European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 03, 2021

Efficacy of Laser Photobiomodulation in reducing pain induced by orthodontic
tooth movement: A Systematic Review

Dr. Chandrashekar Yavagal', Dr. Akshaya Lal?, Dr .Soumya SV 3, Dr. Puja C. Yavagal®, Dr Bhakti Halapanavar>,
Dr Viplavi Vijaysinh Chavan Patil®
"Professor and Head of Paediatric Dentistry, Maratha Mandal's Nathajirao G. Halgekar Institute of Dental Sciences and Research
Center, Belgaum, RGUHS, India
?Post Graduate Student of Paediatric Dentistry, Maratha Mandal's Nathajirao G. Halgekar Institute of Dental Sciences and Research
Center, Belgaum, RGUHS, India
3 Associate Professor, Department of Dental and Oral surgery II, CMCH (Christian Medical College and Hospital) Vellore, Dr. MGR
Medical University, India
*Professor, Public Health Dentistry, Bapuji Dental College and Hospital, Davangere, RGUHS, India
3 Assistant Professor, Orthodontics, Dr DY Patil Dental College and Hospital, Pune, India
®Senior lecturer, Paediatric Dentistry, Maratha Mandal's Nathajirao G.Halgekar Institute of Dental Sciences and Research Center,
Belgaum, RGUHS, India

Corresponding address: Dr .Soumya SV, Associate Professor, Department of Dental and Oral surgery I, CMCH (Christian Medical
College and Hospital) Vellore, Dr.MGR Medical University, India

Abstract

Objective: To systematically review the efficacy of laser photobiomodulation in reduction of pain induced during orthodontic
treatment in human participants.
Method: An extensive electronic search for randomized controlled trials and clinical controlled trials through Medline (PubMed), The
Cochrane Controlled Clinical Trials Register and Science Direct till 30/12/2020 was done. Hand searching was performed for relevant
journals. Reference articles were retrieved and exported to Mendeley Desktop 1.13.3 software. Risk of bias of included studies was
assessed using the Cochrane risk of bias assessment tool. Articles were further analyzed using Revman 5.3 software. Forty-one articles
were selected for review out of 175 retrieved articles.
Results: Around 85% of the articles indicated laser photobiomodulation to be an effective modality in reduction of pain induced
during orthodontic treatment. Risk of bias assessment revealed 6 articles with high risk of bias, 33 articles with unclear risk and 2 with
low risk.
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Conclusion: Laser photobiomodulation can be a promising modality in reducing pain induced during orthodontic treatment.

Key words: Laser, photobiomodulation, Low-level laser therapy, Orthodontic pain, Systematic review.

Introduction

One of the major drawbacks and concerns of patients who undergo orthodontic treatment is the pain and discomfort during the
treatment period. Patients undergoing orthodontic treatment experience pain at various stages of treatment like placement of
separators, arch wire placements and activations and debonding.' Orthodontic tooth movement results by the continuous application of
mechanical force that exceeds the elastic limit of the supporting structures of the tooth. These forces act as a physical stimulus which
creates an inflammatory reaction leading to remodeling of the supporting tissues. Pain induced due to orthodontic forces shows an
initial and delayed response.'The initial response is due to the compression of the periodontal ligament fibers and the delayed response
is due to the hyperalgesia of periodontal ligaments fibers to inflammatory mediators such as bradykinin, histamine, serotonin and
substance P released due to the action of prostaglandins released as the first inflammatory messengers.”Pain induced during
orthodontic force application is due to the action of both neuropeptides and inflammatory mediators.”The intensity of pain produced is
directly proportional to the amount of force applied. Orthodontic discomfort normally begins several hours after orthodontic force is
applied, peaks after 1836 hours, and then steadily fades after 7 days.? Prevention and management of pain is very important to reduce
patient discomfort and improve patient compliance to treatment. Commonly used therapies for analgesia include chewing gum or hard
or soft bite wavers, behavioral cognitive therapy , medications like Ibuprofen, topical application of anesthetic gel ,application of
vibrational forces and nonsteroidal anti-inflammatory analgesics(NSAIDs).> NSAIDs are known to reduce prostaglandin synthesis,
which is linked to a slower rate of tooth movement.’Recently photobiomodulation with lasers has been used in the field of
orthodontics to reduce pain induced during orthodontic tooth movement, for accelerating tooth movement and debonding of
orthodontic brackets.**Photobiomodulation has been linked to wound healing, tissue repair, relieving inflammation and edema,
analgesia and for the treatment of other neurological problems.*” Therapeutic window for photobiomodulation therapy lies between 1-
500 mW and fluencies 1- 10 J/ cm®.*The analgesic effect of photobiomodulation is linked to its photobiomodulatory effect on
inflammatory process , conduction of impulses at peripheral nerve fiber endings and release of endogenous endorphins .*+>® Few
systematic reviews have highlighted the beneficial effects of photobiomodulation in reducing pain induced by orthodontic tooth
movement.***However ,these reviews suggested high risk of bias, poor evidence and inconsistent results of included studies. Hence, a
systematic review was planned to evaluate the efficacy of laser photobiomodulation in reducing pain induced during orthodontic
treatment.

