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Abstract

The neuropsychological characteristics of the cerebellar cognitive affective syndrome (CCAS) in congenital, non-progressive
malformations of the cerebellum have been scarcely investigated, and even less is known for Joubert syndrome (JS), an
inherited, non-progressive cerebellar ataxia characterized by the so-called molar tooth sign. The few studies on this topic
reported inconsistent results about intellectual functioning and specific neuropsychological impairments. The aim of this
research is to examine the neuropsychological profile of JS compared to other congenital cerebellar malformations (CM),
considering individual variability of intellectual quotient (IQ) in the two groups. Fourteen patients with JS and 15 patients
with CM aged 6-25 years were tested through a comprehensive, standardized neuropsychological battery. Their scores in
the neuropsychological domains were inspected through descriptive analysis and compared by mean of MANOVA and
ANOVA models, then replicated inserting IQ as covariate. The two groups showed a largely overlapping neuropsychologi-
cal profile, consistent with CCAS. However, the JS group showed worse performance in visual-spatial memory compared
to CM patients, although this difference was mitigated when considering 1Q. These findings highlight a divergence between
JS and other CM in visual-spatial memory, which might suggest a critical role of the cerebellum in recalling task-relevant
memories and might inform rehabilitative interventions.

Keywords Joubert syndrome - Neuropsychological profile - Cerebellum - Visual-spatial memory - IQ - Cerebellar
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Introduction

Beyond its classical role in sensorimotor control, the cer-
ebellum is critically involved in many cognitive and affec-
tive functions [1-3]. The anatomical uniformity of cerebellar
organization and the parallel and partially segregated con-
nections with motor and associative cerebral areas [4] have
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sustained the hypothesis of a universal cerebellar computa-
tion based on prediction and error-signaling. Accordingly,
Schmahmann proposed that cerebellar alterations could
influence cognitive functioning in the same way as they
influence motor control, resulting in what he called dysme-
tria of thought [5]. A complex constellation of symptoms
encompassing deficits in cognitive functions, affect, and
behavior regulation, characterized by an abnormal response
to external stimuli, was thus described in 1998 as cerebellar
cognitive affective syndrome (CCAS) [6], and documented
also in developmental age [7].
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More specifically, CCAS includes cognitive impairments
in attention and executive functions, visuospatial process-
ing, and language, in addition to deficits in the sensorimo-
tor domain [8]. The neuropsychological profile of CCAS
has been investigated and confirmed in populations with
acquired cerebellar damage due to stroke [9] or brain tumor
[10], especially when affecting the posterior lobe [4], as well
as in progressive, hereditary ataxias [11, 12].

Few studies have investigated these specific deficits in
congenital, non-progressive malformations of the cerebel-
lum [13]. These conditions might disrupt the emerging con-
nections between the cerebellum and other cortical and sub-
cortical areas [14], thus resulting in a developmental form
of CCAS [15]. The seminal work of Steinlin and colleagues
[16] investigated cognitive impairments in 11 patients
with congenital malformations of the cerebellum through
Wechsler’s intelligence scales, reporting better verbal than
non-verbal performance. In a similar vein, Tavano and col-
leagues [17] documented CCAS cognitive impairments in
children and young adults with congenital, non-progressive
malformations of the cerebellum, with greater deficits in
attentional and visuospatial skills, while language abili-
ties were more preserved. However, these studies excluded
patients with Joubert syndrome (JS).

JS is an inherited, non-progressive cerebellar ataxia
that usually presents with hypotonia, developmental
delay, abnormal ocular movements, and distinctive facies.
Advances in molecular genetics and neuroimaging tech-
niques led to identification of a spectrum of JS-related disor-
ders [18, 19]. Still, the main hallmark remains the so-called
molar tooth sign, a set of malformations characterized by
cerebellar vermis hypoplasia, deepened interpeduncular
fossa, and elongated superior cerebellar peduncles, easily
recognizable through magnetic resonance imaging (MRI)
[20, 21]. A recent study on a wide Italian sample reported a
higher prevalence in male than female individuals [22], even
though sex differences were not associated with neurodevel-
opmental outcomes in congenital cerebellar malformations
[23]. General cognitive functioning in JS has been reported
to be largely variable, spanning from severe intellectual
disability to borderline and even (high) average intellectual
functioning [24-26]. The frequent presence of limb and ocu-
lomotor difficulties and speech disorders can affect cognitive
evaluation in JS. Despite this, Bulgheroni and colleagues
[27] reported reliable evidence of such a great variability in
intellectual functioning in a sample of 49 individuals with
JS, with intelligent quotient (IQ) ranging from 32 to 129.
These studies, however, mainly focused on the assessment of
developmental delay and intellectual disabilities, rather than
characterizing the neuropsychological profile of JS patients.

