
MHD II Pain & Analgesia Dr. Frysztak 

Page 1 of 7 
 

1. Describe the various types of pain receptors. 
2. Know the peripheral and central anatomical pathways involved in nociception. 
3. Understand the cellular basis that underlies normal fast and slow pain sensation compared 

with innocuous mechanical sensation (light touch). 
4. Understand the molecular basis by which nociceptors can respond to mechanical, thermal, 

and chemical stimuli. 
• no single receptor class is dedicated to one percept, and no one percept relies on a single 

receptor class 

5. Understand the molecular mechanisms responsible for the development of pain 
hypersensitivity (allodynia or hyperalgesia) in response to tissue or nerve injury. 

6. Understand the cellular and molecular basis that underlie abnormal (chronic) pain sensation. 
7. Understand how the body normally alleviates pain (analgesia). 
8. Define the terminology related to pain according to the IASP classification. 
 

 
An unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage. 
Superficial pain is a “call to action.”  The motor response to superficial pain includes 
withdrawal from the noxious stimulus, orienting to a (potentially) noxious stimulus, and 
escape from the noxious stimulus. 
Deep (chronic) pain is inescapable.  We respond by becoming immobile, withdrawing 
from social interaction, and we stop eating.  Cardiac output decreases; resources shift 
to the immune system. 
 
Nociceptors respond only to noxious, high intensity stimuli.   
At the peripheral (distal) end of the nociceptor, noxious stimuli generate currents that, 
above a given threshold, send signals along the nerve fiber to the spinal cord.  
• The "specificity" (whether it responds to thermal, chemical or mechanical features of 

its environment) of a nociceptor is determined by which ion channels it expresses at 
its peripheral end.  

• Dozens of different types of nociceptor ion channels have so far been identified, and 
their exact nature & functions are still being determined. 

• The smallest myelinated and unmyelinated fibers carry pain and temperature 
information. 
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The Spinothalamic Tract: 
A. The peripheral processes of dorsal root ganglion cells 

end as receptors sensing pain, temperature, and 
complex (chemical) sensations.  

B. The central processes of these dorsal root ganglion 
cells synapse with the neurons of the nucleus proprius.  

C. The axons of these second-order neurons cross via 
the anterior white commissure, enter the contralateral 
white matter, ascend in the lateral funiculus, and 
synapse on third-order neurons located in the ventral 
posterolateral nucleus of the thalamus.  

D. The axons of third-order neurons project to the primary 
somatosensory cortex (3,1,2). 

 
Other pain pathways include: 
• Spinoreticular tract 
• Spinomesencephalic tract 

• Peptidergic C fibers & Aδ fibers 
terminate superficially; synapse on 
large projecting neurons in lamina I & 
interneurons in outer lamina II (express 
TrkA receptors) 

• Non-peptidergic C fibers terminate in 
the inner part of lamina II (express c-
RET neurotrophin receptors) 

• Innocuous Aβ fibers terminate on 
PKCg-expressing interneurons in the 
ventral half of lamina II 

• Projection neurons in lamina V receive 
direct input from both Aδ and Aβ 
fibers; indirect from C fibers (referred 
pain via interneurons)   

NOCICEPTION: the transduction and conveyance of signals from specialized sensory 
receptors concerning tissue damage. 
Nociceptors are the LEAST specialized of sensory receptors.  They are free nerve 
endings with little or no specialized structures. 
• Thermal or Mechanical - small diameter, thinly myelinated axons (Aδ); moderately 

slow conduction velocities (5-30m/s); convey sharp pain. 
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• Polymodal - respond to a variety of stimuli (temperature, chemical, mechanical); 
small diameter, Unmyelinated axons (C); slowest conduction velocities (0.5-2m/s); 
convey dull or diffuse pain. 

• Silent – receptors found in viscera which are unresponsive to normal stimuli; 
respond only to inflammatory stimuli (sensitized); alter both peripheral & central 
pathways. 

Both Aδ and C fibers are distributed in skin & deep tissues.  First pain causes a fast, 
sharp, well-localized sensation (Aδ).  Second pain causes a less well-defined aching, or 
burning (C).  Nociceptors are the common entry point for pain pathways.  However, pain 
pathways diverge upon entering the CNS. 
 

