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 Abstract: The cerebellum is a well-established primary brain center in charge of controlling sen-
sorimotor functions and non-motor functions. Recent reports depicted the significance of cerebellum 
in higher-order cognitive functions, including emotion-processing, language, reward-related behav-
ior, working memory, and social behavior. As it can influence diverse behavioral patterns, any de-
fects in cerebellar functions could invoke neuropsychiatric diseases as indicated by the incidence of 
alexithymia and induce alterations in emotional and behavioral patterns. Furthermore, its defects can 
trigger motor diseases, such as ataxia and Parkinson’s disease (PD). In this review, we have exten-
sively discussed the role of cerebellum in motor and non-motor functions and how the cerebellum 
malfunctions in relation to the neural circuit wiring as it could impact brain function and behavioral 
outcomes in patients with neuropsychiatric diseases. Relevant data regarding cerebellar non-motor 
functions have been vividly described, along with anatomy and physiology of these functions. In 
addition to the defects in basal ganglia, the lack of activity in motor related regions of the cerebel-
lum could be associated with the severity of motor symptoms. All together, this review delineates 
the importance of cerebellar involvement in patients with PD and unravels a crucial link for various 
clinical aspects of PD with specific cerebellar sub-regions. 
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1. INTRODUCTION 

Human behavior is apparently infinite in its functional 
complexity, as the intricacy and versatility of the human 
brain could confer to the sophisticated movements, motiva-
tions, emotions and fosters fluid continuity to distinctly rec-
ognizable behaviors. In addition, the major disruptions in the 
cerebellar neural networks can affect the extensive portions 
of the emotional, cognitive processing, and altered behaviour 
and these strategies could be beneficial for diagnosing a wide 
range of neurological and neuropsychiatric symptoms [1]. A 
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full-fledged neuroscientific study is required to unravel ro-
bust behavioral changes accompanying these diseases by 
ascertaining the integration of sensorimotor and executive  
functions [1]. The cerebellum is considered as the central 
node for executing the integration of diverse neural circuit 
functions and it is considered as the initiating point to deci-
pher how the brain computes and generates symphonic ele-
gance, which exemplifies human behavior [1]. 

Furthermore, the cerebellum is traditionally considered as 
the main regulator of motor function [2-4]. Since the last few 
decades, a consensus has been forming to delineate the role 
of the cerebellum in nonmotor behavior; however, the signif-
icant role and nature in several motor and non-motor func-
tions is yet to be completely unraveled [5-7]. Based on sev-
eral clinical observations in literature, a crucial role of the 
cerebellum in cognition process has been reported [8, 9]. The 
motor dysfunction in relation to the cerebellar pathology was 
exemplified by clinical manifestations such as ataxia, dysto-
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nia, dysmetria, and tremors, whereas other manifestations 
such as cognitive defects are evident in pseudobulbar palsy, 
inattention, and psychosis [9]. 

Mirroring of motor dysfunction in terms of the cognitive 
sphere is a crucial concept often described as the dysmetria 
of thought [1]. The primary non-motor tasks of the cerebel-
lum include executive functions, task performance and 
movement, balanced behavioral patterns and emotional ac-
tivities. It plays a similar role as the cerebral cortex in certain 
functions, with diverse neural networks projecting onto the 
cortex during the execution of several executive functions, 
learning, memory, and cognitive process. Two intriguing 
questions are yet to be answered, for instance (a) what is the 
cerebellar circuit involved in mediating several non-motor 
functions? (b) whether cerebellar neural circuits are hetero-
geneous or not? By examining the cellular composition 
across neural circuits, and the anatomy of the cerebellum, we 
described how developmental, genetic, and mechanical cere-
bellar disruptions could influence neural circuit assembly 
that progressively influences motor and non-motor behavior-
al patterns [1]. 

Cellular composition and neural architecture of the cere-
bellar cortex have been reported to be more uniform than the 
neocortex even though they are variable anatomically, genet-
ically, and electrophysiologically across several microdomains 
[10, 11]. Today’s notion of human brain functioning has 
reached far beyond strict structure-function relationships. The 
integrative aspects of neuroscience are hereby prioritized. In 
this context, the studies of consciousness, memory, and social 
interaction mechanisms become more crucial [12, 13]. Taken 
together, this knowledge can be formalized into one consistent 
system [13, 14]. Systematization of knowledge allows to inte-
grate acquired data into modern research and to provide novel 
applied technologies in order to develop novel cognitive be-
havioural therapies and therapeutic modalities to manage the 
neuropsychiatric diseases. 

For many decades, the role of the cerebral cortex in high-
er mental functions has been studied [15]. Cognition-related 
functions of prefrontal, insular, and parietal cortex regions 
were extensively described and are now being further inves-
tigated [16]. On the other hand, sometimes, completely new 
properties of previously described brain regions are still be-
ing discovered. In this case, the role of cerebellum in cogni-
tive and emotional processes can serve as a good example to 
unravel the executive functions of cerebellum [17, 18]. Cer-
ebellar non-motor functions can be defined as properties that 
are not directly responsible for maintaining movement, coor-
dination, and posture [19]. Usually, they are described as the 
executive functions (cognitive control, attention, mind flexi-
bility, language), and functions that underlie social cognition 
(emotion recognition and decision-making) [20]. 