A previous study [28] investigated differences in the neu-
ropsychological profile associated with CCAS presented by
eight children with JS compared to individuals with other
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congenital cerebellar malformations (CM). Results not only
confirmed common presence of cognitive and linguistic
impairments overlapping with CCAS, but also highlighted
group-specific strengths and weaknesses, with CM partici-
pants showing a greater impairment of affective and execu-
tive functions and JS showing a greater impairment of ver-
bal performance. A wide variability, however, was observed
in both groups, thus requiring further examination. More
recently, Hickey and colleagues [29] assessed the neuropsy-
chological profile of three adult brothers with JS, reporting
general intellectual disability, but most evident deficits of
executive functions, language, and behavioral regulation.
Summers and colleagues [30] investigated the neuropsy-
chological phenotypes of 76 individuals with JS through
administration of the age-appropriate Wechsler Intelligence
Scales and the Vineland Adaptive Behavior Scales for par-
ticipants under 2 years and 6 months of age. Unlike pre-
vious studies, the authors reported verbal comprehension
and receptive language as relative strengths of the profile,
while processing speed was the most affected index. Still,
although reporting interesting correlations between 1Q and
other clinical features such as abnormal EEG and taking psy-
chiatric medication, this study did not consider any specific
neuropsychological domains other than those investigated
by the Wechsler scales.

Even less is known about social perception in JS, with
few studies suggesting that malformations affecting the cer-
ebellar vermis might be associated with social disorders and
autism-like behavior [17, 31, 32]. On the other hand, recent
literature has documented that cerebellar alterations could
affect multiple levels of social processing, from facial affect
recognition to theory of mind abilities [33-35]. Investigat-
ing social perception abilities in the broad context of the
neuropsychological profile would thus provide new insights
into whether the social domain can be considered relatively
more spared or impaired in JS than in other CM.

To shed further light on these issues, in this study, we
compared the neuropsychological profile of children, ado-
lescents, and young adults with JS and with other forms of
CM. All participants were administered selected subtests
of the NEPSY-II battery assessing attention and executive
functions, memory and learning, visuospatial, sensorimo-
tor, and social perception domains. The choice of a single,
co-normed battery allowed us to overcome the issue of
adopting tests from multiple batteries to evaluate different
neuropsychological domains [27]. The individual I1Q was
also considered to control for effects of general cognitive
functioning on the examined domains. Overall, the aim of
this study was to compare the neuropsychological profile of
JS to other CM taking into account individual variability of
1Q in the two groups. Based on previous evidence of cer-
ebellar neuropsychological impairments [6, 7], we expected
to find impairments in several cognitive domains in both
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groups. Furthermore, based on studies of specific JS and CM
neuropsychological profile [28, 29], we expected to find rela-
tively greater attentional deficits in CM and greater verbal
and visuospatial deficits in JS.

Materials and Methods
Participants

Twenty-nine patients (19 males), aged 6-25 years, were
recruited at the Child Neuropsychiatry and Neurorehabili-
tation Unit of the Scientific Institute, IRCCS E. Medea.
All participants presented with congenital malforma-
tions of the cerebellum as revealed by T1-weighted and
T2-weighted images obtained through MRI. Exclusion cri-
teria were (i) primary acquired brain lesions and (ii) severe
sensorial, motor, and phono-articulatory deficits that could
interfere with the neuropsychological assessment admin-
istration. For each participant, the full-scale intelligence
quotient (FSIQ) derived from the age-corresponding
Wechsler Intelligence Scale [36] was assessed as a routine
clinical procedure during the same hospital stay in which
the patients were enrolled in this study. Based on clinical
evaluation of neuroimaging findings by an expert pediat-
ric neuropsychiatrist (RR), 14 patients were classified as
JS and 15 patients as CM. A resume of demographic and

clinical features of the two groups is reported in Table 1
(see Supplementary material for a detailed description).