Methodology
The systematic review was conducted in accordance to the Cochrane Handbook for Systematic Reviews of Interventions following
the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA). "
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Research question
Does Laser Photobiomodulation reduce pain induced by orthodontic tooth movement in human subjects? The research query was
based on the Population, Intervention, Control, Study design (PICOS) format. (Table 1)
Search strategy for article identification
An extensive electronic search for randomized controlled trials and clinical controlled trials via three databases namely Medline (via
PubMed), The Cochrane Controlled Clinical Trials Register and Science Direct was made till 31/12/2020 .Outcome of the search,
Medical subjects headings (MeSH) have been summarized.( Table 2). Hand searching was performed for relevant journals. MeSH
terms used in the search included “orthodontic pain”, “low level / low intensity laser therapy”. Boolean operators (OR, AND) were
used in between the MeSH terms. Reference articles were retrieved and exported to the Mendeley Desktop 1.13.3 software.’ Duplicate
records were removed by the software. There were no language restrictions in the search. Filtered articles were then scanned by title
and abstract by four reviewers to disclude articles not fitting the PICOS format. Thus, animal trials and study designs other than
included criteria were discarded at this stage. The authors were not blinded to country or journal names.
Selection of studies for review:
Inclusion criteria
1. Randomized controlled trials or Clinical controlled trials evaluating the efficacy of low level laser therapy of any wavelength
in pulsed or continuous mode on orthodontic pain control.
2. In -vivo studies including human research participants.
3. The studies which evaluated the outcome variables like prevalence, time course and intensity of pain assessed by means of a
visual analogue scale (VAS), Numerical Rating scale and/or questionnaires.
4. Full text articles
Exclusion Criteria
1. Study designs like case reports, review articles, letters to editors, editorials etc.
2. Animal studies
3. Trials involving the use of pre-emptive analgesia or pain relief following orthognathic (jaw) surgery or dental extractions in
combination with orthodontic treatment

Data extraction

Three authors searched the studies and screened the titles and abstracts of each study based on the selection criteria. Three authors
independently rechecked the full-text of the screened studies. Data collected for every study included information pertaining to year of
publication, authorship, geographical area, sample size, study design, control group, blinding, type of orthodontic treatment, laser
parameters such as type of laser, energy density, wavelength, mode of operation, frequency and outcome.
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Risk of bias assessment of included studies

Studies were assessed for risk of bias by using the Cochrane risk of bias assessment tool.'°Domains assessed for each included study
were: sequence generation; allocation concealment; blinding of outcome assessment; completeness of outcome data; risk of selective
outcome reporting; risk of other potential sources of bias. A description of the risk of bias domains was tabulated for each included
trial, along with a judgement of low, high or unclear risk of bias, using the Revman 5.3 review manager software.'' Risk of bias
summary was expressed in red, green and yellow colors which referred to high, low and unclear risk of bias respectively.

