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Abstract
Pain is an unpleasant and emotional subjective sensory experience that occurs during orthodontic procedures. Currently, LED
phototherapy is an alternative to the use of laser light as analgesic agent due to similarity of response and lower cost. This case-
control, quantitative, qualitative, and longitudinal study aimed to investigate the effect of IR LED phototherapy (λ846 ± 20 nm)
in pain during the process of tooth separation during orthodontic treatment. After approval by the Institution Ethics Committee,
40 patients (30 female/10 male, 20–30 years old, average age 24.5 ± 2.6 years old) fulfilling the inclusion criteria entered the
study and received a set of four visual analog scales (VAS) for scoring pain immediately, 48 h, 72 h, and 7 days after the insertion
of the separating elastics. The patients were randomly distributed into two groups (experimental and control). The patients of
experimental group received LED phototherapy (180 mW, 22 s, 4 J, 8 J/cm2

, 0.36W/cm2, spot of 0.5 cm2, spot diameter 0.8 cm)
at the same times in which VAS was performed, and control patients were not irradiated. It was found that, in both groups, there
was an increase in pain 48 h after insertion of the elastic tooth separator, decreasing 72 h after its installation and reached the
lowest level of pain after 7 days. Comparison between groups showed that pain level in the LED group was always statistically
significantly lower (p < 0.05), except for the time of installation (T1). The use of LED light was effective in significantly reducing
the level of pain after insertion of the elastic tooth separators when compared to the control group.
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Introduction

Pain is a subjective unpleasant and emotional sensory experi-
ence [1]. The painful sensation depends on how it is
interpreted by different individuals in response to a stimulus,

and this perception varies according to age, gender, psycho-
logical condition, and cultural aspects [2]. The pain may be
closely related to orthodontic procedures such as the place-
ment of separating elastics, insertion of arch-wires and their
subsequent activation, or bracket removal, as well as the ef-
fects of orthopedic forces. The soreness related to orthodontics
reaches its peak after 6 h and tends to decline after 5 days [3].

Tooth movement causes an inflammatory response in
the alveolar process, which triggers the pain. The inflam-
mation is due, among other factors, to the creation of
tension and compression zones in the periodontal liga-
ment, which cause an inflammatory response associated
with the release of chemical mediators, including hista-
mine, prostaglandins, serotonin, and bradykinin that are
linked to hyperalgesia [2, 3]. Compression forces in the
periodontal tissues during orthodontic treatment also lead
to ischemic necrosis and killing of cementoblasts and
cells of the periodontal ligament [4, 5].

To control discomfort and pain during orthodontic treat-
ment, different pharmacological and non-pharmacological
methods, such as phototherapies, have been used [6–17].
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Currently, LED phototherapy is available as an alternative to
use of laser light mainly due to the similarity of the tissue
responses as well as to its lower cost. However, few clinical
studies [6, 8, 11, 14–19] using this phototherapy in den-
tistry have been conducted to investigate its effectiveness
for pain control.

LEDs are monochromatic, non-coherent light-emitting de-
vices featuring a wider wavelength band (λ360–950 nm) than
lasers [18]. In both laser and LED irradiation, depending on its
wavelength, the photons are absorbed by the cytochrome-C-
oxidase or other photoreceptors (hemoglobin, fibrils proteins,
water), which may lead to increased cell metabolism by stim-
ulating the production of adenosine triphosphate (ATP). At the
same time, an increase in the ion gradient (calcium ion, sodi-
um/potassium, and ATP/ase) and an increased amount of nitric
oxide are observed. The additional ATP is used to enhance and
normalize many secondary processes, while normalizing cell
function, resulting in tissue healing [4–18].

