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Evaluation of the use of low-level laser therapy in pain control in
orthodontic patients:

A randomized split-mouth clinical trial

Rodrigo Duarte Farias?; Luciane Quadrado Closs®; Sergio Augusto Quevedo Miguens Jr®

ABSTRACT

Objective: To evaluate the effect of using low-level laser therapy (LLLT) to control pain and
discomfort during orthodontic treatment.

Materials and Methods: A randomized, split-mouth clinical trial was conducted with 30 volunteers
in need of orthodontic treatment, of both genders, aged between 18 and 40 years, who were
randomly divided into two groups. One hemiarch was considered the exposed group (EG) and the
other, the placebo group (PG). Both groups had elastic separators placed mesially and distally to
the first molars of the two hemiarches at different times. The EG received an AlGaAs diode LLLT
(810 nm, 100 mW, 2J/cm?) application for 15 seconds per point (interdental papilla at the mesial,
distal, and near the root apex) immediately after separator placement on the maxillary right side.
The PG also had elastics placed around the maxillary right molars, but received only simulated
LLLT application. The elastics were left in place for 5 days, and after a waiting period of 1 week,
they were inserted on the left side in both groups; however, the order of laser application was
changed. While the separator remained in place, the patient marked his degree of perceived
discomfort on a Visual Analog Scale (VAS) at 5 minutes (T0), 24 hours (T1), and 120 hours (T2),
after LLLT application.

Results: A statistically significant difference was observed (P < .005) in reducing discomfort in the
exposed group compared with the placebo group. This reduction of discomfort in the EG was
observed at all time intervals.

Conclusions: A single AlGaAs diode LLLT application may be indicated for the control or
reduction of pain in the early stages of orthodontic treatment. (Angle Orthod. 2016;86:193—-198.)
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INTRODUCTION

The correction of malocclusion during orthodontic
treatment, especially in the early stages, results in the
patient’s experiencing some degree of pain."”” The
pain mechanism in orthodontic treatment is a result of
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compression forces, consequently leading to ischemia,
inflammation, and edema in the periodontal tissues.*?

In patients who experience a higher degree of pain,
the orthodontist may recommend the use of pharma-
cological agents or nonpharmacological methods for
pain relief, considering their pain sensitivity threshold
or reported emotional condition. As a nonpharmacolo-
gical method, low-level laser therapy (LLLT) has
recently been used. It has analgesic properties and
anti-inflammatory effects”®*"" through increasing the
local blood flow by reduction of prostaglandin levels
E2 and inhibition of cycloxygenase-2."%"2

Some studies have already investigated the action
of LLLT in pain reduction during orthodontic move-
ment'®'5 and the placing of elastic separators.”'¢2°
Some researchers have pointed out that the use of
LLLT reduced the risk of incidence of pain by 24%
compared with control or placebo groups.® However,
standardization of the type and use of LLLT needs to
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be established. The clinical results and efficacy of
LLLT in reducing orthodontic pain are directly related
to the type of laser, wavelength, energy density
(J/cm?), time of application per point, and frequency.®*'
The risk of bias of studies included in the systematic
reviews®?' indicate that the use of LLLT for the reduction
of pain or discomfort, at any stage of orthodontic
treatment, presents limited clinical evidence. The aim
of developing this study was to evaluate the effect of
using LLLT on pain experienced by patients undergoing
elastic separation of the first molars during the
early stages of orthodontic treatment, following the
recommendations of the statement declaration.?

MATERIALS AND METHODS

This randomized, split-mouth clinical trial was approved
by the Ethics Committee on Research with Human
Beings of the Universidade Luterana do Brasil (ULBRA).

Patients of both sexes, aged between 18 and
40 years, were selected from a private orthodontic
clinic. All patients in need of orthodontic treatment were
invited to participate in the study and were selected
according to the following inclusion criteria: patients
with healthy molars, presence of proximal contacts
around the maxillary first permanent molars on both
sides, and without periodontal disease. The latter was
based on indexes of visible plaque, gingival bleeding,
bleeding on probing, periodontal probing depth, and
clinical attachment loss. Absence of periapical pathol-
ogy was verified by periapical radiographs from the
initial records. Exclusion criteria were as follows:
excessive tooth crowding (>3 mm) as measured by
misalignment of teeth on the study models according to
the Dental Aesthetic Index, any systemic disease that
would contraindicate the use of LLLT (eg, malignant
neoplasias), metabolic diseases (eg, diabetes), chronic
pain, neurological or psychiatric disorders, and use of
medications (antibiotics, corticosteroids, bisphospho-
nates, analgesics, anti-inflammatory agents, or contra-
ceptives) taken up to 1 month before the selection
exam. This information was answered by the patients
in an anamnestic questionnaire.