“An increased response to a stimulus which is normally painful.”  Due to the lowering of 
the nociceptor’s threshold by either peripheral (primary) or central (secondary) 
mechanisms, resulting in an increase in the number of action potentials sent to the 
CNS. 
Primary Hyperalgesia: “This occurs at the site of the lesion when the nociceptive fiber 
is sensitized or directly activated by chemical agents released by the damaged tissue, 
nearby cells, or the neuron itself.”    
Injury can release chemical mediators, such as bradykinin, serotonin, prostaglandin, 
etc. which sensitize the receptor and release of substance P, which can interact with 
many sites.  (Aspirin is now known to specifically interact with an enzyme which makes 
prostaglandins, and therefore can reduce inflammation & algesia). 
When tissue damage occurs, the damaged cells release chemical agents which 
depolarize the pain fiber, which send APs into the CNS AND get conducted 
(retrogradely) through each branch point.  When the AP reaches the nerve ending, 
peptides (SubP, CGRP, NkA) are released.   
• CGRP causes vasodilation (flare).   
• SubP & NkA render vessels more 

permeable (edema).   
• SubP stimulates mast cells to 

degranulate (histamine), stimulates 
leukocytes into area (cytokines, 
prostaglandins, NO, leukotrienes). 
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In addition to the TRP (transient receptor potential) family of channels, other receptors 
and ion channels participate in the transduction of stimuli expressed by nociceptors.  
These include a class of Na channels (Nav1.7), purinergic receptors activated by ATP 
(PTX3), and Mas-related G protein-coupled receptors (Mrg).   
* Individuals lacking the Nav1.7 receptor (due to a gene mutation which inactivates the channel) are 
completely insensitive to pain.  All other sensations, however, are normal.  Other mutations can make the 
channel hypersensitive. 
Many nociceptors are polymodal, activated by thermal, mechanical, and/or 
chemical stimuli 
 
Secondary Hyperalgesia: “This occurs during severe or persistent injury, where the 
nociceptors fire repeatedly, thereby increasing the firing of neurons in the dorsal horn 
(called “wind-up”), which results in long-term changes to the overall excitability of 
these cells, or the target neurons (post-synaptic neurons).”    
The resulting long-term changes in excitability/sensitivity of these dorsal horn neurons is 
called Central Sensitization.  These long term changes in the excitability of the dorsal 
horn neurons (and interneurons) has been attributed to the induction of immediate early 
genes, resulting in the up-regulation in the expression of neuropeptides (NAPs), 
neurotransmitters, and corresponding receptor populations.  In a sense, the dorsal horn 
neurons have a “stored memory” for pain which can lead to 
spontaneous pain, decreased threshold for pain, and an overall 
increase in the excitability of these neurons.  This leads directly 
to an overall increase in the amount and severity of pain 
perceived. 
The initial response of interneurons and 2° neurons in the spinal cord 
may include activation of 2nd messenger systems, resulting in the 
formation/increase of second messengers (cAMP), thereby 
releasing/increasing protein kinase activity (PKA) and the activation or 
inactivation of various ion channels, thus temporarily altering the 
excitability of these neurons. 
Continuous or tonic stimulation can also result in protein kinases 
crossing the nuclear envelope, interacting with regulatory proteins 
(Enhancer) and immediate early genes to stimulate the formation of 
new/additional channels.  These new/additional channels, when 
inserted into the membrane, can permanently alter the excitability 
properties of interneurons and 2° neurons.  This may result in a 
“memory” for pain long after the initial injury has healed. 
 

BDNF further increases excitability 
and facilitates the activation of 
dorsal horn neurons. 
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“Referred Pain” is due to convergence of somatic 
sensory afferents and visceral afferents from pain & 
stretch receptors onto common interneurons and 2° 
neurons.  The cortex typically interprets the pain 
coming from somatic sources rather than visceral. 
The neurotransmitters used differ between the two 
types:  

• Aδ fibers use small vesicles and excitatory 
amino acids (glutamate). 

• C fibers use both large & small vesicles, 
(amino acids, substance P & NAP’s); 
therefore they can have fast and slow EPSPs 
at the dorsal horn. 

Pain perception can be modified at the first synapse in the spinal cord by MANY other 
afferents AND descending projections from higher centers in the CNS. 
 

A “balance” exists between myelinated and unmyelinated fibers in the dorsal 
horn.  There are 4 primary classes of spinal neurons which can interact to 
modulate pain: 
1. Unmyelinated nociceptive afferents (pain fibers). 
2. Myelinated non-nociceptive afferents (somatosensory fibers - Aα & Aβ). 
3. Projection neurons to the CNS (2° via ALS). 
4. Spontaneously active inhibitory interneurons (the “gate”). 
 