It is known that the application of orthodontic forces
creates both compression and tension zones in the periodon-
tal ligament that are followed by a cascade of reactions in-
cluding changes in blood flow, the release of inflammatory
cytokines (prostaglandins, substance P, histamine,
encephalin, leukotrienes, etc.), the stimulation of afferent
A delta and C nerve fibers, and the release of neuropeptides
and hyperalgesia [19–21]. The pain symptom varies in both
intensity and duration, and are mainly observed during early
hours following the application of the forces. The peak of
pain occurs between 18 and 36 h and reduces gradually in a
week [19–23]. In recent years, the use of phototherapies
attracted increasing attention of orthodontists as it reduces
pain, stimulates bone repair, and shows no adverse effects
[19–27]. Phototherapies can modify nerve conduction by
affecting the synthesis, release, and metabolism of various
neurochemicals, including endorphins and encephalin [18].
It has also been postulated that the effects of light on pain
relief can be attributed to its inhibitory effects on nerve
depolarization (especially C fibers) in the reactivation of
enzymes targeted at pain-inductive factors, in the produc-
tion of ATP, and in the reduction of prostaglandin levels
[21, 24, 25].

Both laser and LED phototherapies exhibit similar effects
in tissue in both healing and repair as well as in inflammation
control and cell proliferation. However, LED phototherapy
presents some advantages over the use of lasers such as its
lower cost.

As LED phototherapy enhances the repair of periodontal
tissue and mitigates inflammation after the application of or-
thodontic forces, it was hypothesized that its usage could,
therefore, reduce pain [4, 26, 27].

This study aimed to evaluate the effectiveness of LED pho-
totherapy to control pain resulting from the insertion of elastic
separators during tooth movement.

Material and methods

Patients

Sampling

Forty adult individuals of both genders (30 females/10males),
aged between 20 and 30 years old (mean 24.5 years old), were
selected among the patients of the Prof. José Martins Soares
Édimo Center for Orthodontics and Dentofacial Orthopedics
at the School of Dentistry of the Federal University of Bahia
(UFBA). All patients were indicated for full orthodontic cor-
rective treatment, requiring the installation of orthodontic
bands with attachments on the molars. After signing a consent
agreeing to participate on the trial, the selected patients en-
tered the study.

Patient examination and inclusion/exclusion criteria

A single examiner, who also performed all clinical procedures,
selected the patients. The inclusion criteria for participating as
volunteers in the study were to be aged between 20 and
30 years; all teeth down to the second molars must have
erupted and have contact points; and all subjects must sign a
form of free and informed consent. The exclusion criteria were
presence of systemic diseases, neurological or psychiatric dis-
orders, and chronic pain; use of systemic medications (anal-
gesics, antibiotics, anti-inflammatory drugs, antidepressants,
and bisphosphonates); pathological conditions associatedwith
teeth, gingiva, or periodontium; presence of restorations on
the proximal surfaces of molars and premolars, adjacent to
the site where the elastomeric separators were inserted; and
refusal to participate in the study.

Methods

Grouping

Patients were randomly distributed into the following groups:
group 1 (control), this group did not receive any LED appli-
cation for pain control and group 2 (experimental), this group
had LED application for pain control. None of the groups
know the existence of the other, avoiding in this way some
sort of bias. Participants in both groups were asked to make
use of painkillers (Paracetamol, Tylenol®, Sanofi-Aventis
Ltda. Pharmaceuticals, Suzano-SP, Brazil, 1 g every 6 h until
the pain decrease) in case of pain. In this case, they were
excluded from the study.

Clinical procedures for insertion of the separating elastics

After defining group distribution, the separating elastics were
inserted with the aid of two dental floss segments, on the distal
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and mesial surfaces of the upper right first molar, according to
literature recommendations [15, 18, 24]. The patients should
verify if the separators remained in place, especially when
performing oral hygiene. Then, they were asked to fill out a
form that was designed to assess pain sensitivity after insertion
of separators. Thus, patients received four cards with a visual
analog scale (VAS) to determine the pain index, followed by
phototherapy with LED.

Irradiation protocol

In the experimental group, LED phototherapy was performed
with Fisioled® (MMOptics, São Carlos, São Paulo, Brazil,
λ846 ± 20 nm, 180 mW, 22 s, 4 J, 8 J/cm2

, 0.36 W/cm2, spot
of 0.5 cm2, spot diameter 0.8 cm) (Table 1). The light was
applied in two points: one on the buccal aspect and distally
(between the cervical and root thirds) and one point on the
palatal surface, mesial (between the cervical and root thirds)
(Fig. 1). The total energy density was 16 J/cm2 per session.

