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Pain 

ÅDefinition  

ïAn unpleasant sensory and emotional experience 

associated with actual or potential tissue damage 

or described in terms of such damage 

International Association for the Study of Pain 



Function of 

Pain 

ÅPain protects humans by warning of 

occurrence of biologically harmful 

processes  

ïpeople protect themselves from burns, 

bruises and wounds 

Åprimarily due to reflex activity  

Åbut also because of associated emotional 

arousal 

ï reflexes, regulated at the level of spinal 

cord, protect by removing a body part away 

from danger  

ïassociated emotional arousal, experienced as 

distress or fear, may also motivate a person 

to move away from a painful stimulus 

ïFear of pain can also prevent a person from 

moving, which in turn promotes healing of 

the injury resulting in that pain 

ïpain may elicit an empathic, comforting, and 

health promoting behavior in people 

observing a person in pain.  



Interfering nature of Pain 

ÅPain can interfere with daily 
functioning of a person when 
it prevents people from 
performing their  

ïsocial roles,  

ïvocational roles, and  

ïimpacts their psychological 
well-being.  

ÅTo appreciate this duality of 
pain, i.e. protective and 
interfering nature of pain, one 
must understand the CNS 
mechanisms of pain 
transmission and regulation.  

http://www.surfaidinternational.org/site/apps/nl

/content2.asp?c=ekLPK4MOIsG&b=354323&

ct=412953 



Types of Somatic Sensations 

Pressure  

Pain Temperature  

Vibration  

Touch  

Skin  

Kinesthesia  Position  Sense  

Pain Proprioception  

Musculoskeletal  
 System  



Transmission/Perception of Pain 

ÅFour specific parts of 
the nervous system 
transmit pain signals 
from the periphery to 
the higher centers of 
the CNS:  

ïthe nociceptors, 

ïthe dorsal horn neurons,  

ïthe ascending tracts, 
and  

ïthe supraspinal 
projections.  

Robinson(1997), Journal of Hand Therapy 



Nociceptors 
ÅNociceptors, one type of 

somatosensory receptors, 

are the first order neurons 

of pain pathways.  

ïFree nerve endings 

ÅThese receptors generate 

pain signals in response to 

harmful stimuli.  

ÅDifferent types of 

nociceptors have been 

identified that respond to  

ïmechanical,  

ïheat and  

ïchemical stimuli, or  

ïany combination of these 

stimuli.  



ÅCell bodies of the nociceptors reside in the dorsal root 

ganglia (DRG).  

ÅNerve fibers leaving the DRG bifurcate and send one branch 

to the periphery and the other branch to the dorsal horn 

(DH).  

ÅThe peripheral fibers conduct pain signals from the skin, 

muscles, fascia, vessels, and joint capsules to the DRG 

Nociceptors 

Robinson(1997), Journal of Hand Therapy 



ÅPeripheral fibers transmitting pain and other somatosensations, and 
therefore called the sensory peripheral fibers, have been classified into 
three types based on their diameter, myelination and conduction 
velocity: the A (with four subtypes ï Ŭ, ɓ, ɔ and ŭ), B and C-fibers. 

Å  The A-ŭ fibers and C-fibers conduct pain signals, but, at different 
velocities.  

ÅA-ŭ fibers (Myelinated) conduct fast pain (a sensation experienced 
immediately after an injury that indicates location of injury). 

ÅC-fibers (Unmyelinated) conduct slow pain (follows sharp pain and 
can be characterized as a dull, throbbing ache with poor localization). 



Second Order Neurons 
ÅTwo types of second order neurons 

perceive pain: 
ï  nociceptive specific (NS) neurons and  

ïwide dynamic range (WDR) neurons. 

Å  The NS and WDR neurons 
conduct pain signals to the brain 
via various ascending tracts in the 
spinal cord.  

ÅNS respond to noxious stimuli  

ÅWDR respond to both innocuous 
and noxious stimuli.  

