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Pain	Science	101	

What	is	Pain?	

•  An	unpleasant	sensory	and	emotional	experience	
associated	with	actual	or	potential	tissue	damage,	or	
described	in	terms	of	such	damage.	

•  Unpleasant,	but	important	(danger	alarm).	
•  Pain	is	experienced	when	the	brain	thinks	an	
individual	is	in	danger	(even	if	no	tissue	damage	is	
present).		

Pain	is	Normal	 		

•  Pain	is	a	normal,	human	experience.	
•  Pain	is	our	most	powerful	protective	device.	
•  Living	in	constant	pain	is	not	normal.	
–  Approximately	20%	of	people	have	pain	that	has	persisted	
for	more	than	three	months.	

•  Of	the	top	10	most	burdensome	health	issues	of	our	
time,	chronic	pain	problems	occupy	first,	fourth	and	
eighth	positions!	
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Pain	Beginnings	

•  Rene	Descartes	-	French	philosopher	who	
invented	the	mind-body	split	

•  Idea	that	the	mind	is	different	from	the	body	
•  We	now	know	the	mind-body	split	does	not	
exist,	but	most	pain	treatments	unfortunately	
are	still	based	on	this	idea.	

Pain:	Past	&	Present	

Modern	Pain	Science	

•  Increasing	pain	rates	–	
too	much	focus	on	
tissues	
–  Heal	between	three	to	
six	months.	

•  Research	has	shifted	to	
examining	the	nervous	
and	immune	systems	as	
the	primary	contributors	
to	persistent	pain.		
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Pain	Scenarios		
•  Pain	often	occurs	in	

situations	of	obvious	tissue	
trauma.	

•  Pain	may	emerge	over	time	
(sustained	postures)	and	
motivate	us	to	move.	

•  Sometimes	pain	can	be	
unpredictable	and	scare	us	
from	performing	certain	
activities.	

Pain	Experience	

•  Pain	can	be	related	to	obvious	insults	(burns,	
sprains,	strains,	bites,	etc).	

•  Pain	can	also	be	more	complex	and	be	highly	
influenced	by	our	thoughts	and	emotions.	

•  In	cases	where	pain	is	unpredictable,	spreads	
or	persists	(i.e.	more	complex),	we	must	
understand	the	brain’s	role.	

In	with	the	New	–	Neuromatrix	Model	of	Pain	
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Pain	Neurobiology	

•  Multi-dimensional	experience	produced	by	
“neurosignature”	patterns	of	nerve	potentials	in	the	
brain	

•  Nerve	potentials	are	generated	by	a	neural	network	
referred	to	as	the	“body-self	neuromatrix”	

•  The	neuromatrix	is	genetically	determined	
•  The	brain	generates	the	experience	of	the	body	including	

pain	
•  Sensory	information	merely	modulates	this	experience,	it	

does	not	create	it.	

(Melzack,	1999)	

Pain	Types	

Neuropathic	pain	
Pain	caused	by	a	lesion	or	
disease	of	the	
somatosensory	nervous	
system	

Sensitization	
Increased	responsiveness	
of	nociceptive	neurons	to	
their	normal	input,	and/or	
recruitment	of	a	response	
to	normally	subthreshold	
inputs	
	

Pain	Types	

Sensory	Signaling	System	-	
Pain	type	most	closely	
associated	with	tissue	
loading/stress	

Nociceptive	pain	
Pain	that	arises	from	
actual	or	threatened	
damage	to	non-neural	
tissue	and	is	due	to	the	
activation	of	nociceptors	
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Nociception		
The	‘Danger’	Messaging	Process	

Transduction	
• Afferent	nerve	ending	
transduce	noxious	
stimuli	into	
nociceptive	impulses	
(A-delta	and	C	fibers)	

Transmission	
• Neural	signal	travels	
to	the	dorsal	horn	and	
then	along	ascending	
tracts	in	the	spinal	
cord	

Modulation	
• Dampening	or	
amplification	of	
neural	signals	

Perception	
• The	conscious	
awareness	of	pain	
based	on	sensory,	
cognitive	and	
emotional	inputs	

(Wall	and	Melzack,	2013)		

Injury,	Nociception	and	Pain	

•  Injury	and	nociception	are	distinct	as	well	as	nociception	and	
pain		

•  (Wall	PD	and	McMahon	SB,	1985)	
	
•  Injury	does	not	necessarily	imply	that	pain	will	be	experienced	

–  Radiographic	imaging	in	asymptomatic	individuals		
•  (van	Tulder	MW,	et	al.,	1997)	

	
•  Activation	of	nociceptors	does	not	always	mean	that	pain	

perception	will	occur	
•  (Wall	PD	and	McMahon	SB,	1985)	

Nociception	and	Pain	
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Pain	Modulation	

•  Disassociation	between	painful	stimulus	and	subjective	
report	of	pain	often	observed.	

	
•  3	mechanisms	that	modulate	pain	perception:	

–  Prioritization	
–  Transmission/Processing	
–  Meaning	
	

Pain	Experience	
•  The	amount	of	pain	one	

experiences	does	not	
necessarily	indicate	the	
degree	of	tissue	damage	
sustained...	

Pain	Stories	

•  Bhattacharjee	N,	et	al.	A	wooden	foreign	body	in	
the	neck.	Bangladesh	Med	Res	Counc	Bull.	1997.	
–  Right	supraclavicular	abscess	without	pain.	Discovered	
7cm	wood	fragment	from	a	spear	in	the	abscess	
cavity.	

•  Upon	routine	imaging,	a	WWII	veteran	discovers	
a	bullet	has	been	lodged	in	his	neck	for	60	years.	