All participants and their parents were informed about
study aims and provided verbal assent to participate to
the study. Parents of underage children signed a written
informed consent, while for participants aged 18 or over,
written informed consent was obtained from them or their
parents according to their legal status. The procedures
were approved by the local Ethics Committee of the Sci-
entific Institute (IRCCS) E. Medea (Prot. N.34/18 — CE)
and were in accordance with the Helsinki Declaration
guidelines.

Neuropsychological Assessment

All participants were assessed by a trained psychologist
(EF or NB) with eight selected subtests of the Italian
NEPSY-II version [37, 38]. These subtests were selected
to assess six cognitive domains (attention and executive
functions, memory and learning, visuospatial processing,
sensorimotor functioning, and social perception) and to
be administered to children of different ages and cognitive
levels. In a silent room, patients were tested individually
in two separate sessions, each lasting approximately 45
min. Sessions were administered in two different days at
intervals of less than 10 days.

Table 1 Demographic and clinical information of the groups. Age and FSIQ data are reported as mean (SD)

Joubert syndrome

Other cerebellar malformations Statistical comparison

Demographic information

Male:female 8:6

Age in years (SD) 15.9 (6.6)
Clinical information

FSIQ (SD) 57 (16)

Cerebellar malformation Molar tooth (12); Molar tooth and abnormal
orientation of cerebellar folia (1); molar
tooth and right hemisphere dysplasia (1);

Genetic features
mutation (1); AHI1 gene mutation (3);

PPSE gene mutation (1); KIAA0586 gene

mutation (2); TCTN1 gene mutation;
TMEMG67 gene mutation (1); unknown
).

CEP104 gene mutation (1); CEP290 gene

11:4
122 2.7

22=028,p=059
t=1.9,p=0.07

66 (15)

Vermis hypoplasia (5 + 1 mild);

mild vermis and cerebellar hemisphere
atrophy (1); vermis and upper bilateral
hemisphere atrophy (1);

left hemisphere hypoplasia, right hemi-
sphere dysplasia (1); cerebellar atrophy
(1

vermis and bilateral hemispheres hypo-
plasia (241 mild vermis); romboencepha-
losynapsis (1); hypoplasia, elevation, and
upward rotation of the cerebellar vermis
— Dandy Walker malformation (1)

POLR3B gene mutation (1); ITPR1 gene
mutation (1); unknown (13)

t=—-14,p=0.15

SD standard deviation; FSIQ full-scale intelligent quotient
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A short description of the selected NEPSY-II subtests
divided by each neuropsychological domain is provided
below (for further details please see [37]).

Attention and Executive Functions

Visual Attention (VA) This task is a paper-pencil cancelation
test. Children are asked to point at only figures that match
the target item on an A3 sheet containing both distractors
and targets. Children have 180 s to complete the task. The
subtest score is calculated by subtracting the number of
false alarms from the number of hits. This visual search test
measures selective visual attention and the ability to inhibit
distractor information.

Language

Comprehension of Instructions (Cl) This task is an audi-
tory comprehension test. Children are required to point at
pictures on a sheet according to the examiner’s commands,
which have increasing length and syntactic complexity. The
subtest score is the sum of the correct answers.

Memory and Learning

Memory for Designs (MD) The examiner shows to the child
a sheet depicting a 4 X 4 grid containing colored abstract
drawings. The child is required to memorize the drawings
and their location on the grid. After 10 s, the examiner hides
the grid and gives to the child several cards depicting the
previously seen drawings and other similar distractors. The
child is asked to recall the position of the previously seen
designs by putting the corresponding cards on a two-dimen-
sional grid. In each trial, the number of presented drawings
increases to a maximum of ten (in addition to the same num-
ber of distractor cards), while each drawing maintains the
same spatial location across trials. The sum of target designs
recalled correctly by the child provides a score referred to
as memory for design content, while the sum of cards put in
the right location on the two-dimensional grid is considered
the memory for design spatial score. The two scores are
averaged in a composite score that assesses visual-spatial
memory and learning.

Visuospatial Processing

Geometrical Puzzles (GP) In this task, the child looks at a
sheet depicting several geometrical shapes inside and outside
of a grid. The child identifies the two geometrical shapes
inside the grid that match two figures outside the grid, which
may be rotated. The subtest score is the sum of the correct
answers. This subtest measures visual-spatial processing and
mental rotation abilities.
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Sensorimotor Functioning

Imitating Hand Positions 1In this task, the child copies mean-
ingful or meaningless hand and finger postures demonstrated
by the examiner, with either the dominant or the non-domi-
nant hand. The subtest score is the number of positions cor-
rectly copied with each hand. This test measures fine motor
programming.