If you stimulate the pain pathway, this results in 
inhibition of the inhibitory interneuron and excitation of 
the projection neurons, resulting in the perception of 
pain. 

By stimulating the non-nociceptive Aβ fibers (2) of 
the somatosensory system (i.e. touch, temperature, 
proprioceptive fibers), you will also excite the 
inhibitory interneurons (4), resulting in a decreased 
output of the projection fiber and a suppression of 
the pain.  That is why ice, heat, “shaking it out,” and 
rubbing a mildly painful stimulus (bumping your knee) 
is effective in reducing the amount of perceived pain. 

Pain Stimulus  

Aβ Stimulus  
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This type of regulation is only effective in mildly painful stimuli, and can NOT overcome 
the pain associated with severe injuries.  Remember, this is a “balance” that is being 
moved back and forth between the nociceptive and non-nociceptive fibers. 

Pain synapses can also be modified by descending pathways in the CNS.  Direct 
stimulation of the PeriVentricular and PeriAqueductal Gray (PVG & PAG) results in 
excitation of the rostroventral medulla, which then stimulates cells in the dorsal horn of 
the spinal cord. These connections in the spinal cord are inhibitory, and suppress the 
nociceptive neurons. 
 
The PAG and PVG are extremely sensitive to morphine, 
and therefore the primary site of action of morphine and 
morphine-like drugs (opiates).  Endogenous opiodes 
(enkephalins, proopiomelanocortins & dynorphins) are 
present at the sites associated with processing of 
nociceptive input, and therefore stimulate the PAG and 
PVG. 
 
Other descending pathways from the pons (locus ceruleus) 
and the medulla (raphe magnus) also terminate in the 
dorsal horn and suppress nociceptive neurons.  The 
descending inputs to the dorsal horn result in the 
modulation of the primary pain afferent onto the projection 
neurons either directly (A; via an inhibitory connection) or 
indirectly (B) by stimulation of enkephalin interneurons via 
2 possible mechanisms: Presynaptic Inhibition and Postsynaptic Inhibition. 
 
Presynaptic inhibition (indirect; extrinsic form of synaptic 
plasticity) of the pain fibers in the dorsal horn via opiate 
receptors on the presynaptic cell, which results in an 
increased K+ conductance and hyperpolarization of the 
presynaptic terminal.  This hyperpolarization of the 
presynaptic terminal results in a decrease in the duration of 
the AP, decreased Ca2+ influx and a decrease in the 
amount of neurotransmitter released onto the post-synaptic 
cell (projection neuron). 
 
Postsynaptic (direct) modification of the EPSP via 
hyperpolarization of the postsynaptic membrane via opiate 
receptors on the postsynaptic cell (intrinsic method of 
synaptic plasticity – hyperpolarizes the resting membrane 
potential of the postsynaptic neuron, taking it farther from 
threshold).  The net result is a significant (albeit temporary) 
reduction in output from the 2nd order neuron into the CNS, 
and a reduction in perceived pain. 
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Remember that there is a limited supply of endogenous opiods and enkephalins 
in the spinal cord! 
 
Please look over the “Pain Terminology” handout related to this lecture and 
familiarize yourself with the definitions of the following terms.   
Be able to differentiate between the various types of pain described. 
 
Allodynia 
Analgesia 
Causalgia 
Central Pain 
CRPS Type I & II 
Hyperalgesia (Primary & Secondary) 
Hyperpathia 
Hypoalgesia 
Neuralgia 
Neurogenic Pain (Deafferentation & Sympathetically Maintained) 
Neuropathic Pain 
Neuropathy 
Nociceptive Pain (Nociceptor) 
Pain 
Pain Threshold 
Paresthesia & Dysesthesia 
Sensitization 
 
 
 
 
 



IMPORTANT TERMS AND GENERAL 
CONCEPTS RELATED TO PAIN 

 
The sensations that we generally think of as painful are all perceptions by the cerebral cortex, and 
therefore subjective. These perceptions are based on previous experience and understanding that 
something injurious has occurred to the body. Most painful conditions experienced or described by 
patients has a physiological basis, and understanding the mechanisms associated with the stimulation 
of nociceptors and the subsequent perception of pain is important to properly diagnosing and treating 
any injury. Treatment which does not adequately reduce or remove the stimuli responsible for 
initiating the pain will be ineffective. The following section contains a list of many of the common 
terms used in describing and differentiating between many of the common terms used in diagnosing 
pain. It is important to note that many of terms used to describe, define or classify pain were developed 
specifically for use in clinical practice, hence the need for a physiological description is important to 
understanding the mechanisms associated with pain. Each term is followed immediately (in quotes) by 
the current definition as described by the International Association for the Study of Pain (IASP 
Taxonomy), and a physiological and/or anatomical description for that term.  

