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ABSTRACT

This systematic review aims to reassess the 

expanding role of the cerebellum in pain per-

ception, challenging its traditional and simplis-

tic association with the motor domain. Pain 

perception is a complex experience shaped 

by sensory, emotional, and cognitive factors, 

with recent findings underlining the cerebel-

lum’s influence over these systems. This paper 

evaluates findings from 24 relevant studies to 

elucidate key findings with regard to pain and 

their potential clinical applications. The cerebel-

lum’s role in pain processing is assessed through 

its interaction with nociceptive pathways, pain 

anticipation, and the intonation of pain-related 

emotional responses. Key cerebellar regions such 

as Crus I, lobules VI and VIII, and the vermis, 

are persistently activated during pain percep-

tion and anticipation. These regions are linked 

to sensory-discriminative and affective-moti-

vational elements of pain. Studies on patients 

with migraines, chronic low back pain, and 

irritable bowel syndrome (IBS) demonstrated 

increased cerebellar activation, suggesting its 

role in chronic pain conditions. Non-invasive 

neurostimulation techniques, such as transcra-

nial direct current stimulation (tDCS) and repeti-

tive transcranial magnetic stimulation (rTMS), 

administered onto these cerebellar regions, 

show potential in modulation of pain and clini-

cal application. Future research should aim to 

standardise methodologies, explore the cerebel-

lum’s role in acute pain, and investigate long-

term effects of cerebellar-targeted treatments. 

Understanding the cerebellum’s multifaceted 

role in pain perception can advance diagnostic 

and therapeutic strategies, offering a more com-

prehensive approach to pain management. This 

review underscores the need for further inves-

tigation into cerebellar mechanisms and their 
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clinical applications, potentially transforming 

pain treatment paradigms.

Keywords: Nociception; Cerebellum; Pain 

perception

Key Points 

The cerebellum plays a significant role in 

pain processing, particularly in inhibiting 

pain sensation, with regions like Crus I, Crus 

II, and lobule VI involved in pain anticipa-

tion, perception, and emotional aspects.

Activation in lobules I–VI, VIII, and the ver-

mis has been linked to nociceptive signalling, 

fear conditioning, and sensory integration.

Studies also highlight cerebellar involvement 

in conditions such as chronic pain, IBS, and 

migraines, with specific regions showing 

altered activation patterns.

The cerebellum has multimodal role in inte-

grating pain, motor responses, and emotional 

processing.

INTRODUCTION

Pain is classified as an uncomfortable sensory and 

emotional phenomenon. Despite being classically 

described as a sensory experience, it has been 

increasingly recognised that psychological and 

social factors also play a role in influencing the 

overall experience of pain for each individual [22]. 

Over the past 100 years, there has been increas-

ing discussion of an emotional involvement in 

pain perception [35]. Additionally, the past dec-

ade, especially, has provided significant advance-

ments in investigating the link between pain and 

emotion, through the use of animal studies and 

brain imaging techniques [32]. Recent studies are 

still trying to uncover all neural areas involved 

in pain perception. While there are symptom-

managing treatment plans in place for these 

conditions, there are still gaps in the literature in 

understanding all modulating areas within the 

brain which contribute to pain perception.

The cerebellum is conventionally known as 

the area for motor control responsible for coordi-

nating voluntary movements. However, the cer-

ebellum is now additionally recognised as a core 

aspect in an integrated network that relays motor, 

cognitive, sensory, affective and social functions 

[49]. This shift in perspective did not occur until 

the late twentieth century, where nonmotor func-

tions of the cerebellum had started to be investi-

gated, speculating that the structure played a part 

in higher order functions [52]. Various studies 

using hypothesis-driven experiments and novel 

concepts further questioned the traditional theory 

[37, 52], which inevitably led to the reassessment 

of the role of the cerebellum [11]. Since then, 

the cerebellum’s role has further expanded from 

motor control to functions such as emotional 

learning and fear conditioning, via its intercon-

nections with the prefrontal cortex, amygdala and 

other brain areas [49].

