
Vascular and Psychophysical Effects of Topical
Capsaicin Application to Orofacial Tissues

Capsaicin is an ingredient of hot peppers and binds to the
vanilloid receptor (TRPV1)1,2 in nociceptive afferent endings
and may sensitize both polymodal A-fibers3–7 and

C-fibers.4,7,8 Numerous studies have revealed that topical or intra-
dermal application of this algesic chemical to the skin of the fore-
arm or hand produces burning pain, visual flare, mechanical and
heat hyperalgesia, and vasodilatation.9–21 In comparison, few stud-
ies have simultaneously characterized both sensory and objective
measures of vascular changes to noxious stimulation with cap-
saicin in the orofacial area in healthy humans.21,22 For example,
Gazerani et al21 showed that capsaicin injection into the forehead
produced similar but greater changes in vascular and sensory
responses when compared to the hand and forearm, leading the
authors to suggest that site-specific capsaicin effects may exist
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Aims: To characterize and contrast human sensory and vascular
changes produced by topical application of the algesic chemical
capsaicin to the glabrous lips and tongue. Methods: Applications
of 1% capsaicin or vehicle cream to the glabrous lips and tongue
were randomized between two two-trial sessions. The capsaicin
trial followed the vehicle trial for each session. Before and 5, 15,
and 30 minutes after capsaicin or vehicle cream application, six
parameters were recorded from the glabrous lips or the tongue
dorsum: (1) burning pain intensity, as measured on a visual analog
scale; (2) burning pain area, as indicated by subjects on an orofa-
cial drawing; (3) mechanical sensitivity, as measured by a von Frey
filament; (4) visual flare; (5) blood flow and temperature, as mea-
sured by laser-Doppler imaging and thermography, respectively;
and (6) areas of increased temperature (hot spots), as calculated by
a digital tracer from the thermographs. Data were analyzed by
ANOVAs and Pearson’s correlations. Results: Compared to vehi-
cle application, capsaicin elicited burning pain, increases in blood
flow and temperature, but no change in mechanical sensitivity in
the glabrous lips or tongue. Greater increases in blood flow and
temperature paralleled more intense burning pain and larger areas
of perceived pain for the lips compared to the tongue. The loca-
tion of distinct areas of increased temperature within the orofacial
area differed between the capsaicin-lip and capsaicin-tongue trials.
Conclusion: The several differences between these responses to
noxious stimulation of the glabrous lips and tongue may have
implications for examinations of orofacial somatosensory func-
tions. J OROFAC PAIN 2009;23:253–264

Key words: capsaicin, laser-Doppler imaging, orofacial pain, 
thermography
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between spinal and trigeminal systems. There is
also evidence that site-specific changes in sensory
responses produced by noxious stimulation with
capsaicin may also occur within the trigeminal sys-
tem itself. Differences in capsaicin-induced burning
pain between orofacial areas have previously been
shown.22–23 Higher burning pain intensities were
reported in the tongue tip compared to the buccal
mucosa or the hard palate22 and the skin of the
cheek compared to the tongue23 after topical cap-
saicin application.  Additionally, thermal sensitivity
has been shown to be more pronounced for the
vermillion lip than for the tongue tip and also for
the upper lip when compared to the lower lip and
tongue.24

To date, it is unknown if there are site-specific
changes in sensory and vascular responses pro-
duced by capsaicin application to the glabrous lips
and tongue. Thus, the aims of this study were to
characterize and contrast changes in sensory and
vascular responses produced by topical application
of capsaicin cream to the glabrous lips and tongue.
It was hypothesized that application of capsaicin
will induce changes in sensory and vascular
responses in the glabrous lips and tongue and that
these changes will differ between the glabrous lips
and tongue.

Materials and Methods 

Subjects

Thirteen healthy subjects participated in this
experiment (10 male, 3 females, mean age 25.5 ±
3.7 years). Subjects with diets consisting of more
than three spicy meals per week on a regular basis
were excluded from the study. Subjects were
requested not to eat spicy foods, such as chili pep-
pers or garlic, for a minimum of 12 hours prior to
an experimental session, as these foods may con-
tain substances that can activate TRPV1 recep-
tors1,2,25 and influence subjective burning pain rat-
ings. Additionally, subjects were requested not to
consume over-the-counter analgesics, such as
Ibuprofen, since these have been shown to influ-
ence subjective burning pain ratings.26,27 Subjects
were also requested not to apply lipsticks or lip
balms to the lips, as these substances could have
created a lipid barrier on the glabrous skin of the
lips and, for example, interfered with capsaicin or
vehicle cream absorption into the lips. Subjects
were requested not to shave, for a minimum of 12
hours prior to an experimental session, since pre-
liminary studies (in two subjects) revealed that

shaving the facial region altered baseline blood
flow and temperature in the shaved regions, possi-
bly from small cuts or abrasions. Subjects with
moustaches or beards were excluded from this
study since the additional facial hair could interfere
with the measurement devices. Subjects were also
requested to abstain from coffee or other caffeine-
related products 4 hours prior to an experimental
session, as caffeine has been shown to influence
subjective pain ratings.25,28 Each subject received a
clear explanation of the procedures prior to partic-
ipation and informed written consent was
obtained according to the Declaration of Helsinki.
This study was approved by the local ethics com-
mittee (2003-01-31).