Results

Search results

A total of 175 studies were retrieved through online database and hand search. After selection according to the inclusion and exclusion
criteria, 41 articles were selected for the review analysis. (Figure 1)

Figure 1: Schematic diagram of search strategy with results
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Description of included studies:
Review included 41 articles,™'*”"

out of which 38 were randomized controlled trials and 3 were clinical controlled trials. Randomized

trial designs were either split mouth or concurrent parallel. Majority of the studies used Visual Analogue Scale (VAS) to assess the
pain, while few studies used questionnaire and Numerical Rating Scale (NRS).All the included studies declared that patients had
signed the necessary consent forms. The characteristics and laser parameters of the included studies are enumerated in the tables 3 and

4,

Assessment of risk of bias:
Risk of bias assessment revealed, 6 articles with high risk of bias, 33 articles with unclear risk and 2 with

low risk. (Figure 2A).

Majority of studies reported bias involved in their studies. However, information about concealed randomization and blinding of

outcome assessment was missing in many studies (>75%).(Figure 2B).
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Figure 2B:Risk of Bias summary

Discussion

Orthodontic pain is the most common reason which prevents patients from undergoing fixed mechano-therapy. Non-steroidal anti-
inflammatory drugs (NSAIDs) used to relieve pain are associated with side effects like allergy, gastric ulceration, bleeding disorders,
skin rashes, hypertension and most importantly they inhibit the prostaglandin synthesis thereby affecting the rate of orthodontic teeth
movement.>*Laser photobiomodulation therapy is a non-invasive, non- pharmacological method of alleviating orthodontic pain.
According to few studies, pain treatment with low-level lasers (810 nm) was more effective than analgesics.”®****° Laser
photobiomodulation reduces levels of PGE2 (prostaglandin E2), tumor necrosis factor, plasminogen activator, and COX-2
(cyclooxygenase) expression and enhances local effects of inflammation in less than 24 hours after irradiation.® One of the
mechanisms by which laser irradiation reduces pain is by altering the conduction of action potentials in peripheral nerves by
generating varicosities that slow down fast axonal flow and lower mitochondrial membrane potentials, resulting in decreased
adenosine-tri-phosphate (ATP) availability and neurotransmission failure in A and C nociceptor fibres.”* Low level laser therapy
stimulates production of beta-endorphin, a natural pain-relieving mediator produced by the body and reduces the release of
arachidonic acid, a metabolite that interacts with pain receptors when it acts on injured cells.”’Clinical results of low level laser
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therapy depend on the dosimetry such as wavelength, energy density (J/cm?), time, and frequency. GaAs-Al ( Gallium Arsenide
Aluminum)diode laser was more widely used than other types in the studies included in the review as they have a superior tissue
penetration property compared to other lasers and is known to produce advanced analgesic effect.'’ Twenty five studies which
showed effective analgesia with laser photobiomodulation used 809-940 nm GaAs-Al laser and four studies used 632.8-670 nm
(Helium-Neon[He-Ne] , Aluminum Gallium Indium Phosphide [InGaAlP] ).13’26’28‘29These favorable wavelengths fall into an “optical
windowat red and near infrared wavelengths (600—1070 nm). Wavelengths between 810 to 840 nm (GaAsAl) are shown to have
greatest analgesic activity because they exhibit effective penetration depth into alveolar bone and periodontal supporting tissues due
to their low absorbance in hemoglobin and water.”” A study conducted by Fujiyama et al used CO, laser (outside the range of near
infra-red region) and found it effective in reducing orthodontic pain without affecting the tooth movement. "Esper et al and Kim et al
studied the effect of non- coherent light on the orthodontic pain induced due to tooth movement.'’® Esper et al compared 660 nm,
InGaAIP laser with 640 nm GaAlAs light emitting diode (LED) light and found a significant reduction in pain in the LED group
compared to the laser group. '"The laser parameters used in the study might have contributed to pain reduction along with high-
potency and high-energy light emitting diode used. Frequency of laser application followed in most of the trials were only a single
dose of irradiation within 7-14 days of follow-up. All the studies considered for review used laser irradiation in continuous wave
mode. However, some studies have pointed out towards multiple photo-dissociation events occurringat pulsed mode, promoting more
laser light penetration than in continuous mode, where the number of dissociations may be substantially lower. When compared to
continuous wave light, certain studies have shown that pulsed light promotes better tissue regeneration and lessens the behavioral
symptoms of somatic pain.**® Majority of studies (21 studies) demonstrated pain reduction after a single laser application, while pain
was reduced after two applications in three studies '>** 32 and more than two applications in eleven studies. Almallah et al, conducted
a study comparing single dose to double dose of laser irradiation and found no significant difference in pain reduction between the
groups.**We found no research in the literature that reported the "optimal" number of LLLT treatments for analgesia; nonetheless,
based on the findings of the review it can be purported that single dose of laser irradiation was enough to alleviate pain.

