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Abstract

Background Burning mouth syndrome (BMS) is a complex chronic pain disorder that significantly impairs patients’
quality of life. Low-level laser therapy (LLLT) uses infrared or near-infrared light to produce analgesic, anti-inflamma-
tory, and biological stimulation effects. The aim of this systematic review is to evaluate the effect of LLLT on burning
pain, quality of life, and negative emotions in patients with BMS.

Methods The PubMed, Embase, Cumulative Index of Nursing and Allied Health Literature (CINAHL), Cochrane Library,
Web of Science, and Scopus databases were searched up January 2023 to identify relevant articles. All randomized
controlled trials that were published in English and examined the use of LLLT treatment for BMS were included. The
methodological quality of the included trials was assessed using the Cochrane risk of bias tool for randomized con-
trolled trials (RCTs). A meta-analysis was performed to evaluate burning pain, quality of life, and negative emotions.
Sensitivity, subgroup, and funnel plot analyses were also carried out.

Results Fourteen RCTs involving a total of 550 patients with BMS met the inclusion criteria. The results showed
that LLLT (measured by the Visual Analog Scale; SMD: -0.87, 95% Cl: -1.29 to -0.45, P<0.001) was more effective

for reducing burning pain than placebo LLLT or clonazepam. LLLT improved quality of life (evaluated by the Oral
Health Impact Profile-14; SMD: 0.01, 95% Cl: -0.58 to 0.60, P=0.97) and negative emotions (evaluated by the Hospi-
tal Anxiety and Depression Scale; SMD: -0.12, 95% Cl: -0.54 to 0.30, P=0.59), but these effects were not statistically
significant.

Conclusions The meta-analysis revealed that LLLT may be an effective therapy for improving burning pain in patients
with BMS, and producing a positive influence on quality of life and negative emotions. A long-term course of inter-
vention, a larger sample size, and a multidisciplinary intervention design are urgently needed in future research.

Trial registration PROSPERO registration number: CRD42022308770.
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Introduction

Burning mouth syndrome (BMS) is a complex chronic
pain disorder that is often characterized by spontaneous,
persistent, or recurrent burning pain or paraesthesia in
the oral mucosa, with a prevalence ranging from 0.01%
to 40% [1]. BMS is also regarded as a form of neuropathic
pain. Evidence has suggested that neuroinflammation is
involved in BMS and that proinflammatory cytokines and
biomarkers, such as interleukin 6 (IL-6), tumor necrosis
factor alpha (TNF-«), immunoglobulin A (IgA), and sali-
vary cortisol, affect the nervous system, thus inducing the
development of neuropathic pain and hyperalgesia [2—4].
This spontaneous, persistent, or recurrent burning pain
causes an unpleasant sensory and emotional experience
that tends to be positively correlated with the severity of
BMS and significantly affects quality of life [5, 6]. Nota-
bly, this pain has been associated with an increased risk
of suicide mortality, and studies have reported that BMS
patients may have thoughts of and engage in behaviors
related to suicide; therefore, BMS places a socioeconomic
and medical burden on patients and health care systems
(7, 8].

Current evidence supports the use of some BMS
interventions, including pharmacological management
(clonazepam) [9, 10], nonpharmacological management
(low-level laser therapy (LLLT) [11, 12], and psychologi-
cal interventions (cognitive behavioral therapy) [13, 14].
Of note, pharmacological management still exhibits large
individual differences and may need long-term adminis-
tration [9]. Additionally, the side effects of pharmacologi-
cal management need to be carefully considered, such as
nausea, vomiting, dizziness, and drowsiness [15], which
limit patient adherence to the currently available phar-
macotherapies. Cognitive behavioral therapy is also rec-
ommended for treatment-resistant BMS since BMS likely
has a psychological origin [13]. However, dentists with-
out a background in psychology cannot easily administer
the intervention due to the high technical sensitivity [16].
Patients would like to consider treatment approaches that
have low costs, few side effects and high executability, but
there is no consensus regarding the optimal approach.

Noninvasive physical modalities (including LLLT)
have been regarded as an important innovation in pain
management (including among BMS patients) in recent
years and are widely used in clinical settings, such as pos-
therpetic neuralgia [17], oral mucositis [18], oral lichen
planus [19] and neuropathic orofacial pain [20]. LLLT is
also known as photobiomodulation therapy (PBMT) and

uses infrared or near-infrared light to produce analgesic,
anti-inflammatory, and biological stimulation effects;
LLLT is recommended as a complementary treatment
option when pharmacotherapy alone is not sufficient
[21]. Recent findings on the effects LLLT on pain relief
among patients with BMS remain controversial due to
different intervention protocols and parameters [22, 23];
therefore, a systematic quantitative analysis is necessary.
Some studies have shown that longer wavelengths and
higher irradiance could reduce symptoms in patients
with BMS and have sustained and lasting effects [11,
12, 24, 25], while other studies have demonstrated that
shorter wavelengths and lower irradiance could also
reduce burning symptoms [23, 26, 27]. The main purpose
of this meta-analysis was to systematically and quantita-
tively review the effects of LLLT on burning pain, quality
of life, and negative emotions in patients with BMS. The
relationship between intervention protocols and param-
eters and the efficacy of LLLT was also analyzed.

Materials and methods

Protocol and registration

This meta-analysis was prospectively registered in the
PROSPERO database (https://www.crd.york.ac.uk/PROSP
ERO) with registration number CRD 42022308770. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed to
conduct this systematic review [28].

