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Survey of chronic pain in Europe: Prevalence,
impact on daily life, and treatment
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Survey of chronic pain in Europe: Prevalence,
impact on daily life, and treatment
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Osteoarthritis pain
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Osteoarthritis pain
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Nociceptive pain — neuropathic pain
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Nociceptive pain:
e Disease of an organ +
e Nerve fibers are intact
e — Pain is felt “normal®

Neuropathic pain:

e Disease of an organ +/0

e Nerve fibers are damaged/affected
e — Pain is felt “abnormal”



Types of pain in joint pain
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Supraspinal
level

e Activation of
the pain matrix
e Reduction of
the grey matter
e Descending
inhibition |

Spinal level

e Spinal
Sensitization

e Glia activation

Peripheral level
e Peripheral Sensitization



Nociceptors of the joint
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Sensitization of a nociceptor by TNF for mechanical stimuli
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Silent nociceptors of the joint
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Spinal mechanisms of joint pain

Spinal convergence of afferents
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Spinal mechanisms of joint pain

Spinal convergence of afferents
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Schaible, in Physiologie des Menschen (2019)




Sensitization of a spinal cord neuron Pain area in humans
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Sensitization of a spinal cord neuron
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Peripheral and central sensitization
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The processing of pain in the brain
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The processing of pain in the brain
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Central processing of joint pain
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Supraspinal
level

e Activation of
the pain matrix
e Reduction of
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“Atrophy“ of the gray matter of the cortical
“pain matrix“

Prefrontal Cortex, Gyrus cinguli anterior (ACC), Insula

e Chronic back pain

e Fibromyalgia

e Osteoarthritis

e Ankylosing spondylitis

e Headache

e Irritable bowel syndrome

e Complex regional brain syndrome (CRPS)

Structural changes of the white matter (Interruption of
pathways ?)



The cortical ,,atrophy*“ is reversible upon
successful pain therapy

e Chronic back pain

Seminowicz et al., J Neuroscience (2011)
e Posttraumatic headache

Obermann et al., Neurology (2009)

e Osteoarthritis

Rodriguez-Raecke et al., J Neurosci (2009)
Gwilym et al., Arthritis Rheum (2010)



Molecular mechanisms of
peripheral sensitization and
central sensitization




lon channels in nociceptors
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Sensory ending of a nociceptor
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Effects of the immune system on nociceptors
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Synaptic processing of nociceptive input in the spinal cord
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Activation of microglia and astroglia in pain states
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Microglia:

resting (quiescent) state —_— activated state (microgliosis)
Nerval injury, release of mediators
inflammation e.g. TNF, IL-1R

Astroglia:

active (quiescent) state — reactive state (astrogliosis)
Nerval injury, g £ alut {
inflammation ecrease of glutamate

transporters GLT1 and
GLAST

Old et al., Pain Control, Handbook of Experimental
Pharmacology 227, 145-170 (2015)




Nociceptive pain — neuropathic pain
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Neuropathic

Nociceptive pain:
e Disease of an organ +
e Nerve fibers are intact
e — Pain is felt “normal®

Neuropathic pain:

e Disease of an organ +/0

e Nerve fibers are damaged/affected
e — Pain is felt “abnormal”



Glucose-6-Phosphat-lsomerase-induced arthritis
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Summary

Joint pain should be seen at three levels: the local factors in the joint,
neuroplasticity in the nociceptive system, and general/systemic
factors such as genetic, psychological, ans social factors as well as
metabolic diseases

Joint pain is primarily n ociceptive pain. Neuropathic components may
contribute. Nociplastic pain is under discussion for some pain states

During joint diseases, changes of neuroplasticity are induced at all
levels of the nervous system

Major mechanisms of neuroplasticity are peripheral and central
sensitization, reduction of descending inhibition, and local atrophies
in areas processing pain

The immune system has a strong impact on the nociceptive system in
the periphery as well as in the central nervous system
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Joint diseases such as osteoarthritis and rheumatoid arthritis are among the most frequent causes
of pain. In general musculoskeletal pain is a major burden in the society. Three levels have to be
considered: local processes in the joint (e.g. inflammatory changes, bone destruction, cartilage
degradation), neuroplasticity of the nociceptive system, and systemic/general factors (e.g. genetic,
psychological factors, comorbidities). This lecture will focus on the neuroplasticity of the nociceptive
system. Most pains are thought to be nociceptive, but neuropathic pain components may contribute
to the chronic pain states. In addition, nociplastic pain was proposed to be a separate pain category.
Nociceptive pain mechanisms are characterized by sensitization of the nociceptive system.
Sensitization is defined as hyperesponsiveness of nociceptive neurons resulting in the lowering of
excitation threshold such that normally innocuous stimuli evoke pain, and in the increase of the
responses to noxious stimulation. Both peripheral sensitization (sensitization of peripheral
nociceptors) and central sensitization (in particular spinal sensitization) are prominent mechanisms
of nociceptive pain. Both in the periphery and in the spinal cord, immune mechanisms significantly
contribute to neuronal sensitization. In particular spinal sensitization is also supported by a
reduction of descending inhibition. Both in inflammatory joint diseases and in osteoarthritis, sensory
neurons may exhibit signs of neuronal challenge, e.g. upregulation of ATF3, a marker of damaged
neurons. Damaged neurons may generate ectopic discharges and action potentials in the absence
of stimulation. Neuropathic mechanisms my contribute to the pain phenotype and pain
chronification. In addition to peripheral and spinal mechanisms of sensitization, changes in the brain
characterize chronic pain states. Imaging data in humans have provided evidence for so-called
atrophies (thinning of the cortex in areas involved in pain processing) and for processes of
reorganization. Moreover, the amygdala, a limbic structure involved in the generation of emotions
such as fear, are directly activated by pain pathways.




