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Abstract

Objectives To evaluate the effects of photobiomodulation (PBM) in gingival lesions resulting from autoimmune diseases;
to compare PBM and topical corticosteroid (CS) treatment; and to assess PBM outcome over time of follow-up.

Materials and methods A comprehensive electronic search was performed in four electronic databases. Treatment effects
were measured through visual analog scale of pain (VAS) and clinical evolution of lesion (Thongprasom scale for oral lichen
planus (OLP)). Meta-analysis was performed to compare PBM with topical corticosteroid treatment and to evaluate PBM
effect over time of follow-up.

Results Seventeen studies were included in this review, of which six were used for the meta-analysis. Meta-analysis results
showed no significant differences between PBM and topical CS in pain reduction at baseline (MD =0.20, 95% CI= —0.92,
1.32, p=0.72) and 60-day follow-up (MD=0.63, 95% Cl= —3.93, 5.19, p=0.79); however, VAS showed significant pain
reduction when compared before and after PBM at 30-day (MD = —3.52, 95% CI= —5.40,—1.64, p=0.0002) and 60-day
(MD= -5.04,95% Cl= —5.86,—4.22, p <0.00001) follow-up. Thongprasom clinical scale for OLP also showed significant
improvement at 30-day follow-up (MD = —2.50, 95% CI= —2.92,—-2.08, p <0.00001) after PBM.

Conclusion PBM led to significant reduction of pain and clinical scores of the lesions, not having shown significant differ-
ences when compared to topical CS.

Clinical relevance PBM has been used in the treatment of autoimmune gingival lesions, but so far there is little strong evi-
dence to support its use.

Keywords Benign mucous membrane pemphigoid - Oral lichen planus - Pemphigus vulgaris - Photobiomodulation therapy

Introduction

Autoimmune diseases relate to an exaggerated immune
response that leads to damage and dysfunction of single
or multiple organs and tissues [1]. These diseases cause
the destruction of tissues and happen on a background of
genetic predisposition and environmental factors that trig-
ger immunological pathways. Furthermore, the failure to
distinguish self from non-self tissues or cells is known as
violation of tolerance and is the basis for these illnesses [2].
A wide range of autoimmune diseases can affect the oral
cavity, although the most common are oral lichen planus
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(OLP), mucous membrane pemphigoid (MMP), pemphigus
vulgaris (PV), and epidermolysis bullosa acquisita (EBA)
[3]. In addition, oral lesions may be the first and occasion-
ally the only clinical manifestation of several immunological
disorders that affect the skin and mucosal surface [4].
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OLP is a chronic inflammatory disease of autoimmune
origin, mediated by T lymphocytes, which affects stratified
squamous epithelial tissue; however, etiology and patho-
genesis are not completely known [5]. Oral manifestations
typically include hyperkeratotic striation/reticulation and/
or a variable degree of erythema, blistering, erosion, and
ulceration [6] and the most commonly affected sites in the
oral cavity are the buccal mucosa, tongue, and gingiva [7, 8].
In turn, MMP is a group of chronic, inflammatory, immune-
mediated sub-epithelial bullous diseases, which manifest a
heterogeneous pattern of oral, ocular, cutaneous, genital,
nasopharyngeal, esophageal, and laryngeal lesions [9]. The
oral cavity and, in particular, the gingival tissue are the most
commonly affected sites, accounting for 83 —100% of all
MMP patients [10]. Furthermore, patients diagnosed with
this comorbidity have higher levels of gingival inflammation
and periodontal parameters than healthy control patients,
and comparable data were also seen in gingival OLP [11,
12].

Another autoimmune disease with an important oral man-
ifestation is PV, comprising a group of rare autoimmune
bullous diseases that affect the skin and mucous membranes
[13]. Oral lesions usually precede skin lesions or are the
only manifestation of the disease, affecting areas such as the
lips, gingiva, oral mucosa, and palate [14]. Oral manifesta-
tions of PV can be very painful, disrupting oral intake and,
consequently, affecting patients’ quality of life on a negative
manner [15].

Despite their heterogeneous nature, all the disorders men-
tioned above share two characteristics: an immune-mediated
pathogenesis and possibly a common clinical picture repre-
sented by oral lesions, with special attention to those in the
gingival form [16]. In general, the gingival lesions caused by
autoimmune dermatologic disorders are described with dif-
fuse erythematous lesions, blisters, erosions, or ulcerations,
mainly located on the attached gingiva and on the palate and
are called desquamative gingivitis (DG), a term proposed by
Prinz in 1932 [3, 17]. Thus, it is known that DG is a clinical
finding with several potential etiologies, and although there
are other differential diagnoses, OLP, MMP, and PV are the
most common [18]. According to different case series, MMP
is responsible for 35 to 48% of cases of DG. OLP and PV
account for 24 to 45% and 3 to 15% of cases, respectively
[19-25].

