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ABSTRACT
Heat is often used for pain relief but basic information related to the potential mechanisms are not well understood 
in humans. This manuscripts reviews clinical studies of heat induced pain relief in humans, analyses basic 
laboratory studies, and offers possible mechanisms of action based on these animal findings particularly as related 
to TRPV1 channels. Many of the laboratory studies done on TRPV1 channels likely have strong correlations in 
humans. Recent human studies are discussed that provide insights on onset of action, duration of pain relief, and 
relationship of thermal energy delivered to analgesic effect with correlation to these laboratory findings.

The term analgesic nociceptive boundary is offered to describe the amount of thermal energy needed to cause 
maximal pain relief while not causing nociception or tissue damage. This boundary provides a framework for 
future clinical development.
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Summary
•	 Heat provides pain relief in both acute and chronic conditions 

and is supported by well-designed clinical trials. In addition, 
heat provides a sense of comfort and relief often termed the 
hedonic response.

•	 It is hypothesized that high level heat (>40°C) activates TRPV1 
receptors producing a very rapid and prolonged analgesic 
response. Basic science and laboratory data provide a foundation 
for thermal analgesia based on deactivation of TRPV1 channels.

•	 TRPV1	 channels	 provide	 a	 well-defined	 target	 for	 thermal	
activation. Pulsed high level heat may sensitize TRPV1 
channels producing greater activation while reducing the 
amount of thermal energy required producing analgesia, thereby 
increasing patient safety.

•	 Stimulation	 of	 C-fibers	 by	 heat	 are	 associated	 with	 changes	
in the limbic system of the amygdala are under appreciated. 
Reinforcing stress management techniques with the physical 
activation	 of	 C-fiber	 afferents	 offers	 a	 potentially	 powerful	

synergy by coupling activation of neurological pathways with 
psychological exercises to reduce pain or anxiety.

Introduction
Humans have long used heat to provide pain relief and comfort 
with	 many	 noting	 that	 a	 flare	 up	 of	 back	 or	 muscle	 pain	 is	
significantly	improved	by	a	hot	shower	or	soak.	For	many,	a	hot	
shower	after	a	workout	is	a	comforting	indulgence.	Many	remain	
in	the	shower	well	past	the	time	needed	to	wash	off	the	sweat	of	
a	workout.	The	water	 cleans	 but	 the	 heat	 reduces	 pain,	 spasms,	
and stress providing a level of comfort and well-being, an oasis in 
everyday	 life.	As	Sylvia	Platt	 remarked,	“There	might	be	 things	
that	a	hot	soak	won't	cure	but	I	don't	know	many	of	them.”

The pain relieving qualities of heat are well recognized. A recent 
article	 in	 the	 Annals	 of	 Internal	 Medicine	 presented	 evidence	
based	 treatment	 guidelines	 for	 the	 management	 of	 low	 back	
pain [1]. One of the initial recommended treatments is the use of 
superficial	 heat.	The	guidelines	note	 that	 evidence	 supports	 that	
opioids generally produce a small reduction in reported pain that 
is	often	not	maintained	in	those	with	chronic	back	pain	and	are	not	
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generally	recommended	as	a	first	line	option	[2].	Acetaminophen	
recently	was	shown	to	be	ineffective	in	relieving	low	back	pain	[3]	
and overdose is the leading cause of liver failure in many countries 
[4].	 Nonsteroidal	 anti-inflammatory	 medications	 (NSAIDs)	
such as ibuprofen provide some reduction in pain [5] but have 
significant	potential	side	effects.	NSAIDs	can	raise	blood	pressure,	
effect	 kidney	 function	 [6]	 and	 cause	 gastrointestinal	 bleeding	
[7].	 In	2015	 the	FDA	[8]	 issued	a	strong	warning	about	 the	use	
of	NSAIDs	and	the	increased	risk	of	heart	attack	and	stroke.	The	
FDA	warning	noted:
•	 The	risk	of	heart	attack	or	stroke	can	occur	as	early	as	the	first	

weeks	of	using	an	NSAID.
•	 NSAIDs	 can	 increase	 the	 risk	 of	 heart	 attack	 or	 stroke	 in	

patients with or without heart disease leading to progressive and 
sometimes sudden and fatal heart disease.

