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Abstract

Introduction: Application of low-level laser therapy (LLLT) in reducing the pain associated with orthodontic treatment is still
debated. Hence, the aim of this systematic review is to reconnoiter the effect of LLLT in pain allied with different orthodontic
procedure.

Methods: Literature search in Scopus, PubMed and Science direct data bases was performed by two independent reviewers.
In addition, manual hand search and references were checked to fine relevant studies. Systematic review and meta-analysis were
conducted using the data entered into electronic data bases until 31st August 2018.

Results: On the basis of the different data bases search, 22 studies were included for the systematic review and total 5 studies
were selected for meta-analysis. Mean pain score and standard deviation were used to evaluate the effectiveness of LLLT relation
with pain in orthodontic treatment. There is significant positive association with laser application in reducing pain in elastomeric
separator placement in 24 hours (P value 0.01) and 72 hours (P value 0.02). However, in terms of canine retraction, LLLT does not
showed significant difference in reducing pain.

Conclusion: More clinical trials in the effectiveness of low-level laser therapy in relation with pain perception of orthodontic
treatment is necessary to define better specificity of conceivable interaction.
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Introduction
clinical value [2,4].After placing the first wire or separator, patients

are sometimes prescribed anti- inflammatory and analgesics drugs
to avoid the pain [5]. However, using any drugs might have potential
influence on orthodontic tooth movement and its contentious

One of the most common side effects of orthodontic treatment
is pain or discomfort when patients exposed to orthodontic forces
[1]. More or less 90% of patients claimed of suffering pain during
orthodontic treatment. However, the intensity of the pain might
vary in different stages of treatment [2] . The most intense pain
usually occurs 24 hours after separator or initial wire placement
and its gradually decrease over a week [3]. Hence, pain associated
with orthodontic treatment is one of the reasons patients feel
discouraged to continue treatment. Nevertheless, orthodontic pain

due to the adverse systemic side effects [6]. Moreover, other pain
management procedures for instance vibratory stimulation of
the periodontal ligament [7], anesthetic gels [8], transcutaneous
electrical nerve stimulations [9], xylitol chewing gums [8] yielded
fluctuating results. In recent years, low level laser therapy (LLLT)

. . . . has been increased in attention for reducing pain associated with
isgenerally underestimated and neglected, though ithasasignificant gp
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orthodontic tooth movement. Moreover, it considered as a safe
procedure compare to the other traditional approaches[10]. LLLT
plays an important role in increasing blood supply and stimulate
the regaining of dental tissue[11]. Several studies showed that LLLT
reduces the pain during orthodontic treatment [12-16]. However,
few studies showed no significant difference in terms of pain with
laser applications [16-18].

There are different types of lasers are being used in dentistry
for reducing the pain such as carbon dioxide (CO2) laser [14],
helium-neon (He-Ne) laser [19] and diode laser [12, 15, 20].
However, diode laser which is also known as semi-conductive laser
is widely used in dentistry due to its low cost and comparatively
compact feature. Diode laser can infiltrate into deep tissues based
on its wavelength (usually 600-1000 nm) which can control
the pain associated with orthodontic tooth movement[21]. In
orthodontic pain management, GaAlAs laser (wavelength 780-

Table 1: PICOS strategy.

890 nm) has been widely used [12, 15, 17, 22] though other
types of diode laser InGaAlP laser (wavelength 630-700 nm) is
also showing a positive result in reducing the pain[23]. Despite,
a number of clinical trials observed the effect of LLLT in reducing
the pain, a little attention has been given to the precise properties
of the most popular diode laser. Therefore, a systematic review is
mandatory for evidence based clinical practice and results. In this
current systematic review, effects of LLLT in pain associated with
orthodontic treatment has been evaluated based on the outcome of
different clinical researches.

Material and Methods

This systematic review followed the PRISMA (Preferred
Reporting Items for systematic reviews and Meta-Analysis)
guideline to select all the studies (Figure 1). Moreover, a distinct
review question was established following population, intervention,
comparison, outcome and study design (PICOS) strategy (Table 1).

