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Dynamic experimental pain models

• Graphesthesia



Dynamic experimental pain models

• Temporal models 

• Temporal Summation

• Offset Analgesia

• Spatial models 

• Spatial summation

• Lateral Inhibition

• CPM 



Conditioned Pain Modulation

• WDR neuron response attenuated 

by contralateral stimuli

Willer et al. J Neurophys. 1989, 62(5)

Cadden et al. Brain research 1983, 275p1-11

• Painful hot water 

attenuated the RIII reflex



Temporal summation

Arendt-Nielsen Eur J Appl Physiol. 1994, 68:266-273

You et al. Brain Research 2004 110-119



Pain Modulatory Profile

Yarnetsky, Pain, 2015, 156(4)



Classifying chronic pain patients?

Vaegter and Graven-Nielsen, 2016



Petersen et al., 2016

Predictive value of CPM and TS?
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Predictive value of CPM and TS?

Petersen et al., 2016



CPM in attack-free migraineurs

Kisler et al. Pain 2018 159(12)



Reliability of CPM

Manresa PLOS ONE 2014, 9(6)
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Reliability of CPM

Manresa PLOS ONE 2014, 9(6)



Reliability of CPM

Imai, Somatosensory & Motor Research, 33:3-4, 169-177



Lateral Inhibition vs Spatial Summation

Quevedo et al. Pain 2017, 158(6)



Lateral Inhibition



• If the GABAergic inhibitions are 

reduced, SCS looses its effect. 

Computer model of dorsal horn neurons during SCS



Offset Analgesia – The basic concept

Yelle et al. Pain 134 (2008) 174-186



Offset Analgesia

Activity in areas related to 

descending inhibition of 

pain is activated during 

offset analgesia compared 

to constant pain.

Yelle et al. J Neuroscience 29(33) (2009)



Spinal involvement

Sprenger et al. NeuroImage 183 (2018) 788–799



Offset Analgesia – A central or peripheral phenomenon

Ligato et al. Eur J Pain 22 (2018) 142-149
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Offset Analgesia – A central or peripheral phenomenon

Petre, et al. Scientific Report 2017, 7p3894  



Offset Analgesia – A central or peripheral phenomenon

Pedersen et al. Eur J Pain 22 (2018) 1678-1684



How is pain offset coded? 

- an idea from the auditory system

• Different pathways are 

activated during on- and off-

set of sounds 

Kopp-Scheinpflug et al. Trends in Neuroscience



Offset Analgesia – reduced in chronic pain patients 

Szikszay et al. C.J.Pain 35(2), pp. 189-204 

Kobinata: Chronic pain patients

Niesters: Neuropathic pain patients

Oudejans: Fibromyalgia

Zhang: “Patients with chronic pain”



Tapentadol – OA and CPM

• Patients: Twenty-four patients with painful diabetic polyneuropathy (DPN)

• Treatment: 4 of Tapentadol 
• activates the µ-opioid receptor

• inhibits norepinephrine reuptake

• Before treatment: no CPM or OA responses 

Niester et al (2014) B.J. Anaesthesia 113(1): 148–56
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