•	 Patients	treated	with	NSAIDs	following	a	first	heart	attack	were	
more	 likely	 to	 die	 in	 the	first	 year	 after	 the	heart	 attack	 than	
non-users	of	NSAIDs.

•	 There	is	an	increased	risk	of	heart	failure	with	NSAID	use.

The	 limited	 efficacy	 and	 the	 risk	 of	 complications	 associated	
with	common	pain	medications,	has	led	to	a	search	for	effective	
non	drug	 treatments.	Unfortunately	 this	 background	has	 opened	
opportunities for marginal or poorly supported pain therapies and 
in	some	cases	outright	quackery.	Reviewing	well	designed	studies	
and potential mechanisms of action provides the reader with a 
scientific	approach	to	better	understanding	a	drug-free	approach:	
thermal induced pain relief.

The evidence supporting heat as a pain relieving strategy
Heat is one of the most common treatments used by those in pain. 
Surprisingly there are very few human studies that have examined 
fundamental concepts of thermal analgesia (the reduction of pain 
intensity associated with heat) such as the optimal temperature 
for pain relief, how long does the pain relief last, and what is 
a	 safe	 amount	 of	 heat	 that	 does	 not	 cause	 tissue	 damage.	More	
importantly,	 little	was	known	about	 the	mechanism	of	 action	 in	
humans. As such, the National Institutes of Health awarded our 
group	two	significant	grants	to	study	the	mechanism	of	action	of	
heat and its clinical application.

Some speculate that heat reduces pain by increasing local blood 
flow,	 improving	muscle	 relaxation,	 and	 reducing	muscle	 spasm	
[9].	While	 these	mechanisms	 are	 likely,	 the	 onset	 of	 pain	 relief	
from heat occurs very rapidly, generally within 5 minutes. To 
put this in perspective, this is faster than the onset of intravenous 
morphine	 and	 significantly	 faster	 than	 any	 orally	 ingested	 pain	
medications which generally have an onset of action ranging from 
15	 to	 20	minutes	 [10].	Heat’s	 action	 is	 so	 rapid	 that	 it	 is	 likely	
involves a neurologic pathway. This manuscript examines the pain 
relieving	effects	of	heat	through	published	clinical	studies	and	then	
discusses	potential	mechanisms	of	action	(MOA).	By	studying	the	
MOAs,	 one	 should	be	 able	 to	 identify	physiological	 pathway(s)	
and therefore interventions or strategies that can be enhanced to 
improve pain relief.

Clinical studies in humans
In	 a	 Cochrane	 review	 of	 superficial	 heat	 or	 cold	 for	 acute	 low	
back	pain,	French	et	al.	2006	[11]	identified	four	published	trials	
judged	as	higher	quality	using	heat	in	low	back	pain.	In	one	study,	
Nadler	 et	 al.,	 2002	 [12] compared a chemical heat wrap to oral 
placebo, ibuprofen, or acetaminophen in subjects with acute to 
subacute	(3	months	or	less)	low	back	pain.	The	heat	wrap	provided	
up	 to	 8	 hours	 of	 40°	C	 heat	 produced	 by	 a	 chemical	 oxidation	
reaction and produced superior pain relief when compared to 
both ibuprofen and acetaminophen. Similar studies in acute low 
back	 pain	 found	 superior	 pain	 relief	 compared	 to	 oral	 placebo	
or ibuprofen when the wraps were used overnight as well over 
a	five	day	period	 [13,14].	Nuhr	 et	 al.,	 2004	 [15]	 evaluated	heat	
provided	 by	 electrical	 blankets	 in	 subjects	with	 acute	 low	 back	
pain	to	treatment	with	an	unheated	blanket.	The	heated	electrical	
blanket	produced	significantly	greater	pain	relief	than	an	unheated	
blanket.	Finally,	Mayer	et	al.,	2005	[16]	found	that	chemical	hot	
packs	in	acute	back	pain	combined	with	exercise	were	better	than	
either	intervention	alone.	More	recent	studies	also	support	the	use	
of	heat	to	relieve	pain	in	neck	and	back	strain	[17,18],	knee	pain	
[19],	dysmenorrhea	[20],	and	delayed	muscle	soreness	related	to	
exercise	[21].	All	of	the	above	studies	were	in	acute	or	semi	acute	
pain. However, two recent publications in subjects with chronic 
low	back	pain,	demonstrated	that	high	temperature	pulses	to	45°	
C	 produced	 significantly	 better	 and	 longer	 lasting	 pain	 relief	 as	
compared	to	lower	level	steady	heat	at	37°	C	[22,23].