Definitions of Important Terms Related to Pain 
Nociceptor.  “A high-threshold sensory receptor of the peripheral somatosensory nervous system 
that is capable of transducing and encoding noxious stimuli.” All nociceptors are specialized 
primary sensory neurons whose cell bodies are located in the dorsal root ganglia or the trigeminal 
ganglia. The primary sensory ending is usually in the periphery, and they transmit their information 
into the CNS via either the dorsal horn or the trigeminal ganglia. There are three major classes of 
nociceptors: thermal, mechanical and polymodal nociceptors. Nociceptors transduce (convert) the 
mechanical, thermal and chemical signals into action potentials which synapse in the dorsal horn (or 
trigeminal ganglia) onto second order “pain” pathways which eventually reach the cortex and are 
interpreted by the CNS as pain (see Central Transmission of Nociception for a detailed discussion of 
these pathways). Thermal nociceptors are activated by extreme temperatures (>45°C or <5°C ) which 
could potentially damage the body. Mechanical nociceptors are activated by intense pressure or stretch. 
Polymodal nociceptors are activated by high-intensity mechanical, chemical or thermal stimuli 
(Basbaum and Jessell, 2013). In addition, the viscera and many other tissues (including spinal tissues) 
contain “silent nociceptors” which normally are not activated by noxious stimuli. These receptors can 
be dramatically altered by inflammation or chemical insults, resulting in a significant lowering of their 
firing thresholds and a concomitant increase in their firing rate. These “silent nociceptors” may 
therefore contribute to the development of secondary hyperalgesia or central sensitization (described 
later in this section).  
 
Pain.  “An unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage.” Pain is based primarily on past experiences 
of noxious stimuli and their resulting effect on the body. Sensations such as burning, aching, pinching, 
stinging and soreness all warn us that a certain activity or stimulus should be avoided. The greater the 
stimulus intensity, the greater the urge for the individual to discontinue or avoid that stimulus in the 
future. Like the interpretation of all sensory stimuli, pain is a perception or elaboration created by the 
cerebral cortex based upon both sensory and emotional experience associated with a particular set of 
stimuli, and is therefore subjective. Perception of pain may or may not be directly related to 

https://www.iasp-pain.org/Taxonomy?navItemNumber=576
https://www.iasp-pain.org/Taxonomy?navItemNumber=576


nociception. For example, an injured athlete may not experience “pain” until after the game is ended. 
Pain can be classified as acute, persistent or chronic. Acute and persistent pain motivate individuals to 
avoid the pain producing activity or seek help, whereas chronic pain appears to serve no useful purpose 
other than to make the patient miserable. Persistent pain can be further subdivided into either 
nociceptive or neuropathic pain (see definitions provided later in this section). 
 
Allodynia.  “Pain due to a stimulus which does not normally provoke pain.”  The term allodynia 
was originally introduced to differentiate it from hyperalgesia (which is triggered by a normally painful 
stimulus) and hyperesthesia (which is an increased perception of all stimuli).  The term allodynia is 
used to describe conditions in which, because of some alteration in the CNS, a stimulus which is 
normally not painful is now considered painful. For example, light touch or moderate cold may evoke 
a painful response when applied to one area of the body (abnormal response), but be perceived as non-
painful (normal) elsewhere in the body. Most of the afferent fibers entering the dorsal horn undergo a 
high degree of divergence before synapsing on their second-order pathways. The majority of these 
synapses are onto interneurons which influence the overall tone of the spinal cord associated with 
spinal reflexes, postural control, and overall responsiveness of the system. In general, the 
responsiveness of these interneurons is normally suppressed by descending supraspinal pathways. 
After an injury, the increased afferent activity associated with nociceptive input may dramatically 
increase the overall output of the interneurons. Because of the large number of interneurons present in 
the dorsal horn, and their subsequent activation by the increased nociceptive inputs, afferents of non-
nociceptive fibers may subsequently activate nociceptive interneurons, thus triggering a painful 
response to a normally non-painful stimulus. Allodynia also applies to conditions which may give rise 
to sensitization (described later in this section), such as sunburn, inflammation or trauma. During the 
physical exam, the physician should be sure to check for and note any non-painful stimuli (light touch, 
wisp of cotton, etc.) which elicit a painful response. 
 
