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Spatial and Temporal Effects of Capsaicin and  
Menthol on Intraoral Somatosensory Sensitivity

Aims: To assess the spatial and temporal sensory effects of the topical 
application of capsaicin and menthol on the gingiva of healthy volunteers. 
Methods: Capsaicin, menthol, and saline (control) were applied topically on the 
gingiva in the maxillary premolar area of healthy volunteers for 15 minutes. Pain 
intensity was rated on a 0 to 10 visual analog scale (VAS). Before, immediately 
after, and 30 minutes after application, three mechanical stimuli were applied 
at 15 gingival sites: fixed-intensity stimuli were applied by 32 mN and 512 
mN von Frey filaments, and stimuli of increasing intensity were applied by 
an electronic von Frey (EVF, 10 g/s). The EVF was used to test the pinprick 
pain threshold (PiPT). The perceived pain from filament stimulation was rated 
on a 0-50-100 numeric rating scale (NRS). Analysis of variance for repeated 
measures was used to analyze the NRS scores, PiPT values, the number of 
hypersensitive or hyposensitive test sites, and the coordinates of the center of 
gravity (COG) of somatosensory sensitivity. Results: The mean ± SEM VAS 
score of pain intensity produced by the application of capsaicin (4.6 ± 0.5) 
was significantly higher than that produced by menthol (0.3 ± 0.2) and saline 
(0.1 ± 0.1) (P < .001). Capsaicin induced local desensitization to all stimuli  
(P < .047) , and at the application site, capsaicin induced significant desensitization 
to 512 mN stimuli (P = .003). Menthol did not induce significant somatosensory 
changes (P > .147), and saline induced slight desensitization in two sites 
surrounding the application site (P < .023). The COG coordinates did not shift 
significantly over time during any condition (P > .125). Conclusion: Capsaicin 
but not menthol induced mechanical desensitization in the application area but 
not in the surrounding areas. J Oral Facial Pain Headache 2015;29:257–264.  
doi: 10.11607/ofph.1106
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Experimental pain models can provide insights into changes in 
somatosensory sensitivity and may be important for the study of 
mechanisms of neuropathic pain.1–3 Capsaicin and menthol are 

two algesic chemicals commonly used in surrogate models of heat and 
cold hyperalgesia.4–8

Previous cutaneous studies have demonstrated that the sensory al-
teration induced by capsaicin or menthol application occurs not only 
in the zone of application (primary zone) but also in the area surround-
ing the primary zone (secondary zone).7,9 Based on these studies, it 
has been hypothesized that experimentally induced hyperalgesia in the 
primary zone is a result of primary afferent nociceptor activation and 
sensitization, while the sensitization of neurons in the central nervous 
system results in mechanical hyperalgesia in the secondary zone.10 
Furthermore, these studies have demonstrated two types of secondary 
hyperalgesia: one is enhanced pain to pinprick stimuli (punctate hy-
peralgesia), and the other is pain to light touch (allodynia).11,12 The sec-
ondary punctate hyperalgesia represents facilitation of one nociceptive 
input (capsaicin-insensitive high-threshold A-fiber mechanoreceptors) 
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by another nociceptive input (eg, capsaicin-sensitive 
C-fiber nociceptors), while secondary allodynia rep-
resents a crosstalk of A-fiber low-threshold mecha-
noreceptive input into nociceptive pathways.9,12,13

Intraoral studies have shown that the sensitivity 
of the gingiva is different from that of the skin to the 
application of capsaicin and menthol. For instance, 
studies performed on the skin showed that capsaicin 
increases the sensitivity to mechanical stimulations 
of both the primary and secondary zones.4,7,9 On the 
contrary, the application of capsaicin to the gingiva 
resulted in a mechanical desensitization in the appli-
cation area (primary zone)5,14; the mechanisms behind 
such a sensory alteration are still unclear. Moreover, 
the topical application of menthol induced both pri-
mary and secondary mechanical pinprick hyperalge-
sia on hairy skin7 but not on the gingiva.14

The temporal and spatial aspects of the sensory 
changes after capsaicin application to the attached 
gingiva have not been studied systematically, main-
ly due to the difficulties in precise and reproducible 
location of the test sites intraorally. It is only recently 
that an intraoral template has been developed that al-
lows investigation of the spatial variation in intraoral 
somatosensory sensitivity.15 Thus, the present study 
used this template to assess the spatial and temporal 
sensory effects of the topical application of capsaicin 
and menthol to the gingiva of healthy volunteers. The 
hypothesis of the study was that capsaicin and/or 
menthol alters the somatosensory sensitivity to me-
chanical stimuli in the primary and secondary zones 
in comparison with a saline control.

Materials and Methods

Subjects
A total of 15 healthy volunteers (6 male and 9 female) 
with a mean ± standard error of the mean (SEM) 
age of 26.1 ± 1.4 years were recruited by posting 
an advertisement on www.forsoegsperson.dk and 
at Aarhus University. All volunteers reported to be 
in good general and oral health. The exclusion cri-
teria were a history of orofacial pain and painful tem-
poromandibular disorders (TMD) according to the 
Research Diagnostic Criteria for TMD (RDC/TMD),16 
the presence of oral mucosal lesions, pregnancy, 
mental disorders, hypochondria, dental treatment 
scheduled for the time of study, intake of medication 
within 48 hours of the investigation (analgesics, anti-
depressants, or hypnotics), and allergy to capsaicin 
or menthol. The study protocol was approved by the 
Local Ethics Committee (Central Denmark Region, 
Denmark), and written informed consent was ob-
tained from all participants. The study was conduct-
ed in accordance with the Declaration of Helsinki.

