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Proinflammatory cytokine levels in saliva in patients
with burning mouth syndrome before and after treatment
with low-level laser therapy
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Abstract The aim of this study was to determine the levels
of proinflammatory tumor necrosis factor-alpha (TNF-α)
and interleukin-6 (IL-6) cytokines in whole unstimulated
saliva in subjects with burning mouth syndrome (BMS)
before and after treatment with low-level laser therapy
(LLLT). BMS is characterized by a continuous, painful
burning sensation in a clinically normal-appearing oral mu-
cosa. A sample consisting of 40 consecutive subjects was
selected on a voluntary basis from the pool of patients who
presented for diagnosis and treatment of BMS at the Oral
Medicine Unit of the Faculty of Medicine of the University
of Rijeka. For determination of salivary levels of TNF-α
and IL-6, ELISA (Sigma Immunochemicals, St. Louis, MO,
USA) was performed to determine the salivary levels of
TNF-α and IL-6. After 4 weeks of LLLT, the salivary levels

of TNF-α and IL-6 in the experimental group decreased
significantly (p<0.001). There was no significant difference
in the experimental group regarding visual analogue scale.
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Introduction

Burning mouth syndrome (BMS) is reported by individuals
as a sensation of pain and burning in the oral mucosa, most
frequently affecting the tongue but also occurring in other
regions of the mouth such as the lips, buccal mucosa, and
floor of the mouth. The intensity of this sensation ranges
from mild to severe. Patients with BMS frequently have
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other complaints, amongst which xerostomia and loss or
altered sense of taste are most frequently mentioned [1, 2].
BMS often occurs within a range of medical and dental
conditions, from nutritional deficiencies and menopause to
dry mouth and allergies. But, their interrelationship is still
unclear, and the exact cause of burning mouth syndrome
cannot always be identified with certainty.

BMS appears to be more prevalent in middle-aged and
older women (mean age, 50–60 years), with a female-to-
male ratio varying from 3:1 to 16:1 [3]. Its pathogenic
mechanisms and etiological factors are largely unknown.
Some researchers have suggested that the disorder may be
a manifestation of somatization, while others have reported
it to be more closely related to neuropathic pain than to
somatoform chronic pain syndromes [4, 5]. The majority of
studies have revealed a variety of psychosocial features and
personality disorders in BMS patients, such as alexithymic
traits, cancerophobia, somatization, obsession–compulsion,
personal sensitivity, hostility, psychoticism, and social iso-
lation, as well as significantly higher adverse early life
experiences and a higher mean score for anxiety and depres-
sion, compared with appropriate controls. However, as with
other chronic pain syndromes, these findings do not distin-
guish between cause and effect.

The treatment of burning mouth syndrome is usually
directed at its symptoms. Studies generally support the use
of low doses of clonazepam [6], chlordiazepoxide [7], and
tricyclic antidepressants [8]. A potential noninvasive treat-
ment for BMS patients is low-level laser therapy (LLLT). In
recent studies, many authors have reported significant pain
reduction with LLLT in painful stomatitis [9] and severe
pain in patients submitted to hematopoietic stem cell trans-
plantation [10]. In our previous investigation, we found that
interleukin-6 (IL-6) levels in saliva in patients with BMS
were significantly increased compared with healthy subjects
[11]. This supports the assumption that IL-6 is an objective
marker for diagnostics and the detection of painful condition
BMS. Tumor necrosis factor-alpha (TNF-α) is a soluble
mediator and is released from immunocompetent cells in
inflammatory processes. The biological effects of TNF-α
include the activation of leukocytes such as lymphocytes (T
and B cells), macrophages, and natural killer cells; fever
induction; acute-phase protein release; cytokine and chemo-
kine gene expression; and endothelial cell activation [12].

The aim of this study was to investigate TNF-α and IL-6
levels in whole unstimulated saliva of patients with BMS
before and after LLLT.

