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Abstract.

BACKGROUND: The etiology of Burning Mouth Syndrome (BMS) remains unclear.

OBJECTIVE: To explore the differences in the therapeutic efficacy of pain improvement between medication therapy and laser
therapy in patients with BMS.

METHODS: 45 BMS patients were randomly divided into three groups: The Combination therapy group (Group A, n = 15),
The Medication therapy group (Group B, n = 15), and the Laser therapy group (Group C, n = 15). The pain condition of the
patients was evaluated using the Numeric Rating Scale (NRS), and the improvement in pain before and after treatment was
compared among the three groups.

RESULTS: All three groups (A, B, and C) showed a significant reduction in NRS scores after treatment, with statistically
significant differences observed among the different groups. Group A exhibited the most significant improvement, with a
statistically significant difference before and after treatment.

CONCLUSION: Laser and medication therapy are effective methods for reducing oral burning pain * symptoms, and their
combined use yields more significant therapeutic effects.
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1. Introduction

Burning Mouth Syndrome (BMS) is a mucosal disorder characterized by a burning sensation in the
oral cavity without any organic lesions [1,2]. The prevalence of BMS ranges from 0.7% to 5%, with most
cases occurring in perimenopausal women, with a male-to-female ratio of 1:7. The etiology of BMS
remains unclear. Still, current theories suggest that neural and psychological factors, endocrine changes,
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local oral irritation, and systemic factors primarily cause it. Patients with BMS often experience increased
psychological stress and decreased quality of life [3,4,5,6,7,8,9].

Semiconductor laser, also known as low-level laser or near-infrared laser, belongs to the category
of low-energy lasers [10,11]. The application of low-level laser not only produces “systemic effects,”
meaning that effects are observed not only at the point of irradiation but also in the surrounding areas,
but it is also particularly effective in local treatments, significantly improving therapeuticoutcomes [12].
Semiconductor laser therapy for oral diseases primarily focuses on conditioning effects, improving
blood circulation, anti-infection, and anti-inflammatory and analgesic effects. On the one hand, laser
therapy can inhibit the development of traumatic tissues, increase tissue permeability, and improve the
microcirculation system of the body, which is conducive to cellular regeneration. On the other hand,
when a laser beam is applied to biological tissues, it generates biological stimulation, photochemical,
photothermal, and other related effects.

Consequently, the laser utilizes these effects and characteristics to achieve anaesthesia, pain relief,
vaporization, cauterization, cutting, and coagulation effects [13]. Laser therapy is categorized into low-
energy and high-energy lasers based on their different energy levels, with the former being primarily used
in the treatment of BMS. Experimental studies have shown that low-level lasers (LLL) have biological
stimulation and regulation effects and have been widely used in the treatment of organic or functional
diseases of peripheral nerves. LLL is also being explored for symptom control in BMS [14].

Most treatment methods for BMS aim to alleviate clinical symptoms such as dry mouth, pain, nerve
regeneration and repair, nutritional deficiencies, endocrine imbalances, and psychological disorders. Clin-
ical treatments mainly include rinsing medications, neurotrophic drugs, antipsychotic drug combinations,
and low-level laser treatment (LLLT) [15]. This study focuses on different treatments for middle-aged
and elderly patients with Burning Mouth Syndrome in Kunming, Yunnan Province. It conducts a cross-
sectional and longitudinal comparative analysis of the data from the three treatment methods to compare
their differences in therapeutic efficacy.

2. Data and methods
2.1. Case selection

A total of 45 patients diagnosed with Burning Mouth Syndrome (BMS) who sought treatment at the
Comprehensive Department of Kunming Medical University Affiliated Stomatological Hospital from
May 2022 to February 2023 were selected as the study subjects. All participants were aged 50 or above,
including six males and 39 females, representing the age and population group most commonly affected
by BMS. Each participant provided informed consent and signed an informed consent form. According to
the diagnostic criteria of the International Headache Society (IHS) [16], patients with oral lesions or any
other local changes, such as those accompanied by dry syndrome, trauma, allergic reactions, or clinically
diagnosed etiological diseases, were excluded. The participants were randomly divided into three groups,
namely, the Combined Treatment Group (Group A, n = 15), the Medication Treatment Group (Group B,
n = 15), and the Laser Treatment Group (Group C, n = 15).

While including more control groups for detailed subgroup analyses is feasible, it may present chal-
lenges in obtaining ethical approval. In this trial, it is necessary to ensure improvement in patients’ pain
outcomes, and implementing a placebo control may not be practical. Therefore, we have chosen to use
clinically feasible treatment methods as controls, which can ensure patient efficacy while allowing for
experimental research and analysis. The sample size calculation for this trial was based on the prevalence
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of burning mouth syndrome in our hospital, which was determined to be around 3—4%. Using the sample
size calculation formula and considering a reasonable dropout rate, it was determined that 45 participants
would be required for this study.

