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Enhanced pain facilitation rather 
than impaired pain inhibition in burning mouth 
syndrome female patients
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Abstract 

Background:  Deficient endogenous pain modulation has been implicated in the development and exacerbation of 
chronic orofacial pain. To date, relatively little is known regarding the function of the endogenous pain modulation in 
patients with burning mouth syndrome (BMS). This case–control study investigated endogenous pain modulation in 
women with BMS.

Methods:  Conditioned pain modulation (CPM) was assessed upon temporal summation (TSP) of thermal pain. 
Forty female subjects, 20 BMS patients and 20 age-matched control subjects, were included in a 2 session-protocol. 
Mechanical and thermal pain thresholds were measured on the forearm and hand. TSP was obtained using repetitive 
laser-evoked thermal stimuli applied on the non-dominant hand, at an intensity yielding to moderate pain. During 
TSP, CPM was produced by immersing the contralateral foot in a water bath at painful cold (8 °C) temperature. In con‑
trol conditions, the foot was immersed in a water bath at not painful (30 °C) temperature.

Results:  BMS was not associated with any impairment in thermal as well as mechanical extracephalic pain thresh‑
olds. TSP and CPM efficacy were similar in BMS patients and control subjects. However, BMS patients exhibited 
enhanced extracephalic heat hyperalgesia.

Conclusion:  This study reveals that there is no impairment of endogenous pain inhibition mechanisms in BMS 
patients, but rather an increase in pain facilitation.
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Key findings

• BMS was not associated with any impairment in 
thermal as well as mechanical extracephalic pain 
thresholds.
• TSP and CPM efficacy were similar in BMS 
patients and control subjects.

• BMS patients exhibited enhanced extracephalic 
heat hyperalgesia

Background
Burning mouth syndrome (BMS) is a chronic and spon-
taneously non-remitting oral pain without any identifi-
able local anatomical lesion or laboratory finding [1]. 
The pathogenesis and etiology of BMS are still unknown. 
Although it was initially classified as a psychalgic pain 
[2], recent evidence suggests that BMS is rather a neuro-
pathic disorder [1]. However, the very cause of the neuro-
pathic changes is still unclear. Combined dysregulations 
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of adrenal, gonadal and neuroactive steroids, dysfunc-
tion of gustatory and somatic afferents have been sug-
gested to contribute to the pathogenesis of BMS [1]. 
Interestingly, BMS often coexists with other syndromes 
referred to as central sensitivity syndromes [3] such as 
temporo-mandibular disorder (TMD), fibromyalgia 
or visceral pain [4, 5]. BMS might thus share common 
mechanisms with these chronic pain syndromes, includ-
ing abnormal endogenous pain modulation [6, 7]. One of 
the major endogenous pain inhibitory systems is condi-
tioned pain modulation (CPM; formerly diffuse noxious 
inhibitory controls), a powerful general endogenous anal-
gesic mechanism which can completely inhibit incom-
ing nociceptor signals at the primary synapse [8]. CPM 
is believed to play an important role in the development 
and exacerbation of chronic pain, because dysfunction of 
CPM is associated with a shift in balance between pain 
facilitation and pain inhibition. In many (but not all) 
patients with central sensitization, CPM is less efficacious 
[9]. Although an association between deficient CPM and 
the development of BMS was found in a previous study 
[10], here, we reassessed CPM in BMS patients using a 
brand new experimental protocol [11]. The primary end-
point of this exploratory case–control study was to evi-
dence any alteration of CPM in BMS patients.

Methods
Study design
This is a case–control study conducted in the Clinical 
Investigation Centre of Clermont-Ferrand University 
Hospital (France). The study conformed to the STROBE 
guidelines for case–control studies. The study was per-
formed after approval was obtained from the referent 
Ethics Committee “CCP Sud-Est VI”. Standard written 
informed consent was obtained from all participants, 
according to the 1964 declaration of Helsinki. The study 
was registered as N°2010-A00403-36.

Participants
The sample size calculation was based on pilot data 
obtained in eight healthy subjects from the Clermont-
Ferrand center, in which CPM decreased the test heat 
pain by 2.6 ± 1.8. Expecting that the CPM in BMS 
patients would be decreased compared to controls as it is 
the case in fibromyalgia patients [12], the sample size was 
calculated to allow for the identification of a difference 
of 1.7 points (65% reduction) with a standard deviation 
of 1.8. With a statistical power of 80% and a two-tailed 
type I error of 5%, 18 patients per group were found to be 
necessary. We decided to include 20 subjects per group 
to increase the power of the study.

The patients were recruited from the Clermont-Fer-
rand Hospital Orofacial Pain Clinic. Identification of the 

patients was carried out taking into account the inclu-
sion/exclusion criteria reported below.