The current review aims to investigate the role 

of the cerebellum in pain perception, what are 

the future implications of these findings, and, fur-

thermore, how these findings can translate into 

clinical use.

METHODS

A single-database search was conducted. All litera-

ture was retrieved from PubMed by one reviewer. 

PubMed database searching was conducted in 

May 2024. During the literature search, three 

main terms were used to identify relevant papers: 

(1) cerebellum/cerebellar, (2) pain/painful, and 

(3) nociception/nociceptive. Synonyms of each 

phrase were included in order to produce the 

most efficient yield when identifying relevant 

papers for screening. No publication date restric-

tions were put on the search criteria.

Inclusion and Exclusion Criteria

Articles were included based on the following 

criteria:

– The study discussed the potential role of the 

cerebellum in pain perception.
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– The study subjects were a human population.

– The study was in English.

– The study had a sample size larger than 10 

participants.

Articles were excluded based on the following 

criteria:

– Unoriginal studies (i.e. review studies, case 

reports).

– The study used pediatric populations.

Data Collection Process

Two authors were responsible for screening 

of search results. Data extraction was then 

performed. Relevant data were collected and 

assembled into data extraction tables. These 

summarised the included main details of the 

study, i.e. generalised study design, participant 

details, geographical location, key results and 

conclusions.

Critical Appraisal

All randomised controlled trials (RCTs) included 

in this review were critically appraised using the 

Jadad Score, which is used to assess the risk of 

bias present within pain research studies. The 

scale allows for a score from 0 (very poor) to 

the maximum 5 (excellent). This enables parallel 

comparisons to be drawn between the quality of 

differing RCTs available [33].

Compliance with Ethical Guidelines

This article is based on previously conducted 

studies and does not contain any new studies 

with human participants or animals performed 

by any of the authors.

RESULTS

The research question yielded a total of 65 

results on PubMed. A total of 24 studies were 

included in the final review. Details of the 

screening process have been summarised in the 

flow diagram (Fig. 1). Table 1 highlights the vari-

ous cerebellar regions and their associated func-

tions in the processing and modulation of pain.

Cerebellar Networks

The cerebellum is predominantly known for 

its involvement in motor control, functioning 

to regulate balance and coordination of move-

ment. However, the role of the cerebellum was 

not always widely understood. Prior to the eight-

eenth century, theories of cerebellar function 

were predominantly made through the obser-

vation of gross anatomy, as well as conceptual 

speculations [23]. Today, it is widely understood 

that the cerebellum constitutes one of the most 

significant circuits present within the human 

brain. This circuit accounts for motor control, 

but increasing research shows this to be vastly 

more complex than originally thought [47]. 

Ataxia (loss of co-ordination) is largely associ-

ated with cerebellar dysfunction, with visible 

atrophy of the cerebellum often observed in 

these neurological conditions [17]. However, 

the cerebellum is increasingly proven to have 

functions other than motor control through 

recent findings from imaging, behavioural and 

anatomical research.

Functional connectivity during pain process-

ing was analysed using a mechanical punctuate 

stimulus on 12 healthy subjects [19]. Following 

a pinprick stimulus to the back of the hand, 

MRI identified three clusters: (1) vermis IV–V 

and hemispheres IV–VI, (2) hemisphere VI 

and Crus 1 and Crus 2, and (3) lobule VIIb and 

Crus 1 and Crus 2. Additional to these findings, 

previous literature has also highlighted activa-

tion of these cerebellar regions during the use 

of heat stimuli in a study with neuropathic 

patients and healthy subjects. The application 

of heat triggered activation in Crus II and VIIb 

in healthy patients, regions which are thought 

to be associated with socializing and cogni-

tive processing [59]. However, in neuropathic 

patients, heat produced activation regions in 

lobules III–V, lobule VI and VIIIa [10]. Painful 

electrical stimuli delivered to the dermatomes 

of the three trigeminal branches (V1, V2, V3) 

and the greater occipital nerve triggered high 
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activation areas in Crus I, lobule I–IV, V and 

VI in the hemispheres and also the vermis [4]. 