Study Design
The study was performed in a randomized, dou-
ble-blind, placebo-controlled crossover manner. The 
full procedure included two sessions separated by 3 to 
7 days to avoid possible carryover effects. Capsaicin 
and isotonic saline were applied in one session; men-
thol and saline were applied in the other session. The 
sequence of the two sessions and the order of appli-
cations of the two substances, as well as the side of 
application (right or left side), were randomly chosen. 

The examiner applied 30 µL of 5% capsaicin, 
40% menthol, or saline (control) on a 3 × 3-mm pa-
per disk under a carefully applied and fitted oral ban-
dage (Urihesive, ConvaTec) on the buccal aspect 
of the attached gingiva cranially to the maxillary first 
premolar for 15 minutes.5 In this way it was possi-
ble to prevent the capsaicin, menthol, or saline from 
spreading to nearby regions or into the oral cavity.5 
The concentration and the application period were 
chosen based on earlier studies.5,7,14 Subjects were 
asked to score their real-time perceived pain inten-
sity on a 0 to 10 electronic visual analog scale (VAS) 
by sliding a knob between the two VAS extremes 
“no pain” and “worst pain imaginable.”17 The elec-
tronic VAS signal was sampled in 1-second intervals 
during the entire 15-minute period by the computer 
program. Quantitative sensory testing (QST) was per-
formed before, immediately after, and 30 minutes after 
removal of the oral bandage in the same sequence. 
Thereafter, the same procedure was repeated on the 
opposite side. All subjects and the examiner were 
blind to the substances, which were prepared by a 
research assistant. All participants were tested in a 
quiet room at normal room temperature by the same 
female examiner.

Somatosensory Tests
Left and right intraoral templates made of impression 
material (President, Coltene) were constructed for 
each subject.15 The same templates were used in both 
sessions. The templates that were used only for the 
QST covered approximately 20 × 10 mm of the buccal 
aspect of the mucogingival tissue. The center of each 
template (capsaicin/menthol/saline application site, 
ie, primary zone) corresponded to the buccal gingiva 
above the first maxillary premolar, extending from the 
attached gingiva to the mucobuccal fold15 (Fig 1a).  

Each template had 15 equidistant holes (diame-
ter approximately 2 mm) in a 3 × 5 matrix (distance 
between two adjacent holes of 5 mm). The 14 holes 
surrounding the central hole were considered repre-
sentative of the secondary zone.

Quantitative Sensory Testing
Two different techniques were used to assess the so-
matosensory sensitivity. First, a response-dependent 
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(magnitude estimation) psychophysical technique 
was used for assessment of tactile and pinprick sen-
sitivity.18 The tactile sensitivity was assessed by ap-
plying a 32-mN force and the pinprick sensitivity by 
applying a 512-mN force by means of von Frey optic 
glass fiber filaments (OptiHair, Marstock Nervtest). 
In the standardized QST protocol proposed by the 
German Research Network for Neuropathic Pain, 
mechanical pain sensitivity is assessed using a 
group of custom-made weighted pinprick stimula-
tors,19 while in the present study, a 512-mN von Frey 
filament with a round tip was used as the pinprick 
stimulus, for the following three reasons: (1) intraoral 
mucosal tissues differ from cutaneous tissues, ie, the 
loosely bound oral mucosa is more fragile than skin, 
and a pilot study showed that after repetitive use of 
pinprick stimulators, some mucosal sites (especially 
those closer to the mucogingival fold) were irritated 
and a few even bled; (2) the pinprick stimulators re-
quire a vertical load to all test sites, which was not 
possible at all sites due to the limited intraoral space; 
and (3) based on a previous study, the intraoral mean 
mechanical detection and pain thresholds are about 
36.2 mN and 242.8 mN, respectively,14 thus 32 mN 
and 512 mN filaments were applied in order to as-
sess innocuous (tactile) and nociceptive functions. 
The filament was inserted in each template hole in 
random order15 (Fig 1). Each test site was stimulated 
for about 1 to 2 seconds,19,20 and the stimulation was 
repeated three times consecutively. 

The subjects scored the intensity of the sensation 
produced by the mechanical stimuli on a 0-50-100 
numeric rating scale (NRS) with 0 denoting “no sen-
sation at all,” 50 as “just barely painful,” and 100 as 
“the most imaginable pain.”21 This NRS was chosen 
to encompass both nonpainful and painful ratings 
and has been used extensively.21–23 The subjects 
were asked to give an average NRS score for the 
three stimuli, and this average was used for further 
analysis. This approach was chosen for practical rea-
sons and to minimize movement of the lips.