Objects

Description

Population

Patients in orthodontic treatment

Intervention

Orthodontic treatment associated with laser therapy

Comparison

Orthodontic treatment associated without laser therapy (control group)

Outcome

Laser therapy results in the reduce of pain due to orthodontic interventions

Study design

RCT, CCT, quasi-RCT

RCT: Randomized Clinical Trial, CCT: Controlled Clinical Trial

Formulating review question

Current study intent to answer the following question: In
patients undergoing orthodontic treatment, can LLLT alter the pain
perception in humans when compared to the control group?

Inclusion and exclusion criteria

All the articles should meet the following prerequisite criteria
to include in this systematic review.

Inclusion criteria were as follows:
a) Patients are undergoing orthodontic treatment

b) RCT, CCT or quasi RCT conducted to diminish acute pain with
using LLLT

c) Control group was used either with placebo or no use of laser

d) Pain scores were measured using visual analog scale (VAS),
numeric rating score (NRS) or any questionnaire.

Exclusion criteria were as follows:
a) Case reports, review articles or conference proceeding
b) Animal studies

c) Incomplete information about laser

Literature search strategy

Literature search was conducted on Science Direct, PubMed and
Scopus databases till 31st August 2018. For searching literatures,
following key words were used: “LLLT or low-level laser therapy or
laser” + “orthodontic treatment or orthodontic or fixed appliances”
+ “pain or discomfort”. No restrictions were levied on language,
populations, treatment stage or sample size. Selected literatures
were thoroughly checked, and their references were re-checked
for any literature not found in selected databases. All the articles
were inspected by two independent reviewers (FS and SAN) and
included in current review which meet the eligible criteria.

Quality assessment of specific studies

Each selected articles were evaluated based on methodological
quality assessments .24. Methodological quality scores were
calculated and ranged from 0 to 15. All studies were divided into 3
categories: low, moderate and high from score 0 to 8,9 to12 and 13
to 15, respectively.

Meta analysis

A meta-analysis was conducted based on pain score in similar
days with laser applications. Study 10, 15 and 19 (Table 2) for
separator placement and study 7 and 12 (Table 2) for canine
retraction were chosen for meta-analysis.
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Table 2: List of selected studies in the current systematic review.