Assessment of pain is one of the most challenging factors, as it is extremely subjective and it can vary according to individual
characteristics such as age, gender, pain threshold of the individual, emotional state, stress and type of orthodontic treatment. The
magnitude of the force applied on each patient and during each treatment stage vary which makes it difficult to measure and quantify

13,16,21,28,35.46-48 20,34 45,51

pain. Reduction in pain with photobiomodulation was observed during arch wire placement, canine retraaction,

12.15:24-26.32-3336.3844 and molar banding.'Using split mouth technique reduces inter individual heterogeneity

due to sex, age, pain perception and type of treatment. Also split mouth technique requires small sample size and balances dropout

,elastomeric separation,

between groups.*Majority of studies in the review used split mouth design. Measuring the pain threshold and the changes in pain
intensity is challenging because of its extremely subjective nature. VAS is considered as the most dependable method to analyze the
change of pain not only in orthodontic cases but in many clinical scenarios.* Most of the studies (30 studies) reviewed, used VAS as a
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method to evaluate the intensity of pain. Qamruddin et al in all their three studies used numerical rating scale and concluded it to be a
convenient approach for collecting information over telephone conversations. 22" Tortamano et al used a questionnaire method with
added numeric rating scale to analyze the pain and considered it as a drawback of the study.’’

Pain due to orthodontic treatment is known to start by 4™ hour of application, increases to its peak by 24™ hour and disappears by 4-7
days.*® Majority of the studies concluded that the maximum intensity of pain was recorded at second day .Song Vu et al, concluded
that LLLT treatment affected not only the treatment side but also the non-treatment side, indicating that there is a generalized
analgesic effect mediated by photobiomodulation through trigeminal system.* Turhani et al summarized that laser application reduced
the pain prevalence at 6 and 30 hours after intervention ."?

Bjordal et al. [10] observed beneficial effects of LLLT on acute pain by using a dose of 7.5 J/cm?2 for the first 72 hours after the injury
to reduce inflammation; gradually tapering to 2 J/cm2 to encourage tissue repair.’>Majority of the studies in the present review
observed effective pain inhibition at doses between 5 and 20 J/cm2 for severe pain. Some authors claim that larger dosages are
required to alleviate orthodontic pain, such as 35 J/cm? and that doses of 5 J/cm” and less were ineffective.*”® Both Qamruddin et
al,*°and Artés-Ribas et al,'*reported successful therapy using the same total energy (12 J/cm2per tooth) but different wavelengths, 940
nm and 830 nm, respectively. Artés-Ribas et al.'® 1. Pwho were likewise successful in lowering orthodontic pain,
employed wavelengths and dosages (6J/cm?2/tooth) that were similar; however, their total energies were different, at 12J/cm?2 and
1J/cm2, respectively. The laser irradiation parameters must be chosen depending on the clinical scenario, taking into account the
optical properties of the tissue to be irradiated, and the laser irradiation methods (point or sweep, contact or noncontact). The dose
administered to the tissue can be varied by modifying the spot size. By reducing the spot size, the energy density supplied to the tissue
can be increased, resulting in higher irradiance and laser penetration into biological tissue. Majority of the studies reported either
incomplete or ambiguous laser parameters, missing critical details including spot size, energy density per spot and per tooth,
application time/spot, and total energy per spot and per tooth. Inconsistency in reporting laser parameters makes it difficult for
researchers to compare results across studies and establish clinical practice guidelines. Hence, it is recommended to follow and report
laser parameters used in the studies based on WALT (World Association for Laser Therapy) guidelines.’

