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Abstract

Evidence reported in recent decades increasingly confirms that both the cerebellum and the basal ganglia, which are primarily
involved in movement control, also have a significant role in a vast range of cognitive and affective functions. Evidence from
pathology indicates that the disorders of some aspects of language production which follow damage of the cerebellum or
respectively basal ganglia, i.e., disorders of speech, word fluency, and sentence construction, have identifiable neuropsycholog-
ical profiles and that most manifestations can be specifically attributed to the dysfunctions of mechanisms supported by one or the
other of these structures. The cerebellum and the basal ganglia are reciprocally interconnected. Thus, it is plausible that some
disorders observed when damage involves one of these structures could be remote effects of abnormal activity in the other.
However, in a purely clinical-neuropsychological perspective, primary and remote effects in the network are difficult to disen-
tangle. Functional neuroimaging and non-invasive brain stimulation techniques likely represent the indispensable support for

achieving this goal.
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Introduction

The aim of this short review is to explore whether some dis-
orders of language production associated with cerebellum and
basal ganglia damage, respectively, present, under a behavior-
al point of view, identifiable profiles and whether they can be
reinterpreted in the context of a “dysfunctional network.”
After I make a few historical references, I will consider the
current view that attributes a significant role to the cerebellum
and basal ganglia not only in motor control but also in the
modulation of cognitive functions. First, I will briefly describe
the neural base of motor and non-motor control. Then, I will
mention the new neurofunctional perspective, i.c., that the
cerebellum and basal ganglia are components of a highly in-
tegrated network. In this perspective, I will consider the prin-
cipal neuropsychological disorders of language production,
i.e., disorders of speech, word fluency, and sentence
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construction, in cerebellar and basal ganglia damage (see
Table 1). With a few necessary exceptions, a discussion of
neuroimaging and non-invasive brain stimulation studies is
beyond the scope of this review.

Cerebellum and Basal Ganglia in Movement
and Cognition

Since the earliest investigations of the cerebellum, this brain
structure has been considered responsible for the control of
movement [51, 52]. Disturbances of accuracy and coordina-
tion are the hallmark of cerebellar movement disorders [53,
54], which are key elements of the ataxic syndrome. The first
detailed and systematic descriptions of patients with various
manifestations of the cerebellar syndrome were made by
Holmes who, working as a physician in France during the
World War I (reported in [55]) (for a review, see [56]), de-
scribed many patients with cerebellar injuries due to gunshot
wounds. Although from that time on the relationship between
lesion site and the respective symptomatology was taken for
granted in the case of the cerebellum, to some extent in


http://crossmark.crossref.org/dialog/?doi=10.1007/s12311-020-01207-6&domain=pdf
https://orcid.org/0000-0002-0019-6838
mailto:mariacaterina.silveri@unicatt.it

Cerebellum (2021) 20:282-294

283

Table 1

described by the authors; reference in square brackets

The main reports on speech, word fluency, and sentence construction disorders associated to cerebellar and basal ganglia damage, as

Author(s) Language disorder Brain structures involved/type of pathology/syndrome
Speech

Darley et al., 1969 [1] Ataxic dysarthria Cerebellar disorders
Hypokinetic dysarthria Parkinsonism

Holmes et al., 2000 [2] Hypokinetic dysarthria Parkinson’s disease (PD)

Benke et al., 2000 [3]
Perez-Lloret et al., 2012 [4]
Critchley EM, 1981 [5]
Ackermann et al., 2014 [6]

van Lancker Sidtis et al., 2006 [7]
Casper et al., 2007 [8]
Skodda et al., 2009 [9]

Ciabarra et al., 2000 [10]
Tany and Sakay, 2010 [11]
Juste et al., 2018 [12]

Toft and Dietrichs, 2001 [13]
Yang et al., 2016 [14]

Marien et al., 2018 (review) [15]

Keulen et al., (2017)
(review and new cases) [16]
Priftis et al., 2020 [17]

Riva and Giorgi, 2000 [18]
Riva, 1998 [19]

Leggio et al., 2000 [20]
Neau et al., 2000 [21]

Schweizer et al., 2010 [22]
Peterburs et al., 2010 [23]

Azuma et al., 1997 [24]
Auriacombe et al., 1993 [25]
McDow et al., 2011 [26]
Pettit et al., 2013 [27]

Obeso et al., 2012 [28]

Henry JD, Crawford, 2004
(meta-analysis) [29]
Ho et al., 2001 [30]

Radanovic and Mansur, 2017 [31]

Silveri et al., 1994 [32]
Marien et al., 199 [33]
Zettin et al., 1997 [34]
Gasparini et al., 1999 [35]
Justus et al., 2004 [36]