Inclusion criteria
BMS group: females patient over 40 year-old; daily pres-
ence of localized burning sensation in the oral mucosa 
during all or part of the day lasting for longer than 
3 months; no paroxysm and not following any unilateral 
nerve trajectory; no clinical oral mucosal alterations; pain 
intensity ≥ 3 on a Visual Analogue Scale (VAS).

For all participants: subjects must have given their 
written consent.

Exclusion criteria
BMS group: report of pain and/or burning in the mouth 
of known origin (cancer, infectious, traumatic, iron defi-
ciency anemia, diabetes); recent change in current medi-
cation. Unknown local or systemic pathologies were 
ruled out thanks to the medical history and blood sam-
pling looking for iron deficiencies, vitamins, diabetes or 
thyroid dysfunction.

For all participants: taking one of the following anti-
depressants: venlafaxine, duloxetine, tricyclic anti-
depressants or bupropion; current medication with 
neuroleptics; co-morbidity with another ongoing chronic 
pain (e.g. fibromyalgia, chronic low back pain, chronic 
pelvic pain, tension headache, migraine, irritable bowel 
syndrome, temporomandibular disorder); progressive 
cardiovascular disease; subject not cooperating or unable 
to speak or read French fluently, or to understand a pain 
scale; major cognitive or incapacitating disorder.

The control group consisted of 20 females, matched for 
age, who were recruited among patients attending the 
Oral Medicine Clinic for identifiable organic causes such 
as decayed tooth, dental treatment and other mucosal 
diseases. Only women were included in the study, since 
BMS is mostly a woman’s pathology and CPM display sex 
specific features [6].

Questionnaires
Standard demographic information, duration of com-
plaint, health status, medical use and pain medications 
used before the examination were collected. At the same 
time, all subjects also completed a series of self-report 
questionnaires including the Beck Depression Inven-
tory (BDI) short form, the State-Trait Anxiety Inventory 
(STAI) and the Pain Catastrophizing Scale (PCS).

Pain intensity ratings
The burning pain intensity in the past week was rated 
using both the 0–10 cm visual analogue scale (VAS) and 
the 4-point-(none, mild, moderate and severe)-verbal rat-
ing scale (VRS).
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Pain threshold measurements
Explorations were conducted in quiet conditions and 
at constant temperature (23  °C). For measurement of 
mechanical pain thresholds (MPTs), punctuate stimuli 
were applied on the forearm using an electronic algom-
eter (electronic von Frey, Bioseb, France). The strain 
gauge was connected to a plastic sterile cone (Eppendorf, 
Hamburg, Germany), the tip of which was applied per-
pendicularly to the studied skin area. The punctate pres-
sure was gradually increased with a constant slope under 
visual control of the pressure value up to the detection of 
MPT. Threshold was defined as the lowest pressure that 
produced a sensation of pain. The results of three sepa-
rate consecutive measurements at different points in the 
testing area were averaged to establish the MPT value. 
The applied pressure could not exceed 500 g, which was 
the default threshold if pain was not elicited at this level.

Measurement of heat pain and tolerance thresholds 
were performed using a thermotester (SENSELab®, 
Somedic, Sweden) on the skin of the non-dominant 
forearm. The dimensions of the skin thermode were 
25 × 50 mm. The baseline temperature was set at 32  °C, 
the maximum temperature was 52  °C and the tempera-
ture change rate was set at 0.5 and 1.0  °C.s–1, respec-
tively for pain and tolerance threshold measurement. 
The patient pushed a stop-button when the threshold 
was reached and there was an interval of five seconds 
between repeated thermal stimuli. The whole procedure 
was repeated five times and the average of five thresh-
olds was taken. In pre-experimental explanations given 
to patients, particular emphasis was placed on the con-
cept of pain threshold as opposed to tolerance threshold, 
in order to avoid bias due to patient fear. Immediate pain 
intensity was scored by the patient on a 0–10 cm visual 
analogue scale (VAS).

Conditioned pain modulation measurements
To explore the subjects’ individual CPM potency, the 
temporal summation of pain (TSP) evoked by a stimu-
lation of the back of the non-dominant hand by a YAP 
laser stimulator (fiber-optic guidance, diameter 5 mm, 
duration 2 ms) was used as test stimulus. A stimulator 
with optic-fiber guidance was placed on a skin area of 
about 6 cm2 at the dorsal aspect of the hand. Cutane-
ous heat stimuli were applied in incremental intensities 
in steps of 0.25  J, starting at a minimum of 0.75  J and 
reaching a maximum of 2 J. After determination of the 
pain threshold, the laser energy that was able to pro-
duce a pain intensity between 3–6 on 0–10 VAS was 
determined (~ 10  min before CPM assessment). On 
the one hand, such intensity was needed to elicit suf-
ficient pain to observe a CPM effect, but, on the other 

hand, not too strong, for ethical reasons. Thereafter, the 
stimulation at this same intensity was applied repeat-
edly (from 1st to 45th) every 40 s for 30 min. Thus, each 
patient received a series of 45 stimulations applied at 
constant intensity. Subjects were asked to score pain on 
a 0–10 VAS scale after each block of stimulation. The 
laser beam was moved (~ 1 cm) between each block to 
avoid skin lesions.