Currently, there are specific treatments that focus on the
general manifestations of the disease that are related to its
pathogenesis. Topical corticosteroids (CS) have been indi-
cated through different formulations and prescribed with
different dosages, in topical or systemic forms, in addition
to other drugs such as immunosuppressants and broad-
spectrum antibiotics [18, 26]. However, although the above-
mentioned diseases share similarities, even individuals with
identical clinical presentations may respond differently to a
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given therapy. This means that instead of applying a “stand-
ard treatment” for all patients, there is a need to subdivide
individuals into more homogeneous groups in order to uti-
lize more specific and individualized treatments that would
be rather more effective [27]. In addition to the variable
patients’ outcomes, the use of systemic steroids presents an
increased risk of adverse side effects. Consequently, alterna-
tive treatment modalities have emerged. Among them, pho-
tobiomodulation (PBM)), also called low-level laser therapy
(LLLT), or laser therapy, stands out [14, 28, 29]. Different
types of laser (ultraviolet, helium—neon, and diode) with dis-
tinct doses, output power, and time of irradiation are applied
to the injury site and the irradiation is repeated for several
sessions [30]. They can be used due to their proposed anti-
inflammatory effects, pain relief, and accelerated regenera-
tion of damaged tissues, without demonstrating the adverse
effects associated with drug intake treatment [28, 29]. There-
fore, the purpose of this systematic review is to access the
effects of PBM when used in gingival lesions resulting from
autoimmune diseases, including OLP, MMP, and PV.

Materials and methods
Protocol registration and focused question

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and a protocol was registered in
the International Prospective Register of Systematic Reviews
(PROSPERO—CRD42020200843). We established our
research question according to the Participants, Interven-
tions, Control, and Outcomes (PICO) principle. The focused
question of interest was “Is PBM effective to treat autoim-
mune gingival lesions?”.

Population Patients with gingival lesions due to auto-
immune diseases, including OLP, oral MMP, and oral
PV

Intervention Gingival autoimmune lesions treated with
PBM

Comparison Autoimmune gingival lesions treated with
conventional drug therapy or other treatment modality
(when comparative groups exist)

Outcome To verify the efficacy of PBM in autoimmune
gingival lesions.

Eligibility criteria

The eligibility criteria were as follows: all case reports, case
series, longitudinal studies, and randomized clinical trials,
in which the patients presented gingival lesions due to auto-
immune diseases, including OLP, oral MMP, and oral PV,
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and that were treated with PBM. Children, pregnant women,
and patients with only cutaneous, ocular, or genital lesions
were not included in this review. Additionally, in vitro and
in vivo studies, review papers, book chapters, conference
proceedings, protocol articles, studies with insufficient data
to perform qualitative analysis, studies that did not fulfill the
diagnostic criteria, and published studies in a language other
than English were excluded from the study.

Literature search

Electronic searches were carried out in four databases for
publications until July 2020: National Library of Medi-
cine, Washington, D.C. (MEDLINE-PubMed); Embase®;
Scopus, and ISI Web of Science. Keywords were selected
according to Medical Subject Headings (MeSH—National
Center for Biotechnology Information (NCBI)) and consid-
ering the PICO criteria; the keywords were combined as fol-
lows: “lichen planus, oral, or oral lichen planus” and “photo-
biomodulation therapy, or photobiomodulation therapies or
low-level light therapy or low-level light therapies or light
therapies, low-level or light therapy, low-level or therapies,
low-level light or therapy, low-level light or therapies, pho-
tobiomodulation or therapy, photobiomodulation or LLLT or
laser therapy, low-level or laser therapies, low-level or laser
therapy, low level or low-level laser therapies or laser irradi-
ation, low-power or irradiation, low-power laser or laser irra-
diation, low power or low-power laser therapy or low power
laser therapy or laser therapy, low-power or laser therapies,
low-power or laser therapy, low power or low-power laser
therapies or low-level laser therapy or low level laser therapy
or low-power laser irradiation or low power laser irradia-
tion or laser biostimulation or biostimulation, laser or laser
phototherapy or phototherapy, laser.” The same combina-
tions were made between treatment and oral MMP (“mouth”
or “oral” and “pemphigoid, benign mucous membrane” or
“benign mucosal pemphigoid” or “benign mucosal pem-
phigoids” or “mucosal pemphigoid, benign” or “mucosal
pemphigoids, benign” or “pemphigoid, benign mucosal” or
“pemphigoids, benign mucosal” or “pemphigoid, cicatricial”
or “cicatricial pemphigoid” or “benign mucous membrane
pemphigoid” or “mucous membrane pemphigoid, benign” or
“ocular cicatricial pemphigoid” or “cicatricial pemphigoids,
ocular” or “ocular cicatricial pemphigoids” or “pemphig-
oids, ocular cicatricial” or “pemphigoid, ocular cicatricial”
or “cicatricial pemphigoid, ocular’’) and between treatment
and oral PV (“mouth or oral” and “pemphigus or pemphigus
vulgaris”).