Troche et al., 2012 [37]

Repetitive speech phenomena
Dysarthria associated to non-speech motor deficit

Dysarthria associated to non-speech motor deficit

Hypokinetic dysarthria, non-speech motor deficit, vocal

and non-vocal aspects of emotional aspects during
speech

Dysprosody

Dysprosody

Dysprosody

Stuttering

Stuttering
Stuttering
Stuttering

Neurogenic “Foreign accent syndrome”(FAS)

Neurogenic FAS

Pure FAS

Mutism
Mutism

Word fluency
Reduced phonemic word fluency
Reduce word fluency (letter)

Reduced word fluency
Reduced word fluency(letter)

Reduced letter fluency

Reduced category fluency

No direct comparison between letter and semantic
fluency

No difference between phonemic and category word
fluency

Semantic fluency more impaired than letter fluency

Reduced verbal fluency (decreased phonemic switching)

Reduced verbal fluency (in aphasic patients)
Sentence construction

Agrammatism

Subclinical deficit in grammatical morphology
Sentence simplification

PD
PD
Parkinsonism

Basal ganglia

Vascular lesion of basal ganglia
Cerebellar ataxia
PD

Subcortical and cerebellar vascular lesion

PD
Subthalamic deep brain stimulation in PD

Developmental (cerebellum-basal ganglia thalamo
cortical network)

Vascular lesion of left motor/premotor cortex, basal
ganglia and cerebellum

Posterior fossa damage

Right cortico-subcortical (lenticular) vascular lesion
and diaschisis in the right thalamus and left cere-
bellum

Surgery for cerebellar vermis medulloblastoma
Cerebellitis

Vascular or degenerative damage of cerebellum

Vascular damage of cerebellum (unilateral
left/right/bilateral)

Vascular damage (right cerebellum)

Vascular damage (cerebellar unilateral left/unilateral
right/bilateral)

PD
PD
PD

PD
PD

Huntington disease (HD)

Vascular lesion of basal ganglia

Vascular lesion (right cerebellum)

Vascular and degenerative cerebellar damage
PD
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Table 1 (continued)

Author(s) Language disorder Brain structures involved/type of pathology/syndrome
Murray and Lenz, 2001 [38] Sentence simplification PD and HD
Giavazzi et al., 2018 [39] Altered selection of grammatical morphemes HD
Hinzen et al., 2018 [40] Sentence simplification HD
Dick et al., 2018 [41] No syntactic impairment PD
Verb deficit
Signorini et al., 2006 [42] Deficit in processing the word class “verbs” PD
Silveri et al., 2012 [43]
Cousin et al., 2018 [44]
Garcia et al., 2018 [45]
Crescentini et al., 2008 [46]
Colman et al., 2009 [47]
Cotelli et al., 2007 [48] Deficit in processing the word class “verbs” Parkinsonism

Frank et al., 2007 [49]
Richter et al., 2004 [50]

Preservation of the processing of the word class “verbs” Acute cerebellar lesion
Preservation of the processing of the word class “verbs” Cerebellar atrophy

analogy to what is now known as the brain-lesion methodol-
ogy [57], things turned out differently for other structures
involved in movement control, i.e., the basal ganglia.
Probably due to the objective difficulty of identifying and
localizing a neurodegenerative process at that time, damage
to the substantia nigra was associated with Parkinson’s disease
(PD) symptomatology [58] more than a century after the sem-
inal observation by James Parkinson [59]. Although inferring
the function of a brain structure by the symptom its lesion
generates might be misleading, we can at least assume that
the cerebellum and basal ganglia have different roles in move-
ment control given the different syndromes their respective
lesions can produce.

With regard to the cerebellum, over time complementa-
ry and sometimes conflicting interpretations have been
proposed for the complex motor syndrome of the cerebellar
patient, with key concepts focused on disorders of timing,
sensory and motor acquisition, and sensorimotor synchro-
nization (for a consensus paper, see [54]). The cerebellum
and the cerebral cortex are connected by feed-forward
cerebellum-thalamus-cortico-ponto-cerebellar pathways.
Despite the uniform cytoarchitecture and general princi-
ples of organization [60], segregated functional zones
emerge in the complexity of the cerebellar connections to
heterogencous extracerebellar structures [61]. An influen-
tial hypothesis, which represents a formalization of the
concept of prediction of future states, assumes that through
mechanisms of learning the cerebellum acquires “internal
models” of movement that, in turn, can automatically im-
plement programming in the motor cortex; in other words,
the cerebellum compares the actual with the predicted
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movement it has learned through sensory feedbacks [62,
63]. The hypothesis assumes that the implementation of
internal models also extends to the cognitive domains, in-
cluding language [64—67].