Literature search and selection criteria

The following electronic databases were searched for
studies published up to January 2023: PubMed, Embase,
Cumulative Index of Nursing and Allied Health Litera-
ture (CINAHL), the Cochrane Library, Web of Science,
and Scopus. The keywords used to identify LLLT were
"low-level laser therapy’ and 'LLLT; while the keywords
used to identify BMS were ’burning mouth syndrome’
and 'BMS ' The reference lists of the included articles
were also searched to identify additional studies. A com-
prehensive search strategy (Additional file 1) was devel-
oped to search for studies that evaluated the use of LLLT
for the treatment of BMS.

Studies were considered eligible if they met the pre-
specified study criteria and investigated the effectiveness
of LLLT for the treatment of BMS, irrespective of sex,
age, and country (Table 1).
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Parameter Inclusion criteria

Exclusion criteria

Population

for more than 3 months

Intervention

Comparator No treatment or other treatments

Outcomes Primary outcome:

Patients with a diagnosis of BMS according to the International Clas-
sification of Headache Disorders-3 (ICHD-3) [29]: patients presenting
symptoms of oral burning or pain lasting more than 2 h per day

LLLT (600-1100 nm) was delivered directly to the site of pain;
no limitations were placed on exposure duration or distance

Any local or systemic factors that could produce the symptoms
of oral burning pain, such as oral infections, oral lichen planus,
or oral candidiasis

1) Burning pain, measured using the Visual Analog Scale (VAS)

Secondary outcomes:

1) Oral health-related quality of life, assessed by the Oral Health

Impact Profile-14 (OHIP-14);

2) Negative emotions, measured using the Hospital Anxiety

and Depression Scale (HADS);
3) Other relevant outcomes and serious adverse events

1) Randomized controlled trials;
2) Published in English

Study design

1) Observational studies;
2) Non-randomized controlled trials;
3) Other types of studies

Data extraction and quality assessment

Full-text articles that were deemed eligible or potentially
eligible for inclusion were retrieved and independently
screened by three reviewers (LCH, YCL, and LX). Disa-
greements were resolved via consensus. LCH indepen-
dently extracted data using a standardized data extraction
form, which was double-checked by DGH. The following
data were extracted: study design, inclusion criteria, par-
ticipant demographics (age, sex, number of participants
(% women), and underlying conditions), disease charac-
teristics (number of burning sites), intervention details
(wavelength, source, intensity, duration of light, the dis-
tance of light exposure from the oral mucosa, exposure
dose, and any other adjunctive or subsequent interven-
tions), comparison details and outcome data (burning
pain and quality of life). Furthermore, the original inves-
tigators were contacted to provide detailed information
regarding any unreported data.

Three independent raters (LCH, YCL, and LX) assessed
the methodological quality of the studies using the
Cochrane Risk of Bias (RoB) tool for RCTs [30], and any
disagreement was resolved through discussion or by con-
sulting another reviewer (DGH). There are five domains
assessed by the RoB 2.0: the randomization process, devi-
ations from the intended intervention, missing outcome
data, measurement of the outcome, and selection of the
reported outcomes. For missing outcome data in indi-
vidual studies, we defined a low risk of bias as a loss to
follow-up less than 10% and a difference of less than 5%
in missing data between intervention and control groups.
Funnel plots were constructed to assess publication bias
[31]. In addition, we assessed the quality of the evidence
using the Grading of Recommendations, Assessment,

Development, and Evaluation (GRADE) criteria [32] cat-
egorized the quality into one of four levels (high, moder-
ate, low, or very low). Additional file 2 shows the GRADE
assessments.

Statistical analysis and data synthesis

All analyses were performed using RevMan (version
5.4.1) or Stata (version 16.0). The median, interquar-
tile range, and sample size in each trial were acquired to
estimate the mean and standard deviation (SD) for each
study, and simple and basic inequalities and approxima-
tions were used as necessary [33]. Data, such as the mean
differences in burning pain, quality of life, and anxiety
before and after interventions, were converted to the
mean + SD [34]. The results are presented as the weighted
mean difference (WMD) or standardized mean differ-
ence (SMD). Ninety-five percent confidence intervals
(Cls) were used to evaluate the effect size for each study.
The I statistic was used to assess heterogeneity between
studies. Data were combined by a fixed effect model
when 2 <50%. Otherwise, a random effects model was
used. P values of less than 25% indicated low heterogene-
ity, value from 26-50% indicated moderate heterogeneity,
and values greater than 50% indicated high heterogene-
ity [35]. Furthermore, given the high degree of hetero-
geneity of the true differences in the effect sizes, we ran
a meta-regression to regress the burning pain upon risk
of bias (high, low, unclear risk of bias), publication year
(<5 years,>or=5 years), laser wavelength (>780 nm,
600-700 nm), irradiance (>50 mW/cm? <or=50 mW/
cm?), intervention duration (<or=4 weeks interven-
tion,>4 weeks intervention), and intervention fre-
quency (<or=2 times intervention per week,>2 times
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intervention per week). Subgroup analysis or sensitivity
analysis were performed to determine the sources of het-
erogeneity. Differences were deemed significant if the P
value was < 0.05 between the two groups.

Results

Study identification and selection

After carefully reviewing 254 references and 222 full-text
articles from six databases, we ultimately included four-
teen studies that met the inclusion criteria, involving 550
patients with valid outcome data. Fourteen articles exam-
ined the effect of LLLT on BMS. Nine of these studies
were included in the quantitative analysis, with 229 BMS
patients and 215 control patients. Figure 1 illustrates the
PRISMA flowchart.

Description of the included studies

The demographic and baseline characteristics of the
included trials and their participants are summarized in
Table 2. The included studies were published between
2010 and 2021, with an overall dropout rate of 2.18%
(n=12). Of the 550 participants, 87.10% (n=479) were
women, with a male-to-female ratio of approximately 7 to
1. The mean age of the participants was 61.12 + 8.99 years,
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with a mean disease duration of 23.86+18.05 months
(range: 2 to 192 months). The tongue accounted for up to
80% of affected sites, followed by the gums, lips, and hard
palate.