The findings of this study suggest that there 

is a high level of cerebellar activation during 

trigemino-cervical pain processing, thus largely 

highlighting the significant influence of V1 on 

the somatotopy present within the cerebellum, 

which could be underlining the significant role 

of this specific branch in headache pathologies. 

The trigeminal nerve has long been recognised 

as the ‘common denominator’ in headache 

disorders [21], indicative that this dominant 

connectivity between the V1 trigeminal branch 

and cerebellar somatotopy could be an under-

lying factor of this pathology. It should be 

noted that electrical stimulation is susceptible 

Fig. 1  PRISMA diagram detailing the screening processes
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to non-nociceptive somatosensory influence as 

well as nociceptive influence alone.

In those who had spinal manipulation before 

having their cerebellar inhibition (CBI) remeas-

ured, findings revealed there to be a signifi-

cantly lower CBI level in the spinal manipula-

tion groups compared to compared to healthy 

control (HC) group. It was observed that the 

more extreme the neck pain in the patient, spi-

nal manipulation subjects had a larger change 

in CBI, measured using motor evoked potentials 

[3]. CBI levels were also found to decrease fol-

lowing hand stimulation in a healthy popula-

tion, as well as an increased vibration perception 

threshold. These findings are indicative that the 

cerebellum exerts modulatory effects in process-

ing vibrotactile stimuli via motor–sensory inter-

actions [14]. Similar to the previous paper, this 

study aimed to evaluate whether spinal manipu-

lation prior to motor sequence learning would 

help restore the baseline functional relationship 

between the cerebellum and the motor cortex in 

Table 1  Summary of cerebellar regions and their key functions in pain processing

Cerebellar region Associated role in pain processing References

Crus I Pain anticipation, pain perception, emotional aspects of 

pain, painful stimuli processing, sensory disturbances in 

migraine

[4, 15, 19, 26, 36, 47, 51]

Crus II Pain anticipation, pain perception, emotional aspects of 

pain, painful stimuli processing, sensory disturbances in 

migraine

[4, 15, 19, 26, 36, 47, 

51]

Lobule I Painful stimuli processing [16]

Lobule II Painful stimuli processing [16]

Lobule III Painful stimuli processing [16]

Lobule IV Painful stimuli processing [16]

Lobule V Increased activation during the sudden exclusion of a 

previously experienced negative stimulus

[47]

Lobule VI Pain anticipation, pain perception, emotional aspects 

of pain, fear conditioning, painful stimuli processing 

(trigeminal)

[4, 10, 19, 20, 34, 36, 

41]

Lobule VIIb Painful stimuli processing [16]

Lobule VIIIa Painful stimuli processing (trigeminal) [4, 34]

Lobule VIIIb Pain-related fear conditioning, pain and motor process-

ing

[15, 16]

Lobule IX Increased activation during the sudden exclusion of a 

previously experienced negative stimulus

[47]

Anterior Vermis (Lobule VI and VIII) Painful stimuli processing [4, 20]

Posterior Vermis (Lobules VIIb–IX) Increased activation during sudden exclusion of a previ-

ously experienced negative stimulus

[47]

Vermis Fear conditioning, nociceptive reflex signalling, sensory 

signal integration

[4, 15, 19, 20]
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individuals with subclinical neck pain (SCNP). 

Following transcranial magnetic stimulation 

(TMS) before and after a combination of spinal 

manipulation and motor sequence learning, a 

significant decrease in mean reaction time was 

observed, as well as a lowered CBI [18]. Similar 

to the findings of Baarbé et al. [3], the results 

indicate that individuals with SCNP have modi-

fied CBI compared to healthy individuals. Non-

invasive brain stimulation techniques such as 

transcranial direct current stimulation (tDCS) 

and repetitive transcranial magnetic stimula-

tion (rTMS) have successfully modulated CBI 

in previous literature; however, the results have 

shown inconsistencies when considering the 

magnitude and direction of effects for these 

techniques [55].

