjusting for
age and sex.

Results
The volume was significantly reduced in all regions of interest (at least − 10%) when compared to
controls, except the whole white matter, lobules I–II and IX. The greatest relative volume difference was
seen in lobules IV (-25%), VI (-18%), and X (-18%). Lobules IV and X, the grey matter and the whole
cerebellum showed the greatest effect of disease status.

Conclusions
SCA27B is associated with diffuse cerebellar atrophy with relatively important involvement of lobules IV
and X. Automated segmentation tools such as DeepCERES enable reliable volumetric characterization
from clinical MRI and may support future comparative studies of SCA27B and other forms of late-onset
ataxias.

Introduction
Spinocerebellar ataxia 27B (SCA27B) is a dominantly inherited, slowly progressive, late-onset cerebellar
ataxia caused by a GAA•TTC (≥ 250) repeat expansion in intron 1 of the Fibroblast Growth Factor 14
(FGF14) gene.[1–3] Patients typically present initially with episodic symptoms — most often gait ataxia
and oculomotor abnormalities such as downbeat nystagmus — and eventually become permanently
ataxic.[3, 4] Reported MRI findings in SCA27B include cerebellar atrophy in 38–97% of patients,
predominantly involving the vermis [1, 2, 5–8] and abnormal T2-weighted hyperintense signal along the
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superior cerebellar peduncles in 60–68% of patients [9, 10]. Since cerebellar function is topographically
organized and specific diseases can affect specific cerebellar structures [11–13], it is important to
characterize more precisely the pattern of cerebellar involvement in SCA27B. Importantly, identifying a
defined pattern of cerebellar atrophy can guide genetic testing, assist in cases with unclear diagnosis,
and overall accelerate the diagnostic process. Therefore, the aim of this study was to determine whether
the atrophy observed in patients with SCA27B affects predominantly some sub-cerebellar regions and
can be detected on clinical MR studies.

Methods

Participants
From the brain MRI studies of subjects with a molecularly confirmed diagnosis of SCA27B (i.e. evidence
of GAA•TTC repeat expansion ≥ 250)[14] performed in the clinical setting and available to our team, we
included those with available 3D or sagittal T1-weighted sequences containing at least 30 slices (n = 15),
as per technical requirement of the DeepCERES pipeline, and then excluded those with failed
segmentation defined as gross misclassification of regions by the segmentation algorithm or no output
from the segmentation pipeline (n = 2). In the end, our analysis comprised 13 clinically acquired MRI
studies from SCA27B patients (median age = 67, range = 58–76, 2 females) from 4 sites of recruitment
(Montreal, Innsbruck, Antwerp and Nancy). Given the retrospective nature of the study, the severity of the
ataxic symptoms or scale for assessment and rating of ataxia (SARA) scores at the time of MRI were not
available.

We also included MR T1-weighted image datasets from age- and sex-matched healthy controls obtained
from the Alzheimer’s Disease Neuroimaging Initiative (n = 39) [15] and collaborators (n = 13), for a total
of 52 controls, thus with a ratio of 4:1 healthy controls/patients.

Segmentation
Cerebella were segmented using the DeepCERES pipeline[16]. Example segmentations for patients and
controls are provided in Fig. 1. Since we aimed to assess whether the atrophy is predominantly localized
to specific lobules and subcerebellar regions, we considered the volumes of the following regions in
percent of intracranial volume (%ICV) as computed by DeepCERES[16, 17]: Cerebellum, White Matter,
Grey Matter, Lobules I-II, Lobule III, Lobule IV, Lobule V, Lobule VI, Crus I, Crus II, Lobule VIIB, Lobule VIIIA,
Lobule VIIIB, Lobule IX, and Lobule X.