1.1. Literature Search 

Cerebellar non-motor functions play a more complex role 
in human life than was previously believed. Systematization 
and formalization of knowledge become an important cue in 
providing a research concept to explore new paradigms in 
the study of neural structures. Pubmed/Medline, Google 
scholar, eMedicine, NLM database search was performed to 
derive suitable research reports and original articles for this 

review. We have used keywords such as ‘cerebellum, emo-
tions, behavior, motor and non-motor functions, cognition, 
neurodegeneration’ for searching the peer-reviewed and pub-
lished papers since the last 3 decades. The current review 
focuses on the recent updates in cerebellar motor & non-
motor in a behavioral capacity; furthermore, this review dis-
cusses the microarchitecture of cerebellar regions evolved to 
exhibit specialized functions and progressive damage to the-
se areas that sub-serve diverse cortical areas, which may 
invoke neurological diseases, and behavioral alterations in 
psychiatric disorders, and neurodegenerative diseases [1]. 
Furthermore, in this article, the current views on cerebellar 
non-motor functions have been discussed along with anatom-
ical and physiological basis for these functions. 

2. HISTORY OF CEREBELLUM RESEARCH 

Cerebellar motor and non-motor functions were previ-
ously not delineated completely due to the lack of sophisti-
cated data acquisition techniques. From the very beginning 
of history, the anatomical complexity of the cerebellum was 
obvious and its complex structure, including hemispheres, 
sulci and gyri were well described by morphologists [21]. 
Erasistratus is considered the first author to distinguish the 
cerebellum from other brain regions in the 4th century BC, 
followed by Galen, who proposed the idea of the cerebellum 
being a source of motor nerves with cerebellar vermis being 
a valve for body spirits [22]. Later, various functions of the 
cerebellum were discovered and suggested, such as memory, 
involuntary movement control, sensory integration, and even 
sexual function [23]. In some cases, scientists had contradic-
tory results, although the general notion of cerebellar func-
tions was poor; subsequently, several important functions of 
the cerebellum in many vital processes were postulated.  

Ongoing investigation of cerebellar functions became 
possible after intense research based on animal models. Dur-
ing the 19th century, a number of great scientists, such as 
Rolando, Magendie, Luciani, Hammond studied how cere-
bellar lesions impacted animal’s vital motor and non-motor 
functions [24]. It was found that the main symptoms of cere-
bellar lesion include motor function impairment: coordina-
tion, posture, and locomotor dysfunction. Clinical studies on 
patients with defects in the cerebellum were also described 
as they were accompanied by cerebellar ataxia [25]. At the 
same time, cerebellar histology was elucidated by Ramon 
YCajal and Purkinje. By the 20th century, on the basis of 
anatomical and physiological knowledge, the cerebellar 
function was formulated [26]. During the 20th century, the 
knowledge about cerebellar motor functions was established 
due to the acquisition of novel data about cerebellar dysfunc-
tions [27]. Among them, the symptoms of cognitive deficit, 
emotional instability, speech impairment, and reading dys-
function are crucial manifestations of cerebellar cortex de-
fects. As a result, the cognitive-affective syndrome, or 
Schmahmann syndrome has been reported to e associated 
with damage to the cerebellar cortex. In this disease, the at-
tention deficit, impairment of social cognition, affective and 
cognitive dysfunctions occurred due to the cerebellar lesions 
of different etiology [28]. The importance of cerebellum in 
providing non-motor functions is yet to be unraveled and 
requires detailed research using modern neuroscience re-
search techniques.  
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3. IMAGING STUDIES &THE CEREBELLUM 

Modern neuroimaging techniques, such as fMRI, PET, 
MEG can allow efficient monitoring of the neural activity 
pertinent to different brain regions during a resting state and 
special tasks, thus illustrating the topography of brain activa-
tion [29]. A wide range of research is needed to delineate the 
specific cerebellar functions by transcranial direct current 
stimulation, which allows selective modulation of cerebellar 
activity [30]. Furthermore, coordinating movement and higher 
intellectual functions, the cerebellar neural networks have 
been playing a vital role in allowing neural programs to run 
automatically, like bicycle riding or piano playing, allowing 
the association of cortex to impose simultaneous functions 
during dual tasking [31, 32]. Taken together, these methods 
have shown cerebellar functional activity during cognitive 
tasks, emotional stimuli processing in evaluated subjects [33]. 

Several fMRI studies revealed that the cerebellum has 
been reported to be involved in integrating afferent sensory 
information perceived from the periphery, mainly sensory 
modalities including vestibular pathways, which are evolu-
tionarily well-conserved. It is also possible that sensorimotor 
functions are also executed through the same neural circuits, 
which could modulate cognitive behaviors [34]. For instance, 
the heterogenous anatomical and functional aspects of the 
internal cerebellar microcircuitry can deliver such flexibility 
to potentiate this phenomenon [35, 36]. Therefore, basic neu-
roscientific and macro-evolutionary observations in several 
neurological and neurodegenerative diseases may help con-
textualize the current efforts for developing a highly sophis-
ticated understanding of the role of the cerebellum in cogni-
tive and affective human behavior. 