The second psychophysical technique used to 
assess the pinprick pain threshold (PiPT in grams) 
used a classical threshold detection protocol.15 The 
threshold was determined on both sides and at each 
test site by means of an electronic von Frey stimula-
tor (EVF, SENSEbox, Somedic).15 The EVF pressure 
intensity was increased at a constant rate of 10 g/s. 
The EVF, which had a rounded tip with the diameter 
of 0.2 mm, was applied in random order between the 
15 sites. The subject pushed a button as soon as he 
or she felt the slightest painful sensation. One thresh-
old per test site was assessed.

The entire procedure lasted approximately 15 
minutes. The three stimuli were always applied in the 
same order: 32 mN, 512 mN, and EVF.

Statistical Analyses
The NRS scores and PiPT values were analyzed in 
three steps. First, the NRS scores and PiPT values 
recorded at the 15 sites at baseline (over four ses-
sions) were averaged to obtain an overall assess-
ment of the somatosensory sensitivity. Second, the 
95% confidence interval (CI) was determined. The 
sites at which the NRS score was above the 95% CI 
were defined as hypersensitive sites, and those be-
low 95% CI were defined as hyposensitive sites. The 
numbers of hypersensitive and hyposensitive sites 
were counted for each substance. Finally, the center 
of gravity (COG) coordinates of somatosensory sen-
sitivity were calculated.24 COG was defined as ΣXi* 
grid value / Σ grid value. The NRS scores and PiPT 
values were used as the grid value.15,24,25 The site co-
ordinates (X = anteroposterior direction, Y = cranio-
caudal direction) (Fig 1b) were used as the “i” when 
calculating the COG. Hence the COG represents 
the position of the center of the weighted average of 
the NRS or PiPT values.

Data are presented as mean values ± SEM. 
Since comparisons of each baseline pair of NRS 
scores and PiPT for all three stimulus modalities 
from contralateral sites with the same anteroposte-
rior and craniocaudal location showed no significant 
differences, three-way repeated-measures analyses 
of variance (ANOVA) were used to test differences 
in NRS scores and PiPT values with the following 
factors: application (3 levels—capsaicin, menthol, 
control), time (3 levels—baseline, immediately after, 
30 minutes after), and test site (15 levels). Direct 
post-hoc tests (Tukey Honestly Significantly Different 
[HSD] test) were used to compare differences in 
NRS and PiPT values between each timepoint at 
each site. Differences in the number of hypersensi-
tive or hyposensitive test sites and COG coordinates 
were tested by two-way repeated-measures ANOVA 
with application (three levels) and time (three lev-
els) as factors. The spatial variation in intraoral so-
matosensory sensitivity before application has being 
published previously.15 For all tests, a P < .05 was 
considered to be statistically significant.

Fig 1  (a) Template in situ. (b) Coordinates (X = anteroposterior 
direction; Y = craniocaudal direction). The black circle (X = 3,  
Y= 2) corresponds to the area where capsaicin, menthol, and sa-
line were applied.
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RESULTS

Perceived Pain Intensity
All participants scored the application of capsaicin 
as moderately painful. The mean peak pain intensity 
produced by capsaicin (7.3 ± 0.6) was significantly 
higher than that caused by menthol (1.2 ± 0.3) and 
saline (0.3 ± 0.2) (P < .001). 

The overall mean pain evoked by capsaicin  
(4.6 ± 0.5) was also significantly higher than that 
caused by menthol (0.3 ± 0.2) and saline (0.1 ± 0.1) 
applications (P < .001).

The variations of pain scores (mean value ± SEM) 
of the 15 participants at each minute over a 15- 
minute period for capsaicin, menthol, or saline are 
shown in Fig 2.

Quantitative Sensory Testing
Overall, the NRS scores for the 32-mN and 512-mN 
stimuli did not vary significantly among the different 
substances that were applied to the gingiva (P > .811)  
but did vary significantly between timepoints and 
sites (P < .002). The post-hoc tests showed that 
the NRS scores after application were significantly 
lower than before application for the 32-mN stimulus 
(P < .002). For the 512-mN stimulus, this was the 
case both immediately and 30 minutes after applica-
tion (P = .000). The PiPT values did not vary signifi-
cantly among the different substances and timepoints 
(P > .097) but did vary significantly between sites 
(P = .000) (Table 1).

Application of Capsaicin
The NRS scores and PiPT values varied significantly 
between timepoints and sites both for the 32-mN and 
512-mN stimuli (P < .019 and P < .009, respectively) 
and PiPT (P < .046).

The post-hoc tests showed that the NRS scores 
obtained immediately after capsaicin application 
were significantly lower than at baseline for both the 
32-mN and 512-mN stimuli (P < .015), while at 30 
minutes post-application this was the case only for 
the 512-mN stimulus (P < .047).

 The post-hoc tests showed that the NRS scores 
recorded with the 32 mN stimulus and PiPT values 
did not differ significantly over time at any individual 
test site (P > .295; P > .121, respectively), although 
at site (X = 3, Y = 2) (primary zone), a statistically 
significant decrease in sensitivity to stimulation with 
512 mN was detected immediately after application 
compared with before application (P = .003) (Fig 3).

Application of Menthol
The NRS scores obtained with the 32-mN and 512-mN  
stimuli and the PiPT values varied significantly between 
sites (P < .001) but not over time (P > .147) (Fig 3).

