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Abstract

Introduction: This systematic review was conducted to evaluate the effectiveness of low-level laser
therapy (LLLT) in orthodontic separator pain.

Methods: This article was written according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist. Electronically and manually 3 databases, namely
PubMed, Scopus and Google Scholar, were searched by the keywords that were selected based
on population, intervention, comparison and outcome (PICO) on October 10, 2020. Studies were
appraised by Cochrane version 5.2.0 with 7 domains and were checked by these inclusion criteria:
1. Randomized clinical trial (RCT) that examined the efficacy of LLLT in separator pain, 2. Split-
mouth design, 3. LLLT application in the first hours after separator placement, 4. LLLT application
to both sides of the teeth, 5. Patients receiving elastomeric separators between the premolars and
molars, 6. Lasers with a wavelength of 800-899 nm, 7. Studies conducted from 2010 to 2020, and
8. Participants who went through orthodontic treatment without limitation in gender, age and social-
economic status.

Results: 299 studies were screened. 34 full-text papers were read by 2 authors independently. In
the end, 4 articles met the inclusion criteria. All 4 articles showed LLLT has a significant impact on
pain reduction.

Conclusion: The exact protocol for laser therapy is still not clear. Therefore, more studies with a
meticulously designed method are needed.

Keywords: Low-level light therapy; Elastomeric separator; Pain.

Introduction

Some orthodontic procedures like having elastomeric
separators in place are associated with pain.' It has been
stated that orthodontic pain has a negative impact on
patients’ quality of life."* Thus, good pain management
plays a key role in patient satisfaction with treatment and
leads to better cooperation with the doctor.>”

The aim of using separators which are most commonly
placed between the second premolars, first and second
molars is to make the placement of orthodontic bands
simpler.® The placement of separators is tightly associated
with pain and discomfort.” As some patients report, this is
the most painful part of the entire treatment.® It has been
reported in several studies that the highest level of pain
is experienced on the second day following orthodontic
separator placement, and it decreases gradually in a 7-day
period.® Several methods are used to manage discomfort:

Among several methods currently available, oral
analgesics, especially the non-steroidal anti-inflammatory
drugs (NSAIDs) and bite wafers, are frequently prescribed

by orthodontists.**

There are still some concerns regarding the delaying
effect of employing NSAIDs on tooth movement orally
or topically.”® Low-level laser therapy (LLLT) has been
widely adopted for the management of acute and chronic
pain in various conditions."*® In recent years, several
studies have been conducted on LLLT employment to
manage orthodontic pain including the pain following
separator placement.’

The method of laser application, dosage, wavelength
and other laser parameters were extensively varied."
Therefore, this study aimed to systematically review
“the effect of LLLT on the pain induced by orthodontic
separator placement” in which the wavelengths are the
same (830 nm) and the methods are as much as possible
similar to each other.

Methods
This Systematic review is written using the PRISMA
checklist and articles were evaluated by the Cochrane
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guideline. The inclusion and exclusion criteria are
presented below respectively:

Inclusion Criteria

(1) Randomized clinical trial (RCT) that examined the
efficacy of LLLT in separator pain, (2) Split-mouth
design, (3) applying LLLT in the first hours after separator
placement, (4) Application of LLLT on both sides of
the teeth, (5) patients receiving elastomeric separators
between the premolars or molars, (6) Lasers with
wavelengths of 800-899 nm, (7) Studies conducted from
2010 to 2020, (8) Participants undergoing orthodontic
treatment without selection limitation in gender, age and
social-economic status.

Exclusion Criteria

(1) Animal or in-vitro studies, (2) The literature
characterized based on review articles, case reports,
descriptive studies, abstracts, systematic reviews and
meta-analysis, preliminary clinical studies, and controlled
clinical trials.

An automated systematic literature search was
conducted using two important databases: PubMed and
Scopus; the additional manual search was done on Google
Scholar. The search contained only English articles with
no restrictions on the publication date.

The search strategy was formulated based on PICO
instructions and the used keywords are presented in Table
1. Also, the full electronic search strategy for PubMed is
shown in Table 2 with 84 results.

P: Population: patients who need separator placement
I: Intervention: LLLT therapy
O: Outcome: reduction in orthodontic pain

84 articles were found by the PubMed search, 234
additional articles were searched by the Scopus database,
and 56 more articles were added by a manual search in
Google Scholar.

All 374 collected papers were organized in Endnote
software version X8.

141 duplicated articles were found and after deleting 75
articles, the screening process of 299 articles was started
by 2 authors together. At the end of the screening, 17
more duplicates were deleted, and finally, 26 articles were
selected as the most relevant studies and 8 articles needed
more data for decision-making.

The full text of 34 articles was read by 2 authors
independently. Four articles that met the inclusion criteria
were selected with the consent of both authors.