4. BASIC NEURAL CIRCUITRY OF CEREBELLUM 

The potential interactions between cell types across cere-
bellar cytoarchitecture were reported by Camillo Golgi [37]. 
Later, Cajal’s findings on localization and morphology of 
cerebellar architecture were still relevant to the present day 
but novel significant features of neural circuits have been 
unveiled recently. For instance, the identification and eluci-
dation of unipolar brush cells, and direct projections originat-
ing from Purkinje cells to granule cells and other nucleo-
cortical circuit projections have suggested new insights in 
understanding both cellular and neural  circuit heterogeneity 
in the cerebellum [24, 38-41]. 

Cerebellar circuitry involves the stereotypical connec-
tions with its surrounding neural networks (Fig. 1).The cere-
bellum exhibits 3 layers in which the most superficial layer 
is the molecular layer associated with ‘inhibitory interneu-
rons’ and ‘excitatory climbing fibers’. The middle layer is 
the Purkinje cell layer onto which the superficial layer pro-
jects onto the dendritic arbors of the Purkinje cells, as these 
cells are involved in performing main computations within 
the cerebellum. In between the Purkinje cells, a very large 
Bergmann glia is found, but its functions are still poorly 
studied, although cerebellar glia is extensively heterogeneous 
[42-45]. The Purkinje cell layer is composed of interneurons, 
often referred to as candelabrum cells.  

The deep layer is also referred to as the granular layer 
and it is composed of numerous excitatory neurons and re-

ferred to as granules. The terminals of excitatory mossy fi-
bers are involved in generating sensory signals to the cere-
bellar cortex. The granular layer is composed of (a) inhibito-
ry Golgi cell interneurons, (b) Laguro cells, and (c) unipolar 
brush cells also known as excitatory interneurons [1]. Unipo-
lar brush cells are confined to the vermis of lobule IX and X 
and a smaller number are also confined to lobules VI and 
VII. Even though the primary afferent classes are composed 
of both climbing fibers and mossy fibers, the presence of 
“beaded” fibers terminates the majority of cerebellar cortical 
layers across the ten lobules of vermis and hemispheres [1]. 
Beneath the 3 layers, there is a dense network of fiber tracts. 
Cerebellar nuclei are confined to these networks. This nuclei 
consist of GABAergic, glycinergic, and glutamatergic cell 
types. In the case of primates, the anatomical descriptions of 
cerebellum: (a) the medial nucleus is also referred to as fas-
tigial, (b) intermediate is composed of globose and emboli-
form nuclei, which together forms ‘interposed nucleus’, (c) 
lateral region is referred to as the dentate, a complex convo-
luted structure (Fig. 2). Cerebellar nuclei is reported to link 
the cerebellar cortex to the brain and spinal cord [1]. 

5. MOTOR &NON-MOTOR FUNCTIONS OF THE 
CEREBELLUM: RECENT UPDATES 

5.1. Cerebellum and Emotion Psychophysiology 

The evolutionary purpose of emotions is still a topic of 
discussion. Undoubtedly, they represent a special adaptive 
mechanism by creating positive and negative motivations, 
thus maintaining goal-oriented behavior [46]. At the same 
time, it would be incorrect to consider emotions as only posi-
tive and negative fluctuations, since emotions could serve 
not only as a satisfactory mechanism, but also demonstrate 
the huge complexity of human psychological reactions [47]. 
Notably, the cerebellum has a significant role in providing 
emotional responses. The first suggestions about cerebellar 
involvement in the emotional functioning were made rela-
tively long ago, but only a little knowledge about emotions is 
available [47]. According to the recent reports, the emotional 
mechanisms include perception, processing, and recognition. 

Participation of the cerebellum in basic emotional re-
sponses became considerable after multiple cerebellar-limbic 
connections had been found [48]. The specific impact of 
cerebellar activity on the autonomic nervous system (ANS) 
functioning was also observed. Emotion-related psychophys-
iological processes can be well studied on animal models, 
mainly by observing negative emotional responses [49]. 
Commonly used behavioral tests for fear and anxiety (for 
example, maintaining conditioned reflexes for painful stimuli 
or exploration in the open field) have shown a cerebellar 
impact on animal behavior [50, 51]. For instance, cerebellar 
vermis stimulation has been reported to reduce stress and 
fear reactions in the open field [52]. Moreover, the emotional 
responses can be seen not only on behavioral, but on visceral 
level, by measuring heartbeat, respiratory rate, and vascular 
function [53-55]. The animal studies on psychophysiological 
responses revealed cerebellar participation in basic emotion-
al reactions. Further studies on human subjects have revealed 
the cerebellar mechanisms of emotion recognition, emotional 
processing, and social cognition, which are discussed below.  
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Fig. (1). Three-dimensional neural network microarchitecture confined to the cerebellar cortex. Afferent projections of the neuronal microar-
chitecture were indicated in yellow. Climbing fibers (CF indicated in yellow) are depicted to the molecular layer of the cerebellar cortex. 
These fibers further reach the dendritic tree of the Purkinje cell (PC indicated in black); Mossy fibers terminate in the granule cell layer. The-
se fibers can form synaptic connections with other granule cells indicated as GrC in light black color. Granule cell layer is also composed of 
Golgi cells indicated as GoC, in light green as well as Lugaro cell indicated in LuC, pink, and unipolar brush cell-interneurons indicated in 
UBC, purple. Molecular layer has inhibitory interneurons (indicated as IN). The Purkinje cell layer is composed of cell bodies of Candela-
brum cells. Transverse projections of parallel fibers foster the integration and afferent information through climbing. Purkinje cell soma, 
Bergmann axons, and the axon segments are coiled by the basket cell axons. These are innervated onto the molecular layer in the three-
dimensional space. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 