Overview of Methodology

This study consisted of two randomized crossover
experimental sessions, separated by a minimum of
24 hours, and each session consisted of a capsaicin
and a vehicle trial. Subjects received 1 mL of topi-
cal application of 1% capsaicin or vehicle cream to
the glabrous skin of the upper and lower lips or to
the tongue dorsum for 5 minutes. Cross-contami-
nation of the capsaicin cream was eliminated by
performing the vehicle trial first and the capsaicin
trial second. Thus, one of the two randomized ses-
sions consisted of a vehicle-lip trial and a cap-
saicin-tongue trial, or a vehicle-tongue trial and a
capsaicin-lip trial. In each session, a rest interval of
20 minutes occurred between the capsaicin and
vehicle trial. 

Subjects rested in a supine position on a com-
fortable bed for the duration of each trial, with the
exception of the 20-minute rest interval before the
onset of the second trial at which time they were
able to sit or stand up. Before baseline measures
were performed, subjects rested for approximately
3 minutes. For each trial, vascular changes were
objectively measured by laser-Doppler imaging
and thermography and were reported as changes
in blood flow and changes in temperature, respec-
tively. The area of capsaicin-induced flare was
traced by the investigator onto acetate sheets.
Mechanical sensitivity tests were performed by the
investigator using a von Frey filament. Burning
pain intensity was recorded on an electronic visual
analog scale (VAS) and burning pain area was out-
lined by the subjects on drawings of the orofacial
area that included the lips and tongue dorsum. All
of the above measures were recorded immediately
before and at 5, 15, and 30 minutes after capsaicin
or vehicle cream application. For each capsaicin
and vehicle trial, a modified version of the McGill
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Pain Questionnaire (MPQ)29 was completed imme-
diately after the last measurement in order to deter-
mine common pain quality descriptors for each
trial. The order of measurements was: (1) blood
flow, (2) temperature, (3) mechanical sensitivity
tests, (4) visual flare, if present, (5) completion of
orofacial drawings, and (6) completion of the
modified MPQ. For the capsaicin and vehicle tri-
als, recordings of burning pain intensity began
immediately before and continued until 30 minutes
post-application. 

Capsaicin and Vehicle Application to the
Glabrous Lips and Tongue

The glabrous lips and tongue dorsum were dried
with thin gauze bandages prior to application of
capsaicin or vehicle cream (Pharmacy of Aalborg
Hospital) in order to prevent spreading of the
cream. Subjects were instructed to keep their lips
closed when either capsaicin or vehicle cream was
applied to the glabrous lips. Subjects were
instructed not to move their tongue around the oral
cavity during the capsaicin or vehicle tongue trials. 

For the lip trials, the capsaicin or vehicle cream
was applied with a flat edge applicator to a rectan-
gular area of 0.6 cm2 (rectangular area of 1 cm � 2
mm for the upper glabrous lip and 1 cm � 4 mm
for the lower glabrous lip; Fig 1). The different
sizes of the application area for the upper and
lower glabrous lips were chosen to account for the
frequent differences in upper and lower glabrous
lip sizes, and each application area was centered
within the glabrous skin of the upper and lower
lips. Additionally, the sizes of the application area
for the upper and lower lips were chosen so that
the application area was maximized within the ver-
million border of the lips. For the tongue trials,
capsaicin or vehicle cream was applied with a flat
edge applicator to a standardized site on the tongue
dorsum (circular area of 2 cm2) located 1.5 cm

from the tongue tip (Fig 1). During capsaicin or
vehicle cream application, the subjects were
instructed to open their mouths and to press the tip
of their tongue to the back of their lower front
teeth such that the tongue was slightly arched.
Subjects maintained this position until the investi-
gator removed any unabsorbed capsaicin or vehicle
cream 5 minutes post-application. Excess capsaicin
or vehicle cream was removed to ensure that there
were no barriers between the glabrous lip or tongue
tissues and the measurement (eg, laser-Doppler
imaging or thermography) instruments. During rest
intervals (the time between measures), the subjects
were instructed not to close their mouth, but they
were able to relax their tongue. No additional dry-
ing of the lips or tongue dorsum occurred after the
removal of the capsaicin or vehicle cream as mea-
surements were taken in areas where saliva pooling
would not occur.