The detailed LLLT methods and control protocols
are summarized in Table 3. Nine of the fifteen studies
employed GaAlAs lasers [22-26, 36—39], while the oth-
ers used Nd:YAG lasers [12], K-laser Cube 3 [40], Bio-
Lase Epicl0 [41], Fox diode laser [11], and class 3B visible
low-level laser [27]. Of the included studies, the param-
eters of LLLT application were heterogeneous, including
laser wavelength (range: 630 to 1064 nm), power (range:
30 mW to 4 W), and irradiance (range: 0.003 to 4 W/
cm?). The wavelength used in nine of the fifteen stud-
ies was>780 nm [12, 20, 22, 24, 25, 37-39, 41], and four
studies used wavelength of 600-700 nm [23, 26, 27, 36].
Bardellini et al. [40] used a continuous spectral range
(660-970 nm). The control group mostly received pla-
cebo LLLT (sham/inactive laser) [12, 20, 23-26, 36—41];
ALA [27] and clonazepam [22] were administered in
some studies. A total of seven trials reported follow-up
data: six of these studies had follow-up durations between
one and four months [20, 37—41], and one study reported
a follow-up of 12 months [22]. The mean total treatment

[ Identification of studies via databases or registers J
)
= Records identified from:
o Total (n=254)
® PubMed (n=34)
b EMBASE (n=29)
c Cochrane Library (n=53)
g Web of Science (n=24)
= CINAHL (Ebsco) (n=79)
— Scopus (n=35)
»| Duplicate records removed (n=47)
h 4
2
§ Records sereened {(i=207) Records excluded after reading titles
5 and abstracts (n=193)
2] Irrelevant (n=152)
Other language (n=3)
— Letters, meeting abstracts, reviews
A4 (n=27)
Studies included in systematic ES"ITSX-[ S?Z\sl)ailable (n=6)
review (n=14)
B No outcomes of interest, such as no
2 »| complete pre- and post-treatment
‘_é VAS or OHIP-14 data (n=5)
Studies included in quantitative
synthesis (meta-analysis) (n=9)
—/

Fig. 1 PRISMA flowchart of the studies included in this review
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duration of the fifteen trials was 4.64+2.79 weeks
(median: 4 weeks; range: 2 to 10 weeks), and the mean
follow-up period for seven trials was 16.80 + 18.80 weeks
(median: 8 weeks; range: 4 weeks to 12 months).

Quality assessment

According to the Cochrane Risk of Bias tool, two RCTs
had a low risk of bias [20, 38], seven RCTs had an unclear
risk of bias [12, 23-26, 39, 41] and five RCTs had a high
risk of bias [22, 27, 36, 37, 40]. Only two of the fourteen
trials reported the clinical identifier and were considered
rigorous RCTs [20, 38]. Four studies detailed the random
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assignment method and were double-blinded [23, 39—
41]. Three studies were single-blinded [20, 24, 25]. Three
studies used randomization but did not describe the ran-
domization method in detail [26, 27, 36]. Details of the
risk of bias assessments are given in Figs. 2, 3.

Outcome measurements

Primary outcome (burning pain)

Changes in burning pain (measured by Visual Analogue
Scale) occurred in eight RCTs [12, 20, 22-26, 37] involv-
ing 354 participants (SMD: -0.87, 95% CI: -1.29 to -0.45,
P<0.001; P=71%). After analyzing the effects of LLLT on
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burning pain intensity, the pooled analysis showed that
LLLT was significantly more effective than sham LLLT
in reducing pain intensity (SMD: -0.92, 95% CI: -1.38 to
-0.46, P<0.001; P=73%) and slightly more effective than
clonazepam (SMD: -0.47, 95% CI: -1.17 to 0.23, P=0.19),
with high heterogeneity (Fig. 4). Subgroup analysis was
used to verify whether different factors would affect the
changes in burning pain intensity. The results showed
that LLLT reduced burning pain intensity when the
intervention duration was>4 weeks (SMD: -1.12, 95%
CIL -1.58 to -0.66, P<0.001; I’=47%; Fig. 5) and when
the intervention frequency was<or=2 times per week
(SMD: -1.22, 95% CI: -1.59 to -0.85, P<0.001; F=19%;
Fig. 6). This finding indicated that an intervention lasting
at least four weeks and performed once or twice per week
was an effective treatment option. However, efficacy
did not significantly differ by wavelength and irradiance
(Figs. 7, 8). According to the results of the subgroup anal-
ysis, LLLT was more effective than the sham interven-
tion, as indicated by changes in burning pain intensity.
The meta-regression analysis showed only intervention
frequency (regression coefficient: 1.263, 95% CI: 0.356 to
2.170, P=0.006) was an influencing factor of the effect
of LLLT on burning pain, while the risk of bias, publica-
tion year, laser wavelength, irradiance, and intervention
duration showed no significant impact on it (Additional
file 3).
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Secondary outcomes (quality of life)

Changes in quality of life (measured by Oral Health
Impact Profile-14) occurred in seven RCTs [20, 22, 24—
26, 37, 40] involving 379 participants. Data evaluating the
differences from baseline to final treatment evaluation
for each study were extracted, and the pooled analysis
revealed a statistically significant intergroup difference,
along with a substantially high level of heterogeneity
among the included studies. Additionally, no significant
difference was observed when we performed a subgroup
analysis for different interventions (SMD: 0.01, 95%Cl:
-0.58 to 0.60, P=0.97; P=87%; Fig. 9).