Screening and selection

The studies were selected by two independent researchers
(MMC and MLC). Titles and abstracts of retrieved articles

were screened for eligibility, considering the inclusion/
exclusion criteria described above, and irrelevant studies
were excluded. Following this, full texts of the studies that
met the eligibility criteria were selected and were accessed
by both authors for inclusion. Disagreements between the
investigators were resolved by consensus or were referred
to a third review author (SCP) for the final decision. Studies
that met the selection criteria were processed for data extrac-
tion. Figure 1 describes the screening process according to
PRISMA guidelines.

Data extraction

Two reviewers (MMC and MLC) performed the data extrac-
tion independently. The general characteristics of the studies
were collected and divided into two tables: Table 1 (articles
without a control group) and Table 2 (articles with a control
group). The qualitative data from these studies was tabulated
according to the study type, number, mean age, and gender
of the subjects and diagnosis, as well as the method used,
follow-up period, evaluation methods, and main outcomes
(Tables 1 and 2).

Furthermore, the laser parameters of the included studies
were also collected. This information can be seen in Table 3.
At this stage, we also accessed the quantitative data from
studies for later realization to the meta-analysis.

Quality assessment

Two authors (SCP and MMC) assessed the quality of the
included studies separately. Any disagreement was dis-
cussed with a third reviewer (MLC). The methodological
quality of case reports and case series was evaluated using
the framework for appraisal suggested by Murad et al. [31]
based on the domains of selection, ascertainment, causality,
and reporting. Randomized clinical studies were evaluated
using the Cochrane collaboration tool [32], and for non-ran-
domized studies, the ROBANS (Risk of Bias Assessment
Tool for Nonrandomized Studies) scale was used [33]. The
judgement of case reports and case series was made based on
the issues considered most critical. Six points were awarded
for studies of the highest quality. A total score equal or
below 2 was determined as “low quality,” a score of 3 or 4
was determined as “moderate quality,” and a score equal or
above 5 was determined as “high quality.” In turn, clinical
studies were assessed for the risk of bias within six domains,
which were judged to be uncertain, low, or high risk.

Measures of treatment effect
Treatment effects were measured through visual analog scale

of pain (VAS) and clinical evolution of lesion (Thongprasom
scale) [34].
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3 - Study methodology: 11
9 ™ - Conference proceeding: 2
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- Absence of gingival lesion: 12
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'
- Publications contributing to Systematic Review
[T)
T n=17
=
g Publications contributing to Meta-analysis
n=6
—
Data synthesis Results

In the meta-analysis, the studies were separated into laser vs.
control group and laser outcome (PBM outcome over follow-
up periods). For the studies with no control, a comparison of
the laser effect over time of follow-up was made. The num-
ber of individuals per group, the age of each group (mean
and standard deviation), the numerical values of mean, and
standard deviation of evaluation criteria were assessed. Stud-
ies with no control were grouped considering VAS scores
and Thongprasom clinical scores. The effect size was esti-
mated and reported as the mean difference (MD). Statistical
software (Review Manager [RevMan], version 5.1. Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2011) was used to pool the data and to produce
the forest plots. Additionally, narrative analysis to explore
the relationship between studies was performed.

@ Springer

Study selection

A total of 528 potentially relevant studies were ini-
tially identified. By removing the duplicate articles, 350
remained. After evaluation of titles and abstracts, 214 were
identified as in vivo or in vitro studies, reviews, articles
that are not written in English, book chapters, conference
papers, and letters to the editor, and were thus deleted. The
remaining 136 articles underwent a new evaluation and 89
studies were removed because they did not meet the inclu-
sion criteria. Therefore, a total of 47 articles were selected
for thorough full-text reading. After full-text screening, 17
of the 47 studies were included in the current review [9,
14, 35-47] and 30 were excluded. The reasons for exclud-
ing these articles can be seen in the study identification
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flowchart according to PRISMA (Fig. 1). Only 6 articles
[9, 30, 36, 37, 41, 42] presented adequate quantitative
data, making it possible to carry out the meta-analysis.