and Bicakci et a

Conclusion

Majority of studies included in the review, demonstrated beneficial effect of laser photobiomodulation in reducing pain induced by
orthodontic treatment like arch wire activation, elastomeric teeth separation, canine retraction and molar banding. Being cognizant
about heterogeneity in reporting of laser parameters and high prevalence of risk of bias in the studies included in this review, the
evidence should be considered with caution.
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Population ~ Human subjects undergoing fixed orthodontic treatment
Intervention = Low level laser therapy for reducing pain induced by orthodontic tooth movement

Control Simulated (Sham) laser therapy, conventional analgesia through medications, Placebo Treatment
Outcome Reduction in pain assessed by Visual Analogue Scale, Questionnaire, Numeric Rating Scale
Study Randomized controlled, clinical controlled trials

Table 2: Search strategy

Data base Search Strategy Articles
retrieved
PubMed ("low-level light therapy"[MeSH Terms] OR ("low-level"[All Fields] AND "light"[All Fields] | 67

AND "therapy"[All Fields]) OR "low-level light therapy"[All Fields] OR ("low"[All Fields]
AND "level"[All Fields] AND "laser"[All Fields] AND "therapy"[All Fields]) OR "low level
laser therapy"[All Fields]) AND orthodontic[All Fields] AND ("pain"[MeSH Terms] OR
"pain"[All Fields])

Cochrane “low-level laser therapy” AND “orthodontic” AND “pain” 31
Database of
Clinical Trials

Science direct Low-level OR laser AND therapy OR low-level laser therapy AND orthodontic AND pain 77
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Table 3: Study characteristics

Sl no

O 00 N O U1 & W N B

N NN NNNRRRRRRR R R R
D WIN R O WOBNO UM WN R O

Author, Year, Country

Lim et al, 1995, Singapore®?
Turhani et al,2006 ,Austria®?
Youssef et al, ,2007, Syria14
Fujiyama et al, 2008, Japan®™
Tortamano et al, 2009, Brazil'®
Esper et al, 2011, Brazil'’
Artes-Ribas et al,2012, Spain18
Bicakci et al, 2012, Turkey19

Doshi-Mehta et al, 2012, India®°

Domi'nguez A et al, 2013, Colombia®!

Eslamian et al, 2013, Iran??
Abtahi et al, 2013, Iran®®
Marini et al, 2013, Italy 2
Nébregaet al, 2013, Brazil
Kim et al, 2013, Korea 2°
Heravi et al, 2014,Iran 27
Bayani et al,2015,Iran 28
Sobouti et al ,2015 ,Iran*®
Furquim et al , 2015,Brazil *°
Dalaie et al, 2015,Iran®!
Almallah et al, 2016,Syria32
Farias et al, 2016 ,Brazil®*
Kochar et al, 2016,India®*
Deshpande et al, 2016, India 3

Qamruddin et al, 2016, Malaysia36

Study
design
RCT
RCT
CCT
RCT
RCT
CCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
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Control group

PL, SL

PL, SL

PL, SL
NSAIDs

PL, NSAIDs
PL, SL

PL

PL

PL, SL

PL, SL
NSAIDs
PL, SL

PL, SL, NSAIDs
PL, SL

PL, NSAIDs
PL

PL, NSAIDs, Bite wafer
PL, SL

PL, SL,
NSAIDs

PL SL

PL SL
NSAIDs

SL, NSAIDs
PL, SL
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Blinding

DB
SB
NM
SB
DB
NM
NM
NM
DB
DB
NM
NM
B
DB
SB
SB
SB
SB
SB
DB
SB
B
SBS
NM
SB

Orthodontic
Intervention

ES
AWP
SA
ES
AWP
ES
ES
MB
CR
AWP
ES
ES
ES
ES
ES
SA
AWP
CR
ES
CR
ES
ES
CR
AWP
ES

Pain
Assessment
VAS
am
VAS
VAS
QM, NRS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
VAS
am
VAS
VAS
VAS
QM
NRS