Secondary outcomes (negative emotions)

Negative emotions were reported in four RCTs; the
HADS was used to measure anxiety and depression [22,
25, 39], the GDS was used to measure [22], and the SCL-
90R was used to measure anxiety and depression [20]).
Data extracted from a total of 89 patients were pooled to
analyze the difference between baseline and final treat-
ment evaluation for each study. The data favored the
LLLT group, but no statistically significant intergroup
differences were found among the pooled data (SMD:
-0.12, 95% CI: -0.54 to 0.30, P=0.59; I’=0%; Fig. 10),
and there was a substantially low level of heterogeneity
among the included studies.

Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

IV, Random, 95% CI

LLLT Control

Study or Subgroup Mean SD Total Mean SD Total Weight
LLLT vs Sham/nactive/Placebo LLLT

Arbabi-Kalati 2015 -44 272 10  -0.2 161 10 T.0%
de Pedro 2020 -34 302 10 05 213 10 T.5%
Sikora 2018 -1.46 232 22 -242 292 22 104%
Skrinjar 2020 118 298 12 -0.86 369 11 8.8%
Spanemberg 2015(a) -5.4 236 20 -1.89 1.77 19 9.3%
Spanemberg 2015¢k) -48 211 20 -1.89 1.77 19 9.5%
Spanemberg 2015(c) -358 249 19 -1.89 1.77 19 9.9%
Sun 2021 -2.36 1.45 21 -0.41 1.42 21 9.8%
Yalenzuela 2016(a) -1.18 1.85 16 -018 1.25 12 9.1%
WYalenzuela 2016(h) -1.32 1.75 16 -018 1.25 12 9.1%
Subtotal (95% CI) 166 155  90.4%

Heterogeneity: Tau®= 0.39; Chi*= 32.98, df=9 (P = 0.0001); P=73%
Test for overall effect: £=3.91 (P = 0.0001)

LLLT vs Clonazepam

Arduino 2016 -2.78 418 18 -115 2. 15 9.6%
Subtotal (95% CI) 18 15 9.6%
Heterogeneity: Mot applicable

Testfor overall effect Z=1.32{P=019)

Total (95% CI) 184 170 100.0%

Heterogeneity: Tau®= 0.35; Chi®= 33.96, df=10 (P =0.0002), F=71%
Testfor overall effect: Z=4.08 (P =< 0.0001)
Testfor subaroup differences: Chif=1.12. df=1 P =029 F=106%

Fig. 4 Forest plot and meta-analysis of changes in pain intensity. Subgroup analysis with different intervention methods as moderators

-1.80 [2.87,-0.72]
-1.43[2.44,-0.42]
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LLLT Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

< or = 4 weeks intervention

Arhabi-Kalati 2015 -4.4 272 10 -0.2 161 10  7.0% -1.80 [-2.87,-0.72] -

Sikaora 2018 -1.46 2.32 22 -242 292 22 104% 0.36 [-0.24, 0.95] ™

Skrinjar 2020 -115 28 12 -0.86 3.69 11 8.8% -0.08 [0.80,0.73] -

Sun 2021 -2.36 1.45 21 -0.41 1.42 21 98% -1.33[-2.01,-0.66] -

Yalenzuela 2016(a) -1.18 1.55 16 -0.18 1.25 12 91% -0.68 [-1.45, 0.09] ™

Yalenzuela 2016(h) -1.32 1.75 16 -0.18 1.25 12 91% -0.71 [-1.49, 0.06] -

Subtotal (95% CI) 97 88 54.1% -0.66 [-1.30, -0.03] L 4

Heterogeneity: Tau®= 0.47; Chi*= 20.78, df= 5 (P = 0.0009); F=76%

Test for overall effect: Z=2.04 (P=0.04)

> 4 weeks intervention

Arduino 2016 -2.78 418 18 -1.15 2.01 15  9.6% -0.47 [1.17,0.23] -7

de Pedro 2020 -3.4 302 10 05 213 10  7.5% -1.43[-2.44,-0.42] -

Spanemberg 2015(a) -5.4 236 20 -1.89 1.77 19 9.3% -1.64 [-2.38,-0.91] -

Spanemberg 2015(h) -48 211 20 -1.89 1.77 19 95% -1.46[-2.18,-0.75] -

Spanemberg 2015(c) -3.58 2489 19 -1.89 1.77 19 9.9% -0.77 [-1.43,-0.10] -

Subtotal (95% CI) 87 82 45.9% -1.12 [-1.58, -0.66] *

Heterogeneity: Tau®=0.13; Chi*=7.60, df=4 (P=0.11), F= 47%

Test for overall effect: Z=4.76 (P =< 0.00001)

Total (95% ClI) 184 170 100.0% -0.87 [-1.29, -0.45] 2

Heterogeneity: Tau®= 0.35; Chi*= 33.96, df= 10 (P = 0.0002); F=71% —t —t

Test for overall effect: Z=4.08 (P < 0.0001)
Test for subaroun differences: Chi*=1.30.df=1 {P=0.25. F=23.2%

4 2 0 2 4
Favours [LLLT] Favours [control]

Fig.5 Forest plot and meta-analysis of changes in pain intensity. Subgroup analysis with different intervention durations as moderators

