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ABSTRACT

Objectives

The extraction of third molars is one of the most performed surgical procedures in oral
and maxillofacial surgery. Pain, oedema, and trismus are the most frequently complications
related in the surgical postoperative period. The literature has indicated PBM as a potential
adjuvant method to reduce these complications. The aim of this review and meta-analysis
is evaluate the PBM, as an optimal method to improve patient experience and minimize
postoperative morbidity. Additionally, we seek to determine which wavelength, site, and
frequency of application are most effective.

Methods

This review was registered in PROSPERO (CRD42023429966) and followed PRISMA guide-
lines. The search was carried out in the main databases, PubMed/MEDLINE, Cochrane
Library, Embase, Scopus, and Lilacs, including reviews in the most important journals in
the area of oral surgery and laser applied to oral surgery. In addition, all article references
and also gray literature were reviewed. After the studies selection, the relevant data was
collected. All the studies were randomized controlled trials and the patients were allocated
into two groups: active PBM and inactive PBM. The statistical analysis was carried out us-
ing Stata v.16, and the methodological quality and risk of bias were assessed by the Jadad
scale and RoB 2.0, respectively.

Results

Where included 22 studies and 989 subjects, to all with a minimum follow-up of 7 days.
Pain and oedema showed statistically significant results in favor to the active PBM group.
Especially when laser applied in infrared mode, for pain and oedema at 48 h, MD =-1.80
(C195% -2.88,-0.72) I? = 92.13% and MD =-1.45 (C195% -2.42, -0.48) I> = 65.01%, respectively.
The same is not true for trismus at 48 h, MD = 0.07 (CI95% -0.06, 0.21) 1> = 3.26%. The meta-
analysis also presented results in respect of laser site of application and number of PBM
sessions.

Conclusions

PBM with infrared laser, in a combination intraoral and extraoral application, in one session
in the immediate postoperative period, has been shown to be effective to achieve the
objectives of reducing pain and oedema after third molar extraction.
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INTRODUCTION

he extraction of third molars is one of the most per-

formed surgical procedures in oral and maxillofacial
surgery."“The first days of the postoperative period are
marked by an intense inflammatory response, which is as-
sociated with short-term postoperative pain, facial oedema,
and trismus, which affects the quality of life of patients.?*

Winter® and Pell and Gregory® created systems to classify
third molars in relation to their position in the mandibular
bone, with the intention of facilitate the analysis of surgi-
cal difficulty. Other aspects like the duration of the surgery
and the technique used,' patient’s trust in the surgeon
who performs the surgery,® skill and expertise of the sur-
geon,’ the preoperative oxidative stress’ and pericoronitis®
are factors to influences postoperative outcome, and in a
certain way predict the surgical prognosis of a third molar
extraction.

The most varied resources are used to reduce complications
in the surgical postoperative period, and thus provide more
comfort to patients. Antibiotics”'? and anti-inflammatories
prescription,'’ cryotherapy,'” kinesio taping,'” platelet-rich
fibrin,'® ozone therapy, and finally the objective of the cur-
rent review, photobiomodulation (PBM) with low-power
laser.'

Increasingly, in routine dental practice, there is a demand
to use less invasive methods that help to reduce discom-
fort and provide rapid tissue healing. The literature has indi-
cated PBM as a potential adjuvant method to achieve these
objectives but has a wide variety of application protocols.
This review and meta-analysis aim to evaluate PBM, with low-
power laser, as an optimal method to improve patient expe-
rience and minimize postoperative morbidity. If so, we seek
to determine which wavelength, site, and frequency of ap-
plication are most effective in maximizing the effect of PBM
therapy.

MATERIAL AND METHODS

Register Protocol

This review was carried out following the PRISMA guide-
lines™ and according to the PICOS method'®: Patients with
indication to extract both lower wisdom teeth present-
ing the same classification (split mouth), or one lower wis-
dom tooth in the same classification as the other study
participants (parallel). Classification as determined by the
authors of the study (P=Patient); PBM with laser in the
immediate post-surgical period (I =Intervention); laser in-
active (C=Comparison); reduction in postoperative dis-
comfort (O = Outcome); Randomized clinical trial (S = study
design). It has been duly registered with PROSPERO
(CRD42023429966).
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Selection Criteria, Sources of Information and
Research

A bibliographic search was carried out using keywords (with
the appropriate Boolean operators), in the main databases,
PubMed/MEDLINE, Cochrane Library, Embase, Scopus, and
Lilacs, including reviews in the most important journals in the
area of oral surgery and laser applied to oral surgery. In ad-
dition, all article references and also gray literature were re-
viewed in order to identify relevant studies, which compared
the use of PBM in reducing postoperative discomfort with
a control group (Supplementary 1). The search includes the
period between the first records found in the database until
June 2023. When necessary, we contact the authors of the
studies to clarify missing information or data.

Inclusion Criteria

(1) Randomized clinical trials (RCT) studies; (2) Studies that
used active soft laser application as a study group and the
inactive laser as a control group; (3) Studies with patients with
indication for extraction of one mandibular wisdom teeth,
or extraction of both wisdom teeth, who were in a similar
position;>¢ (4) Studies in all languages were included.

Exclusion Criteria

(1) Studies that are clinical cases or case series; (2) Studies
that have in the control group, any treatment other than the
inactive laser, or that the application protocol of the non-
active laser is not the same as the protocol used for the study

group.

Study Selection

Two independent researchers, GCVC and PVAYV, carried out
the study selection in two stages. The first included an anal-
ysis of titles and abstracts of the articles found in the search.
Studies not related to the topic of interest were eliminated,
that is, texts that did not deal with PBM as a treatment for
post-extraction discomfort of lower third molars. In the sec-
ond stage, the full texts of eligible studies were analyzed to
verify whether they met the eligibility criteria. A careful analy-
sis of the references of eligible articles was also done to verify
studies that were not detected in the main search strategy.
Excluded studies were recorded separately, along with the
reasons for exclusion (Supplementary 2).