Data Analysis
For each region, we computed the mean and standard deviation of its volume in the SCA27B patient and
control groups. We then computed the relative volume difference between patients and controls by using
the following formula:
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Statistical significance of volume differences between SCA27B patients and controls was assessed
using ANCOVA for each region with covariates Disease status, Age, and Sex. P values were corrected for
multiple comparisons using the Benjamini-Hochberg procedure. All analyses were done in R. In addition
to calculating the relative volume difference, we computed the Cohen’s d coefficient for each region to
obtain a measure of effect size of disease status (patients vs controls) on region volume differences. We
considered Cohen’s values below 0.2 as having small, 0.5 moderate, 0.8 large, and > 1.2 very large effect
size of disease state.[18]

Results
The mean volume and standard deviations for each region of interest in subjects with SCA27B and
controls are shown in Table 1. Except for the white matter, lobules I-II, and lobule IX, we observed a
statistically significant reduction in the volumes of all other cerebellar regions of interest. Figure 2
illustrates the boxplots for each region of interest.

Figure 3 shows the relative volume differences between subjects with SCA27B and controls. Among all
the regions showing statistically significant differences (Table 1), we documented a relative volume
reduction of at least − 10% in subjects with SCA27B as compared to controls, with the whole cerebellum
being 11% smaller. The regions with the greatest statistically significant relative volume difference were
lobules IV (-25%), VI (-19%), and X (-18%).

Regarding the effect of disease status on each region of interest volume, all regions showed at least a
moderate effect size. The regions with the greatest effect of disease status – all classified as very large
effect size - were lobule IV (1.8), lobule X (1.5), as well as the grey matter (1.9) and whole cerebellum
(1.6). Cohen’s d values for all regions are shown in Fig. 4.

Discussion
This is the first study to quantitatively measure the cerebellar and sub-cerebellar volumes in clinical
scans of SCA27B patients using an openly available, user-friendly segmentation tool not requiring
specialized imaging analytical skills. As expected from previous qualitative studies, [1, 2, 5, 7, 8] we
found that the cerebellum is significantly smaller in subjects with SCA27B than in controls, by at least − 
10% of the relative volume in almost all examined regions and with a peak of -25% volume reduction in
lobule IV. The fact that the white matter was one of the few regions with no statistically significant
volume difference suggests that the cortical involvement drives the cerebellar volume reduction in
SCA27B. In support of this suggestion, the grey matter showed the largest effect of disease status
among all the examined structures. It should be noted, though, that the DeepCERES pipeline does not
segment the deep cerebellar nuclei and instead counts their volume as white matter.

Relative difference =
Mean volume in patients − Mean volume in controls

Mean volume in controls
⋅ 100
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While we documented a relatively widespread pattern of cerebellar atrophy in SCA27B, lobules IV and X
showed the largest effect of disease status between lobules of controls and subjects with SCA27B and
the biggest relative volume difference (together with lobule VI). Of note, we also found important volume
reduction in lobules I-II of subjects with SCA27B compared to controls, but with no statistically
significant difference and small effect size of disease status. These findings could be due to the
limitations resulting from segmenting such a small structure.

The availability of accurate, fast, and openly accessible cerebellar segmentation algorithms, such as
DeepCERES has proven to be useful to quantify cerebellar atrophy using clinically available MR data.
Importantly, DeepCERES has the advantage of being user-friendly, requiring no specialized neuroimaging
expertise and no software installation. Therefore, the approach here reported facilitates the
reproducibility of our results in cohorts and contexts where advanced imaging facilities and expertise are
missing. Our study suggests the potential clinical utility of quantitative imaging assessments in routine
radiological practice. Such an addition could be valuable for radiologists during clinical interpretation
and reporting, particularly in improving the objectivity and sensitivity of imaging-based evaluations.
Specifically, imaging measurements like those here described can be used in the clinical setting for
quantifying cerebellar atrophy and supporting genetic testing results, especially when considering
multiple cerebellar diseases with overlapping phenotypes. Previous studies have reported a particular
decrease in the cerebellar grey matter and superior cerebellar vermis in SCA6,[19, 20] and lobules X and
Crus II volumes in SCA3.[21, 22] In SCA2, the largest volumetric decrease occurs in lobules I-II, IV, and VI.
[23]

Our study has several limitations. The small sample size restricts statistical power, and the retrospective
clinically heterogeneous MR data may have introduced measurement variability. Therefore, our findings
and their significance remain to be confirmed with future dedicated prospective studies. Additionally, we
computed the volumes using predefined regions of interest. In future studies and larger cohorts, it will be
interesting to conduct an unbiased analysis, for example using voxel-based morphometry, to detect
patterns in a more data-driven way. Future work should also examine whether disease duration and
severity at the time of MRI, and GAA •TTC repeat expansion size affect the patterns of cerebellar and
sub-cerebellar atrophy in SCA27B.