The conditioning stimulus consisted in the immer-
sion of the contralateral foot into a water bath at noxious 
cold temperature (8  °C), between the 10th and 20th min 
of the experiment. In control experiments that were per-
formed on a different day in the same subjects, the water 
bath temperature was neutral (30 °C). In all cases, water 
was constantly re-circulated to prevent laminar warm-
ing around the immersed foot. All subjects were asked 
to rate the cold pain on a 0–10 VAS scale immediately at 
the end of immersion. The order CPM vs. control experi-
ments was assigned randomly.

The responses for each block in each condition were 
plotted over time. The first 15 responses were used to 
study the unconditioned responses (1st to 15th), the next 
15 ones (16th to 30th) to study CPM and the 15 last ones 
(31st to 45th) to study the post-effects of CPM.

Statistical analysis
Statistics were computed with STATA V12 (Stata Corp, 
College Station, TX, USA). Results were expressed as 
mean ± standard deviation or median (interquartile 
range) and as frequencies (percentage). Groups were 
compared using Chi square test (or Fisher’s exact test 
when appropriate) for categorical data, and using Student 
t-test (or Mann–Whitney when data not normal) test 
depending on data distribution for continuous data. Nor-
mality was assessed graphically and using Shapiro–Wilk’s 
test. Relationships between the pain intensity and BDI, 
STAI, and PCS scores were assessed by Pearson’s correla-
tion coefficient (or Spearman’s when data were not nor-
mal). Intra-groups comparisons of pain at discrete time 
points were performed using Students paired t-test.

Pain perception was analyzed using linear mixed mod-
els with random subject intercept. Groups, time and 
foot water immersion were tested as fixed effects. Those 
methods were developed for temporal subdivision (con-
trol, water immersion and post-water immersion peri-
ods) in order to test: 1) the session effect, 2) the effect of 
the repeated painful stimulation, 3) the water immersion 
effect and the post-water immersion effect. Those ana-
lyzes were repeated intra and inter-groups. Moreover, for 
the 1) and 2) we adjusted for the mean pain of the 15 first 
blocks (= baseline adjustment). All tests were two-sided 
and a P value < 5% was considered statistically significant.
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Results
Study population
The control participants were age- and gender-matched 
with the BMS patients. The clinical characteristics of the 
BMS patients are displayed in Table  1. No differences 
were found between groups, except that BMS patients 
were more anxious than controls. The depression scores 
of all participants were within the normal range. The 
mechanical, heat and laser pain thresholds did not differ 
between BMS patients and healthy controls (Table 2).

Temporal summation of pain
Following repetitive laser-mediated thermal stimuli, 
pain intensity progressively increased in both groups, 
showing TSP (Fig.  1) Pain intensity increased from 
the first to the 15th block of stimulation in control 

subjects (paired t test, t = 4.94, df = 39, P < 0.001), from 
26.7 ± 2.7 to 46.5 ± 4.8, as well as in BMS patients 
(paired student t-test, t = 3.45, df = 39, P = 0.001), from 
38.1 ± 2.6 to 51.7 ± 3.1. Moreover, while the magnitude 
of TSP – as calculated by the difference between the 
last and the first pain rating – did not differ between 
BMS patients and control subjects (Student’s t-test, 
t = 1.11, df = 78, P = 0.269), the sum of pain intensi-
ties between the 1st and the 15th block of stimuli was 
greater in BMS patients than control subjects (Fig.  1). 
Thus, BMS patients demonstrated significantly greater 
heat hyperalgesia than control subjects (Linear mixed 
model: P = 0.012 for group, P < 0.001 for time, P = 0.514 
for time × group.), while there was no difference in TSP.

As BMS patients exhibited higher STAI scores than 
control subjects, we tested whether the severities of 

Table 1  Demographic and clinical characteristic of BMS patients and control subjects

Abbreviations: VAS Visual analogue scale, VRS Verbal rating scale, SD Standard deviation, IQR Interquartile range
* P value is from two-tailed Student’s unpaired t-test

Variables BMS (n = 20) Controls (n = 20) P values

Age, mean (SD), range 64.3 (8.2), 49–80 62.4 (7.6), 47–77 0.453

Menopause, n (%) 19 (95.0) 19 (95.0) 1.000

Age of menopause, years (SD) 48 (6.3) 50.9 (2.6) 0.257

Hormonal treatment, n (%) 2 (10.0) 2 (10.0) 1.000

Genital burning, n (%) 3 (15.0) 0 (0) 0.230

Hysterectomy, n (%) 6 (30.0) 2 (10.0) 0.232

Oophorectomy, n (%) 3 (1.5) 0 (0) 0.230

Beck Depression Inventory score, median (IQR) 16 [16.0–21.5] 14 [13.0–18.0] 0.054

