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Abstract The aim of this study was to evaluate the pain
sensation that orthodontic patients experience when elastic
separators are placed between molars and premolars and to
determine the degree of analgesic efficacy of low-level laser
therapy (LLLT) compared to a placebo treatment. The study
was conducted with 20 volunteers who were fitted with
elastic separators between the maxillary molars and premo-
lars. One quadrant was randomly chosen to be irradiated
with an 830-nm laser, 100 mW, beam diameter of 7 mm,
250 mW/cm2 applied for 20 s per point (5 J/cm2). Three
points were irradiated in the buccal face and three were
irradiated in the palate. The same procedure was applied in
the contralateral quadrant with a placebo light. A visual
analogue scale was used to assess pain 5 min, 6 h, 24 h,
48 h, and 72 h after placement of the separators. Maximum
pain occurred 6–24 h after placement of the elastic separa-
tors. Pain intensity was significantly lower in the laser-
treated quadrant (mean, 7.7 mm) than in the placebo-
treated quadrant (mean, 14.14 mm; p00.0001). LLLT at
these parameters can reduce pain in patients following
placement of orthodontic rubber separators.
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Introduction

Despite the recent progress that has been made in the area of
orthodontics, patients still associate orthodontic treatments
with pain [1]. Most orthodontists use analgesics or nonste-
roidal anti-inflammatory drugs (NSAIDs) to reduce pain in
adult patients [2]. Adult patients often exhibit a great degree
of discomfort and pain during treatment, and in some cases,
the fear of pain may even discourage them from seeking
treatment at all [3, 4].

The mechanism that induces tooth movement is related to
the release of inflammatory mediators. These mediators
have been shown to be associated with pain and discomfort
by orthodontic patients [5]. The type of pain that occurs
during orthodontic treatment is an inflammatory type of
pain, not an infection-related pain; it is localized and of
short duration. For this reason, some authors have recom-
mended the use of local analgesic therapy in order to avoid
drug regimens.

One local treatment that has been proposed for pain
control by various authors is low-level laser therapy (LLLT)
[6–10]. Since Mester discovered laser biostimulation in
1967 [11], this approach has been used in many different
medical fields to regenerate tissue and reduce inflammation,
and as an analgesic. LLLT is used in dentistry after third
molar surgery [12], craniomandibular disorders [13], dentin
hyperesthesia [14], sensory disturbances of the inferior al-
veolar nerve [15], and chemotherapy-induced mucositis
[16]. Its effects in orthodontics as an analgesic and as an
accelerator of orthodontic movement have also been studied
[17].

There are two different reasons as to why low-power
laser irradiation can alter pain perception and induce an
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analgesic effect. Honmura et al. have shown that LLLT can
modulate the inflammatory process and thus reduce pain
[18]. Another hypothesis is that LLLT alters nerve conduc-
tion and excitation in peripheral nerves [19, 20], and the
third view suggests that LLLT may stimulate and activate
the production of endogenous endorphins [21].

LLLT appears to produce photobiomodulation in the
body (including cell function regulation) without inducing
any direct thermal effects in the area where it was applied.
According to Tiina Karu, lasers that can provide this type of
effect are within the wavelength range of 600–1000 nm
[22]. However, some high-power lasers (CO2, Er:YAG),
when not used in proper focus (broadening the area of
irradiation), can also behave like a low-level laser [23].

Intracellular effects in the cytoplasm due to photochem-
ical changes have been attributed to visible laser effects,
whereas effects at the level of cellular membranes due to
physical changes have been attributed to infrared-range
wavelengths [24]. The primary effects produced by low-
level lasers are related to intracellular activity, such as
increases in ATP levels, DNA, redox reactions, and oxygen
exchange [25]. From these primary effects, other secondary
effects are induced in target tissues, such as reduced pain,
accelerated healing, vasodilation, reduction of edema, and
hyperemia in inflammatory processes [25].

Low-level laser effects on cells are related to various
parameters, such as wavelength, pulse frequency, power den-
sity, and time. According to the Arndt-Schulz law [26], the
light stimulus will be insufficient to trigger the target functions
if it is delivered below the recommended doses, and it may
inhibit activation of these functions if a dose higher than
indicated is given. Studies examining the analgesic effects of
LLLT have suggested that one should use a somewhat higher
total dose to achieve an inhibitory effect [26].