No Author and year Population Total .Sample Stu.d y Laser application Pain score Conclusion
size design
VAS (for 7 CO02 laser will reduce pain
1 Fujiyama et al. [14] Japanese 90 Parallel Separator placement days) associated with orthodontic
Y force
. Single dose He-Ne laser
2 Sobouti et al. [19] Iran 30 Split Canine retraction VAS (Day 1, might reduce orthodontic
mouth 2,4and 7) .
pain
VAS (5 min, Frequent LLL.‘T decrea.lse
1612 the perception of pain
3 Kim et al. [23] Korean 88 Parallel Separator placement - to a non-significant level
hours then
throughout the week after
day 1-7)
separator placement
Application of LLLT at 4
NRS ( .
. week intervals can reduce
Split Consecutive the pain associated with
4 Qamruddin et al. [15] Pakistani 42 p NiTi initial archwires 12 hours ; -
mouth . the alignment and leveling
intervals for .
stage of orthodontic treat-
7 days)
ment
Spii WS (B min |y be ndicated
5 Farias et al. [29] Brazil 28 P Separator placement | 24 and 120 P Y .
mouth hours) for the reduction of pain in
early stage of orthodontics
Spii ws(e 1z | ieant re-
6 Furquim et al. [18] Brazil 79 mouth Separator placement hourzs,:?)ay 1, duction in orthodontic pain
’ perception.
7 Qamruddin et al. [15] Pakistani 40 Split Canine retraction NRS (for7 . LLLT applied at 3 weel.<
mouth days) intervals can reduce pain
. LLLT efficiently controls
8 Tortamano et al. [13] Brazil 60 Split 1st archwire NRS (for7 pain caused by the 1st
mouth days) .
archwire
Standar.dlzed LLLT immediately after
question- multibanding reduced the
9 Turhani et al. (2006) Vienna 76 Parallel 0.016 NiTi archwire naire (6, B re
prevalence of pain percep-
30 and 54 .
tion at 6 and 30 hours
hours)
VAS (0, 6,24, | LLLT significantly reduced
. Split 30 hours the pain perception in the
10 Eslamian et al. [32] Iran 37 mouth Separator placement and day 3,4, | first 3 days after orthodon-
56,7) tic separations
VAS (before Teeth exposed to laser
Split and after treatment had lower level
11 Lim et al. [16] Singapore 39 P Separator placement | laser appli- . .
mouth . of pain as compared with
cation for 5 lacebo
days) p
12 Doshi Mehta et al. [12] Indian 20 Split Canine retraction VAS (Day 1, LLLT s a good O.I)tlon to
mouth 3,30) reduce pain
Atres Ribas et al. . Split VAS (5 min, L.LLT can red}lce pain in pa-
13 Spanish 20 Separator placement | 6,24,48,72 | tients following placement
(2013) mouth .
hours) of orthodontic separators
VAS (2, 6,24 LLLT application reduces
. - Split 0.019%0.025 SS hours and pain induced by archwire
14 Dominguez etal. [31] Colombia 60 mouth archwire then day 2, during the final stage of
3,7) orthodontic treatment
Question- Single dose of LLLT can
15 Nobrega et al. [20] Brazil 60 Parallel Separator placement naire (2, 6, control the pain originated
5 ' P p 24 hours and | from positioning orthodon-
then day 2,3) tic elastomer
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. Split VAS (for 5 No significant difference of
16 Abtahi etal. (2013) Iran 29 mouth Separator placement days) using LLLT
VAS (Each
17 Heravi et al. (2014) Iran 20 Split Canine retraction time aft(.er LLLT did nqt lnﬂuenc.e the
mouth laser applica- perception on pain
tion)
Question-
. naire (each .
18 Youssef et al. (2008) Syria 15 Split Canine retraction time after LLLT can ef.fectlvely reduce
mouth . . pain level
spring acti-
vation)
VAS (0, 2,
24,48,72,
19 Esperetal. [17] Brazil 55 Parallel Separator placement 96 and 120 LLLT reduce the pain level
hours of compared to control
separator
placement)
Split Molar band place- \{AZSélFiglulrns' LLLT was efficient in
20 Bicakci etal. (2012) Turkey 19 P P ’ reducing orthodontic post
mouth ment after band . .
adjustment pain.
placement)
VAS (12,
Split 24,48,72 No statistical difference of
21 Angelieri et al. (2011) Brazil 12 m(l))uth Canine retraction hours after using laser in controlling
coil spring pain
activation)
VAS (12, 24,
36,48,72 & Single dose of LLLT ap-
22 Marini et al. [22] Italy 120 Parallel Separator placement | 96 hours af- | peared to reduce orthodon-
ter separator tic pain.
palacement)

Statistical analysis

All statistical analysis was conducted using IBM SPSS statistics
for Windows, version 22.0 (IBM Co. Armonk, NY, USA) and
Comprehensive Meta-Analysis (CMA) software version 3 (Biostat,
Englewood, NJ, USA). The statistical significance (P value) set
<0.05 for hypothesis test. Cohen’s kappa analysis was performed
to assess the inter-observer agreement for the quality assessments.
Kappa scores are graded as near perfect (0.81-1), substantial (0.61-
0.80), moderate (0.41-0.60), fair (0.21-.040) and poor (<0.20).
For pain score, mean and standard deviation (SD) were adopted.
Heterogeneity was verified using 12 and Q statistics. 12 <50% and
P value of Q statistics >0.10 determined no heterogeneity across
the studies. Funnel plots were used to check the publication bias
using egger’s and Begg’s test. A P value >0.05 was indicated no bias
among the studies.

Results

Search result

Through the electronic search, initially we identified 86 studies:
60 from Scopus, 20 from Science Direct and 6 from PubMed.
Furthermore, all the references were manually checked for other
relevant studies and 5 more studies were included. PRISMA
guideline was followed to scrutinize all the studies into current
systematic review (Figure 1). After removing the duplicates and
exclusion criteria 22 studies were included. Finally, total 22 studies

were selected for this review (Table 2). Two independent reviewers
were inspected all the studies properly to avoid any bias in selection
procedure.