State Trait Anxiety Inventory score, mean (SD) 51.9 ± 3.6 48.6 ± 3.9 0.009*
Pain Catastrophizing Scale (Sullivan scale), mean (SD) 18.5 ± 13.2

Characteristics of intraoral pain

Duration of complaint, years, median (IQR) 3.0 [3.0–4.0]

Pain expressed on VAS, median (IQR) 5.8 [4.7–6.9]

Pain expressed on VRS, n (%) mild: 2 (11.1) moderate: 14 (77.8) 
severe: 2 (11.1)

Pain locations, n (%) tongue 20 (100) lip 10 (50.0) 
palate10 (50.0)

Table 2  Mechanical and thermal pain thresholds and pain rating

Abbreviations: g gramme, J Joule, SD Standard deviation
* P value is from two-tailed Student’s unpaired t-test

Parameters, mean (SD) BMS (n = 20) Controls (n = 20) P values

Mechanical pain threshold (forearm) (g) 175.2 ± 54.3 187.3 ± 79.3 0.579

Heat pain threshold (forearm) (°C) 42.6 ± 4.6 44.0 ± 4.1 0.310

Heat pain tolerance threshold (forearm) (°C) 47.8 ± 3.1 47.7 ± 3.1 0.957

Laser pain threshold (back of the hand) (J) 1.39 ± 0.33 1.38 ± 0.22 0.906

Temporal summation of pain (VAS) 13.6 ± 18.2 19.9 ± 22.4 0.338

Sum of pain intensity between 1st-15th 726.5 ± 168.3 585.9 ± 185.8 0.016*
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anxiety, on the one hand, and pain (between the 1st 
and 15th block of stimuli), on the other hand, are cor-
related. There was no correlation between STAI scores 
and pain intensities in the control subjects (chi2 = 0.02, 
df = 1, p = 0.893), as well as BMS patients (chi2 = 1.51, 
df = 1, p = 0.219). We also tested whether STAI scores 
(which are higher in BMS patients than in control sub-
jects) might affect the group effect, by assessing the 
group x STAI interaction. We found no significant 
interaction (chi2 = 0.56, df = 1, p = 0.456).

Conditioned pain modulation
In the present study, we performed two analyses. First, 
we assessed the intensity of pain evoked by the laser 
stimulation before (1st-15th stimulations), during (effect, 
16th-30th stimulations) and after (post-effect, 31st -45th 
stimulations) immersing the contralateral foot into a 
water bath at painful cold (8 °C) temperature. Second, we 
also compared the intensity of laser stimulation-evoked 
pain during (effect, 16th-30th stimulations) and after 
(post-effect, 31st-45th stimulations) application of the 
painful conditioning stimulation (water at 8 °C, 16th-30th 
stimulations) with those during and after application of 
a non-painful conditioning stimulation (water at 30 °C).

In control subjects, laser-evoked pain was depressed 
during (time effect, chi2 = 119, df = 14, P < 0.001) and 
after (time effect, chi2 = 58.7, df = 14, P < 0.001) the 
application of the painful conditioning stimulation on 

the contralateral foot (Fig.  2A). Compared to the non-
painful conditioning stimulation, the magnitude of CPM 
was higher during (cold-water effect, chi2 = 29, df = 1, 
P < 0.001) and after (cold-water post-effect, chi2 = 20, 
df = 1, P < 0.001) the application of the painful condition-
ing stimulation of the contralateral foot.

In BMS patients, laser-evoked pain was also depressed 
during (time effect, chi2 = 34.1, df = 14, P = 0.002) and 
after (time effect, chi2 = 42.6, df = 14, P < 0.001) the 
application of the painful conditioning stimulation on 
the contralateral foot (Fig.  2B). Compared to non-pain-
ful conditioning stimulation, the magnitude of CPM 
was higher during (cold-water effect, chi2 = 19.5, df = 1, 
P < 0.001) and after (cold water post-effect, chi2 = 9.47, 
df = 1, P = 0.002) the conditioning stimulation. How-
ever, there was no group effect (patients vs. controls) on 
the CPM, either during (interaction group x cold-water 
effect, chi2 = 0.04, df = 1, P = 0.837) or after (interaction 
group x cold water effect, chi2 = 0.73, df = 1, P = 0.392) 
the conditioning stimulation.