Analgesia.  “Absence of pain in response to stimulation which would normally be painful.”  
Because pain is a perception controlled by the cerebral cortex, it can be modulated in many ways to 
alter the incoming nociceptive input and prevent the perception of the noxious stimulus. Every synapse 
of the nociceptive input is a potential site for modulation, and the CNS has a remarkable set of local 
(spinal cord) interneurons and descending modulatory pathways exclusively designed to interrupt the 
conveyance of the nociceptive input.  If the input of the nociceptive signal can be attenuated or 
inhibited before reaching the cortex, than perception of the pain will be reduced or eliminated (See the 
section Modulation of Nociception for a detailed analysis of the pathways involved). In addition, 
exogenous agents such as aspirin or acetaminophen can alter the biochemical pathways responsible for 
production of inflammatory (nociceptive) agents, thereby reducing their effect on the nociceptors and 
thus their input into the CNS. Other agents, such as morphine, can mimic the effects of inhibitory 
neurotransmitters and dramatically reduce nociceptive input into the CNS.  
 
Central Pain.  “Pain initiated or caused by a primary lesion or dysfunction in the central nervous 
system.”  Any disease process, trauma or space occupying lesion affecting the CNS can alter normal 
functions of the tracts, nuclei and cell bodies of the nervous system, including the somatosensory 
system. Remember that the CNS has no sensory afferents of its own, including nociceptors. Therefore 
normally it cannot detect the presence of these abnormalities, but alterations in normal functions 
indicate the presence of these pathologies. Both positive and negative signs can exist after lesions or 
dysfunctions within the CNS.  Positive signs (paresthesias) are sensations that normally are not 
present, but can be experienced after the lesion, and include pain, dysesthesia, or tingling sensations. 
Negative signs are those that are normally present, but no longer are able to be perceived, such as loss 
of position sense, touch or pain. Pressure on tracts can cause the axons to spontaneously fire. If those 



axons originated from nociceptors or their corresponding afferent pathways, then pain will be 
perceived coming from the area of the body normally innervated by those nociceptors, even though 
there is no noxious stimulus present. Nociceptive afferents, especially in the spinal cord and peripheral 
nerves, are most easily stimulated in this way because of the limited (or completely absent) myelin 
present on those fibers. Lesions or dysfunction within the CNS can also cause swelling, edema, 
ischemia (because of compression of blood vessels), blockage of cerebrospinal fluid (CSF) and 
distension of the dura, all of which stimulate nociceptors outside of the CNS, thereby increasing the 
amount of pain associated with CNS lesions. In addition, these lesions can block normal signaling 
between the periphery and cortex, or from the cortex to the spinal cord, thereby altering normal 
function and perception. Any lesion within the CNS which alters the normal processing of nociceptive 
information can be associated with central pain.  
 
Hyperalgesia.  “Increased pain from a stimulus that normally provokes pain.” Hyperalgesia 
reflects an increased perception of pain due to a normally painful stimulus. It is now considered a 
clinical term that does not imply a specific mechanism. Peripheral and/or central sensitization may be 
involved. Hyperalgesia differs from allodynia in that hyperalgesia is an increased sensitivity to pain 
because of a lowering of the nociceptor’s threshold for pain by either peripheral or central 
mechanisms, whereas allodynia is a perception of pain from non-painful stimuli. Hyperalgesia can be 
classified as primary (peripheral) and secondary (central).  
   Primary hyperalgesia. This occurs at the site of the injury when the nociceptive fiber is sensitized or 
directly stimulated by chemical agents released by the damaged tissue and nearby cells, or the neuron 
itself. Substances such as bradykinin, histamine, prostaglandins, leukotrienes, acetylcholine, serotonin, 
and substance P all directly affect nociceptors by lowering their threshold for activation. After tissue 
damage, a nociceptor responds with a greater number of action potentials to the same stimulus given 
before the injury occurred. In addition, some of the substances just listed can directly activate 
nociceptors, resulting in a further increase in nociceptive input into the CNS. Potassium, serotonin, 
bradykinin and histamine have all been identified as activators of peripheral nociceptors (Fields, 1987). 
Activated nociceptors also can release chemical agents (e.g., substance P and CGRP) at the peripheral 
terminal, which can either sensitize or activate other nearby nociceptors. These chemical agents are 
synthesized in the cell body (in the DRG) and transported down to the peripheral terminal. 
   Secondary hyperalgesia. Secondary hyperalgesia occurs during severe or persistent injury. In these 
situations, C fibers fire repeatedly, thereby increasing the firing neurons in the dorsal horn. This 
phenomenon is called “wind-up,” and is dependent on the release of excitatory neurotransmitters 
(glutamate) from the C fibers, resulting in long-term changes in the sensitivity of the dorsal horn 
neurons. The resulting long-term changes in sensitivity are termed central sensitization. According to 
Cavanaugh (1995): 