 

 

Fig. (2). (A). Cerebellum microarchitecture schematically represented from the dorsal view. The rostral view is superior, whereas the caudal 
view is inferior. The vermis is located at the midline. Different cerebellar nuclei are indicated in different colors; lateral nucleus - black, me-
dial nucleus - blue, intermediate nucleus was indicated in red. (B). Zebrin patterning of cerebellar regions in dorsal view (left panel); Para-
sagittal view of the cerebellum indicated at midline. Different cerebellar nuclei are depicted across four different zones such as anterior zone, 
central zone, posterior zone, and nodular zone. (A higher resolution/colour version of this figure is available in the electronic copy of the 
article). 
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5.2. Emotion Recognition and Social Cognition 

Emotion recognition is not only an essential mechanism 
of social interaction, but it is a way to adequately assess the 
environment [56]. The ability to successfully recognize basic 
and complex emotions can provide a fast and efficient evalu-
ation of other’s intentions to make a decision of whether to 
cooperate or not [57]. The early studies on emotion recogni-
tion are based on the face photo and video demonstrations, 
after which subjects are instructed to choose an appropriate 
emotion [58]. Further studies have been supplemented with 
simultaneous brain activity registration. In addition to the 
limbic system, the prefrontal cortex as well as visual system 
was reported to be involved in emotion recognition [59]. At 
the same time, a number of studies pertaining to cerebellar 
activity during emotion recognition are also seen. While the 
majority of research is dedicated to cortico-limbic relation-
ships in emotion recognition, certain reports discuss the role 
of cerebellum in this process [60, 61].  

When considering anatomy of the cerebellum, its partici-
pation in emotion recognition becomes more reasonable. 
Notably, there are multiple axon connections between cere-
bellar structures (fastigial nucleus, vermis, floculonodular 
lobe) and the limbic system (amygdala, hippocampus, sep-
tum, hypothalamus) [62]. Electrical stimulation of these cer-
ebellar structures has been reported to induce neural activity 
in the limbic system [63]. Moreover, the projection fibers 
from ‘cerebellum’ to ‘prefrontal cortex’ provide bidirectional 
communications. In addition to that, the cerebellar activity 
itself is noticed during emotion recognition. This correlates 
with data obtained from patients with different cerebellar 
lesions: infarctions and degeneration. In these subjects, the 
emotion recognition was impaired with higher error rates 
while presented with basic emotions [64, 65]. It is also worth 
mentioning that cerebellar dysfunction has been observed in 
psychiatric diseases like autism spectrum disorder (ASD) 
and attention deficit hyperactive disease (ADHD), in which 
the social behavior and theory of mind (the ability to under-
stand the others) mechanisms are impaired [66]. 

As mentioned above, there is evidence of cerebellar con-
nections with the prefrontal cortex and limbic system, and 
these are crucial brain regions for emotion recognition [67]. 
According to the fMRI data, these connections are function-
ally active during the process of emotion recognition [68]. 
Cerebellar participation in the emotion recognition process is 
also shown using transcranial direct current stimulation 
(tDCS) with lower reaction time for negative emotions after 
cerebellar stimulation [67]. However, this effect is absent 
during positive and neutral emotion recognition, so that the 
involvement of cerebellum into the negative emotion recog-
nition network is more evident. This may seem reasonable, 
since negative emotions are more important for individual 
survival; therefore, additional mechanisms underlying this 
emotional processing are yet to be unraveled. Thus, accord-
ing to current reports, there is strong evidence of cerebellar 
participation in emotion recognition, including its multiple 
connections with the limbic system and cortex, and cerebel-
lum activity alone during this process [67]. Since emotion 
recognition is an important mechanism of understanding 
others, the cerebellum can be considered as a structure in-
volved in social cognition and social perception.  

5.3. The Cerebellum and Emotion Processing 

Emotion processing includes the generation of cognitive 
and behavioral responses to emotional stimuli so that posi-
tive or negative emotional stimuli can allow individuals to 
judge the desirability of such events in the future. Thus, the 
presentation of emotional stimuli can generate some affec-
tive state (mood) [69]. It is well known today that various 
neuropsychiatric diseases are characterized by ‘affective 
disorders’ [70]. For example, patients with ‘depressive dis-
orders’ have been shown to pay more attention to negative 
emotional stimuli than to positive ones [71].  