Discussion
In this study, we investigated whether impaired endog-
enous pain modulation could be part of the mecha-
nisms underlying BMS in women. We found no changes 
in CPM efficiency in BMS patients, no changes in TSP, 
while neither thermal nor mechanical extracephalic pain 
thresholds were altered. However, the sensory profile of 

Fig. 1  Temporal summation of pain in burning mouth syndrome (BMS) patients and control subjects. A Time course of pain perception evoked 
by repetitive laser painful stimuli applied of the hand in control subjects, and BMS patients. Testing sessions consisted of a series of 15 blocks of 4 
thermal test stimuli (Nd:YAP laser stimulator) that were delivered at 0.2 Hz on the back of the non-dominant hand, repeated every 40 s for 10 min. 
Mean pain ratings (± SEM) are shown from the first to the 15th stimulation. *Linear mixed model: P = 0.012 for group, P < 0.001 for time, P = 0.514 for 
time × group. B Sum of pain intensity between 1st-15th.. *P value is from two-tailed Student’s unpaired t-test
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BMS patients was characterized by enhanced extrace-
phalic heat hyperalgesia.

CPM is a powerful endogenous analgesic mechanism 
whereby a nociceptive stimulation applied to a given 
body location reduces the percept and brain responses 
elicited by noxious (test) stimuli delivered at a remote 
body location [6, 8]. Dysfunction of CPM is assumed to 
shift the balance between pain facilitation and inhibition 
toward facilitation and the development of chronic pain 
[6]. Here, we tested the hypothesis that abnormal CPM 
may be part of the pain mechanisms in BMS. However, 
in contrast to a previous study [10], this was not the case, 
since BMS patients were able to normally recruit their 
endogenous pain inhibitory system in our experimen-
tal setting. A similar hypothesis has been raised regard-
ing the pathophysiology of other chronic orofacial pain 
conditions, but CPM has not always been reported to 
be impaired [13, 14] and appeared normal in some stud-
ies [7, 15–17] Such contradictory results – due in part 
to differences in methods used to assess CPM [6]—and 
the lack of aggregate analysis of the literature prevent any 
solid conclusion about the function of endogenous pain 
modulation in patients with chronic orofacial pain [7].

TSP, when assessed in response to repetitive laser-
evoked thermal stimuli [11], was similar in BMS patients 
and control subjects. Similarly, a previous study, using 
intradermal electrical stimulation of the chin, found no 
difference in TPS between BMS and controls [10]. This 
is consistent with previous findings in other chronic oro-
facial pain syndromes, such as TMD, where TSP was 
normal when assessed with thermal stimuli [18–22]. In 
such patients though, TSP could be found altered [17, 
23], when assessed with mechanical stimuli, as it some-
times increased [20]. Since thermal TSP relies, at least in 
part, on the activation of N-methyl-D-aspartate (NMDA) 
receptors, and thermal TSP is not altered in BMS 
patients, it seems likely that NMDA receptors do not 
play a critical role in the pathophysiology of BMS. Similar 
mechanistic suggestions have been made about patients 
suffering from persistent post-endodontic pain [14].

Despite normal TSP, BMS patients showed greater 
extracephalic heat hyperalgesia than control subjects. An 
enhanced heat hyperalgesia seems common in patients 
with chronic, either cephalic [20, 21] or extracephalic 
[24], pain. In all these conditions, the presence of hyper-
algesia suggests a facilitation of pain mechanisms in BMS 

Fig. 2  Time course of pain perception evoked by repetitive painful stimuli of the hand before (1st to 15th), during (16th to 30th), and after (31st to 
45th) application of non-painful (in yellow) or painful (in green) conditioning thermal stimulation on the contralateral foot in (A) control subjects 
and (B) burning mouth syndrome patients. To assess CPM, blocks of 4 thermal test stimuli (Nd:YAP laser stimulator) were delivered at 0.2 Hz on the 
back of the non-dominant hand, repeated every 40 s for 30 min, at an intensity producing a pain intensity between 3–6 on 0–10 VAS. Between the 
10th and 20th min (16th to 30th), the contralateral foot was immersed into a water bath at non-painful (30 °C) or painful cold (8 °C) temperature. 
A linear mixed model was used to explore the effects of CPM. P values indicate the differences between the non-painful and painful conditioning 
thermal stimulation
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patients. In addition, hyperalgesia has been shown to be 
predictive of poor outcomes in some chronic pain condi-
tions [25], and this may also apply to BMS.

Although we cannot exclude the possibility that the 
enhanced heat hyperalgesia in BMS patients results 
from peripheral mechanisms, several observations 
rather suggest a central contribution. First, neither heat 
pain thresholds nor MPTs were reduced in the BMS 
group, showing that thermal and mechanical nocicep-
tors were not sensitized. Second, that That hyperalgesia 
was observed in a healthy area (hand), remotely located 
from the painful site (mouth), suggests that it is a second-
ary hyperalgesia. There is ample evidence for secondary 
hyperalgesia resulting, at least in part, from a facilitation 
of nociceptive transmission – i.e. central sensitization 
– within the dorsal horn [26]. Finally, since CPM effi-
ciency was similar in BMS patients and controls sub-
jects, a reduction in CPM cannot explain the enhanced 
heat hyperalgesia that may rather relies on increased pain 
facilitating mechanisms.

