
 

Citation: Houssem Hmida, Mahmoud Qalalwa, Wiem Ben Amor, Ines Dallel, Samir Tobji, Adel Ben Amor (2025). Efficacy of 

Photobiomodulation in Orthodontic Pain Management: A Systematic Review of Literature. Saudi J Oral Dent Res, 10(1): 67-78. 

 

          67 

 
 

 
 

Saudi Journal of Oral and Dental Research 
Abbreviated Key Title: Saudi J Oral Dent Res 

ISSN 2518-1300 (Print) | ISSN 2518-1297 (Online) 

Scholars Middle East Publishers, Dubai, United Arab Emirates 

Journal homepage: https://saudijournals.com  
 

Review Article  Orthodontics 

 

Efficacy of Photobiomodulation in Orthodontic Pain Management: A 

Systematic Review of Literature 
Houssem Hmida1*, Mahmoud Qalalwa1, Wiem Ben Amor2, Ines Dallel3, Samir Tobji3, Adel Ben Amor4 
 
1Resident, Department of Orthodontics, Dental Clinic of Monastir, Tunisia 
2Assistant Professor, Department of Orthodontics, Dental Clinic of Monastir, Tunisia 
3Professor, Department of Orthodontics, Dental Clinic of Monastir, Tunisia 
4Professor and Head of Department, Department of Orthodontics, Dental Clinic of Monastir, Tunisia  
 

DOI: https://doi.org/10.36348/sjodr.2025.v10i01.010              | Received: 23.11.2024 | Accepted: 26.12.2024 | Published: 28.01.2025 
 

*Corresponding author: Houssem Hmida 
Resident, Department of Orthodontics, Dental Clinic of Monastir, Tunisia 

 

Abstract  
 

Aim and Background: This systematic review aimed to investigate the efficacy of photobiomodulation (PBM) on 

alleviating orthodontic pain. Review Methods: An extensive electronic search for randomized control trials via Medline 
(via PubMed), The Cochrane Controlled Clinical Trials Register, and Science Direct up to October 15, 2023 was done. 

Hand searching was performed for relevant journals. Reference articles were retrieved and exported to Zotero software. 

The risk of bias was assessed using Version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2). Results: A 

total of 8 articles were considered for systematic review. Most of the studies arrived at the consensus that 
photobiomodulation (PBM) indeed reduces the pain associated with orthodontic treatments. Conclusion: The synthesis of 

available evidence in our analysis reveals a substantial body of research suggesting a positive effect of PBM on reducing 

orthodontic pain. However, the existing variations in PBM parameters, and outcome measurements emphasize the necessity 

for more standardized approaches in future investigations. 
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1. INTRODUCTION 
Photobiomodulation therapy (PBM) is 

emerging as a promising approach to enhance the 
orthodontic experience by addressing some of the 

challenges commonly associated with traditional 

orthodontic treatments. Although orthodontics is a highly 

effective method for correcting malocclusions and 
improving dental alignment, the process often involves 

lengthy treatment times [1], and significant discomfort, 

making it a daunting experience for many patients [2]. 

PBM, a non-invasive therapy that utilizes targeted light 
energy, has gained considerable attention over recent 

years for its potential to alleviate pain, accelerate tissue 

healing, and generally improve patient comfort. The 

mechanism behind PBM lies in its use of specific 
wavelengths of light, which are applied to the affected 

areas, leading to modulation of cellular processes that 

can reduce inflammation, promote tissue regeneration, 

and encourage faster healing [3]. Within the context of 
orthodontics, PBM offers promising possibilities for 

mitigating the pain often experienced during tooth 

movement and potentially shortening the overall 

treatment duration. In an effort to thoroughly assess the 

efficacy and broader applications of PBM in orthodontic 

treatment, researchers have conducted numerous studies 
across various settings, including in vitro experiments, 

animal models, and human clinical trials. These studies 

have examined the impact of PBM on a range of 

orthodontic outcomes, such as pain relief, acceleration of 
tooth movement, and prevention of complications like 

root resorption. This systematic review aims to 

synthesize the available research on PBM’s role in 

orthodontics, particularly its capacity to manage pain. 
Ultimately, the goal is to determine whether PBM can be 

effectively integrated into orthodontic treatment 

protocols, thereby providing a more comfortable and 

efficient experience for patients undergoing orthodontic 
care. 
 

2. MATERIALS AND METHODS 
2.1. Protocol and Registration: 

The Cochrane Handbook for Systematic 

Reviews of Interventions mentioned using the PICOS 
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framework as a model for developing a review question, 
thus ensures that the relevant components of the question 

are well defined. 

 

The eligibility criteria of this review followed the PICOS 
criteria as such: 

✓ Population = Orthodontic patients receiving 

photobiomodulation therapy (PBM). 