ÅAxons of the second order neurons 
(the NS and WDR neurons) form 
the ascending tracts, through which 
pain signals travel in the spinal 
cord.  Robinson(1997), Journal of Hand Therapy 



Table 1: Differences between nociceptive specific (NS) and wide dynamic range (WDR) 

neurons based on Covington (2000) and Robinson (1997) 

Difference Nociceptive Specific (NS) Neurons Wide Dynamic Range (WDR) Neurons 

Activating fibers A-ŭ and C fibers A-ɓ, A-ŭ and C fibers 

Activating stimuli Nociceptive (fast and slow pain) Innocuous (cutaneous touch and pressure) 

and Nociceptive (fast and slow pain) 

Location Mostly in Lamina I of spinal cord Mostly in Lamina IV and V of spinal cord 

Lamina I Somatotopically organized Not present, not somatotopically organized 

Pain receptive field Restricted to relatively small areas Vary with stimulus strength; much larger 

than those of NS neurons 

Discharge strength Vigorous increase in discharge as a result 

of noxious stimuli (e.g. pinching and 

strong compression) 

Discharge at lower levels in response to 

innocuous stimuli; discharge more 

vigorously in response to noxious stimuli 

Contribution to 

Spinothalamic Tract 

Make up 20 ï 25% of tract Make up about 75% of tract 

Function Involved in sensory-discriminative aspects 

of pain (localization of pain; nature of 

stimulus) 

Involved in affective-motivational aspects 

of pain (intensity; differences in noxious 

stimuli; initiation of complex behavioral 

responses to pain) 

Pain theory supported Specificity theory: presence of specific 

neurons activated only by noxious stimuli 

Pattern theory: presence of second order 

neurons that discharge differently to 

noxious and innocuous stimuli 



Ascending Tracts: Fast Pain 
ÅDifferent ascending tracts 

conduct fast and slow pain 
signals.  

ÅFast pain travels via the 
neospinothalamic tracts. The fast 
pain transmitting A-ŭ fibers 
predominantly terminate on the 
nociceptive specific (NS) 
neurons. 

ÅThe axons of the NS neurons 
cross the midline of spinal cord 
in the anterior white commissure.  

ÅThe crossed NS axons ascend to 
the thalamus as the lateral 
spinothalamic tract. 

ÅAlso called the lateral pain 
pathways 

Shechtman, Course manual for Nervous System and Disorders 



http://www.ama-

cmeonline.com/pain_mgmt/modul

e01/03patho/index.htm 



 Ascending Tracts: Slow Pain 
ÅSlow pain travels via multiple 

parallel ascending pathways.  

ÅThe slow pain transmitting C-fibers 
terminate on interneurons in the 
DH.  

ÅThe interneurons synapse with 
WDR neurons in the DH.  

ÅThe WDR axons ascend to the 
midbrain as spinomesencephalic 
tract, reticular formation as 
spinoreticular tract, and thalamus as 
paleospinothalamic tract.  

ÅSlow pain signals primarily ascend 
via the paleospinothalamic tract. 
The other two tracts serve functions 
of arousal, motivation, reflexive 
function, and activation of 
descending fibers.  

ÅAlso called medial pain pathways Shechtman, Course manual for 

Nervous System and Disorders 



http://www.ama-

cmeonline.com/pain_mgmt/modul

e01/03patho/index.htm 

Interneurons 



Thalamus contains nerve centers responsible for vision, hearing reflexes, 

equilibrium and posture. It also relays pain signals to the cerebrum. 

Crude sensation reaches consciousness in the thalamus, the cerebral 

cortex is responsible for the higher thought processes such as emotion 

and interpretation.  



Supraspinal Projections: Fast Pain 

ÅThe NS axons, that conduct fast pain, mostly end in the 

ventral posterolateral (VPL) nucleus of the thalamus.  

ÅThird order neurons arise from the VPL nucleus and 

project to the primary somatosensory cortex (SI) and the 

secondary somatosensory cortex (SII).  

