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Chronic pain involves
   
                Attention
                 Emotion
                  Cognition
                   Memories
                    Expectation

                      

Treatment with drugs is often insufficient 
  and may be addictive
                                               Finnerup et al. 2015
                                                  Birke et al. 2017

Background:
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Background:

Music 
activates

                     Attention, expectation and memory
                        Emotion, pleasure and reward
                          The autonomous nervous system

       

Altenmüller & Schlaug 2012
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Evidence:

Systematic reviews and meta-analyses:

Hole et al. 2015                            73 studies
Lee 2016                                      87 studies

Garza-Villareal et al. 2017              14 RCT studies

In chronic pain conditions, music significantly reduces 
   self-reported pain, anxiety and depression symptoms
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Pathways and mechanisms:

(1) Descending pain modulation

    (2) Expectation and emotion 

      (3) Memory

         (4) Competing signals
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(1)
Descending 
pain modulation

     Ascending 
    pain pathways 
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208   THE CENTRAL NERVOUS SYSTEM

This causes so-called neurogenic inflammation, which 
may produce some (but not all) of the autonomic signs 
in CRPS. The relationship between neurogenic inflam-
mation and pain in CRPS is not clear, however. 

CENTRAL CONTROL OF TRANSMISSION FROM 
NOCICEPTORS AND PAIN SENSATION

We now realize that a complex network—stretching 
from the spinal cord to the cerebral cortex—modulates 
transmission of signals from nociceptors and pain per-
ception. As mentioned, both the context of the nocicep-
tive signals and how the brain interprets the situation 
determine how we perceive signals from nociceptors. In 
the modulatory network, serotonin, norepinephrine, 
and opioid peptides seem to play crucial roles, although 
several other neurotransmitters also participate.

Descending Control from the Brain Stem

A dramatic observation by Reynolds (1969) was the 
starting point for much later research on central control 
of nociception. He showed that by electrical stimulation 
of a mesencephalic region, the periaqueductal gray matter 
(PAG; Fig. 15.2; see also Fig. 6.20), conscious rats could 
be subjected to major surgery without apparently feeling 
any pain (as judged from their behavior and other obser-
vations). The stimulation produced analgesia (no experi-
ence of pain on noxious stimuli). Subsequent research 
indicates that the effect of PAG stimulation can be 
explained, at least in part, by activation of descending 
connections to the dorsal horn. Although a sparse direct 

fi gure 15.1 Sensory neurons (spinal ganglion cells) express adrenergic 
receptors in certain chronic pain conditions. Receptors are located on 
the cell body and the peripheral branches.
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fi gure 15.2 Descending systems for modula-
tion of nociceptive signal transmission. Left: 
Ascending “pain pathways.” Right: Green neu-
rons mediate inhibition of ascending transmis-
sion whereas red neurons mediate facilitation. 
PAG has a pivotal position in the network for 
pain modulation. The anterior cingulate cor-
tex, the prefrontal cortex, amygdala, and the 
hypothalamus send instructions to PAG depend-
ing on the emotional state and the expectations 
of the individual. Opioids infl uence the trans-
mission at all levels of the network. Simplifi ed. 
(Based on Fields 2004.)
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Chanda & Levitin 2012
Dobek et al. 2014

De Felice & Ossipov 2016 
Brodal 2016

Neurochemicals:
 
    Endorphins
    Serotonin
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(2) Music-induced expectation releases Dopamine 
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Music-induced Dopamine release

Dopamine release during 
EXPECTATION

 Nucleus
 caudatus (Striatum)

Dopamine release during
PEAK EMOTION 

Nucleus 
accumbens
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Salimpoor et al. 2011
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(3) Chronic pain involves memory

Chronic pain may be a state of continuous learning,
                             involving the medial Prefrontal Cortex

Rehearsing attention-demanding tasks 
                                 may distract attention from pain

Baliki et al. 2006;  Millecamps et al. 2007;  Legrain et al. 2011
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(4) Competing signals 

            

                                  

SCS: Spinal 
Cord
Stimulation  

STT: 
Spinothalamic
 Tract

Melzack & Wall 1965

Yanow 2016
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 13: PERIPHERAL PARTS OF THE  SOMATOSENSORY SYSTEM   167

substances that are liberated by tissue damage and 
inflammation. Because such receptors can be activated 
by different sensory modalities, they are termed poly-
modal nociceptors. In addition, recent studies indicate 
that many nociceptors are purely sensitive to chemical 
substances released in inflamed tissue. Since such recep-
tors are unresponsive to most nociceptive stimuli used in 
animal experiments, they are termed silent nociceptors. 
Silent nociceptors typically require stimulation for 10 to 
20 minutes to become active; thereafter, however, they 
may continue firing for hours. They are present in skin, 
muscles, and visceral organs and may constitute about 
one-third of all nociceptors. They appear particularly 

suited to communicate about disease processes in the 
tissues, and are probably important for communication 
between the immune system and the brain.

Many substances can excite nociceptors, and specific 
membrane receptors and ion channels have been identi-
fied for some. ATP , for example, excites nociceptors by 
binding to purinoceptors (Fig. 13.2). Because ATP is 
normally present only intracellularly, its extracellular 
occurrence is an unequivocal sign of cellular damage. 
The peptide bradykinin, which is produced by the release 
of proteolytic enzymes from damaged cells, acts on 
specific membrane receptors in nociceptors. Several other 
mediators of inflammation—such as prostaglandins, 

fi gure 13.1 Cutaneous receptors. Schematic of receptors as they 
appear in sections through the skin. Sensory nerve fi bers and recep-
tors in (A) glabrous skin (palms of the hands and soles of the feet) and 
(B) hairy skin. Nerve endings in hairy skin wind around the hair 
follicles and are activated by the slightest bending of the hair. 
C: Meissner corpuscle (from glabrous skin). The axon (red) follows 

a tortuous course between fl at, specialized connective tissue cells. The 
whole sense organ is anchored to the epidermis with thin collagen 
fi bers. D: A disk of Merkel (present in both glabrous and hairy skin). 
The axonal terminal is closely apposed to a Merkel cell in the epider-
mal cell layer. E: Free nerve endings are covered by Schwann cells 
except at their tips, where the receptor properties reside.
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Thalamus
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Exploratory pilot study 2019-20

Music, Imagery and vibration interventions
for adults with complex chronic pain

Aarhus University Hospital & Rigshospitalet

16 participants suffering from chronic pain
due to spinal stenosis, slipped disc

or peripheral neuropathic pain

Music therapist Ilan Sanfi and colleagues (2019)
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Combination method, 4-week intervention
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Four Music and Imagery               Daily self-treatment at home:
 Therapy sessions                          Music, Imagery and Vibration
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Questionnaire measurements 
   pre and post interventions

Primary outcome:        
Self-reported pain       

Secondary outcomes:
Anxiety
Depression
Sleep
Self-efficacy
Well-being

Plus follow-up 
 group interview
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Thank you for your attention!
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