Sensory and Vascular Measurements

Assessment of Mechanical Sensitivity. Subjects
were asked to rate the intensity of a von Frey fila-
ment (133g/mm2, 0.7 mm diameter, Somedic)
applied by the investigator at the center of the cap-
saicin or vehicle cream application area immedi-
ately before and 5, 15, and 30 minutes after cap-
saicin or vehicle cream application. Subjects were
asked to mark the intensity of the mechanical sen-
sation produced by the von Frey filament on a
sheet of paper that displayed a VAS. The VAS
ranged from 0 to 10 cm, with 0 to 5 cm labeled as
tactile and 6 to 10 cm labeled as painful. The 0 cm
anchor on the VAS was labeled as no tactile sensa-
tion and the 10 cm anchor was labeled maximum
pain imaginable. Pilot studies revealed that this von
Frey filament produced a consistent and high level
of mechanical sensation without visibly damaging
or penetrating the glabrous lips or tongue dorsum.
Furthermore, under baseline conditions (ie, before

Glabrous
lips Upper labial hairy

skin site (40 mm2)

Vehicle/capsaicin 
application site (0.6 cm2)

Lower labial hairy
skin site (40 mm2)

Whole tongue
(anterior two-thirds)

Tongue site (4.0 cm2)

Vehicle/capsaicin 
application site (2.0 cm2)

Fig 1 Illustration of the relative sizes, locations, and areas used for assessing changes in blood flow and temperature
with respect to the capsaicin and vehicle application area (Drawing not to scale).
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capsaicin or vehicle cream application), this von
Frey filament did not elicit a painful (eg, pin-prick)
sensation in the glabrous lips, tongue dorsum, or
hairy skin. Immediately before and at 5, 15, and 30
minutes after capsaicin or vehicle application,
application of the von Frey filament by the investi-
gator started from the periphery and gradually pro-
ceeded toward the application area (in steps of
1 cm with intervals of 3 seconds) along eight 3-cm
radiating lines oriented at 45-degree angles. The
borders of any static mechanical allodynic area
were identified when the subjects reported a clear
transition from nonpainful mechanical sensation to
a painful pin-prick sensation. After reaching the
application area, the tip of the von Frey filament
was cleaned with rubbing alcohol by the investigator
to prevent spreading of any unabsorbed capsaicin
or vehicle cream. The borders of static mechanical
allodynia, if present, were traced by the investigator
onto acetate paper. The area of static mechanical
allodynia was calculated using a digitizer
(ACECAD, model D9000 + digitizer). 

Assessment of Burning Pain Intensity. Burning
pain intensity was recorded using a hand-held elec-
tronic VAS (range 0 to 10 cm). The electronic VAS
displayed a digital read-out, as reflected by a red
light, which changed in magnitude when subjects
adjusted a sliding bar on the VAS. Subjects
adjusted the position of the sliding bar on the VAS
such that the magnitude of the red light corre-
sponded to their current burning pain intensity.
The VAS was labeled with two anchor points (no
burning pain and highest most imaginable burning
pain), and these anchor points corresponded to the
minimum level on the VAS (0 cm) and the maxi-
mum level on the VAS (10 cm), respectively.
Before the onset of the experiment, subjects were
also informed that every 3 minutes they would be
reminded by the investigator to update the VAS.
For the capsaicin and vehicle trials, recordings of
burning pain intensity began immediately before
and continued until 30 minutes post-application. A
combined measure of burning pain intensity was
recorded for the glabrous (upper and lower) lips.
Peak burning pain intensity was defined as the
maximum level on the VAS that occurred within
the 30-minute recording period. The area under
the curve (AUC) of the burning pain intensity
curve was evaluated from the onset of capsaicin or
vehicle cream application until 30 minutes post-
application. Before the onset of the first trial, an
outline of the upper and lower glabrous lips (in a
closed position) was traced onto acetate paper by the
investigator in order to quantify the glabrous skin
area of the upper and lower lips for each subject.

It was later determined if correlations existed
between the glabrous lip area of each subject and
their mean, peak, and AUC burning pain intensity.
These correlations were not performed for the
tongue dorsum as the whole tongue could not be
accurately traced onto acetate paper. 

Assessment of Pain Quality. In order to adhere to
the experimental timeline, only pain quality descrip-
tors were determined using a modified version of
the MPQ. Each subject completed the modified ver-
sion of the MPQ at the end of each trial by marking
all the pain quality descriptors that best described
the sensations that occurred during the trial. Pain
quality descriptors, that were marked by three or
more subjects, in the modified version of the MPQ
for each capsaicin and vehicle trial, were considered
common and are reported in the Results.

Assessment of Blood Flow and Temperature.
Blood flow in the glabrous lips, superior and inferior
labial hairy skin sites, and tongue were recorded by
a laser-Doppler imaging instrument (LDI, Moor
Instruments). For data analysis purposes, the first of
the three 48-second blood flow scans was used to
ensure proper alignment of the scanned area and the
second and third scans were used for data analysis
(LDI Image Processing V3.08 software, LDI, Moor
Instruments). Blood flow measures for the lip trials
consisted of a scan area (10 cm � 6 cm) which
included the glabrous lips (in a closed position) and
superior and inferior labial hairy skin sites. Blood
flow measures for the tongue trials consisted of a
scan area (10 cm � 6 cm) which included the tongue
dorsum and (as a result of the subjects opening the
mouth) the glabrous and mucosal skin area of the
upper and lower lips. The subjects were instructed
to open their mouths and to press the tip of their
tongues to the back of their lower front teeth such
that the tongue was slightly arched. Preliminary tests
(in two subjects) revealed that pressing the tongue
tip to the back of the lower front teeth stabilized the
tongue and reduced movement artifacts in the blood
flow scans. Blood flow was measured in flux (arbi-
trary) units, which does not have a standard interna-
tional (SI) equivalent and is based on calibrations
provided by the manufacturer (Moor Instruments)
of the laser-Doppler imaging instrument. The flux
unit is defined as the product of the number of mov-
ing red blood cells in a given volume and the mean
net velocity of their movement.30