✓ Intervention = PBM used as an aid intervention in 
fixed orthodontic treatment. 

✓ Compared with = Control groups receiving fixed 

orthodontic treatment without any other 

interventions and/or placebo group receiving 
simulated PBM treatment. 

✓ Outcome of interest = pain score perception 

✓ Study type = Randomized controlled clinical trial 

(parallel group or split mouth design). 
 

2.1.1. Inclusion Criteria: 

The included articles met the following criteria: 

✓ Articles in English dating from 01/01/2017 to 
15/10/2023. 

✓ The articles must meet all PICOS criteria with 

the design of randomized clinical trials (RCTs) 

conducted on humans (parallel group or split 
mouth design). 

✓ Human teeth subjected to orthodontic force 

application in any direction. 

✓ PBM interventions conducted with LEDs or 
LLLs equipment. 

✓ Studies presenting the parameters of PBM and 

the individual characteristics of patients. 

✓ Outcome variables were defined as Overall 
treatment time, orthodontic tooth movement 

rate (tooth displacement in a determined period 

of time), pain score perception, orthodontic root 

resorption crater volume. 
 

2.1.2. Exclusion Criteria: 

✓ Non-randomized clinical trials 

✓ In-vitro studies or animal studies 
✓ Studies without a control/comparison group 

✓ Review articles, case reports, case series, and 

letters to editor. 

✓ Studies available only in languages other than 
English. 

✓ Studies that included fewer than 10 patient or 

hemiarch (quadrant) per group. 

✓ Patients of studies exposed to previous 
orthodontic treatment.  

✓ Studies involving participants suffering from 

metabolic disorders, or taking medications 

impeding or hastening tooth movement. 
✓ Studies involving participants who had a high 

caries index or periodontal disease. 

✓ Studies that used high-level laser or red laser. 

 
2.2. Information Sources and Search Strategy 

The review authors performed an extensive 

electronic search for randomized controlled trials 

realized on humans up to October 15, 2023, in three 
databases: PubMed, Science Direct, and Cochrane 

Library. The search strategies employed are outlined in 

Table 1. 

 
Table I: search strategies in the three databases 

Database Search strategy 

PubMed ("low-level laser" OR "low-level laser therapy" OR photobiomodulation) AND orthodontic* AND pain  

ScienceDirect ("low-level laser" OR "low-level laser therapy" OR photobiomodulation) AND orthodontic AND pain 

Cochrane 

Library 

("low-level laser" OR "low-level laser therapy" OR photobiomodulation) AND orthodontic* AND pain 

 

All articles and manuscripts published in 

English or with English translations available were 
incorporated in the search and only articles published 

from 01-01-2017 were selected. The search was 

complemented by a manual review of the references of 

the studies included. 
 

2.3. Data Extraction 

Titles and abstracts were selected independently 

by the investigators to verify their eligibility. In cases of 
discrepancy, consensus was obtained by discussion. The 

same reviewers then examined the references that 

appeared to meet the inclusion criteria in their entirety. 

 
The information regarding the selected studies 

was recorded using three data extraction forms 

specifically created for this purpose to systematically and 

uniformly analyze and compare each selected article. 
 

A first form for the extraction of the following 

data: author and date, total number of patients / Teeth 
,number of subjects in PBM group, number of subjects 

in control group, mean age of patients, the orthodontic 

mechanics and the clinical assessement used in the trial, 

and the principal outcome of the trial. 
 

A second form for the extraction of light 

parameters data: the equipement used, wavelength, 

irradiation points, dose of energy and the phototherapy 
session protocol. 

 

A third and final form for the extraction of: the 

mean values of the main outcome, the results and the 

conclusion of each article. 
 

Then, the gathered information was grouped 

and synthesized into tables for discussion and analysis to 

address the main question of the research. 
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2.4. Risk of Bias Assessment 

The assessment of the risk of bias in the 

included studies was conducted using Version 2 of the 

Cochrane risk-of-bias tool for randomized trials (RoB 2). 

RoB 2 is the recommended tool for evaluating the risk of 
bias in randomized trials included in Cochrane Reviews 

[4]. The tool is organized into five domains that identify 

potential sources of bias in the study results, the five 

domains are: 
1. Bias arising from the randomization process. 

2. Bias due to deviations from intended 

interventions. 

3. Bias due to missing outcome data. 
4. Bias in the measurement of the outcome. 

5. Bias in the selection of the reported result. 

 

Within each domain, a set of questions known 
as 'signalling questions' is designed to gather information 

relevant to the risk of bias. An algorithm utilizes the 

responses to these questions to generate a proposed 

judgment regarding the risk of bias for each domain. This 
judgment can be categorized as 'Low' or 'High' risk of 

bias or expressed as 'Some concerns.' [4]. 