Prior to the commencement of the trial, we strictly adhered to the current clinical inclusion and
exclusion criteria for burning mouth syndrome, ensuring the exclusion of patients with pre-existing
psychiatric disorders or those who had previously taken psychotropic medications, which was done to
maintain homogeneity among the enrolled patients.

2.2. Symptom evaluation

The pain severity of the patients was assessed using the Numeric Rating Scale (NRS), which is a scale
that measures the intensity of pain and considers its impact on psychological well-being and daily life.
The pain level and its impact were rated on a scale of 1-10, with higher scores indicating greater severity.
Three rounds of NRS evaluations and questionnaire completion were conducted: before treatment, one
week after treatment, and one month after treatment.

2.3. Medication treatment

The medication treatment included the following: Methylcobalamin dispersible tablets, 0.5 mg per
dose, three times a day, orally taken for one month; Xylitol Chlorhexidine Lozenges, one tablet per dose,
three times a day, orally taken for one month; 2% Sodium Bicarbonate Solution, 3-5 mL per rinse, rinsing
for 3 minutes after meals, three times a day, continuously used for one month.

2.4. Laser teatment

A semiconductor laser therapy device was used continuously with an output power of 0.5 W, an
emission wavelength of 1064 nm, a pulse energy of 60-80 mJ, and a tip diameter of 1 mm. The patients
received one laser irradiation session per week for four weeks. The laser beam was targeted at the areas
where the burning sensation was most prominent, with the laser fiber tip positioned 1 mm away from the
mucosa. Each point was irradiated for 10 seconds.

2.5. Statistical analysis

Statistical analysis of the data was performed using SPSS 20.0 software. Non-parametric tests were
conducted to compare the three groups’ NRS scores before and after treatment. A total of 45 valid cases
were included in this study. The pre-treatment NRS scores for all groups ranged from 5 to 7, with no
significant differences (P > 0.05). The participants in each group attended follow-up visits as scheduled,
resulting in a dropout rate of 0%. The average pre-treatment NRS scores for the three groups (Group A:
Laser Treatment, Group B: Medication Treatment, Group C: Combined Treatment) were all between 5.8
and 5.9.

3. Results
3.1. Basic information of patients

The pre-treatment NRS scores of the 45 participants ranged from 5 to 7, with no significant differences
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Differences in NRS scores of each group

Table 1

Combination treatment

Medical treatment

Laser treatment

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Pre-treatment

Mean =+ SD 5.6000 £ 1.77639 2.8000 + 1.49443 5.8000 £ 1.49443 3.7500 £ 1.13652 6.0000 £ 0.94281 4.2000 £ 1.13529

Post-treatment

Number 10 10 10
P Value 0.001 0.000 0.000
[ Assessed for eligibility (n= 45 )
Excluded (n=0 )
- Not meeting inclusion criteria (n=0 )
% Deaclined to participate (n=0 )
== Other reasons (n=0 )
UCJ I Randomized (n= 45 ) |
— l
1 ] 1
‘% Allocated to intarvention (n= 15) Allocated to intervention (n= 15) Allocated 1o intervention (n= 15)
8 Received allocated intervention (n= 15) Received allocated intervention (n= 0) Received allocated intervention (n= 0)
< Did not receive allocated intervention (give L - -
reasons) (n=0)
—
B — I
A Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
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£ 2
—
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—?_ Analysed (n= 15) Analysed (n= 15) Analysed (n= 15)
§ Excluded from analysis (give reasons) (n= 0) Excluded from analysis (give reasons) (n= 0) Excluded from analysis (give reasons) (n=0)
M

Fig. 1. CONSORT 2010 flow diagram.

(P > 0.05). According to the principles of random controlled experiments (as shown in Fig. 1), the
participants were divided into groups for research purposes, and the NRS scores before and after treatment
were observed and compared among the three groups.

3.2. Pre-experiment

Before the formal study, a pre-experiment was conducted to ensure the feasibility and authenticity
of the experimental design.10 BMS patients with pre-treatment NRS scores ranging from 5 to 7 were
randomly assigned to receive respective treatments and their scores were compared after seven days of
treatment. A paired samples t-test was used for statistical analysis. As shown in Table 1, after seven days
of treatment, the NRS scores in Groups A, B, and C all decreased, and there were statistically significant
differences before and after treatment (P < 0.05), which indicated the feasibility of the experiment
and allowed for the commencement of the formal study. The determination of the sample size for the
pilot study was based on an extensive review of the literature, which indicated that a sample size of 10
participants would ensure a testing power of 0.8 and mitigate bias.

