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Abstract
The clinical spectrum of spinocerebellar ataxia type 2 includes motor manifestations and cognitive disturbances in executive
functions, memory, and visuoconstructive skills. The relationships between severity of motor disturbances and altered cognition
are poorly known. In this study, we assessed patients with spinocerebellar ataxia type 2 and age- and sex-matched healthy control
subjects by a test battery including the Mini-mental State Examination, the Wisconsin Card Sorting test, and the Wechsler
Memory Scale-Revised. The correlation between severity of motor ataxia (as assessed by a validated and widely used severity
scale, the SARA scale, and by an objective automated computerized system of gait analysis) and altered cognition was then
evaluated by Spearman correlation analysis. Patients performed worse than healthy controls in almost all administered neuro-
psychological tests. Nevertheless, only global intellectual abilities and executive functions significantly correlated with the
overall severity of ataxia as assessed by the SARA scale, and impaired executive functions alone correlated with performance
on several spatio-temporal gait analysis parameters. Our findings would probably suggest a prominent influence of executive
functions onmotor abilities in patients with spinocerebellar ataxia type 2 and raise the possibility that cognitive pharmaceutical or
rehabilitative interventions may be of benefit in the management of motor problems in these patients.
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Introduction

Spinocerebellar ataxia type 2 (SCA2) is one of the most com-
mon forms of SCAs worldwide and the most frequent subtype
in southern Italy [1]. This dominantly inherited degenerative
disorder is due to an expanded CAG trinucleotide repeat in the
ATXN2 gene coding for the protein ataxin [2]. Ataxic gait,
impaired balance and speech, dysmetria, and slow eye

movements [3–6] are typical motor manifestations of SCA2;
the clinical spectrum of SCA2 may also include an altered
cognitive profile characterized by disturbances in fronto-
executive functions, memory, and visuoconstructive skills
[7–14]. Although the patho-anatomical basis of neuropsycho-
logical impairment in SCA2 remains to be fully elucidated,
recent anatomical and functional magnetic resonance imaging
studies have revealed abnormalities in the cerebellar network
as well as in non-cerebellar regions, such as orbitofrontal cor-
tex, the middle frontal region, the primary sensorimotor cor-
tex, and temporomesial and insular cortices that are known to
be functionally connected to the cerebellum [15–22].
Cognitive profile of SCA2 patients meets the features of the
cerebellar cognitive affective syndrome (CCAS) or
Schmahmann’s syndrome that characterize the disturbances
of higher function in patients with cerebellar injury across
different disease types and ages [23].

Over the last two decades, an accumulating body of evi-
dence showed that motor processes should no longer be con-
sidered as mere automated activities but as complex tasks also
requiring cognitive abilities [24]. It is therefore likely that

* Angelo Fabio Gigante
angelo.gigante@yahoo.it

1 Neurology Unit, “A. Perrino” Hospital, Brindisi (BR) Italy
2 Department of Basic Medical Sciences, Neurosciences and Sense

Organs, “Aldo Moro” University of Bari, Bari Italy
3 Department of Mechanical, Chemical and Materials Engineering,

University of Cagliari, Cagliari Italy
4 Department of Medical Sciences and Public Health, Institute of

Neurology, University of Cagliari, Cagliari Italy

The Cerebellum
https://doi.org/10.1007/s12311-019-01079-5

Published online: 21 2019October

(2020) 19:40–47

http://crossmark.crossref.org/dialog/?doi=10.1007/s12311-019-01079-5&domain=pdf
http://orcid.org/0000-0002-1593-5867
mailto:angelo.gigante@yahoo.it


certain cognitive functions contribute to motor control [24,
25]. Nevertheless, studies addressing the relationships be-
tween severity of motor disturbances and cognition in SCA2
provided inconsistent results [11, 13, 14, 26–30].

The present study was designed to explore the relationships
between the severity of motor ataxia (as assessed by a validat-
ed and widely used clinical severity scale and by an objective
automated computerized system of gait analysis) and the bur-
den of cognitive impairment in global intellectual abilities,
general executive functions, and short- and long-term verbal
and visuospatial memory in SCA2 patients.