Application of Isotonic Saline
The NRS scores obtained with the 32-mN stimulus 
and the PiPT values varied significantly between sites 
(P < .001) but not over time (P > .252). The NRS 
scores registered with the 512-mN stimulus varied 
significantly between timepoints and sites in the sa-
line session (P < .001).

The NRS scores obtained immediately and 
30 minutes after saline application were signifi-
cantly lower than at baseline (P < .004). The post- 
hoc tests showed significantly decreased NRS 
scores immediately after application at two sites 
(X = 2, Y = 2; and X = 4, Y = 2) (secondary zone) 
(P < .023) and 30 minutes after application at an-
other site (X = 1, Y = 2) (P = .019) (secondary zone) 
compared with before application (Fig 3) (Table 2).

Fig 2  Variations over time of the mean VAS pain scores of 15 
participants during each minute for capsaicin, menthol, or saline 
application (*P < .050; **P < .001).
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Table 1  Overall Mean Values (±SEM) of  
15 Test Sites of Three Different 
Stimulus Modalities and P Values for 
Time and Application Effects  
(three-way ANOVA)

32 mN 512 mN EVF
Capsaicin
Baseline 12.5 (1.8) 34.3 (2.6) 31.9 (2.8)
Immediately after 8.3 (1.6) 27.5 (2.4) 35.3 (3.1)
30 min after 10.7 (1.5) 28.9 (2.4) 32.0 (2.4)

Menthol
Baseline 10.5 (1.5) 31.6 (2.6) 30.4(2.3)
Immediately after 9.1 (1.3) 30.9 (2.7) 30.2 (2.4)
30 min after 9.6 (1.3) 29.2 (2.6) 27.9 (2.4)

Saline
Baseline 11.7 (1.5) 36.4 (2.5) 33.7 (3.0)
Immediately after 10.5 (1.7) 33.1 (3.2) 33.0 (2.9)
30 min after 9.8 (1.5) 30.4 (2.8) 31.4 (2.8)
P value
Application .914 .811 .627
Time .002 .000 .097
Site .000 .000 .000

EVF = electronic von Frey.
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Number of Hyposensitive Test Sites
The number of hyposensitive sites recorded with the 
32-mN and 512-mN stimuli did not vary significant-
ly between the different substances (P > .145), but 
there was a significant change over time (P < .001) 
(Table 3). The post-hoc tests showed that the num-
ber of hyposensitive test sites significantly increased 
immediately after and 30 minutes after application 
both for 32-mN and 512-mN stimuli (P < .018). In a 
focused post-hoc comparison between substances 

at timepoints after application, the number of hypo-
sensitive sites for 32-mN stimuli immediately after 
application (P = .040) and EVF at 30 minutes after 
application (P = .004) were also significantly differ-
ent. The post-hoc tests showed that for 32-mN stim-
uli, capsaicin induced more hyposensitive test sites 
after its application than did saline (P = .039).

The number of hyposensitive sites revealed by 
PiPT values varied significantly between the different 
substances (P = .001) but not over time (P = .912) 

Fig 3  Comparison of the spatial effects caused by the three 
substances immediately after application and 30 minutes after 
application. (a) At 30 minutes after capsaicin application, the nu-
meric rating scale (NRS) scores decreased (black circle) at site 
(3, 2) for the 512-mN stimulus (P = .003). (b) No NRS scores 
or pinprick threshold (PiPT) values varied significantly over time 
after menthol application. (c) Immediately after saline application, 
the NRS scores decreased (black circles) at site (2, 2) and (4, 2) 
with the 512-mN stimulus (P < .023). At 30 minutes after saline 
application, the NRS scores decreased at site (1, 2) for 512-mN 
von Frey (P = .019).
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Table 2 Mean NRS and PiPT Values of Three Different Stimulus Modalities at 15 Test Sites

(1,3) (1,2) (1,1) (2,3) (2,2) (2,1) (3,3) (3,2) (3,1) (4,3) (4,2) (4,1) (5,3) (5,2) (5,1)
32 mN (NRS scores)
Before capsaicin 23.6 15.1 4.9 27.0 13.4 6.9 20.5 11.6 7.0 16.8 8.8 6.3 13.9 7.7 4.1
After capsaicin 22.7 12.0 3.5 19.6 6.9 4.2 11.5 5.0 1.9 9.9 3.6 3.0 10.7 5.5 4.3
30 min after capsaicin 19.5 12.8 5.0 20.6 12.5 6.0 17.5 8.5 3.9 14.9 7.5 4.0 14.7 8.9 4.0
Before menthol 18.9 13.0 4.4 22.9 14.3 5.5 17.1 7.8 5.8 11.1 6.3 6.1 9.7 8.9 5.7
After menthol 13.7 16.0 4.0 17.8 8.0 4.1 16.5 7.6 5.7 13.3 5.9 4.1 9.3 6.8 3.5
30 min after menthol 16.3 12.0 4.1 18.9 14.1 6.5 17.5 6.9 4.9 12.7 8.0 4.3 7.6 8.0 2.8
Before saline 18.8 14.4 4.6 22.0 16.5 6.8 19.8 10.1 6.3 15.4 9.6 5.1 10.8 9.6 5.0
After saline 20.5 13.3 3.6 20.2 13.3 4.6 20.6 7.5 4.5 15.0 6.9 4.3 12.7 7.2 3.5
30 min after saline 20.9 13.4 3.7 16.8 14.7 5.7 16.2 7.5 3.8 13.3 6.3 4.2 11.8 6.0 3.2