ÅThese projections allow for interpreting sensory features 

of pain, which includes location, intensity and quality of 

pain.  



Supraspinal Projections: Slow Pain 
ÅAxons from the retina (i.e. 

optic nerve) form 3 

pathways: 1) Optic nerve to 

optic chiasm, to optic tract 

ending in lateral geniculate 

body/nucleus.   

ÅFrom LGB, these fibers go to 

the visual cortex in the optic 

lobe.  

ÅThis pathway is responsible 

for visual identification and 

visual guidance.  

http://universe-review.ca/I10-80-midbrain.jpg 

PAG 
HT 



Supraspinal Projections: Slow Pain 
Å2) Fibers from the retina end 

in the pretectal area for 

controlling pupillary reflexes. 

Å 3) Fibers from the retina 

also end in the superior 

colliculus of the Tectum.  

ÅThese fibers role is 

orientation and visually 

guided movements of the 

eyes. 

http://universe-review.ca/I10-80-midbrain.jpg 

PAG 
HT 



Supraspinal Projections: Slow Pain 
ÅThe tracts conducting slow 

pain (the 
spinomesencephalic, 
spinoreticular, and 
paleospinothalamic tracts) 
terminate in different areas of 
the brain.  

ÅThe spinomesencephalic 
tracts conduct pain signals to 
the superior colliculus and 
periaqueductal gray and 
finally to the hypothalamus 
and raphe nuclei.  

ïThese areas assist in turning 
the eyes and head towards the 
noxious stimulus. 

http://universe-review.ca/I10-80-midbrain.jpg 

PAG 
HT 



Supraspinal Projections: Slow Pain 
Å The spinoreticular tracts 

terminate in the reticular 
formation in the brainstem. 
The paleospinothalamic tracts 
project to the midline and 
intralaminar nuclei of the 
thalamus. These nuclei further 
project to basal ganglia (BG), 
prefrontal cortex (PF), anterior 
cingulate cortex (ACC), and 
primary motor cortex (M1).  
ïTogether, activity in the 

spinoreticular and 
paleospinothalamic tracts results 
in arousal, withdrawal, and, 
autonomic and affective 
responses to pain.  

Apkarian, A. V., Bushnell, M. C., Treede, R. D., & Zubieta, J. K. (2005). Human brain mechanisms of pain perception and regulation in health 

and disease. Eur J Pain, 9(4), 463-484. 



The Matrix and Circuitry of Pain  
 

ÅBased on PET imaging studies, the areas most often cited 
as being a part of a pain matrix include the anterior 
cingulate, insular, prefrontal, inferior parietal, primary and 
secondary somatosensory (SI and SII), and primary motor 
and premotor cortices.   

 

ÅIn addition, the thalamus, brain stem, and cerebellum 
(which is not typically thought of as being a pain center) 
frequently are included in this complex, based on 
experiments involving painful stimulation. 



  

  



All components ð ascending, 

central, and descending ð are 

important. 
 

ÅIn actuality, it may be that the ñwholenessò of the entire pain 
matrix is really the most important issue in pain (i.e., that 
symptoms of pain may result whenever there is damage 
anywhere within the circuit-like neural matrix).  

ÅWhen a disruption of the pain matrix occurs, the circuitôs 
inherent modulatory systems also may come into play, further 
impacting pain.  

Å Chronic pain may trigger significant remodeling of neural 
structures within the circuitry of pain (next slide), so that the 
pain matrix itself changes over time.  



Basal Ganglia: 

ÅMay be part of this pain-processing system, 

based on neuroimaging studies that 

documented the presence of acute bilateral 

basal ganglia lesions in uremic diabetic 

patients and the observation that these 

patients often develop hyperalgesia in 

addition to the anticipated Parkinson-like 

movement disorders. 



The role of the basal ganglia in nociception 

and pain   

ÅEric H. Chudler  and Willie K. Dong  

 

ÅThe basal ganglia (the striatum, globus pallidus and substantia 

nigra) also process non-noxious and noxious somatosensory 

information.  