Materials and Methods

Study Subjects

Case patients were recruited among outpatients with genetically
confirmed SCA2 who attended the outpatient movement disor-
ders clinic of the Neurology Unit “Amaducci,” “Aldo Moro”
University of Bari, Italy, from September 2016 to July 2017.
Patients who were able to walk without support were included
in the study whereas patients who could not walk without sup-
port because of ataxia or patients who complained of neuro-
otological, orthopaedic, or visual disorders, or were under drugs
possibly affecting ataxic manifestations were excluded. Sex-
and age- (± 5 years) matched healthy control subjects were
recruited among relatives of non-ataxic outpatients. All partic-
ipants provided a written informed consent and study proce-
dures were approved by the local ethics committee (“Aldo
Moro” University of Bari, Italy).

Study Procedures

Case and control individuals were asked to participate in a
study on cognition and movement approved by the ethics
committee. A trained interviewer, not blinded to the case/
control status but unaware of the study hypotheses, collected
relevant demographic and clinical information. Severity of
ataxia was rated by the validated clinical “scale for the assess-
ment and rating of ataxia” (SARA) that measures eight do-
mains (stance, gait, sitting, speech, finger chase, nose–finger,
fast alternating handmovements, heel-shin slide) and provides
a total score (SARA-TOT) ranging from 0 to 40, with 0 indi-
cating absence of ataxia and 40 the most severe degree of
ataxia [31]. We also tested the SARA-gait subscore for possi-
ble correlations.

A neuropsychological test battery was administered by an
experienced neuropsychologist (who was blinded to the results
of motor assessments) to both case and control subjects one to
four days after motor assessment. The test battery included the
Mini-mental State Examination (MMSE), the Wisconsin Card
Sorting Test (WCST), and the Wechsler Memory Scale-

Revised (WMS). MMSE provided a global assessment of cog-
nitive functions [32]. The WCST [33] is a well-established
measure of general executive function evaluating several “fron-
tal” lobe properties, including strategic planning, organized
searching, utilizing environmental feedback to shift cognitive
sets, directing behaviour toward achieving a goal, and modu-
lating impulsive responding. The test uses stimulus and re-
sponse cards (64-card scoring version) characterized by various
forms, colors, and numbers [33]. The participant is told to
match the cards, but not how to match them; however, the
subject is told whether a particular match is right or wrong.
As the test progresses, there are unannounced shifts in the
sorting principle which require the subject to alter her/his ap-
proach. Performance is recorded as number of correct catego-
ries (W-CA), total number of corrected responses (W-
CORRECT), and number of perseverative errors (W-
PERRORS). The WMS measures different memory functions
by several subtests, including information on general knowl-
edge, orientation in time and place, mental control (testing the
ability to repeat sequences such as the alphabet), logical mem-
ory (immediate repetition of short stories presented orally),
digits forwards and digits reversed (the conventional digit span
tests), visual reproduction (drawing reproduction of three sim-
ple designs, each presented individually for 10 s), and associate
learning (the patient is given three trials to learn 10 pairs of
words, with six pairs having a logical match and four pairs
having no logical connection). The Beck depression Inventory
(BDI) was used to assess depressive symptoms [34].

Spatio-temporal parameters of gait were assessed in SCA2
patients by a motion capture system (SMART-E, BTS
Bioengineering, Milan, Italy) equipped with a set of 8 infrared
cameras [35]. After acquisition of data on height, weight, an-
terior superior iliac spine (ASIS) distance, pelvis thickness,
knee and ankle width, and leg length (distance between
ASIS and medial malleolus), 22 retro-reflective spherical
markers for the lower-body segments were placed on anatom-
ical landmarks in accordance with Davis model [36]. Kinetic
data were collected using 2 piezoelectric force platforms
(Kistler Instruments, Winterthur, Switzerland; 400 × 64 cm)
embedded in a walkway. Patients were asked to walk over the
walkway at their comfortable, preferred speed; each trial
started 2 m in front of the mat and continued for 2 m beyond
it in order to consider only stationary conditions (i.e., constant
speed) discarding acceleration and deceleration phases. After
a familiarization phase, each participant performed at least six
walking trials. The raw kinematic data were then processed to
calculate the following spatio-temporal parameters: gait
speed, step length, step width, cadence, stance, and double
support phase duration (expressed as percentage of the gait
cycle). As intra-subject variability of gait parameters has been
reported as a relevant feature of ataxic gait, we also calculated
for each parameter the coefficient of variation (CV) using the
formula: CV = standard deviation × 100/mean.
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Statistical Analysis

Statistical analysis was performed by Stata 11.0 package
(Stata Corporation, College Station, TX, USA). Data were
expressed as mean and standard deviation (SD) unless
otherwise indicated. Differences between study groups
were assessed by the chi-square test and the Student’s
two-tailed t tests, as appropriate. p values from multiple
case-control comparisons were adjusted by the Bonferroni
correction. Correlations between study variables were
checked by Spearman’s rank correlation analysis. Sex
was categorized as 0 for men and 1 for women.
Statistical significance was set at the 0.05 level.