The literature cited above, and human experience supports that 
heat produces pain relief and comfort, yet our understanding of 
thermal	 analgesia	 and	 its	 MOA,	 remains	 relatively	 thin.	 Until	
recently,	little	was	known	about	the	onset	of	action	or	how	quickly	
heat reduces pain, which for analgesics, is a critical measure. The 
recent studies support that the onset of thermally induced reduction 
of pain at 45° C occurs very rapidly, within 5 minutes of treatment 
[22,23].	In	contrast	low	level	steady	heat	at	40°	C	produces	pain	
relief	but	 takes	over	95	minutes	 for	 the	onset	of	pain	 relief	 and	
over	200	minutes	to	reach	significant	pain	relief	[24].	In	the	studies	
using heat pulsing up to 45° C not only was the onset very rapid 
but	the	duration	of	pain	relief	last	for	over	2	hours	after	30-minute	
treatment	 period	 [22,23].	 This	 prolonged	 duration	 of	 analgesia	
to high level heat has not been carefully measured for low level 
heat. The rapid onset of action is very suggestive of a mechanism 
of action, involving the peripheral nervous system with animal 
studies showing that hotter temperatures to a point are correlated 
with	increased	firing	of	thermal	receptors	as	measured	by	C	fiber	
stimulation [25,26].	While	studies	support	the	effectiveness	of	heat	
for	 the	management	 of	 both	 acute	 and	 chronic	 pain,	 superficial	
heat	also	has	significant	effects	on	muscle	temperature,	blood	flow	
and	muscle	and	tendon	flexibility.
 
Heat increases muscle temperature and blood flow
In	addition	to	thermally	induced	pain	relief,	superficial	heat	has	a	
number	of	other	effects	on	blood	flow,	oxygen	delivery,	muscle	
stretch and tension that may aid in recovery, repair and contribute 
to	pain	relief.	Applied	heat	has	been	studied	in	athletic	workouts	
and	 injured	 athletes.	 Petrofsky	 et	 al.,	 [27]	 compared	 superficial	
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heat via a commercially available chemical heat wrap (40°C) and 
commercially available menthol patch and cream applied over the 
quadriceps muscle for up to two hours in a three arm crossover 
study.	 Muscle	 temperature	 was	 measured	 by	 a	 thermal	 probe	
inserted	2	½	cm	into	the	quadriceps	muscle	and	blood	flow	using	
an	infrared	laser	Doppler	flow	meter	with	probes	inserted	into	the	
belly	of	 the	quadriceps.	Quadriceps	 temperature	and	blood	flow	
were decreased by the menthol containing patches and cream. 
In	 contrast	 deep	 muscle	 temperature	 was	 increased	 2.7°C	 and	
muscle	blood	flow	was	increase	1.5	fold	[27].	In	addition,	studies	
by	 the	 same	 group	 showed	 that	 superficial	 heat	 had	 the	 effect	
of	 increasing	muscle	 relaxation	 and	 improving	 the	flexibility	 of	
underlying	tendons,	specifically	the	anterior	and	posterior	cruciate	
ligament	of	the	knee	[28].	The	same	effects	were	not	seen	with	the	
application of cold.