The connections between the topographically organized
cerebellar cortex and the association areas primarily in the
frontal and parietal regions represent the neural substrates of
the cerebellar non-motor functions. The cognitive deficit that
emerges following cerebellar lesions is largely driven by the
type of cognitive ability which is specifically supported by the
cortical areas the damaged cerebellar region is connected to
and which the cerebellum modulates by monitoring timing
and synchronization [68, 69] in order to ensure the adherence
of the outcome to predictions. In the presence of a cerebellar
lesion, the mismatch between prediction and performance is
the basis for a “dysmetric” behavior [64], i.e., a core feature of
the cerebellar cognitive impairment.

With regard to the basal ganglia, classical models assume
that the control of movement initiation in the motor cortex is
modulated by the balance of the inhibitory and facilitatory
effects of the striopallidal networks on the thalamus [70, 71].
However, the role of the basal ganglia is not only in the initi-
ation but also in the selection of actions by the suppression of
the competing ones [72] (for review, see [73]). Multiple neu-
ronal loops connect the dorsolateral prefrontal cortex to the
head of the caudate nucleus (dorsal striatum) and then come
back to the dorsolateral prefrontal cortex via the internal
pallidal segment, substantia nigra pars reticulate, and thalamus
[74]. Through these connections, the basal ganglia could par-
ticipate in the selection of the appropriate motor program. In
the cognitive domain, damage to the basal ganglia is expected
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to upset the complex balance between activation and inhibi-
tion that is at the base of any selection process aimed at goal-
directed behaviors [75], which is the characterizing feature of
the so-called executive function (see also [76]).

Cerebellum and Basal Ganglia: a Highly Integrated
Functional Network

For many years, studies of the cerebellum and basal gan-
glia were carried out in parallel, primarily in patients with
cerebellar or extrapyramidal syndromes. Only in relatively
recent times has the complex neurofunctional interaction of
these structures started to emerge, primarily in neuroana-
tomical studies of non-human primates. These studies sug-
gest that their respective functions could be reframed with-
in a basal-ganglia-cerebellar-cortical network [77-79].
Both the cerebellum and the basal ganglia project by
means of distinct thalamic nuclei to the same primary mo-
tor areas with somatotopical organization; however, most
outputs from the basal ganglia and the cerebellum are di-
rected to areas other than the motor areas [80], i.c., the
premotor, temporal, and parietal cortex [81, 82]. These
multisynaptic systems of connections are organized ac-
cording to a closed-loop architecture [77] with reciprocal
communication between the neocortical areas, cerebellum,
and basal ganglia [83]; however, the cerebellar-cortical and
the basal ganglia-cortical circuitry should maintain their
independence [84]. The cerebellum and basal ganglia not
only interact by means of reciprocal connections with the
cerebral cortex, they are also densely interconnected at the
subcortical level: the dentate nucleus has multisynaptic
connections with the striatum and the globus pallidus
through the thalamus [85] and the subthalamic nucleus
projects to the cerebellar cortex through the pontine nuclei
[77] (see also [79] for a review on the role of the thalamus
in the cerebellum-basal ganglia interaction and [86] for a
consensus paper on the interplay between the cerebellum,
basal ganglia, and cerebral cortex).

In a functional network, pathological changes at one
site can produce remote effects [78]. In fact, damage to
the cerebellum is considered responsible for some motor
and non-motor manifestations in PD [87] and dystonia
[88]; and parkinsonian symptoms, on the other hand,
could be part of cerebellar ataxia [89]. Moreover, func-
tional studies of asymptomatic carriers with the SCA2
mutation show increased cortico-cerebellar connectivity,
which has been interpreted as a compensatory mechanism
in the early stages of a dopamine deficit [90, 91]. Overall,
these studies confirm that the cerebellum and basal gan-
glia are components of a highly integrated cortical-
subcortical functional network that supports movement
control, and, on the basis of an expanding literature, they
suggest that this network might also subtend cognitive

and affective behavior [83, 92—-100]. Nevertheless, the
dynamic interplay between these two structures and their
relationship to the cerebral cortex are not getting the at-
tention they deserve [86], particularly in cognitive
domains.