Results

Demographics and Clinical Features of SCA2 Patients
and Controls

Twenty-two right-handed SCA2 patients were seen dur-
ing the study period. Two subjects were however ex-
cluded from the study, one because of severe visual
impairment due to diabetes mellitus, the other one be-
cause of severe spinal disc herniation-related pain. The
remaining 20 patients who met eligibility criteria were
11 women and 9 men from 11 families. The SCA2
group and the healthy control group were matched for
sex and did not significantly differ for age (53.4 ± 13.3
vs. 49.6 ± 2.7 years, p = 0.11) and years of schooling
(9.5 ± 3.4 vs. 10.7 ± 4.4, p = 0.2).

SCA2 patients carried a heterozygous CAG triplet
expansion with 37.6 ± 2.9 repeats (range, 35 to 47) in
the coding ATXN2 region. The normal alleles contained
22 repeats in all case patients. Mean age at disease
onset was 39.7 years (SD, 13.6; range, 10–62) and
mean disease duration was 13.8 years (SD, 10.6; range,
1–37). There was a negative correlation between num-
ber of repeats in the expanded allele and age at disease
onset (Spearman rho = − 0.56, p = 0.01). No patient
was under riluzole therapy.

SARA-TOT score was 10.4 ± 4.5 (range, 2.5 to
17.5). There was no significant correlation between
SARA-TOT score and age (Spearman rho = − 0.15, p
= 0.5) or gender (Spearman rho = 0.08, p = 0.7),
whereas non-significant trends were observed for a cor-
relation between SARA-TOT score and age at disease
onset (Spearman rho, − 0.43, p = 0.06), disease duration
(Spearman rho = 0.31, p = 0.07), and number of triplets
(Spearman rho, 0.43, p = 0.06). No significant correla-
tion was found between SARA-TOT score and years of
schooling (Spearman rho, − 0.12, p = 0.62).

Neuropsychological Testing

Neuropsychological assessment showed that SCA2 patients
significantly differed from healthy controls for MMSE, W-
PERRORS, and total WMS score (Table 1). BDI was compa-
rable in case and control subjects (Table 1). All subitems from
WMS except WMS-orientation and WMS-digits forwards
were significantly lower in case patients (p values ranging be-
tween < 0.04 and < 0.0001 after Bonferroni correction orienta-
tion). No SCA2 patient could be diagnosed with dementia ac-
cording to DSM-V criteria, even though 35% of them scored ≤
23 on MMSE. Of note, WCST and WMS were impaired in
both patients who scored < 23 on MMSE and patients yielding
MMSE score in the non-demented range (data not shown).

In the SCA2 group, there was no significant correlation be-
tween demographic variables (age, sex, years of schooling, age at
disease onset, disease duration, and number of triplets) and most
cognitive tests (data not shown): the only significant correlation
was observed between number of triplets and W-CORRECT
score (rho = − 0.55, p = 0.01); moreover, male gender was
associated with higher BDI score (rho = − 0.46, p = 0.04).

Spearman analysis revealed significant correlations be-
tween the overall severity of ataxia as assessed by the
SARA scale and performance on MMSE and WCST
(Table 2). These findings were confirmed even when analysis
was restricted to the gait parameter from SARA (SARA-gait
vs. MMSE: rho = − 0.61, p = 0.004; SARA-gait vs. W-
CORRECT score: rho = − 0.68, p = 0.004). By contrast, no
significant correlation emerged between SARA-TOT score
and performance on BDI, WMS total score (Table 2) or any
subtest of the WMS (data not shown).

Gait Analysis

The results of gait analysis in the 20 SCA2 patients are in
Table 3. Higher SARA-TOT and SARA-gait scores signifi-
cantly correlated to worse performances on gait analysis
(Table 4). Analyzing the relationships between demographic
variables (age, number of repeats, age of disease onset, disease
duration, and schooling) and gait analysis parameters on
Spearman correlation, the only significant correlations were
found between disease duration and stance phase duration
(rho = 0.61, p = 0.01), double support (rho = 0.51, p =
0.04), step length (rho = − 0.57, p = 0.02), and gait speed
(rho = − 0.69, p = 0.003).