Analysis of selected studies

Quality analysis was performed among the selected studies
following criteria described by Almeida et al (2016) [24]. Among
22 studies, total 7, 13 and 2 studies were classified as high quality
(13-15 points), moderate quality (9-12 points) and low quality
(0-8 points) study, respectively (Table 3). For quality assessment
Cohen’s kappa score was 0.840 which is near perfect level of inter
examiner agreement. Types of laser, specifications and frequency of
applying laser were checked thoroughly from the selected articles
which showed in (Table 4). Most of the studies used Al-Ga-As laser
in the range of 640 to 940 wavelength. Laser application mostly
seen after elastomeric separator placement followed by canine
retraction, arch wire and molar band placement. VAS, NRS and self-
designed questionnaire were used to assess the pain perception.
However, different studies checked the pain score in different
days. The analysis of the association of pain with LLLT in separator
placement showed that there is significant positive association
with laser application in reducing the pain (Figure 2, 3 and Table
5). However, in terms of canine retraction, LLLT does not showed
significant difference in reducing pain (Figure 4). Both statistical
and clinical heterogeneity were inspected among these studies
in LLLT application of separator placement and canine retraction
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stage. A forest plot revealed that, pain subsided significantly in Begg’s and Egger’s test showed no publication bias among the
LLLT group compared to control in both times (24 and 72 hours) studies in separator placement (Table 7 and Figure 5). However,
with insignificant heterogeneity in 72 hours (Table 6). Moreover, these tests couldn’t be performed for canine retraction as only 2
sensitivity test was also conducted after omitting one study to studies were included while minimum 3 studies need to include to
check the influence on pooled result nevertheless it persists same. perform Begg’s and Egger’s test.

[
=
8 Records identified through Additional records identified
&} database searching through other saunces
B {n = 86) {n =5}
&
=
L L
— Recards after duplicates removed
{n=21)
]
B
7 ;
'E Re=cards sereened N Records excluded
n=23] o {n=0]
e
L
Full-text articles aszezsed Fulktext articles excluded,
for eligibility * with reasons
(n=22) (n=0]
@

3

Studies included in
gualitative synthesis
[n=22)

) [

Studies included in
quantitative synthesis

(meta-analyzis)
(n=5]

nduded

Figure 1: Flow chart of the PRISMA guideline for the selection of studies.

Table 3: Quality assessment of selected studies.

Author Cc1 Cc2 C3 Cc4 C5 cé6 Cc7 Cc8 c9 C10 | C11 | C12 | Total Quality*
Fujiyama et al. [14] 1 1 1 0 0 1 1 1 1 1 1 0 9 Moderate
Sobouti et al. [19] 1 1 1 1 0 2 1 2 1 1 1 1 13 High
Kim etal. [23] 1 1 1 1 2 2 1 1 1 1 1 0 13 High
Qamruddin etal. [15] 1 1 1 1 2 2 1 2 1 1 1 0 14 High
Farias et al. [29] 1 1 1 1 0 2 1 2 1 1 1 0 12 Moderate
Furquim et al. [18] 1 1 1 0 2 2 1 1 1 1 1 0 12 Moderate
Qamruddin et al. [22] 1 1 1 1 2 2 1 2 1 1 1 0 14 High
Tortamano et al. [13] 1 1 1 1 0 1 1 2 1 1 1 0 11 Moderate
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Turhani 1 1 1 0 0 1 1 1 1 1 1 0 9 Moderate
Eslamian et al. [32] 1 1 1 0 0 2 1 1 1 1 1 1 11 Moderate
Lim etal. [16] 1 1 0 1 0 1 1 1 1 1 1 1 10 Moderate
Doshi Mehta et al. [12] 1 1 1 1 2 1 1 2 1 1 1 0 13 High
Atres Ribas 1 1 1 0 0 1 1 1 1 1 1 0 9 Moderate
Dominguez et al. [13] 1 1 1 1 2 2 1 1 1 1 1 0 13 High
Nobrega et al. [20] 1 1 1 1 2 2 1 2 1 1 1 0 14 High
Abtahi 1 1 1 0 0 2 1 1 1 1 1 0 10 Moderate
Heravi 1 1 1 0 0 2 1 1 1 1 1 0 10 Moderate
Youssef 1 1 0 0 0 1 1 1 1 1 1 0 8 Low
Esperetal. [17] 1 1 1 0 0 1 1 1 1 1 1 0 9 Moderate
Bicakeci 1 1 1 1 0 1 1 1 1 1 1 0 10 Moderate
Angelieri 1 1 0 0 0 1 1 0 1 1 1 0 7 Low
Marini et al. [30] 1 1 0 1 0 2 1 2 1 1 1 0 11 Moderate
Separator placement 24H
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Figure 2: Forest plot of pain observation in separator placement at 24 hours.
Separator placement 72H
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Figure 3: Forest plot of pain observation in separator placement at 72 hours.
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Canine retraction Day 3
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Figure 4: Forest plot of pain observation in Canine retraction stage at day 3.
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Figure 5: Funnel plot for the publication bias test in separator placement.
Table 4: Laser specification of selected studies.
Type of Wave length Output power
Study laser () Dose (J/cm2) (mW) Frequency of use
Fujiyama et al. [14] COo2 Not reported Not reported Not reported Once only after placing the separator
Sobouti et al. [19] He-Ne 632.8 6 10 Once only after activating the canine retractor
Kim et al. [23] Al-Ga-InP 635 Not reported 6 Every 12 hours after placing the separator for 1 week
Qamruddin et al. Al-Ga-As 940 75 100 After insertion of each archlw1re until alignment and
[22] leveling
Farias et al. [29] Al-Ga-As 810 2 100 Once only after placing the separator
Furquim etal. [18] | Al-Ga-As 808 80 100 Once only after placing the separator
Qamruddin et al. Al-Ga-As 940 75 100 After activating the canine retrac.tor a.n'd then after 3
[15] weeks for 2 consecutive visits