Speech Disorders
Ataxic and Hypokinetic Dysarthria

The speech disorder of a cerebellar patient has been termed
ataxic dysarthria [1]. According to Ziegler et al. [101], the
structuralist position that considers the phoneme as an “imma-
terial entity” has largely neglected the sensory (auditory) and
motor aspects of speech [102]. Indeed, a neurobiological vi-
sion of phonology enhances the physical dimension of pho-
nemes and their relation to speech movements [103]. A dys-
regulation of sensorimotor control, which is the principal fea-
ture of the cerebellar motor syndrome, has been considered
the core of ataxic dysarthria [1]. It is mainly traced back to
altered articulation and phonation, resulting in hesitant,
scanned, laborious, and explosive speech [104]. In fact, the
cerebellar role in motor control also affects vocal tract move-
ments [105]. The original hypothesis is that the cerebellum
intervenes in processing the proprioceptive feedback neces-
sary for monitoring the movements of the oral tract during
speech production, facilitating their adherence to the motor
patterns acquired and stabilized in the motor cortex by the
frequency of their occurrence in the speaker’s language
[106]. Resolving the mismatch between expected and actual
movement should drive the learning process aimed at improv-
ing performance [60]. The contribution of the cerebellum can
be reframed within the “internal model hypothesis,” extending
its role in sensory motor control to the speech domain [65]; in
other words, the cerebellum learns the internal model and
automatically implements the programs of the motor cortex
during speech production. The cerebellum also processes time
speech parameters [107, 108] and discriminates speech
sounds that are crucial for processing phonological stimuli
[109].

Most descriptions of speech disorders due to basal ganglia
damage refer to PD. Monotonous loudness and pitch, impre-
cise articulation, hypophonia and dysphonia, and short rushes
of speech constitute the main features of parkinsonian
hypokinetic dysarthria [1, 2]. Repetitive speech phenomena
have also been reported in later stages [3]. The frequent asso-
ciation of dysarthria with non-speech motor deficits of the
orobuccal apparatus, such as dysphagia and sialorrhea [4]),
suggests that hypokinetic dysarthria is only one of the symp-
toms of a broader disorder that is not limited to the vocal tract
but involves articulation, phonation, breathing, and
swallowing [5], as well as vocal and non-vocal aspects (facial,
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gestural) of emotional expression during speech production
[6] (see also [110] for the contribution of the cortico-ponto-
cerebellar system). The elaboration of timing parameters in
both motor and perception is not only a competence of the
cerebellum but also of the basal ganglia [111-113]; however,
there is no evidence of a specific role of the basal ganglia in
monitoring time parameters in the language domain.

Ataxic and hypokinetic dysarthria should both be distin-
guished from apraxia of speech, a disorder of speech planning
[101]. Respiratory and phonatory disorders are part of the
symptom set of both ataxic dysarthria and hypokinetic dysar-
thria but are negligible in apraxia of speech [114, 115]), thus
confirming the pure “cortical” nature of the latter. However,
despite some peculiarities and the different localization of le-
sions producing ataxic dysarthria, hypokinetic dysarthria, and
apraxia of speech, respectively (right vermal and paravermal
lesions vs. striatum vs. left insula, motor, premotor, and sup-
plementary motor cortex) [116—120]), apraxia of speech, atax-
ic dysarthria, and hypokinetic dysarthria share some semio-
logical characteristics [121, 122]. Furthermore, impaired sen-
sorimotor integration, which has been indicated as the princi-
pal feature of ataxic dysarthria, may also be a component of
parkinsonian hypokinetic dysarthria [123]. As suggested by
Ziegler (in [105]), similarities among disorders of speech fol-
lowing lesions in different brain structures might reflect uni-
versal aspects of motor impairment or compensatory mecha-
nisms. However, the dense cortical and subcortical intercon-
nections between the cerebellum and basal ganglia make al-
ternative interpratations plausible: speech articulation is sup-
ported by a functional network in which the cerebellum, basal
ganglia, and left anterior frontal cortex participate in a highly
integrated way; some symptoms can be attributed to specific
competences of the cerebellum, basal ganglia, or cerebral cor-
tex, respectively; others cannot be easily attributed to any of
these structures, and an interpretation based on a dysfunction-
al network seems more appropriate.