Exams and all research procedures were performed
at the same clinic, and volunteering patients who
agreed to participate and sign an informed consent
form were included in the study.

After complying with these requirementss, all selected
patients were randomly divided into two groups (n = 30)
with respect to the right and left first molars in each
hemiarch in order to eliminate intersubject variability.
One hemiarch was designated the exposed group
(EG) and the other, the placebo group (PG). In the EG,
effective applications of LLLT were performed; the PG
received simulated laser applications (Figure 1).
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To randomize the groups for comparison of placebo
with intervention (simulation vs laser application), each
patient took an envelope that had either the letter
A (EG) or B (PG) printed on it. Patients who took the
A envelope had the separators placed on the right side
and the laser treatment applied. The elastics were left in
place for 5 days. After 1 week, the same patient had the
separators placed on the left side and received only the
simulated laser application. For patients who took
the letter B (PG) the same methodology was used, only
the order of laser application was changed, that is, the
LLLT was applied on the left side and the simulated
application on the right side. Patients were blinded as to
which group the letter or intervention belonged. A single
operator performed all the clinical procedures, and was
blinded to the groups and objectives of the study. Data
collection and analysis was performed by a single
investigator, who was also blinded to the study groups.

Half-millimeter-thick elastic separators (American
Orthodontics, Sheboygan, Wisc) that had been pre-
viously selected and measured by electronic caliper
(Mitutoyo America, Aurora, Ill) were inserted at the
mesial and distal of the right and left first molars with
the aid of two pieces of dental floss. After placement of
the separators, the LLLT AlGaAs diode was used; the
area of the spot tip of this tool was 0.028cm?. Laser
irradiation was performed in continuous wave mode in
accordance with the protocol of the Photon Lase Plus
unit (DMC, Sao Carlos, Sao Paulo, Brazil): 810 nm
(infrared) wave length, 100mW output power, 2J/cm?
energy density per point (6J total dose per tooth), with
a single spot application in the immediate region
corresponding to the buccal surfaces of the tooth at
three points. One point was aimed at the interdental
papilla from the mesial direction, one point was aimed
from the distal, and another near the apex of the root.
For the PG, the laser unit was switched off; however,
the sound signal was maintained in order to be
aware of the application time, thereby maintaining
blinding of the operator and participants as to
allocation of the group. The laser was applied to each
group for the same amount of time (15 seconds
per point), corresponding to a total of 45 seconds
per tooth.

The volunteers were instructed to quantify the
discomfort or pain by means of a VAS, noting
the intensity on a scale of zero to 10 according to the
participant’ s self-perception. This evaluation was
performed after separator placement at the following
times: 5 minutes (T0), 24 hours (T1), and 120 hours
(T2). The marking the patient made on the VAS was
measured using a digital caliper (Mitutoyo America)
and recorded in millimeters (100 mm).

After data collection, 6.67% of the volunteers (n = 2)
had to be excluded from the analysis (Figure 1): One
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| Assessed for eligibility (n = 45) |

l_.

Randomized (n = 30)

Excluded (n = 15)
« Did not meet the inclusion criteria (n = 09)

Declined to participate (n=05)

.

Allocation to intervention - exposed
group - EG

* Allocated to receive intervention
with LLLT (n=15)

v

Allocation

'

Allocation to intervention - placebo - PG

« Allocated to receive simulated LLLT
(n=15)

Lost to follow-up (n = 01)

Lost to follow up (n = 01)

A

Discontinued intervention (patient did
not attend for delivery of VAS)

A

4

Discontinued intervention (patient withdrew the
separator tabs in T2 due to excessive pain)

I

| Split-mouth (n = 28) ‘

Figure 1. Flowchart representing strategies and follow-up of the study.

participant from the EG, who used the analgesic,
removed the separators before the deadline (T2) due
to excessive pain. Another (PG) did not attend the
appointment for delivery of the form (VAS). For these
reasons, the final sample consisted of 28 patients.

Statistical Analysis

All data were tabulated and analyzed using the v.18.0
statistical software program (SPSS Inc, Chicago, ).
Categorical variables were described as frequencies
and percentages and compared by using Fisher’s exact
test. Quantitative variables with normal distribution
were described by the mean and standard deviation
and compared between groups by Student’s f test for
independent samples. To verify the distribution of pain
in the groups, the Kolmogorov Smirnov test was used.
Variables with asymmetrical distribution were de-
scribed by the median and interquartile interval.
Comparisons between the hemiarches and groups
were performed using the Wilcoxon test. Comparisons
between the different times were performed by the
Friedman test, and differences by the Wilcoxon test.
Bonferroni adjustment modified by Finner was used to
adjust P values. The maximum level of significance of
5% was adopted.