ÅElectrophysiological experiments agree that some neurons within 

the basal ganglia encode stimulus intensity.  

ÅMany basal ganglia neurons responsive to somatosensory 

stimulation are activated exclusively or differentially by noxious 

stimulation.  

Å Indirect techniques used to measure neuronal activity (i.e., 

positron emission tomography and 2-deoxyglucose methods) also 

indicate that the basal ganglia are activated differentially by 

noxious stimulation.  



The role of the basal ganglia in nociception 

and pain   

ÅMicroinjection of opiates, dopamine and gamma-aminobutyric  

acid (GABA) into the basal ganglia affects supraspinal pain 

behaviors more consistently than spinal reflexive behaviors.  

ÅPain behavior reduces electrical stimulation of the substantia 

nigra and caudate nucleus provides additional evidence for a role 

of the basal ganglia in pain modulation.  

ÅSome patients with basal ganglia disease (e.g., Parkinson's 

disease, Huntington's disease) have alterations in pain sensation 

in addition to motor abnormalities. Frequently, these patients 

have intermittent pain that is difficult to localize.  



The role of the basal ganglia in nociception 

and pain   

ÅCollectively, these data suggest that the basal ganglia may be 

involved in the (1) sensory-discriminative dimension of pain, (2) 

affective dimension of pain, (3) cognitive dimension of pain, (4) 

modulation of nociceptive information and (5) sensory gating of 

nociceptive information to higher motor areas. Further 

experiments that correlate neuronal discharge activity with 

stimulus intensity and escape behavior in operantly conditioned 

animals are necessary to fully understand how the basal ganglia 

are involved in nociceptive sensorimotor integration.  

 

ÅPain  Volume 60, Issue 1, January 1995, Pages 3-38  

http://www.sciencedirect.com/science/journal/03043959
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=


Pain related Brain Activity 

ÅHence, a noxious stimulus originating in the periphery travels through 

multiple transmission systems to reach various parts of the CNS. The 

CNS does not receive a noxious stimulus passively. Rather, it 

processes this stimulus using various regulatory mechanisms.  

 

 



Pain related Brain Activity 
ÅSeveral supraspinal centers are 

involved in processing and 
modulating pain signals, and can 
be divided into-  

ïsubcortical and  

ïcortical areas.  

ÅThe subcortical areas most 
notably activated by pain signals 
include thalamus, basal ganglia, 
and cerebellum.  

ÅCommonly reported cortical areas 
include somatosensory cortices 
(SI and SII), anterior cingulate 
cortex and insular cortices, 
prefrontal cortex, and motor and 
pre-motor cortex.  



PAG = group of neurons surrounding (peri) the cerebral 

acqueduct in the midbrain. 

Å Specifically, the somatosensory cortices 
have been implicated in interpreting sensory 
features of pain.  

Å The anterior cingulate cortex and insular 
cortices, both components of the limbic 
system, have been implicated in affective 
processing of pain.  

Å Moreover, prefrontal cortical areas, as well 
as parietal association areas, are also 
sometimes activated in response to noxious 
stimuli and may be related to cognitive 
variables, such as memory and stimulus 
evaluation.  

Å Motor and pre-motor cortical areas, also 
activated on occasion by pain stimuli, have 
been suggested to be related to pain 
epiphenomena, such as suppression of 
movement or actual pain evoked 
movements.  

Apkarian, A. V., Bushnell, M. C., Treede, R. D., & Zubieta, J. K. (2005). Human brain mechanisms of pain perception and regulation in health 

and disease. Eur J Pain, 9(4), 463-484. 



The brain imaging studies reviewed here indicate the 

cortical and sub-cortical substrate that underlies pain 

perception.  

 

Instead of locating a singular óópain centerôô 

in the brain, neuroimaging studies identify a network of 

somatosensory (S1, S2, IC), limbic (IC, ACC) and associative 

(PFC) structures receiving parallel inputs from 

multiple nociceptive pathways (Fig. 1).  