Citation: Fazal Shahid, Norma Ab Rahman, Mohd Fadhli Khamis, Adam Husein, Mohammad Khursheed Alam, Shifat A Nowrin. Low level
laser therapy and its effect on pain during orthodontic treatment: A systematic review and meta-analysis. Res & Rev Health Care Open Acc

] 6(2)- 2021. RRHOAJ].MS.ID.000231. DOI: 10.32474/RRHOAJ.2021.06.000231.

N


http://dx.doi.org/10.32474/RRHOAJ.2021.06.000231

Res & Rev Health Care Open Acc]

Volume 6 - Issue 2

Copyrights @ Norma Ab Rehman, et al.

Tortarr[lla?r)l]o etal. Al-Ga-As 830 0.5 Not reported Immediately after placing the 1st arch wire
Turhani Mini laser 670 Not reported 75 After bonding and banding
EslarrE;azr] etal. Al-Ga-As 810 2 100 After placing the separator and after 24 hours
Lim etal. [16] Al-Ga-As 830 Not reported 30 After placing the separator for 5 days
Doshi Mehta et al. After activating the canine retractor and then day 3,7,14 in
[12] Al-Ga-As 810 Not reported 100 first month thereafter every 15 days
Atres Ribas Al-Ga-As 830 5 100 After placing the separator
D"mm[gl‘;‘iz etal | Al Ga-As 830 80 100 After placing the final .019x.025SS wire
Nobrega etal. [30] | Al-Ga-As 830 80 100 After placing the separator
Abtahi Al-Ga-As 904 Not reported 200 After placing the separator for 5 days
Heravi Al-Ga-As 810 214 300 After activating the canine retractor and then day
3,7,11,15 for every month
Youssef Al-Ga-As 809 Not reported 100 After activating the canine retractor and then day 3,7 and
14 days
Al-Ga-InP
Esperetal. [17] & Al-Ga- 660 & 640 4 30& 100 After placing the separator and 2, 24, 48, 72,96 and 120 h
As
Bicakci Al-Ga-As 820 7.96 50 Once only after placing the band
Angelieri Al-Ga-As 780 5 20 After activating the canine re}fractor and 12, 24, 48 and 72
L GaAs di- .
Marini et al. [30] ode laser 910 Not reported 160 Once only after placing the separator

Table 5: Effect of LLLT on pain perception in elastomeric separator placement.