3.3. Efficacy evaluation of each group

Since the post-treatment NRS scores of Groups A, B, and C did not follow a normal distribution in
this study (Table 2), non-parametric tests were used for data analysis. As shown in Table 3, after one
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Table 2
Tests of normality
Patient numbers Standard error P Value
G Combination Medical Laser Combination Medical Laser Combination Medical Laser
roup treatment  treatment treatment treatment treatment treatment treatment treatment treatment
Pre-treatment 15 15 15 0.290 0.251 0.343 0.001 0.012 0.000
Second week 15 15 15 0.240 0.144 0.212 0.240 0.200%* 0.069
One month 15 15 15 0.208 0.234 0.164 0.208 0.026 0.200*

*This is a lower bound of true significance.

Table 3
Hypothesis test summary(intra-group)
Groups Check day Samples VAS (Mean £ SD) P Value
Combination treatment  1-Pre-Treatment 15 5.8000 + 0.86189  3-2:0.296
2-First Check(14 day) 15 3.1333 £+ 1.59762  3-1:0.000
3-Second Check(1 month) 15 1.8667 £+ 1.30201  2-1:0.001
Medical treatment 1-Pre-Treatment 15 5.8667 + 0.83381 3-2:1.00
2-First Check(14 day) 15 3.2000 + 1.82052 3-1:0.00
3-Second Check(1 month) 15 2.6667 + 1.95180 2-1:0.01
Laser treatment 1-Pre-Treatment 15 5.8667 +0.99043  3-2:1.000
2 First Check(14 day) 15 4.4667 £ 1.64172  3-1:0.003
3-Second Check(1 month) 15 3.6667 + 1.91485  2-1:0.042
Independent-Samples Kruskal-Wallis Test Independent-Samples Kruskal-Wallis Test Independent-Samples Kruskal-Wallis Test
Joo| S o T _
|| B8 - B
. | . w
H 7 3
(a)Combination Group (b)Medical Group (¢) Laser Group

Fig. 2. Differences in NRS scores of each group.

treatment course, the NRS scores in Groups A, B, and C all decreased, with Group A showing the most
significant improvement, and the differences were statistically significant (P < 0.05). As shown in Fig. 2,
the NRS scores of the patients significantly decreased after treatment compared to before treatment, and
the improvement was sustained during the one-month follow-up period.

During the pilot study, we initially used the Visual Analog Scale (VAS) for pain assessment. However,
considering the cultural and linguistic differences among patients and their varying levels of comprehen-
sion, we chose to use the Numeric Rating Scale (NRS) as it has equivalent testing power and is relatively
simpler to administer. Additionally, we ensured that the assessment of pain relief in patients during
the trial was not deliberately guided to be entirely patient self-reported, taking into account potential
limitations in their ability to complete the assessment independently.

3.4. Comparison of treatment efficacy among groups

The post-treatment NRS scores after one treatment course were analyzed to compare the treatment
efficacy among the three groups. As shown in Fig. 3, the NRS scores in Group A were significantly lower
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Independent-Samples Kruskal-Wallis Test Each node shows the sample average rank of Gruop(inter).
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Fig. 3. Hypothesis test summary(inter-group).

than those in Group B and Group C (P < 0.05), indicating that laser treatment showed superior efficacy
compared to medication treatment and combined treatment.

4. Discussion

BMS is primarily typical in menopausal females, and patients often have or are accompanied by other
subjective sensory abnormalities, among which the symptom of pain described as a burning sensation
account for a large proportion. The patients in this study are over 50 years old, with females outnumbering
males. [16,17,18,19] About 80% of patients have different degrees of sensation of dry or burning pain in
the mouth [2,20] which is consistent with the results of the current study.

Low-level laser treatment (LLLT) is a widely accepted non-invasive patient therapy. LLLT is widely
used in the medical field due to its safety and lack of side effects. It has been found in the experiments of Li
Bohan et al. that DENLAS-10BM is effective and safe in the treatment of oral soft tissue laser diode [21].
Low-energy laser therapy has been applied to the symptom control of BMS in many countries, including
ours. The main therapeutic effect of LLLT on BMS is conditioning, in which, through laser penetration,
tissue plays a biological stimulation and biological regulation, that is, the induction of analgesia, anti-
inflammatory and repair. Unlike high-energy lasers used for ablation and cutting, low-energy lasers do
not have any significant thermal effects on tissues [22]. (The wavelength range of light used for LLLT
is from 600 to 1,070 nm, and most studies have focused on the median value of this wavelength range,
whereas this clinical study used a 1,064 nm semiconductor laser and achieved significant therapeutic
results.) The mechanism of LLLT therapeutic effect occurs through a variety of processes; so far, LLLT
has been shown to be effective in treating BMS [23,24]. The results of this study showed that the NRS
score in the laser group after treatment was significantly lower than that before treatment, and there was a
statistical difference (p < 0.05). LLLT was proven to be effective in the treatment of BMS.