Table 2. The Exact Search Strategy for PubMed on October 10,
2020

PubMed Search Strategy
#1 or between all keywords for P in title/abstract
#2 or between all keywords for | in title/abstract + 3
keywords in MeSH term
or between all keywords for O in title/abstract + 1 in
#3
MeSH term
clinical trial[MeSH Terms]) OR "randomized clinical
#4 trial*"OR randomized OR randomized OR clinical
trial OR cross_over OR split_mouth
45 animal* OR mice OR rat OR rats OR mouse OR in
vitro OR in_vitro
#6 AND #2 AND #3 AND #4
#7 NOT #7

Table 1. Keywords Used for Searching in Both PubMed and Scopus Databases

P I o
Low-level light therapy
laser therapy
laser phototherapy
"low-level laser therapy"
separator* Low-level laser "orthodontic pain"

orthodontic treatment
separator placement
elastomeric separator
elastic separators

"banded orthodontic appliances"
band

"orthodontic procedure"
"initial arch wire"

"early orthodontic treatment"
separation

"fixed appliances"
"orthodontic forces"
"separator placement"

"low-output laser"
"low-intensity laser"
soft laser

"laser irradiation"
gaas

algaas

LLLT

laser*

"low-power"
"low-therapy"
"light-emitting diode"
diode lasers

"laser energy values"

orthodontic*

pain
discomfort
toothache
"facial pain"

pain control

"pain management"
"laser irradiation"
"pain perception"
"separator pain"

MeSH terms for Pubmed :
Pain

MeSH terms for Pubmed:

Low-level light therapy
Laser therapy
Laser phototherapy
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Assessment of Risk of Bias

The studies were categorized into one of the 3 groups
(‘low’, ‘unclear’ and ‘high’) with the Cochrane handbook
version 5.2.0. Each article was appraised with 7 domains.

Extraction of Data

The following information was dragged from the
included studies: general information of the study and
methodology including first author, year, country,
blinding, randomization, sample size, mean age, patient
loss, data about the questionnaire, statistical analysis,
peak time for pain and laser features which are presented
in Tables 3 and 4.

Results

Search Results

According to the search strategy and after the elimination
of the duplicates, 299 articles were screened and after

Table 3. General Information About Articles and Their Methodology

reading the full text, 4 RCTs were selected for their result
assessment. The whole selection process based on the
PRISMA diagram is shown in Figure 1.

Based on the Cochrane criteria for the overall risk of
assessment that is talked about in the Cochrane handbook
version 5.2.0 in chapter 8, articles require to be judged to
evaluate the importance of each criterion. The assessment
of the articles showed that less attention has been paid
to the blinding criterion, particularly the blinding of
outcome assessment. Clinical trials should pay more
attention to the subject of allocation. Figure 2 presents the
data on the risk of bias in each study.

Almallah et al reported that the pain caused by
elastomeric separators started after one hour in 63.89%
of patients. According to their results, 11.11% of patients
never experienced pain during the whole period of
assessment. There were also statistically significant
differences between the experimental and the placebo

First Author Year Country Patient  Mean L(.’St StuSiy Blindness  VAS Quest.ionnaire Peak Pain Statislic.al
Num Age Patient  Design Time Analysis
T1, before
placing the
separator; T2, Microsoft
5 min after Excel,
Artés-Ribas 2013 Spain 20 26.4 0 Sl Gicleblind 10 Placementand 6and 24 h Statgraphics®
mouth laser applied, (T3-T4) Plus,
6 h, 24 h, 48 Multivariate
h, and, 72 h analysis
after separator
placement
Microsoft®
Excel
. 1,6,24,48 o
. Not Split- Double Lor e Minitab, v.
Almallah 2020 Syria 36 17.44 mentioned mzuth blind 10 and 96 h.after 24h 17 and IBM
separation SPSS, ¢ tests,
ANOVA, LSD
(SPSS17, the
mean and
standard
deviation
b @, of the VAS
before laser scores,
Eslamian 2014 Iran 37 24.97 N.Ot Split- Single blind 10 Il eicar 6 and 30 h  Wilcoxon’s
mentioned mouth 6,24, and 30 h; .
signed-rank
and on the days
3,4,5,6,and 7 test, Mann-—
L Whitney
U test,
Friedman’s
test
Microsoft
Single Excel,
. Not split- Npt 1,6, 24, 48, irradiation: Minitab®
Almallah 2016 Syria 36 18.4 . mentioned 10 96 hours after ~ 4h double V17,
mentioned mouth . S
separation. irradiation: ~ SPSS®V17,
48h t-test.
ANOVA, LSD
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Table 4. Laser Features