Qualitative evaluation

Seventeen published articles were included in the qualitative
evaluation [9, 14, 30, 35-48], for a total of 239 patients with
oral lesions resulting from autoimmune diseases. Type of
study, number, mean age and sex of the subjects, diagnosis,
as well as the diagnostic method used, follow-up period,
evaluation methods, and main outcomes can be seen in
Tables 1 and 2.

Most of the studies included in this systematic review
were case series (8 papers, 47%), followed by case reports
(5 papers, 29.4%), randomized controlled trials (RCTs), and
non-RCTs (2 papers, 11.8% each). The number of subjects
ranged between 1 and 42 individuals in the included studies.
Two studies did not report gender of the subjects, while in
the remaining fifteen studies majority of the subjects were
females (75.35%).

Among the 239 cases included herein, 141 (11 articles)
confirmed the presence of gingival lesions and 98 (6 articles)
did not indicate the specific location of the oral lesions. Of
the 141 informed cases, just 1 case (1 study) showed isolated
desquamative gingivitis. The remaining 140 cases presented
gingival involvement and other concomitant intraoral sites,
in which the buccal mucosa and the tongue were affected in
136 of them (97.14%).

OLP was the most prevalent diagnosis, representing
91.21% of the cases (n=218); PV was found in sixteen
cases (6.7%) and MMP in only five cases (2.09%). Histo-
pathological analysis was the sole diagnostic method in 218
cases (91.6%); in other cases, a combination of methods was
used for reaching the diagnosis, namely combining histology
with direct immunofluorescence in 17 cases (7.14%), or even
associating enzyme-linked immunosorbent assay (ELISA) to
these two techniques (3 cases, 1.26%). Only 1 case (1 study)
did not reveal the diagnostic method used.

All included studies reported the effect of PBM on pain
alleviation and clinical enhancement of the oral lesions.
To assess pain levels before and after PBM, the most used
method was the VAS, used in twelve articles (70.6%). Four
articles (23.5%) did not perform this measurement and only
one used another method of pain assessment, the NRS sys-
tem. Regarding clinical evaluation of the lesions, the Thong-
prasom scale was used in six studies (35.3%); other seven
articles performed only clinical assessments and observed
the morphological aspects of the lesions with no classifica-
tion. In addition to VAS and Thongprasom sign scoring, one
study verified treatment efficacy index (EI), one assessed
levels of anxiety and functional scores (FS), and another
article evaluated reticular score (RAE) and the serum
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pro-inflammatory mediators. Furthermore, an evaluation of
the Profile of Mood States (POMS) was also found in one
article. Follow-up period was reported in thirteen studies
(76.5%), with an average of 6.4 months, ranging from 4 days
to 26.6 months.

Thirteen included articles (76.5%) did not present compara-
tive groups and only four (23.5%) resorted control groups. Three
studies compared the efficacy of PBM with CS and one com-
pared the efficacy of PBM to CO, laser surgery (Table 2), being
two articles (59.32%) [35, 42] showing PBM better than the con-
trol group (CO, laser surgery [35] and clobetasol 0.05% [42]).

With regard to studies with no comparative groups (13
papers), PBM was effective over time of follow-up on
all of them [9, 14, 15, 30, 36, 38, 40, 41, 43, 45-48]. In
11 studies (84.6%), the laser was applied singly and in 2
studies (15.4%), it was used concurrently with steroid
therapy (Table 1). Five articles reported the effect of the
laser directly on the gingival tissues [14, 30, 38, 41, 48].
Three studies [14, 30, 38] showed that all gingival cases
were successfully treated with PBM, while two studies [41,
48] reported unsatisfactory response to the laser for some
patients. The remaining twelve papers showed general
results, without individualizing or differentiating the out-
comes according to the lesion site.

Laser parameters of included studies

The laser parameters used in the included studies showed
a great variation (Table 3). The laser source most used was
diode laser, seen in twelve papers (178 cases). The second
source found was excimer laser (used with low level in 2
studies, 15 cases), followed by neodymium laser, CO, laser
(low level), and pulsed diode laser (1 article, each). In all
studies, laser was used with wavelengths ranging from 308
to 10,600 nm and power output ranging from 0.007 to 3 W.
Most of the articles did not report power density values
(14-82.3%). Twelve papers reported laser fluence/energy
density that ranged from 0.1 up to 133.3 J/cm?.