Thermographs were measured by an infrared
camera (Thermovision 900 Series, Agema Infrared
Systems) that had a resolution of 0.1°C. For data
analysis purposes, only one thermograph was
required immediately before and at 5, 15, and 30
minutes post-application. Thermographs for the lip
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trials consisted of the whole face with the glabrous
lips in a closed position (thus the tongue was not
included in this thermograph). Thermographs for
the tongue trials consisted of the whole face with
the mouth in an open position such that the ante-
rior two thirds of the tongue dorsum was exposed.
The thermograph of the tongue dorsum also
included glabrous and mucosal areas of the upper
and lower lips; however, full view of the glabrous
skin of the lips was not always possible due to the
angle of the upper or lower lip relative to the
infrared camera. For the tongue trials, subjects
were instructed to gently press the tongue tip
against the back of the lower front teeth in order
to stabilize the tongue during the thermograph
record. Skin temperature, as assessed by thermog-
raphy, is an indirect measure of blood flow in the
deep dermal vessels whereas blood flow, as mea-
sured by laser-Doppler flowmetry, is dependent on
the blood flow of more superficial dermal capillar-
ies.31–34 The combination of these two techniques
allows for the measurement of vascular changes in
both superficial and deeper skin layers and a simul-
taneous documentation of the magnitude and dis-
tribution of vasoactive reflex patterns.

Areas Used for Assessing Changes in Blood Flow
and Temperature. For the lip trials, blood flow and
temperature were measured at predefined sites.
These sites were (1) the glabrous upper and lower
lips (area was subject-dependent), (2) a superior
labial hairy skin site (circular area = 40 mm2)
located 0.7 cm from the edge of the upper lip, and
(3) an inferior labial hairy skin site (circular area =
40 mm2) located 1.2 cm from the edge of the lower
lip (Fig 1). For the tongue trials, blood flow and
temperature were measured at the capsaicin and
vehicle cream application area (tongue site, circular
area = 4 cm2) and anterior two–thirds of the tongue
dorsum (whole tongue) (Fig 1). 

Assessment and Comparison of the Total Area
of Increased Temperature, Visual Flare, and
Burning Pain. After capsaicin or vehicle applica-
tion, flare (the reddening of the glabrous lips or
hairy skin around the lips), if present, was identi-
fied visually and traced by the investigator onto an
acetate paper. The area of burning pain, if present,
was outlined by the subject on drawings of the
orofacial area that included the lips and tongue
dorsum. The total area of increased temperature
that occurred within each thermograph was also
determined. A distinct area of increased tempera-
ture was defined as an area that reflected an
increase in temperature greater than the standard
error of the mean (SEM) obtained from the base-
line thermograph. Distinct areas that increased

0.5°C from baseline were used to calculate the
total area of increased temperature. Additionally,
the locations of distinct areas of increased tempera-
ture (hot spots) that occurred within the orofacial
area (eg, tongue dorsum, nose, cheeks, and fore-
head) were tabulated and are reported in the
Results. A limitation of this study was that the
total area of increased blood flow, as measured by
laser-Doppler imaging, could not be assessed since
the blood flow measures were only of the tongue
dorsum, upper and lower lips, and the superior
and inferior labial hairy skin sites (Fig 1). The
quantified areas of burning pain, visual flare,
blood flow, and temperature were transformed
using a ratio factor (see below) in order to depict
the life-sized areas of burning pain, visual flare,
blood flow, and temperature. No transformation
was required for the area of visual flare since this
was traced directly from the face of each subject.
Before the onset of the experiment, the investigator
measured the horizontal length of the glabrous lips
(from corner to corner) and the horizontal length
of the tongue (from the left and right edge of the
tongue, at 1.5 cm from the tip) from each subject
in order to obtain the lip and tongue diameter. The
diameter of lips and tongue were measured with a
ruler (0 to 10 cm, 0.1-cm intervals) when the lips
were in a relaxed position and when the tongue
was pressed against the back of the subject’s lower
front teeth such that the tongue was slightly
arched. The areas of burning pain, blood flow, and
increased temperature were first quantified using a
digital tracer (ACECAD D9000). The quantified
areas were then transformed using a ratio factor.
The ratio factor consisted of each subject’s mea-
sured glabrous lip and tongue diameter versus the
lip and tongue diameter measured from each data
record (eg, burning pain drawing and thermo-
graph). 

Data Analysis and Statistics

Two-way repeated measures analysis of variance
(two-way RM ANOVA) was used to determine dif-
ferences between the capsaicin and vehicle trials
and between the lip and tongue trials at 5, 15, or
30 minutes after capsaicin or vehicle application.
One-way RM ANOVA was used to determine if
baseline blood flow rates and temperature differed
between the orofacial sites. Pearson’s correlations
were determined for the increases in temperature
and blood flow for the capsaicin-lip and capsaicin-
tongue trials as well as the subject’s lip area and
burning pain intensity for the capsaicin-lip trials.
The significance of statistical analyses was set to
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P < .05 and post-hoc Tukey tests were used to fur-
ther analyze differences between the vehicle and
capsaicin trials and between the lip and tongue tri-
als. All data in results are presented as mean ±
SEM. 