Emotion processing is considered a necessary aspect of 
survival. Notably, the processing of negative emotions is 
more essential, since ignorance of negative emotional stimuli 
causes a behavioral risk [72]. In laboratory conditions, vari-
ous emotional stimuli can be used to induce a certain affec-
tive state: audio and video samples, narratives, face expres-
sions [73]. Affective state induced by the stimuli is usually 
assessed by self-assessment scales or tests [74]. The dis-
turbed emotion processing is also reported to be observed 
during the incidence of brain lesions in the cerebellar region 
[75]. Studies on cerebellar role in emotion processing have 
shown that cerebellar complex neural networks, including 
hypothalamus, hypophysis, and cerebral cortex, exhibit intri-
cate roles in emotional processing. The fMRI data obtained 
in this research work demonstrate a higher activation in ante-
rior and inferior posterior (tuber) regions of vermis, as well 
as in the limbic system to foster emotion processing [76, 77]. 
Cerebellum also seems to have more impact on emotion pro-
cessing when dealing with negative stimuli [77]. In accord-
ance with above mentioned data about psychophysiological 
reactions, the cerebellum can therefore be considered as an 
important participant to decipher the analysis of emotional 
information. 

In cooperation with visual systems, limbic structures, and 
regions of the cerebral cortex, cerebellum could maintain a 
proper acquisition and analysis of emotional information. 
However, there are several other non-motor functions, in 
which cerebellum has been involved. Further in this review, 
cerebellum roles in speech, writing, and reading processes 
have been described.  

5.4. Cerebellum and Linguistic Functions 

Traditionally, cerebellum roles in linguistic functions, 
such as reading, writing, and speech are investigated by 
means of neuropsychological  characteristics in the patients 
with cerebellum lesions [6]. Writing and speech disorders are 
associated with intricate pathophysiology among all lan-
guage skills in the context of cerebellum dysfunction. As a 
rule, such disorders are related to motor aspects of these pro-
cesses, for example, cerebellar ataxia and dysarthria, in 
which muscular contraction synchronization is reported to be 
disturbed [78].  

Meanwhile, cerebellar dysfunction can contribute to the 
more complex problems related to writing and speech. A 
plethora of reports suggested that various impairments in 
perception of speech, motor planning, in the ability to predict 
and integrate speech stimuli can occur due to cerebellar pa-
thology [79]. Cerebellar patients also demonstrated various 
agrammatic disorders and dysprosody [80, 81]. In patients 
with focal and degenerative cerebellar lesions, the non-motor 
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writing disorders (dysgraphia, agraphia) were also noticed 
[82]. In this case, cerebellum can serve as a coordination 
mechanism, which provides spatial and temporal harmoniza-
tion for cognitive, linguistic, and motor processes [83]. The-
se findings represent cerebellar function and maintain not 
only motor, but also cognitive control for speech and writing. 
Proper cerebellum functioning has been reported to be cru-
cial for foreign language study [84]. 

Apart from clinical data, neuroimaging studies on healthy 
subjects are also available today. PET and fMRI data have 
shown increased functional activity of the cerebellum when 
executing linguistic tasks of sensory, motor, and cognitive 
modalities. Although the exact location is still unclear, the 
supporting role of cerebellum in maintaining metalinguistic 
functions is suggested with each cerebellar hemisphere con-
nected with the cerebral hemisphere on the contralateral side 
[85]. These findings correlate with the fact that the right cer-
ebellar hemisphere is more active at the time of performing 
‘linguistic functions’, since, in most subjects, the left cere-
bral hemisphere is responsible for these processes [86]. 

For successful social interactions during an individual’s 
life, more complex linguistic skills (metalinguistic skills) are 
required [87]. A number of studies have reported a link be-
tween cerebellar dysfunctions with metalinguistic skills im-
pairment; For instance, the difficulties in constructing a sen-
tence in given context, interpretation of ambiguous situa-
tions, finding word associations and synonym/antonym pairs 
[88]. Cerebellum lesions or blood flow disturbances can con-
fer to the dysfunction of fronto-cerebellar connections 
(crossed cerebellar diaschisis) [89]. 

5.5. Cerebellum and Learning & Reading Skills Devel-
opment 

Several studies have reported the cerebellar role in read-
ing skills development, which are related to a cerebellar def-
icit in the context of dyslexia. According to the studies made 
on healthy and dyslexic children, the dyslexic subjects 
demonstrated not only reading deficit, but also sensory-
motor disorders like bad coordination and vestibular balance 
disorders [90]. According to this report, the cerebellar deficit 
hypothesis has been proposed, which links dysfunction of 
the cerebellum with the ability to learn and recognize printed 
words [91]. To date, the cerebellar deficit hypothesis has 
been defined, yet the mechanisms of these disorders have yet 
to be unraveled.  