Concerning exposure time, a variation between the stud-
ies from 3.73 s to 8 min was observed. Only six studies
reported the spot size of the laser, which ranged between
0.03 and 0.8 cm?. The number of reported laser sessions
ranged from one single session to 48 sessions.

Quality assessment

Regarding the case reports and case series, a total of seven
studies were considered with high quality and six with mod-
erate quality (Table 4). The quality assessment of non-ran-
domized clinical studies can be seen in Table 5. For details
about the quality assessment of randomized clinical studies,
see Fig. 2.
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Table 5 Methodologic quality First author Year Domain
assessment of non-randomized
clinical studies 1 2 3 4 5 6
El Shenawy et al. [37] 2015 Low Low Unclear High Low Low
Othman et al. [44] 2016 High High High High Low Unclear

Domain 1: Selection bias caused by inadequate selection of participants; Domain 2: Selection bias caused
by inadequate confirmation and consideration of confounding variable; Domain 3: Performance bias
caused by inadequate measurement of intervention (exposure); Domain 4: Detection bias caused by inad-
equate blinding of outcome assessment; Domain 5: Attrition bias caused by inadequate handling of incom-
plete outcome data; Domain 6: Reporting bias caused by selective outcome reporting

Random sequence generation (selection bias) _:]

Allocation concealment (selection bias) [ ]

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Sslective rzporting (rzporting bios) [
omervias [N

i

0% 25% 50% 75%

100%

| [l Low risk of bias

[CJunclearrisk of bias [l High risk of bias |

= | Allocation concealment (selection bias)

Agha-Hosseini etal. 2012

Dillenburg et al. 2014

i)
@ | @ | Siinding of participants and personnel (performance bias)

‘ = | Random sequence generation (selection bias)
. . Blinding of outcome assessment (detection bias)

® | @ | setective reporting (reporting bias)

® | @ | Otherbias

@ | @ | Incomplete outcome data (attrition bias)

Fig.2 Methodological quality assessment of randomized clinical tri-
als. a Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study. b Risk of bias graph: review

Quantitative evaluation (meta-analysis)

In order to assess VAS scores between PBM and control
groups (CS), we extracted the data from two studies allow-
ing for baseline and 60-day follow-up analyses. No statis-
tically significant differences between the PBM and CS
groups for pain at baseline (MD=0.20, 95% CI= —-0.92,
1.32, p=0.72) (Fig. 3a) and at 60-day follow-up (MD =0.63,
95% CI= —3.93,5.19, p=0.79) (Fig. 3b) were found.

The effect of PBM over time of follow-up in studies
with no control group was assessed through VAS scores
and Thongprasom sign scoring. Firstly, the data from
two studies allowing for VAS baseline versus 30-day fol-
low-up analysis show statistically significant differences
between them (MD= —3.52, 95% CI= —5.40,—1.64,
p=0.0002) (Fig. 3c). VAS scores baseline versus 60-day
follow-up analysis was made considering two studies, and
the results presented statistically significant differences
between them (MD= —5.04, 95% CI= —5.86,—4.22,
p<0.00001) (Fig. 3d). Thongprasom sign scores were eval-
uated at baseline and 30-day follow-up from two studies,
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authors’ judgements about each risk of bias item presented as per-
centages across all included studies

showing statistically significant differences between them
MD = -2.50, 95% CI= —-2.92,-2.08, p<0.00001)
(Fig. 3e). At 30-day follow-up after PBM, VAS and Thong-
prasom scores were significantly reduced; VAS score
decreased by 3.52 points while Thongprasom score was
reduced by 2.50 points. High levels of heterogeneity were
observed only for VAS scores baseline versus 30-day follow-
up (I?=70%); nevertheless, considering the nature of this
score, meta-analysis was still carried out.