CI (95%)
Time Mean Differences (MD) Standard Error (SE) *P value
Lower Upper
24 Hours -0.64 0.26 -1.15 -0.14 0.01*
72 Hours -0.38 0.16 -0.7 -0.06 0.02*
CI: Confidence Interval, *P value: <0.05.
Table 6: Heterogeneity test among the studies.
Variables Q statistics *P value 12 statistics (%)
Separator Placement 24 hours 5.787 0.055 65.437
Separator placement 72 hours 2.464 0.292 18.823
Canine retraction Day 3 29.124 0 96.56

Table 7: Publication bias among the studies.

Time Begg's test Egger’s test
24 hours 0.117 0.166
72 hours 0.601 0.4
Discussion

In current systematic review we have selected 22 studies for
quality assessment after an extensive search. Methodological
quality assessment revealed only 7 out of 22 studies consist of

sound methodology. Furthermore, 13 studies fall in moderate
group and 2 in low group. After further screening, we found most
of the clinical trials were randomly selected the voluntary subjects
either from dental school or patients from hospital. No proper
sample size calculation has been done. Whereas, sample size is
considered to be a very important factor in any clinical trial [25,
26]. Moreover, most of the studies have flaws in selection criteria
and randomization process. 10 out of 22 studies were mentioned
only about inclusion criteria and ignore the exclusion criteria. In
addition, only 8 studies mentioned the randomization and blinding
protocol properly. Individual 2 studies discussed the limitation of
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the study. Therefore, definite studies may acquaint with bias owing
to methodological imprecisions.

Included studies were conducted in 13 different countries with
varying total number of subjects. Study designs were different.
Among 22 studies, 5 studies were based on parallel design and
rest were split mouth design. Split mouth study designs might
have advantages over parallel study design due to the efficiency
and decrease requirement of sample. However, lack of uniformity
in allocation segment, carry across effects or contamination is the
main disadvantages for split mouth studies. Moreover, split mouth
study design should be carried out when proper sample size has
been calculated [27]. As there is a lack of sample size calculation in
most of the studies, methodological soundness is still questionable
among most of the selected studies. Mainstream of the studies
were used GaAlAs diode laser with diversified application methods
and time duration. It is difficult to perform quantitative synthesis
with varying of data and outcome [28]. Pain perception was
mostly checked after placing elastomeric separators (10 studies)
following canine retraction (7 studies), arch wire (4 studies) and
molar band placement (1 study) (Table 2). The pain scores were
checked in different time in different studies selected in current
systematic review. However, Day 1 (24 hours) and Day 3 (72
hours) were most common selected time for checking pain status
after laser application. 8 among 22 studies were used GaAlAs laser
and checked the pain perception commonly at day 1 and day 3.
However, 3 studies checked the median value of pain perception
[16,18,29,2] studies displayed the results with graphs without
any numeric result presented [30,31]. Yet only 3 studies with pain
perception after placing the separator were presented with mean
pain score and standard deviation which we included in meta-
analysis [17,20,32]. On the other hand, in terms of laser application
during canine retraction stages, 2 studies presented the detail
result in pain perception for day 3 [12, 15].

Though all the studies included for quantitative synthesis
showed positive outcome, both Q statistics and 12 test was
performed to check the heterogeneity. Pain score at 24 hours after
laser application of separator placement and 72 hours of canine
retraction indicated significant heterogeneity among studies.
However, 72 hours after laser application of separator placement
showed insignificant Q statistics and 12. The laser application
methods and dosimetry might be affecting the comparability of the
studies. Therefore, future research is advisable to adopt a common
model for assessing LLLT effects on orthodontic pain. Nevertheless,
clinical heterogeneity is always present in meta-analysis due to
study design, intervention, outcome and sample size. This meta-
analysis also represents clinical heterogeneity on study background,
sample size, ethnic background and outcomes.

Conclusion

Current systematic review and meta-analysis concluded that
LLLT might have positive aspect of reducing pain in different
orthodontic procedure. However, the heterogeneity and the varying

protocols of laser application cannot provide sufficient evidence
to judge whether LLLT is effective in reducing orthodontic pain.
Further clinical trials with better study design, controlled laser
dosimetry and appropriate sample size is recommended to provide
more meaningful evidence for the clinical application of laser.
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