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
< or = 2 times intervention per week
Arbahi-Kalati 2015 -44 272 10  -0.2 1.61 10 7.0% -1.80 [[2.87,-0.72] -
de Pedro 2020 -3.4 302 10 048 213 10 7.5% -1.43[-2.44,-0432] —
Spanemberg 2015{a) -54 236 20 -1.89 177 19 §9.3% -1.64 [2.38,-0.91] I
Sun 2021 -2.36 145 21 -041 1.42 21 9.8% -1.33 [-2.01, -0.66] -
Yalenzuela 201 6{a) -1.18 1.55 16 -018 1.25 12 91% -0.68 [-1.45, 0.09] 7
Yalenzuela 2016ih) -1.32 1.75 16 -018 1.25 12 9.1% -0.71 [1.48, 0.06] ]
Subtotal (95% CI) 93 84 51.8% -1.22 [-1.59, -0.85] L 2
Heterogeneity: Tau®=0.04; Chi*=6.20, df=5(P=0.29);, F=19%
Test for averall effect: Z=6.48 (P = 0.00001)
> 2 times intervention per week
Arduino 2016 -2.78 4189 18 -1.15 2.1 15 9.6% -0.47 F1.17,0.23] T
Sikora 2018 -1.46 232 22 -242 292 22 104% 0.36 [-0.24, 0.95] T
Skrinjar 2020 -1.15 29 12 -0.86 3.69 11 8.8% -0.08 [-0.90,0.73] -
Spanemberg 201 45(h) -48 211 20 -1.89 1.77 19 9.5% -1.46[-2.18,-0.75] -
Spanemberg 2015{c) -3.58 249 19 -1.89 1.77 19 5.9% -0.77 [-1.43,-0.10] -
Subtotal (95% Cl) 91 86 48.2% -0.48 [-1.10, 0.15] <&
Heterogeneity: Tau®= 0.38; Chi*=16.36, df=4 (P =0.003), F= 76%
Test for overall effect. Z=1.50(P=0.13)
Total (95% CI) 184 170 100.0% -0.87 [-1.29, -0.45] 2
Heterogeneity: Tau®= 0.35; Chi*= 33.86, df= 10 (P = 0.0002); F=71% t—t +—rt

Testfor overall effect: Z= 4.08 (P = 0.0001)
Testfor subaroun differences: Chi*=4.03. df=1 (P=004). F=75.2%

4 2 0 2 4
Favours [LLLT] Favours [control]

Fig. 6 Forest plot and meta-analysis of changes in pain intensity. Subgroup analysis with different intervention frequency as moderators

Secondary outcomes (other relevant outcomes and serious
adverse events)

Salivary cortisol [23], TNF-a [27, 36], and IL-6 [36] were
measured in three RCTs; oral salivary flow rate [22, 27]

was examined in two RCTs; and the association between
xerostomia and BMS [25] was investigated in one RCT.
There were positive improvements in salivary cortisol
[23] and IL-6 measures [36]. However, there were no
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LLLT Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Wavelength > 780 nm
Arduino 2016 -2.78 419 18 -1.158 2.0 15  9.6% -0.47 [1.17,0.23] ™
de Pedro 2020 -3.4 302 10 05 213 10 7.5% -1.43[-2.44,-0.42] -
Sikora 2018 -1.46 2.32 22 -242 2892 22 104% 0.36 [-0.24, 0.95] T
Spanemberg 2015(a) -5.4 2.36 20 -1.89 177 19 9.3% -1.64 [-2.38,-0.91] -
Spanemberg 2015(h) -48 211 20 -1.89 177 19 9.5% -1.46[-2.18,-0.75] -
Sun 2021 -2.36 1.45 21 -0.41 1.42 21 9.8% -1.33 [-2.01, -0.66] -
Valenzuela 2016{a) -1.18 1.585 16 -0.18 1.25 12 91% -0.68 [-1.45, 0.09] -
Valenzuela 2016{h) -1.32 1.75 16 -0.18 1.25 12 91% -0.71 [-1.49, 0.06] ™
Subtotal (95% Cl) 143 130 74.3% -0.90[-1.41, -0.38] ¢
Heterogeneity: Tau®= 0.41; Chi*= 27.67, df=7 (P = 0.0003); F=75%
Test for overall effect: Z= 3.41 (P = 0.0008)
600 nm < Wavelength < 700 nm
Arbabi-Kalati 2015 -44 272 10 -0.2 161 10 7.0% -1.80 [[2.87,-0.72] -
Skrinjar 2020 115 28 12 -0.86 369 11 8.8% -0.08 [-0.90,0.73] T
Spanemberg 2015(c) -3.58 249 19 -1.89 1.77 19 9.9% -0.77 [-1.43,-0.10] -
Subtotal (95% Cl) M 40 25.7% -0.82 [-1.67, 0.03] ’
Heterogeneity: Tau®= 0.38; Chi*=6.20, df= 2 (P = 0.05), F= 68%
Test for overall effect: Z=1.89 (P = 0.06)
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Fig. 7 Forest plot and meta-analysis of changes in pain intensity. Subgroup analysis with different wavelengths as moderators

LLLT Control

Study or Subgrou Mean SD Total Mean

Irradiance > 50 mWicm?*

Arduino 2016 -2.78 419 18 -1.15 201 15  96%
de Pedro 2020 -3.4 302 10 05 213 10 7.5%
Sikora 2018 -1.46 232 22 -242 292 22 104%
Spanemberg 2015(a) -54 2.36 20 -1.89 177 19 9.3%
Spanemberg 2015(h) -48 211 20 -1.89 177 19 95%
Spanemberg 2015(c) -3.58 249 19 -1.89 177 19 99%
Sun 2021 -2.36 145 21 -0.41 142 21 9.8%
Yalenzuela 2016{a) -1.18 1.85 16 -0.18 1.25 12 91%
Valenzuela 2016(h) -1.32 175 16 -0.18 1.25 12 91%
Subtotal (95% CI) 162 149  84.2%
Heterogeneity: Tau®= 0.33; Chi®= 27.68, df=8 (P = 0.0008); F=71%

Test for overall effect: Z= 3.83 (P =0.0001)

Irradiance < or = 50 mW/cm*

Arbahi-Kalati 2015 -4.4 272 10 -0.2 161 10 7.0%
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Subtotal (95% CI) 22 21 15.8%
Heterogeneity: Tau®=1.23; Chi*=6.19, df=1 (P=0.01); F= 84%

Test for overall effect: Z=1.06 (P = 0.29)

Total (95% Cl) 184 170 100.0%

Heterogeneity: Tau®= 0.35; Chi®= 33.96, df=10 (P = 0.0002); F=71%
Test for overall effect: Z=4.08 (P = 0.0001)
Test for subaroun differences: Chi*= 0.00. df=1 (P =0.98). F=0%
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Fig. 8 Forest plot and meta-analysis of changes in pain intensity. Subgroup analysis with different irradiances as moderators

significant improvements in TNF-a levels [27], salivary
flow [22], and the association between xerostomia and
BMS [25]. No serious adverse effects, such as worsening
of symptoms, suicide, or death, were reported.