Data Collection Process

The full articles were read by both investigators (GCVC and
PVAV) who collected the data (in duplicate), to prevent mea-
surement bias. A third researcher (FFVS) acted as a media-
tor in case of discrepancy or lack of agreement. The degree
of agreement between the two researchers reached a Cron-
bach'’s alpha of 0.93."7



Study Variables

The following data was extracted from each study: first au-
thor; year of publication; country; study design; sample size;
gender; average age; wavelength of laser; site of applica-
tion; number of PBM sessions; variable of interest and time
of evaluation of each variable of interest (follow-up).

The primary outcome measure is pain referred by the visual
analogue scale-VAS (0-10) where “0” represents the mini-
mum pain and “10” is the maximum pain, and the secondary
outcome measures are oedema by facial measurement in
millimeter (mm), and trismus by measuring the mouth open-
ing obtained between the edges of the upper central incisor
and the lower central incisor with a millimeter scale (mm).

Methodological Quality and Risk of Bias

The methodological quality of the included studies was car-
ried out using the Jadad scale,'® which, based on five ques-
tions, evaluates three aspects of clinical trials; randomization,
blinding, and description of loss to follow-up. In three of the
questions Yes=1 or No =0, in two questions described and
appropriate =1, not described =0, or described but inap-
propriate =-1. The final score is given on a scale from 0 (min-
imum) to 5 (maximum), classifying studies with a final score
<3 as low quality.

The risk of bias was evaluated according to the RoB 2.0 tool"?

made up of fixed domains of bias, five in total. Each one be-
ing responsible for evaluating bias regarding an aspect of
the clinical trials evaluated: the randomization process, de-
viation from the intended intervention, incomplete outcome
data, measurement of outcomes, description of outcomes.
The concept can be assigned to each of the questions; yes,
probably yes, no, probably no, and no information. In the
end, a risk of bias analysis is carried out through algorithms
that map the responses and classify them as: low risk, some
concerns, or high risk. Again, both analyses were conducted
independently by each of the two researchers, and in case
of disagreement, the third researcher acted as mediator.

Egger’s statistical test was also performed to check for the
presence of publication bias. In this test, when the intercept
of the regression is zero, it suggests that there is no publi-
cation bias, while the further away from zero the results are,
the greater the publication bias. Finally, a sensitivity analysis
of the studies was carried out with the removal of outliers
identified from a visual analysis.

Statistical Analysis

Variables from comparable studies were collected and an
analysis was performed with Stata, v.16. The statistically sig-
nificant results of the quantitative analysis were expressed in
mean differences (MD) with a 95% confidence interval (Cl)
and are presented in Forest Plot graphs.
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Heterogeneity was analyzed using the I? statistic. The values
corresponding to 25%, 50%, and 75% point to low, moder-
ate, and high heterogeneity, respectively.”’ When the ob-
served heterogeneity was moderate or high, a 95% predic-
tion interval (Pl) analysis was performed, in order for the clin-
ician to be more confident in adopting the conclusions to
treat their patients.?!

RESULTS

Initially, we detected 26.273 potential studies. After evaluat-
ing the studies according to the protocol described above
and as illustrated by the PRISMA diagram (Figure 1), 22 were
incorporated into this systematic review and meta-analysis.
All studies were RCT, however, the studies designs varied,
13 presented a split-mouth design*??3* and 9 presented a
parallel design.'**4! The Table 1 shows the basic charac-
teristics of the studies included in this review.

Atotal of 989 subjects participated in the 22 studies, all with a
minimum follow-up of 7 days. The PBM protocols used were
very variable in terms of the wavelength used (red, infrared,
or both), the site (intra, extraoral, or both), and the num-
ber of sessions. In addition, several other co-interventions
were used in the studies. Such as prophylactic antibiotic ther-
apy, analgesia and/or non-steroidal anti-inflammatory drugs
in the postoperative period.*14:72:23.2527,29:31,33:33,40

The studies carried out by Aras et al.,* Koparal et al.* and
Bianchi de Moraes et al.** had their data analyzed twice and
Ahrari et al.?* three, because they used different protocols
for the intervention with PBM, and therefore presented more
than one study group.

Photobiomodulation Efficacy

A meta-analysis was performed to determine if there was a
statistically significant difference when comparing the results
of the active PBM and inactive PBM groups. It was hypothe-
sized that active PBM would be effective in reducing postop-
erative discomfort after the extraction of lower molars. The
null hypothesis was that the administration of active PBM has
no effect on postoperative discomfort.

Pain

The pain was evaluated at five postoperative moments: im-
mediately, on the first day (24 h), on the second day (48 h),
on the third day (72 h), and after seven days (7 d).

14,23-33,3641 \vere allocated into two sub-

Eighteen studies
groups determined according to the study design, parallel
or split mouth. In the immediate postoperative period, as
expected, the pain did not present a statistically significant
difference for either group, MD =-0.13 (CI95% -0.28, 0.03)
[2=71.97% (Figure 2). At all subsequent postoperative mo-
ments, the null hypothesis was rejected since pain was al-

ways less in the active PBM group, in both subgroups. At 24

June 2024
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Table 1. Detailed descriptive summary of all studies included in the systematic review and meta-analysis. Gender: men (m), women (w); Wavelength (nm) of laser: 550-660
(red), 780-980 (infrared); Time of evaluation of each variable of interest (follow-up): 0 =immediate postoperative (pain) or preoperative/baseline (oedema and trismus), 24
h =24 hours, 48 h=48 hours, 72 h=72 hours, 7 d =7 days.