 “The sensitization of these dorsal horn neurons is characterized by reduced thresholds 
(allodynia), increased spontaneous discharge, increased response to afferent input 
(hyperalgesia), increased response to repeated stimulation (wind-up), and the expansion of 
receptive fields. There is strong evidence that the release of excitatory amino acids and 
neuropeptides in the dorsal horn after noxious stimulation leads to central sensitization.”  

This long term change in the excitability of dorsal horn neurons has been attributed to the opening of 
intracellular calcium channels on the endoplasmic reticulum via protein kinase C (PKC)(Fagri et.al., 
2000; Yashpal et.al., 2001), the phosphatidylinositol-3-kinase pathway (PI3 K)(Pezet et.al., 2008), the 
mitogen-activated protein kinase pathway (MAPK)(Latremoliere and Woolf, 2009), and the cAMP 
response element binding protein (CREB)(Kawasaki et.al., 2004; Wei et.al., 2006) via calmodulin-
induced stimulation of adenyl cyclases which further activate protein kinase A (PKA) and subsequent 
cascades. This results in the induction of immediate early genes that result in upregulation in the 
expression of neuropeptides, neurotransmitters and their receptors (Basbaum and Jessell, 201300). 



Alterations in the biochemical properties and overall excitability of dorsal horn neurons can lead to 
spontaneous pain, decrease the threshold for the production of pain, and constitute a “memory” for the 
C fiber input. An excellent review of central sensitization can be found by reading the critical review 
by Latremoliere and Woolf (2009). Patients complaining of pain could be experiencing both primary 
and secondary hyperalgesia (sensitization) associated with their condition. Recent trauma to the skin, 
skeleton, muscles, ligaments and the surrounding tissues could be initiating primary hyperalgesia. In 
addition, previous injury to the same area can alter the CNS, resulting in a stored “memory” for this 
type of pain in the form of lowered thresholds or increased excitability.  Therefore, central 
sensitization also may contribute to the severity of their pain.  It is important to take a thorough history 
when treating chronic pain cases. 
 
Sensitization.  “Increased responsiveness of nociceptive neurons to their normal input, and/or 
recruitment of a response to normally subthreshold inputs.” Sensitization may include a decrease 
in threshold or an increase in suprathreshold response, and may include spontaneous discharge or an 
increase in the receptive field size. Sensitization is a neurophysiological term related directly to the 
strength of the stimulus input and the output of the nociceptor. Clinically, the terms hyperalgesia or 
allodynia should be used to describe the pain perceived by the patient. Sensitization also includes both 
central and peripheral mechanisms. 
Central sensitization represents an increased responsiveness of nociceptive neurons in the central 
nervous system to their normal or subthreshold afferent input.  This increased responsiveness may be 
due to a decreased output of endogenous pain control systems, or an alteration of central connections 
beginning in the dorsal horn of the spinal cord. 
Peripheral sensitization represents an increased responsiveness and reduced threshold of nociceptive 
neurons in the periphery due to the stimulation of their receptive fields.  
 
Hypoalgesia.  “Diminished pain in response to a normally painful stimulus.”  Hypoalgesia can be 
achieved by several mechanisms, all of which involve alteration of central synapses. These alterations 
in central synapses also help determine the overall level of tolerance for pain, or more specifically the 
threshold for perception of pain. Small to moderate increases in nociceptor activity can essentially be 
“ignored” by the CNS by increasing the level of inhibition via interneurons at any of the synaptic 
relays along the pathways to the cortex. Much of this “setting of the gain” of the pain systems occurs at 
the level of the spinal cord, specifically in the dorsal horn. Inhibitory interneurons found here can be 
activated by many systems, including non-nociceptive afferents, descending corticospinal tract and 
other interneurons in the dorsal horn. Once perception of pain does occur, there are additional 
descending pathways which can further inhibit nociceptive afferents (see Modulation of Nociception).  
In rare cases, mutations of the SCN9A gene results in permanent inactivation of Na+ channels in 
nociceptors, resulting in a complete inability to sense pain.  
 