Confirmation that implementation of a low-level laser
can reduce pain in orthodontic patients would make it a
viable alternative to the drug regimens that are usually
recommended. Furthermore, if the efficacy of LLLT is con-
firmed, then prescribing NSAIDs [27], which are widely
known to slow down tooth movement, could be avoided.
Hence, the aim of this study was to evaluate pain sensations
in orthodontic patients after placement of elastic separators
and to determine the degree of analgesic efficacy of a low-
power 830-nm laser vs. placebo.

Materials and methods

Patients

This study was conducted with 20 volunteers, 18 years of
age or older (6 men, 14 women) with a mean age of
26.4 years (range, 19–33.8). The following inclusion criteria

were adhered to: written informed consent, absence of acute
or chronic dental disease, absence of periodontal or gum
disease, free from severe systemic disease, no fixed ortho-
dontic retainer in the dental arcade, no ankylosis or tooth
implants in the arcade, and no consumption of analgesic
drugs during the 48 h preceding the test. The study was
approved by the Ethics Committee of the International Uni-
versity of Catalunya (study F-07-APP-10).

Laser and parameters

Following the guidelines of the Jenkins and Carroll report,
we present our data in a tabular format in order to improve
the standardization and the reproducibility methods [28]
(Tables 1 and 2). Before each laser irradiation, we checked
the laser power output through a POW-105 power meter
(Lasotronic GmbH, Hengersberg, Germany).

Irradiation procedure

All patients were given separator elastics GAC ® (ref-radi-
opaque separators 34-000-10) in the mesial and distal pre-
molars of the maxilla (Fig. 1). Five minutes following
placement of elastic separators, patients were treated with
the laser application and placebo procedure. At the time of
laser irradiation, both the patient and orthodontist used
goggles designed to block the wavelength of the laser used
in accordance with safety standards. The patient was also
fitted with an opaque mask beneath the glasses to obscure
his or her vision. A randomization number table was used to
determine which quadrant in each patient would be irradi-
ated and which (the contralateral) would serve as the
control.

Three points were irradiated in the vestibular zone (two
points in the third cervical, mesial, or distal regions and one
in the apical third), and three points were irradiated in the
palatal zone in the experimental quadrant (Fig. 2). The total
energy released in all laser-treated teeth was 12 J (vestibular
area, 6 J, and palatal area, 6 J). The laser was applied in such
a way that it was in direct contact with the mucosa without
any pressure.

The same procedure was repeated in the contralateral
quadrant, but with a placebo light (polymerizing light with
a similar fiber diameter of 0.7 cm) (Fig. 3) and emitted the
same whistle sound that a laser emits to reproduce the exact

Table 1 Device information

Manufacturer Lasotronic (GmbH, Hengersberg, Germany)

Model identifier MED 200-duo

Number of emitters 1

Lasing medium GaAlAs

Beam delivery system Light guide
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conditions and thus prevent the subject from discerning
whether the laser or placebo was being applied. A single
operator placed the elastic separators and applied the laser
and placebo light.

Pain assessment

A visual analogue scale (VAS), 10 cm in length (00no pain,
100worst pain imaginable), for each of the quadrants was
used. Patients were trained to assess pain in the following
periods: T1, before placing the rubber separator; T2, 5 min
after placement of elastic separators (when the laser or
placebo light was applied); T3, 6 h post-treatment; T4,
24 h post-treatment; T5, 48 h post-treatment, and T6, 72 h
post-treatment. Each patient was required to indicate wheth-
er s/he had taken any rescue analgesic in any of the periods
recorded. Four days after the treatment, the questionnaires
were collected and the separators were removed.

Statistical analysis

Microsoft Excel® Software was used for data collection.
Statistical analysis was performed using Statgraphics® Plus,

version 5.1. Multivariate analysis of variance of three fac-
tors (pain, treatment, and time) was applied on data collect-
ed from 20 patients. A p values less than 0.05 was
considered statistically significant.

Results

Pain perception of the experimental side vs. placebo side

The level of pain in the quadrant where the laser was applied
was lower than the one reported for the control side. As
shown in Fig. 4, the mean VAS pain level reported for the
experimental laser side (7.7083 mm) was significantly less
than that reported for the control placebo side (14.1417 mm;
p00.0001).