•  Surfers	reporting	nothing	more	than	a	‘bump’	
when	having	a	portion	of	their	leg	bitten	off	by	a	
shark.	
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The	Context	of	a	Noxious	Stimulus	
Affects	the	Pain	it	Evokes	
G.	Lorimer	Moseley	and	Arnound	Arntz	

Pain.	2007;133:64–71	

Experimental	Procedure	

Pain	Intensity,	Unpleasantness	and	
Temperature	on	the	VAS	
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Summary	

•  	The	tissue-damaging	
meaning	of	a	
noxious	stimulus	
(warning	about	the	
stimulus	and	visual	
attention	to	the	
stimulus)	all	affect	
the	elicited	
experience.	

Pain	Experience	

•  In	cases	of	severe	
tissue	damage	where	
pain	is	absent,	this	
simply	means	that	the	
brain	does	not	
perceive	the	damage	
to	be	threatening.	

Don’t	Forget	This…	

•  Pain	is	a	multi-dimensional	experience	that	
depends	on	many	factors	and	it	is	the	BRAIN	
that	decides	whether	or	not	something	hurts.		
This	is	true	100%	of	the	time	with	no	
exceptions.	
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An	Investigation	of	Drug	Expectancy	as	a	
Function	of	Color,	Size	and	Preparation	

Buckalew	LW,	Coffield	KE	
J	Clin	Pharmacol.	1982;2:245-248	

Findings	
•  Transparent	capsules	with	colored	beads	work	better	than	

transparent	capsules	with	white	beads	
•  Transparent	capsules	with	white	beads	work	better	than	

colored	tablets.	
•  Colored	tablets	work	better	than	square	tablets	with	the	

corners	missing.	
•  Square	tablets	with	the	corners	missing	work	better	than	

round	tablets.	
•  All	of	this	to	say,	pain	is	influenced	by	many	factors.	

Pain	Relies	on	Context	

•  Sensory	information	(touch,	vision,	etc)	needs	to	
be	evaluated	by	the	nervous	system.	

•  This	evaluation	involves	memory,	reasoning	and	
emotional	centers	and	consideration	of	potential	
consequences.	

•  The	same	stimulus	can	have	two	very	different	
responses	depending	on	context.	

•  To	effectively	treat	pain,	it	is	important	to	
understand	the	contextual	cues	that	ignite	one’s	
symptoms.	
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Examples	

•  An	individual’s	work-associated	low	back	pain	
may	be	worse	when	their	boss	is	present	

•  Increased	pain	with	unexplained	or	deep	pain	
versus	readily	visible	injuries	to	the	skin	

•  Decreased	uses	of	analgesics	and	shorter	
hospital	stays	when	an	individual	is	told	it	is	
normal	to	experience	pain	after	surgery	

•  Toothache	pain	that	disappears	as	soon	as	the	
individual	enters	the	dentist’s	office	

The	Virtual	Body	

•  Representation	or	map	of	the	body	inside	the	brain	
•  The	virtual	body	helps	us	know	where	our	real	body	is	
in	space	(ex.	reaching	for	a	cup	with	your	eyes	closed)	

•  Becomes	more	refined	and	grows	as	we	develop	and	
learn	to	use	our	bodies	in	new	ways	

•  In	chronic	pain	states,	alterations	to	the	virtual	body	
have	been	documented		

•  Referred	to	as	‘smudging’	–	the	brain	area	
representing	the	symptomatic	region	of	the	body	loses	
definition	

The	Virtual	Body	
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Phantom	Limb	Pain	

•  Pain	in	a	body	part	that	does	not	exist	
–  Present	in	70%	of	individuals	who	lose	a	limb	

•  Can	be	present	in	individuals	born	without	limbs	
(virtual	body	is	present	in	the	brain	from	birth)	

•  Symptoms	can	include	pain,	itching,	stiffness	and	
tingling	that	worsen	with	stress	

•  Brain	imaging	studies	have	documented	large	
alterations	of	the	virtual	body	in	phantom	limb	
cases	

Age,	Gender	&	Culture	

•  Areas	that	are	not	clearly	understood,	but	are	actively	
being	studied	

•  Age:	A	report	of	pain	occurs	at	roughly	the	same	
applied	force	regardless	of	age.		The	response	varies	
greatly,	however.	

•  Some	types	of	pain	become	less	prevalent	with	
increasing	age	(low	back	pain).	Increased	tissue	
degeneration	does	not	necessarily	equate	to	more	
pain	

•  Parents	can	have	a	dramatic	impact	on	shaping	the	
meaning	their	child	associates	with	a	sensory	stimulus		

Age,	Gender	&	Culture	

•  Gender	
– Differences	in	pain	thought	to	be	caused	by	different	
societal	roles,	not	different	biology	

	
–  Popular	myth	–	pain	threshold	increases	during	child	
birth.	In	reality,	females	are	more	honest	about	their	
pain	and	feel	obliged	to	act	tougher	during	labor.	

	
– Most	pain	research	has	been	done	by	male	
researchers	on	male	animals.		Our	understanding	of	
pain	may	change	as	our	research	practices	change.	
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Age,	Gender	&	Culture	

•  Culture:	
–  Initiations	–	often	no	pain	
is	reported	as	the	act	is	of	
great	importance	
(voluntary	Easter	
crucifixions	in	the	
Philippines)	

–  A	number	of	studies	report	
differences	in	pain	
thresholds	and	responses	
between	people	of	
different	cultures	

Pain	Experience	

Your	pain	will	NEVER	be	the	same	pain	as	
that	experienced	by	your	health	care	

professional	or	anyone	else	for	that	matter.	
	