Neuralgia.  “Pain in the distribution of a nerve or nerves.”  Pain associated with neuralgias is most 
often described as either “lancinating” or “paroxysmal” in quality. The pain can occur spontaneously, 
or be triggered in response to minimal stimuli that normally would not elicit pain (allodynia). The most 
common example is trigeminal neuralgia or tic douloureux, which consists of excruciating, 
paroxysmal, electric shock-like facial pain in the distribution of one branch of the trigeminal nerve 
(most often the maxillary division). Pain is often evoked by a tactile stimulus in a particular location, 
called the trigger zone. Episodes of pain tend to become more frequent and present a progressively 
debilitating condition for the patient.  
 
  



Neurogenic Pain.  “Pain initiated or caused by a primary lesion, dysfunction, or transitory 
perturbation in the peripheral or central nervous system.”  Neurogenic pain normally involves 
sensitization of the nociceptors, dorsal root ganglia and dorsal horn neurons. This includes both central 
sensitization and the wind-up phenomenon. Polymodal nociceptors normally have little or no 
spontaneous activity. However, after injury they become sensitized, resulting in increased spontaneous 
activity, decreased threshold, increased sensitivity to heat or cold, sensitivity to sympathetic 
stimulation, and antidromic release of neuropeptides (Benarroch, et. al., 1999). The clinical 
characteristics of neurogenic pain are spontaneous pain (burning, aching or shock-like), hyperalgesia 
and allodynia. Neurogenic pain includes deafferentation pain and sympathetically-maintained pain, 
   Deafferentation pain. This type of pain may be a complication of any injury anywhere along the 
course of the somatosensory pathway. For example, phantom limb pain is associated with peripheral 
nerves and spinal cord dysfunction following amputation, whereas multiple sclerosis can cause 
dysesthesia and pain due to demyelination of the spinal cord or brainstem, and thalamic syndromes can 
lead to a severe burning sensation (dysesthesia) after a localized lesion within the thalamus.  
   Sympathetically maintained pain. This condition most often is characterized by the simultaneous 
occurrence of pain, local autonomic dysregulation (e.g., edema, vasomotor disturbances, and abnormal 
sweating), and trophic changes of the skin, soft tissues and bone. These changes are most often 
associated with lesions of peripheral nerves or nerve roots. Normally most nociceptive afferents have 
considerable divergence as they enter the dorsal horn, and many nociceptive afferents directly or 
indirectly activate multiple interneurons, reflex pathways, second-order neurons and sympathetic 
neurons. The activation of these sympathetic neurons in the intermediolateral cell column results in 
alterations in blood flow (vasoconstriction or vasodilation, as well as swelling, edema and possibly 
trophic changes) to aid in healing injuries. However, this also contributes to sensitization and direct 
activation of nociceptors at and near the site of the injury (primary hyperalgesia) and typically an 
increased sensitivity to pain. When these normal physiologic responses continue past the time of 
healing, they then become pathologic in nature and contribute to sympathetically maintained pain. Two 
types have been recognized: reflex sympathetic dystrophy, or complex regional pain syndrome I 
(CRPS I), and causalgia, or CRPS II. CRPS I develops after an initiating noxious event, whereas CRPS 
II develops after a nerve injury. Although normally the CNS responds to both of these events with an 
appropriate physiological response, any alteration or persistence of the sympathetically mediated 
response is considered abnormal (see Complex Regional Pain Syndrome Fact Sheet).  
 
Neuropathic Pain.  “Pain caused by a lesion of the somatosensory nervous system.  Neuropathic 
pain is a clinical description (and not a diagnosis) which requires a demonstratable lesion of a 
disease that satisfies established neurological diagnostic criteria.”  Neuropathic pain is normally 
associated with painful nerve compression (e.g., IVD compression of a dorsal root or DRG) or after 
formation of post-traumatic neuromas following nerve lesion. This results in abnormal firing of the 
nerve in areas of demyelination, selective loss of large fiber mediated segmental inhibition, and 
increased activity of small nociceptive fibers. The increased activity of the nociceptive fibers is 
thought to be mediated by local changes in extracellular ionic concentrations (increased Na+ and 
decreased K+ ions), which result in a depolarization of the unmyelinated and demyelinated fibers. 
Some confusion has been raised about the definition of neuropathic pain by using a “physiologic 
definition” of neuropathic pain which erroneously includes central sensitization processes associated 
with chronic pain (Seamon & Cleveland, 1999; Portenoy, 1996). The use of the term or diagnosis of 
neuropathic pain should be avoided except in cases where a clear anatomical lesion or physiological 
dysfunction exists within the nervous system. Again, the physician should take care to note and 
substantiate any direct or indirect evidence which points to a lesion or dysfunction of the nervous 
system. 
 