Progression of pain

A significant time–laser interaction was observed (p<
0.0001). As shown in Fig. 5, the quadrant exposed to pla-
cebo light was associated with higher pain scores than the
laser-irradiated quadrant at all experimental time points. The
progression of pain in relation to time is summarized in

Table 2 Irradiation and treat-
ment parameters Value Unit Measurement method or information source

Center wavelength 830 nm

Operating mode CW

Average radiant power 100 mW Lasotronic POW-105 power meter

Beam area 0.4 cm2

Irradiance at target 250 mW/cm2

Beam shape 7 mm Round

Exposure duration 20 s

Energy per point 2 J

Energy density per point 5 J/cm2

Total energy per tooth 12 J

Number of points irradiated 6 3 points in the vestibular area and 3 in the palatal area

Application technique Contact

Fig. 1 Elastic separators placed in an arcade Fig. 2 Laser application sites
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Fig. 6. During the 72-h experimental period, the presence of
pain was first reported at 5 min (T2), with pain intensity
peaking between 6 and 24 h (T3–T4) and then decreasing
thereafter at the 48- and 72-h time points.

Analgesic need

None of the 20 volunteer subjects required pharmacological
analgesia (rescue medication) during the study period.

Discussion

This study investigated the efficacy of LLLT in the preven-
tion of pain following the placement of elastic separators
during early orthodontic treatment. It was found that the
laser-irradiated quadrant presented with less pain compared
with the control quadrant in all cases studied.

The forces applied to produce orthodontic movements
almost always generate a certain degree of discomfort or
pain, and the intensity of that pain varies among patients.
Achieving an effective method of pain control without

administration of drugs is a common research goal in all
areas of the health sciences [29].

The present clinical study was performed with volunteers
who were all young adults not in need of orthodontic treat-
ment and in good health. This experimental group was
chosen over patients undergoing orthodontic treatment to
prevent the anxiety component that may come with the
initiation of treatment [2, 30]. The study was performed
with a “split mouth” design, allowing for within-subject
controls. This method is very well suited for the study of
pain because it nullifies the effect of inter-individual varia-
tion in pain perception [10].

Although the VAS pain assessment is a subjective meth-
od in which there is great variability across individuals, it is
one of the best methods available for pain studies [13,
30–32]. In this study, VAS data were collected at multiple
time points: time of separator placement and 5 min later (at
the time of irradiation), as well as 6, 24, 48, and 72 h post-
treatment. Similar studies that have also assessed pain in-
tensity over time have shown that pain onset occurs 2 h after
placement of orthodontic appliances [10].

Fig. 3 Laser and polymerizing light (control) application tips with
similar diameters (0.7 cm)
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Fig. 4 Pain–laser interaction. Overall mean pain on the placebo side
(14.1417) was greater than that on the laser side (7.7083 mm)
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Fig. 5 Pain–time interaction. Mean VAS data are shown for T1 (prior
to placement of elastic separators), T2 (5 min after placement and laser
irradiation), T3 (6 h after treatment), T4 (24 h after treatment), T5 (48 h
after treatment), and T6 (72 h after treatment)
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Fig. 6 Summary of pain progression of overall pain in the whole study
sample over time
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Several prior studies in different fields of, have demon-
strated LLLT to be effective in reducing pain. Several hy-
potheses proposed for the mechanism by which LLLT
reduces pain have been proposed. In one hypothesis, LLLT
is suggested to interfere with the modulation of inflamma-
tion in a manner that results in reduced levels of cytokines
and COX-2 mRNA levels, which then results in reduced
pain [33–35]. According to another hypothesis, LLLT irra-
diation results in an alteration in the conduction of action
potentials in peripheral nerves. In support of this notion, it
has been shown that 830-nm lasers can produce varicosities
at the axon level [36]. These varicosities slow the velocity of
fast axonal flow and decrease mitochondrial membrane
potentials, thereby resulting in a reduced availability of
ATP and neurotransmission failure in nociceptive Aδ and
C fibers. Finally, a third hypothesis posits that LLLT can
stimulate a reduction in endogenous endorphins as de-
scribed by Cabot and Laasko [21] in reports of experiments
performed with a 780-nm laser at a dose of 2.5 J/cm2.