Significant correlations also emerged between cognitive
performance on the WCST and stance phase, double support
subphase, step width, gait speed, or step length (Table 5). No
significant correlation was observed between gait parameters
andMMSE, BDI,WMS (Table 5), or any subtest of theWMS
(data not shown). Finally, there was no significant correlation
between CVof the examined gait parameters and any neuro-
psychological test (data not shown).
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Discussion

Our psychometric evaluation showed that SCA2 patients per-
formed worse than age- and sex-matched healthy controls of
comparable level of schooling on a neuropsychological test
battery assessing global intellectual abilities, general execu-
tive functions, and short- and long-term verbal and visuospa-
tial memory. Overall, these findings confirmed previous ob-
servations in SCA2 patients [7, 10–14, 17, 19, 27, 29]. The
35% frequency of SCA2 patients scoring ≤ 23 onMMSE was
comparable to the frequency of altered general cognitive sta-
tus reported in SCA2 patients [7–14]. None of our patients
could be diagnosed with dementia according with DSM-V
criteria, which was consistent with the low rate of dementia
characterizing most SCA2 pedigrees [7–14, 22, 27, 29].

Although SCA2 patients showed a poorer performance in
almost all administered tests, only global intellectual abilities
and executive functions significantly correlated with the over-
all severity of ataxia as assessed by the SARA scale; and
impaired executive functions alone correlated with perfor-
mance on several spatio-temporal gait analysis parameters.
These findings would probably suggest a prominent influence

of executive functions on motor abilities in SCA2 patients.
Supporting the specificity of the findings, there was no corre-
lation between cognitive performance and age, gender, disease
duration, years of schooling, or repeat length.

Several studies dealt with the relationships between motor
abilities and cognition in patients with heredodegenerative
ataxia [11, 13, 14, 26–30] but results were inconsistent. In
18 SCA2 patients, La Pira et al. reported a significant corre-
lation between ataxia severity and a few items of the
California Verbal Learning Test, a neuropsychological tool
that measures verbal memory and learning strategies [13].
By contrast, Burk et al. [11] did not find any significant rela-
tionships between motor performance (evaluated using a se-
verity scale for limb ataxia and dysarthria only) and cognitive
impairment in 17 SCA2 patients by MMSE, WCST, and
WMS. Using different clinical and electrophysiological ap-
proaches, significant inverse relationships emerged between
severity of motor disturbances and performance in cognitive
domains in large series of SCA2 patients [27–30]. In particu-
lar, higher SARA score was associated with greater impair-
ment in phonemic verbal fluency [27], error-based visuomotor
learning [28], attention [29, 30], visual memory, spatial plan-
ning and motor control [29], and working memory [30]. Two
further studies assessing genetically heterogeneous samples of
SCA patients found significant correlations between severity
of ataxia, measured by the SARA scale [26] and the ataxia
clinical rating scale [14], and cognitive performances assessed
by MMSE, WCST, and WMS [26] in one study, by MMSE,
Raven PM, phonemic fluency, semantic fluency, and atten-
tional matrices in the other study [14]. However, both studies
did not provide separate data on SCA2 subgroup, probably
because of the small sample size and the low statistical power.
Finally, in the study for the development of the cerebellar
cognitive affective/Schmahmann syndrome scale [23],
Hoche et al. did not find any strong correlation between the
Brief Ataxia Rating Scale and cognitive performance in vari-
ous domains in both exploratory and validation cohorts, each
consisting of various forms of acquired or inherited

Table 1 Results of
neuropsychological testing in
SCA2 patients and healthy
controls

SCA2 patients
(n, 20)

Healthy
controls (n, 20)

p value*

Mini-mental State Examination (mean score ± SD) 24.1 ± 3.8 26.9 ± 2.6 0.03

Beck depression inventory (mean score ± SD) 12.7 ± 7.5 11.1 ± 6 0.23

Wisconsin card sorting test

W-CA (mean score ± SD) 3.1 ± 2.1 4.3 ± 1.7 0.18

W-CORRECT (mean score ± SD) 63.7 ± 17.9 68.6 ± 7.6 0.54

W-PERRORS (mean score ± SD) 31.8 ± 16.3 20 ± 13.4 0.02

Wechsler memory scale (mean total score ± SD) 78.4 ± 15.7 102 ± 11.9 < 0.001

W-CA = number of correct categories; W-CORRECT = total number of corrected responses; W-PERRORS =
number of perseverative errors

