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Pain

A Definition

I An unpleasant sensory and emotional experienc
associated with actual or potential tissue damage
or described in terms of such damage

International Association for the Study of Pain



A Pain protects humans by warning of pTE—
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occurrence of biologically harmful

processes Function of

I people protect themselves from burns,

bruises and wounds Pal n

A primarily due to reflex activity

A but also because of associated emotional
arousal

I reflexes, regulated at the level of spinal
cord, protect by removing a body part away
from danger

I associated emotional arousal, experienced as
distress or fear, may also motivate a person
to move away from a painful stimulus

I Fear of pain can also prevent a person from
moving, which in turn promotes healing of
the injury resulting in that pain

I pain may elicit an empathic, comforting, and
health promoting behavior in people
observing a person in pain.




Interfering nature of Pain  ChEmER®

A Pain can interfere with daily et
functioning of a person when '
It prevents people from
performing their
I social roles,

I vocational roles, and
I Impacts their psychological
well-being.

A To appreciate this duality of
pain, I.e. protective and
Interfering nature of pain, one
must UnderStand the CNS http://www.surfaidinternational.org/site/apps/nl
mechanisms of pain /content2.asp?c=ekLPK4AMOISG&b=354323&
transmission and regulation. PEAaess
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Transmission/Perception of PalQiEER

gy (o )

A Four specific parts of e ~ R
the nervous system Nucle [ ~ J pela Neueon
transmit pain signals ——
from the periphery to i [( )
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| th € Su praSpI n al f;rmfﬂﬂyil‘e on ﬂeslfmrls in the ipsilateral dorsal hﬂrﬁﬂqf the spinal

projectlons cord. Second order pain neurons (spinal cord pain projection

neurons) send axons to the contralateral side of the spinal cord
where they ascend through the lateral spinal cord and the
brainstem and terminate on neurons in the ventral postero-

_ lateral nucleus of the thalamus. Third order thalamic neurons
Robinson(1997), Journal of Hand Therapysend axons to the ipsilateral primary somatosensory corter.



Nociceptors
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A Nociceptors, one type of
somatosensory receptors,

are the first order neuror
of pain pathways.
I Free nerve endings

A These receptors genera

pain signals in response
harmful stimuli.

A Different types of
nociceptors have been
identified that respond tc
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A Cell bodies of the nociceptors reside in the dorsal root
ganglia (DRG).
A Nerve fibers leaving the DRG bifurcate and send one b
to the periphery and the other branch to the dorsal horn

(DH).

A The peripheral fibers conduct pain signals from the skin
muscles, fascia, vessels, and joint capsules to the DRG



- Table 3-1

Sensory Fiber Classifications

Group Myelination Diameter (um)® Velocity(m/s) Mediates

Ag Yes 1-20 5—120 Touch, proprioception cold,
vibration, sharp pain, kinesthesia

Visceral sensation

(9]

(V0]

B Yes
C No 0.

N =
ul

31
0.5-2.3 Aching pain, cold, warmth

aThis group is subdivided into Aa (proprioception), AB (touch, proprioception) and Ad (sharp pain, cold).
8|nvestigators differ in their report of diameters.

A Peripheral fibers transmitting pain and other somatosensations, &
therefore called the sensory peripheral fibers, have been classifie
three types based on their diameter, myelination and conduction
velocity: the A (with four subtypesU, b, o a ffilgers.u)

A The Al f i b e-fibers condulct p&in signals, but, at different
velocities.

A A-U f i Nwyelinaged) Conduct fast pain (a sensation experience
Immediately after an injury that indicates location of injury).

A C-fibers Unmyelinated) conduct slow pain (follows sharp pain ant
can be characterized as a dull, throbbing ache with poor localizat
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Second Order Neurons

A Two types of second order neurc
perceive pain:
I nociceptive specific (NS) neurons &
I wide dynamic range (WDR) neuron:
A The NS and WDR neurons
conduct pain signals to the brain
via various ascending tracts in th
spinal cord.