Manual Motor Sequences In this task, the child imitates and
repeats for five times a sequence of unimanual or bimanual
gestures demonstrated by the examiner. The subtest score is
the sum of the number of times in which the child correctly
imitates each sequence. This test measures manual motor
programming.

Social Perception

Affect Recognition In this task, the child discriminates facial
affect expressions. In the first part of the test, the child is
required to select one of the four photographs that depicts
similar affect as a target photograph at the top of the page.
In the second part, the child memorizes a target emotional
face shown for 5 s, and then selects, from a sample of six
photographs, two pictures with similar affect as the face
previously shown. The subtest score is the sum of correct
responses.

Theory of Mind

This subtest consists of two parts that investigate verbal and
non-verbal social abilities, respectively. During the verbal
part, the child is provided with short stories or illustrations
of some social situations and is then asked questions that
require knowledge of another individual’s point of view to
solve the task. In the contextual, non-verbal part, the child is
shown an illustration depicting a social context in which the
protagonist’s face is hidden. Out of four photographs show-
ing different protagonist’s face expressions, the child must
select the one that depicts the appropriate emotion of the
protagonist in the illustrated social context. The sum of cor-
rect responses in each part is then aggregated in a total score.

Data Handling and Statistical Analysis

Gender distribution in the two clinical groups was com-
pared using the chi square statistics. Their age and FSIQ
were compared with Student’s 7-tests (two tailed) applying
Welch’s correction for unequal variance (Table 1).

Raw scores on the NEPSY-II subtests were transformed
into standard scores (M =10, SD = 3) according to the mean
and SD for the corresponding chronological age reported in
the Italian standardization manual [38]. This transformation
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avoided the approximation at the low and high extremes that
is inherent to the use of normative standardization tables.
For each subtest, we computed descriptive statistics and we
estimated the percentage of participants showing a defec-
tive performance (standard score < 4). Neuropsychological
outcome measures were the standard scores obtained at the
single subtests for each of the following neuropsychological
domains: VA for attention and executive functions; CI for
language; MD for memory and learning; and GP for visuos-
patial processing. Even though they assessed different com-
ponents, content and spatial scores of MD were not consid-
ered separately as they were highly correlated (r(26) = 0.83,
p <0.001). In a similar vein, to reduce data dimensionality,
we collapsed the standard scores obtained on the different
subtests administered within the same cognitive domain.
This way, the scores obtained at the imitating hand position
and manual motor sequence subtests were averaged into a
sensorimotor domain (SM) index, and the scores obtained
at the affect recognition and theory of mind subtests were
averaged into a social perception domain (SP) index. For
theory of mind, please note that the scores obtained at the
verbal and contextual part did not differ significantly either
in the whole sample or in the two groups (all < .056, all p >
0.58). A resume of all subtests, the corresponding examined
domain and the adopted abbreviation for each neuropsycho-
logical outcome, is reported in Table 2.

The six neuropsychological outcomes (VA, CI, MD, GP,
SM, and SP) were first entered into a multivariate analysis of
variance (MANOVA) with diagnostic group (JS vs. CM) as a
between-subject factor. The aim of this analysis was to exam-
ine whether the two clinical populations differed overall in
relation to the selected outcome measures. The advantage of
performing a MANOVA is that it combines multiple depend-
ent variables into a single value that maximizes difference
across group, while controlling for the inter-correlations
among them [39]. The same differences were tested adding
IQ scores as a covariate into a MANCOVA design, since
group difference for IQ may be a potential explanation for
group differences on the neuropsychological outcomes. In

fact, the potential impact of 1Q cannot be ruled out through
statistical adjustment, regardless of whether IQ is a signifi-
cant covariate or whether the differences on the depend-
ent variables are significant [40]. Nevertheless, according
to statistical considerations [41], the investigation of IQ as
covariate appeared appropriate in the context of the present
study, as this index is related to the dependent variables,
but this relation is of no theoretical interest in terms of the
investigated question, namely the identification of specifici-
ties in the neuropsychological profiles of the two clinical
populations. As the difference in IQ among groups was not
statistically significant in our sample (Table 1), IQ was con-
sidered here a source of variation not inherently linked to
the diagnosis, which, if controlled, would allow for a more
powerful test of the effects of the diagnostic group.