 

The reviewers independently assessed the risk 
of bias using an excel tool designed to implement RoB 2, 

and the differences between the reviewers were resolved 

by discussion. 

 
2.5. Level of Evidence 

The evaluation of the level of evidence was 

carried out utilizing the Grading of Recommendation 

Assessment, Development, and Evaluation (GRADE) 
system by the two reviewers independently. 

The GRADE system principles were applied to 
assess the overall quality of the body of evidence 

associated with the outcome. To facilitate this 

assessment, a "Summary of Findings" (SoF) table was 

constructed using the GRADEpro GDT software 
available at http://gdt.guidelinedevelopment.org. 

 

The evaluation of the body of evidence 

considered factors such as the overall risk of bias in the 
included studies, directness of the evidence, 

inconsistency of results, precision of estimates, risk of 

publication bias, and the magnitude of the effect. 

Depending on the severity, the quality of evidence can be 
downgraded by one or two levels for each aspect. We 

categorized the quality of the body of evidence for each 

primary outcome as high, moderate, low, or very low. 

 

3. RESULTS 
3.1. Study Selection 

The electronic search retrieved 527 results from all the 
databases. 

 

451 results remained after removal of 

duplicates, which were then screened by titles and 
abstracts. 56 of those were of the desired study design. 

Six articles were not accessible for full text screening and 

42 articles were excluded for not matching the eligibility 

criteria, which left us with a total of eight articles to be 
included in this systematic review. 

 

A flowchart of the article selection process for 

each stage of the review is presented in Figure 1. 

 

 
Figure 1: Flowchart of the article’s selection process 

 

http://gdt.guidelinedevelopment.org/
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1.1. Characteristics of Included Studies 

Fourteen relevant publications assessing the 

effectiveness of PBM in orthodontic tooth movement 

pain management were identified as eligible according to 
the predefined inclusion criteria for this review. 

 

The gathered data was grouped into the tables 

II, III and IV below: 

 

Table II: Clinical characteristics of the RCTs exploring orthodontic pain reduction 
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Mohammad 
Moaffak A. 
AlSayed 

Hasan 2020 
[5] 

26 patients 13 13 20.07  For patients in both groups the first maxillary 
premolars were extracted, molars were 
banded, a 0.022 in. MBT prescription fixed 

orthodontic appliance was bonded and a 0.014 
in. NiTi archwire was inserted and engaged to 
all maxillary teeth using ligature wires. In the 
laser group, a LLL irradiation was applied 

immediately after initial orthodontic archwire 
placement. 

Patients were 
asked to score their 
pain degree after 1, 6, 

24, 48, and 72 h of 
treatment application 
for both spontaneous 
and chewing pain. 

Irfan 
Qamruddin et 
al., 2018 [6] 

42 patients 42 42 19.81  The orthodontic treatment was commenced by 
bonding the maxillary arch with 0.022-inch 
slot MBT prescription brackets. Alignment 

and leveling was achieved using 0.012- in 
super-elastic nickel-titanium (NiTi) wire 
followed by 0.014, 0.016, and 0.018-in NiTi 

wires, changed at 4-week intervals between 
each wire. Laser therapy was applied on the 
experimental side afterplacement of each 
archwire.  

Feedback for 
spontaneous pain and 
pain on mastication at 

consecutive 12 hours 
intervals for 7 days 

Song Wu et 
al., 

2018 [7] 

40 patients 20 20 20.8 The arch wire (0.014 super plastic nickel-
titanium arch wire) was placed in self-ligating 

brackets. 

Perception of pain at 0 
h, 2 h, 24 h, 4 d, and 7 

d after the orthodontic 
forces were applied. 

Prasad et al., 

2019 [8] 

20 patients 10 10 21.3  All the subjects were treated with appliance of 

standard 0.022 mclaughlin, bennett and trevisi 
prescriptions and had a passive 0.019×0.025 
stainless-steel archwires as working wire. To 

each group, a retraction force of 200g/cm2 per 
side was applied to maxillary right and left 
quadrants using type 1 active tiebacks. 

Perception of pain 

score 

Sfondrini et 
al., 2020 [9] 

26 patients 13 13  11,8  A clinician cemented two bands for each 
participant (3M, Unitek Molar Bands, Saint 

Paul, USA) on upper first molars for a 
multiband-multibracket orthodontic treatment. 

Assessment of pain 
intensity at different 

time points: 5 minutes 
(T0), 1 hour (T1), 12 
hours (T2), 24 hours 
(T3), and 72 hours (T4) 

after molar banding 

Matys et al., 

2019 [10] 

 76 

patients  

26 25 35.1  Orthodontic fixed appliances) that were used 

in the treatment of our 
patients had the following prescriptions: MBT, 
0.018 slot. 