A NS respond to noxious stimuli

A WDR respond to both innocuous
and noxious stimuli.

A Axons of the second order neuro
(the NS and WDR neurons) form

the ascending tracts, through wh....

pain signals travel in the spinal
cord.

Somatosensory

Cortex Y

)

Third Order

o (@T )

Midbrain
Pons

Medulla [

Spinal h—
Cord

Pain Neuron

First Order
Pain Mewron

Second Order
Pain Neuron

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-U and C fibers

A-b,-uUAand C fibers

Activating stimuli

Nociceptive (fast and slow pain)

Innocuous (cutaneous touch and pressur
and Nociceptive (fast and slow pain)

Location

Mostly in Lamina | of spinal cord

Mostly in Lamina IV and V of spinal cord

Lamina |

Somatotopically organized

Not present, not somatotopically organize

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 res
of noxious stimuli (e.g. pinching and
strong compression)

IDischarge at lower levels in response to
innocuous stimuli; discharge more
vigorously in response to noxious stimuli

Contribution to
Spinothalamic Tract

Make up 20" 25% of tract

Make up about 75% of tract

Function

Involved in sensordiscriminative aspect
of pain (localization of pain; nature of
stimulus)

5Involved in affectivemotivational 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 stimy

Pattern theory: presence of second order
lineurons that discharge differently to
noxious and innocuous stimuli




Ascending Tracts: Fast Pain

A Different ascending tracts Ph = TEAP. PhATHwAY
conduct fast and slow pain st corex._|
signals. W\ i'a ﬁ

A Fast pain travels via the o

neospinothalamitracts. The fa: S

radiata =~

> A
pain transmitting Al f i b « h;m D \\“;“ﬁ %
predominantly terminate on th -G - !% 0

nociceptive specific (NS)

Ve
neurons. pscolcel '
nucleuso
A The axons of the NS neurons s S (B
A0
cross the midline of spinal cor 1L -dul P A
|

Lateral - Pa

In the anterior white COmMMISSL  Spinotfalamic -

A The crossed NS axons ascen( s lemaiss

Posterolateral Lqming 2=C A

|
|
the thalamUS as th&teI'aJ Lateral spmochalamlc h// E /ir'act Oefr *1,. 4. c% 9‘4‘33:
spinothalamidract. It G W NGRS 0 ‘
A Also called the lateral pain D
pathways g ok : temperature

Shechtman, Course manual for Nervous System and Disc
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Postcentral gyrus

Messages passed
# from the thalamus to
L tI'_ua cerebral cortex

Ascending
pathways

Messages passed
up the spinothalamic
pathway to the
thalamus

http://www.ama
cmeonline.com/pain_mgmt/modul

Spinal cord e01/03patho/index.htm



Ascending Tracts: Slow Pain

‘A Slow pain travels via multiple

parallel ascending pathways. M = TEMP PhTHwAy
A The slow pain transmitting-Gbers Carbnl o __|
terminate on interneurons in the \
DH. /
4
A The interneurons synapse with s (NN /
WDR neurons in the DH. =T NINSY A A7
A The WDR axons ascend to the 5 (b O
midbrain as spinomesencephalic P
tract, reticular formation as daal, X
splnoretlcular tract, and thalamus i e+
paleospinothalamic tract. ,mwl ®
u W
A Slow pain signals primarily ascenc ** Lj" )
via the paleospinothalamic tract. T R
The other two tracts serve functior . casics | ol 1o, g
of arousal, motivation, reflexive palgiodine==T| § [ond ik
funCtIOn,and activation Of tract in Cm;\/hlte : /Lissauer @ bile
deSCendlng flbeI’S column of spinal cor IR

A AISO C&”Ed medial pain pa‘[hwa echtman, Course manual for Pain and

Nervoys System and Disorders | temperature



Postcentral gyrus

http://www.ama
cmeonline.com/pain_mgmt/modu
e01/03patho/index.htm

the cerebral cortex
e

I Ascending
pathways

Messages passed
up the spinothalamic
pathway to the
thalamus

Interneuron4

Spinal cord
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Thalamus contains nerve centers responsible for vision, hearing ref
equilibrium and postureét also relays pain signals to the cerebrum
Crude sensation reaches consciousness in the thalamus, the cereb

cortex is responsible for the higher thought processes such as emo
and interpretation.