Different wavelengths can be used in LLLT. The most
commonly used are 632.8-, 660-, 780-, 810-, 830-, 904-,
and 980-nm lasers. The type of laser used in this study was
chosen based on a careful literature review through which it
was determined that the 830-nm diode laser appeared to be
the one with the greatest analgesic capacity. Meta-analysis
results by Enwemeka [37] showed that the 830-nm laser has
a robust analgesic efficacy, and this finding was corroborat-
ed by both clinical and in vitro studies, including the note-
worthy studies performed by Chow et al. [28]. Other
wavelengths (e.g., 670-nm diode laser) have also been used
to achieve pain reduction after multiband placement [8].

Yamaguchi et al. [38] showed that during orthodontic
movement, 8–72 h post-treatment, there is an increase in
crevicular fluid, prostaglandin, and interleukin levels. The
present pain reduction findings fit well with prior work
showing phototherapy can induce inhibition of inflammato-
ry mediators such as prostaglandin E2 and interleukin 1-β
[39, 40].

Other types of lasers, such as CO2 and Er, Cr:YSGG
lasers, have also been used to obtain an analgesic effect,
but with mixed results. While Fujiyama et al. [23] obtained
good results with a CO2 laser in unfocused mode, no other
significant improvements have been found. However, there
appears to be an analgesic trend when an Er, Cr:YSGG laser
is used [41].

The dose used in this study was chosen based on the
advice and recommendations of various studies. Harazaki et
al. [7] determined that the minimum time of application for
LLLT to be effective should be 2–3 min per tooth, with three
applications in the palate and three applications in the buccal
zone (one cervical, one in the middle, and one in the apical
region). In this study, the laser was applied for 20 s on the
mesial, distal, and apical regions of the palatal and

vestibular face with a total irradiation time of 2 min per
tooth and a dose of 5 J/cm2 per site. We used a total dose of
12 J, which fits with that described in Bjordal et al.'s sys-
tematic review [42] wherein it was advised that the total
dose used should be in the range of 6–10 J to achieve anti-
inflammatory effects with an 830-nm laser.

The progression of pain during orthodontic movement
has been described in several studies. Furstman and Bernick
[43] concluded that pain usually occurs approximately 2 h
after the placement of orthodontic appliances. According to
Ngan et al., perceived discomfort peaked 4–24 h after in-
sertion of separators [2]. In another study, pain was reported
to be shown between 3 and 24 h after placement of the first
arches for orthodontic movements [44]. Our finding of pain
peaking between 6 and 24 h after the treatment is consistent
with these studies. Clinically, it may be necessary to recom-
mend an analgesic regimen during the first 24 h of ortho-
dontic treatment. Our patients reported less pain in the laser-
treated than in the contralateral quadrant where placebo was
applied, and this difference was greatest 6 and 24 h after
LLLT.

Pain is a complex phenomenon with immense individual
variability in perception that can be influenced by many
external factors, such as the degree of anxiety prior to
orthodontic treatment [2–4]. Some of the volunteers
reported that they perceived more of a discomfort than a
sharp pain, as evidenced by the fact that none of them
needed to take drugs for pain. However, at all times, they
reported feeling less pain or discomfort on the side where
the laser had been applied than on the control side. This
study showed that pain on the laser-irradiated side was
significantly less than that on non-irradiated side. It is also
worth noting that the LLLT resulted in favorable pain re-
duction, as indexed by the VAS scale, without producing
any secondary effects in any of the 20 cases.

Orthodontic patients are sometimes given NSAIDs to
reduce pain, but these drugs have been shown to decrease
the rate of tooth movement [45]. Use of low-laser power
density treatments (i.e., phototherapy, LLLT) in orthodontic
treatments can reduce pain and discomfort in a noninvasive
manner, removing the need for anti-inflammatory drugs.

Conclusions

The results of this study demonstrate that application of a
low-power laser at 830 nm with the parameters specified
herein is an effective method of pain control in orthodontic
patients after elastic separator placement. Pain intensity was
significantly lower in the laser-treated quadrant than in the
control side. Peak discomfort was documented 6–24 h after
elastic separator placement, and pain intensity began to be
reduced 48 h post-treatment.
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