Heat has also been used to reduce pain and speed recovery associated 
with intense exercise and joint injury. After intense exercise or 
training,	delayed	onset	muscle	 soreness	 (DMOS)	usually	begins	
with	in	8	hours	and	may	last	5-7	days.	DMOS	is	often	accompanied	
with	muscle	weakness	 that	 can	 last	 up	 to	 2	weeks.	While	 there	
are	many	 theorized	 etiologies	 for	DMOS	 and	muscle	weakness	
one	 theory	hypothesizes	muscle	 injury	and	 is	 linked	 to	elevated	
biomarkers	 or	 injury	 metabolites	 such	 as	 elevated	 heat	 shock	
proteins,	lactate,	creatinine	phosphokinase,	and	myoglobin.	With	
increased	muscle	blood	flow	and	reduction	of	 toxic	metabolites,	
topical	heat	demonstrated	a	 significant	 reduction	 in	DMOS	[29-
31].	 In	 fact,	 heat	 applied	 after	 exercise	was	 shown	 to	 reduce	 in	
fascial	 edema,	white	 cell	 counts,	 heat	 shock	 protein	 [30]	 serum	
skeletal	muscle	 troponin	 I,	 creatine	kinase,	and	myoglobin	 [32].	
Those that used no heat or used cold baths showed no reduction 
in	 these	markers	 [32].	 In	a	 study	examining	DMOS	and	muscle	
strength	after	exercise	 [21],	 showed	 that	superficial	heat	applied	
after rigorous exercise of the lower extremity rapidly increased 
the recovery and quadriceps strength as compared to those 
subjects	who	 received	no	heat	 or	24	hour	delayed	heat	 therapy.	
As	expected,	the	pain	associated	with	DMOS	was	also	reduced	by	
heat treatment.

Finally,	the	use	of	heat	with	or	without	ibuprofen	produced	better	
pain relief, increased range of motion and improved patient 
adherence to therapy in those who were undergoing either physical 
therapy	for	neck	pain	[18]	or	knee	injuries	[19].	As	such,	heat	may	
have future applications in recovery from strenuous exercise, 
promote healing of injured muscles, reduce injuries by muscle and 
tendon relaxation, and potentially facilitate out of clinic physical 
therapy.

Heats effect on peripheral nerves and receptors
In humans the sensation of heat is largely transmitted from 
the	 periphery	 to	 the	 central	 nervous	 system	 by	 C	 fibers	 with	
contributions	 from	 Aδ	 fibers.	 C	 fibers	 are	 thin	 unmyelinated	
fibers	that	are	slow	conductors	of	electrical	impulses.	C	fibers	and	
Aδ	fibers	are	classically	activated	by	 thermal	energy	or	noxious	
stimuli	with	Aδ	requiring	a	higher	temperature	for	activation	(46.9	
±	 1.7°C)	 and	 C	 fibers	 activated	 by	 lower	 temperatures	 (39.8	 ±	

1.7°C)	[33].	In	addition,	it	is	estimated	that	the	ration	of	C	to	Aδ	
fibers	is	about	4:1	providing	a	rich	sensory	conduit	to	the	central	
nervous	system	[34].

C fibers a pathway to the amygdala
A somewhat underappreciated role in thermal analgesia is that of 
the	limbic	system	of	the	amygdala.	The	limbic	system	plays	a	key	
role	 in	emotional	responses	such	as	fear,	anxiety,	and	pain	[35].	
It is also one of the areas of the brain that is responsible for the 
perception of comfort and relaxation. One example of the limbic 
response is the comfort and feeling of well-being associated with 
coming in from the outdoors wet and cold, and getting wrapped 
in	a	warm	blanket.	 It's	been	demonstrated	that	 the	unmyelinated	
C-	 fibers	 provide	 a	 gateway	 into	 the	 limbic	 system.	 In	 fact,	
stimulation	 of	 subpopulations	 of	 the	 C	 fibers	 induces	 pleasant	
sensations such as relaxation, comfort, reduce anxiety and stress 
[36].	Given	that	warmth	and	heat	are	associated	with	a	feeling	of	
comfort	 and	well-being,	 stimulation	of	C	fibers	can	help	 induce	
these	 pleasant	 sensations	 and	 reduce	 anxiety	 [36].	 Some	 have	
called this pleasant sensation associated with heat the hedonic 
response,	and	it	constitutes	a	key	yet	underappreciated,	component	
of	thermal	stimulation	[37].	In	contrast	to	other	forms	of	peripheral	
stimulation such as transcutaneous electrical nerve stimulation 
(TENS), heat has the ability to both relieve pain and to provide 
a	pleasant	form	of	comfort,	security	and	to	reduce	anxiety.	Given	
these	 facts,	 the	methods	and	parameters	of	 activating	C	and	Aδ	
fibers	remain	an	area	of	significant	interest.