Mecobalamin has good transmissibility to nerve tissue, participates in the metabolism of nucleic acid,
protein, and lipids through methylation function, and has the function of nourishing and maintaining
nerves [25]. Cetylpyridinium chloride buccal tablets belong to quaternary ammonium surfactant, which
can adsorb on the surface of oral Candida cell membrane to induce protein denaturation and finally plays
a strong antibacterial and bactericidal effect [26]. Sodium bicarbonate gargle has weak alkalinity, which
can neutralize acid decomposition, residual curd and sugar and inhibit the growth of fungi. In this study,
the NRS scores of patients also decreased significantly after simple drug treatment, which once again
proved the crucial clinical significance of the above drugs in the treatment of burning mouth syndrome.

Research has shown that, currently, low-level laser therapy (LLLT) is mainly used in conjunction
with other treatment methods for treating burning mouth syndrome (BMS). Laser therapy alone is not
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as effective as combined therapy, and the effectiveness of laser therapy may vary depending on the
wavelength and irradiation frequency [27]. Recent studies by Spanemberg et al. [28] have demonstrated
satisfactory therapeutic effects of LLLT in some BMS patients and suggest that low-level laser therapy in
combination with psychotropic medication is a better treatment approach. The results of this study indicate
that the combined treatment group, compared to the group receiving laser therapy alone, showed a more
significant reduction in Numeric Rating Scale (NRS) scores at the end of treatment. The data between
the two groups showed statistical differences, suggesting that in the treatment of BMS, the combined
treatment group has better efficacy than laser therapy alone, consistent with current research findings
both domestically and internationally [29]. In a study conducted by Spanemberg et al. [30] in 2015, three
different wavelengths of low-level laser were reported: IRIW (830 nm, 100 mW, 5 J, 176 J/cm2, 50 s);
IR3W (830 nm, 100 mW, 517, 176 J/cm2, 50 s); red laser (685 nm, 35 mW, 2 J, 72 J/cm2, 58 s). It was
demonstrated that low-level laser therapy with different wavelengths had significant therapeutic effects
on BMS, with statistically significant differences in NRS scores before and after treatment (P < 0.05).

Meanwhile, Skrinjar I [31] also pointed out that there is currently no standardized low-level laser
for treating BMS, and the commonly used wavelength range for low-level lasers is from 600 to 1070
nm. Most studies focus on selecting the midpoint of this wavelength range, while this clinical study
used a 1064 nm semiconductor oral laser therapy device, which is rarely studied for its efficacy. In this
study, the laser therapy device had an output power of 0.5 W, an emission wavelength of 1064 nm,
a pulse energy of 60—80 mJ, a laser-mucosa distance of 1 mm, a 10-second irradiation at each site, a
tip diameter of 1 mm, one treatment per week, a treatment duration of 4 weeks. The short treatment
duration facilitates patient acceptance and provides insights for clinical application. Both the medication
treatment group and the combined treatment group significantly reduced NRS scores before and after
treatment, demonstrating that both are effective methods for treating BMS symptoms. Although there was
no significant statistical difference in the final efficacy comparison, the combined treatment group had
a shorter duration of medication use, fewer adverse reactions from patients, better efficacy, and higher
safety, which is beneficial for clinical application.

In summary, this study indicates that drug therapy combined with laser therapy is an effective treatment
for Burning Mouth Syndrome. The use of a 1064 nm semiconductor oral laser therapy instrument can
achieve exact efficacy according to the course of treatment and therapy in the paper, and the therapy has
no apparent adverse reactions, few side effects, no trauma, high safety performance and high patient
acceptance, providing a new scheme for the clinical treatment of BMS. The specific mechanism of laser
therapy and drug therapy in treating BMS and the long-term adverse effects on the body are the direction
of future research.

In the subsequent studies, we will conduct further research on patients with burning mouth syndrome
who exhibit different clinical manifestations, types of onset, and varying degrees of pain. We will include
additional control groups to objectively evaluate the treatment outcomes of combination therapies using
more objective assessment scales.
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