First author/year Country  Study design Sample  Gender Rangeage  Wavelength  Aplication site Number of  Variable of interest Follow-up
size (M/W) (nm) sessions
Ahrari F et al. 2020 Iran Split mouth 40 22/18 18-65 660, 810, Intraoral 2 Pain 24h,48h,72h,7d
660+810
Alan et al. 2016 Turkey Split mouth 15 = 17-29 810 Extraoral 2 Pain, Oedema, Trismus 0,48h,7d
Aras et al. 2009 Turkey Parallel 32 11/21 18-27 808 Intraoral + Extraoral 1 Oedema, Trismus 0,48h,7d
Aras et al. 2010 Turkey Parallel 48 14/34 18-27 808 Intraoral, Extraoral 1 Oedema, Trismus 0,48h,7d
Asutay et al. 2018 Turkey Parallel 30 14/16 17-29 810 Extraoral 1 Pain, Trismus 0,48h,7d
Bianchi de Moraes et al. 2020  Brazil Parallel 57 12/45 - 660 Intraoral 3 Pain, Oedema, Trismus 0,24h,48h,72h,7d
Eroglu et al. 2016 Turkey Split mouth 35 20/15 not reported 940 Extraoral 1 Pain, Oedema, Trismus 48h,7d
Farhadi et al. 2017 Iran Parallel 48 24/24 18-35 550 Intraoral 4 extraoral 1 Pain, Oedema, Trismus 0,24h,7d
Ferrante et al. 2013 Italy Split mouth 30 15/15 18-30 980 Intraoral 4 Extraoral 2 Oedema, Trismus 24h,7d
Kazancioglu et al. 2014 Turkey Parallel 60 32/28 18-25 808 Extraoral 4 Pain, Trismus 0,24h,48h,72h,7d
Koparal et al. 2018 Turkey Parallel 45 18/27 16-27 810 Extraoral 1,2 Pain, Oedema 0,48h,7d
Landucci et al. 2016 Brazil Split mouth 22 11/11 17-28 780 Intraoral 4 Extraoral 1 Pain, Oedema, Trismus 0,48h,7d

(continued on next page)
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Table 1 (continued)

First author/year Country  Study design  Sample ~ Gender  Rangeage  Wavelength  Aplication site Number of  Variable of interest Follow-up
size (M/W) (nm) sessions

Lépez-Ramirez et al. 2012 Spain Split mouth 20 9/ 18-37 810 Intraoral 1 Trismus 0,48h,7d
Momeni E et al. 2022 Iran Split mouth 25 11/14 18-40 940 Extraoral 1 Pain, Trismus 0,24 h,48h,72h,7d
Momeni et al. 2021 Iran Split mouth 25 10/15 18-40 940 Intraoral 1 Pain, Oedema, Trismus 0,24h,48h,72h,7d
Pol et al. 2016 Split mouth 25 7/18 16-24 910+ 635 Intraoral 3 Pain, Oedema 0,24h,48h,7d
Raiesian et al. 2017 Iran Split mouth 44 22/22 18-44 980 Intraoral + Extraoral 2 Pain, Oedema 24h,7d
Salem et al. 2020 Saudi Parallel 50 0/50 30-45 660 Intraoral 1 Pain, Oedema, Trismus 0,24h,48h,7d

Arabia
Santos et al. 2020 Brazil Split mouth 32 14/18 - 780 Intraoral 1 Pain, Oedema 0,24 h,48h,72h,
Sigaroodi AK. et al. 2023 Iran Split mouth 32 18/14 17-35 808 Intraoral + extraoral 2 Pain, Trismus 0,24h,48h,72h,7d
Singh et al. 2019 India Split mouth 25 14/11 18-40 830 Intraoral 4 Extraoral 4 Pain, Oedema, Trismus 0,48h,72h,7d
Thorat S et al. 2022 India Parallel 30 S 18-35 980 Intraoral + Extraoral 2 Pain, Trismus 0,24 h,48h,72h,7d

ID1LOVYd TVLINIA d3Svd-3ONIdIAT Jo [ewinor ay|



The Journal of EVIDENCE-BASED DENTAL PRACTICE

Figure 1. Flow diagram of literature search. Diagram according to Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020. *Consider, if feasible to do so, reporting the number of records identified from
each database or register search (rather than the total number across all database/registers). **No automation tools
were used, all records were excluded by human. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement an updated guideline for reporting systematic reviews. BMJ
2021;372;n71, doi:10.1136/bmj.n7 1. For more information, visit: http://www.prisma-statement.rog/
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hed (rather than the total number across all databases/registers).

h and 72 h postoperatively, the meta-analysis revealed a sta-
tistically significant difference for the active PBM group, al-
though, in the subgroup analysis, the parallel group did not
present a statistically significant difference at 24 h, MD =-
0.91 (CI95% -1.92, 0.10) I>=88.05%. (Figure 3A) and at 72 h,
MD =-1.44 (CI95% -3.36, 0.48 12=92.15%. (Figure 3c). At 48
h and 7 d postoperatively, a statistically significant difference
was also observed for the active PBM group at 48 h, MD =-
1.46 (CI95% -2.43, -0.50) 12=90.87%. (Figure 3B) and at 7 d,
MD =-0.88 (CI95% -1.16, -0.61 I>=67.03% (Figure 3D) in this
case, both subgroups agreed with this result.

Continuing with the evaluation of pain, but now through a
meta-regression regarding the active PBM group when the
red laser, infrared laser, or both were applied. Although a
high heterogeneity was identified, the studies that applied
laser in infrared mode presented less pain at all postoper-
ative moments, especially at 48 h, MD =-1.80 (CI95% -2.88,
-0.72) P=92.13% (Figure 4).
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Another meta-regression verified the difference between
applying the laser intraoral, extraoral, or both, in the 48
h follow-up. The results present extraoral and extraoral
plus intraoral applications, MD =-1.92 (CI95% -3.66, -0.18)
12=94.69% and, MD =-1.24 (CI95% -22.43, -0.50) I>=0.00%,
respectively, where the pain was less at all postoperative
moments (Figure 5). Finally, the application of the laser in
just one session or two/more sessions presented quite sim-
ilar results, 72 h: MD =-2.87 (CI95% -5.13, -0.61) ?=81.15%
and, MD =-1.31(CI95% -2.37, -0.25) I> =84.97% respectively
(Figure 6).

Oedema

Oedema was evaluated at 3 moments: preoperative (base-
line), 48 h, and 7 d postoperatively. Fourteen stud-
jest26-31,33:36,3840 \yere allocated into the two subgroups. At
48 h postoperatively, the null hypothesis was rejected, since

the active PBM group presented less oedema than the in-
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Figure 2. Forest plot results of the parallel and split mouth subgroups, in the immediate postoperative, for pain
outcome. The results show to the left of the centre line (point 0) concern the study group value (PBM active), and

those on the right the control group (PBM inactive).