As initial arches, NiTI 0.014 was used. 

Perception of pain 

score measured at 7 
time points: 1 h, 6 h, 1 
day, 2 days, 3 days, 4 

days, and 5 days after 
the orthodontic 
appliance placement. 
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Nicotra et al., 

2020 [11] 

56 patients 19 20 12.03  The orthodontic device, i.e., maxillary 

expander or transpalatal arch, was inserted 
and cemented using fluoride cement. The 
appliance was kept passive, without applying 
active forces, up to the end of the time-line 

schedule, in order to avoid confounding 
factors that could have altered the perception 
of pain. 

Perceived pain 

immediately after 
bands cementation, 6 h, 
24 h, and from day 2 to 
day 5 

Brito et al., 
2022 [12] 

54 patients 28 26 
 

Non-extraction orthodontic treatment 
performed with the preadjusted fixed 

appliances, 0.022″ slot; installation of the 
0.012″ thermoactivated nickel-titanium 
archwire as the beginning of the alignment 

and leveling phase  

Level of pain 

 

Table II: Phototherapy carachteristics of the RCTs exploring orthodontic pain reduction 

Author and 
date 

Equipement Wave 
length 

Irradiation points Energy 
density per 
session 

Laser session 

Mohammad 
Moaffak A. 

AlSayed 
Hasan 2020 
[5] 

LLL device 
(CMS Dental 

ApS, 55 
Wildersgade, 
1408 

Copenhagen K, 
Denmark) 

830 nm LLL was applied to each root of the 
six maxillary anterior teeth roots. 

Each root was divided to apical and 
cervical halves. The device tip was 
centered in each half with direct 

contact perpendicular to the oral 
mucosa from both the buccal and 
palatal sides so that each tooth 
receives four application points. 

2 J per 
point 

8 J / tooth 

An application time of 
15 s per point : the 

total application time 
was 6 min. 

Irfan 
Qamruddin et 

al., 2018 [6] 

Aluminum-
gallium-arsenide 

(Al-Ga-As) 
diode laser  

940 nm The mucosa was irradiated for 3 
seconds each on 5 points facially 

and palatally per tooth, starting 
from central incisor to the first 
molar. These points were mesial 

and distal over the cervical-third of 
the root and middle of the root, and 
mesial and distal over the apical-

third of the root. 

75 J per 
tooth 

Laser therapy was 
applied on the 

experimental side after 
placement of each 
archwire. 

Song Wu et 
al., 2018 [7] 

Gallium-
aluminium-

arsenic diode 
laser 

810-nm LLLT was applied buccally and 
lingually to an upper canine at 6 

points: mesial, distal, and at a site 
corresponding to the middle of the 
root of the canine tooth for 20 s 

each in the LG 

2 J·cm-2 The LG received the 
(LLLT) immediately 

after (0h) the arch wire 
0.014 NiTi was placed 
and then again at 2h, 

24h, 4d, and 7d 

Prasad et al., 

2019 [8] 

diode laser 980nm On labial and palatal sides of each 

tooth in the arch  

2.5 W/cm2 A single dose of LLLT 

Sfondrini et 
al., 2020 [9] 

diode laser, 
GaAlAs  

830 ± 
10 nm 

The laser was applied in 4 points 
for each banded molar (2 mm 

apically from the gingival margin): 
on the mesiobuccal (MB), 
distobuccal (DB), mesiopalatal 

(MP), and distopalatal (DP) 
portions of the teeth 

7.5 J/cm2 One session 

Matys et al., 
2019 [10] 

diode laser  635-nm 23 points (irradiation on each tooth 
apex area and interdental papillae 
area from the maxillary right first 
molar to the maxillary left first 

molar), total time of the laser 
application was 1 min and 55 s. 

1.59 
W/cm2 
total 
energy per 

session 46 
J 

One single session 

Nicotra et al., 
2020 [11] 

AlGaAs diode 
laser emitting 
infrared radiation 

980 nm positioning the optical fiber tip 
over the first molar on both sides 
with a single spot application 

30J/cm2 
per tooth  

The procedure was 
repeated 3 times at an 
interval of 10 s.  

One session 
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moving the tip from vestibular 

toward the palatal side for 10 s 

Brito et al.,  
 2022 [12] 

gallium-
aluminum-

arsenide 
(GaAlAs) 
infrared laser 

808 nm from the distal region of the first 
molar to the distal region of the 

opposite first molar : three points 
between the roots and distal spaces 
of the first molar (cervical, middle, 

and apical) of the buccal and 
lingual/palatal sides were irradiated 
for 15 seconds, totaling 12 

irradiations in each tooth. 