Further studies on the cerebellar deficit hypothesis, the 
cerebellar role in reading skills development has been sug-
gested to occur via two processes: articulatory control and 
skills automatization [92]. These findings also correspond to 
the fact that speech processes contribute to the development 
of reading skills and decoding skills [93]. Thus, cerebellum 
provides not only ‘motor control of speech’, but also more 
complex properties. In this case, the cerebellar role in read-
ing skills development can be explained via linguistic and 
sensory motor learning with cerebellar mechanisms of error 
correction [94]. Thus, disturbances in the cerebellum learn-
ing system can result in the impaired ability to recognize 
written text.  

The cerebellar deficit hypothesis is complemented with 
neuroimaging data, which is still not excessive since reading 

is rarely studied in the context of cerebellar activity. Accord-
ing to the current data, several causes of cerebellar reading 
disorders have been observed: impaired functional activity, 
tissue atrophy, disturbance of frontal-cerebellar connections 
[95, 96]. Cerebellar lobules VI, VII are reported to be affect-
ed in dyslexic patients [97, 98]. Moreover, there are differ-
ences in frontal-cerebellar white matter integrity between 
healthy and dyslexic subjects [99]. This data represents the 
anatomical and physiological basis for cerebellar deficit-
related dyslexia.  

Thus, the cerebellar role points out the importance of this 
brain region in ‘reading skills development’ and ‘sensory 
motor learning’. Since these processes are considered essen-
tial for all learning activities, the cerebellum can be thought 
to provide proper cognitive function development. Current 
studies on integrating the cerebellum into models of cogni-
tive development are crucial for understanding the mecha-
nisms underlying the learning process.  

6. CEREBELLUM AND PSYCHIATRIC DISORDERS - 
RECENT UPDATES 

The three cerebellar core projections, including the (1) 
cerebellar vermis projection into pons & reticular formation 
(2) intermediate zone projections to the red nucleus, & thal-
amus (3) lateral zone projection to the thalamus; have been 
suggested to influence emotions, behavioral patterns in sev-
eral psychiatric disorders by intervening with neural fibers of 
frontal or motor cortex or parietal cortex [100-102]. 

6.1. Schizophrenia & Cerebellar Neural Networks 

Several neuroimaging reports delineated the influence of 
cerebellar dysfunction in triggering cognitive abnormalities 
by intervening in the corticocerebellar connections [103, 
104]. Predominantly, the imbalance in cortico-thalamic-
cerebellar-cortical circuits could trigger alterations in cogni-
tion as well as task performance in schizophrenia patients. 

Self-experience is one of the significant anomalies ob-
served during schizophrenia, which has profound interlink 
with the aberrant brain malfunction controlled by cerebellum 
and cerebral cortex [105, 106]. The ventral premotor cortex 
(vPMC) and posterior insula (pIC) are associated with inter-
connecting neural networks with the posterior cingulate cor-
tex, and these neural networks are involved in modulating 
self-experience during schizophrenia [106]. Functional con-
nectivity is mitigated among cerebro-cerebellar neural net-
works. Predominantly, frontoparietal neural networks are 
affected, which subsequently provoke hallucinations, nega-
tive symptoms, and self-experience in schizophrenia pa-
tients. Malfunction of interconnected networks of cerebro-
cerebellar circuitry could invoke changes in the behavioral 
patterns, indicating the cerebellum as a functional entity in 
schizophrenia patients. Furthermore, during the mirror neu-
ron-driven simulation, the social cognition, and emotional 
cues are altered in schizophrenia patients and their underly-
ing interaction with cerebellar networks is yet to be uncov-
ered fully [107]. 

6.2. ADHD & Cerebellar Neural Networks 

ADHD (Attention Deficit Hyperactivity Disorder) is 
prominently observed in 5% of children and the symptoms 



Recent Investigations on the Functional Role of Cerebellar Neural Networks Current Neuropharmacology, 2022, Vol. 20, No. 10    1871 

are accompanied by attention defects, hyperactiveness, & 
impulsivity [108]. Defects in frontal-subcortical neural net-
works, mainly in the corpus callosum, basal ganglia, [109], 
could invoke the ADHD [109-113]. Furthermore, the chang-
es in brain development could also trigger the incidence of 
ADHD. Changes in the volume of cerebrum and cerebellum, 
vermis & caudate nucleus are also reported to be one of the 
major causes of ADHD in childhood, but these changes dis-
appear as the individual age increases [114]. 

6.3. Autism Spectrum Disorders (ASD) & Cerebellar 
Neural Networks 

ASD is another psychiatric disease could be produced by 
the changes in cerebellar neural networks projected onto the 
motor cortex and prefrontal cortex [115]. Altered cognition, 
emotions, and stereotypic movements could cause ASD-like 
behavior during any damage to the cerebellum. Mitigation in 
the GABAergic neural networks could foster the rise in ac-
tivity of cerebellar-cortical neural pathway, which cause re-
petitive behavior in individuals with ASD [116, 117]. Still, 
existing research gaps underline the need for studies address-
ing the relationship of Purkinje projections defects in trigger-
ing modulation in social behavior in ASD conditions.  