Transient receptor potential channels, vanilloid subtype 
(TRPV) as sensory mediators
The transient receptor potential cation channels (TRPV) were 
first	 identified	 in	 Drosophila	 in	 1969	 [38].	 There	 are	 six	 broad	
classifications	 of	 TRPV	 channels	 ranging	 from	TRPV1	 through	
TRPV6	 (see	Table	1).	TRPV	are	 ion	channels	 and	are	 found	 in	
animals and humans. In humans they are widely distributed 
throughout	the	body	in	cells	and	tissues	like	the	brain	[39],	lungs	
heart,	 spleen,	 kidney,	 placenta	 and	 peripheral	 nervous	 system.	
The channel most relevant to pain relief in humans is the TRPV1 
channel.	TRPV1	are	located	on	afferent	sensory	fibers,	C	and	Aδ,	
the dorsal root ganglia as well as multiple other locations in the 
body.	With	depolarization,	there	is	an	influx	Na+	and	Ca+	across	
the cell membrane leading to cellular depolarization and the 
initiation of an action potential. This action potential can initiate 
the nociceptive process and drive painful sensations. TRPV1 
channels	 are	 involved	 in	multiple	 pain	 conditions	 like	 visceral,	
inflammatory,	 neuropathic,	migraine,	 and	 some	 forms	of	 cancer	
related	pain	[38].	There	has	been	an	extensive	search	for	TRPV1	
agonists but success has been limited as TRPV1 channels are 
widespread throughout the body and involved with temperature 
homeostasis	which	could	cause	dangerous	side	effects.

Currently the most commonly used TRPV1 activator is topical 
capsaicin. While initially the mechanism of action was thought to 
be depletion of substance P, more recent research indicates that 
capsaicin	works	by	desensitization	of	nociceptive	fibers	in	a	process	
known	as	“defunctionalization”	[39].	This	defunctionalization	of	
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the	TRPV1	channel	leads	to	prolonged	block	of	action	potentials	
and may actually reduce the longer term transport of neurotrophic 
substances	 [39].	While	 initially	approved	 for	post	herpetic	pain,	
capsaicin is now approved for diabetic neuropathy. TRPV1 
channels may be involved with the transmission and maintenance 
of other chronic pain states.

In summary, activation of TRPV1 channels lead to an action 
potential that can initiate pain impulses. Once activated or 
depolarized, the channel may become defunctionalized thereby 
blocking	 or	 reducing	 ongoing	 depolarization	 and	 generation	 of	
new action potentials thereby reducing pain sensations.