Materials and methods

The study involved 40 patients with diagnosed BMS in the
tongue, who were examined at the Oral Medicine Unit of the

Faculty of Medicine of the University of Rijeka. Each
subject completed a questionnaire for demographic and
health information. The criteria for inclusion in the case
group were diagnosis of BMS and the absence of any
systemic diseases or local oral factors that might be involved
in burning mouth sensation. All subjects were informed of
the aims and procedures of research, as well as of the fact
that their medical data would be used in research. Within the
research they were guaranteed respect of their basic ethical
and bioethical principles—personal integrity (independence,
righteousness, well-being, and safety) as regulated by the
Nűrnberg codex and the most recent version of the Helsinki
declaration. Only those subjects who gave written permis-
sion in the form of informed consent were included.

The individuals underwent complementary examinations
(complete blood count, blood glucose level, and estrogen
level), and only those with normal values took part in the
study. Clinical examination was performed according to the
standard clinical criteria. Each patient was evaluated accord-
ing to subjective pain reporting: 0–10 visual analogue scale
(VAS: 0, no pain; 10, pain as bad as could be) [13]. After
initial evaluation and diagnosis, the patients were divided in
two groups:

Group 1 20 patients receiving real LLLT (experimental
group)

Group 2 20 patients receiving inactive/placebo laser (con-
trol group)

After informed consent had been obtained and medical,
dental, and social histories collected, salivary flow rates
were determined for each participant. Samples were
obtained by asking the subjects to swallow first, tilt their
head forward, and expectorate all saliva into 50-ml tubes for
5 min without swallowing. The final volume and flow rate
of saliva were determined gravimetrically (Analytical Bal-
ance, Model WTS-6001, Sartorius Corp., Long Island, NY,
USA) [14].

Afterwards, the saliva specimens were stored at −80 °C
until the beginning of analysis. For determination of salivary
levels of TNF-α, ELISA (Sigma Immunochemicals, St.
Louis, MO, USA) was performed to determine the salivary
levels of TNF-α. The assay was performed according to the
manufacturer's instructions, and the results were expressed
in picograms per milliliter.

The BMS patients were then treated with LLLT. Twenty
subjects in the experimental group were treated 5 days in a
week for four consecutive weeks with a 685-nm gallium–
aluminum–arsenic diode laser (Medio LASER Combi Den-
tal, Iskra Medical, Ljubljana, Slovenia). Twenty patients in
the control group with BMS were treated with inactive
(placebo) laser.

The output power of the laser was measured for 7 min
and found to be practically constant. The laser output power
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was controlled weekly using analogue power meters provid-
ed by the manufacturer. The laser light was delivered
through an optical fiber (flexible fiber bundle with a 2-mm
circular opening), and the output power was measured at the
fiber opening. The laser treatment was performed by hold-
ing the laser probe in light contact with the tissue. During
each session, the laser treatment was delivered to the tissue
by a straight optical fiber with a 2-mm spot size. The
treatment areas, each one being a 1-cm2 surface, included
tongue mucosa. The laser was applied on the tongue mucosa
for 10 min (685 nm, continuous wave, 30 mWoutput power,
3.0 J/cm2). The treatment time (t) for each application point
was calculated using the following equation: t (in seconds)0
3.0 J/cm2×1 cm2/0.03 (W). The laser treatment was per-
formed in a punctual mode for 100 s per point. The average
energy density delivered to the treatment areas was 3.0 J/
cm2. The effect of the laser light was evaluated after the final
treatment. For the placebo group, the laser device was
adjusted for the same time and applied to the same points,
but without power.

Statistical analysis

Statistical analysis of data was performed by using Sta-
tistica for Windows, version 8.1 (StatSoft, Inc., Tulsa,
OK, USA). The patients' age in both groups was pre-
sented as mean±standard deviation (SD). One-way anal-
ysis of variance (ANOVA) was used to test the
differences in age. Depending on the normality of distri-
bution, data on TNF-α and IL-6 were presented as mean
±standard deviation, and VAS as median and interquartile
range. The results of TNF-α and IL-6 were compared
using repeated measures ANOVA. The results of VAS
were compared by Wilcoxon test. All statistical values
were considered significant at the p level of 0.05.

Results

The sample included 40 patients, whose demographic char-
acteristic are shown in Table 1. The levels of TNF-α and IL-
6 were measured in whole saliva samples using ELISA. In
the experimental group, levels of TNF-α measured before
LLLT were significantly greater than TNF-α levels follow-
ing therapy (p<0.001). Levels of IL-6 before LLLT were
also significantly greater than after LLLT (p<0.001). In the
control group, no significant difference was found in the
levels of TNF-α and IL-6 before and after the application of
LLLT (all p values >0.05) (Tables 2 and 3).