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Parallel
Farhadi et al. 2017 24 2 1 24 2 A 0.00[ -0.06, 0.06] 42.58
Bianchini de Moraes et al. 2020 19 197 215 18 2.27 2.1 -0.30[ -1.67, 1.07] 1.21
Salem et al. 2020 25 .16 1 25 .29 12 -0.13[ -0.19, -0.07] 42.15
Thorat et al. 2022 15 2.06 7 15 2.8 .67 -0.74[ -1.23, -0.25] 7.98
Heterogeneity: 12 = 0.01, I? = 82.13%, H? = 5.60 -0.12[ -0.27, 0.03]
Test of 8, = 6;: Q(3) = 16.79, p = 0.00
Splith-mouth
Landucci et al. 2016 22 .5 11 22 .59 1.1 #  -0.09[ -0.74, 0.56] 4.91
Singh et al. 2019 25 96 254 25 1.04 254 —+— -0.08[ -1.49, 1.33] 1.15
Santos et al. 2020 32 6.68 11.12 32 17.54 26.18 -10.86 [ -20.72, -1.00] 0.02
Heterogeneity: 12 = 0.79, I? = 56.27%, H? = 2.29 <9 -030[ -1.72, 1.11]
Testof 6, = 6: Q(2) =4.57, p=0.10
Overall -0.13[ -0.28, 0.03]
Heterogeneity: 12 = 0.01, 2 = 71.97%, H? = 3.57
Test of 8, = 6: Q(6) = 21.41, p =0.00
Test of group differences: Q,(1) = 0.06, p = 0.80

Random-effects DerSimonian-Laird model

active PBM group, although, in the subgroup analysis, only
the split-mouth presented a statistically significant difference
at 48 h, MD =-1.16 (CI95% -2.09, -0.24) 2= 63.30% (Supple-
mentary 3A). At 7 d postoperatively the split-mouth and the
parallel subgroups presented a statistically significant differ-
ence, MD =-1.28 (CI95% -2.54, -0.01) 1> =87.10%, and MD = -
1.85 (CI95% -3.63, -0.08) 12 = 66.47% (Supplementary 3B), re-
spectively.

Still evaluating the oedema, but through a meta-regression,
it was verified that in the studies in which the infrared
laser was applied, the study group presented a statisti-
cally significant difference when comparing the results of
48 h and 7 postoperative days, MD =-1.45 (CI95% -2.42, -
0.48) 1= 65.01% (Supplementary 4A) and, MD = -1.82(CI195%
-3.04, -0.60) 1?=86.20% (Supplementary 4B), respectively.
When verifying the difference between the laser application
sites, none of the groups (intraoral, extraoral, or a combina-
tion of both) presented a statistically significant difference at
48 h (Supplementary 5A). At 7 d, the studies that applied in-
traoral plus extraoral, were the only ones that presented a
statistically significant difference, MD =-1.96 (CI95% - 3.09,
-0.83) I?=61.16% (Supplementary 5B). Regarding the num-
ber of laser applications, the studies that applied only one

session presented a statistically significant difference for ac-
tive PBM while the group that applied two sessions or more
did not. The results for only one laser session at 48 h, MD =-
1.78 (C195% -3.01, -0.55) 1>=80.16% (Supplementary 6A) and
7 d, MD =-1.95(-3.34, -0.56) > = 85.42% (Supplementary 6B),
respectively.

Trismus
Trismus was evaluated in eighteen stud-
ies,#14:22.23,25-28,31,33-41 5t 3 moments: preoperative (baseline)

and 48 h and 7 d postoperative. At baseline, as expected,
trismus did not present a statistically significant difference
for either of the two groups, MD =0.07 (CI95% -0.06, 0.21)
[2=3.26% (Supplementary 7A). At the postoperative mo-
ments 48 h (Supplementary 7B) and 7 days (Supplementary
7C), no statistically significant difference was observed for
either group.