Laser . .
First Author Wavelength Power Other Tlrne‘ of Sm? O.f Placebo Laser Operator Jaw
(hm) (mW)  Parameters Irradiation (s) Irradiation
Polymerizing light with a
. similar fiber diameter of
DiEEEE 3 Buccal 0.7 cm, and emitted the Single
Artés-Ribas 830 100 6 J/cm? 20 . e & Just maxilla
3 Lingual  same whistle sound thata  operator
GaAlAs .
laser emits to reproduce the
exact condition
On the placebo side, the
Diameter—7 same laser device was used 30
Almallah 4 Buccal  after the safety cover was Not .
830 100 4 J/cm? 28 . . . maxilla
2020 4 Lingual  removed so that the device mentioned .
GaAlAs 6 mandible
produced the same sounds,
but no irradiation occurred
22 maxilla
Eslamian 810 100 Gardo 20 > Byccal No laser irradiation N.Ot 15
2 J/cm? 5 Lingual mentioned .
mandible
. On the placebo side, the
Diameter=7 4 Buccal  safety cover was removed Not 21 maxilla
Almallah 830 100 4 Jem? 28 . Y < ' \ )
4 Lingual  the device was allowed to  mentioned 15 mandible
GaAlAs )
give sounds
Additional records identified
.§ Records identified through scarching in thrcglgh }llar;d;eirch m
g PubMed and Scopus: oogie schofar:
k= (n=318) (n=56)
)
—
l v
Records after duplicates removed:
(n=299)
o
& v
A
Records screened (n=299) > Records excluded (n=265)
v
& - I icles excluded
:_'g Full-text articles assessed for Full-text articles excluded:
B eligibility (n=34) Not related to the separator pain: 11
- Not meet the inclusion criteria: 19
\ 4
E Studies included in the study
3 (n=4)
|
Figure 1. Search Strategy According to PRISMA Flowchart.
4 | Journal of Lasers in Medical Sciences Volume 12, 2021
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (aftrition bias)

Selective reporting (reporting bias)

e 0 e e e wwruw
0000008

@000 .06
. . + . . . . uRTUIR[ST

considering pigmentation in the inclusion criteria

Figure 2. Risk of Bias Graph According to Cochrane Guideline.

sides for both single and double irradiation at 1, 6, 24
and 48 hours (P=0.043 for single and P =0.026 for double
irradiation for the experimental sides). By comparison of
single irradiation with double irradiation, no significant
differences between the experimental sides were detected
at all assessment times.”

Almallah et al, in 2020, evaluated the effect of LLLT on
pain prior to separator placement. The sample population
consisted of 36 patients divided into 2 groups: (1) single
irradiation and (2) double irradiation. The result showed
that the pain perception on 1 or both sides started after
1 hour in 23 patients. Four patients never felt any pain
during the treatment. In the singleirradiation group, there
was a significant difference in the pain levels between the
experimental and placebo sides at 6, 24 and 48 hours after
separation (P =0.005, P,,=0.044, P,.=0.029), whereas in
the doubleirradiation there was a significant difference
in the pain levels at all assessment time points (P,=0.012,
P =0.004, P,,=0.012, P,.=0.002, P, =0.019). No significant
differences were seen between the two groups (P,=0.835,
P.=0.416, P, =0.420, P, =0.694, P, =0.819)."

The results of the study by Artés-Ribas et al significantly
revealed that the laser-irradiated quadrant was mostly
associated with lower pain scores rather than the quadrant
exposed to placebo light at all experimental time points.
(P <0.0001)."

In 2014, Eslamian et al found a significant difference
(P <0.05) in pain perception between the placebo and
laser groups at 6, 24, and 30 hours and on day 3 of the
experiment. The recorded pain indicated that there was
no significant gender difference between the 2 groups.
More pain associated with the mandible was recorded (P
<0.05) and the pain perception was significantly higher (P
<0.05) in the age group of > 18 years."

Discussion

In this systematic review, we analyzed 4 randomized split-
mouth clinical trials to evaluate the efficacy of LLLT with
wavelengths of 800-890 nm in orthodontic separator pain.
In general, there were three major factors influencing the
weakness of the existing evidence: study methodology,
individual variation, and laser dosimetry.'

Study Methodology

After scrutinizing 34 full-text articles, 23 articles were
selected in all of which RCTs were studied based on the
effectiveness of LLLT in separator pain. Out of these 23
articles, 11 articles had a split-mouth design,”*!*>? 1 of
them designed as cross over study (2), and 11 remaining
articles have been conducted by recruiting a parallel-
group. >

The split-mouth technique is a popular design in
oral health research associated with the advantage of
reducing the effect of the inter-person variability of
pain perception.”** This method is very well suited
for the study of pain perception."'™* According to the
recommendations by Lesaffre et al and the Cochrane
Oral Health group, split-mouth and parallel-arm studies
should be assessed separately.*%-32

Another difference in the study methodology is related
to laser protocol irradiation.”'?