Heat a selective TRPV1 activator and defunctionalization
Clinical studies cited previously demonstrate that heat is an 
effective	treatment	for	both	acute	and	subacute	pain.	In	addition,	
heat	increases	muscle	blood	flow	and	reduces	muscle	and	tendon	
spasm. Recently a pair of studies published demonstrated that heat 
is	an	effective	treatment	in	subjects	with	longstanding	chronic	low	
back	pain.	In	these	studies,	heat	that	pulsed	to	45°C	at	the	rate	of	
2	pulses	per	minute	produced	a	rapid	onset	of	pain	relief,	within	
5	minutes.	The	30	minutes	of	treatment	reduced	pain	for	over	120	
minutes post treatment, compared to subjects who received steady 
state	heat	at	37°C.	In	addition,	a	subset	of	subjects	who	received	
twice as much thermal energy (four pulses per minute 45°C versus 
2	 pulses	 per	 minute)	 showed	 an	 increase	 in	 pain	 relief	 as	 well	
as	extended	pain	relief	out	 to	180	minutes	after	 the	cessation	of	
treatment. These studies are one of the very few published studies 
examining	the	effect	of	heat	in	chronic	low	back	pain	[22,23].	In	
contrast to previously published studies in acute and sub-acute pain 
that	used	steady	low	level	heat	at	40	°C	from	chemical	hot	packs,	
this study used pulses of heat up to 45°C delivered by a novel 
medical device (Soovu™ Pain Relief System, Soovu Labs Inc.). 
The results demonstrated that high levels of pulsed heat provided 
the	onset	of	thermally	induced	pain	relief	within	5	minutes:	further,	
there was a dose response relationship between the amount of 
thermal	energy	delivered	and	effectiveness	including	the	duration	
of	pain	relief	from	a	single	30	minute	treatment	session.	The	results	
of	these	studies	are	summarized	in	figure	1.

Pulsed high level heat: a new method to treat pain?
The	 rapid	 onset	 and	 long	 duration	 of	 pain	 relief	 by	 heat	 offers	
some	insight	into	potential	mechanisms	of	action.	The	MOA	while	
not studied in humans has been elucidated in a variety of animal 
models. The range of thermal activation of TRPV1 channels lies in 

a	range	from	37°C	to	approximately	48°C.	Some	of	this	variation	
is	 likely	due	 to	 the	method	by	which	TRPV1	channel	activation	
was	measured.	For	example,	a	recent	study	[40],	using	a	cell	patch	
technique, demonstrated that activation of TRPV1 channels were 
temperature	 dependent	 (see	 figure	 2).	 At	 about	 40°C	 there	was	
increased sensitivity and a rapid depolarization of these cells. If 
one	extrapolates	these	findings	from	in-vitro	cell	patch	techniques	
to	human	skin	that	contains	layers	of	dermis,	fat,	and	blood	vessels,	
one	would	expect	that	in	vivo	temperatures	in	the	range	of	43°C	
would	be	a	realistic	skin	temperature	to	stimulate	TRPV1	channels.	
This may explain why the heat pulses at 45°C in the cited articles 
caused	such	a	rapid	and	profound	analgesic	response	[22,23].	In	the	
second study, that delivered twice the amount of thermal energy, 
the degree of analgesia delivered, and the duration of the response 
was greater than that delivered with the less frequently pulsed heat 
arm.	If	one	visualizes	intact	human	skin	and	underlying	tissue,	one	
can	think	of	a	thermal	pulse	radiating	out	in	a	three	dimensional	
cone	to	penetrate	to	wider	deeper	layers	of	the	skin	with	activation	
of more TRPV1 channels. A higher energy pulse at four pulses 
per minute in contrast to two pulses per minute delivers twice the 
amount of thermal energy and the volume of tissue stimulated 
would	be	significantly	greater	in	the	higher	energy	group	thereby	
recruiting more TRPV1 channels. This is a possible explanation 
why	 the	 high	 energy	 group	 had	 significantly	 greater	 analgesic	
results than the lower energy group. This may also help explain 
why	low	level	steady	heat	from	chemical	hot	packs	at	40°C	require	
up	to	three	hours	to	provide	analgesia.	In	addition,	it	is	not	known	
if such low level heat provides lasting pain relief as demonstrated 
in the high level pulsed heat experiment.

The high-level pulsed heat results suggest that there is the possibility 
of	even	better	analgesia	than	seen	in	the	previous	studies	[22,23].	
The upper range or ceiling of thermally induced analgesia where 
increasing levels of thermal stimulation provide increasing and 
longer durations of pain relief is limited by an energy point where 
the heat causes nociception or tissue damage. We have termed this 
the analgesic nociceptive boundary (ANB) [23].	In	the	pulsed	heat	
studies the increased energy produced better and longer lasting 
analgesia without any suggestion of discomfort or tissue damage 
indicating that the analgesic nociceptive boundary was not reached 
and providing the opportunity to enhance this analgesia response 
in the future. Another question related to the ANB is whether 
additional short pulses of energy during the extended period of 
pain relief could further prolong the duration of relief.