Prevalence of psychological disorders, anxiety espe-
cially, is high in BMS patients, but its role in the patho-
genesis of BMS remains unclear (1). Psychological 
assessment using the STAI reported significantly higher 
scores in the BMS patients compared with control sub-
jects. However, no correlation between STAI score and 
pain ratings could be found. Previous studies, too, saw 
no association between pain ratings and psychological 
factors in BMS patients [27, 28]. Taken together, these 
results suggest that the contribution of anxiety to pain 
rating differences is limited.

Limitations
We are aware of the limitations that apply to the pre-
sent study. First, our sample was limited to females and 
our results thus cannot be generalized to males. Sec-
ond, we studied a peri-menopausal population in which 
CPM effect is known to weaken with age [29]. Third, 
although the sample size was selected based on a previ-
ous study [12], the methodology in the present study did 
not exactly match that in the previous one, and conse-
quently, the sample size might have been underestimated 
to detect between‐group differences. Finally, we did not 
look for possible differences between body regions [30].

Conclusions
This study reveals that BMS patients’ sensory profile is 
characterized by enhanced extracephalic heat hyperal-
gesia, without alterations in CPM. Altogether, the results 
suggest that an increase in endogenous pain facilita-
tion and no impairment in inhibition underlies BMS in 
women.

Abbreviations
BDI: Beck depression inventory; BMS: Burning mouth syndrome; CPM: Con‑
ditioned pain modulation; HPT: Heat pain thresholds; MPT: Mechanical pain 
threshold; PCS: Pain catastrophizing scale; STAI: State-trait anxiety inventory; 
TSP: Temporal summation of pain; VAS: Visual analogue scale; VRS: Verbal 
rating scale.

Acknowledgements
We thank Pr A Artola and Pr D Voisin for helpful comments on this manuscript.

Authors’ contributions
Study concept and design: CG, PP, CD, RD. Acquisition of data: CG, PP. Analysis 
and interpretation of data: CG, PP, AM, CD, RD. Drafting and critical revision 
of the manuscript: CG, PP, AM, CD, RD. All The authors read and approved the 
final manuscript.

Funding
This work was supported by funding from Institut National de la Santé et de 
la Recherche Médicale (Inserm), Université Clermont Auvergne (France), CHU 
Clermont-Ferrand (France) and “APICIL" Foundation.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the French ethics committee “CCP Sud-Est VI”. The 
study was registered as N°2010-A00403-36. Detailed information about the 
experiment was given to all participants and informed written consent was 
obtained. All aspects of the study were performed in accordance with the 
Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Université Clermont Auvergne, CHU Clermont-Ferrand, Inserm, Neuro-Dol, 
Faculté de Chirurgie Dentaire, 2 Rue de Braga, 63100 Clermont‑Ferrand, 
France. 2 Present Address: Faculté de Chirurgie Dentaire, 2 Rue de Braga, 
63100 Clermont‑Ferrand, France. 

Received: 1 August 2022   Accepted: 24 October 2022

References
	1.	 Jääskeläinen SK, Woda A (2017) Burning mouth syndrome. Cephalalgia 

Int J Headache 37:627–647. https://​doi.​org/​10.​1177/​03331​02417​694883
	2.	 Eli I, Kleinhauz M, Baht R, Littner M (1994) Antecedents of Burning Mouth 

Syndrome (Glossodynia)-Recent Life Events vs. Psychopathologic Aspects 
J Dent Res 73:567–572. https://​doi.​org/​10.​1177/​00220​34594​07300​21301

	3.	 Yunus MB (2008) Central Sensitivity Syndromes: A New Paradigm and 
Group Nosology for Fibromyalgia and Overlapping Conditions, and the 
Related Issue of Disease versus Illness. Semin Arthritis Rheum 37:339–352. 
https://​doi.​org/​10.​1016/j.​semar​thrit.​2007.​09.​003

	4.	 Mignogna MD, Pollio A, Fortuna G et al (2011) Unexplained somatic 
comorbidities in patients with burning mouth syndrome: a controlled 
clinical study. J Orofac Pain 25:131–140

	5.	 Moisset X, Calbacho V, Torres P et al (2016) Co-occurrence of Pain 
Symptoms and Somatosensory Sensitivity in Burning Mouth Syndrome: 
A Systematic Review. PLoS One 11(9):e0163449. https://​doi.​org/​10.​1371/​
journ​al.​pone.​01634​49

https://doi.org/10.1177/0333102417694883
https://doi.org/10.1177/00220345940730021301
https://doi.org/10.1016/j.semarthrit.2007.09.003
https://doi.org/10.1371/journal.pone.0163449
https://doi.org/10.1371/journal.pone.0163449