RESULTS

Of the 28 participants included in the data collection
and analysis, 14 belonged to the EG and 14 to the PG.
In the EG, five were men (35.7%) and nine were
women (64.3%), while in the PG, eight were males
(57.1%) and six, females (42.9%). As regards gender,
there was no statistically significant difference between
groups (P = .449).

The mean (SD) age of the EG was 24.9 years (+ 7)
and of the PG, 22.8 years (= 5.3). In the two groups,
there was no statistically significant difference between
ages (P = .378).

In Table 1, comparisons between the different
evaluation time intervals in all the hemiarches allocat-
ed to the placebo group can be verified. A statistically
significant difference between the times (P = .001)
was verified with regard to pain reduction.

When the hemiarches allocated to the EG were
compared with the various times of evaluation
(Table 2), a statistically significant difference was
verified between the times (P < .001), with this
difference being located between times TO and T1
(P = .030) and between T1 and T2 (P = .003).

When the EG was compared with the PG, there was
a statistically significant difference between groups at

Angle Orthodontist, Vol 86, No 2, 2016

SS900E 931} BIA G1-G0-GZ0Z 1e /wod Aioyoeignd:poid-swud-yiewlsrem-jpd-awiid;/:sdiy woly papeojumoq



196

Table 1. Comparison of Hemiarches of the Placebo Group (PG)
with the Time Intervals of Evaluation in Pain Perception (VAS)

Times
VAS (mm) TO® T1 T2
Median 15.99 25.47 6.04
P25 1.07 6.45 0.00 (P = .001)
P75 34.73 58.54 23.04

2T0 indicates 5 min; T1, 24 h; T2, 120 h; P25, 25th percentile;
P75, 75th percentile.

all time intervals (P < .001). The EG exhibited reduced
pain at time intervals TO, T1, and T2 (P < .001)
(Table 3).

In Table 4, using the Wilcoxon test and Bonferroni
adjustment modified by Finner, it can be seen that after
24 hours (T1), there was a decrease of pain in 13.89%
of the EG, while in the PG there was a 44.39%
increase.

DISCUSSION

In our study, it was observed that pain increased 24
hours after insertion of the separators, and in both the
exposed and placebo groups, pain regressed over
time, showing uniformity of the groups and providing
greater reliability of the posttherapy results.?® Similar
studies have reported that pain is usually highest
during the first 24 hours after application of orthodontic
force. The frequency decreases to baseline levels in
up to 7 days.?*2¢

However, the goal in this study was to verify the
positive effect of LLLT in reducing pain in the EG at all
times evaluated compared with the PG. Another
important fact was that in the first 24 hours after
application of LLLT, a 13.89% reduction in pain was
promoted, while in the PG, there was a 44.39%
increase in pain during the same period.

Compared with other studies, we observed a signif-
icant reduction in pain levels when LLLT was
applied.?*2728 However, there was a large variation in
the methodologies used, as well as the presence of
methodological bias risk, as reported in a systematic
review with meta-analysis. Therefore, it is difficult to

Table 2. Comparison of Hemiarches of the Exposed Group (EG)
with the Different Time Intervals of Evaluation in Pain
Perception (VAS)

Times
VAS (mm) TO T T2
Median 8.82 27.15 9.03
pP252 3.1 6.03 2.27 P < .001
P75 38.12 74.00 31.34

FARIAS, CLOSS, MIGUENS

Table 3. Comparison of Hemiarches of the Exposed Group (EG)
and Placebo Group (PG) with the Different Time Intervals of
Evaluating Pain Perception (VAS)

Time Period/Groups

TO T1 T2
EG PG EG PG EG PG
Median 6.67 25.70 1126  47.16 4.34 13.80
p252 0.00 5.44 2.37 19.80 0.00 1.82
P75 21.60 4793 51.41 74.75 13.44  40.29
P <.001 <.001 <.001

2 P25 indicates 25th percentile; P75, 75th percentile.

compare the results obtained and described in the
various studies.®*'

According to Li et al.,>* who considered the results of
published studies, the use of LLLT cannot yet be
considered a standard treatment for orthodontic pain,
because the various commercial laser systems differ
both in technical specifications and in methods of
application, as well as in the study designs, which are
limited and have risk of bias. Furthermore, studies
should be analyzed separately with regard to the origin
of pain, whether it is caused by orthodontic movement
or by the use of separators.