*Adjusted with Bonferroni correction

Table 2 Spearman correlation analysis between SARA severity score
and cognitive tests in 20 SCA2 patients. Significant correlations are in
bold

SARA total score vs. Spearman correlation (rho, p)

Mini-mental State Examination − 0.68, 0.001

Beck Depression Inventory 0.11, 0.7

Wisconsin Card Sorting Test

W-CA − 0.57, 0.01

W-CORRECT − 0.54, 0.02

W-PERRORS 0.39, 0.1

Wechsler Memory Scale (total score) − 0.41, 0.1

W-CA = number of correct categories; W-CORRECT = total number of
corrected responses; W-PERRORS = number of perseverative errors
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conditions. The heterogeneity of cerebellar diseases and the
very small number of SCA2 patients included in the study
(there were 5 SCA2 patients in the exploratory cohort, only
one SCA2 patient in the validation cohort) may explain the
discrepancy between our and Hoche study.

At variance with previous studies that used a variety of
tools to assess motor activity and cognition [11, 13, 14, 26],
in the present work, we used widely validated and suitable
clinical tools to ascertain both motor and cognitive abilities
in a homogeneous group of SCA2 patients [22, 31]. This
makes the results of our study probably valid and accurate.
The use of an objective system to measure ataxic gait also
distinguished the present study from previous works [11, 13,
14, 23, 26–30] and corroborated the validity of our findings.
Further supporting the validity of our methods, we observed
an obvious correlation between SARA scores and gait analy-
sis parameters.

The pathophysiological basis underlying the relationships
between ataxia and executive dysfunction in SCA2 patients
remains to be fully elucidated. As revealed by neuropatholog-
ical and voxel-based morphometry studies, patients affected
by SCA2 show a pattern of both olivo-ponto-cerebellar and
supratentorial damage [15–21]; moreover, functional magnet-
ic resonance imaging studies in SCA2 have shown a connec-
tion between posterior regions in the cerebellum and regions
in the cerebral cortex related to cognition [16, 21]. Although it
is now well accepted that cerebellum plays a role in both

motor and cognitive tasks, including executive functions
[15, 22, 37–40], it remains unclear whether the association
between ataxia and executive dysfunction reflects a prominent
cerebellar involvement or a concomitant neural degeneration
in extra-cerebellar structures leading to a disconnection in the
fronto-ponto-cerebello-thalamo-cortical circuits [2, 9, 10, 37,
41]. The cerebellar cognitive affective/Schmahmann syn-
drome has also been described in patients with isolated cere-
bellar pathology [23, 37]. However, it could not rule out the
possibility that the pathological alterations in non-cerebellar
structures may play a determinant role in the positive associ-
ation between ataxia and cognitive disturbances emerged in
patients with complex cerebrocerebellar pathologies [13, 22,
23, 27–30]. In keeping with this view, in patients with SCA2,
cognitive disfunctions has been found to correlate with both
cerebellar [19, 20] and cerebral [17] structural damage using
the voxel-based morphometry and diffusion tensor imaging.
Various degrees of cognitive impairment have been described
in different dominantly inherited ataxias with isolated cerebel-
lar or complex cerebrocerebellar pathology [22, 42–46], but
only few studies evaluated the relationship between motor
abilities and cognitive state, showing either the presence [42,
43] or the absence [44–46] of a correlation. The inconsistency
in neuropsychological tests selection and other potential con-
founding factors including the use of tests unsuitable to ex-
plore specific cognitive domains in patients with ataxias due
to their visual, speech, and motor disturbances may explain
discrepancies across studies [22].

Regardless of the diffusion of neural damage to extra-
cerebellar structures, the loss of the cerebellar contribution to
the cerebrocerebellar circuitry has been argued to serve as the
basis for the cognitive impairments in patients with cerebellar
pathology, a concept embedded within the dysmetria of thought
theory [37]. Studies based on pathological examination as well
as longitudinal and functional neuroimaging studies could bet-
ter investigate whether the correlation between motor functions
and cognition emerged in different ataxic disorders relies on the
cerebellar damage alone or on the diffusion of the neurodegen-
eration process to extra-cerebellar structures.