Differences in sensorimotor white matter 

microstructure between those with non-specific 

low back pain (NSLBP) and healthy subjects 

were investigated by [44]. Patients with NSLBP 

showed a reduced fractional anisotropy in the 

left superior cerebellar peduncle compared to 

HC, suggestive of impaired microstructural 

integrity. Interestingly, decreased integrity of 

the white matter fibres of the superior cerebellar 

peduncle showed a correlation with an increased 

dependency of proprioception within the ankle 

muscles. As the cerebellar peduncles carry all the 

fibres which transport information out of the 

cerebellum, decreased integrity of these struc-

tures are likely the cause of impaired processing 

of sensory signals [44].

Activity of the Cerebellum During Painful 

Stimuli

Domains such as vestibular, cognitive, emo-

tional and autonomic function are areas where 

research has uncovered evidence of cerebellar 

influence. Cerebellar activation has been dem-

onstrated in the presence of unpleasant or pain-

ful stimuli in varying areas. Lobules Crus I and 

VI of both hemispheres as well as lobules I–V of 

the anterior vermis, and lobules VIIb–IX of the 

posterior vermis have all shown increased acti-

vation during the sudden exclusion of a previ-

ously experienced negative stimulus [47].

Using magnetic resonance imaging (MRI) 

during nociceptive and trigeminal stimulation, 

it was found that an increased activation was 

present in Crus I, VIIIa, VI and Vermis VIIIa. An 

‘intense’ gaseous ammonia stimulus revealed 

four clusters in the cerebellum and the periaq-

ueductal gray (PAG).

These findings show increased levels of 

cerebellar-cortical communication, as well as 

between brainstem nuclei and left lobules I–VI 

during trigeminal nociception. The circuitry 

between the cerebellum and the brainstem 

include structures such as the thalamus and 

PAG. The latter is largely associated with being 

a core centre of the descending pain processing 

pathway, correlated with the propagation and 

suppression of pain perception through inhibi-

tion of ascending nociceptive pathways [39].

During thumb and toe stimulation, functional 

magnetic resonance imaging (fMRI) found a sig-

nificant contralateral activation present in Crus 

II and an ipsilateral activation in lobule VI. More 

specifically, lobule VIII was found to be ipsilat-

erally activated during thumb stimulation. Toe 

stimulation triggered activation in lobules IV, V, 

VIII and IX bilaterally, as well as lobule VI con-

tralaterally [36].

These highlight that the conjunction regions 

(Crus I and lobule VI), which are triggered by 

both painful stimuli and the anticipation of 

painful stimuli, are located bilaterally in the pos-

terior cerebellum. These findings support that 

activated areas during thumb and toe stimula-

tion are somatotopically organised. Additionally, 

it may be indicative that Crus I and lobule VI 

could have a role in the general processing of 

the emotional aspects of pain, due to the height-

ened activation present during both the antici-

pation of and the actual pain stimulus.

When trigeminal heat stimulation was 

applied to patients with migraine with aura 

(MwA) and migraine without aura (MwoA), it 

was found that cerebellar activation was signifi-

cantly higher in patients with MwA compared 

to MwoA. Interestingly, the degree of cerebel-

lar activation was found to directly correlate 

with disease duration in patients with MwA 

[51], demonstrating a heightened activation in 

patients with MwA as opposed to MwoA, with 

aura often being sensory disturbances, so the 
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connectivity of the cerebellum to these trigemi-

nal sensory inputs could be underpinning the 

role of sensory processing during migraine 

pathology.