26
27
28

29
30
31
32
33
34
35
36
37
38
39
40
41

Hasan et al. 2017,Syria®’
Qamruddin et al ,2017,Pakistan®
Guram et al, 2018,India*®

Matarese et al, 2018, Italy*
Arshad et al,2018,India**
Farias et al ,2018,Brazil*
Gupta et al,2018 JIndia®®
Martins et al,2018,Brazil**
Song Wu et al,2018,China*
Nahin et al, 2018, India*®
Qamruddin et al 2018, Pakistan %’
Antonio et al 2019, Italy*®
Celebi et al, 2019, Turkey*
Nicotra et al 2019, Italy>®
Prasad et al 2019, India!
Hasan et al 2020, Syria®

RCT
RCT
RCT

RCT
RCT
RCT
RCT
RCT
RCT
CCcT
RCT
RCT
RCT
RCT
RCT
RCT
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PL, SL
PL, SL
NSAIDs

NSAIDs
PL, SL
PL, SL
PL, SL
PL, SL
PL
NSAIDs
PL, SL
PL,SL
PL, Vibration
PL, SL
PL

PL

SB
SB
DB

NM
NM
DB
NM
DB
DB
NM
SB
SB
NM
SB
SB
SB

ES
ER
ER

ER
ER
ER
ER
ER
CR
AWP
AWP
AWP
AWP
ER
CR
AWP

Volume 08, Issue 03, 2021

VAS
NRS
QM
VAS
VAS
VAS
VAS
VAS
NRS
VAS
NRS
NRS
VAS
NRS
VAS
VAS

RCT-Randomized controlled trial, CCT-Controlled clinical trial, PL-placebo, SL-simulated laser, NSAIDs-Non steroidal anti-inflammatory

analgesics-Single blinding, DB-Double Blinding, TB-Triple blinding, AWA-Arch wire activation-Canine retraction, MB-Molar Banding, ES-

Elastomeric separators, VAS-Visual Analogue Scale, NRS-Numerical Rating Scale, QM-Questionnaire method

Table 4: Laser parameters and outcome of studies

Sl | Author Laser Wavelength Power Time per Frequency of Energy density Outcome
no Mode of delivery Output site intervention per point(J/cm?)
1 | Lim et al,*? 830 nm 59.7 mW 15,30,60 | 5times 1.8 +
GaAsAl Diode, CW S Days -1,2,3,4,5
2 | Turhani et al,? 670 nm 75 mW 30s once 2 +
GaAsAl Diode, CW Day 1
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3 | Youssef etal, ™ 809 nm 100 mW | 15,30,60 | 4 times 2
GaAsAl Diode, CW s Days -1,3,7,14

4 | Fujiyama et al,* CO, laser 2W 10s Twice 2.5

Day 1

5 | Tortamano et aI,16 830 nm 30 mW 15s once 2.5
GaAlAs diode CW Day 1

6 | Esper et al,’ 660 nm InGaAlP, CW, 0.03W 10s Once 4
640nm, LED GaAlAs CW 0.10 W Day 1 4

7 | Artes-Ribas et al,*® 830-nm 100 mW 20s Once 5
GaAlAs, CW Day 1

8 | Bicakci et al,™ 820 nm 50 mW 5s Once 7.96
GaAlAs, CW Day 1

9 | Doshi-Mehta et al,?® | 810 nm 0.7 mw 10s 5 times 8
AlGaAs, CW Days -1,3,5,7,14

10 | Domi'nguez etal,?! | 830nm 100mW | 20s Once 8
Ga-Al-As laser, CW Day 1

11 | Eslamian et al,*? 810 nm 100mW | 20s Twice 2
GaAlAs,CW Day 1,2

12 | Abtahi et al,*® 904 nm 200mW | 10s 5 times 6
GaAlAs laser, CW Days -1,3,5,7,14

