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1Introduction to Pain

Nicola Luxardo

The International Association Study of Pain (IASP) identifies “pain” as an unpleas-
ant sensory and emotional experience associated with actual or potential tissue 
damage, or described in terms of such damage [1]. This definition, first published in 
Pain Journal in 1979, comes from the works made by Harold Merskey almost 15 
years before, that is in 1964.

1.1  Anatomy of Pain Pathways

 1. Primary afferent neuron (PAN): begins from the periphery and reaches the spinal 
cord where it stops in the superficial segments at the synapse with secondary 
neuron and interneurons. The PAN is represented by a T cell with the body 
located in the spinal ganglion or in the Gasser ganglion.

 2. Secondary neuron can lead the electrical signal throughout the paleo- or neospi-
nothalamic pathway. In the first case there are many synapses before reaching 
the medial thalamus; in the second case, it arrives immediately to the lateral part 
of thalamus.

 3. Perception and processing take place in the cerebral cortex where pain signal 
becomes conscious. A pain center does not exist because the entire brain is 
involved: insula cortex, cingulate cortex, and prefrontal cortex process emotive 
and cognitive components of pain, instead the somatosensory cortex elaborates 
sensory components, in particular the localization and the intensity.
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 4. Descending fibers from the cortex to periaqueductal gray and raphe magnus 
nucleus reach the spinal cord’s interneurons and can modulate the input of the 
pain signal inside the cenral nervous system [2] (Fig. 1.1).

1.2  Physiology of Pain

Physiology of pain includes:

 1. Transmission
 2. Modulation
 3. Perception and processing
 4. Modulation

Transduction occurs at the end of peripheral nerves where pain receptors called 
“nociceptors” are located. These corpuscles at the primary afferent neuron level are 
able to convert a mechanical, heating, or chemical stimulus to an electrical signal 
when the body experience is an injury or an inflammation.

In normal conditions, nociceptors are activated by high-intensity stimuli.
Transmission is the path from the nociceptors to the cerebral cortex through the 

peripheral nervous system (PNS) and CNS.
Perception and processing include many brain areas that determine location and 

intensity of pain, add emotional and cognitive component, activate the memory, and 
consequently influence the behavior.

Modulation: Pain is not transmitted always with the same intensity, but can be 
modulated in excess or defect by cortical and subcortical structure. These areas are 
activated by particular situations like stress or placebo in order to face dangerous 
events for the life.

The most important target is the synapse between primary and secondary affer-
ent neurons; at this level we can act with opioid therapy or with non- pharmacological 
approach such as TENS or spinal cord stimulation [2].

1.3  Classification of Pain

According to pathophysiology pain can be classified as:

 1. Nociceptive pain: caused by physiologic activation of pain receptors; has natural 
physiologic transduction; can be local and referred pain, is a normal physiologi-
cal sensation; has a good answer to analgesic therapy [3].

 2. Neuropathic pain: caused by an injury or dysfunction in central and peripheral 
nervous system [4]; is inside a neuroanatomical field; characterized by new and 
strange sensations, strange and new feelings.
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 3. Nociplastic pain: arises in the CNS, caused by an imbalance inside the regula-
tory system of the nociceptive pathway [5].

According to time pain can be classified as:

 1. Acute pain: biological function of protection; time limited; single cause.
 2. Chronic pain: long lasting; useless; multiple causes; self-sustaining.

In the past chronic pain was considered the symptom of a chronic disease linked 
to a temporal parameter, it is now considered a disease of its own on the basis of a 
pathophysiological criterion no longer resolvable. It can be tied to three mechanisms:

 1. Mechanism of injury and pain are similar or the same.
 2. Pain has its own mechanism in addition to those of the disease.
 3. Pain has own mechanism completely different from those that caused the disease.

The transition from acute to chronic pain is a process not still clarified, but many 
elements can be involved as peripheral inflammation, neuropathic factors, periph-
eral and central sensitization, psychological and social factors.

Continuous stimulation modifies the nervous system through the mechanism of 
plasticity with three possible consequences:

• Peripheral sensitization
• Central sensitization
• Cortical reorganization

The nervous system as a whole becomes much more active [6]. Functional mag-
netic resonance imaging studies have shown that the brain of a person suffering 
from chronic pain is different from that of an asymptomatic subject: in particular, in 
the first case the images show hyper neuronal activity.

In acute pain, nociceptors, pain receptors located on the end of peripheral nerves, 
are activated when the body experiences an injury or an inflammation. The nerves 
in the periphery send pain signals through the dorsal root ganglion, to the spinal 
cord and central nervous system. When pain is acute, signaling typically stops once 
the cause of pain is resolved [7].

However when pain becomes chronic and lasts more than 3 months, repeated 
stimulations of sensory nerves determine changes to the pathway of pain signals 
leading to a pathophysiological self-regenerating mechanism where nervous system 
is sensitized and the perception of pain becomes higher.

Both peripheral and central nervous systems can be sensitized to pain signals in 
response to injury or inflammation and nociceptors in periphery can increase their 
sensitivity to painful stimuli; the process is called peripheral sensitization. These 
sensitized nociceptors consequently send additional pain signals to the central ner-
vous system which can lead to the overstimulation of CNS. This results in a central 
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sensitization which increases the perception of pain. In this way, central sensitiza-
tion leads to the perpetuation of pain.