Dysprosody, Stuttering, and the “Foreign Accent
Syndrome”

Prosody, the melody of speech [7], is a speech dimension
primarily related to duration parameters in the production of
syllables, syllabic stress, and pitch (fundamental frequencies).
Dysprosody due to an alteration of duration parameters (ac-
celeration and slowing) of syllable production, speech inten-
sity, and pitch variation has been reported in cerebellar ataxia
[8]; dysprosody associated with hypophonia is also a common
feature of speech production in PD [9, 124] and is also fre-
quently reported in vascular lesions encompassing the basal
ganglia (see [7] for a review and description of two cases).
However, on the basis of the available literature, it is not
easy to identify differences in the prosodic disorders of pa-
tients with cerebellar and basal ganglia damage, respectively.
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The literature indicates that cortical structures might also be
involved in the control of prosody, suggesting that this aspect
of production is underpinned by an extensive functional
cortico-subcortical network. This is also true of another disor-
der of speech, i.e., acquired stuttering, which is the involun-
tary repetition of sounds and speech blocks while speaking. It
can appear as a consequence of cortical (premotor) subcortical
[10] and right cerebellar lesions of vascular nature [11] and in
neurodegenerative disease such as PD [12] primarily after a
deep (subthalamic) brain simulation (ST-DBS) [13]. Large
involvement of the cerebellar and basal ganglia-
thalamocortical network has also been demonstrated in devel-
opmental forms of stuttering [14].

The neurogenic foreign accent syndrome (FAS) is the most
typical disorder of prosody; in this case, following a brain
lesion, the subject starts to speak with an accent that is per-
ceived as “foreign” by speakers of the same language com-
munity. It should be considered a syndrome in its own right,
i.e., independent of, although frequently associated with, dys-
arthria, apraxia of speech, or aphasia [125]. This syndrome is
principally observed in vascular lesions encompassing the left
premotor and motor cortex and/or the basal ganglia but also
the parietal and temporal cortex (see [15] for a review) and
cerebellum (see [16] for a review and new cases).
Occasionally, lesions have been described in the right hemi-
sphere (Critchley, 1962—reported in [16, 17]). In a recent
FAS [17] report, a right cortico-subcortical (lenticular nucle-
us) vascular lesion was associated with diaschisis in the right
thalamus and left cerebellum.

Overall, these observations suggest that a cortico-
subcortical neural network which includes both the cerebel-
lum and basal ganglia and the thalamus and cerebellar-cortical
and cortico-striato-pallidal thalamic connections might partic-
ipate in the monitoring of planning, coordination, timing, se-
quencing, and selection of the appropriate motor programs
during the implementation of these relatively peripheral stages
of verbal production. Patterns of combinations of primary le-
sions and remote effects might generate these different expres-
sions of speech disorders that could be among those best
interpreted as network deficits. To the right hemisphere might
be attributed a role in the emotional-affective components of
prosody [126], which are also supported by a cortico-ponto-
cerebellar network [110].

Cerebellar Mutism

The cerebellar mutism syndrome is a profound speech disor-
der that has been observed after the resection of large midline
tumors (medulloblastoma) in children [18, 127] (see also
[128] for review) or cerebellitis [19]. It can be associated with
oropharyngeal dyspraxia and ataxia and various manifesta-
tions of the so-called cognitive affective syndrome of the cer-
ebellar patient [93]. It is usually transient, but residual
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dysarthria may be a permanent symptom. Transient ischemia
encompassing the dento-thalamo-cortical pathways or cere-
bellar deep nuclei due to vasospasm or cytotoxic edema is a
possible cause. Involvement of the basal ganglia in cerebellar
mutism is suggested by the sudden resolution of the syndrome
when midazolam is administered; this is supposed to produce
indirect cortical excitation by inhibiting the thalamocortical
pathway via the striatum [129].

Verbal Fluency

Verbal fluency is primarily a verbal task [130]. In the
classical version, it requires generating unique words
within a time limit according to a given criterion that
can be a semantic category (category or semantic fluency)
or a letter of the alphabet (letter or phonemic fluency).
Different patterns of performance are observed in individ-
uals with different brain pathologies and localization,
which suggests that category and phonemic fluency re-
flect the status of different underlying cognitive systems.
Category fluency is largely based on an automatic search
in the lexical semantic system that might help organize a
list of semantic items, e.g., a shopping list, in an ecolog-
ical context [131]. Letter fluency, by contrast, requires
greater attention because it requires an active lexical
search based on the given phoneme without any contex-
tual associative support [132]. Clinically, category fluency
is considered an indicator of lexical-semantic integrity,
whereas letter fluency is currently used as a measure of
executive abilities in which the active lexical search re-
quires keeping and monitoring information in the working
memory system.

Leggio et al. [20] demonstrated that word fluency is re-
duced in the presence of cerebellar damage when the criterion
is a letter of the alphabet, but not when the criterion is a
semantic category. To explain this pattern, the authors empha-
sized the role of the cerebellum in the acquisition of novel
strategies for processing sequenced information, such as that
required to organize the lexical search, without any facilitation
of automatic searching routines, as in semantic fluency.
During the lexical search, the cerebellum processes a large
amount of information from the cerebral cortex (probably
supported by a specific subcomponent of working memory
[133]), in order to identify time and sequence coincidences
that would allow obtaining the correct phonemic cluster
[134]. The acquired time and sequence coincidence might
represent the internal model by which the cerebellum opti-
mizes the performance. The involvement of the cerebellum
in phrasal prediction (i.e., the probability that a word will
recall a second word on the basis of temporal contiguity and
predictability of words in discourse) is also consistent with the

disproportionate impairment of letter compared to semantic
fluency [67].