The same occurred in meta-regression. No statistically sig-
nificant difference was verified at 48 h when comparing the
results of wavelength (Supplementary 8), application sites
(Supplementary 9), and the number of laser applications
(Supplementary 10).
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Figure 3. Forest plot results of the parallel and split mouth subgroups, for pain outcome. (A) At 24 h postoperative.
(B) At 48 h postoperative. (C) At 72 postoperative. (D) On the 7th postoperative day.
Treatment Control Mean Diff. Woight Troatment Control Moan DIf, Woight
Izl Study N Mean SD N Mean SD with 95% CI %) Study N _Mean SD N Mean SD with 95% C1 6
Parallel Parallel
Kazancioglu et al. 2014 20 341 487 20 842 14 E 3 501( -7.23, -279) 784 Kazancioglu et al. 2014 20 246 122 20 581 132 ) -335( -4.14, 2.56] 13.02
Farhadi ot al. 2017 24 38 1724 39 17 || 0.10[ -1.06, 0.86] 1046 Bianchinido Moraos otal. 2020 10 305 252 18 241 261 M- 0s4[-101, 229] 1091
Bianchini do Moraes etal. 2020 19 342 238 18 3.19 269 - 023 -1.40, 1.86] 9.13 Thorat et al. 2022 15 246 106 15 373 .70 [ ] 1.27(1.94, -060) 1323
Salem et al. 2020 25 49 2425 54 23 | | 005 -0.18, 008 11.32 Heterogeneity: T* = 2.57, I = 92.15%, H' = 12.75 < -1.44(-3.36, 0.48]
Thorat et al. 2022 15 266 97 15 4 84 | | -1.34[ -1.99, -0.69) 1092 Testof = 6: Q(2) = 25.49, p = 0.00
Hoterogeneity: T = 1.00, I = 88.05%, H' = 8.37 . 091[ -192, 0.10]
Tostof ©,= 0 Q(4) = 33.46, p = 0.00 Spiith-mouth
Singh ot al. 2019 25 236 206 25 436 155 - -200( 301, -099) 1256
Splith-mouth Santos ot al. 2020 %2 336 783 32 626 1314 —W——— 290820, 240] 871
Pol etal. 2016 25 324 235 25 384 24 6.00(-19.17, 7.17) 068 Ahvari F et al. 2020 10 45 19 10 3 34 M 150(-091, 391 882
Ralesian et al. 2017 16 231 355 28 4.9 3.09 - -1.88( -388, 0.12) 832 Momeni et al. 2021 25 3478 299 25 4857 279 = -1.38( -298, 0.22) 11.05
Santos et al. 2020 32 379 768 32 1511 17.6 —@—— -11.32(-17.97, -467) 226 Momeni E et al. 2022 25 124 5625 532 &4 | ~4.08( 4.41, 375 1366
Ahrari F ot al, 2020 10 71 2410 48 3 - 230[ 008, 468 7.49 Sigaroodi AK. et al. 2023 32 87 134 32 244 181 ] 157 235, 0.79] 1304
Momeni et al. 2021 25 5652 312 25 7.047 226 - 1.40( 291, 012] 9.40 Hotorogenokty: v* = 3.03, I = 82.48%, H' = 13.29 - +1.80( 339, 0.22)
Momen E et al. 2022 25 28 6625 58 .55 | -3.00( -3.34, -266] 1122 Toet 019,=/6; O(S) = 0048, p= 0,00
Sigaroodi AK. et al. 2023 32 262 138 32 45 1.14 | | 1.88( -2.50, -1.26] 10.96
Heterogeneity: T = 1.47, I = 83.62%, H' = 6.1 * 1.84[ -3.06, -0.63] Overak b & L2 87046
Tostof 6, = 6; Q(6) = 36.63, p = 0.00 Howogthely: T2 Ca Ru 00208, e 141
Tostof 6,=6:Q(B) = 11931, p = 0.00
Overall * 149( 261, 037) Tost of group diferences: O,(1) = 0.08,p = 0.78
Heterogeneity: v = 2.8, I = 96.56%, H' = 29.03 o s 3 5
Tostof 8, = 0;: Q(11) = 319.37, p = 0.00 Treatment Control Mean Dif Weight
Test of group differences: Q (1) = 1.35, p = 0.25 ES“’W N _Moon SO N Moan SO with 95% CI (%)
B m o % Parallel
Kazanciogluetal. 2014 20 .75 22 20 233 126 u 1.58( -2.14, -1.02]  9.10
— e et ey Fahadietal. 2017 24 9 724 129 11 o 039( 091, 013 959
e Koparalotal.a2018 15 6 12 15 21 14 - 150 243, 057 542
Kazancioglu et al. 2014 20 246 122 20 581 132 | -3.35( -4.14, -256] 858 Asutayetal 201 15 8 145 173.188 * L13[ -236, 001) 425
Koparal et al. a 2018 15 34 1915 41 2 n -0.70( -210, 0.70) 7.65 Salem et al. 2020 25 5 225 136 8 n 081 -1.13, -049] 1223
Asutay et al. 2018 15 34 192 15 547 192 n 207 -344, -0.70] 7.69 Thorat et al. 2022 15 66 48 15 16 91 | | 094( -1.46, -042] 961
Bianchini do Moracs tal. 2020 19 365 297 18 289 242 ] 076( 099, 251 7.01 Heterogeneity: ¥* = 0.10, F = 55.99%, H' = 2.27 [ 099 -1.35, -0.63]
Salem et al. 2020 25 222 1325 38 19 n 159[ -249, 069] 843 Testof 6, = 8: Q(5) = 11.36,p = 0.04
Hetorogeneity: ¥ = 1.7, I = 83.06%, H' = 6.23 + as1( 281, 022)
Test of 6, = 6: Q(4) = 24.94, p = 0.00 Splith-mouth
Landuccietal. 2016 22 59 9 22 141 13 | -082[ 148, -0.16] 792
Spiith-mouth Eroglu et al. 2016 35 57 122 35 .34 .639 | | 023 -0.23, 069) 10.45
Landucd ot al. 2016 2 227 1822 388 2 - 160[ 271, -047) 8.10 Alan et al. 2016 15 36 3915 56 78 e 200( 641, 241 037
Eroglu et al. 2016 3 14 1439 35 137 175 | 003[ 072, 078) 863 Pl ioie e i 03001166, 1096 006
Alan ot al. 2016 15 241 162 15 211 129 ——e—— 300[ 748, 1348] 078 i i 18) 151299598 143RAE - 0T 7 06l 1277
Polotal. 2016 25 283 227 25 423 255 14.00(-27.38, 062] 0.49
S ad i sl h e S 0 bl s e Singh et al. 2019 25 48 108 25 168 128 n 120 186, 054 797
Sas i al 5036 B B s Fiisiere - 48] oAb 040, 388 Ahcari F et al. 2020 10 2 2910 17 24 — 030( -203, 263 125
el E 2020 50; 81 22010 a8 8k = 1801 071, 431 564 Momeni et al. 2021 25 43¢ 15 25 1714 226 - 128 234, -022) 456
Momeni etal. 2021 25 4956 312 25 6333 267 " 138( 29, 023 727 MomeniEetal.2022 25 .16 08 25 12 25 | A1.04[ -1.14, -094] 1445
Momeni E et al. 2022 25 22 7425 616 84 | | 396 -4.40, -352) 893 Heterogeneity: " = 0.29, I = 74.06%, H' = 3.85 ’ “0.79( -1.30, -0.28)
Sigaroodi AK. et al. 2023 32 187 143 32 312 143 | ] 1.25( -1.95, -0.55] 8.69 Test of 6, = 6: Q(8) = 30.84, p = 0.00
Heterogeneity: T = 3.49, F = 92.07%, H' = 1422 + -1.46[ -285, 0.07)
Tost of 0, = 6; Q(9) = 127.96, p = 0,00 Overall [ 088( -1.16, -0.61)
Hoterogeneity: T = 0.13, F = 67.03%, H' = 3.03
Overall 4 146 -243, -0.50] Test of 8, = 8: Q(14) = 42.47, 00
Hotorogeneity: T = 267, F = 90.67%, H'= 1095
Tost of 8, = 8: Q(14) = 153.27, p = 0.00 Test of group differences: Q,(1) = 0.39, p = 0.53 [ | E—
0 5 0 5 10
Tost of group differences: Q,(1) =0.00, p = 0.96 i e oue b e
8 20 -0 0 10

Prediction Interval

The results of the prediction interval analysis (Supplementary
11), reports that the benefits of using PBM in the postopera-
tive period can vary among positive, null and negative,' as
the prediction interval presented values that included zero
in 100% of the analyses performed.