If we consider only clinical trials that used elastic
separators and the use of LLLT with a AlGaAs diode
and the same technical and application parameters for
pain reduction, we could compare our results with
those of the study of Eslamian et al.,?° who verified that
LLLT (810 nm) was effective during the first 3 days
after placement of the separators and made a sub-
stantial reduction in pain after the fifth day (120 h).
Similarly, in the present study, LLLT (810 nm) was
effective in pain reduction from the first 24 hours up to
the fifth day (120 hours) after separator placement.

The LLLT at a wavelength of 810 nm used in the
study showed an analgesic action in all patients. Other
studies have confirmed this effect using powers
ranging from 650 nm to 910 nm, with an average of
830 nm.8,13,19,29,30

With respect to the dose and wavelength, more
profound penetration has been shown to occur with

Table 4. Difference Between Initial Time (TO) and Other Time
Intervals of Evaluating Pain Reduction in the Groups (Exposed
and Placebo)

Group (Time Period)

EG: (T1/T0) EG (T2/TO) PG (T1/T0) PG (T2/T0)

Mean 131.42 —48.33 185.54 —14.77
Median —13.89 —56.13 44.39 —47.57
Min —100.00 —100.00 —100.00 —100.00
Max 1826.34 14.48 1360.50 427.13

2 TO indicates 5 min; T1, 24 h; T2, 120 h; P25, 25th percentile;
P75, 75th percentile.
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a2 EG indicates exposed group (LLLT); PG, placebo group;
TO, 5 min; T1, 24 h; T2, 120 h.
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infrared radiation at 810 nm, with a possible effect on
both cortical and alveolar bone tissue, and it was more
effective than laser at wavelengths between 620 nm
and 670 nm."®

Differently from other studies,'®2° pain control was
obtained with only a single application of GaAlAs diode
LLLT immediately after separator placement, with
a total time of 45 seconds per tooth. This method
was effective mainly after the first 24 hours, consider-
ing the peak of pain, which showed a significant
difference compared with the placebo group.

As for the design, the study was conducted as
a randomized, split-mouth clinical trial, preventing
interindividual biological variation in pain perception
of the participants.’® It must be taken in account that
perception of pain intensity is variable for each
individual. This bias occurs when the difference of
the means are compared between the groups, as
verified in other studies.'®'® Moreover, use of this
design associated with masking of the participants
may have reduced the Hawthorne effect.?’

With reference to the means of inducing pain,
patients can experience acute pain immediately after
placement of separators or express “medium pain” for
1-2 days. LLLT seemed to be effective in delaying pain
onset, shortening pain duration, and reducing average
pain intensity.®

One of the limitations of these studies is that they do
not specify the origin of the subjects™ or they use
a very specific population, such as dental students,”'®
so that the results do not present sufficient variety in
pain response. Therefore, the conclusions obtained
from these samples may not reflect the same results
obtainable in the general population requiring ortho-
dontic treatment, thereby increasing the risk of bias?'
and reducing the reliability and external validity of the
studies. Another limitation observed in previous
studies is sample size calculation. It should be
determined based on the pain outcome size, but some
studies do not justify that and use sample size as
described in previous articles.'*°

The VAS used in this work, although subjective, is
a widely used and reliable method to quantify pain
levels over a period of time when one expects to
observe a large variability between individuals.®*'

Other studies have evaluated the use of LLLT in
reducing pain during the active stages of conventional
treatment in which all the teeth have been banded,
bracketed, and wired."*'s'7 While this methodology
assesses the routine of conventional treatment, it may
be biased with many variations with regard to different
types of malocclusion and range of motion. In the
present study, the technique of separating the teeth
followed by immediate application of LLLT, as recom-
mended in other randomized, controlled, and and in

197

quasirandomized trials,?*** was done to facilitate
comparisons of localized pain. Nevertheless, differ-
ences in methods were noted, since some investiga-
tors used the first molars and others chose to use the
first premolars of their volunteers.”3?

CONCLUSIONS

« There was a statistically significant reduction in pain
in the exposed side of patients receiving a single
application of AlGaAs diode LLLT (810nm) com-
pared with the placebo or control side at all time
intervals evaluated.

« The use of a single AlGaAs diode LLLT (810nm) is
suggested as an effective therapeutic method to
control or reduce pain in the early stages of
orthodontic treatment.
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