Sensitivity analysis and publication bias

For pain intensity, sensitivity analysis showed that
the studies by Sikora et al. [24] and Skrinjar et al. [23]
may be the main cause of heterogeneity, as the I* value
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LLLT Control Std. Mean Difference Std. Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
LLLT vs Sham/nactive/Placebo LLLT
Arbabi-Kalati 2015 -15 11.71 10 03 1.7 10 8.9% -1.25[-2.23,-0.27] -
Eardellini 2019 -9 367 45 -462 395 45 11.0% -1.14 [-1.59,-0.69] -
de Pedro 2020 -21 11.45 10 07 877 10 9.3% -0.26 [-1.14, 0.62] I
Sikora 2018 -2.727 8631 22 -1.273 5642 22 10.5% -0.20 [-0.79, 0.40] -
Spanembery 2015(a) -8.54 5.1 20 -13.39 362 19 10.2% 1.07 [0.39,1.75] -
Spanembery 20145{b) -6.89 405 20 -13.39 362 19 9.9% 1.66[0.92, 2.39] -
Spanemberg 2015(c) -9.77 492 19 -13.39 362 19 10.2% 0.82[0.16,1.49] -
Yalenzuela 2016(a) -1.38 338 16 -0.08 611 12 9.9% -0.27 [-1.02, 0.49] T
Yalenzuela 2016(h) -1.31 3] 16 -0.08 611 12 9.9% -0.20 [-0.95, 0.55] 1
Subtotal (95% CI) 178 168 89.9% 0.03 [-0.63, 0.70] S
Heterogeneity: Tau®= 0.89; Chi®=67.13, df= 8 (P = 0.00001); F= 88%
Testfor overall effect Z= 010 (P =092}
LLLT vs Clonazepam
Arduino 2016 -11.06 3539 18 -4.4 3916 15 101% -0.17 [-0.86, 0.51] T
Subtotal (95% CI) 18 15 10.1% -0.17 [-0.86, 0.51] -
Heterogeneity: Mot applicable
Testfor overall effect: Z=0.50 (P =0.62)

Total (95% CI) 196 183 100.0% 0.01[-0.58, 0.60]

Heterogeneity Tau®= 0.78; Chi*= 67.21, df= 9 (P < 0.000013; F= 87% 4 2 5 2 4
Test for overall effect Z=0.04 (P=0.97) P .

Testfor subaroun differences: Chif= 0.18. df= 1 (P = 0.67). IF= 0% Favours [LLLT] Favours [eontrol]

Fig. 9 Forest plot and meta-analysis of changes in quality of life. Subgroup analysis according to different intervention methods

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arduino 2016 -1.67 7.9 18 034 383 15 371% -0.31 [1.00, 0.38]
Yalenzuela 2016(a) 039 16 008 35 12 31.5% -0.02 [F0.77,0.73]
Valenzuela 2016(h) 013 33 16 008 35 12 31.5% 0.01 [F0.73, 0.76]
Total (95% Cl) 50 39 100.0% -0.12[-0.54, 0.30]
Heterogeneity: Chi*= 0,47, df= 2 (P = 0.78); F= 0% 3 B : ¥ :

Test for overall effect: Z=0.54 (P = 0.59) Favours [LLLT] Favours [control]

Fig. 10 Differences in HADS scores (negative emotions) following LLLT compared with other forms of interventions

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arbabi-Kalati 2015 -44 272 10 -0.2 1.61 10  56% -1.80 [-2.87,-0.72]
Arduino 2016 -2.78 419 18 -1.15 2.01 15 13.3% -0.47 [1.17,023] T
de Pedro 2020 -3.4 302 10 05 213 10  B.4% -1.43[-2.44,-0.42] -
Spanemberg 2015(a) -5.4 2.36 20 -1.89 1.77 19 11.9% -1.64 [-2.38,-0.91] -
Spanemberg 2015(h) -4.8 2.1 20 -1.89 1.77 19 126% -1.46[-2.18,-0.75] I
Spanemberg 2015(c) -3.58 249 19 -1.89 1.77 19 147% -0.77 [-1.43,-0.10] -
Sun 2021 -2.36 1.45 21 -0.41 1.42 21 141% -1.33[-2.01,-0.66] -
Yalenzuela 2016(a) -1.18 1.55 16 -0.18 1.25 12 10.8% -0.68 [-1.45, 0.09] ]
Yalenzuela 2016(h) -1.32 1.78 16 -0.18 1.25 12 107% -0.71 [-1.49, 0.06] ]
Total (95% Cl) 150 137 100.0% -1.08 [-1.34, -0.83] L 2
Heterogeneity: Chi®=11.78, df=8 (P =0.16); F= 32% *4 ‘2 } é i

Test for overall effect: Z= 8.36 (P = 0.00001) Favours [LLLT] Favours [control]

Fig. 11 Sensitivity analysis for burning pain measured by the Visual Analog Scale. Forest plot and meta-analysis of changes in pain intensity

after removing the studies of Sikora et al. and Skrinjar et al.