Quality Assessment

For such evaluations, the 22 studies included in the meta-
analysis were considered. Regarding methodological qual-
ity, 68% of the selected studies were considered to be of
low quality since only 7 of the studies presented a final score
> 3.22:2425,31:33.40 The detailed scoring and classification of
the studies are presented in Table 2. Regarding the Risk of
bias, all studies described adequate randomization. The final
analysis found a moderate risk since only one study® did not
record "some concerns" as a general bias. Detailed results
of each study and risk of bias plot are illustrated in Figure 7.
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Publication bias was calculated in those studies where 7-
day postoperative data were available, applying Egger's
method,*" and resulted in no publication bias for the three
outcomes: pain, oedema and trismus, with P-values of
P=.6881, P=.1043 and P=.5849 respectively.

DISCUSSION

PBM is a safe therapeutic modality, known for more than two
decades.”” There are various types of laser devices with dif-
ferent characteristics.*® The laser, which is included in a wave-
length of low-energy visible light to near-infrared radiation,
has a penetration capacity of 4 mm to 8 mm depth, which
corresponds mainly to tissues such as the skin or oral mu-
cosa.* Its high affinity for hemoglobin, melanin, and water,
which is composed of enormous frequency and depth, fa-
cilitates its absorption and action in blood vessels, lymphat-
ics, and nerves.*> Due to the depth of such structures, it is
assumed that the greatest effectiveness of the PBM occurs
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Figure 4. Meta-regression forest plot comparing to results obtained by infra-red, red and red + infrared (both) laser

application, for pain outcome, at 48 h postoperative.

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Infrared
Kazancioglu et al. 2014 20 246 122 20 581 1.32 -3.35[ -4.14, -2.56] 8.58
Landucci et al. 2016 22 227 18 22 3.86 2 -1.59[ -2.71, -0.47] 8.10
Eroglu et al. 2016 35 14 1439 35 1.37 175 0.03[ -0.72, 0.78] 8.63
Alan et al. 2016 15 241 162 15 211 129 3.00[ -7.48, 13.48] 0.78
Koparal et al. a 2018 15 3.4 19 15 4.1 2 -0.70[ -2.10, 0.70] 7.65
Asutay et al. 2018 15 34 192 15 547 192 -2.07[ -3.44, -0.70] 7.69
Singh et al. 2019 25 496 143 25 6 144 -1.04[ -1.84, -0.24] 8.57
Santos et al. 2020 32 266 423 32 7.11 10.76 -4.45[ -8.46, -0.44] 3.55
Momeni et al. 2021 25 4956 3.12 25 6.333 2.67 -1.38[ -2.99, 0.23] 7.27
Momeni E et al. 2022 25 22 .74 25 6.16 .84 -3.96 [ -4.40, -3.52] 8.93
Sigaroodi AK. et al. 2023 32 187 143 32 312 143 -1.25[ -1.95, -0.55] 8.69
Heterogeneity: 12 = 2.61, I? = 92.13%, H> = 12.71 -1.80[ -2.88, -0.72]
Test of 8, = 6,: Q(10) = 127.09, p = 0.00
Red
Bianchini de Moraes et al. 2020 19 365 297 18 289 242 0.76 [ -0.99, 2.51] 7.01
Salem et al. 2020 25 222 13 25 3.81 1.9 -1.59[ -2.49, -0.69] 8.43
Ahrari F et al. 2020 10 5.1 22 10 33 34 1.80[ -0.71, 4.31] 5.64
Heterogeneity: T2 = 2.79, I2 = 80.21%, H? = 5.05 0.11[ -2.04, 2.25]
Testof 8,=6,: Q(2) = 10.11, p = 0.01
Both
Pol et al. 2016 25 283 227 25 423 255 -14.00[ -27.38, -0.62] 0.49
Heterogeneity: 12 =0.00, I? = .%, H* = . e -14.00 [ -27.38, -0.62]
Testof 8,=6,: Q(0) =0.00, p=.
Overall ¢ -1.46[ -2.43, -0.50]
Heterogeneity: 12 = 2.67, |2 = 90.87%, H? = 10.95
Test of 8, = 6;: Q(14) = 153.27, p = 0.00
Test of group differences: Q,(2) = 5.81, p = 0.05

Random-effects DerSimonian-Laird model

when the infrared wavelength is used,** whose electromag-
netic spectrum ranges from 780 nm to 980 nm, and when the
applications are carried out by a larger diameter probe since
the diameter of the probe is directly proportional to the vol-
ume of irradiated tissue.*?

Obtaining a better result when the infrared laser is ap-
plied is confirmed in the results of the studies that
used this wavelength. The authors report a decrease in

23,25,26,31,37,38,41 gnd oedema.*3"** In contrast, studies
24,36,39,40

pain
that used a wavelength in the red range for pain
for oedema,®*° or a combination of the two wavelengths,?”
do not report significant results in favor to PBM, corroborat-
ing the result of this meta-analysis.

and

30 -20 -10 0 10

Another factor to consider when discussing the reason for
the greater effectiveness of the PBM when the infrared wave-
length is used is the location of the application. Studies that
have an intraoral approach apply PBM around the dental ele-
ment, which corroborates better healing,”**” but not neces-
sarily a reduction in pain?*?7:33:40 and oedema.??+*>40 Stud-
ies that carry out an extraoral application'*?3:*7:3¢ or a com-
bination of both,*2>:26:31.3441 generally have the application
of PBM performed closer to the anatomical structures of in-
terest and thus more successful results.