Electrical stimulation of the left tibial nerve 

was used to trigger the nociceptive leg reflex, 

using fMRI to record the corresponding cerebel-

lar areas of this pathway. Highest activation was 

found in the anterior vermis in lobules VI and 

VIII, as well as lobules VI and VIII in the pos-

terior vermis. Furthermore, activation was trig-

gered in lobules III and IV of the anterior lobe 

and lobule VIII in the posterior lobe [20]. These 

findings are in good accordance with the associ-

ated regions with leg movement, and this also 

supports the previous findings of the activation 

of posterior cerebellar hemispheres during pain-

ful stimuli [20].

In another study, when thermal stimulation 

of the right hand was applied, activation areas 

were detected in lobules I–IV and VIIIb in the 

right cerebellar lobules, as well as lobules VI 

and VIIb in the left lobules. Activity was also 

found in vermis IX and the PAG [16]. The find-

ings presented in this study suggest the presence 

of multimodal areas in motor control and pain 

perception within the posterior cerebellum, 

highlighting the connections between these 

areas and sensorimotor areas within the cortex. 

Lobules VI and VIIb have previously been shown 

to govern the integration of information across 

various modalities [13]. Previous clinical stud-

ies have revealed specific functions for differing 

cerebellar regions, reporting that motor control 

is largely associated with lobules V and VIII, 

whereas more intricate tasks are correlated with 

lobules VI and VII [16]. Although functional 

regions of the cerebellum have not yet been 

established for pain perception, meta-analyses 

suggest that pain-related activities are mainly 

localised to lobules IV, V and bilateral lobule VI 

[41].

Neurostimulation of the Cerebellum and its 

Effects on Pain

Non-invasive brain stimulation (NIBS) is a 

blanket term for a number of techniques. NIBS 

provides a safer and better-tolerated means to 

regulate neuronal activity without the risks and 

recovery time that comes with invasive proce-

dures, such as deep brain stimulation [31]. This 

scope of this review mainly focuses on tDCS and 

rTMS; however, other techniques such as tran-

scranial electrical stimulation and transcranial 

alternating current stimulation have also been 

utilised [46]. tDCS consists of the application of 

a weak direct current. Typically, positive anodal 

stimulation will influence cortical excitability, 

whereas negative cathodal stimulation gener-

ally has an opposite effect [24]. TMS refers to 

the non-invasive magnetic stimulation of the 

brain, performed in order to alter excitability of 

the cortex. rTMS, more specifically, is the repeti-

tive stimulation of a particular brain region. 

This is achieved through application of a high- 

or low-intensity magnetic field. Dependant on 

the desired effect, variables such as frequency, 

intensity, target regions and length of treatment 

plan are adjusted accordingly. Generally, a low 

frequency (< 1 Hz) will exhibit inhibitory effect 

whereas higher frequencies (> 1 Hz) will exhibit 

excitatory effects [60].

In a study using heat stimulation, tDCS was 

administered to assess regulatory properties of 

the cerebellum during nociception and endog-

enous pain modulation. Following a 5-s heat 

stimulus to the right and left arms, the results of 

this study revealed a significant decrease in CPM 

[56]. It should be noted that tDCS was adminis-

tered over the occipital bone, which could mini-

mise tDCS effects due to its thickness. The find-

ings of the study are supportive that cathodal 

tDCS increased pain perception and decreased 

endogenous pain inhibition, whereas anodal 

tDCS appeared to increase endogenous pain 

inhibition. This falls in line with many previ-

ous studies, with the general consensus being 

that anodal tDCS increases the excitability of 

the cerebellum, whereas cathodal is thought to 

have the opposite effect. However, due to the 

unique disposition of the cerebellar functional 

units, analysing effects of cerebellar tDCS and 

localising them to specific lobules remains chal-

lenging, and should be kept in mind when inter-

preting results [58].