Second, a series of univariate ANOVAs were performed
on each neuropsychological outcome separately, with diag-
nostic group (JS vs. CM) as a between-subject factor, to test
for between-group differences in each neuropsychological
domain. As with the multivariate analysis, these differences
were also tested adding IQ as a covariate.

Statistical significance was obtained by a type III of sums
of squares. The level of statistical significance in all tests
was set at p < 0.05. The R software (version 4.0.3; R Foun-
dation for Statistical Computing) was used to perform all the
statistical analyses.

Results

Descriptive statistics for each subtest of the NEPSY-II and
percentage of participants in each group showing a defective
performance are reported in Table 3.

The MANOVA on the neuropsychological outcomes
yielded a non-significant effect of diagnostic group (Fj », =
0.91, p =0.51, np2 = 0.19), suggesting that the two groups
had similar overall neuropsychological performance. The
MANCOVA with IQ as a covariate confirmed the non-sig-
nificant effect of the diagnostic group (F ,, = 0.65, p = 0.69,

Table 2 Resume of the
neuropsychological measures.

NEPSY-II subtests and domains
and the abbreviations for the
selected neuropsychological
outcomes

Subtest Subcomponent Domain Abbreviation
Visual attention Attention and executive functions VA
Comprehension of instructions Language CI
Memory for designs Content Memory and learning MD
Spatial
Geometric puzzles Visuospatial processing GP
Imitating hand positions Sensorimotor functioning SM
Manual motor sequences
Theory of mind Verbal Social perception SP
Contextual

Affect recognition
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Table 3 Descriptive statistics
of the NEPSY-II performance
of the two groups. Standard
scores of the NEPSY-II battery
obtained in each subtest, and

percentage of participants
performing below two SD from
the normative mean

Subtest Subcomponent Standard score (mean + SEM) Participants
below 2 SD

(%)

JS CM JS CM

Visual attention -13+26 0.7+1.8 64 60
Comprehension of instructions 3615 55«1 50 40
Memory for designs -84 +£3.6 1+1.7 86 67
Content -2.6+28 39+1.6 79 53
Spatial -142+4.38 -1.8+22 86 67
Geometric puzzles 44+ 1.8 6.1 +14 43 33
Imitating hand positions 0+22 09 +27 57 47
Manual motor sequences 6.6 £ 0.7 6.9 +09 21 13
Theory of mind 1.4+25 37+1 50 60
Verbal 35+2 57+1 29 33
Contextual 43+2 5.1+0.8 36 26
Affect recognition 4+14 42+ 14 36 33

SD standard deviation; SEM standard error of the mean; JS Joubert syndrome; CM cerebellar malformation

np2 = 0.16) and yielded a significant effect of 1Q (Fy4,, =
5.76, p = 0.001, 77[,2 = 0.62), with better neuropsychological
outcome in individuals with higher IQ (Pearson correlations
between IQ and NEPSY subtests: VA r(27) = 0.35, p = 0.07;
CIr(27)=0.75, p < 0.001; MD r(27) = 0.48, p = 0.01; GP
r(27)=0.47,p =0.01; SM r(27) = 0.56, p = 0.002; SP r(27)
=0.39, p =0.04).

Regarding the univariate ANOVAs, a significant effect
of diagnostic group emerged in MD (F; ,, = 5.62, p = 0.03,
#° = 0.17). This result indicated that the memory outcomes
differed between groups, with JS patients showing poorer
performance as compared to CM (JS: M = —8.4, SEM =
3.7, CM: M = 1.0, SEM = 1.7). Non-significant effects of
diagnostic group were found in the following cognitive out-
comes: VA (F,,, =041, p =0.53, n° = 0.01); CI (F, ,, =
1.15, p = 0.29, ” = 0.04); GP (F, ,, = 0.59, p = 0.45, 5 =
0.02); SM (F; ,,=0.1,p=0.79, n* = 0.003); and SP (F1.27
=0.36, p = 0.55, ” = 0.01). The ANCOVA with IQ as a
covariate yielded only a trend of significance in MD (F ,, =
3.34,p=0.08, nzp =0.11) and confirmed the non-significant
effect of diagnostic group in VA, CI, GP, SM, and SP (all
p > 0.5). Figure 1 depicts cognitive outcome distributions
among diagnostic groups.

