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

1. Supra-spinal pathways
a. Functional re-organization of cortical maps
b. Thalamocortical dysrhythmia
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Abnormal transient thalamus dynamic functional network connectivity (dFNC)
and its association with migraine symptoms

Tu et al., Neurology 2019
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3. Autonomic Dysreflexia

Loss of
descending axons
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Reduced Disinhibition of
sympathetic tone DHNs
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expression of receptors sensitization (DH)
in sympathetic pathways
Reorganization of spinal
sympathetic circuitry
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Autonomic dysreflexia Systemic Spontaneous pain, Allodynia,
(AD) immunosuppressive hyperalgesia, dysesthesia
reflexes visceral
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AD and immunosuppression occur only after high SCI After complete SCI, conscious pain, hyperalgesia, allodynia,
and depend upon these below-level mechanisms. . and dysesthesia driven by these mechanisms are felt at-level.
For incomplete SCI, these sensations may be felt below-level.

Walters, Auton Neurosci 2015
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tDCS and cerebellum: clinical
and neurophysiological evidence.

From motor withdrawal to the
sensory-discriminative dimension
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Clinical Evidence. Stroke
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Clinical Evidence. Migraine
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Fig. 2. Anodal, Cathodal and Sham cerebellar tDeCS did not modulate the lower extremity sensory threshold. Ermor bars represent £+ 1 standard
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tDCS e “Phantom Limb Pain”

Immediate and Sustained Effects of 5-Day Transcranial Direct Current Stimulation of the Motor

Cortex in Phantom Limb Pain.

Bolognini N*, Spandri V2, Ferraro F2, Salmagaqi A* Molinari ACS, Freqni F®, Maravita A”.
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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



Cerebellum and Cognition: an overview

* «negative bias»
 Stimulus saliency

* VVisuomotor tasks
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Pain and cognition: what did
we learn from meditation and
Mindfullness training?
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Control over brain activation and pain learned

by using real-time functional MRI

R. Christopher deCharms™, Fumiko Maeda%", Gary H. Glover,, David Ludlow', John M. Pauly**, Deepak Soneji'",

John D. E. Gabrieli®%, and Sean C. Mackey'!
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Overview of morphometric studies on meditation

Regions identified greater

. N .
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frontal sulci
Meditators showed no age-
Gray matter ..
Pagnoni & Cekic (2007) Zen 13/13 volume (VBM in  1¢lated decline in the ef
SPMS) putamen as compared to
controls
Gray matter Left inferior temporal lobe,
Holzel et al. (2008) Insight 20/20 density (VBM in  right insula, and right
SPM2) hippocampus
Medulla oblongata, left
Tibetan Gray matter superior and inferior frontal
Vestergaard-Poulsen et al., (2009) Buddhist 10/10 density & volume  gyri, anterior lobe of the
(VBM in SPM5)  cerebellum and left fusiform
EZyTus
Zazen Right orbito-frontal cortex
Lot Gray matter . i
Luders et al. (2009) Sipassana 3 /22 volume (VBM in  1ight thalamus, left inferior
amatha & SPMS) temporal lobe, right
others hippocampus
Cortical Right dorsal anterior
Grant et al. (2010) Zen 19/20 th{i}c]mess cingulate cortex, secondary

SOmMatosensory cortex

VBM: voxel-based morphometry (Gaser), SPM: Statistical Parametric Mapping, (Wellcome Department of Cognitive Neurology, London)
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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