The role of PBM in cell metabolism has been demonstrated,
where the increase in the production of ATP, favors the
restoration of neuronal membranes and the reduction of
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Figure 5. Meta-regression forest plot to results obtained by intraoral, extraoral and intra + extraoral (both) laser ap-

plication, for pain outcome, at 48 h postoperative.

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Intraoral
Pol et al. 2016 25 28.3 227 25 423 255 -14.00[ -27.38, -0.62] 0.49
Bianchini de Moraes et al. 2020 19 365 297 18 289 242 076 [ -0.99, 251] 7.01
Santos et al. 2020 32 266 423 32 711 1076 -445[ -8.46, -0.44] 3.55
Salem et al. 2020 25 2.22 13 25 3.81 1.9 -1.59[ -2.49, -0.69] 8.43
Ahrari F et al. 2020 10 5.1 22 10 33 3.4 1.80[ -0.71, 431] 564
Momeni et al. 2021 25 4956 312 25 6.333 267 -1.38[ -299, 0.23] 727
Heterogeneity: 12 = 2.32, I = 70.51%, H? = 3.39 -0.92[ -2.54, 0.69]
Test of 8, = 8;: Q(5) = 16.95, p = 0.00
Extraoral
Kazancioglu et al. 2014 20 246 122 20 581 132 -3.35[ -4.14, -2.56] 8.58
Eroglu et al. 2016 35 14 1439 35 137 175 0.03[ -0.72, 0.78] 8.63
Alan et al. 2016 15 241 16.2 15 211 12.9 3.00[ -7.48, 13.48] 0.78
Koparal et al. 2 2018 15 3.4 19 15 41 2 -0.70[ -2.10, 0.70] 7.65
Asutay et al. 2018 15 3.4 192 15 5.47 1.92 -2.07[ -3.44, -0.70] 7.69
Momeni E et al. 2022 25 22 74 25 6.16 84 || -396[ -4.40, -352] 893
Heterogeneity: 12 = 3.76, |2 = 94.69%, H2 = 18.84 -1.92[ -3.66, -0.18]
Test of 8, = 8;: Q(5) = 94.22, p = 0.00
Both
Landucci et al. 2016 2 227 18 22 3.86 2 -1.59[ -2.71, -047] 8.10
Singh et al. 2019 25 496 143 25 6 144 -1.04[ -1.84, -0.24] 857
Sigaroodi AK. et al. 2023 32 187 143 32 312 143 -1.25[ -1.95, -0.55] 8.69
Heterogeneity: 12 = 0.00, I> = 0.00%, H? = 1.00 -1.24[ -1.71, -0.76]
Test of 6,=6;: Q(2) =0.62, p=0.74
Overall -1.46[ -2.43, -0.50]
Heterogeneity: T2 = 2.67, I1> = 90.87%, H? = 10.95
Test of 6, = 8;: Q(14) = 153.27, p = 0.00
Test of group differences: Q,(2) = 0.73, p = 0.69

8 2 -0 0 10

Random-effects DerSimonian-Laird model

pain transmission.** Its effect on modulating the inflam-
matory response is also known, by acting on the synthe-
sis of prostaglandins and other inflammatory cytokines, on
apoptosis induced by tissue stress, in addition to favor-
ing vascular perfusion of tissues, and thus favoring lym-
phatic drainage.*”** Such mechanisms clarify how PBM

can achieve a reduction in pain and oedema when applied
in the surgical field.'#23:25.26,31,34,37,41

Pain and oedema are consequences of surgical aggression
and, therefore, an innate mechanism of the organism to indi-
cate that something is not right and thus activate the process
that leads to the repair of the damaged cells. Again, the bet-
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ter result of the infrared laser compared to the red one would
be justified, based on its greater penetration capacity.

This meta-analysis showed quite similar results when the
number of PBM sessions was considered, one or two or
more, this is justified when considering that acute inflamma-
tion is a short-term process.* That is, it begins immediately
after the injury has occurred and follows the irritative, vas-
cular, exudative, degenerative, and reparative phases. This
entire process takes from minutes to a few days.*® Once
PBM modulates the inflammatory process, the phases oc-
cur at a more accelerated rate,” and it is expected that
signs such as pain and oedema will disappear more quickly.



Figure 6. Meta-regression forest plot comparing to results obtained by only session’
laser application, at 72 h postoperative, for pain outcome.
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and two/more sessions (>=2)

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
1
Santos et al. 2020 32 336 783 32 6.26 13.14 L -2.90[-8.20, 2.40] 3.71
Momeni et al. 2021 25 3.478 299 25 4.857 279 —- -1.38[-2.98, 0.22] 11.05
Momeni E et al. 2022 25 124 56 25 532 .64 . -4.08 [ -4.41, -3.75] 13.66
Heterogeneity: T2 = 2.75, 12 = 81.15%, H? = 5.30 - -2.87[-5.13, -0.61]
Test of 6, =6, Q(2) = 10.61, p =0.00
>=2
Kazancioglu et al. 2014 20 246 122 20 581 1.32 . -3.35[ -4.14, -2.56] 13.02
Singh et al. 2019 25 236 2.06 25 436 1.55 . 3 -2.00[-3.01, -0.99] 12.56
Bianchini de Moraes etal. 2020 19 3.05 252 18 241 2.61 —— 0.64[-1.01, 2.29] 10.91
Ahrari F et al. 2020 10 45 19 10 3 3.4 —M— 150[-0.91, 3.91] 8.82
Thorat et al. 2022 15 246 1.06 15 3.73 .79 -1.27[-1.94, -0.60] 13.23
Sigaroodi AK. et al. 2023 32 .87 134 32 244 1.81 -1.57 [ -2.35, -0.79] 13.04
Heterogeneity: T = 1.37, I = 84.97%, H* = 6.65 -1.31[-2.37, -0.25]
Test of 6, = 8;: Q(5) = 33.26, p = 0.00
Overall > -1.68 [ -2.87, -0.48]
Heterogeneity: T2 = 2.68, I2 = 93.29%, H? = 14.91
Test of 6, = 6;: Q(8) = 119.31, p = 0.00
Test of group differences: Q,(1) = 1.51, p=0.22

-1l0 -]5 0 &]3

Random-effects DerSimonian-Laird model

This would also explain why in some studies the cedema
at 24 h was greater in the study group than in the control
group.*%%:3” One session immediately after the surgical pro-
cedure?®33:34.36.38.37 is enough to accelerate all the signaling,
the following sessions 48 h or 7 d*?7:?7:30.40 after surgery are
unjustified for this purpose.