decreased to 32% after these studies were removed
(Fig. 11). In terms of quality of life, the studies by
Bardellini et al. [40] and Spanemberg et al. [37] may
be the main cause of heterogeneity according to the

sensitivity analysis, as the I” value decreased to 0% once
these studies were removed (Fig. 12). The funnel plot
of changes in pain intensity was symmetrical, mean-
ing that no publication bias was detected (Fig. 13). The
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LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Atbabi-Kalati 2015 15 1171 10 0.3 1171 10 96% -1.25-2.23,-0.27)
Arduino 2016 -11.06 3539 18  -4.4 3916 15 19.6% -0.17 [-0.86, 0.51] —=—
de Pedro 2020 221 1145 10 07 877 10 11.9% -0.26 [1.14, 0.62] —
Sikora 2018 22727 8631 22 -1.273 5642 22 26.3% -0.20 [-0.79, 0.40] —=—
Valenzuela 2016(z)  -1.38 338 16 -008 611 12 163% -0.27 [11.02, 0.49] —
Valenzuela 2016(h)  -1.31 6 16 -0.08 B11 12 16.4% -0.20 [-0.95, 0.55] —
Total (95% Cl) 92 81 100.0%  -0.31[-0.62,-0.01] L 4
Heterogeneity: Chi*= 3.96, df= 5 (P = 0.55); F= 0% 4 2 : 2 4

Test for overall effect: Z=2.02 (P =0.04)

Favours [LLLT] Favours [contral]

Fig. 12 Sensitivity analysis for quality of life measured by the Oral Health Impact Profile-14. Forest plot and meta-analysis of changes in quality

of life after removing the studies of Bardellini et al. and Spanemberg et al.
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Fig. 13 Funnel plot summary for outcomes before and after interventions (burning pain, measured by the Visual Analog Scale)

funnel plots for quality of life and anxiety were asym-
metrical, thus indicating a significant risk of publica-
tion bias [42] (Figs. 14, 15).

Discussion

LLLT is considered an important innovation in improv-
ing pain and therefore has great potential for thera-
peutic applications in neuropathic pain [43]. This
meta-analysis found that LLLT (SMD: -0.87, 95% CI:
-1.29 to -0.45) was more effective than sham LLLT or
clonazepam in reducing burning pain without serious
side effects. LLLT also had a positive effect on quality
of life (SMD: 0.01, 95%CI: -0.58 to 0.60) and negative

emotions (SMD: -0.12, 95% CI: -0.54 to 0.30), but these
effects were not statistically significant.

Previous studies suggested that LLLT exerts potent
anti-inflammatory effects in the peripheral nervous sys-
tem and promote functional recovery and regeneration
of peripheral nerves after injury [44]. The involvement of
peripheral nerve fiber lesions in the sensory abnormali-
ties and chronic pain mechanisms in the pathogenesis
of BMS. Approximately 20% of patients with primary
BMS developed trigeminal nerve damage involving pri-
marily the lingual nerve, mandibular nerve, or the entire
trigeminal nerve, and some studies have also found focal
peripheral small nerve fiber lesions in the oral mucosa
[45]. Lesions of small somatic nerve fibers could lead
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Fig. 15 Funnel plot summary for outcomes before and after interventions (negative emotions, measured by the Hospital Anxiety and Depression

Scale)

patients to experience burning pain, and numbness
in the oral mucosa, usually more intense in the even-
ing, while lesions of autonomic nerve fibers could make
patients experience dry mouth [46], which is consistent
with the disease characteristics of BMS (manifesting as
mild pain in the morning and severe pain at night, usually

accompanied by dry mouth symptoms). Proinflammatory
cytokines, such as interleukin 1p (IL-1p), interleukin 2
(IL-2), IL-6, interleukin 8 (IL-8), and TNF-«, were found
at higher levels in saliva or plasma in BMS patients, but
anti-inflammatory cytokines, such as interleukin 10 (IL-

10), were decreased [2, 47, 48].
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This study found that the intervention frequency was an
influencing factor of the effect of LLLT on burning pain.
Consistent with previous systematic reviews, LLLT, 1 or
2 times per week, more than 4 weeks of intervention, was
beneficial for reducing burning pain intensity in patients
with BMS [49, 50]. This suggested that the effect of LLLT
progresses over time and could maximize treatment
results [51]. LLLT triggers a photochemical reaction in
the cell rather than producing a thermal effect, a process
also known as ’photobiomodulation’ or ’photobiostimu-
lation’ [52]. The optical spectral range used in LLLT
was between 600 and 1100 nm, which fell into an ‘opti-
cal window’ at red and near-infrared light wavelengths.
Previous studies reported that longer wavelengths in
the range of 780-950 nm, which penetrate further, were
used to treat deeper-seated tissues, while wavelengths in
the range of 600-700 nm were used to treat superficial
tissues [53]. Our results indicated that wavelengths in
these two spectral ranges have identical effectiveness in
reducing burning pain. One possible explanation is that
these wavelengths of LLLT influence the absorption and
conversion efficiency of light energy by tissues or cells,
improve the levels of inflammatory cytokines, promote
recovery of nervous function, and thus show promising
treatment success. After LLLT, the expression of these
inflammatory cytokines (such as IL-1f, IL-6, IL-8, and
TNF-a) significantly decreases to achieve a beneficial bio-
modulatory effect [54, 55]. Pezelj-Ribaric et al. [36] meas-
ured the levels of proinflammatory cytokines (TNF-a
and IL-6) in whole unstimulated saliva in subjects with
BMS before and after treatment with LLLT. The results
revealed that the levels of TNF-a and IL-6 in the experi-
mental group decreased after 4 weeks, accompanied by a
slight improvement in burning sensation. The irradiance,
another important influencing factor, may promote stim-
ulation and healing at relatively low doses (5 to 50 mW/
cm?), whereas higher doses (up to 50 mW/cm?) may be
beneficial for nerve inhibition and pain relief [56]. Con-
sistent with our results, most of the studies in this meta-
analysis applied higher doses of irradiance. Relatively
high doses of LLLT may reduce pain by inhibiting neural
pathways for therapeutic purposes. From this perspec-
tive, high-dose irradiance may be a better choice for pain
management in BMS patients. However, according to the
results of the subgroup analysis, efficacy did not signifi-
cantly differ by wavelength and irradiance.