A similar study investigated lower extremity 

sensory and pain thresholds, using cerebellar 

transcranial direct current stimulation (ctDCS) 
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on healthy volunteers. Pain thresholds (PT) were 

obtained before and after the administration of 

ctDCS, revealing that ctDCS modulated lower 

extremity PT. More specifically, anodal stimula-

tion caused a significant increase in pain per-

ception compared to cathodal and sham [43]. 

In another study using ctDCS on upper limb 

amputees who experience both painful and non-

painful phantom limb sensations, laser-evoked 

potentials were recorded from their site of 

amputation. Following anodal ctDCS, the results 

showed that phantom limb symptoms signifi-

cantly improved [7], providing evidence that 

anodal ctDCS improves painful and non-pain-

ful phantom limb symptoms in patients with 

upper limb amputations. While these findings 

mimic similar results from previous literature [1, 

48], other studies have displayed no correlation 

between painful and non-painful phantom limb 

sensations after the application of tDCS over the 

primary motor cortex [9].

tDCS was used to assess the cerebellum in 

pain perception and nociceptive processing 

through application of laser stimulation to the 

back of the hand. A direct current was adminis-

tered transcranially revealing that cathodal tDCS 

increases pain perception, as well as increases 

laser-evoked potentials amplitudes and decreases 

their latencies [8]. Similar to Stacheneder et al. 

[56] and Pereira et al. [43], the findings of this 

study supported that cathodal tDCS increases 

pain perception. These findings fall in line with 

the hypothesis that cerebellum exerts an inhibi-

tory influence on other brain regions, and, thus, 

a reduction in this will increase pain perception.

Hypnotisability-related differences were 

investigated through the use of ctDCS in pain 

modulation. This revealed only a small change 

in ctDCS in highly hypnotisable individuals 

following a nociceptive stimulus [6]. The paper 

highlighted that ‘hypnotisability’ is an influen-

tial factor which can cause variation of cerebellar 

function within the general population. As the 

study contained only 16 subjects, a low study 

sample should be factored in when considering 

these results. Nonetheless, this novel experiment 

provides an interesting standpoint on cerebellar 

function, highlighting that implementing hyp-

notic assessments before pain-focused ctDCS 

could be beneficial.

Another study used rTMS to investigate cer-

ebellar modulation on peripheral stimulation 

effects. This was assessed through the applica-

tion of low frequency rTMS stimulation on Crus 

II in the lateral cerebellum, and also in the lat-

eral neck. Findings revealed that 1-Hz rTMS over 

Crus II resulted in a significantly increased HPT  

and decreased CT. Furthermore, changes in CT 

and HPT were present following rMS over the 

lateral neck, suggesting that modulatory changes 

to thermal perceptions are likely from periphery 

or afferents and not from cerebellar alterations 

itself [62]. However, as this study only had a 

sample size of 12, it is possible that there was 

a surplus effect of the cerebellar rTMS over rMS 

of the neck. While general observational trends 

of rTMS and rMS effects have been extracted 

from previous literature, the exact mechanisms 

of how these modulate pain remain ambiguous.

Role of Cerebellum on Pain Perception and 

Pain Anticipation

Pain anticipation is a multifactorial state which 

holds the power to influence the immediate 

severity of pain, as well as shape pain percep-

tion as a whole [42]. Pain anticipation can evoke 

feelings of anxiety and fear. This phenomenon 

in turn  can trigger cortical excitability and thus 

influence descending pathways to regulate pain 

perception and behaviour [61]. The anticipation 

of pain can cause individuals to become increas-

ingly sensitive to somatosensory stimuli, elicit-

ing different responses in various individuals, 

even if they receive the same stimulus [30]. The 

correlation of pain anticipation to the cerebel-

lum was first demonstrated in 1999, revealing 

that a painful heat stimulus triggered activation 

in the bilateral midline of the anterior cerebel-

lum, whereas the pain anticipation of a heat 

stimulus elicited activation ipsilaterally in the 

posterior cerebellum [45].