512 mN (NRS scores)
Before capsaicin 49.3 33.9 23.1 50.7 41.4 20.5 40.9 38.8 23.1 42.2 36.7 22.8 38.3 32.2 20.1
After capsaicin 46.7 30.1 16.1 39.7 29.9 20.0 35.3 22.9 18.9 34.5 24.3 17.6 34.0 27.7 15.0
30 min after capsaicin 47.0 34.2 16.5 37.9 36.0 18.7 35.6 30.7 17.1 34.9 29.1 18.9 32.3 28.5 15.5
Before menthol 45.9 37.9 17.3 45.5 36.5 24.6 41.2 31.5 15.9 36.3 32.7 19.9 36.7 32.7 18.8
After menthol 46.3 30.0 19.1 44.4 39.6 19.7 41.5 30.7 19.7 35.4 34.6 19.7 39.3 29.3 13.9
30 min after menthol 40.6 39.1 16.7 39.1 42.6 15.9 35.5 25.9 19.3 35.3 30.7 15.9 36.1 27.9 16.8
Before saline 48.9 40.5 25.8 50.4 45.5 28.4 45.9 38.9 27.1 40.0 37.3 24.8 40.9 34.5 17.0
After saline 47.6 51.1 20.7 48.6 41.4 21.2 44.9 34.1 21.9 38.9 30.5 17.2 38.3 29.0 11.3
30 min after saline 45.2 33.3 18.9 46.5 41.5 19.1 39.9 31.3 18.6 37.3 31.5 18.2 34.5 27.7 13.0

EVF (PiPT [g])
Before capsaicin 22.8 26.0 43.2 19.1 23.4 44.4 22.9 19.6 38.7 33.4 21.3 46.0 33.1 31.5 52.5
After capsaicin 22.0 24.6 45.8 22.8 19.9 45.5 29.2 22.6 55.7 43.4 28.8 38.0 39.5 35.7 55.5
30 min after capsaicin 24.2 28.8 43.1 19.8 21.5 45.2 26.0 28.3 28.3 40.9 22.1 35.4 35.3 30.3 50.6
Before menthol 28.9 22.5 38.4 19.2 16.4 35.4 22.1 21.0 33.8 32.6 29.3 46.5 37.1 28.9 43.7
After menthol 29.7 23.6 39.6 19.5 16.8 39.1 23.3 19.0 41.5 31.4 21.0 43.2 36.6 30.1 39.0
30 min after menthol 25.5 22.5 35.3 18.7 17.1 32.0 24.2 20.4 33.3 34.5 10.3 43.7 32.7 29.5 39.5
Before saline 25.4 23.8 47.7 20.7 17.3 46.4 27.0 19.3 37.3 40.8 26.7 48.5 37.5 34.2 53.2
After saline 21.3 24.0 38.3 19.7 20.9 47.2 32.0 20.1 36.4 36.2 24.8 49.4 37.2 33.6 54.3
30 min after saline 20.2 23.5 37.4 19.2 19.9 43.3 25.2 19.6 37.0 35.1 23.0 46.0 36.7 31.3 54.3

NRS = numeric rating scale; PiPT = pinprick pain threshold; EVF = electronic von Frey.
Bold numbers: Significant within-session difference from before application.
Grey shading: Primary zone (application site, X = 3, Y = 2).
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(Table 3). The post-hoc tests showed that the number 
of hyposensitive test sites after capsaicin application 
was significantly lower than after menthol or saline 
application (P < .034). 

Number of Hypersensitive Test Sites
The number of hypersensitive sites registered with 
the 32-mN and 512-mN stimuli and the EVF did not 
vary significantly among the different applications (P 
> .075) but varied significantly over time for 512-mN 
von Frey (P = .029) (Table 3).

In a focused comparison between substances at 
timepoints after application, the number of hypersen-
sitive test sites to EVF 30 minutes after application 
was significantly different (P = .024). The post-hoc 
test showed that capsaicin application (P = .018) but 
not menthol application (P = .723) induced more hy-
persensitive test sites than did saline application.

COG Coordinates
COG did not shift significantly between timepoints or 
substances (32-mN force: X = 2.7 ± 0.1, Y = 2.4 ± 0.1; 
512-mN force: X = 2.9 ± 0.1, Y = 2.2 ± 0.0; and EVF: 
X = 3.1 ± 0.1, Y = 1.9 ± 0.0) (P > .125).

DISCUSSION

Perceived Pain
In the present study, topical application of capsaicin 
on the gingiva caused moderate levels of pain, where-
as menthol application only caused mild levels of 
pain. The pain intensity was similar to that reported in 
previous studies in which 5% capsaicin or 40% men-

thol was applied to the same sites.5,20 The duration 
of somatosensory changes induced by capsaicin and 
menthol were determined in the present experiment, 
and there was sufficient time in the present study to 
perform the three stimulus modalities of QST.