Discussion

The aim of the present study was to investigate differences in
the neuropsychological profile of patients with JS and with
other CM, also considering variability in general intellec-
tual functioning. Results documented a largely overlapping
profile, although the JS group showed worse performance
in visual-spatial memory compared to CM patients. The
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Fig. 1 Boxplot of cognitive outcome scores by group (JS vs. CM). *
indicates p < 0.05. The boxes represent the middle 50% of the data
for each subtest. The upper and lower whiskers represent scores out-
side the middle 50% (i.e., the lower 25% of scores and the upper 25%
of scores). The horizontal line within each box represents the median
score. The score of 10, signaled by the dashed line, represents the
normative mean

covariate IQ mitigated this effect and was significant in all
the examined domains, as individuals with higher IQ showed
better neuropsychological outcomes. Interestingly, a strong
correlation was found between IQ and verbal comprehen-
sion, whereas for the other neuropsychological outcomes,
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only small to moderate correlations were found. While con-
firming CCAS-compatible neuropsychological impairments
in patients with congenital cerebellar malformations, these
findings highlighted a discrepancy between JS and other CM
in visual-spatial memory. This might suggest a critical role
of the cerebellum in recalling task-relevant memories and
might inform rehabilitative interventions.

Since its first description by Schmahmann and Sherman
(1998), most of the studies documented CCAS and related
cognitive impairments in adults with acquired cerebellar
damage (for a meta-analysis see [8]). Here, we confirmed
and integrated previous contributions in showing that non-
progressive, pediatric ataxia due to either JS or other con-
genital CM could result in neuropsychological deficits con-
sistent with CCAS [16, 17, 27]. Even though the profiles of
the two groups were similar, displaying poor performance
across all the examined cognitive domains, the patients with
JS performed worse than patients with other CM in visual-
spatial memory. This difference was still at least partially
detectable after random-noise-variability reduction achieved
by the use of IQ as a covariate. These findings could not
be attributed to a higher prevalence of visual deficits in JS
compared to CM patients, since both groups were similarly
impaired in visuospatial processing and visual attention.
Neither could they be due to the adoption of tests from dif-
ferent batteries as, unlike previous studies [17, 28], all the
administered subtests were standardized on the same sample.
Thus, our results provide evidence that a significant impair-
ment of visual-spatial memory is inherently characteristic of
the cognitive profile of JS. This is in keeping with previous
literature documenting worse performance of JS individuals
in tasks requiring temporary storage and manipulation of
visual information [27, 28].

A cerebellar contribution to visual-spatial memory has
been widely considered in previous studies [42, 43]. In
detail, it has been proposed that, through its connections
with basal ganglia and prefrontal cortex, the cerebellum
might modulate filtering processes of incoming information
in memory [44, 45]. Moreover, the cerebellum would con-
tribute to a cerebellar-frontal-parietal network in maintaining
stimulus-specific representations of working memory items
[46, 47]. These studies pointed to lobules VIIb and VIIla in
representing visual-spatial stimuli, with the pyramid of the
vermis critically involved in filtering irrelevant information
[44]. Accordingly, we could speculate that the absence or
hypoplasia of the cerebellar vermis, which is characteristic
of the molar tooth sign [18, 20], might result into a more
pronounced deficit of visual-spatial memory in JS through
an enhanced susceptibility to distracting stimuli. However,
it is to note that both groups were similarly impaired in the
visual attention task. This suggests that vermis malforma-
tions associated with JS might hinder the specific filter-
ing function exerted during the recalling of task-relevant

memories more than when distinguishing target stimuli from
distractors. Indeed, distinct cortico-cerebellar loops for vis-
ual attention and visual memory have been reported [47].
During memory tasks, the proposed computational mode of
the cerebellum, consisting of forward-modeling and error
estimation [48] (but see also [49]), would prioritize items
matching the content of the internal predictive models and
facilitate supervised learning trials after trials [50]. Nev-
ertheless, the complex picture of malformations presented
by our sample, affecting the cerebellum as well as other
infratentorial and supratentorial areas, prevented us from
disentangling the contribution of specific cerebellar areas.
Furthermore, it is to note that also many CM participants
presented abnormalities of the vermis. Thus, the hypoth-
esis of a link between vermis malformations in JS and their
visual-spatial memory deficits should be investigated and
confirmed in future research adopting functional neuroimag-
ing techniques.