26 J/cm2 
(0.78 J) 

per point 
total 
energy of 

9.36 J per 
tooth 

The average time for 
irradiation of all teeth 

was 19.5 minutes. only 
once, immediately after 
brackets bonding and 

installation of the first 
archwire of the 
orthodontic treatment 

 

Table IV: Findings of the RCTs exploring orthodontic pain reduction 

Author and 
date 

Evaluation 
method 

Evaluation interval after 
start of orthodontic 

treatment 

Results Conclusion 

Mohammad 

Moaffak A. 

AlSayed 

Hasan et 
al., 2020 

[5] 

Visual 

Analogue 

Scale 

(VAS) 
of 100 

After 1, 6, 24, 48, and 72 

h of treatment 

application 

The pain scores of patients in the 

laser group in all studied time 

points were less than their 

counterparts in the placebo group 
for both spontaneous and 

chewing pain. However, no 

statistically significant difference 

were detected between the two 
groups except after 72 h for 

chewing pain with a mean pain 

score for the laser group [(18.84 

± 13.44) mm] less than that for 
the placebo group [(38.15 ± 

27.06) mm] 

LLLT, with the suggested 

parameters and under the 

conditions of this study, 

is not effective in pain 
reduction following 

initial orthodontic 

archwire placement. 

Irfan 

Qamruddin 

et al., 2018 
[6] 

Numerical 

rating scale 

(NRS) 

Consecutive 12 hours 

intervals for 7 days. 

There was a statistically 

significant difference between 

LLLT and placebo groups in pain 
perceived by the patients during 

day, night, and on chewing for all 

NiTi archwires except 0.016-in 

and 0.018-in, which 
demonstrated no significant 

difference in spontaneous pain 

during day and night. However, 

the difference in pain on chewing 
remained statistically significant. 

Application of LLLT at 

4-week intervals can 

reduce the pain 
associated with the 

alignment and leveling 

stage of orthodontic 

treatment. 

Song Wu et 

al., 2018 

[7] 

0–10 

numerical 

rating scale 

(NRS) 
score  

At 0 h, 2 h, 24 h, 4 d, 

and 7 d after the 

orthodontic forces were 

applied. 

The mean NRS pain score was 

1.0 ± 1.6 in the LG and 2.1 ± 2.3 

in the PG (P < 0.001).  

A repeated application of 

LLLT was able to 

significantly reduce self-

reported pain scores. 

 Prasad et 

al., 2019 

[8] 

Visual 

Analog 

Scale 

(VAS) 

At 6 time 

intervals: immediately 

(T0), 1 hour (T1), 3 

hours (T2), 24 hours 
(T3), 48 hours (T4), and 

7 days after activation 

(T5). 

At T1, T2, T4, and T5, the mean 

pain experienced by subjects was 

less in patients exposed to LLLT 

than the placebo group, but the 
values were not statistically 

significant. At T0, higher mean 

pain was recorded in the 

experimental group as compared 
to the placebo group, but the 

difference between them was not 

statistically significant. Intensity 

of pain experienced by subjects 

The study concluded that 

a single dose of LLLT at 

980 nm, 2.5 W/cm2, and 

600 J was capable of 
relieving post activation 

orthodontic pain. It was 

most effective in 

relieving pain 
experienced 24 hours 

after activation. 
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in the experimental group at T3 

was less as compared to the 
placebo group and the difference 

was statistically significant. 

Sfondrini et 

al., 2020 

[9] 

Wong-

Backer 

faces pain 
rating 

scales 

(WBS) 

5 minutes after band 

application (T0), after 1 

hour (T1), after 12 hours 
(T2), after 24 hours (T3), 

and after 72 hours (T4). 

The control group exhibited 

significantly higher WBS scores 

than the trial group at T0, T1, and 
T2. No significant differences 

between the two groups were 

reported at T3 and T4. 

The present study 

demonstrated the 

efficacy of PBM in 
decreasing pain intensity, 

especially in the first 12 

hours after upper first 

molar banding. 

 Matys et 
al., 2019 

[10] 

The 
numeric 

rating 

scale, NRS-

11, grade 
level 0-10 

At seven time points: 1 
h, 6 h, 1 day, 2 days, 3 

days, 4 days, and 5 days 

after the orthodontic 

appliance placement 

The statistical analysis of the 
NRS-11 scores revealed 

significantly lower pain values in 

the diode laser group in contrast 

to the control group (p = 0.0237). 

Our study showed that 
the best effects in 

relieving pain were 

obtained with a laser 

wavelength of 635 nm. 