Pain scoring

The patients were instructed to place a mark next to the score
corresponding to the amount of pain they felt. After insertion
of the elastic separators, the patient scored the VAS, and LED
was then applied (T1). The patient returned within 48 and 72 h
counted from the day of installation (T2 and T3, respectively)
to rescore the pain scale. LED protocol was performed, as
determined by Pinheiro et al. [15]. The elastic separators were
removed on the seventh day after installation, when the patient
scored the last VAS (T4) indicating the pain they felt on the
period. At this time, the LED was no longer applied. The
control group was also given the same guidelines and per-
formed the same procedures as the experimental group, but
with no LED application.

Statistical analysis

Group sample sizes of 20 and 20 achieve 91,123% power
to reject the null hypothesis of equal means when the
population mean difference was 2 with standard devia-
tions of 1.9 for group 1 and 1.8 for group 2, and with a
significance level (alpha) of 0.05 using a two-sided two-
sample unequal-variance t test.

Statistical analysis was performed using the R Core
Team 3.1.2 (R, a language and environment for statistical
computing; R Foundation for Statistical Computing,
Vienna, Austria). Initially, to compare a descriptive anal-
ysis of the results (median and quartiles) and the level of
pain at various times in each group, Friedman’s nonpara-
metric test was used followed by a posteriori test of Dunn.
To compare the level of pain between the LED and con-
trol groups, the Student t test or Mann-Whitney tests were
used upon data distribution. The significance level
adopted for this study was 5%.

Results

The total sample consisted of 30 females and 10 males. The
levels of pain did not vary between men and women during
the experimental time (p > 0.05).

Figure 2 shows the level of pain at each time in LED
and control groups as well as a comparison between the
two groups. Increased pain was observed from installation
time and up to 48 h thereafter. Furthermore, the pain de-
creased after 72 h and reaching the lowest level after
7 days. Comparison of pain levels through time among
the groups showed that the pain reduction was statistically
significant in all times, except on the insertion moment
where no difference was perceptive.

Table 1 Summary of the LED parameters used on the study

Parameters LED

Wavelength (nm) 850 ± 20

Mode CW

Spot of the probe (cm2) 0.5

Power output (mW) 180

Irradiance (mW/cm2) 0.36

Exposure time (s, per session) 22

Exposure time (s, total treatment) 66

Energy density (J/cm2, per session) 16

Energy density (J/cm2, total treatment) 48

Energy (J, per session) 4

Energy (J, total treatment) 12

Fig. 1 Sites of application of LED light. At the left hand side the palatal
site and on the right and side the buccal site
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Discussion

Pain in dentistry, specifically in orthodontics, is a constant
concern of professionals as it directly affects daily clinical
practice. Increasingly, the use of drugs should be avoided
because of their side effects, and the use of non-
pharmacological methods that provide the same efficacy are
increasing [2, 6–17, 19–25, 28]. In the present study, three
patients in the control group used painkillers to stop the pain.
Although they were excluded from the study to avoid bias, it is
important to emphasize this fact, as it shows that LED should
help reduce the perception of pain since it does not cause any
side effects. In the study by Pinheiro and Bittencourt [15],
which also evaluated pain levels in the tooth separating pro-
cess, but using laser light, two patients reported using some
type of medication [15].

However, there are few experimental studies aimed testing
these non-pharmacological methods, demonstrating the ne-
cessity of further research in this area with the purpose of
developing new protocols in pain management of pain report-
ed by patients [2].

The VAS was used to measure the level of pain, accord-
ing to previous studies that assess pain sensitivity.
Moreover, it is considered a reliable, easy to understand tool
[9, 24, 29–31]. From 0 to 2, pain is assessed as mild; 3–7,
moderate; and 8–10, intense.

This study did not consider dental rotations, positioning of
neighboring teeth, and proximity of the roots, as in other stud-
ies in the literature [15].

The primary effect of the LED is the stimulus to the pro-
duction of substances related to the processes of pain and
inflammation, stimulating the production of intracellular
adenosine triphosphate (ATP), favoring cell division and ionic
transport, modulating vasodilation, and generating increased
vascular permeability. This therapy has been widely used as
an adjuvant, alternative, and non-invasive treatment, promot-
ing the acceleration of the healing process, pain reduction, and
edema as well as on modulating inflammation [18].