13 | Marini et al,** 910 nm 160mwW 20s Once 5.4
GaAlAs laser, CW Day 1

14 | Nébregaet al,> 830 nm 150mWwW 5s Once 1
GaAlAs laser, CW Day 1

15 | Kim et al,*® 635nm 6 mW 15s Daily twice
GaAlAs laser, CW 12.9 mW 1 week

16 | Heravi et aI,27 810 nm 200 mW 3s 6 times 2
GaAlAs laser, CW Days -1,4,7,11,15 ,28

4042




European Journal of Molecular & Clinical Medicine

ISSN 2515-8260

Volume 08, Issue 03, 2021

17 | Bayani et al,?® 660 nm, 200mW |55 Once 1.4
InGaAlP diode laser, CW Day 1 3.6
810 nm GaAlAs diode laser

18 | Sobouti et al ,*° 632.8 nm 10 mw 405,80 s Once 6
He-Ne laser, CW Day 1

19 | Furquim et al 0 808 nm 100 mW 10s Once 6
AsGaAl diode, CW Day 1

20 | Dalaie et al,*" 880 nm 100mW | 10s Once 5
GaAlAs laser, CW Day 1

21 | Almallah et al,* 830 nm 100 mW | 28s Twice 4
GaAlAs laser, CW Day 1,2

22 | Farias et al,>® 810 nm 100mW | 155 Once 2
AlGaAs , CW Day 1

23 | Kochar et al,** 810 nm 100mW [ 10s Thrice 5
AlGaAs, CW Day1,3,5

24 | Deshpande etal,®> | 904 nm 10 W 30s Once 6
GaAlAs laser,CW Day 1

25 | Qamruddin et al,*® | 940-nm 200mW | 20s Once 6
GaAlAs laser, CW Day 1

26 | Hasan et aI,37 830nm 150 mW 15s Once 2.25
GaAlAs laser, CW Day 1

27 | Qamruddin et al *® 940 nm 100mw 10s Once 7.5
GaAlAs laser, CW Day 1

28 | Guram et al, ¥ 810 nm 0.2 W 5s 4 times 5
GaAlAs laser, CW Day 7,14,24,31

29 | Matarese et aI,40 810nm 1w 10,20s. 4 times 8
GaAlAs laser, CW Days 1,3,7,14
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30 | Arshad et al,* 810 nm 1w 30s 5 times 4
GaAlAs laser, CW Day1,2,3,4,5

31 | Farias et al ,42 808 nm 100 mW 15s Once 2
GaAlAs laser, CW Day 1

32 | Gupta et al,*® 940 nm 200 mW 20s Once 4
GaAlAs laser, CW Day 1

33 | Martins et aI,44 810-nm 100 mW 30s Once 3
GaAlAs, CW Day 1

34 | Song Wu et al,* 810-nm 400 mW, | 20s Stimes 2
GaAlAs, CW 0h,2h,24 h,4,7 days

35 | Nahin et al,*® 830 nm 30 mW 10s Once 2.5
GaAsAl, CW Day 1

36 | Qamruddin etal,”” | 940-nm 100 mW. |3s Once 7.5
(Al-Ga-As), CW Day 1

37 | Antonio et al,*® 980nm 1w 89s 3 times 6
GaAlAs laser Day 1- 2,4,6mins

38 | Celebi et al,* 820nm 50 mw 165 Once 1.76
GaAlAs laser, CW Day 1

39 | Nicotra et al,*° 980nm 1w 10s Thrice 1
GaAlAs laser, CW Day 1-10s,20s,30s

40 | Prasad et al,>* 980nm 25w 10s Once 2.5
GaAlAs laser, CW Day 1

41 | Hasan et aI,3 830nm 150mw 16s Once 1.76
GaAlAs laser, CW Day 1

CW-Continuous wave mode, (+) Laser photobiomodulation was significantly more effective in controlling pain than control group, (-) No
significant difference in pain control observed between laser photobiomodulation and control groups /Laser photobiomodulation was
not effective in pain control
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