Nicotra et 

al., 2020 

[11] 

NRS 

(Numerical 

Rating 

Scale) 

Immediately after bands 

cementation, 6 h, 24 h, 

and from day 2 to day 5 

Pain experienced in the TG was 

significantly lower compared to 

both control and placebo groups, 

while control and placebo groups 
showed no differences, according 

to Dunn’s multiple comparison 

test 

The results of the present 

study evidenced that 

LLLT reduces the 

intensity of pain reported 
by patients after the 

placement of orthodontic 

bands 

Brito et al., 

2022 [12] 

visual 

analog 
scale 

(VAS) 

06, 24, 48, and 72 hours 

after the orthodontic 
appliance installation. 

Patients that received laser 

therapy reported significantly 
lower levels of pain at 6, 24, and 

48 hours than patients from the 

control group. At the 72-hour 

evaluation, the pain level was 
almost absent and similar 

between the groups.  

Low-level laser therapy 

showed to be effective in 
reducing pain severity in 

the early stages of 

orthodontic treatment. 

 

3.2. Risk of Bias of Included Studies 

Given the inherent characteristics of these 
studies, achieving blinding of both patients and operators 

was nearly impractical, as the laser and the simulation 

(placebo) are typically administered in the same session. 

Consequently, the absence of single or double blinding 

was not deemed to significantly affect the assessment of 
the risk of bias in all the studies. 

 

The risk of bias of the included RCTs is shown in Fig. 2. 

 

 
Figure 2: Risk-of-bias graph of the studies exploring pain management 

 

Out of the total eight RCTs, two trials by Prasad 

et al., and Brito et al., were assessed as having “some 

concerns” in the risk of biais, the rest were defined as 

having a low risk of biais. 
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Despite the exclusive inclusion of randomized 
studies, it was noted that the trials conducted by Prasad 

et al., and Brito et al., did not provide explicit 

descriptions of how the randomization sequence was 

generated. 
 

None of the studies included in the analysis 

reported "incomplete outcome data" resulting from the 

withdrawal of a substantial number of participants. 
 

3.3. Quality of Evidence Summary 

In our systematic review, we investigated one 

main outcomes which is pain intensity reduction. A 
crucial aspect of our analysis involved assigning a 

quality rating to the body of evidence for the outcome 

across the included studies. To accomplish this, we 

employed the GRADE approach, a systematic method 
for evaluating the quality of evidence. 

 

The GRADE approach initiates the assessment 

by considering the study design, distinguishing between 
trials and observational studies. Subsequently, it delves 

into five potential factors that might warrant a 

downgrade in the quality of evidence. These factors 

include the risk of bias, inconsistency, indirectness, 
imprecision, and publication bias. 

While all the studies encompassed in our 
analysis adhered to the randomized controlled trial 

design, methodological concerns emerged that restricted 

the overall quality of evidence pertaining to the outcome. 

 
The quality of evidence underwent a downgrade 

primarily attributed to the risk of bias assessment. This 

evaluation revealed that 25% of the studies were 

identified as having "some concerns" regarding bias 
associated with the randomization process. This factor 

introduced a level of uncertainty and potential skewing 

of results, influencing our confidence in the overall 

quality of evidence for this outcome. 
 

Consequently, our final assessment categorized 

our outcome as presenting a moderate quality of 

evidence as detailed in Table V. 
 

The findings from our research are carefully 

compiled and displayed in a detailed Summary of 

Findings table (table VI), utilizing the software Garde 
Pro GDT. This table is designed to be a central element, 

capturing the core essence of our research efforts with 

accuracy and clarity. 

Table V: Quality of evidence assessement 

Certainty assessment Certainty 

No of 

studies 

Study design Risk of 

bias 

Inconsistency Indirectness Imprecision Other 

considerations 

Pain intensity 

8 Randomised 

trials 

Not 

serious 

Not serious Not serious Not serious None ⨁⨁⨁⨁ 

High 

 

Table VI: Summary of Findings table 

Photobiomodulation compared to non-photobiomodulation for fixed orthodontic treatment 

Patient or population: fixed orthodontic treatment 

Setting: 

▪ Intervention: photobiomodulation 

▪ Comparison: non-photobiomodulation 

Outcome 

№ of participants (studies) 

 

Impact 

 

Certainty 

pain intensity 

№ of participants: 340 (8 RCTs) 

pain reduction in orthodontic patients in at least one of 

the studied time points, was reported in 87.5% of the 

included studies (7 studies) when LLLT was applied. 

⨁⨁⨁⨁ 

High 

 

GRADE Working Group grades of evidence 

▪ High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.  

▪ Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate 

of the effect, but there is a possibility that it is substantially different. 
▪ Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the 

estimate of the effect. Very low certainty: we have very little confidence in the effect estimate: the true effect is likely 

to be substantially different from the estimate of effect. 