https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Complex-Regional-Pain-Syndrome-Fact-Sheet


Nociceptive Pain.  “Pain that arises from actual or threatened damage to non-neural tissue and is 
due to the activation of nociceptors.”  Portenoy and Kanner (1996) defined nociceptive pain as “pain 
that is believed to be commensurate with the presumed degree of ongoing activation of peripheral 
nociceptors.” Nociceptive pain is directly related to activation of normal pain mechanisms in response 
to tissue injury. Therefore, any injury or condition which causes an increase in the normal activity of 
nociceptive afferents could be nociceptive pain IF that increase in activity is recognized by the cortex. 
Indeed, most nociceptive pain is often more severe than the perceived intensity of the stimulus due to 
the extensive network of inhibitory connections that exist to alter the threshold for perception of pain. 
The severity of the injury is not always directly related to the amount of pain perceived by the subject. 
Some overt injuries may produce an obvious painful condition. But there are many stimuli, such as 
changes in local extracellular ion concentrations, that can activate nociceptors without obvious trauma 
or injury to the site of the painful condition. Acute pain is most often directly attributable to some 
trauma or altered condition which directly activates the nociceptors. Chronic pain, however, is much 
harder to define and treat, since the initial cause of the pain (activation of nociceptors) can be 
dramatically altered by central mechanisms. Stimulation of the nociceptors due to the initial injury may 
be dissociated from the ongoing perception of pain long after the injury has healed due to changes in 
second-order fibers, interneurons and descending pathways. Chronic pain, therefore, may no longer be 
attributable to “nociceptive pain.”  

Neuropathy.  “A disturbance of function or pathological change in a nerve: in one nerve, 
mononeuropathy; in several nerves, mononeuropathy multiplex; if diffuse and bilateral, 
polyneuropathy.”  Note: Neuritis is a special case of neuropathy and is now reserved for 
inflammatory processes affecting nerves. 

Pain Threshold.  “The minimum intensity of a stimulus that is perceived as painful.”  Threshold 
was traditionally described as the least stimulus intensity at which a subject perceives pain. Because 
stimulus intensity is an external measure used to elicit a response from the subject, and therefore can 
not be a measure of pain, this term (stimulus intensity) has been excluded from the current definition. 
Pain threshold, however, is a perception which is an experience defined by the subject, and therefore 
highly subjective. Threshold, therefore, is also highly subjective, and is directly related to the subject’s 
current disposition. A subject who is energetic, feeling good and in generally good health will most 
likely have a higher tolerance (higher threshold) to pain as compared to a subject who is tired, injured, 
or suffering the effects of a cold, flu or other seemingly unrelated illness. 
 
Hyperpathia.  “A painful syndrome characterized by an abnormally painful reaction to a 
stimulus, especially a repetitive stimulus, as well as an increased threshold.” Hyperpathia may 
occur with allodynia, hyperesthesia, hyperalgesia, or dysesthesia. Faulty identification and localization 
of the stimulus, delay, radiating sensation, and aftersensation may also be present, and the pain is often 
described as explosive in character. 
 
Paresthesia. “An abnormal sensation, whether spontaneous or evoked.”  Paresthesia is an 
abnormal sensation which is not unpleasant, while dysesthesia is an abnormal sensation that is 
considered to be unpleasant.  Paresthesias are often described as spontaneous sensations rather than 
evoked.  Any abnormal sensation is often referred to as a paresthesia, and may include unpleasant 
sensations (dysesthesia). 
 
Dysesthesia. “An unpleasant abnormal sensation, whether spontaneous or evoked.”  Dysesthesia 
is caused by lesions of the somatosensory nervous system, either peripheral or central, and includes 
such sensations as burning, wetness, itching, electric shock, and pins and needles. 



Causalgia.  “A syndrome of sustained burning pain, allodynia, and hyperpathia after a traumatic 
nerve lesion, often combined with vasomotor and sudomotor dysfunction and later trophic 
changes.”  Symptoms usually involve burning pain prominent in the hand or foot within 24 hours of 
injury. Almost any sensory stimulation worsens the pain. Vascular changes include either increased or 
decreased blood flood due to dilation or constriction of blood vessels. Other symptoms include dry, 
scaly skin; still joints; tapering fingers; ridged nails; long, coarse hair or hair loss; and changes in 
sweating.  
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