The decline of letter compared to category fluency in
cerebellar patients is quite a robust finding [21-23]. The
pattern observed in patients with basal ganglia damage,
primarily PD patients, seems less consistent. In the con-
text of a general reduction of word fluency, some studies
report reduced letter compared to category fluency [24];
others report the opposite pattern [25]; and in others, letter
and semantic fluency are not directly compared [26, 27]
or no differences emerge [28]. However, a meta-analysis
conducted on a large number of studies of PD subjects
found a disproportionate impairment of category com-
pared to letter fluency, interpreted as a semantic memory
disorder [29], due to difficulties in accessing stored se-
mantic information [135]. A dysfunctional frontostriatal
pathway is considered the base of the dysexecutive disor-
der in PD patients [136], whereas cognitive control of
semantic access has its neural substrate in the connection
between the inferior frontal gyrus (IFG) and the temporal
lobe [137, 138]. This pathway modulates lexical access
and selection processes primarily in the left hemisphere
[139, 140]. In particular, the uncinate fasciculus, i.e., the
connection between the IFG and the temporal lobe, is
damaged in PD [141]. Thus, a dysregulation of the inter-
action between the frontostriatal-frontotemporal circuitry,
which reduces the inhibition of competing alternatives
[142], might be consistent with PD patients’ difficulty in
selecting items from lexical semantic memory. In conclu-
sion, the basal ganglia should provide some contextual
facilitation from semantic memory during word produc-
tion through the interplay of the frontostriatal and
frontotemporal pathways. A dysfunctional circuitry could
weaken the inhibition of competing alternatives within the
semantic domains during the lexical/semantic search
[143], indirectly increasing the strength of the interference
of the competing alternatives and ultimately reducing the
efficiency of word selection.

Reduced verbal fluency has also been documented in
patients with other types of parkinsonism such as
Huntington Disease (HD) [30]. In this pathology, reduced
verbal fluency has been attributed to decreased phonemic
switching, whereas semantic switching and both phone-
mic and semantic clustering remain stable over time; this
pattern has been attributed to damage of the frontostriatal
network.

Reduced word fluency has also been described in vascular
lesions of the basal ganglia [31] but in the context of an apha-
sic disorder (see also [144, 145] for a discussion). This makes
difficult any comparison with patients with cerebellar lesions
or neurodegenerative pathology of the basal ganglia, which, in
spite of language disorders, cannot be considered aphasic pa-
tients. Moreover, no direct comparison between letter and
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semantic fluency was carried out systematically in these
studies.

Finally, both the cerebellum and the basal ganglia support
the lexical search process even though they seem to have
different roles. However, the available evidence is to some
extent inconsistent and indefinitive. Therefore, caution should
be taken in drawing conclusions.

Sentence Construction
Agrammatism

Agrammatism, sometimes identified with Broca’s aphasia, is a
language disorder that is characterized by reduced speech flu-
ency with effortful speech output, sentence construction sim-
plification, and morphosyntactic errors. According to Miceli
[146], two orders of hypotheses have been put forward to
interpret this disorder: loss of linguistic knowledge (primarily
syntactic and morphological) or, alternatively, reduction of the
cognitive resources needed to elaborate this knowledge.

Although this approach is not without criticism [146], these
two orders of hypotheses can help explain the agrammatic
syndromes described in patients with cerebellar lesions and,
to some extent, the syntactic difficulties that have sometimes
been noted in patients with basal ganglia damage, such as in
PD. Independent evidence from the declarative/procedural
model of language [147] assumes that mental grammar in-
volves procedural learning and is built up by rule-governed
combinations of words in sequential and hierarchical combi-
nations. According to this model, implementation of mental
grammar is supported by networks that include the left frontal
cortex, basal ganglia, and cerebellum; however, no assump-
tion is made about the specific roles of each of these structures,
primarily the basal ganglia and the cerebellum.