Quantitative Sensory Testing
Site-to-site differences in NRS scores and PiPT values 
at baseline have been reported elsewhere.15 Generally, 
in the testing area (covered by the template), the region 
anterior and above (away from teeth) is more sensitive 
than the region posterior and below (close to teeth).15 
This is to be expected due to variations in thickness 
and degree of keratinization of the epithelium and the 
difference in hydration as well as nerve-fiber density 
between intraoral sites.

In the present study, three-way ANOVA for repeat-
ed measurements was used to compare changes in 
sensitivity between three timepoints but not to com-
pare different sites within one timepoint. Therefore, 
the site-to-site differences within one timepoint did 
not influence the conclusions of this study.

Both static pinprick stimuli (512-mN von Frey fila-
ment) and dynamic pinprick stimuli (EVF) were used. 
Since the static pinprick stimuli were supposed to as-
sess the response to supra-pain-threshold intensities, 
while dynamic pinprick stimuli were used for thresh-
old determination, the two different stimulus protocols 
were employed to assess different aspects of pinprick 
sensitivity.26 However, the 512-mN von Frey filament 
did not consistently evoke a painful sensation, which 
may be explained by the different physical properties 
of the stimulator tips. This can be considered a lim-
itation of the present study. However, in addition, the 

Table 3  Mean number (± SEM) of Hypersensitive and Hyposensitive Test Sites of the Three Different 
Stimulus Modalities and P Values of Time and Application Effects (two-way ANOVA) 

32 mN 512 mN EVF

Hyper Hypo Hyper Hypo Hyper Hypo
Capsaicin
Baseline 4.1 (0.2) 6.2 (0.8) 5.2 (0.4) 5.1 (0.3) 3.5 (0.3) 5.1 (0.3)
Immediately after 2.0 (0.5) 9.5 (0.8) 3.1 (0.6) 7.8 (1.0) 4.7 (0.6) 4.4 (0.6)
30 min after 3.5 (0.5) 7.3 (0.8) 3.7 (0.7) 6.8 (0.9) 3.7 (0.4) 3.9 (0.6)

Menthol
Baseline 3.5 (0.3) 5.5 (0.7) 4.7 (0.4) 4.9 (0.4) 3.6 (0.4) 4.8 (0.3)
Immediately after 2.9 (0.5) 7.3 (0.9) 5.3 (0.8) 6.4 (1.0) 3.6 (0.4) 5.7 (0.4)
30 min after 3.5 (0.6) 7.3(1.0) 3.5 (0.9) 7.1 (1.0) 3.1 (0.4) 5.7 (0.4)

Saline
Baseline 4.2 (0.4) 5.7 (0.4) 5.2 (0.2) 4.9 (0.3) 3.6 (0.2) 5.4 (0.2)
Immediately after 3.7 (0.5) 7.1 (0.5) 4.7 (0.6) 6.9 (0.6) 3.2 (0.2) 5.5 (0.4)
30 min after 3.5 (0.6) 7.1(0.6) 3.9 (0.5) 7.3 (0.6) 3.1 (0.3) 6.1 (0.4)
P value
Time .056 .001 .029 .000 .210 .912
Application .241 .145 .412 .777 .075 .001
Time × Application .396 .484 .301 .817 .212 .083

Hyper = hypersensitive; hypo = hyposensitive; EVF = electronic von Frey. 
Bold P values: statistically significant.
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EVF was used as a complement to assess changes in 
the PiPT, which can be considered another aspect of 
mechanical pinprick sensitivity.26

In the present study, the subjects were asked to give 
an average score of the three NRS scores for von Frey 
filament stimuli instead of three single values for the fol-
lowing reasons: (1) it was difficult for the participants to 
speak with the template in place in the mouth; (2) to min-
imize the movement of the lips during testing. It would 
have been more ideal to obtain three individual values; 
therefore, this can be considered another limitation of 
the present study, although there is no evidence that the 
present methodology should be associated with less 
reliable or valid assessment of pinprick sensitivity.

Application of Capsaicin
A previous study has reported that high concentra-
tions (> 1%) of capsaicin could lead to desensiti-
zation to mechanical stimuli.27 In the present study, 
overall desensitization to mechanical stimuli, espe-
cially pinprick stimuli, was demonstrated after in-
traoral application of capsaicin. However, only the 
test site corresponding to the primary zone showed 
significant changes in pinprick (512-mN) sensitivi-
ty. The secondary zone did not show any significant 
change in the NRS scores or PiPT values in the post-
hoc tests. The intraoral somatosensory changes in 
the primary zone were in accordance with those of 
previous studies5,14 but contrary to those reported in 
studies of cutaneous sites.9,11–12 Thus, capsaicin led 
to desensitization to pinprick stimuli only in the prima-
ry zone throughout the observation time. The finding 
that these changes were found only at the application 
site suggests that the attempt to avoid spread of the 
applied substances by the use of an oral bandage 
adhering to the gingiva was successful. However, no 
specific tests of the presence of substances outside 
the primary zone after removal of the oral bandages 
were performed, which may be considered a study 
limitation. Nevertheless, it is proposed that the neural 
mechanisms underlying these phenomena could dif-
fer between skin and intraoral mucosa.