Results 

Subjects

Six of the 13 subjects reported eating less than one
spicy meal per week, three of the 13 subjects
reported eating one spicy meal per week, and four
of the 13 subjects reported eating two spicy meals
per week. Eleven of the 13 subjects had no experi-
ence with capsaicin cream studies.

Quality and Intensity of Burning Pain and 
Area of Burning Pain 

The results from the modified MPQ revealed that
the subjects regarded the vehicle-lip trials as prick-
ing, itchy, tender, and annoying, and capsaicin-lip
trials as pulsing, drilling, sharp, pinching, burning,
itchy, hurting, taut, annoying, intense, penetrating,
and continuous. The results from the modified

MPQ revealed that the subjects considered the
vehicle-tongue trials as pricking, annoying, and
cool, and the capsaicin-tongue trials as pricking,
sharp, burning, annoying, and spreading. After
capsaicin but not vehicle cream application to the
lips or tongue dorsum, all subjects reported a
burning pain sensation in the lips or tongue,
respectively. The burning pain intensity of all sub-
jects in the capsaicin-lip and capsaicin-tongue tri-
als (Fig 2) was 3.5 ± 1.5 and 3.0 ± 1.0 cm, respec-
tively. The peak burning pain intensity of all
subjects during the capsaicin-lip and capsaicin-
tongue trials occurred within the first 5 minutes
and decreased thereafter (two-way RM ANOVA,
P < .001, post-hoc Tukey P < .05). The burning
pain intensity (as measured from 0 to 8 minutes) in
lips for capsaicin-lip trials (5.2 ± 1.0) was greater
than the tongue for the capsaicin-tongue trials (3.7
± 3.0, two-way RM ANOVA, P = .006, post-hoc
Tukey P < .05, Fig 2). There were no reports of a
burning pain area with respect to time in the vehi-
cle-lip or vehicle-tongue trials and the area of
burning pain with respect to time was greater for
the capsaicin-lip compared to the capsaicin-tongue
trials (two-way RM ANOVA, P = .012, post-hoc
Tukey P < .05). There were no correlations
between peak, mean, or AUC burning pain inten-
sity and the glabrous lip areas (6.5 ± 0.53 cm2,
range 3.0 to 9.1 cm2) of all subjects (Pearson’s cor-
relations, P > .05). Tests for correlations between
peak, mean, or AUC burning pain intensity and
the whole tongue area were not performed, as pre-
viously noted in Materials and Methods. 

Mechanical Sensitivity and 
Area of Static Mechanical Allodynia

The mechanical sensitivity, as measured before cap-
saicin or vehicle application, was consistently
higher in the upper glabrous lip (2.4 ± 0.48 cm)
compared to the tongue site (1.24 ± 0.28 cm,
one-way RM ANOVA, P = 0.022, post-hoc Tukey
P < .05). Compared to the vehicle-lip and vehicle-
tongue trials, there were no differences in the rat-
ings of mechanical sensitivity in the upper or lower
glabrous lips in the capsaicin-lip trials or in the
tongue dorsum in the capsaicin-tongue trials,
respectively (two-way RM ANOVA, P > .73,
Fig 3). Static mechanical allodynia specifically
occurred at the vermillion border of the upper and
lower glabrous lips (area enclosed by the vermillion
border of the lips = 5.3 ± 1.9 cm2) in the capsaicin-
lip trials. No static mechanical allodynia was found
in the capsaicin-tongue trials. 
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Fig 2 The burning pain intensity of the glabrous lips
and tongue of all subjects for the capsaicin-lip and
capsaicin-tongue trials, respectively. No burning pain
intensity was reported for the vehicle-lip and vehicle-
tongue trials (data not shown). *Represents significant
difference between burning pain intensity for the lip
and tongue trials. → Represents significant decrease in
burning pain intensity with respect to time. All data are
presented as mean (± SEM). 

* * * *

* * * *
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Blood Flow, Temperature, and Visual Flare

There was no difference in baseline blood flow, as
measured before capsaicin or vehicle application,
between the glabrous lips, whole tongue, and
tongue site (one-way RM ANOVA, P > .05), but
the baseline blood flow was higher in these areas
when compared to the superior and inferior labial
hairy skin sites (one-way RM ANOVA, P < .02).
There was no difference in the baseline tempera-
ture, as measured before capsaicin or vehicle appli-
cation, between the glabrous lips, whole tongue,
tongue site, superior and inferior labial hairy skin
sites (one-way RM ANOVA, P = .165).

