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Cerebellar tDCS and Pain 



Timeline 

1)Chronic pain and sensitization: Pathophysiological mechanisms 

2) tDCS and cerebellum: clinical evidence 

3) tDCS and Cerebellum: neurophysiological evidence 

4)How chronic pain and cognition share the same pathways: brain level, spinal pathways and the 

Cerebellum. 

5)Conclusions 

 



«Central Sensitization» and chronic pain: pathophysiological 
mechanisms part I. 

Hsieh et al., Pain 2015 Suzuki&Dickenson, Neurosignals 2006 

1. Supra-spinal pathways 
a. Functional re-organization of cortical maps 

b. Thalamocortical dysrhythmia 

2. Spinal Pathways: 
Phenotipic Switch 

 



Tu et al., Neurology 2019 

Abnormal transient thalamus dynamic functional network connectivity (dFNC) 
and its association with migraine symptoms 



Thalamocortical dysrhythmia AND cognition 

Sarnthein et al., Int J Psychophysiol 2005 Kim et al., Neuropsychopharmacology 2022 



«Central Sensitization» and chronic pain: pathophysiological 
mechanisms part II. 

Walters, Auton Neurosci  2015 

3. Autonomic Dysreflexia 
 



Thalamo-cortical functional connectivity and small fibers 
Neuropathies 

Chao et., Pain 2021 



tDCS and cerebellum: clinical  
and neurophysiological evidence. 

From motor withdrawal to the 
sensory-discriminative dimension 

 



Clinical Evidence. Stroke 

Ruscheweyh et al., Pain 2014 



Clinical Evidence. Migraine 

Liu et al., J Headache Pain 2020 



Neurophysiological evidence in healthy humans. Cerebellar 
tDCS 

Parazzini et al., Clin Neurophysiol 2013 
Bocci et al., Restor Neurol Neurosci 2015 

Bocci et al., Cerebellum 2016 



Pereira et al., Neurorehabilitation 2017 



Stacheneder et al., Cerebellum 2022 



Bocci et al., Cerebellum 2017 





tDCS e “Phantom Limb Pain” 



tDCS e “Phantom Limb Pain” 

1) 5-day of tDCS over the motor cortex 

induces a substained phantom limb pain 

relief  

2) An immediate improvement of phantom 

limb pain and movement is brought about 

tDCS  

3) Phantom limb pain relief is linked to 

increased movement of the phantom limb  

4) Neuromodulation may be helpful for the 

management of phantom limb pain  



The Cerebellum and its role in 
nociceptive processing. From the 

sensory dimension to emotional and 
cognitive aspects 



• «negative bias» 

 

• Stimulus saliency 

 

• Visuomotor tasks 

 

Cerebellum and Cognition: an overview 





Mannarelli et al., Neuropsychologia 2016 



Pain and cognition: what did 
we learn from meditation and 

Mindfullness training?  



deCharms et al., PNAS 2005 Lutz et al., NeuroImage 2013 



Hölzel et al., Psychiatry Res 2011 



Fardo et al., NeuroImage 

2015 



Conclusions 

❖ The Cerebellum is involved in the modulation of both ascending and 
descending pathways, engaged in the sensory-discriminative, as well 
as affective-emotional and cognitive dimensions of pain processing 

❖ cerebellar tDCS has recently provided interesting data about pain 
treatment  

❖ a polarity-specific effect has been described in three (out of three) 
articles, with anodal stimulation driving an overall analgesic effect 

❖ As a proof of concept, the combination with either tsDCS or 
mindfulness training may improve its effects as a potential non-
pharamcological tool 