Low-force von Frey filament stimulation activates 
large-diameter A-beta fibers, while small-diameter C- 
and A-delta fibers are activated at higher force levels 
(pinprick stimulation).9 Cutaneous application of cap-
saicin induces an ongoing discharge in C-nociceptors 
in the primary zone. In the secondary zone, not only 
nociceptive stimuli but also normally innocuous tactile 
stimuli become capable of producing pain mediated 
by A- beta mechanoreceptors.9,12 In the present study, 
the capsaicin induced differential desensitization  
effects between low-force von Frey stimulation and 
high-force von Frey or pinprick stimulations. This may 
be explained by the fact that the tactile and noxious 
stimulations activate different sets of receptors.28

Application of Menthol 
Menthol can induce a decreased cold pain threshold, 
mechanical pain threshold, and mechanical pinprick 
hyperalgesia on hairy skin.7 The present study did 
not find any significant changes in mechanical sen-
sitivity at the test site corresponding to the primary 
zone or surrounding areas. One possible explana-
tion is that the applied concentration of menthol 
was too low to induce a robust pain sensation and 
subsequent somatosensory changes. However, the 
present study used the same concentration that 
has been reported to produce significant pain and 
distinct somatosensory changes when applied to 
the skin.6,29 The cutaneous hypersensitivity to noci-
ceptive mechanical stimuli after menthol application 
can be explained by the activation of TRPM8 (tran-
sient receptor potential cation channel, subfam-
ily M, member 8) receptors, which are located on 
C-fibers and cold-specific A-delta fibers mediating 
pinprick stimuli.30 The present findings strongly sug-
gest significant differences between cutaneous and 
intraoral sensitivity to menthol application that may 
be due to variations in TRPM8 receptor density or 
differences in biophysical properties of the skin and 
oral mucosa.

Application of Isotonic Saline
The present study revealed an unexpected desensi-
tizing effect of 512-mN stimuli after saline application. 
The decreased sensitivity to mechanical stimuli was 
located in the secondary zone, while no significant 
somatosensory change occurred in the primary zone. 
Therefore, it could be argued that the desensitization 
was nonspecific, ie, not caused by the applied sub-
stance, but instead it could possibly be explained by 
a more general adaptation to mechanical stimuli or to 
other factors such as the presence of a template or 
the application or removal of the oral bandage.23 This 
unexpected finding stresses the importance of an ap-
propriate control condition when somatosensory sen-
sitivity is tested. 

COG Coordinates 
The COG represents the  position of the center of 
weighted average location of the NRS scores or PiPT 
values. The COG results indicate that the region 
anterior and above (away from teeth) is more sen-
sitive than the region posterior and below (close to 
teeth). This is in accordance with the results of a pre-
vious study (in which no substances were applied to 
the gingiva)15 and may reflect the fact that the epithe-
lium varies markedly in thickness and degree of kera-
tinization and hydration as well as in nerve-fiber density 
across the different intraoral regions. Comparison of 
COG coordinates over time indicated a consistency in 
somatosensory sensitivity location.
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Conclusions

The spatial effects caused by the application of cap-
saicin and menthol to the gingiva appear to differ from 
those obtained by the application of the same sub-
stances to the skin. Intraoral capsaicin induced robust 
mechanical desensitization in the primary zone, while 
menthol did not induce any significant changes to me-
chanical stimuli. The different mechanisms of intraoral 
somatosensory changes after induction of experimen-
tal pain need to be investigated further, but the present 
study clearly demonstrates that it is possible to assess 
variations in the intraoral sensitivity caused by a variety 
of mechanical stimuli. This may be important for exam-
ination of intraoral pain sensitivity in, for example, atyp-
ical odontalgia, traumatic trigeminal neuropathic pain, 
and burning mouth syndrome. 

Acknowledgments

This study was financially supported by the National Natural 
Science Foundation of China (81400529), Aarhus University 
Research Foundation, Beijing Stomatological Hospital Research 
Foundation (13-09-06), and Capital Medical University Research 
Foundation (14-JL-77). The authors declare no conflicts of interest.

References

 1. Rolke R, Baron R, Maier C, et al. Quantitative sensory testing in 
the German Research Network on Neuropathic Pain (DFNS): 
Standardized protocol and reference values. Pain 2006; 
123:231–243. 

 2. Serra J, Campero M, Bostock H, Ochoa J. Two types of C no-
ciceptors in human skin and their behavior in areas of capsa-
icin-induced secondary hyperalgesia. J Neurophysiol 2004;91: 
2770–2781. 

 3. Xing H, Chen M, Ling J, Tan W, Gu JG. TRPM8 mechanism 
of cold allodynia after chronic nerve injury. J Neurosci 2007; 
27:13680–13690. 

 4. Petersen KL, Rowbotham MC. A new human experimental pain 
model: The heat/capsaicin sensitization model. Neuroreport 
1999;10:1511–1516. 

 5. Baad-Hansen L, Jensen TS, Svensson P. A human mod-
el of intraoral pain and heat hyperalgesia. J Orofac Pain 
2003;17:333–340. 

 6. Hatem S, Attal N, Willer JC, Bouhassira D. Psychophysical 
study of the effects of topical application of menthol in healthy 
volunteers. Pain 2006;122:190–196. 

 7. Binder A, Stengel M, Klebe O, Wasner G, Baron R. Topical 
high-concentration (40%) menthol-somatosensory profile of a 
human surrogate pain model. J Pain 2011;12:764–773. 