Receptor Temperature threshold Location Other stimuli
TRPV1 <	43°C Sensory neurons, Epithelial cells Capsaicin
TRPV2 <	52°C Sensory	neurons,	brain,	spinal	cord	heart,	GI	tract Mechanical	
TRPV3 <	32-39°C Sensory	neurons,	brain,	spinal	cord	skin,	GI	tract Camphor
TRPV4 <	27-35°C Sensory	neurons,	hypothalamus,	skin,	lung,	kidney Mechanical	
TRPM4 15-35°C Ubiquitous Ca++

TRPM5 15-35°C Taste cells, pancreas Ca++

TRPM8 <	25-28°C Sensory neurons Menthol
TRPA1 < 17°C Sensory neurons, inner ear Mechanical	

Table 1:	TRPV	and	TRPM	receptors,	characteristics	and	distribution.	Adapted	from	Tominaga	et	al.,	2007	[42].
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TRPV1 activation: From animal data to human clinical testing
In the clinical trials described earlier the use of pulsed high level 
heat was chosen based on a number of factors. It is generally 
accepted that the selective agonist of TRPV1, capsaicin, binds 
to the TRPV1 channel and can cause prolonged deactivation. 
In the case of high concentrations of capsaicin that deactivation 
combined	with	the	loss	of	some	terminal	branches	of	C	fibers	can	
produce analgesia lasting up to three months. Heat may also be 
thought of a selective TRPV1 agonist with some studies showing 

that a brief dose of high level heat can produce prolonged pain 
relief that greatly exceeds the actual duration of heat. This concept 
is	reinforced	by	a	recent	study	by	Sánchez-Moreno	et	al	2018	[40].	
In	this	study	the	effect	of	heat	on	TRPV1	channels	was	observed	
using a cell patch technique. Relatively short durations of heat in 
the mid 40°C range produced irreversible depolarization of the 
TRPV1	 receptor	 (see	 figure	 3).	 The	 clinical	 studies	 using	 high	
level	pulsed	heat	are	likely	related	to	the	prolonged	deactivation	
of the TRPV1 channel thereby producing a period of prolonged 

Figure 1:	Reduction	in	pain	from	baseline	for	control	arm	(37C	in	yellow),	pulsed	heat	arm	(45°C	at	2	pulses/minute	red)	and	high	energy	4(5°C	at	
4	pulses/minute	Blue).	Heat	treatment	is	from	Time	0	through	Time	30	minutes.	Both	the	pulsed	and	high	energy	arm	rapidly	reduced	pain	and	were	
significantly	improved	compared	to	the	control	arm.	The	high	energy	arm	reduced	pain	for	150	minutes	and	the	high	energy	arm	for	210	minutes.	
Adapted	from	Chabal	et	al.,	[22,23].

Figure 2: Activation (up) part of the response to a temperature ramp in an inside-out patch expressing TRPV1 channels. The membrane potential was 
60	mV.	The	maximum	temperature	attained	was	49.7°C.	Note	the	increase	in	sensitivity	and	response	at	about	40°C	of	the	TRPV1	channels.	Figure	
from	Sánchez-Moreno	et	al.,	2018	[40].
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analgesia and may be one of the reasons for the prolonged pain 
relief	 after	 30	minutes	 of	 treatment	 described	 by	 Chabal	 et	 al.,	
[22,23]	in	humans.

Figure 3: A series of pulses depolarize TRPV1 receptors to the point 
that	even	after	2	minutes	of	rest	a	repeat	stimulus	(in	blue)	fails	to	elicit	a	
depolarization	spike.	From	Sánchez-Moreno	et	al.,	2018	[40].