Regarding the results obtained for trismus, probably no sig-
nificant difference was observed between the active PBM
and inactive PBM groups, and very exceptional between the
laser groups because no study applied a protocol for the
temporomandibular joint. It is true that, the post-surgical
trismus may be due to facial oedema, trauma to the chewing
muscles or the articular structure, caused by a long mouth-
opening period.*®

The present review included RCTs with parallel study design,
where a second patient is a control and split mouth, where
the patient is your own control. We tried to follow the rec-
ommendations of Lesaffre et al."” and carried out data ex-
traction according to the study design and, above all, we
paid attention to the importance of carrying out one of sub-

group analyses. So, the first sequence of meta-analyses fo-
cused on checking the effectiveness of treatment accord-
ing to the type of study design (Figures 2, 3, 7 and 11). This
was a novelty presented by our review, as previous reviews
have not reported separating subgroup analyses according
to study design or even provided any explanation of the im-
portance of doing this. In the subgroup analysis, we didn't
find results with statistically significant differences, and the
heterogeneity observed was > 50%. We then proceeded to
consider the results of both study designs, and to evaluate
the results by subgroups according to other variables, in or-
der to use as many studies as possible in the meta-analysis,
avoiding the possibility of missing information in the
literature.>

Would be expected, given all the exposed above, that ap-
plying the PBM in the postoperative period of an extraction
performed without complications would lead to a reduction
in pain during all postoperative days, an oedema already
presents in the first 24 postoperative hours, but reduced and
of considerable regression or already absent at 72 h, in ad-
dition to a practically non-existent lockjaw. However, not all
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Table 2. Classification of the assessment of study quality according to the Jadad scale.
Score according to the answer

Study 1. Was the study 2. Was the 3. Was the study 4. Was the 5. Was there a Total

described as method of described as method of description of score

randomized? randomization double-blind? blinding withdrawals and

Y=1,N=0 appropriate? Y=1,N=0 appropriate? dropouts? Y=1,

A=1,N=0, A=1,N=0, N=0
I=-1 I=-1

Ahrari et al. 2020 1 1 1 0 0 3
Alan et al. 2016 1 0 0 0 0 1
Aras et al. 2009 1 0 0 0 0 1
Aras et al. 2010 1 0 0 0 0 1
Asutay et al. 2018 1 0 1 0 0 2
Bianchi de Moraes et al. 1 1 1 0 1 4
2020
Eroglu et al. 2016 1 1 0 0 0 2
Farhadi et al. 2017 1 0 1 -1 0 1
Ferrante et al. 2013 1 0 0 0 0 1
Kazancioglu et al. 2014 1 0 0 0 0 1
Koparal et al. 2018 1 0 0 0 0 1
Landucci et al. 2016 1 0 0 0 1 2
Lépez-Ramirez et al. 2012 1 1 1 1 1 5
Momeni et al. 2022 1 1 0 0 0 2
Momeni et al. 2021 1 1 1 1 0 4
Pol et al. 2016 1 1 0 0 0 2
Raiesian et al. 2017 1 0 0 0 0 1
Salem et al. 2020 1 0 1 -1 1 2
Santos et al. 2020 1 0 1 0 1 3
Sigaroodi et al. 2023 1 0 1 1 1 4
Singh et al. 2019 1 1 1 0 0 3
Thorat et al. 2022 1 0 0 0 0 1

studies presented such results. This may be due to factors
such as, for example, the variability of protocols of the in-
cluded studies, and this reflects high heterogeneity, as de-
tected in the meta-analysis. Furthermore, due to the high
heterogeneity detected, we are concerned about the relia-
bility of the results obtained in this meta-analysis and there-
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fore, we proceed to perform the calculation of the prediction
interval (PI)?! presented in Supplementary 11. Contrary to the
results obtained in the meta-analyses, it reported results in-
cluding the null effect in all the analyses performed to verify
the effectiveness of the use of PBM in controlling all the side
effects after the third molar extraction.
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(RoB 2.0).

Figure 7. Classification of the assessment (graph and summary) by Cochrane risk of bias tool for randomized trials
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This result highlights the necessity and importance of con-
ducting new studies that include a larger sample size and
less variability in the PBM protocols used.

Limitations

The main limitations of this systematic review and meta-
analysis arise from the problems with heterogeneity in the
clinical and methodological factors exposed in the stud-
ies and also from the diversity of measurement results, and

their definitions. In an attempt to reduce heterogeneity,
the studies were divided into subgroups of wavelength ap-
plied, the site of application of the PBM, or the number of
sessions applied. Still, heterogeneity <50% was rarely ob-
served. Another important limitation observed is related to
the methodological quality since more than 50% of the in-
cluded studies presented low quality and the risk of bias
which was moderate in twenty-one studies and high in one
study.
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CONCLUSION

PBM with infrared laser, in extraoral application or a com-
bination intraoral and extraoral application, in one session
in the immediate postoperative period, has been shown to
be effective as a complementary method to routine care, to
achieve the objectives of reducing pain and oedema after
third molar extraction. Such results should be interpreted
with caution, as the prediction intervals presented results in-
cluding expected, null and opposite effects to significance
for pain reduction, oedema and trismus. However, the het-
erogeneity found with respect to the amount of energy ap-
plied and the standardization of laser parameters requires
caution in the interpretation of these results. Therefore, stud-
ies that follow similar, if not the same, protocols are neces-
sary to obtain a more consistent and significant result.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jebdp.2024.
101983.
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