Discussion

Women with OLP were the most affected patients with DG,
which agrees with literature as most autoimmune diseases
are more prevalent in females than males [1, 49]. Differ-
ences in prevalence and severity between genders result from
complex and still poorly understood interactions involving
hormonal and environmental factors in genetically sus-
ceptible individuals [50]. Estrogens are potent stimulators
of autoimmunity and androgens seem to play a protective
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( a) PBM Topical Corticosteroid Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Dillenburg etal. 2014 6.74 104 21 6.52 7.97 21 4.0% 0.22[-538582) 2014 .
El Shenawy, Eldin 2015 7 18 12 6.8 0.9 12 96.0% 0.20[-0.94,1.34] 2015
Total (95% Cl) 33 33 100.0% 0.20[-0.92,1.32]
Heterogeneity: Chi*= 0.00, df=1 (P =0.99); F= 0% i1 0 :5 ) é 10!
Testfor overall eflect: Z= 0.35 (P = 0.72) Favours [experimental] Favours [control]
(b) PBM Topical Corticosteroid Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Dillenburg et al. 2014 1.21 1.42 21 2.86 256 21 51.0% -1.65[-2.90,-0.40) 2014 —i—
El Shenawy, Eldin 2015 39 3 12 0.9 1 12 49.0% 3.00[1.21,4.79] 2015 ——
Total (95% Cl) 33 33 100.0% 0.63 [-3.93,5.19]
Heterogeneity: Tau*=10.19; Chi*=17.42, df=1 (P < 0.0001); F= 94% E1 0 :5 0 é 1&
Testfor overall effect: 2= 0.27 (P = 0.79) Favours [experimental] Favours [control]
( C) After PBM Before PBM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Cafaro etal. 2014 223 214 30 657 1.88 30 57.6% -4.34[536,-3.32] 2014 —
Elshenawy, Eldin, Abdelmonem 2015 47 21 10 71 2 10 42.4% -2.40[-4.20,-0.60) 2015 ——
Total (95% Cl) 40 40 100.0% -3.52[-5.40,-1.64] .
Heterogeneity: Tau?= 1.33; Chi*= 3.39, df=1 (P = 0.07); F= 70% f1 A 55 3 é 10=
Test for overall effect Z= 3.67 (P = 0.0002) Favours (experimental) Favours (control)
(d) After PBM Before PBM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Cafaro etal. 2012 0.6667 05774 3 566 0577 3 783% -499(592-4.07] 2012
Elshenawy, Eldin, Abdelmonem 2015 1.9 2 10 71 2 10 21.7% -5.20[6.95,-3.45 2015 —
Total (95% Cl) 13 13 100.0% -5.04 [-5.86, -4.22] >
Heterogeneity: Chi*= 0.04, df=1 (P = 0.84); F=0% f1 0 55 3 é 1&

Test for overall effect: Z=12.08 (P < 0.00001)

Favours (experimental) Favours (control)

(e) After PBM Before PBM Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Cafaro etal. 2010 1.36 1.287 13 432 0627 13 294% -296[-3.74,-218] 2010 —&—
Cafaro etal. 2014 1.33 1.06 30 364 092 30 70.6% -2.31[2.81,-1.81] 2014 ——
Total (95% ClI) 43 43 100.0% -2.50 [-2.92,-2.08] B
Heterogeneity: Chi*=1.89, df=1 (P=0.17); F=47% 4 -2 3 2 41

Test for overall effect: Z=11.62 (P < 0.00001)

Fig.3 Forest plots that graphically represent the meta-analysis of
visual analog scale (VAS) and Thongprasom clinical scores. a VAS
scores for PBM and topical CS groups at baseline. b VAS scores for
PBM and topical CS groups at 60-day follow-up. ¢ VAS scores at

role in the development of autoimmune diseases [51, 52].
However, the appearance of at least 50% of autoimmune
disorders has been attributed to “unknown triggering fac-
tors” [53, 54]. Physical and psychological stress have been
implicated in the development of these diseases, being one
of the most commonly reported triggers for the progress of
OLP, with greater predictability in females [55, 56]. In addi-
tion, the COVID-19 pandemic is a current factor that has
seriously affected mental health worldwide [57]. As people
deal with quarantine, isolation, and travel restrictions, fear
and chaos become evident and include fear of losing beloved
ones, fear of losing sustenance, and phobia of contracting the
SARS-CoV-2 infection, all of which impact mental health
and quality of life of the subjects [56, 58, 59]. For patients

Favours [experimental] Favours [control]

baseline and at 30-day follow-up after PBM. d VAS scores at baseline
and at 60-day follow-up after PBM. e Thongprasom clinical scores at
baseline and at 30-day follow-up after PBM

with autoimmune disorders, COVID-19-related anxiety can
lead to exacerbations of the disease [60].

Gingival lesions in autoimmune diseases usually pre-
sent as diffuse erythematous areas, blisters, erosions, and
ulcerations, located mainly in the attachment gingiva and/
or palatal mucosa, which may be surrounded by keratosis
with tiny reticulations or with interspersed keratotic plaques
[3, 16]. However, due to the lack of data in the included
articles, the most common gingival manifestation could not
be established. Interesting data obtained in the current sys-
tematic review was that the gingival manifestation presented
concomitantly with lesions in another oral location in 99.3%
of the reported cases. Only one case presented as an iso-
lated gingival lesion. Gingival tissue is recognized for its
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sensitivity to inflammation, fibrotic response, and propensity
to drug-induced overgrowth [61, 62], which differentiates
it from the lining mucosa in the oral cavity. In this sense,
gingival lesions should be evaluated separately from other
locations. Unfortunately, the revised papers did not perform
such assessment, hindering the real response of the gingival
tissue to treatment with PBM.