 

 

4. DISCUSSION 
Pain is a subjective and emotionally unpleasant 

sensory experience linked to actual or potential tissue 
damage [13]. It represents one of the most common 

complications in orthodontics, posing a risk to patient 

compliance and potential withdrawal from treatment 

[14]. The perception of pain is highly individualized, 

influenced by factors such as age, gender, psychological 
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state, and cultural considerations [15]. Orthodontic 
procedures, including the placement of separating 

elastics, insertion and activation of arch-wires, bracket 

removal, and the impact of orthodontic forces, can be 

closely associated with the experience of pain. 
 

The forces applied in orthodontics induce the 

displacement of teeth within the periodontal ligament 

space, resulting in bone remodeling of the alveolus 
through processes of resorption and apposition [16]. This 

tooth movement initiates an inflammatory response 

within the alveolar process, contributing to the 

experience of pain. The inflammation is attributed, in 
part, to the establishment of tension and compression 

zones within the periodontal ligament, triggering an 

inflammatory response characterized by the release of 

chemical mediators associated with hyperalgesia [15]. 
 

The early effects of orthodontic tooth 

movement manifest in both physical and biological 

alterations, impacting the extracellular matrix and 
various cells within the alveolar bone and periodontal 

ligament, including granulocytes, fibroblasts, 

osteoclasts, and osteoblasts. These processes commonly 

give rise to pain [17], as they are associated with 
reactions such as alterations in blood flow, the release of 

inflammatory cytokines (histamine, prostaglandins, 

encephalin, substance P, leukotrienes, etc.), stimulation 

of afferent A delta and C nerve fibers, neuropeptide 
release, and hyperalgesia [18, 19]. Earlier research has 

suggested that elevated levels of prostaglandin-E2 

(PGE2) are associated with the initial intensity of pain, 

whereas an increase in interleukin-1 correlates with pain 
occurring 24 hours after the application of orthodontic 

force [20]. 

 

Various studies have examined different 
approaches to alleviate orthodontic pain. Among them, 

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) stand 

out as a prevalent and effective method for orthodontic 

pain management. NSAIDs operate by inhibiting the 
cyclooxygenase enzyme system, leading to a reduction 

in prostaglandin synthesis—an essential mediator of pain 

induction [21]. However, the use of NSAIDs has been 

associated with several side effects, including 
gastrointestinal issues, thrombocytopenia, skin rashes, 

renal insufficiency, hypertension, and headaches, as well 

as a decrease in the rate of tooth movement [22]. 

 
Interestingly, various alternatives have been 

explored to mitigate pain, such as vibrational devices, 

cognitive and music therapy, and other psychological 

interventions [23, 24]. Nonetheless, the practical 
application of these alternatives has been limited due to 

inconclusive results and a lack of robust evidence. LLLT, 

in contrast to NSAIDs, is associated with minimal side 

effects. In a randomized clinical trial conducted in 2016, 
Bayani et al., [25], conducted a comparative analysis of 

the effects of ibuprofen, low-level red laser (660 nm), 

low-level infrared laser (810 nm), and bite wafers in the 

management of orthodontic pain. The study found that 
low-level infrared laser (810 nm) emerged as the most 

effective approach for relieving pain after the initial wire 

installation. Importantly, this laser therapy proved non-

invasive, painless, and aseptic, making it a potential 
alternative to ibuprofen without causing harm to 

orthodontic treatment mechanics. 

 

Although further investigations are needed to 
elucidate the underlying mechanism, the analgesic action 

of PBM has been attributed to its neural effects, 

including inhibitory effects on nerve depolarization, 

especially C fibers, as well as its anti-inflammatory 
properties. Laser-induced pain reduction involves a 

mechanism where the laser induces changes in the 

conduction of action potentials in peripheral nerves. This 

is achieved by generating varicosities that decrease the 
speed of fast axonal flow and lower mitochondrial 

membrane potentials, leading to a reduced availability of 

ATP and ultimately causing neurotransmission failure in 

A𝛿 and C nociceptor fibers [26]. Additionally, LLLT 

exhibits localized anti-inflammatory effects, noticeable 

within less than 24 hours after irradiation, and 

contributes to the reduction of PGE2, tumor necrosis 
factor, plasminogen activator, and COX-2 expression 

[27]. Montesinos [28], suggests that another mechanism 

contributing to pain reduction is the stimulation of beta-
endorphin production, a natural mediator produced by 

the organism that alleviates pain. Additionally, LLLT 

plays a role in inhibiting the release of arachidonic acid, 

which, in turn, acts on damaged cells to generate 
metabolites that interact with pain receptors [29]. 