6.4. Bipolar Disorder (BD) & Cerebellar Neural Net-
works 

BD is significantly accompanied by the recurrent inci-
dence of mania and depression with different behavioral pat-
terns such as grandeur, defects in motivational behavior, and 
hyperactivity [115]. These bipolar symptoms are produced 
by the changes in cerebellar volume, and atrophy of cerebel-
lum [118-120]. Furthermore, the low volume of V3 subre-
gion of vermis could invoke changes in the behavioral pat-
terns in bipolar disease [121]. However, the changes in the 
psychotic behavior in the Euthymic bipolar disorder type I 
(BD-I) in relation to the cerebellar neural networks require 
extensive scientific investigation [122].  

6.5. Anxiety Disorders & Cerebellar Neural Networks 

Alterations in the cerebellar function due to any function-
al damage of cerebellum could induce the occurrence of anx-
iety disorders. Disorders such as PTSD, generalized anxiety 
disorder, and social anxiety disorder are generated by the 
changes in the neural networks pertaining to the cerebellum. 
For instance, cerebellar hyperactivity can induce alterations 
in overall blood pressure and heart rate, which could be con-
sidered the possible explanation for the higher sympathetic 
activity in patients with anxiety disorders [123]. These inves-
tigations reveal the predominant high-glucose metabolism in 
these patients, mainly across pons, cerebellum, and amyg-
dale, and midbrain [124]. Thus, the pathophysiology associ-
ated with alterations in the hyperactivity of cerebellum is yet 
to be explored significantly to fill the research gaps to pre-
scribe suitable cognitive-behavioral therapies to these pa-
tients. 

7. ALEXITHYMIA & CEREBELLAR NEURAL NET-
WORKS 

A significant emotional regulation is a crucial process in 
daily life in order to promote effective psychological well 
being [125] and the psychological emotions are mainly con-

trolled by the cerebellar neural networks along with other 
crucial parts of the brain such as prefrontal cortex–amygdale 
networks. Any damage to these brain areas could cause emo-
tional dysregulation, mainly in individuals with psychomotor 
diseases. Individuals often with substance abuse could ac-
quire alexithymia, which is accompanied by the induction of 
addictive behavior [126, 127]. Intricate cognitive and affec-
tive characteristics are referred to as alexythymia and these 
are most commonly observed in patients suffering from psy-
chosomatic disorders [128]. For instance, alexythymia con-
struct is reported to be multifaceted and exhibits divergent 
characteristics, including difficulty in expressing individual 
feelings and bodily sensations. Other divergent features of 
alexythymia are impairment of fantasy, and poor introspec-
tive thought process [129-131]. In patients with psychomotor 
diseases, the emotional regulation is typically poor due to 
alexithymia [132]. These patients with alexithymia exhibit 
predominantly higher instincts of psychological distress 
compared to the people without alexithymia subsequently, 
the patient acquire functional somatic symptoms and defects 
in emotional processing [133, 134]. Therefore, the behaviour 
patterns attain maladaptive in these individuals and other 
psychological problems emerge such as depression and anxi-
ety [135]. Thus, alexithymia could induce the alterations in 
emotional regulation and induce suicidal thoughts [136]. 
Previous studies demonstrated the involvement of cerebellar 
neural networks along with amygdale, cigulate cortex, and 
fusiform gyrus in individuals with alexithymia. For instance, 
the neural networking in cerebellar gray matter exhibited a 
positive correlation with alexithymia scores and inversely 
correlated to the limbic and paralimbic neural networks sug-
gesting a significant involvement of cerebellar networks in 
the functional modalities of emotional processing [137]. For 
instance, the patients with bipolar disorder type I (BD-I) are 
reported with negative emotional cues and alexithymia. This 
is characterized by the emotional dysregulation during acute 
and euthymic phases incurred by this diseases [138]. Thus, 
alexythymia has a significant impact on the ‘mind-body con-
nection’ in the patients with psychomotor diseases, and is 
implicated as a prominent challenge for all the mental health 
care workers; therefore, these strategies could produce sig-
nificant information to evaluate and develop possible thera-
peutic regimens for these patients [139]. 

8. MOTOR DETECTS & CEREBELLUM 

A plethora of scientific evidence from converging modal-
ities delineates that there is a certain functional topography 
of the cerebellar neural networks for overt control of move-
ment with respect to higher functions. Therefore, the cerebel-
lum is divided into sensorimotor cortices and multimodal 
association cortices. A study performed by Catherine J. 
Stoodley et al. (2012) reported the presence of different 
cerebro-cerebellar circuits depending on the demands of 
tasks being performed [140]. Overt movement activates both 
sensorimotor cortices as well as contralateral cerebellar lob-
ules IV-V and VIII. In addition, the more cognitively de-
manding tasks have been reported to engage with prefrontal 
and parietal cortices along with cerebellar lobules VI and VII 
[140]. Thus, the cerebellum is vividly described in both mo-
tor and cognitive task performance [140]. 
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Patients who have cerebellar damage often experience cer-
ebellar motor syndrome such as dysmetria, dysarthria, and 
ataxia. In addition, the cerebellar cognitive affective syndrome 
could be produced from the cerebellar damage accompanied 
by the defects in executive, visual, spatial, and linguistic task 
performances. There is a topographic organization reported in 
the human cerebellar region such that the anterior lobe and 
lobule VIII consist of the sensorimotor region, whereas the 
lobules VI and VII of the posterior lobe consist of cognitive 
cerebellum [140]. For instance, the cerebellar motor syndrome 
could be caused due to lesions across the cerebellum, mainly 
across the anterior lobe and lobule VI, which consequently 
interrupts neural circuits associated with cerebral and spinal 
motor systems [140]. Therefore, neuropsychiatric disorders 
manifest when  the vermis lesions are deprived of cerebro-
cerebellar-limbic loops in cerebellar input. Furthermore, this 
kind of functional topography is a consequence of differential 
arrangement of the connections pertaining to the cerebellar 
region onto the spinal cord, brain stem, and cerebral hemi-
spheres; these neural circuits reflect cerebellar incorporation 
into the innervations of wide neural networks subserving 
movement, cognition, and emotion [75].  