Cerebral cortex

Medulla oblongat\a
\



Supraspinal Projections: Fast Pain

A The NS axons, that conduct fast pain, mostly end in th
ventral posterolateral (VPL) nucleus of the thalamus.

A Third order neurons arise from the VPL nucleus and
project to the primary somatosensory cortex (Sl) and t
secondary somatosensory cortex (Sll).

A These projections allow for interpreting sensory featur
of pain, which includes location, intensity and quality o
pain.



Supraspinal Projections: Slow Pain

A Axons from the retlna (i'e' (Lateral Geniculate Nucleus -
. LGN sateway to the visu cortex)
optic nerve) form 3 ) -
pathways: 1) Optic nerve tc ... L: |\ o4

optic chiasm, to optic tract
ending in lateral geniculate
body/nucleus.

A From LGB, these fibers go
the visual cortex in the opti
lobe.

A This pathway is responsibl
for visual identification and
visual guidance.

PAG

http://universereview.ca/I1680-midbrain.jpg



Supraspinal Projections: Slow Pain

A 2) F I be rS frO m th e retl n a‘ e P A (Lateral Geniculate Nucleus -
LGN gateway to the visual cortex)

In thepretectalarea for T
controlling pupillary reflexe - &L

A 3) Fibers from the retina
also end in the superior
colliculus of the Tectum.

A These fibers role is
orientation and visually
guided movements of the
eyes.

HT

PAG

http://universereview.ca/I1680-midbrain.jpg



Supraspinal Projections: Slow Pain

A The tracts conducting slow o ot oo
pain (the | R o el e
spinomesencephalic, A\l
spinoreticular, and
paleospinothalamic tracts)
terminate in different areas
the brain.

A The spinomesencephalic
tracts conduct pain signals
the superior colliculus and
periaqueductal gray and
finally to the hypothalamus
and raphe nuclel. PAG

I These areas assist in turning

the eyes and head tOwardS the http://universereview.ca/I1680-midbrain.jpg
noxious stimulus.




Supraspinal Projections: Slow Pain_

A" The spinoreticular tracts

terminate in the reticular
formation in the brainstem.
The paleospinothalamic trac
project to the midline and
Intralaminar nuclei of the
thalamus. These nuclel furth
oroject to basal ganglia (BG
orefrontal cortex (PF), anteri
cingulate cortex (ACC), and
orimary motor cortex (M1).

I Together, activity in the
spinoreticular and
paleospinothalamic tracts rest
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 perceptionaiwh regutalth
and diseaseéeur J Pain, 94), 463484.




The Matrix and Circuitry of Pain

A Based on PET Imaging studies, the areas most often cit
as being a part of a pain matrix include the anterior
cingulate, insular, prefrontal, inferior parietal, primary an
secondary somatosensory (Sl and Sll), and primary mot
and premotor cortices.

A In 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.
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sensations are mediated by high-threshold, fine myelinated (A3) and
(i.,e., nociceptors).® Tissue injuries release chemicals that trigger the

e nociceptors, which form synapses with neurons in the dorsal horn of the

e signal is transmitted along the spinothalamic tract to the cerebral cortex,
The ascending component transmits pain information to the brain from the

1, particularly through the heavily traveled spinothalamic tract. From the

ed to the higher centers of the brain, often through pathways that send off
er structures. To complete the circuit, there are important descending
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All component® ascending,
central, and descendidg are
Important.