A few patients have been described with agrammatic
speech following cerebellar damage [32-35] (see also [148]
for review); subclinical agrammatic disorders have been also
documented [36]. Although they do not completely overlap,
the single cases described (and to some extent also those with
subclinical syndromes) shared some clinical characteristics,
such as lesion localization in the right cerebellar hemisphere
and the “anterior” nature of the language deficit, with reduced
fluency, dysarthria, and agrammatism with prevalent morpho-
logical disorders and word-finding difficulties. The case re-
ported by Marien et al. [33] also presented characteristics of
dynamic aphasia, with a dissociation between spontaneous
and imposed language. All patients recovered completely
within a few months, with the exception of Marien et al.’s
patient, who, although improved, still had some residual
difficulties one year later. A working memory disorder has
been identified as the main cause of the agrammatic produc-
tion in cerebellar patients, with impaired timing between
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selection of grammatical morphemes and application of syn-
tactic rules [32, 34, 35]); a similar explanation is that of a
disorder at a high level of articulatory planning, as a reinter-
pretation of the “economy of the effort” hypothesis, which
would generate a delay in the application of syntactic rules
[34]. A different interpretation was proposed by Marien et al.
[33]. These authors hypothesized a “deactivation” of the lin-
guistic function in the left prefrontal cortex due to loss of
excitatory pathways from the cerebellum; thus, they assigned
a direct role in the functional organization of language to the
cerebellum. The agrammatic syndrome of cerebellar patients
could also be tentatively reframed within the “internal model”
hypothesis. The cerebellum encodes the syntactic-
grammatical rules governing the production of connected
speech in its syntactic and morphological aspects and contin-
uously monitors the sentences planned in the left frontal cor-
tex-Broca’s area. The cerebellum’s failure to monitor due to
deterioration of the predicted schema of the sentence and er-
rors signal could underlie the emergence of the uncorrected
sentence.

Damage to the basal ganglia in PD impairs language
“without a linguistic deficit per se” (pg. 914) [149], and this
is consistent with the reduced sentence complexity de-
scribed in this pathology [38, 37] without evidence of spe-
cific syntactic limitation [41], thus resizing the hypothesis
of a direct role of the basal ganglia in sentence construction.
Similarly, observations from HD do not indicate disorders
of sentence construction consistent with the loss of gram-
matical knowledge but rather reduced accuracy in selecting
grammatical alternatives, with more frequent selection of
suboptimal alternatives than healthy controls [39] or a sim-
plification of sentence production [40]. Although different
patterns in sentence construction might be expected on the
basis of the different pathological circuitry in PD and HD
which gives rise to different syndromes, hypokinetic vs.
hyperkinetic, no clear differences emerge in the direct com-
parison between PD and HD [38](however, see [147] for
possible implications of altered verb morphology in sen-
tence construction in PD and HD).

Coming back to the hypothesis of “loss of linguistic
knowledge” vs. “reduction of cognitive resources,” the
cerebellum and basal ganglia seem to respect this dichot-
omy. The cerebellum intervenes in sentence construction
through segregated connections with Broca’s area; thus,
damage to the cerebellum is followed by the dysfunction
of Broca’s area and agrammatism; the dysfunction of the
basal ganglia is associated with a general reduction of
the cognitive control that results in sentence simplifica-
tion or increased randomness in the selection of a gram-
matical alternative. More generally, the different influ-
ence of cerebellar and basal ganglia damage on sentence
construction suggests that the cerebellum intervenes by
means of dedicated connections with Broca’s area,
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whereas the basal ganglia guarantee general attentional
support through the corticostriatal network. A dysfunc-
tional Broca’s areca will not allow for the planning of
syntactically correct sentences, whereas dysfunctional
corticostriatal pathways will result in sentence simplifi-
cation as a non-specific manifestation of the
dysexecutive syndrome; in fact, no evidence suggests
the existence of a language-specific component of exec-
utive control.

The Case of the Noun and Verb Grammatical Classes

Much literature indicates that the production of verbs is im-
paired compared to that of nouns in a series of brain patholo-
gies (including parkinsonism) that involve the anterior regions
of the brain because of frontostriatal dysfunction [42, 43, 48].
The hypothesis advanced (however, also see [44, 45]) is that
verb processing is penalized not because of its specific lexical
semantic nature, which requires the integrity of substrates in-
volved in the motor representation of actions, but because of
the intrinsically greater difficulty of verbs, which compared to
nouns require the inhibition of a higher number of competitors
in order to select the correct item [46]. Thus, in pathologies
involving the basal ganglia, in which the cognitive disorder is
dominated by the dysexecutive syndrome [150], verbs are
penalized more than nouns [47]. In fact, in an experimental
condition in which the production of nouns is more difficult
than that of verbs, nouns are disproportionally impaired [142].
The disproportionate impairment of verbs is a consistent find-
ing in extrapyramidal syndromes; the same cannot be said
about cerebellar syndromes because there is a substantial lack
of evidence of a specific deficit for this class of words [49, 50].
The cerebellum supports only specific components of the ex-
ecutive function, such as working memory (see [133] for a
discussion), not the process of inhibition of irrelevant infor-
mation, which is attributed to the corticostriatal network. This
explains why the cerebellar lesion is not associated with the
deficit for verb production.