 

The manifestation of pain symptoms varie in 

both intensity and duration, and are typically observed in 
the early hours following the application of forces. Pain 

typically initiates approximately two hours after the 

application of orthodontic force, peaks at 24 hours, and 

persists for approximately five days [30]. Numerous 
researchers have investigated the impact of LLLT on 

alleviating pain, both after the placement of elastomeric 

separators and during various phases of orthodontic 

treatment. Considering the distinct mechanisms of pain 
induction in each phase, the studies incorporated in this 

review focused on reducing post-adjustment pain in 

patients undergoing fixed orthodontic treatment, 

involving both conventional brackets and self-ligating 
brackets. This entails examining the reduction in pain 

following the placement of orthodontic arch wires. 

 

Our review included eight articles evaluating 
the reduction of orthodontic pain through PBM, with 

seven adopting a split-mouth randomized controlled trial 

(RCT) design. Notably, the trial conducted by 

Mohammad Moaffak et al., the sole study indicating no 
statistically significant difference in pain scores at any 

examined time point between the laser group and the 

placebo group, employed a parallel arm RCT design. 

This difference in study design could potentially 
introduce subjective variations among participants. 
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Certain authors argue that employing a split-
mouth design enhances pain evaluation by eliminating 

interindividual variations arising from factors such as 

sex, age, and pain perception [31]. When utilizing a split-

mouth design, it is essential to ensure uniformity in the 
intervention sites for each patient. Fortunately, in 

orthodontics, where intact dentitions are more commonly 

available, achieving comparable sites is generally 

feasible [32]. However, it's crucial to acknowledge that 
the potential lack of uniformity between sites in 

participants might introduce selection bias, as 

interventions may be applied to sites with different 

baseline characteristics [32]. 
 

Among the eight studies, seven employed a 

wavelength falling within the range of 800 to 980 nm 

(NIR radiation). In contrast, the study by Matys et al., 
utilized Red light with a wavelength of 635 nm. The 

ability of light to penetrate tissues is directly influenced 

by the wavelength, with the penetration depth of red laser 

being less compared to infrared. However, in the case of 
the Matys et al., study, which utilized the minimum 

penetration depth is approximately 3 mm [33]. This 

depth is deemed adequate to reach the inner regions of 

the soft tissue, tooth apex, and bone, potentially 
elucidating the positive outcomes observed with the 

chosen laser wavelength. The efficacy of LLLT in pain 

reduction was demonstrated in six studies with a single 

application, and in one study, pain reduction occurred 
after five LLLT applications. In a study conducted by 

Almallah et al., [34], a comparison between a single dose 

and double dose revealed no significant differences in 

pain reduction. It is noteworthy that there is a lack of 
studies in the literature specifying the "optimal" number 

of LLLT applications; nevertheless, it can be inferred that 

a single dose post PBM application was found to be 

effective in alleviating pain. 
 

In this review, pain reduction in orthodontic 

patients in at least one of the studied time points, was 

reported in 87.5% of the included studies (7 studies) 
when LLLT was applied. However, in one study (12.5%), 

no significant differences in pain intensity were observed 

between patients in the LLLT group and those without 

LLLT intervention. Hawkins and Abrahamse [35], 
emphasize that the dosage (or fluence) of LLLT can 

influence cellular processes, suggesting that a low or 

very low dose may not produce any effect, while very 

high doses may have negative or inhibiting effects. This 
variability in dosage might explain the contradictory 

results found in one study. In a study by AlSayed Hasan 

et al., [36], two different LLLT doses were compared 

(2.25 J/cm2/tooth and 9 J/cm2/tooth), and neither 
protocol demonstrated efficacy in reducing pain after the 

placement of elastomeric separators. Similarly, Lim et 

al., [37], compared three different protocols with 

application times of 15 s, 30 s, and 60 s per tooth, and 
none of these protocols successfully alleviated 

orthodontic pain resulting from the placement of 

elastomeric separators. The conflicting scientific 

evidence might be attributed to the diverse methods 
employed for laser irradiation, as there is currently no 

established protocol specifying the most effective 

irradiation doses. To address this, there is a pressing need 

for new studies with low bias risk that can ascertain the 
laser irradiation protocol that delivers the most potent 

analgesic effects in orthodontic patients. 

 

5. CONCLUSION 
We share the perspective endorsing the 

potential incorporation of the Low-Level Light Therapy 

(LLLT) protocol into routine orthodontic practice. Future 
investigations should strive to develop a comprehensive 

protocol that is both easily applicable and feasible in 

clinical settings. The objective is to establish a 

standardized approach, ensuring the secure application 
of laser irradiation with precisely dosed effectiveness, 

ultimately evolving into a recognized and routine 

treatment for managing orthodontic pain. 
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