Sensitization starts at the molecular level [8]. In response to an injury or inflam-
mation cells of the site of pain release variety of biochemical mediators including 
neurotrophin NGF (nerve growth factor), the citochina TNF (tumor necrosis factor), 
the interleukin IL-1beta, IL-6 (interleukin), and PG E2 (prostaglandin). These 
mediators bind nociceptors in periphery leading to sensitization on the pain path-
way. When the cause of pain continues over time, the persistent activation of the 
pain pathway leads to increase in the synthesis of glutamate, neuropeptides such as 
substance P and CGRP, and BDNF [9–12].

Substance P and CGRP enhance the sensitization of the sensory nerves in the 
periphery. In the CNS, all four of these mediators can be released by the primary 
afferent neurons subsequently binding in the receptors in the dorsal horn of the spi-
nal cord contributing to the activation of the principal intracells pathway and initiate 
the central sensitization.

NGF plays a key role in the amplification of the pain signal by sensitizing neu-
rons into pain pathway and causing an overproduction of other pain mediators. It is 
found throughout the body that levels of NGF increase in respond to injuries or 
conditions associated with pain. In presence with some conditions associated with 
chronic pain like osteoarthritis, rheumatoid arthritis, gout, or chronic low back pain, 
there is a continuous overproduction of NGF. As a result, more NGF is available to 
bind to peripheral sensory nerves increasing the number of pain signals that trouble 
from the periphery to the CNS [13–15].

This contributes to the sensitization of the nerves in both peripheral and central 
nervous system amplifying and perpetuating chronic pain.

The relationship between the periphery and the central nervous system provides 
a key insight on the chronic pain.

Peripheral sensitization (PNS), central sensitization (CNS), and heightened per-
ception of pain (NEUROMATRIX) are segments of the same phenomenon.

1.4  Conclusion

Around the world one-fifth of people suffer from moderate to severe chronic pain. 
Chronic pain has a significant negative impact on the quality of the patient’s life and 
in particular can produce sleepiness, decreased activity, and mood changes such as 
depression, anxiety, anger, and fatigue and through the hypothalamus- hypophysis- 
adrenal gland axis can cause chronic stress.

Chronic pain therefore changes the way of living: the affected person adapts to 
the new situation and the pain becomes the center of existence causing avoidance 
behaviors, social withdrawal, and catastrophism. It is therefore an individual com-
plexity, characterized by a multifactorial experience and a successful therapeutic 
strategy must include addressing the emotional, cognitive, social aspects and not 
only somatic pain.
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The first phase of treatment must necessarily be the breakdown of pain into its 
constituent elements, observing, asking, listening, and only after visiting the patient.

The goal is to diagnose pain generator and underlying physiopathological mech-
anisms, recognize the emotional and cognitive elements, to know the person in front 
of us, behavior, the social and family environment.

References

 1. IASP. Pain terms. Pain. 1979;6:249; 14: 205; 1982
 2. Ringkamp M, Dougherty PM, Raja SN. Anatomy and physiology of the pain signaling pro-

cess. In:  Essential of pain medicine. 4th ed. 2018.
 3. Brennan TJ. Pathophisiology of postoperative pain. Pain. 2011;152(3 suppl):S33–40.
 4. Treede RD, et al. Neuropathic pain: redefinition and a grading system for clinical and research 

purposes. Neurology. 2008;70:1630–5.
 5. Nicholas M, et al. The IASP classification of chronic pain for ICD −11: chronic primary pain. 

Pain. 2019;160(1):28–37.
 6. Schweinhardt P. Brain circuits for acute and chronic pain. Pain 2016 Refresher courses 16th 

World Congress on Pain IASP.
 7. Poisbeau P. Spinal cord mechanisms in acute and chronic pain states. Pain 2016 Refresher 

courses 16th World Congress on Pain IASP.
 8. Boettger MK, et  al. Antinociceptive effects of TNF alpha neutralization in a rat model of 

antigen-induced arthritis: evidence of a neural target. Arthritis Rheum. 2008;58:2368–78.
 9. Christianson CA, et al. Characterization of the acute and persistent pain state present in K/BxN 

serum transfer arthritis. Pain. 2010;151:394–403.
 10. Ebbinghaus M, et  al. The role of interleukin-1beta in arthritic pain: main involvement in 

thermal, but not mechanical, hyperalgesia in rat antigen-induced arthritis. Arthritis Res Ther. 
2015;39:1237–43.

 11. Nieto FR, et  al. Calcitonin gene related-peptide- expressing sensory neurons and spinal 
microglial reactivity contribute to pain states in collagen—induced arthritis. Arthritis Rheum. 
2015;67:1668–77.

 12. Ferland CE, et  al. Determination of specific neuropeptides modulation time course in a 
rat model of osteoarthritis pain by liquid chromatography ion trap mass spectrometry. 
Neuropeptides. 2011;45:423–9.

 13. Ashraf S, et  al. Augmented pain behavioural responses to intra-articular injection of nerve 
growth factor in two animal models of osteoarthritis. Ann Rheum Dis. 2014;73:1710–8.

 14. Iannone F, et al. Increased expression of nerve growth factor (NGF) and high affinity NGF 
receptor (p140 TrkA) in human osteoarthritic chondrocytes. Rheumatology (Oxford). 
2002;41:1413–8.

 15. Brown MT, et al. Tanezumab reduces osteoarthritic knee pain: results of a randomized, double- 
blind, placebo—controlled phase III trial. J Pain. 2012;13:790–8.

N. Luxardo


	1: Introduction to Pain
	1.1	 Anatomy of Pain Pathways
	1.2	 Physiology of Pain
	1.3	 Classification of Pain
	1.4	 Conclusion
	References