There were no statistically significant differences regard-
ing VAS before and after the application of the LLLT in the
experimental group (p00.748) (Table 4).

Discussion

The present study was designed to test the application of
LLLT as an alternative means for the treatment of BMS
through the evaluation of the TNF-α and IL-6 levels in
samples of whole saliva. The results demonstrated a statis-
tically significant reduction in the salivary levels of proin-
flammatory cytokines, both TNF-α and IL-6 in patients with
BMS following treatment with LLLT for the duration of
4 weeks. The treatment of burning mouth syndrome is
usually directed at its symptoms and is the same as the
medical management of other neuropathic pain conditions.
Antidepressants, such as trazodone, did not effectively re-
lieve BMS-associated symptoms, as studied by Tammialia-
Salonen et al. [15]. Recently, topical benzydamine hydro-
chloride rinse was not shown to be effective in managing the
pain of BMS patients [16].

In contrast, patients who received systemic capsaicin did
report a decrease in pain symptoms. However, as reported
by Petruzzi et al. [17], side effects, such as gastric pain, were

Table 1 Demographic data

Group Age (year) Gender

Male Female
Mean±SD N N

Experimental 60.2±6.3 5 15

Control 61.1±2.2 8 12

Statistic p00.550 p00.311

Table 2 Detected values of TNF-α before and after LLLT

TNF-α (pg/ml) Before After Statistic p

Experimental group 0.437±0.124 0.234±0.060 <0.001

Control group 0.303±0.090 0.271±0.167 0.359

Statistic p <0.001 0.258

Table 3 Detected values of IL-6 before and after LLLT

IL-6 (pg/ml) Before After Statistic p

Experimental group 0.401±0.151 0.141±0.037 <0.001

Control group 0.193±0.101 0.166±0.098 0.298

Statistic p <0.001 0.196

Table 4 VAS before
and after LLLT VAS Statistic p

Before After

7 (5–8) 6 (5–8) 0.748
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also experienced, thus questioning the potential benefit of
this treatment. Capsaicin may not be palatable or useful in
many patients [18].

LLLT is reported to improve peripheral circulation, oxy-
genate hypoxic cells, and help remove noxious products
[19], and has been successfully applied to various painful
oral mucosal diseases [20]. According to some authors, laser
is a treatment modality that is becoming widely known.
There are also reports on the effect of LLLT in the inhibition
of inflammatory mediator secretion, such as prostaglandin
E2 and interleukin 1-β [21]. LLLT also appears to have
virustatic and bacteriostatic effects [22].

While many authors have presented opposing results of
laser effectiveness in the treatment of pain or inflammation,
majority of the studies (about 85 %) demonstrated that the
reduction of pain is effective (13). The physiological mech-
anisms underlying the significant decrease in pain after
LLLT are unknown. Some possible mechanisms associated
with LLLT include changes on the cellular level with in-
creased ATP production by the mitochondria, increased
serotonin, endorphins, decreased inflammation, and im-
proved local blood circulation [22]. Scientific evidence
shows that BMS is related to the salivary levels of proin-
flammatory cytokines, so these cytokines may be used as
biological indicators of disease [11]. In our previous study,
we examined the therapeutic response to LLLT in patients
with denture stomatitis, and we found that LLLT may be an
efficacious choice of therapy [23]. In this study, active LLLT
improved the salivary levels of proinflammatory cytokines
in comparison with the control group. This evaluation of
burning mouth syndrome is subjective and not totally con-
trolled in clinical research areas. Our results show that there
was some improvement considering VAS, but it was not
statistically significant. VAS is a tool widely used to mea-
sure subjective experience and pain. It has been established
as valid and reliable in a range of clinical and research
applications, although there is also evidence of decreased
sensitivity when used in some groups of patients [24].

The results of the present study provide evidence that the
reduction of the salivary TNF-α and IL-6 after LLLT corre-
sponds to the clinical improvement. Knowledge regarding
the role of cytokines in the outcome of BMS may provide
the basis for future therapeutic interventions.
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