A Role for the Thalamus?

The abovementioned thalamic diaschisis observed in the for-
eign accent syndrome by Priftis et al. [17] suggests that the
thalamus may have a role in language production disorders in
patients with cerebellar or basal ganglia damage. The thala-
mus is the main subcortical interconnection between these two
structures. Given the importance of the thalamus in language
processing [151, 152], its role within the cerebellum-basal
ganglia network should receive more attention. A set of tha-
lamic nuclei is considered the hub that links the basal ganglia
and cerebellum to the premotor and prefrontal cortex associ-
ated with language production (see [153] for a review). It is

also well known that one of the most common negative effects
of the ST-DBS for the treatment of severe motor symptoms in
PD is the decline of word fluency (see [154] for a meta-anal-
ysis). Although the mechanism underlying this negative effect
is still being debated, changes produced by ST-DBS in neu-
ronal activity in the pallido-thalamic and cerebello-thalamic
circuits [155] could be taken into account to better delineate
the role of the thalamus in the linguistic deficits observed in
the pathology of the cerebellum and basal ganglia.

Conclusions

Evidence from pathology suggests that the neuropsychologi-
cal profile of the various disorders of language production in
cerebellar and basal ganglia damage, respectively, has mostly
identifiable features. Although cerebellar and parkinsonian
syndromes share some symptoms, most of them can be attrib-
uted to disorders supported by one or the other structure.
Furthermore, even in the case of shared symptoms, it is not
certain whether they can be interpreted as signs of a dysfunc-
tional network or, instead, as general aspects of the disorder of
language production (primarily when motor components are
involved) or of the reduction of cognitive resources such as
working memory. Functional neuroimaging may incorporate
network effects [156] that could facilitate the identification of
the remote effects of a lesion at a given site. Non-invasive
techniques (such as TMS) have also been adopted to investi-
gate the system-level interaction of the cerebellum and basal
ganglia with some positive clinical implications for PD and
dystonia (see [86] for a discussion). However, in a purely
clinical and neuropsychological perspective, the effects of
the primary lesion site cannot be easily disentangled from
those in functionally connected regions.

There is no interpretative model in neuropsychology
that simultaneously considers the role of the cerebellum
and basal ganglia in cognition in an integrated network.
Comparing patients with cerebellar or basal ganglia dam-
age with patients affected by a degenerative pathology
such as olivopontocerebellar/multisystem atrophy, in
which the “system” involved is precisely the cerebellar-
basal ganglia network [157], could provide some clues.
However, functional neuroimaging is likely the indispens-
able support for achieving this goal. Similarly, the appli-
cation of non-invasive transcranial neuromodulation tech-
niques might help us to better understand the role of the
cerebellum in language [158] and to explore “distance
effects” of cerebellar stimulation on speech and language
disorders attributed to basal ganglia damage, also in a
clinical-rehabilitative perspective.

It should not be overlooked, as the most recent neuropsy-
chological literature documents that for what concerns the
cerebellum many reports describe patients with focal lesions
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and only in part with neurodegeneration; the opposite con-
cerns the basal ganglia, where the observations derive primar-
ily from patients with neurodegenerative pathology and to a
lesser extent vascular etiology. This could potentially limit a
direct comparison of the contribution of the cerebellum and
basal ganglia to language production. It is also useful to note
that the functional perspective of a highly integrated basal
ganglia cerebellar network [78] is mostly supported by evi-
dence from neurodegenerative and neuropsychiatric diseases,
more suitable to be interpreted as network disorders than vas-
cular damage.

Another potential limitation is the relatively little attention
paid to the specific functions of the different regions of the
cerebellum as well as the different nuclei of the basal ganglia.
At least in neuropsychological studies, reference is usually
made only to the hemispheric side of the damage, and with
regard to the basal ganglia, reference is usually made to the
striatum and its connections with the frontal cortex. However,
the various aspects of verbal production are plausibly support-
ed by specific structures of the cerebellum and basal ganglia,
as well as by segregated circuitries. Also in this case, func-
tional studies and more detailed descriptions of structural
damage and connectivity are the necessary complement to
the neuropsychological evidence in order to provide a clinical
counterpart to neuroanatomy studies that propose the cerebel-
lum and basal ganglia as an integrated functional system.
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