 

In contrast to touch, pain invokes an early activation of S2 and IC that 

may play a prominent role in sensory-discriminative 

functions of pain.  

 



The strong affective-motivational character of pain is exemplified by 

the participation of regions of the cingulate gyrus. The intensity and 

affective quality of perceived pain is the net result of the interaction 

between ascending nociceptive inputs and antinociceptive controls.  

 

Dysregulations in the function of these networks may underlie 

vulnerability factors for the development of chronic pain and 

comorbid conditions. 

 

Elements of the pain network are best identified by hemodynamic 

imaging methods, while the temporal sequence and time delays to 

activating different cortical regions are best studied with EEG and 

MEG methods.  



Brain regions involved in modulating pain perception seem identified 

best with studies involving neurotransmitter and neuroreceptor 

changes, although psychological modulation of pain is also being 

examined with fMRI, PET, and EEG/MEG studies. 

 

There seems to be good evidence for somatotopic organization for 

pain representation in some brain areas, with divergent views when 

studied with hemodynamic methods or with EEG or MEG methods. 

 

Experimental pain in normal subjects and chronic clinical pain 

conditions have distinct but overlapping brain activation patterns.  

 

Studies in normal subjects tend to emphasize transmission through the 

spinothalamic pathway, which transmits afferent nociceptive 

information through Th to S1, S2, IC and ACC.  



The primary brain areas accessed through this pathway decrease 

in their activation incidence in chronic clinical pain.  

 

In contrast, the PFC activity seems to increase in incidence in clinical 

pain conditions.  

 

Since pathways outside of the spinothalamic tract, such as 

spinoparabrachial, spinohypothalamic and spinoreticular projections, 

may activate PFC, nociceptive information transmission through 

those pathways may become more important in chronic clinical pain 

conditions.  

 

A similar conclusion was arrived at by Hunt and Mantyh (2001) 

based on studying peripheral and spinal cord changes that accompany 

neuropathic pain-like behavior in rodents. 

(A.V. Apkarian et al. / European Journal of Pain 9 (2005) 463ï484) 



The preferential activation of PFC in clinical conditions suggests the 

simple hypothesis that chronic pain states have stronger cognitive, 

emotional, and introspective components than acute pain conditions.  

 

Decreased incidence of activity across ACC, S1, S2, IC, and Th in 

chronic pain conditions as compared to brain activity for pain in 

normal subjects has been observed,(Derbyshire, 1999) (decreased 

incidence of ACC and Th in chronic pain in contrast to pain in normal 

subjects was also noted by Peyron et al., 2000).  

 

Chronic pain conditions may be a reflection of decreased sensory 

processing and enhanced emotional/cognitive processing.  

 

Craig et al. (1994, 1996) proposed that central pain 

may be a consequence of disinhibition within the spinothalamic 

pathway.  

(A.V. Apkarian et al. / European Journal of Pain 9 (2005) 463ï484) 



Apkarian, A. V., Bushnell, M. C., Treede, R. D., & Zubieta, J. K. (2005). Human brain mechanisms of pain perception and regulation in health 

and disease. Eur J Pain, 9(4), 463-484. 



Coghill, 2003, 

PNAS 



CNS remodeling as a result of 

chronic pain: 

Å Flor and colleagues postulated that as a result of excessive 
nociceptive barrage, persistent painful stimulation might lead to 
cortical reorganization in patients with chronic back pain 
(CBP).21  

Å They used magnetoencephalography to study cortical pain 
response to electrical stimulation in 10 patients with chronic low 
back pain versus 10 matched controls.  

ÅAmong individuals suffering from a painful back, the brainôs 
cortical representation of the ñbackò area shifted medially, 
possibly indicating an expansion of the ñbackò representation to 
the neighboring ñfootò and ñlegò areas of the cortex.  



Central Reorganization 

Normal terminations of primary afferents in the dorsal horn  

After nerve injury, C-fiber terminals atrophy 
and A-fiber terminals sprout into the 
superficial dorsal horn  