Aln actuality, it may be that
matrix is really the most important issue in pain (i.e., that
symptoms of pain may result whenever there is damage
anywherewithin the circuitlike neural matrix).

AWhen a disruption of the pain
Inherent modulatory systems also may come into play, further
Impacting pain.

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



Basal Ganglia:

A May be part of this paiprocessing system,
based on neuroimaging studies that
documented the presence of acute bilateral

pasal ganglia lesions in uremic diabetic

patients and the observation that these
patients often develop hyperalgesia in
addition to the anticipated Parkinstke
movement disorders.




The role of the basal ganglia in nocicept
and pain
A Eric H. Chudler and Willie K. Dong

A The basal ganglia (the striatumglobuspallidus and substantia
nigra) also process nomoxious and noxious somatosensory
Information.

A Electrophysiological experiments agree that some neurons withir
the basal ganglia encode stimulus intensity.

A Many basal ganglia neurons responsive to somatosensory
stimulation are activated exclusively or differentially by noxious
stimulation.

A Indirect techniques used to measure neuronal activity (i.e.,
positron emission tomography and Aleoxyglucose methods) also
Indicate that the basal ganglia are activated differentially by
noxious stimulation.



The role of the basal ganglia in nocicept
and pain

A Microinjection of opiates, dopamine and gammaaminobutyric
acid (GABA) into the basal ganglia affectsupraspinal pain
behaviors more consistently than spinal reflexive behaviors.

A Pain behavior reduces electrical stimulation of thesubstantia
nigra and caudate nucleus provides additional evidence for a role
of the basal ganglia in pain modulation.

A Some patients with basal ganglia disease (e.g., Parkinson's
disease, Huntington's disease) have alterations in pain sensatior
In addition to motor abnormalities. Frequently, these patients
have intermittent pain that is difficult to localize.



The role of the basal ganglia in nocicept
and pain

A Collectively, these data suggest that the basal ganglia may be
Involved in the (1) sensonydiscriminative 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 imperantly conditioned
animals are necessary to fully understand how the basal ganglia
are involved in nociceptive sensorimotor integration.

A , January 1995, Pages-38


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

Pain related Brain Activity

A Hence, a noxious stimulus originating in the periphery travels thre
multiple transmission systems to reach various parts of the CNS.
CNS does not receive a noxious stimulus passively. Rather, it
processes this stimulus using various regulatory mechanisms.



Pain related Brain Activity

A Several supraspinal centers are
Involved in processing and
modulating pain signals, and car
be divided inte

I subcortical and

I cortical areas.

A The subcortical areas most
notably activated by pain signals
Include thalamus, basal ganglia,
and cerebellum.

A Commonly reported cortical aree
Include somatosensory cortices
(Sl and Sll), anterior cingulate
cortex and insular cortices,
prefrontal cortex, and motor and
pre-motor cortex.




PAG = group of neurons surroundinmge(i) the cerebral
acqueducin the midbrain.
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‘A Specifically, the somatosensory cortices
have been implicated in interpreting senso
features of pain.

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

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

A Motor and premotor 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 perceptionadiwh iegutalth
and diseasdzur J Pain, 94), 463484.
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The brain imaging studies reviewed here indicate the
cortical and suizortical substrate that underlies pain
perception.

|l nstead of | ocating a singul a
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
may play a prominent role in sensahgcriminative
functions of pain.



The strong affectivenotivational character of pain is exemplified by
the participation of regions of the cingulgyus The intensity and
affective quality of perceived pain is the net result of the interactio
between ascending nociceptive inputs antinociceptivecontrols.

Dysregulationsn the function of these networks may underlie
vulnerabillity factors for the development of chronic pain and
comorbid conditions.

Elements othe pain network are best identified by hemodynamic
Imaging methods, while the temporal sequence and time delays t«
activating different cortical regions are best studied with EEG and
MEG methods.



Brain regions involved in modulating pain perception seem identifi
best with studies involving neurotransmitter axediroreceptor
changes, although psychological modulation of pain is also being
examined with fMRI, PET, and EEG/MEG studies.

