
The “painful” cerebellum: new evidence for an old debate
Dr. Tommaso Bocci, M.D.

Aldo Ravelli Research Center for Neurotechnology and Experimental Brain Therapeutics, Department of Health Science, University of Milan, Milan, Italy; III 
Neurology Clinic, ASST-Santi Paolo e Carlo, Milan, Italy

Dr. Matteo Guidetti, PhD student

Aldo Ravelli Research Center for Neurotechnology and Experimental Brain Therapeutics, Department of Health Science, University of Milan, Milan, Italy; Department 

of Electronics, Information and Bioengineering, Politecnico di Milano, Milan, Italy



• The cerebellum is involved in a wide number of integrative functions, 
ranging from working memory and associative learning to motor 
control (Schmahmann, 1991; Ito, 2006; Stoodley & Schmahmann, 2009; Strick et al., 2009; Balsters et al., 

2013).

• During the past 15-20 years, there has been growing interest to 
define the cerebellar role in pain processing and perception (Welman et al., 

2018; Baarbe et al., 2018; Mehnert et al., 2019). However, its role in pain processing is 
only poorly understood

• Cerebellum is involved in the sensory, cognitive and affective 
dimensions of pain (Borsook et al., 2008). 

Background



Animal studies suggest that..

• In cats, stimulation of cutaneous Aδ and C fibers nociceptors activates
climbing fibers and mossy fibers that terminate on Purkinje cells (Ekerot et al., 

1987; Wu and Chen, 1992). 

• In rats, visceral pain activates visceral nociceptive-specific neurons in the 
lateral medullary reticular formation, including several with direct
projections to the cerebellar vermis (Ness et al., 1998), and can modulate Purkinje 
cell activity in the posterior cerebellar vermis (Saab and Willis, 2001). 

• However, evidence of how nociceptive information is encoded once it
reaches the cerebellum is lacking.



• In squirrel monkeys, electrical stimulation of the anterior cerebellar lobe 
can raise nociceptive thresholds to tail shock (Siegel and Wepsic, 1974). 

• Microinjection of morphine into the anterior portion of the cerebellum of 
rats results in acute analgesia that is reversible by electrical stimulation at 
the site of the microinjection (Dey and Ray, 1982). 

• Stimulation of rat cerebellar cortex using electrical stimulation increases 
neural responses to a noxious visceral stimulus in and around the 
termination sites of nociceptive afferents in the spinal cord (Saab and Willis, 2001).

• However, the relation between electrical stimulation and the experience 
of pain is still not well defined.



• Studies in humans have demonstrated that the 
cerebellum is critically involved in the visceral 
pain (Claassen et al., 2020). 

• Studies have suggested that the cerebellum 
may exert a key role in the sensory-motor 
integration aimed at antinociceptive behavior 
(Borsook et al., 2008) and in behavioral responses to 
nociceptive stimulation (Duerden et al., 2013).

• A clinical study showed that patients with 
cerebellar infarctions have reduced pain 
thresholds (Ruscheweyh et al., 2014).

… and what about humans?
• Putative pathways

Moulton et al., Brain Res Rev 2010



•Changes in structural volume and 
functional connectivity of the 
cerebellum seem to predict 
chronicization and long-term 
disability in migraine (Qin et al., 2019; Liu et al., 
2020). 

• Functional neuroimaging has 
demonstrated that the posterior 
cerebellum plays a key role in pain-
related adaptations for motor control 
(Coombes et al., 2016; Fernandez et al., 2017). 

… and what about humans?
• fMRI studies

Borsook et al., Cerebellum 2008; 

Dimitrova et al., J Neurophysiol 2003;

Plogahus, Science 1999 



tDCS and pain

DaSilva et al., Front. 

Neuroanat,, 2015



Cerebellar tDCS and pain

Parazzini et al., Clin Neurophysiol 2013

Parazzini et al., 35th Annual International 

Conference of the IEEE EMBS 2013

Parazzini et al., Front. Hum. Neurosci., 2016



• Recent papers have suggested that ctDCS modulates pain processing 
in healthy humans. 

• ctDCS seems to exert polarity-specific effects on the amplitude of 
Laser Evoked Potentials (LEPs), thus modifying the perception of 
experimentally induced pain in young volunteers (Bocci et al., 2015).  

• In a following study, highly hypnotizable participants have showed an 
effect of cerebellar tDCS opposite to that observed in the general 
population: highs did not change their subjective pain perception 
and, modulated only the N2/P2 amplitude, which paradoxically 
increased after cerebellar anodal tDCS (Bocci et al., 2016).

Cerebellar tDCS and pain – healthy subject



Figure 1 – A. Fig. 3. - A. Perceptive Threshold. Changes (mean±S.D) at T1 and T2 with respect to baseline values (T1/T0, T2/T0),

following sham (black), anodal (white) and cathodal (grey) tcDCS. (∗∗p < 0.001; ∗∗∗p < 0.0001). B. Changes in visual analogue scale

(VAS) scores over time. VAS scores at two different stimulus intensity, respectively two (A, left) and three (B, right) times higher than

the PT. (∗∗p < 0.001; ∗∗∗p < 0.0001).

Bocci et al., Restor Neurol Neurosci 2015



Figure 2 – LEPs grand averaging: traces were recorded at baseline (T0, black) and immediately after cerebellar polarization (T1, red)

due to sham (left column), anodal (middle) and cathodal (right) tcDCS. B. Histograms showing LEPs variables and VAS scores changes

(mean±S.D) after sham (black), anodal (white) or cathodal (grey) tcDCS with respect to baseline. Top panels: changes in N1 variables

(amplitude and latency) over time; bottom panels: changes in N2/P2 complex (∗∗p < 0.001; ∗∗∗p < 0.0001).

Bocci et al., Restor Neurol Neurosci 2015



• The study by Bocci et al. (2015) suggests 
that:
• cerebellum interferes with nociceptive 

processing following a CBI-like mechanism. 
Consequently, anodal ctDCS may reduce 
pain perception by increasing the inhibitory 
tone exerted by the cerebellum on different 
brain targets, whereas cathodal ctDCS 
could elicit opposite effects by inducing 
hyperalgesia. 

• A recent paper has confirmed these 
results (but partially), showing that 
anodal ctDCS reduces lower extremity 
pain perception in healthy humans (Pereira 
et al., 2017)



From bench to bedside



• A recent study have recently shown that anodal ctDCS improves both 
paroxysmal pain and non-painful phantom limb sensations in subjects 
with upper limb amputations (Bocci et al., 2019). 

Cerebellar tDCS and pain – phantom limb pain



Cerebellar tDCS and pain – phantom limb pain



Next steps?

• Further studies are needed to improve the technique (montage, 
stimulation protocol)

• Further studies are needed to assess the ctDCS in association with 
other strategies (behavioral, pharmacological..)

• Further studies are needed to assess the role of individual factors 
(baseline neuronal state and features, anatomy, age). 
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