Changes in cerebellar activation were ana-

lysed during visceral pain-related fear condition-

ing and extinction in individuals with irritable 

bowel syndrome (IBS). Following fMRI, partici-

pants with IBS showed significantly more acti-

vation in CS+ and CS−. Three significant clus-

ters were identified; (1) lobule VI in the upper 
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vermis, (2) lobule VIIIb with partial extension 

into the right lobule VIIIa and X, and (3) right 

lobule VI with partial extension into Crus I [15]. 

These findings further support the hypothesis 

that the cerebellum plays a role in the neuronal 

pathway which correlate to maladaptive pain-

related conditioning present in patients with 

IBS. Collectively, IBS patients showed height-

ened activation in regions within the vermis and 

intermediate cerebellum, as well as the lateral 

hemispheres. These regions are likely to have a 

role in fear conditioning.

In another study, fMRI was carried out on 15 

patients with mild craniomandibular disorder 

during occlusal movements. Following occlusal 

Michigan splint therapy for 2 weeks and fMRI 

measurements, changes in BOLD magnitude 

were observed in the right anterior insula, left 

posterior insula and the left cerebellar hemi-

sphere, namely Crus I and Crus II [29]. Fur-

thermore, this was correlated to a significant 

decrease in angle from 3.58° to 3.15°. The higher 

degree of cerebellar activation in the right poste-

rior lobe before therapy is suggestive of a height-

ened sensorimotor control processes prior to any 

intervention. These findings have been mim-

icked in previous studies [29], highlighting the 

association between decreased pain scores and 

low activation rates in the left cerebellar hemi-

sphere. As previously mentioned, the therapy 

duration is relatively short, with other studies 

typically using treatment periods of 4–12 weeks 

[28].

MVPA was used to explore the central pro-

cessing system of pain perception in individuals 

with cLBP. Interestingly, the study demonstrated 

a negative correlation between the right Crus II 

and SMA.R to the severity of pain-related symp-

toms [12], However, the number of participants 

were relatively low, which restricts the gener-

alisability of the results. Crus II has previously 

been reported to have a link to various cognitive 

disorders such as schizophrenia [40] and Parkin-

son’s disease [54]. Similarly to these findings, 

the present study also highlighted the signifi-

cance of Crus II in the central processing of pain 

perception in cLBP. The work of Labrenz et al. 

[26], who also highlighted Crus II in their find-

ings, conducted a study to investigate any sex-

related differences in neuronal and behavioural 

responses for pain-related safety cues, with 

respect to cerebellar mechanisms. The study 

used 48 participants using rectal distension as 

an unconditioned stimulus combined with a 

visual warning cue (CS). Significant activation 

clusters in females were detected in bilateral lob-

ules I–IV, left lobules V, VIIIa, IX, X, left Crus II 

and the right dentate nucleus, subsequent to the 

safety cues. Conversely, male activation clusters 

following the safety cues were reported in lob-

ules I–IV, VI, VIIIb, right lobules VIIb, and the 

right Crus I and left Crus II. The activation clus-

ters which were present in males are connected 

to the frontoparietal, ventral attention, limbic 

and default networks [26]. Crus II showed to be 

the largest activation cluster in males, which is 

involved with structures such as the prefron-

tal cortex, as well as the parietal cortex. This is 

linked to functions such as regulating complex 

cognitive behaviour [2], with the frontoparietal 

being a hub for processing both pain anticipa-

tion and application [25]

Another study used pain testing as a means 

to compare acute pain perception in cerebel-

lar infarction patients. All the patients were 

1–11 years after cerebellar infarction. Results 

found skin temperature was significantly lower 

in patients when compared to HC. Furthermore, 

it was found that patients experienced the heat 

stimulus to be more painful when compared 

to HC [50]. When examining for any correla-

tions to cerebellar infarction location, it was 

found that heat stimuli ipsilaterally were per-

ceived as more painful than those contralaterally 

(P < 0.05).