Among the reviewed papers, 2 of them have compared
single irradiation with double irradiation. One study has
checked just double irradiation and the other one has
assessed single irradiation. All 4 articles concluded that
irradiation of LLLT could effectively reduce the pain in
comparison with the placebo.”*'>!3 Moreover, 3 studies
have focused on double irradiation. Eslamian et al and
Almallah applied the laser immediately and 24 hours
after separator placement.”’® Almallah et al in their study
assessed the laser as pre-treatment (1 hour before and
immediately after separator placement).”” In all 3 articles,
double irradiation was effective in the reduction of pain
perception, but it had no advantage over single irradiation.

Questionnaire completion time is another different
point among articles.

Initial pain and also peak time pain vary among the
conducted studies. Artés-Ribas et al reported that pain
started after 5 minutes and Eslamian et al showed that
pain began immediately. However, it started after 1 hour
for most of the patients in the studies by Almallah et al.”**
Hence, in order to achieve the best result with desirable
effectiveness in laser treatment, it is better to begin
treatment early.

The peak pain intensity is reported to occur 30 hours
after the placement of elastomeric separators in both
groups in Eslamian and colleagues’ study."

Similar to Almallah et al who showed peak pain time
at 24 hours, Artés-Ribas et al reported the maximum
pain at 6-24 hours. Setting the time intervals with these
critical time points would help the authors not to miss
any important data as well as helping the researcher to
compare the results of the studies more easily.”*?

Individual Variation
Because of the subjective nature of pain, using the visual
analog scale (VAS) as a method of pain measurement is

Journal of Lasers in Medical Sciences Volume 12, 2021 | 5
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recommended in the articles. The VAS has been reviewed
extensively and has been found to be a reliable method.****
All 4 articles employed a 0-10 VAS for their pain intensity
measurement.

Experiences of pain can be affected by culture; some
ethnic groups are often expected to conveniently express
their pain experience.® Split-mouth design is a way for
reducing inter-person variability.

Laser Dosimetry

The selection of the right dose is an important element
that should be taken into account to reach an ideal
result.”!® The dosage makes the treatment more effective
when it is lower than 20 J/cm? per area and 5 J/cm? per
point.”!*121727 Taser penetration to tissues is directly
related to its wavelength,” thus, comparing and assessing
the articles with different wavelengths could not shed new
light on these cases and the results might be unreliable. In
some studies, GaAlAs 830 nm is considered to be superior
in tissue penetration than other lasers, and it has exhibited
an advanced analgesic effect which is documented in
clinical and laboratory studies.'>'*?!

The wavelength size in 15 articles was in the range of
800 nm, 4 articles were in the range of 600 nm, and 6 of
them were at > 900 nm. The amount of wavelengths in 3
of 4 articles reviewed in this study was at 830 nm and 1
of 4 was at 810 nm. Another issue is the difference in the
irradiation area and dose of irradiation among the articles.
Some studies applied the laser over the buccal and lingual
sides of the teeth and some applied it over only one side.
According to RCTs, the frequency of irradiation points
varied between 1 to 10 times for each area. By increasing
the dose and number of the irradiation area, the total
energy of the laser increases proportionally and can affect
the laser penetration and ultimately the pain reduction.

All four articles have been irradiated on both sides
of the teeth (buccal and palatal). Still, the irradiation
frequency was different from that of Artés-Ribas et al
up to 6 times. They applied LLLT on mesial, distal and
apical of the exact tooth. Our results also varied up to
eight numbers of applications from Almallah et al study
(mesial and distal of the first molar, distal of the second
premolar, and mesial of the second molar) and also up to
ten times difference compared to Eslamian and colleagues
study that applied the LLLT on distal and mesial of the
second premolars and first permanent molars, as well as
applying on the distal of second permanent molars.

Conclusion

Applying the laser protocol which was employed in 4
articles can be considered as an effective method in
reducing separator pain. Using a laser with wavelengths
of 810 and 830 nm, powered by 100 mw when applied
to both sides of the teeth, is an effective approach to
pain reduction. Since all 4 studies stated that LLLT with

the lowest dose is a potential tool in reducing pain,
as a conclusion of reviewing the four articles, it can be
stated that for applying the minimum laser energy,
the following laser application features are proposed:
wavelength of 810 nm, 100 MW, 20 seconds, six times
for each tooth, buccally and lingually. Furthermore, the
results also indicated that single irradiation is adequate
for pain reduction. There are still some challenges with
regard to the superiority of laser irradiation before or
after separator placement and additional information to
clarify this issue is required. While many articles have
been written on lasers, the best protocol for laser therapy
is still not available. The effectiveness of pain reduction
caused by separator placement by a laser is still in its
infancy. Thus, it is recommended to design articles with
more organization. This review aims at providing future
strategies and guidance for upcoming researches to reduce
pain caused by separator placement with the aid of LLLT.
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