9. CEREBELLUM & NEURODEGENERATIVE DIS-
EASES 

Previous imaging studies depicted that the insults to cer-
ebellar damage due to neuropathological lesions could in-
duce neurodegenerative diseases such as Alzheimer’s diseas-
es (AD), Parkinson’s disease (PD) [141-144]. Mutations 
associated with C9orf72 in neuropathological lesions can 
induce the neurodegeneration of cerebellar neurons, conse-
quently, provoking neurodegenerative diseases [145, 146]. 
Thus, the atrophy of cerebellar neural networks could cause 
changes in the functional intrinsic activity and promote the 
neurodegenerative disease, including AD and PD. In addi-
tion, the cerebellar-thalamic overactivity in PD tremor gen-
eration is one of the significant symptoms; and it is also evi-
dent that the underactivity of cerebellar-thalamic projections 
appears to play a major role in the manifestation of genetic 
dystonias [147].  

For instance, Parkinson’s disease (PD) is a neurodegen-
erative disease exemplified by the clinical manifestations 
such as tremors, bradykinesia, rigidity, and imbalance in 
posture [148]. Non-motor functions such as cognitive, senso-
ry, emotional and social abilities are being affected during 
PD [149-151], and these symptoms sometimes precede the 
appearance of motor symptoms [152]. Although the non-
motor symptoms are detrimental to the patient’s quality of 
life, still, they have not been fully studied in clinical settings. 
Several studies delineated the neurological damage underly-
ing PD incidence is confined to the damage to dopaminergic 
neural networks across basal ganglia, mainly in substantia 
nigra pars compacta. Neurodegeneration of dopaminergic 
neurons could invoke hyperactivity in the globus pallidus of 
basal ganglia [153-155]. These events could confer to the 
increased inhibition from thalamocortical and brain stem 
motor regions, consequently invoking impaired motor 
movements. Even though the dysfunction in basal ganglia 
can explain several motor symptoms observed in PD, it has 
not adequately delineated the non-motor symptoms underly-
ing the disease; therefore, other than brain structures, cere-

bellum also typically may be involved in enhancing the 
pathophysiology of PD. Some of the PD motor symptoms 
like tremors have been reported to link to the abnormal func-
tional connectivity confined to the basal ganglia and cerebel-
lum through the thalamus [156, 157]. Despite the fact that 
cerebellum has significance in motor functioning and fine-
tuning movements, it has been reported that it is also in-
volved in modulating behavioral performances [158, 159]. 
Some investigations have reported that the basal ganglia and 
cerebellum together work synergistically to generate motor 
and non-motor functions [160]. Subcortical structures have 
been reported in reinforcement learning and reward-related 
behavior, and motor planning [161-164]. These findings 
suggest that cerebellar regions are instrumental in non-motor 
symptoms in PD. Neuroimaging studies reported that 18F-
fluorodesoxyglucosein positron emission tomography can 
enhance the metabolism in the cerebellum, which is further 
linked to cognitive impairment in PD [165-169]. Yet, it is 
not clear whether some cerebellar parts are more implicated 
than others to foster motor and non-motor symptoms during 
PD and several quantitative studies along with the systematic 
review of cerebellar findings in PD should be studied. 

CONCLUSION 

Research of the human brain is characterized by com-
plexity and continued birth of new concepts and expansion 
of current knowledge on the structure of the brain. The inte-
grative approaches in modern day neuroscience outline new 
functional connections, roles and architectonics in well 
known regions of the brain, including the cerebellum. New 
techniques for brain studying provide new data with the pre-
cision dedication to elemental evaluation of diverse regions 
in the brain. Such studies provide new insight into the func-
tion and vast connectivity of the cerebellum, as well as its 
role in non-motor function. The cerebellum should not be 
further considered a region responsible for only motor func-
tions, but also for a large specter of important non-motor 
functions. Current research shows cerebellar activity in a 
number of non-motor functions playing a crucial role in cog-
nitive function, social cognition, linguistic skills, and learn-
ing. Thus, the cerebellum plays a role in the maintenance of 
proper cognitive and behavioral functioning and remains an 
important element of the brain’s integrative system, with 
evident dyfunction during several neuropsychiatric diseases. 
Knowledge of cerebellar non-motor functions is not only 
important for elaborating new research concepts but is cru-
cial for the development of novel clinical implications. 
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