In conclusion, SCA27B is associated with diffuse cerebellar atrophy with relatively important
involvement of lobules IV and X. Automated cerebellar segmentation tools such as DeepCERES enable
reliable volumetric measurements on clinical MRI and are potential tools for clinicians to quantify
cerebellar atrophy and orient the differential diagnosis.
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Table 1. Comparison of observed volumes (normalized to intracranial volume) in SCA27B Patients vs
Controls for all regions of interest. p values are adjusted for false discovery rate. Volumes are in percent
of intracranial volume. Legend: SD, standard deviation; CI, confidence interval; SE, standard error. 

  Mean (SD)
Controls

Mean (SD)
Patients

β (95% CI) SE t P
value

Cerebellum (%) 8.379 (0.571) 7.457 (0.540) -0.937 (-1.261,
-0.613)

0.162 -5.78 <0.001

White.Matter
(%)

2.891 (0.159) 2.796 (0.212) -0.099 (-0.204,
0.006)

0.053 -1.88 0.124

Grey.Matter (%) 5.488 (0.437) 4.662 (0.394) -0.838 (-1.078,
-0.599)

0.120 -7.00 <0.001

Lobules.I.II(%) 0.005 (0.002) 0.004 (0.002) -0.001 (-0.002,
0.000)

0.001 -1.50 0.183

Lobule.III (%) 0.056 (0.011) 0.047 (0.010) -0.009 (-0.016,
-0.003)

0.003 -2.88 0.015

Lobule.IV (%) 0.195 (0.027) 0.146 (0.026) -0.050 (-0.066,
-0.034)

0.008 -6.19 <0.001

Lobule.V (%) 0.356 (0.046) 0.298 (0.043) -0.059 (-0.086,
-0.032)

0.014 -4.31 <0.001

Lobule.VI (%) 0.862 (0.135) 0.707 (0.149) -0.157 (-0.234,
-0.080)

0.038 -4.09 <0.001

Crus.I (%) 1.226 (0.160) 1.041 (0.185) -0.187 (-0.286,
-0.088)

0.049 -3.78 <0.001

Crus.II (%) 0.835 (0.102) 0.731 (0.072) -0.105 (-0.166,
-0.044)

0.031 -3.43 0.003

Lobule.VIIB (%) 0.518 (0.064) 0.450 (0.056) -0.069 (-0.108,
-0.030)

0.019 -3.58 0.003

Lobule.VIIIA
(%)

0.607 (0.064) 0.526 (0.065) -0.083 (-0.123,
-0.043)

0.020 -4.17 <0.001

Lobule.VIIIB
(%)

0.406 (0.049) 0.340 (0.053) -0.068 (-0.098,
-0.039)

0.015 -4.61 <0.001

Lobule.IX (%) 0.345 (0.065) 0.310 (0.054) -0.036 (-0.074,
0.002)

0.019 -1.91 0.146

Lobule.X 0.077 (0.009) 0.063 (0.010) -0.014 (-0.020,
-0.008)

0.003 -4.94 <0.001
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Figure 1

Examples of cerebellar segmentations obtained from the DeepCERES pipeline from three control
subjects and three patients with SCA27B.
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Figure 2

Boxplots for the volume (mean and interquartile range) of each region of interest calculated as
percentage of intracranial volume (%ICV) for controls and patients with SCA27B. P values are obtained
using ANCOVA and adjusted for false discovery rate.
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Figure 3

Relative volume difference expressed in percentage for each region of interest between patients with
SCA27B and controls. Of note, the difference of volume between patients and controls was not
statistically significant for the total white matter, lobules I-II and lobule IX (see also Table 1).
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Figure 4

Effect of disease status on the volume of each region of interest presented with Cohen’s d values.
Cohen’s values above 0.8 are classified as having large effect.
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