Topical CS remain the most widely used, most reliable,
and effective method for the treatment of oral lesions of
autoimmune origin, such as symptomatic OLP and MMP
[30, 63]. Agents typically prescribed include betamethasone,
clobetasol, dexamethasone, and triamcinolone acetonide
[29]. Clobetasol propionate appears to be one of the most
effective topical steroids as on an adhesive basis it led to
complete remission in 56-75% of patients [30]. The symp-
tomatic treatment with CS can eradicate pain and ulcers,
allowing patients to recover their capacity for basic activities
of daily life (e.g., eating, drinking, toothbrushing). There is
often an improvement in the clinical aspect of the affected
areas and the treatment can be considered successful when a
painful erosive lesion is transformed into a painless atrophic
change [64]. Nonetheless, some patients are refractory to
topical corticosteroids [30]. The lack of adherence of the
topical drug formulation to the affected sites for a longer
duration has been considered as a factor in reducing the
efficacy of this treatment [20]. In addition, the use of CS
may also result in the development of secondary candidiasis,
and thus frequently requires concomitant use of antifungal
agents [65]. The disadvantages of CS point to the need for
seeking new treatment alternatives. Thereby, PBM appears
as a therapeutic option for these injuries.

PBM is a treatment that uses a continuous laser or light-
emitting diode (LED) with a wavelength of 600 to 1000 nm
applied for the purpose of analgesia, stimulation of tissue
repair, and/or reduction of inflammation, showing advan-
tages over current OLP therapies such as noninvasiveness
and the absence of side effects [42, 66]. The qualitative eval-
uation showed that all included studies reported the effect
of PBM on pain alleviation and clinical enhancement of the
oral lesions. Moreover, the meta-analysis revealed no statis-
tically significant differences between PBM and topical CS
groups in reducing pain. Therefore, considering that topical
CS are the first-line therapy for many autoimmune diseases,
such as OLP [67], PBM has proved to be as effective as topi-
cal CS, and can be considered an option for patients with
restrictions on the use of these medications. Furthermore,
PBM does not lead to side effects inherent to the medication,
such as oral candidiasis.

The low number of included RCT with the same evalu-
ation criteria and few evaluated patients in each included
study represents a limitation. Additionally, one study was
responsible for 96% of the weight in the analysis, which
could be improved if there were a greater number of
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included studies. Baseline analysis showed an absence of
sample heterogeneity, demonstrating that the sample used
in the studies had similar characteristics between the evalu-
ated groups. However, at 60-day follow-up analysis, there
was great heterogeneity in the sample (I>=94%), with very
divergent results, which contributed to the absence of signifi-
cant differences between the evaluated studies; it is notewor-
thy that the weight distribution in the present analysis was
more uniform compared to the baseline analysis. Again, the
lack of randomized controlled trials with the same assess-
ment tool leads to an analysis with little strong evidence.

Concerning the analyses of laser outcome (effect over
time) using pain and Thongprasom clinical scores, results
are very favorable to the use of PBM in autoimmune gingi-
val lesions, even with a heterogeneous sample in the VAS
evaluation (baseline and 30-day comparison; I*=70%). It
was also observed that the improvement in pain extends up
to 60 days of follow-up, showing a homogeneous sample
(I2 =0%). These results present some limitations; first, in the
60-day analysis, there was irregular distribution of weight,
with one study accounting for 78.3% of the weight in the
analysis; second, both VAS analyses were performed with
only 2 studies, with no other papers fulfilling the necessary
criteria. Concerning Thongprasom analysis, more homo-
geneous sample is noted (?=47%); however, the irregular
distribution of weight remains as a limitation, with one study
representing 70.6% of weight in the analysis.

A variety of scoring systems have been proposed to evalu-
ate disease severity and monitor the response to such treat-
ments, testing the effectiveness of these drugs within and
among patients [68]. VAS and Thongprasom sign scores are
the most used methods in the analysis of pain and clinical
evaluation of OLP, respectively [68, 69]. VAS was devel-
oped to obtain pain measurements with more variability
using a continuous single-line trace [70]. In addition to VAS,
the NRS system is also considered to be highly feasible for
clinical research and practice, providing very little burden to
professionals and patients [69]. Despite the validated tools
for pain assessment, measuring the subjective experience of
pain is a continuing challenge in the medicine [71]. To ana-
lyze clinical improvement, Thongprasom’s score is typically
preferred by investigators because of its ease of application
and it does not require any sophisticated calculations [68].