It has been postulated that executive functions may play an
important role in the assessment, planning, response to a given
situation, and choice of the gait pattern [47, 48] and there is

Table 3 Results of computer-
assisted gait analysis performed in
20 SCA2 patients

Gait analysis parameters Mean ± SD (range) Coefficient of variation ± SD (range)

Stance phase duration (%) 65.9 ± 7.5 (57 to 85) 6.15 ± 9.1 (0.2 to 37.1)

Double support duration (%) 23.8 ± 21.9 (8.7 to 87.8) 18.3 ± 19.1 (1.5 to 69.3)

Stride duration (s) 1.3 ± 0.23 (0.9 to 1.9) 2.5 ± 1.7 (0 to 5.2)

Cadence (step/min) 94.1 ± 15.2 (60.9 to 131.8) 2.6 ± 1.8 (0.3 to 7.3)

Step length (m) 0.3 ± 0.1 (0.1 to 0.5) 12.6 ± 19.7 (3.3 to 85.7)

Gait speed (m/s) 0.6 ± 0.3 (0.1 to 1.2) 6.8 ± 5.4 (0 to 19.2)

Step width (m) 0.2 ± 0.05 (0.1 to 0.3) 6.5 ± 8.4 (0 to 38.1)

Table 4 Spearman correlation between SARA-TOT and SARA-gait
scores and the parameters of the gait analysis in the 20 SCA2 patients.
Significant correlations are in italics

SARA-TOT
score (rho, p)

SARA-gait
subscore (rho, p)

Stance phase duration, % 0.52, 0.03 0.67, 0.003

Double support phase duration, % 0.62, 0.008 0.61, 0.001

Stride duration, s 0.31, 0.23 0.22, 0.40

Cadence, step/min 0.04, 0.87 − 0.19, 0.47

Step length, m − 0.81, < 0.001 − 0.74, < 0.001

Gait speed, m/s − 0.64, 0.005 − 0.75, < 0.001

Step width, m 0.60, 0.01 0.58, 0.01
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emerging evidence indicating that cognitive interventionsmay
improve motor activity in several conditions [49]. Different
studies were designed to investigate the effect on motor abil-
ities of either cognitive-enhancing medications or cognitive
training interventions [49]. Though providing preliminary
findings with different methodologic limitations, most of
these studies showed that improvement in executive functions
could result in good outcomes in gait, balance, risk of falls,
and dual-task performances in series of patients with
Parkinson’s disease [50–52], mild-to-moderate dementia [53,
54], and in healthy older adults [55–58]. Although studies on
this issue are lacking in heredodegenerative ataxia, the rela-
tionship between ataxia and executive functions we found
may support the idea that cognitive pharmaceutical and reha-
bilitative interventions can be of benefit in the management of
motor problems in SCA2 patients.

Our study has strengths and limitations. First, this was not a
population-based study, but recruiting criteria yielded a case
series resembling the general population of cases in both de-
mographic and clinical features. The significant correlations
we found between the number of CAG repeats and age at
disease onset and between SARA scores and disease duration
were in agreement with data from previous SCA2 series, [11,
13, 30, 59] thus supporting the representativeness of our sam-
ple. Second, technical difficulties linked to motor impairment
due to ataxia might have contributed to the poorer cognitive
performance showed by SCA2 patients, at least in some cases.
However, we took care to exclude tests that could have been
influenced by manual and speech abilities. In particular, the
WCST avoids the pitfalls of performance speed pressure and
do not place a premium on motor or visual speed and accura-
cy. Influence of depression mood on the differences in cogni-
tion between groups was also unlikely because of the compa-
rable BDI scores showed by patients and healthy subjects.
Using a clinical tool to assess motor severity might have pro-
vided inconsistent results. However, the results obtained using
a validated and widely used clinical scale (the SARA scale)

were corroborated by the findings from an objective
computer-assisted system measuring gait performance.
Third, in our gait analysis, we did not use a control group,
but we referred to the normative data provided by the motion
capture system manufacturer (BTS Bioengineering, Milan,
Italy); supporting the validity of our observation, our findings
are comparable with pathological values of ataxic patients
from a study that used the same gait analysis system and also
provided a control group. [60]. Finally, our case and control
groups are relatively small and we cannot exclude the possi-
bility that non-significant results reflect, at least in part, lack of
statistical power. Further studies investigating the relationship
between motor control and cognition in larger series of cases
and healthy subjects are therefore necessary.

Despite the foregoing limitations, our analysis confirmed
the poor performance of SCA2 patients in several cognitive
domains and provided new information suggesting a specific
correlation between ataxia and executive dysfunction.
Information from this study may help to clarify the relation-
ships between motor and cognitive performance in SCA2 pa-
tients and also to identify new targets for rehabilitative and
pharmacological intervention.
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