Another reason that repeated pulses were used in the clinical 
studies,	relates	to	a	study	by	Liu	B	et	al,	2016	[41].	In	this	study	
sequential pulses of high level heat were applied to TRPV1 
and	TRPV2	receptors.	The	 result	 showed	 that	a	 series	of	pulses	
produced sensitization of the TRPV channel whereas subsequent 
thermal pulses produced greater depolarization of the channel (See 
figure	4a,	4b).	As	noted,	the	series	of	thermal	pulses	sensitize	the	
channel to the point that a thermal pulse at the same temperature 
produces	 a	 significantly	 greater	 action	 potential.	 Finally	 pulsed	
heat	 stimulation	 provided	 significant	 thermal	 stimulation	 yet	
minimized	 the	amount	of	energy	 transferred	 to	 the	skin	offering	
increased safety.

Clinical data supports the high level pulsed heat hypothesis
The use of high level pulsed heat in the clinical studies described 
by	Chabal	et	al,	 [22,23]	were	based	on	 laboratory	data	showing	
that a series of pulses at constant temperature sensitize the TRPV1 
channel	so	that	subsequent	thermal	pulses	produce	a	significantly	
enhanced response and that this response maybe prolonged or 
even	irreversible	as	demonstrated	by	Sánchez-Moreno	et	al.,	[40]	
Based on these data it was hypothesized that the application of 
thermal energy approaching the analgesic nociceptive boundary 
would heat a greater volume of subcutaneous tissue resulting in 
the stimulation greater numbers of TRPV1 channels therefore 
producing greater and longer lasting analgesia. The clinical results 
support this hypothesis.

Summary and implications to improve clinical care
•	 Applied	 localized	heat	provides	significant	pain	relief	 in	both	

acute and chronic pain conditions. This is based on a number 
of well-designed clinical trials. The advantage of heat is that it 
offers	a	rapid	onset,	clinically	effective,	and	drug	free	alternative.	
In	addition	unlike	many	other	therapies,	heat	provides	a	sense	
of comfort and relief often termed the hedonic response.

•	 It is hypothesized that high level heat (>40°C) activates TRPV1 
receptors producing a very rapid and prolonged analgesic 
response. Basic science and laboratory data provide a foundation 
for thermal analgesia based on the prolonged deactivation of 
TRPV1 channels. 

•	 Translational clinical research builds on these laboratory 
concepts and applies them to human physiology. The behavior 
of TRPV1 channels to high level pulsed heat provides a well-
defined	target	for	thermal	activation.	The	pulsing	of	high	level	
heat sensitizes TRPV1 channels producing greater activation 
while reducing the amount of thermal energy required producing 
analgesia, thereby increasing patient safety.

•	 The	recent	studies	are	one	of	the	first	to	examine	the	effect	of	
thermal	energy	on	human	chronic	pain	and	offer	the	concept	of	

Figure 4 a: (top) Sequential pulses of the same temperature thermal pulses and the increased depolarization of TRPV1 channel. The repeated pulses 
sensitized	the	channel	so	that	subsequent	pulses	produced	a	greater	effect.
Figure 4 b:	(bottom)	Graph	shows	that	repeated	stimulation	at	a	constant	level	results	in	greater	activation	to	subsequent	stimuli.	From	Liu	B	et	al.,	
2016	[41].
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the	analgesic	nociceptive	boundary	(ANB).	The	ANB	is	defined	
as the amount of thermal energy needed to cause maximal pain 
relief while not causing nociception or tissue damage. This 
boundary	provides	a	framework	for	future	clinical	development.	
Exploration and a better understanding of the thermal analgesic 
boundary	offers	a	model	that	may	result	in	significant	clinical	
improvement and understanding of thermal analgesia.

•	 Stimulation	 of	 C-fibers	 are	 associated	 with	 changes	 in	
the limbic system of the amygdala are under appreciated. 
Reinforcing stress management techniques with the physical 
activation	 of	 C-fiber	 afferents	 offers	 a	 potentially	 powerful	
synergy by coupling activation of neurological pathways with 
psychological exercises to reduce pain or anxiety.

It is hoped that this manuscript will lead to a closer examination 
of thermal analgesia and to methods of better drug free pain relief.
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