The laser parameters used in the included studies showed
great variation. Data including source, wavelength, fluence,
power output, power density, time of irradiation, number of
sessions, and spot size were collected from the selected stud-
ies. The mostly used laser source was a diode laser, which
consists of a system of many semiconductors designated as
conductor bands or valence bands, between which the flow
of electric current causes the excitation of electrons and
the creation of a laser wave with wavelengths ranging from
445 to 980 nm [72]. Wavelength affects tissue penetration;
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shorter wavelengths (600 to 700 nm) are considered best to
treat superficial lesions, whereas longer wavelengths (780
to 950 nm) are preferred to treat deeper injuries [73]. Our
results indicate a preference for longer wavelengths, con-
sidering that DG is an immune-mediated condition and not
a superficial damage that is heavily influenced by external
factors or contactants. In all studies, laser was used with
wavelengths ranging from 308 to 10,600 nm. Consider-
ing that photons emitted by a light source are absorbed
by cytochrome C oxidase mainly located in mitochondria,
cells with greater amount of this organelle respond better
to PBM; besides, tissues with more mitochondria tend to
be located deeper in the body [73], supporting the use of
longer wavelengths.

Irradiation time is also important in establishing the
optimal light delivery protocol; for arthritides (inflamma-
tory chronic rheumatic diseases), a higher time of exposure
produces positive effects on reduction of joint swelling and
serum prostaglandin E2 [74]. Interestingly, the effect in
arthritides is independent of the fluence or irradiance [74].
Nevertheless, the current systematic review showed that two
studies with no favorable results for PBM in DG presented
higher irradiation times (120 [37] and 480 [44] s per point),
indicating that laser protocols need to be individualized for
each pathology.

Another important parameter is the spot size; the applica-
tion of a larger surface optical spot size is associated with
optimal clinical outcome for deeper targets [75]. On the
other hand, smaller spot size presents better results associ-
ated to multiple applications and higher overall dose [75].
In the present review, the spot size ranged between 0.03
and 1 cm?; unfortunately, 58.8% of the included studies did
not report this laser parameter, making it difficult to state
whether spot size is associated or not with improved gingival
lesions. Concerning power density (irradiance), it should be
suitable; upper intensity can generate unnecessary heat in
the target tissue or lesion, and lower intensity can be defi-
cient to reach the clinical improvement [73]. Only four stud-
ies [9, 30, 42, 43] reported the irradiance, the majority com-
prised higher values (1000 or 1500 mW /cm?), and showed
favorable response of PBM in autoimmune gingival lesions.

The dose or fluence is a laser parameter in function of the
power output, application time, and optical footprint within
the tissues; therefore, some applied energy is reflected,
whereas other fraction of energy is scattered around the tar-
get tissue, and finally the remaining is absorbed by the tis-
sue, producing the positive effects of PBM [75]. Currently,
there is no single established protocol of dose or fluence
that will always result in a beneficial PBM effect [73]. In
fact, our results showed great variability in this parameter,
ranging from 0.1 up to 133.3 J/cm?, and presenting good
response of PBM in gingival lesions. Only two studies [37,
44] reported no positive effects of PBM, but they did not

inform the utilized fluence, which made further assessment
of this parameter not possible.

Some limitations were observed in the present study. The
lack of well-conducted RCTs was a factor that hampered
better assessing of PBM effectiveness; most of the studies
systematically included in this review were case reports and
case series, making a stronger meta-analysis unfeasible.
Another limitation refers to the absence of clinical informa-
tion about gingival injuries in several studies, as well as the
lack of individual analysis, separating gingival lesions from
others, which would allow a more reliable assessment of the
effects of PBM on gingival tissue. Our results highlight the
need for conducting more RCT-type studies that investigate
the use of PBM in autoimmune gingival lesions, besides
emphasizing the importance that the studies present their
data in more detail about the response to treatment in each
specific location, given the different responses presented by
lesions in different intraoral sites.

In conclusion, PBM has become an important tool in the
management of autoimmune gingival lesions and has shown
significant pain reduction and improvement of clinical scores
of the intraoral lesions after therapy, without showing sig-
nificant differences when compared to topical CS. Up to
now, there is limited strong evidence to assess the efficacy
of PBM in autoimmune gingival lesions.
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