The above findings largely demonstrated 

heat hyperalgesia to be present ipsilaterally to 

the side of cerebellar lesion. However, not all 

cases followed this trend, interestingly con-

trasting to the strict ipsilateral nature of motor 

symptoms present following cerebellar lesions 

[57]. The cerebellum has reciprocated connec-

tivity with the dorsolateral prefrontal cortex 

[27], which is largely associated with cognitive 

control and also specific pain sensitivity [53]. 

Furthermore, the cerebellum has connections 

with varying brainstem structures [5], which 

are core to descending pain-modulatory circuits 

[38]. Thus, although this puts the cerebellum in 

a good position to influence the placebo effect 
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in pain studies, the results of this study do not 

exhibit placebo analgesia as one might expect. 

Collectively, these findings are suggestive that 

the cerebellum is a supraspinal centre which 

may exert modulatory effects on descending 

pain-modulatory circuits.

LIMITATIONS

Relying on a single database, PubMed, may 

introduce publication bias. However, PubMed 

is the largest and most reputable medical data-

base, where high-quality studies are typically 

indexed. While some relevant papers may not 

be included, studies not indexed in PubMed are 

often of lower quality.

Moreover, this review did not include studies 

on pediatric populations. Pain is a highly sub-

jective symptom, and studies in children may 

have additional limitations regarding accu-

racy and reliability. Additionally, this review 

is addressed to clinicians specializing in adult 

patients. Including pediatric studies could have 

diluted our findings and made interpretation 

more complex. However, we acknowledge this 

as an important area for future research.

FURTHER DIRECTIONS FOR FUTURE 

RESEARCH

On the basis of the literature reviewed in the 

present study, longitudinal research could be 

vastly beneficial when translating these find-

ings into a clinical standpoint. A common limi-

tation among the papers in this review is the 

small sample sizes. Long-term studies should be 

encouraged, evaluating the prolonged effects of 

cerebellar-targeted therapies, such as tDCS and 

rTMS, when treating pain disorders. Additional 

mechanistic studies could be used to investigate 

how differing cerebellar lobules influence pain 

pathways and other brain regions when modu-

lating pain perception.

It has become more apparent that many fac-

tors affect pain perception. For example, ‘hyp-

notisability’ in the general population was 

shown to cause variation in cerebellar function 

[6]. More research is needed to identify these 

underlying factors, so that individual response 

to treatment can be better understood and thus 

provide better clinical outcomes when treat-

ing pain-related symptoms. Identifying which 

cerebellar regions interact with differing pain 

pathways would allow for a more ‘personalised 

medicine’ approach, thus minimising trial-and-

error in treating pain-related symptoms. The 

findings of the present study fall in line with 

the potential of neuromodulation in treating 

chronic pain. Further research in refining these 

techniques should be encouraged to improve 

patient outcomes. Furthermore, investigating 

synergistic effects of neurostimulation of the 

cerebellum with other treatments such as phar-

maceuticals should be researched further, in 

order to identify potential combination thera-

pies for pain management.

The potential of these findings in clinical use 

is substantial; however, much more research 

is needed in pinpointing specific cerebellar 

regions to function in pain perception before 

this can be utilised clinically. Currently, while 

there is much recorded overlap of cerebellar 

activation in experiments concerning pain per-

ception, there is still a vast variety of results 

which need to be addressed before reliable and 

safe treatments can be designed.

CONCLUSION

The cerebellum plays a significant role in pain 

processing, particularly in inhibiting pain sen-

sation, with regions like Crus I, Crus II, and 

lobule VI involved in pain anticipation, per-

ception, and emotional aspects. Activation 

in lobules I–VI, VIII, and the vermis has been 

linked to nociceptive signalling, fear condition-

ing, and sensory integration. Studies have also 

highlighted cerebellar involvement in condi-

tions such as chronic pain, IBS, and migraines, 

with specific regions showing altered activation 

patterns. These findings underscore the cere-

bellum’s multimodal role in integrating pain, 

motor responses, and emotional processing.
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