There seems to be good evidencesfmmatotopi@rganization for
pain representation in some brain areas, with divergent views whe
studied with hemodynamic methods or with EEG or MEG method:

Experimental pain in normal subjects and chronic clinical pain
conditions have distinct but overlapping brain activation patterns.

Studiesn normal subjects tend to emphasize transmission througt
spinothalamigathway, which transmits afferent nociceptive
iInformation throughrhto S1, S2, IC and ACC.



(A.V. Apkarianet al. / European Journal of Pain 9 (2005)i463!) (Elinines

The primarybrain 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 clin
pain conditions.

Since pathways outside of tepinothalamidract, such as
spinoparabrachiaspinohypothalamiandspinoreticulawprojections,
may activate PFC, nociceptive information transmission through
those pathways may become more important in chronic clinical pe
conditions.

A similar conclusion was arrived at by Hunt avidntyh(2001)
based on studying peripheral and spinal cord changes that accon
neuropathic pauiike behavior in rodents.



(A.V. Apkarianet al. / European Journal of Pain 9 (2005)i4%53})

The preferential activation of PFC in clinical conditions suggests tl
simple hypothesis that chronic pain states have stronger cognitive
emotional, and introspective components than acute pain conditio

Decreased incidence of activity across ACC, S1, S2, ICThmu
chronic pain conditions as compared to brain activity for pain in
normal subjects has been obset{ledrbyshire, 1999) (decreased
Incidence of ACC andh in chronic pain in contrast to pain in norme
subjects was also noted Bgyronet 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 consequenced$inhibitionwithin thespinothalamic
pathway.



g, 1. Cortical and sub-cortical regons involvad in pain perception, their inter<onnectivity and ascending pathways. Locations of brain regons
involved m pain perception are color-coded in a schematic drawing and in an exampk MR, (a) Schemati: shows the regions, their inter-connectivity
and afferent pathways. The schematic is modified from Price (2000) to include additional brain areas and connections, (b) The areas corresponding to
those shown in the schematic are shown in an anatomical MR, on a coronal shee and three sagittal shoes as indicated on the coronal shice. The six
areas used in meta-analysis are primary and secondary somatosensory cortices (S1, 82, red and orange), anterior cingulate (ACC, green), insula
(blue), thalamus (yellow), and prefrontal cortex (PF, purple). Other regons indicated include: primary and supplementary motor cortices (M1 and
SMA), posterior parketal cortex (PPC), posterior cingulate (PCC), basal gangha (BG, pmk), hypothalamus (HT), amygdala (AMYG), parabrachial
nucla (PB), and peraqueductal gray (PAG).

Apkarian, A. V., Bushnell, M. C., Treede, R. D., & Zubieta, J. K. (2005). Human brain mechanisms of pain perceptionadiwh iegutalth
and diseasdzur J Pain, 94), 463484.



Coghill, 2003,
PNAS

HIGH HIGH vs. LOW
A. Frequency

B. z score

Z Score

Fig.2. Brain regionsdisplaying different frequencies of activation between high- and low-sensitivity subgroups. Circles are centered on regionswhere the peak
differences between groupswere located. Colors in A and € correspond to the number of individuals displaying statistically significant activation ata given voxel
(frequency), whereas colors in 8 and D correspond to the z-score of the subgroup analysis. Slice locations in4 and 8 are —2 mm from the midline, whereas slice
locations in B and C are 32 mm from the midline (in standard stereotaxic space). Structural MRI data (gray) are averaged across all individuals involved in

corresponding functional analysis.




CNS remodeling as a result of
chronic pain:

A 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

A They usednagnetoencephalograpty study cortical pain
response to electrical stimulation in 10 patients with chronic low
back pain versus 10 matched controls.

AAmong individuals suffering f
cortical representation of th
possibly I ndicating an expans
the neighboring nfooto and nl
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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