Compared to the vehicle trials, an increase in
blood flow in the glabrous lips, superior and infe-
rior labial hairy skin sites occurred in the capsaicin-
lip trials (Table 1, two-way RM ANOVA,
P < .011; post-hoc Tukey, P < .05) and an increase
in blood flow occurred in the tongue site and whole
tongue in the capsaicin-tongue trials (Table 1, two-
way RM ANOVA, P < .001; post-hoc Tukey,

P < .05). Compared to the vehicle-lip and vehicle-
tongue trials, an increase in temperature only
occurred in the glabrous lips in the capsaicin-lip tri-
als (Table 2, two-way RM ANOVA, P = .027;
post-hoc Tukey, P < .05) and an increase in tem-
perature only occurred in the tongue site in the cap-
saicin-tongue trials (Table 2, two-way RM
ANOVA, P < .001, post-hoc Tukey, P < .05),
respectively. The relative percent increase in blood
flow in the glabrous lips was greater than in the
inferior labial hairy skin site in the capsaicin-lip tri-
als and whole tongue and tongue site in the cap-
saicin-tongue trials (two-way RM ANOVA
P < .001, post-hoc Tukey P < .05). Similarly, the
relative percent increase in temperature in the
glabrous lips in the capsaicin-lip trials was greater
than the whole tongue and tongue site in the cap-
saicin-tongue trials (two-way RM ANOVA
P < .001, post-hoc Tukey P < .05). Correlated
increases in blood flow and temperature occurred
in the glabrous lips in the capsaicin-lip trials
(Pearson’s correlation 0.50, P = .003, Fig 4) and in
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Fig 3 The mechanical sensitivity of the upper (a) and
lower (b) lips and tongue site (c) before, 5, 15, and
30 minutes after capsaicin or vehicle application. All data
are presented as mean (± SEM).
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the tongue site in the capsaicin-tongue trials
(Pearson’s correlation 0.39, P = .003), but not the
whole tongue (Pearson’s correlation 0.18, P = .24,
Fig 4). In the capsaicin-lip trials visual flare
occurred within the glabrous lips (Fig 5), whereas
distinct areas of increased temperature (hot spots)
occurred in areas distant to the site of capsaicin
application (Table 3). No visible flare was observed
in the tongue dorsum in the capsaicin-tongue trials.
There was no difference in the total area of
increased temperature (ie, the sum of the distinct
areas of increased temperature that increased 0.5°C
from baseline) with respect to time between the
capsaicin-lip and capsaicin-tongue trials (two-way
RM ANOVA, P = .68, Fig 5) but the locations of
these distinct areas of increased temperature dif-
fered (Table 3). 

Table 1 Blood Flow in the Glabrous Lips, Superior and Inferior Labial Hairy Skin Sites, and Tongue at Baseline,
5, 15, and 30 Minutes After Capsaicin or Vehicle Cream Application

Site/application Baseline 5 min 15 min 30 min

Lips
Vehicle 1028.4 (74.9) 1115.2 (91.8) 1132.4 (93.0) 1197.2 (121.2)
Capsaicin 855.0 (108.5) 2016.0 (145.8)* 1943.6 (144.9)* 1963.1 (127.4)*

Superior skin
Vehicle 480.2 (69.6) 484.9 (53.2) 544.0 (75.9) 543.1 (76.3)
Capsaicin 392.1 (57.7) 769.7 (121.2)* 770.1 (126.6)* 659.2 (78.5)*

Inferior skin
Vehicle 518.8 (90.9) 581.7 (121.3) 630.3 (115.1) 605.1 (101.1)
Capsaicin 464.8 (64.5) 664.6 (76.2) 725.6 (107.9) 662.5 (79.7)

Whole tongue
Vehicle 703.1 (77.5) 759.5 (88.6) 736.3 (83.1) 773.0 (83.6)
Capsaicin 712.3 (60.9) 1134.4 (67.1)* 1099.0 (48.1)* 1050.7 (78.6)*

Tongue site
Vehicle 836.9 (86.7) 860.1 (84.8) 864.9 (95.2) 910.4 (94.9)
Capsaicin 809.2 (74.4) 1458.8 (79.7)* 1358.0 (76.0)* 1282.0 (107.7)* 

*Represents a significant difference in blood flow between the capsaicin and vehicle sessions.

Table 2 Temperature in the Glabrous Lips, Superior and Inferior Labial Hairy Skin Sites, and Tongue at Baseline,
5, 15, and 30 Minutes After Capsaicin or Vehicle Cream Application

Site/application Baseline 5 min 15 min 30 min

Lips
Vehicle 35.0 (0.4) 36.1 (0.2) 36.2 (0.1) 36.2 (0.2)
Capsaicin 35.2 (0.3) 37.1 (0.1)* 37.0 (0.1)* 37.0 (0.1)*

Superior skin 
Vehicle 35.1 (0.5) 35.9 (0.1) 36.0 (0.2) 36.0 (0.2)
Capsaicin 35.3 (0.3) 36.6 (0.1) 36.5 (0.1) 36.5 (0.1)

Inferior skin
Vehicle 34.7 (0.6) 35.7 (0.2) 36.0 (0.2) 35.9 (0.2)
Capsaicin 35.6 (0.2) 36.4 (0.1) 36.4 (0.1) 36.5 (0.1)

Whole tongue
Vehicle 35.5 (0.2) 36.0 (0.2) 36.1 (0.2) 36.2 (0.2)
Capsaicin 35.6 (0.2) 36.0 (0.2) 35.9 (0.2) 35.7 (0.2)