Page 8 of 8Gremeau‑Richard et al. The Journal of Headache and Pain          (2022) 23:143 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	6.	 van Wijk G, Veldhuijzen DS (2010) Perspective on diffuse noxious inhibi‑
tory controls as a model of endogenous pain modulation in clinical pain 
syndromes. J Pain 11:408–419. https://​doi.​org/​10.​1016/j.​jpain.​2009.​10.​009

	7.	 Moana-Filho EJ, Herrero Babiloni A, Theis-Mahon NR (2018) Endogenous 
pain modulation in chronic orofacial pain: a systematic review and meta-
analysis. Pain 159:1441–1455. https://​doi.​org/​10.​1097/j.​pain.​00000​00000​
001263

	8.	 Le Bars D (2002) The whole body receptive field of dorsal horn multire‑
ceptive neurones. Brain Res Brain Res Rev 40:29–44. https://​doi.​org/​10.​
1016/​s0165-​0173(02)​00186-8

	9.	 Yarnitsky D (2010) Conditioned pain modulation (the diffuse noxious 
inhibitory control-like effect): its relevance for acute and chronic pain 
states. Curr Opin Anaesthesiol 23:611–615. https://​doi.​org/​10.​1097/​ACO.​
0b013​e3283​3c348b

	10.	 Nishihara C, Watanabe K, Ozasa K et al (2020) Altered pain modulation 
to noxious heat thermal stimuli in burning mouth syndrome. Oral Dis 
26:1777–1782. https://​doi.​org/​10.​1111/​odi.​13486

	11.	 Guy N, Voisin D, Mulliez A et al (2018) Medication overuse reinstates 
conditioned pain modulation in women with migraine. Cephalalgia Int J 
Headache 38:1148–1158. https://​doi.​org/​10.​1177/​03331​02417​727545

	12.	 Potvin S, Larouche A, Normand E et al (2010) No relationship between 
the ins del polymorphism of the serotonin transporter promoter and 
pain perception in fibromyalgia patients and healthy controls. Eur J Pain 
Lond Engl 14:742–746. https://​doi.​org/​10.​1016/j.​ejpain.​2009.​12.​004

	13.	 King CD, Wong F, Currie T et al (2009) Deficiency in endogenous modula‑
tion of prolonged heat pain in patients with Irritable Bowel Syndrome 
and Temporomandibular Disorder. Pain 143:172–178. https://​doi.​org/​10.​
1016/j.​pain.​2008.​12.​027

	14.	 Nasri-Heir C, Khan J, Benoliel R et al (2015) Altered pain modulation 
in patients with persistent postendodontic pain. Pain 156:2032–2041. 
https://​doi.​org/​10.​1097/j.​pain.​00000​00000​000265

	15.	 Baad-Hansen L, List T, Kaube H et al (2006) Blink reflexes in patients 
with atypical odontalgia and matched healthy controls. Exp Brain Res 
172:498–506. https://​doi.​org/​10.​1007/​s00221-​006-​0358-1

	16.	 Kothari SF, Baad-Hansen L, Oono Y, Svensson P (2015) Somatosensory 
assessment and conditioned pain modulation in temporomandibular 
disorders pain patients. Pain 156:2545–2555. https://​doi.​org/​10.​1097/j.​
pain.​00000​00000​000325

	17.	 Garrett PH, Sarlani E, Grace EG, Greenspan JD (2013) Chronic temporo‑
mandibular disorders are not necessarily associated with a compromised 
endogenous analgesic system. J Orofac Pain 27:142–150. https://​doi.​org/​
10.​11607/​jop.​943

	18.	 Maixner W, Fillingim R, Sigurdsson A et al (1998) Sensitivity of patients 
with painful temporomandibular disorders to experimentally evoked 
pain: evidence for altered temporal summation of pain. Pain 76:71–81. 
https://​doi.​org/​10.​1016/​s0304-​3959(98)​00028-1

	19.	 Raphael KG, Janal MN, Anathan S et al (2009) Temporal summation 
of heat pain in temporomandibular disorder patients. J Orofac Pain 
23:54–64

	20.	 Greenspan JD, Slade GD, Bair E et al (2011) Pain sensitivity risk factors 
for chronic TMD: descriptive data and empirically identified domains 
from the OPPERA case control study. J Pain 12:T61-74. https://​doi.​org/​10.​
1016/j.​jpain.​2011.​08.​006

	21.	 Ribeiro-Dasilva MC, Goodin BR, Fillingim RB (2012) Differences in suprath‑
reshold heat pain responses and self-reported sleep quality between 
patients with temporomandibular joint disorder and healthy controls. Eur 
J Pain Lond Engl 16:983–993. https://​doi.​org/​10.​1002/j.​1532-​2149.​2011.​
00108.x

	22.	 Sato H, Saisu H, Muraoka W et al (2012) Lack of temporal summation but 
distinct aftersensations to thermal stimulation in patients with combined 
tension-type headache and myofascial temporomandibular disorder. J 
Orofac Pain 26:288–295