Although higher IQ scores were associated with better
performance in all the examined domains, verbal compre-
hension showed the highest correlation with IQ in the whole
sample. This result may reflect the importance of under-
standing instructions in almost all tasks [51]. Furthermore,
it could help to shed light on previous controversial evi-
dence about verbal comprehension in JS. This ability was
indeed indicated to be a weak point of verbal functioning
in the study of Bulgheroni and colleagues [27], while it was
reported to be more preserved by Tavano and Borgatti [28]
and Summers and colleagues [30]. In light of the strong
association between verbal comprehension and IQ reported
here, these inconsistent results might depend on the large
1Q variability within and across the samples investigated
in these two previous studies. As suggested by Hickey and
colleagues [29], patients with JS often show speech disor-
ders mainly in expressive language due to difficulties with
articulation, while other linguistic skills, such as verbal com-
prehension, might be in line with their intellectual function-
ing, with greater impairments in individuals with lower 1Q.

All the other neuropsychological outcomes showed low
to moderate (r < 0.6) correlations with 1Q, mostly in line
with the values reported in the Italian manual for the stand-
ardization sample [38]. On one hand, these findings confirm
the reliability of the NEPSY-II battery for the assessment of
neuropsychological profile in neurodevelopmental disorders
[52-54]; on the other hand, they suggest that the classical IQ
scales may not capture all dimensions of neuropsychological
functioning. A detailed, individual assessment of neuropsy-
chological functions should be thus included in the cognitive
evaluation of cerebellar patients.

The differences in the profile of JS compared to other CM,
and particularly the visual-spatial memory deficits shown by
patients with JS, should be considered in identifying poten-
tial targets of rehabilitation. To date, only few studies have
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proposed interventions for CCAS-related cognitive impair-
ments [55-57], and only a single-case study addressed these
deficits in JS [58]. Interestingly, the authors reported that an
intensive training focused on visual perceptual and sequenc-
ing skills was effective in improving visual-spatial memory,
possibly because of more efficient strategies in manipulat-
ing visual and sequential information. A recent task-force
paper [15] suggested that making cerebellar patients aware
of their deficits and providing them with explicit strategies
could compensate deficits in implicit, automatic cerebellar
functions.

In line with the hypothesis of a predictive contribution
of the cerebellum to working memory [50], the cerebellar
functions of maintaining internal models and signaling mis-
matches between the expected and the incoming information
might be targeted by interventions aiming to boost filtering
of irrelevant information and enhance learning. Accordingly,
previous studies proposed the cerebellar functions of predic-
tive coding and error-signaling could be directly targeted
with interventions addressing motor impairments [59] and
social cognition deficits [60, 61].

Limitations should be acknowledged in interpreting the
present findings. The small sample size asks for caution in
generalizing the results presented here, even though the
number of participants recruited is in line with or larger than
previous studies on this topic [16, 28, 29]. The exclusion of
participants with severe sensorial, motor, and phono-artic-
ulatory deficits was chosen in order to obtain reliable data
from the neuropsychological tests; however, we cannot rule
out that JS and CM patients with these features might pre-
sent a rather different profile. Moreover, CCAS includes not
only cognitive impairments but also affective and behavioral
abnormalities, which were not assessed in the present study.
Future research should consider extending psychological
evaluations to detect both neuropsychological deficits and
emotional-behavioral disorders [12, 30]. Despite the choice
of the subtests arbitrarily based on their sensitivity to detect
CCAS deficits, the adoption of the NEPSY-II allowed us to
assess specific cognitive domains and to obtain standardized
scores for each subtest. Finally, the specific neural bases
of the reported impairments should be addressed by future
research combining behavioral tasks and precise cerebellar
structure and functioning measures.

Conclusions

In this study, we investigated the neuropsychological pro-
file of JS compared to other congenital CM, also consider-
ing the individual variability of IQ in the two groups. Our
results indicated that both groups presented similar impair-
ments across multiple domains, consistent with the CCAS.

GRO @ Springer

However, the JS group showed worse performance in vis-
ual-spatial memory compared to CM patients. A significant
effect of the covariate IQ was also found, particularly indi-
cating a strong correlation with verbal comprehension. Over-
all, these findings highlight that a significant impairment of
visual-spatial memory should be considered characteristic of
the neuropsychological profile of JS, and they help in clari-
fying previous inconsistent results about relatively spared
or impaired domains in this syndrome. Moreover, these
results suggest a critical role of the cerebellum in recalling
task-relevant memories, which could be targeted by specific
rehabilitative interventions for JS.
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