Tongue site
Vehicle 35.0 (0.2) 34.7 (0.3) 35.0 (0.3) 35.1 (0.3)
Capsaicin 35.4 (0.2) 36.1 (0.2)* 35.8 (0.2)* 35.6 (0.2)*

*Represents significant difference in temperature between the capsaicin and vehicle sessions.
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Fig 4 Correlation between blood flow and temperature
with respect to time for the whole tongue (Pearson's corre-
lation = 0.18, P = .24), tongue site (Pearson's correlation =
0.39, P = .003), and glabrous lips (Pearson's correlation =
0.50, P = .003). All data are presented as mean (± SEM).
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Discussion

Overall, this study has shown that there are some
similarities but several differences between the
responses evoked by noxious stimulation of the
glabrous lips with capsaicin compared to those
evoked from the tongue. The main findings were
that the burning pain and increases in blood flow
and temperature occurred after 5 minutes of cap-
saicin application to the glabrous lips and tongue,
and greater increases in blood flow and tempera-
ture accompanied more intense burning pain and
larger areas of perceived pain for the lips compared
to the tongue. Additionally, the location of distinct
areas of increased temperature differed between
the capsaicin-lip and capsaicin-tongue trials.
Lastly, capsaicin application to the glabrous lips
and tongue did not alter mechanical sensitivity in
these tissues. The several differences between these
responses to noxious stimulation of the glabrous
lips and tongue may have implications for exami-
nations of orofacial somatosensory functions.   

Burning Pain and Mechanical Sensitivity in the
Lips and Tongue

Capsaicin has been shown to excite a subpopula-
tion of nociceptors that express the capsaicin-
specific vanilloid receptor (TRPV1)1,2 and these
receptors have been found in the circumvallate,
foliate, and fungiforum papillae of the tongue.35 In
addition, TRPV1 receptors in the fungiforum
papillae have been shown to be co-localized with
substance P, and a subpopulation of these recep-
tors was also positive for CGRP.35 To date,
TRPV1 receptors have not been specifically identi-
fied in the glabrous lips; however, injections of
capsaicin into the rat’s upper and lower lip,
tongue, and lateral facial skin are associated with
nociceptive behavior and the expression of extra-
cellular signal-regulated kinase (ERK) phosphory-
lation in nociceptive brainstem relay regions of the
trigeminal somatosensory system.36,37 The results
from this present study further support the pres-
ence of capsaicin-sensitive nociceptive afferents in
the glabrous lips. 

Table 3 Distinct Areas of Increased Temperature Within the Orofacial Area, as Measured 15 Minutes After
Capsaicin Application, for the Capsaicin-lip and Capsaicin-tongue Trials (n = 13)

Location of the Areas of Increased Mean Temperature

Trials Upper lip Lower lip Tongue Nose Nasal side walls Cheek Chin Forehead

Lips 13 13 NA* 3 8 4 4 4
Tongue 2 8 13 1 3 0 2 1

*Not available, as thermographs were taken with the mouth closed.
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Fig 5 The life-sized areas of increased temperature, visible flare, and burning pain within the orofacial area before,
5, 15, and 30 minutes after capsaicin application to the (a) glabrous lips and (b) tongue dorsum. All data are presented
as mean (± SEM). 
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Burning pain occurred in the glabrous lips and
tongue after capsaicin application to the glabrous
lips and tongue dorsum, respectively. Interesting-
ly, even though the area of capsaicin application
was smaller for the lips than for the tongue, the
burning pain intensity was far more intense for the
lips than for the tongue. One explanation for this
difference could be a higher concentration of cap-
saicin in the lips compared to the tongue. How-
ever, since the excess cream was removed 5 minutes
post-application, differences in the concentration of
diffused capsaicin cream between the lip and tongue
application sites might conceivably have occurred if
the diffusion rate of capsaicin into these tissues dif-
fered, but, to our knowledge, there have been no
reports of differences in the diffusion rates of cap-
saicin into these orofacial tissues.  Additionally, it
has been shown that intradermal injection of two
differing concentrations of capsaicin to the same
area in the forehead resulted in similar peak burn-
ing pain intensities; however, the duration and size
of the burning pain area differed.21 Furthermore,
our findings that burning pain intensity was greater
for the lips than for the tongue is consistent with
several other studies which have characterized
differences in somatosensation within the orofacial
area. For example, thermal sensitivity was more
pronounced for the vermilion lip than for the
tongue tip38 and was higher in the upper lip than
the lower lip.24 Additionally, differences in capsaicin-
related burning pain intensity between orofacial tis-
sues have been shown.22–23 For example, higher
burning pain intensities have been reported for the
tongue tip compared to the buccal mucosa or hard
palate22 and the skin of the cheek compared to the
tongue23 after topical capsaicin application. In addi-
tion to differences in capsaicin-related burning pain
intensity between orofacial tissues, Gazerani et al21

showed that capsaicin injection into the forehead
produced similar but greater changes in vascular
and sensory responses when compared to the hand
and forearm, leading the authors to suggest that
site-specific capsaicin effects may exist between
spinal and trigeminal systems.