Although current evidence suggests that LLLT can
effectively reduce burning pain and numbness in BMS
patients [12], it does not appear to improve BMS-induced
xerostomia [25]. This lack of effect may be because LLLT
improved the neural function of the small nerve fiber
in the oral mucosa but not the function of the auto-
nomic nerves that regulate saliva production [57]. This
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mechanism may also explain the reported improvements
in burning pain and numbness [12], whereas salivary
flow and BMS-induced xerostomia were not significantly
improved [22, 25]. This hypothesis needs to be confirmed
by further experimental research that examines the auto-
nomic nervous system (ANS) as a potential treatment
target to observe the improvement of salivary flow and
BMS-induced xerostomia [58].

Spontaneous, persistent, or recurrent burning pain in the
oral mucosa severely affects the quality of life of people with
BMS. Zhang et al. [59] conducted a meta-analysis of seven
groups in four trials [25, 26, 37, 40] and found that LLLT
was effective in improving quality of life (MD, -3.43, 95%
CI, -5.11 to -1.75) when compared to placebo LLLT. How-
ever, the findings of the current study showed that LLLT
had a positive influence on the improvement of quality of
life (SMD: 0.01; 95% CI: -0.58 to 0.60), but this improve-
ment was not significant. Notably, the improvement in
quality of life involved many different aspects, and LLLT
may only affect burning pain. Improvement of quality of life
may need prolonged and multidisciplinary interventions.
Moreover, multidisciplinary therapy may be more effective
in enhancing the quality of life than the current interven-
tion method, which is excessively homogenous [60]. There-
fore, multidisciplinary intervention designs, such as LLLT
combined with functional movement, acupuncture, medi-
tation, and psychological support, are recommended for
future research on effectively improving the quality of life
among patients with BMS [60-62].

The results of a quantitative assessment demonstrated
that LLLT has a beneficial effect on negative emotions
(SMD: -0.12, 95% CI: -0.54 to 0.30), which was consistent
with a previous systematic review [63]. Accumulating evi-
dence has revealed that dental anxiety, as a dispositional
factor in dental situations, is associated with state anxiety
and pain related to dental procedures [64], and studies
have reported that depression and pain share biological
pathways and neurotransmitters (serotonin (SE), norepi-
nephrine (5-HT), dopamine (DA), and glutamate) [65].
Increased levels of peripheral proinflammatory cytokines
and neuroinflammatory changes are also related to the
physiopathology of depression and pain [66, 67] which
also explains why the application of antidepressants (such
as clonazepam and melatonin) can improve depression
and burning pain [68]. LLLT can also be recommended
for depressive disorder, anxiety disorder, and chronic
pain [69]. This treatment may work by promoting func-
tional recovery and regeneration and increasing levels of
peripheral proinflammatory cytokines. A case—control
series suggested that LLLT to the back and thighs may
induce an antidepressant effect in patients with low back
pain and concurrent depression [70]. We, therefore, spec-
ulated that relief of negative emotions in patients with
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BMS would be related to the clinically reduction in pain
reported above.

Limitations

The level evidence-based findings were low because of
the lack of homogeneity of outcomes and long-term real-
world efficacy data, which yielded results that did not
provide strong evidence to the public. Subgroup analy-
sis was used, and sensitivity analyses were performed by
removing studies individually to examine the possible
cause of heterogeneity among study results. Most stud-
ies we included had a common limitation, a small sample
size and heterogeneity in study designs of LLLT protocols
(including the wavelength, the irradiance, the interven-
tion duration and the numbers of interventions). Publica-
tion bias cannot be completely ruled out, as we were not
able to collect sufficient data from each study for each
outcome. These limitations have been minimized by the
comprehensive design and rigorous assessment of the
data presented. To determine the ideal wavelength, irra-
diance, intervention duration and number of interven-
tions, further large-sample trials are needed.

Clinical implications

More high-quality studies on LLLT for patients with
BMS are needed to enlarge the sample size and reduce
bias. Longer follow-up trials are needed to observe the
long-term effect of LLLT in the treatment of BMS. Mul-
tidisciplinary intervention is needed to observe the
improvement in quality of life. No serious adverse effects
have been reported after LLLT. A local burning sensa-
tion has been reported, but relief usually occurred within
a few days. LLLT can be recommended as an alternative
therapy when burning pain alone is not accompanied by
dry mouth. The addition of a group of clinically and rou-
tinely used medications for comparison may be consid-
ered to increase the persuasiveness of the idea that LLLT
is superior to or an alternative to drugs. To achieve the
above requirements, a standardized trial design and a
well-coordinated team are needed to help perform inter-
ventions successfully.

Conclusions

Low-level laser therapy could reduce burning pain in
patients with burning mouth syndrome, and have a posi-
tive influence on the quality of life and anxiety symptoms,
without serious side effects, indicating that it may be an
effective therapy for burning mouth syndrome. How-
ever, given the low methodological quality of the selected
studies, our results should be interpreted with caution.
A long-term course of intervention, a larger sample size,
and a multidisciplinary intervention design are urgently
needed.
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