 8. Namer B, Kleggetveit IP, Handwerker H, Schmelz M, Jorum E. 
Role of TRPM8 and TRPA1 for cold allodynia in patients with 
cold injury. Pain 2008;139:63–72. 

 9. Magerl W, Fuchs PN, Meyer RA, Treede RD. Roles of capsa-
icin-insensitive nociceptors in cutaneous pain and secondary 
hyperalgesia. Brain 2001;124:1754–1764. 

10. Magerl W, Treede RD. Secondary tactile hypoesthesia: A novel 
type of pain-induced somatosensory plasticity in human sub-
jects. Neurosci Lett 2004;361:136–139. 

11. LaMotte RH, Shain CN, Simone DA, Tsai EF. Neurogenic hy-
peralgesia: Psychophysical studies of underlying mechanisms.  
J Neurophysiol 1991;66:190–211. 

12. Ziegler EA, Magerl W, Meyer RA, Treede RD. Secondary 
hyperalgesia to punctate mechanical stimuli. Central sensi-
tization to A-fibre nociceptor input. Brain 1999;122(Pt 12): 
2245–2257. 

13. Torebjork HE, Lundberg LE, LaMotte RH. Central chang-
es in processing of mechanoreceptive input in capsa-
icin-induced secondary hyperalgesia in humans. J Physiol 
1992;448:765–780. 

14. Lu SY, Baad-Hansen L, List T, Zhang ZT, Svensson P. 
Somatosensory profiling of intra-oral capsaicin and menthol in 
healthy subjects. Eur J Oral Sci 2013;121:29–35.

15. Lu SY, Baad-Hansen L, Zhang ZT, Svensson P. Reliability of a 
new technique for intraoral mapping of somatosensory sensitivi-
ty. Somatosens Mot Res 2013;30:30–36.

16. Dworkin SF,  LeResche L. Research diagnostic criteria for 
temporomandibular disorders: Review, criteria, examinations 
and specifications, critique. J Craniomandib Disord  1992;6: 
301–355.

17. Baad-Hansen L, List T, Jensen TS, Svensson P. Increased pain 
sensitivity to intraoral capsaicin in patients with atypical odontal-
gia. J Orofac Pain 2006;20:107–114. 

18. Svensson P, Baad-Hansen L, Pigg M, et al. Guidelines and 
recommendations for assessment of somatosensory function 
in oro-facial pain conditions—A taskforce report. J Oral Rehabil 
2011;38:366–394. 

19. Rolke R, Magerl W, Campbell KA, et al. Quantitative sensory 
testing: A comprehensive protocol for clinical trials. Eur J Pain 
2006;10:77–88. 

20. Roberts K, Shenoy R, Anand P. A novel human volunteer pain 
model using contact heat evoked potentials (CHEP) following 
topical skin application of transient receptor potential agonists 
capsaicin, menthol and cinnamaldehyde. J Clin Neurosci 2011; 
18:926–932. 

21. Thygesen TH, Norholt SE, Jensen J, Svensson P. Spatial and 
temporal assessment of orofacial somatosensory sensitivity:  
A methodological study. J Orofac Pain 2007;21:19–28. 

22. Ayesh EE, Ernberg M, Svensson P. Effects of local anesthetics 
on somatosensory function in the temporomandibular joint area. 
Exp Brain Res 2007;180:715–725. 

23. Svensson P, Graven-Nielsen T, Arendt-Nielsen L. Mechanical 
hyperesthesia of human facial skin induced by tonic painful stim-
ulation of jaw muscles. Pain 1998;74:93–100. 

24. Huang JH, Ali Z, Travison TG, Campbell JN, Meyer RA. Spatial 
mapping of the zone of secondary hyperalgesia reveals a grad-
ual decline of pain with distance but sharp borders. Pain 2000; 
86:33–42. 

25. Ridding MC, Brouwer B, Miles TS, Pitcher JB, Thompson PD. 
Changes in muscle responses to stimulation of the motor cortex 
induced by peripheral nerve stimulation in human subjects. Exp 
Brain Res 2000;131:135–143. 

26. Svensson P, Baad-Hansen L, Pigg M, et al. Guidelines and rec-
ommendations for assessment of somatosensory function in 
oro-facial pain conditions – a taskforce report. J Oral Rehabil 
2011;38:366–94.

27. Baumann TK, Simone DA, Shain CN, LaMotte RH. Neurogenic 
hyperalgesia: The search for the primary cutaneous afferent fi-
bers that contribute to capsaicin-induced pain and hyperalge-
sia. J Neurophysiol 1991;66:212–227. 

28. Beydoun A, Dyke DB, Morrow TJ, Casey KL. Topical capsa-
icin selectively attenuates heat pain and A delta fiber-mediated  
laser-evoked potentials. Pain 1996;65:189–196. 

29. Wasner G, Schattschneider J, Binder A, Baron R. Topical men-
thol—a human model for cold pain by activation and sensitiza-
tion of C nociceptors. Brain 2004;127:1159–1171. 

30. Peier AM, Moqrich A, Hergarden AC, et al. A TRP channel that 
senses cold stimuli and menthol. Cell 2002;108:705–715. 

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