	23.	 Pfau DB, Rolke R, Nickel R et al (2009) Somatosensory profiles in sub‑
groups of patients with myogenic temporomandibular disorders and 
Fibromyalgia Syndrome. Pain 147:72–83. https://​doi.​org/​10.​1016/j.​pain.​
2009.​08.​010

	24.	 Staud R, Weyl EE, Price DD, Robinson ME (2012) Mechanical and heat 
hyperalgesia highly predict clinical pain intensity in patients with chronic 
musculoskeletal pain syndromes. J Pain 13:725–735. https://​doi.​org/​10.​
1016/j.​jpain.​2012.​04.​006

	25.	 Coombes BK, Bisset L, Vicenzino B (2012) Thermal hyperalgesia distin‑
guishes those with severe pain and disability in unilateral lateral epicon‑
dylalgia. Clin J Pain 28:595–601. https://​doi.​org/​10.​1097/​AJP.​0b013​e3182​
3dd333

	26.	 Latremoliere A, Woolf CJ (2009) Central sensitization: a generator of pain 
hypersensitivity by central neural plasticity. J Pain 10:895–926. https://​doi.​
org/​10.​1016/j.​jpain.​2009.​06.​012

	27.	 Honda M, Iida T, Kamiyama H et al (2019) Mechanical sensitivity and 
psychological factors in patients with burning mouth syndrome. Clin Oral 
Investig 23:757–762. https://​doi.​org/​10.​1007/​s00784-​018-​2488-9

	28.	 Yang G, Su S, Jie H et al (2019) Somatosensory Profiling of Patients with 
Burning Mouth Syndrome and Correlations with Psychologic Factors J 
Oral Facial. Pain Headache 33:278–286. https://​doi.​org/​10.​11607/​ofph.​
2358

	29.	 Hackett J, Naugle KE, Naugle KM (2020) The Decline of Endogenous Pain 
Modulation With Aging: A Meta-Analysis of Temporal Summation and 
Conditioned Pain Modulation. J Pain 21:514–528. https://​doi.​org/​10.​
1016/j.​jpain.​2019.​09.​005

	30.	 Levy D, Abdian L, Dekel-Steinkeller M, Defrin R (2018) Experimental 
evidence for weaker endogenous inhibition of trigeminal pain than 
extra-trigeminal pain in healthy individuals. Cephalalgia Int J Headache 
38:1307–1315. https://​doi.​org/​10.​1177/​03331​02417​735851

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jpain.2009.10.009
https://doi.org/10.1097/j.pain.0000000000001263
https://doi.org/10.1097/j.pain.0000000000001263
https://doi.org/10.1016/s0165-0173(02)00186-8
https://doi.org/10.1016/s0165-0173(02)00186-8
https://doi.org/10.1097/ACO.0b013e32833c348b
https://doi.org/10.1097/ACO.0b013e32833c348b
https://doi.org/10.1111/odi.13486
https://doi.org/10.1177/0333102417727545
https://doi.org/10.1016/j.ejpain.2009.12.004
https://doi.org/10.1016/j.pain.2008.12.027
https://doi.org/10.1016/j.pain.2008.12.027
https://doi.org/10.1097/j.pain.0000000000000265
https://doi.org/10.1007/s00221-006-0358-1
https://doi.org/10.1097/j.pain.0000000000000325
https://doi.org/10.1097/j.pain.0000000000000325
https://doi.org/10.11607/jop.943
https://doi.org/10.11607/jop.943
https://doi.org/10.1016/s0304-3959(98)00028-1
https://doi.org/10.1016/j.jpain.2011.08.006
https://doi.org/10.1016/j.jpain.2011.08.006
https://doi.org/10.1002/j.1532-2149.2011.00108.x
https://doi.org/10.1002/j.1532-2149.2011.00108.x
https://doi.org/10.1016/j.pain.2009.08.010
https://doi.org/10.1016/j.pain.2009.08.010
https://doi.org/10.1016/j.jpain.2012.04.006
https://doi.org/10.1016/j.jpain.2012.04.006
https://doi.org/10.1097/AJP.0b013e31823dd333
https://doi.org/10.1097/AJP.0b013e31823dd333
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1007/s00784-018-2488-9
https://doi.org/10.11607/ofph.2358
https://doi.org/10.11607/ofph.2358
https://doi.org/10.1016/j.jpain.2019.09.005
https://doi.org/10.1016/j.jpain.2019.09.005
https://doi.org/10.1177/0333102417735851

	Enhanced pain facilitation rather than impaired pain inhibition in burning mouth syndrome female patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Key findings
	Background
	Methods
	Study design
	Participants
	Inclusion criteria
	Exclusion criteria

	Questionnaires
	Pain intensity ratings
	Pain threshold measurements
	Conditioned pain modulation measurements
	Statistical analysis

	Results
	Study population
	Temporal summation of pain
	Conditioned pain modulation

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