The present study found no difference in mechan-
ical sensitivity, as measured before capsaicin or
vehicle cream application, for the upper and lower
glabrous lips but the mechanical sensitivity was
more intense for the upper glabrous lip (center)
than the tongue (1.5 cm posterior to the tongue
tip). When compared to vehicle, the application of
capsaicin to the glabrous lips and tongue did not
alter the mechanical sensitivity in these tissues.
This finding suggests that nociceptive (or non-
nociceptive) mechanoreceptors in the glabrous lips

and tongue were not sensitized by the application
of topical capsaicin. However, static mechanical
allodynia specifically occurred at the vermillion
border (the transition area from glabrous to hairy
skin) following capsaicin application to the
glabrous lips. The development of static mechani-
cal allodynia has also been shown to occur after
intradermal injection of capsaicin into the hairy
skin of the forehead21,39,40 and after topical appli-
cation of capsaicin to the hairy maxillary skin of
awake monkeys and humans.41 However, no
mechanical allodynia (static or dynamic) or hyper-
algesia developed in the alveolar mucosa following
topical application of capsaicin to the gingiva.42 In
contrast, topical application of capsaicin to the
glabrous area of the palm was associated with
mechanical hyperalgesia.43 Collectively, these stud-
ies suggest that the development of static mechani-
cal allodynia and possibly hyperalgesia, as elicited
by (topical or intradermal) capsaicin, may not
occur in glabrous or mucosal tissues within the
orofacial region. It is also possible that additional
differences to noxious stimulation with capsaicin
exist between the glabrous areas of the hand and
face, but future studies are required to test for such
possible site-specific differences. 

Increased Blood Flow and Temperature in the
Lips and Tongue

Temperature, as evaluated by thermography, is an
indirect measure of blood flow in the deep dermal
vessels whereas blood flow, as measured by laser-
Doppler imaging, is reported to be dependent on the
blood flow of superficial dermal capillaries.31–34

Based on these measurement techniques, the present
study found that 5 minutes of capsaicin application
resulted in relatively immediate and sustained (mini-
mum of 30 minutes) changes in superficial and deep
dermal blood flow in the glabrous lips and tongue.
In the present study, the increases in blood flow but
not temperature in the superior and labial hairy skin
sites also suggest that only the superficial dermal
capillaries may have been affected in these areas.
These findings may also indicate that laser-Doppler
flowmetry may be more sensitive to changes in vas-
cular responses when compared to thermography. A
disadvantage of laser-Doppler flowmetry, in gen-
eral, is that the sensitivity and accuracy of the blood
flow measurement is highly dependent upon scan-
ning frequency and, consequently, limits the size of
the skin area that can be assessed in a short period
of time. The inclusion of thermography, however,
allowed for a rapid and simultaneous measurement
of the temperature distribution in the entire face,
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and as a result revealed distinct areas of increased
temperature (hot spots). Notably, these hot spots
occurred distant to the capsaicin application site, as
well as the burning pain and visual flare areas.
These findings indicate that thermography may be
useful for a relatively quick assessment of changes in
the vascular responses in areas distant to the site of
capsaicin application. Furthermore, the inclusion of
laser-Doppler flowmetry and thermography mea-
sures revealed that the subjective psychophysical
assessments (eg, burning pain area) and area of
visual flare provide a limited view of the vascular
responses produced by the application of capsaicin
to a particular (orofacial) site. Nonetheless, the ther-
mography measures in this study showed that the
total area of increased temperature (ie, the sum of
distinct areas of increased temperature) was similar
in the capsaicin-lip and capsaicin-tongue trials and
that the location of these areas (hot spots) differed.
In rats, the appearance of hot spots, as measured by
thermography, has also been shown to occur out-
side the receptive field of the nerve fibers stimulated
by capsaicin and that these hot spots corresponded
with large-diameter perforating vessels, as verified
anatomically.15 The majority of the hot spots that
occurred in the present study also corresponded to
the anatomical locations of the major perforating
blood vessels supplying the glabrous lips and tongue
(eg, the superior or inferior labial artery in the cap-
saicin-lip trials and the inferior labial or lingual
artery in the capsaicin-tongue trials44). Kemppainen
et al45 have proposed that vascular responses result-
ing from noxious stimulation may differ within the
orofacial area due to separate vasoactive reflex
mechanisms for different orofacial sites. In two sep-
arate studies, noxious tooth stimulation has been
shown to induce long-lasting blood flow increases
in the upper and lower glabrous lips but no change
of blood flow in the contralateral cheek,45 and vaso-
constriction in the nose.46 In the present study, the
distribution of hot spots is consistent with the
notion that vascular responses may vary within the
orofacial area and extend well beyond the site of
capsaicin application. 

The present study also found that greater
increases in blood flow and temperature accompa-
nied more intense burning pain and larger areas of
perceived pain. Gazerani et al21 also showed that
intradermal injection of capsaicin into the fore-
head compared to the forearm not only resulted in
higher burning pain intensities, longer duration of
burning pain, and larger visual flare areas, but also
paralleled greater increases in blood flow and tem-
perature. Overall, these present findings support
the notion that differences in somatosensory and

vascular responses exist within the orofacial area
in response to noxious stimulation and such site-
specific differences need to be taken into account
in studies of orofacial somatosensory functions. 
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