Some factors such as wavelength, energy, energy density,
power, and irradiation stage influence the modulation of

phototherapy responses [32–36]. Phototherapy-related studies
in orthodontics have shown the importance of employing low
doses to ensure treatment effectiveness since any energy den-
sities higher than 20 J/cm2 has so far shown opposite reactions
[24, 37, 38]. This study used an energy density of 8 J/cm2 per
point and it was applied at two points. The total energy density
was 16 J/cm2, with a power of 150 mW, which is within the
parameters recommended in the literature.

Analgesia provided by electromagnetic radiation is a new
treatment modality that features the advantage of being easy to
apply, non-invasive, and affordable. Besides, it does not cause
any unknown adverse tissue reactions [6, 17, 24]. Tortamano
et al. [17] emphasized the fact that the only reason to avoid
using it clinically is the time required to apply it. Nevertheless,
in this study, which employed the parameters described above,
the exposure time (22 s) can be considered low.

There are several studies that employed laser light (coher-
ent light) in orthodontics [5, 6, 11, 14–22, 24–27, 31–33,
36–45]. However, very few studies have been conducted with
non-coherent light, and these studies were largely conducted
in experimental animals [37, 40]. Although previous studies
did achieve promising results, only one study was identified as
a clinical trial involving LED therapy in orthodontics [24].
This fact once again underscores the relevance of this study.

In this study, LED proved to be effective in pain reduc-
tion, because when compared to the control group, led re-
duces the pain with statistically significant difference (p <
0.05); except for T1 (at elastic installation), where no dif-
ference was found between groups (p = 0.659) (Table 2).
Considering that the LED effects are not immediate, this
may explain why no difference in the level of pain was
found between groups as scoring occurred immediately af-
ter the insertion of the separators. One may question why the
choice of 48 h for the initial assessment of the pain [19, 21].
This was chosen because the peak of pain occurs up to 36 h
after the insertion of the separators and difficulty to have the
patients back to the service 24 h after the procedure due to
economic constraints for most of them.

This result corroborates a previous study [24], which com-
pared the effects of LED and laser in reducing pain during the

Fig. 2 Graphic representation of
the evolution of the average level
of pain over time according to the
LEDs and control groups
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tooth separating process, and found that both were effective,
although the results achieved with the use of LED were con-
sidered better than with the use of laser.

The first 36 h after elastic separators insertion is critical
on regards of pain. Clinically, the discomfort caused by the
insertion of elastic separators is minimal after 1 week [19,
23, 28]; however, up to this time, the pain is intense [15,
42–44]. Our results showed that, the comparison of the pain
levels through time between the groups, the pain reduction
observed on LED-irradiated subjects was statistically sig-
nificantly (p < 0.001) lower at all time points (48, 72, and
96 h), except at the insertion moment, where no difference
between groups was observed. Because of the great reduc-
tion of pain experienced by the patient, no drugs such as
analgesics and non-steroidal anti-inflammatory drugs
(NSAIDS) are necessary for pain control. This fact demon-
strates the effectiveness of the use of LED phototherapy on
orthodontic treatment, offering both more comfort and low-
er costs for patients. In this study, higher peak of pain oc-
curred 48 h after the elastic separator insertion [19] unlike
statistically significant difference other studies where the
higher peak of pain occurred within 24 h [15, 17]. It is
believed that this variation is normal since peak pain occurs
within the first 3 days after force application [15, 42–44].

Despite gender variable known to influence pain [15], in
the present study, 75% of patients were female and 25%
male; this seemed not to be relevant as no statistically sig-
nificant difference between genders (p > 0.05) was ob-
served. In agreement with this finding, several authors
[42–47] reported no correlation between gender and dis-
comfort during orthodontic treatment.

The scientific literature is controversial regarding the influ-
ence of age on pain perception. Some claim that teenagers are
the most prone given the development phase they are
experiencing; others believe that children are more susceptible

[47]. There are also those who argue that adults are more
prone to experiencing higher pain perceptions, or that there
is no significant difference between the intensity of discomfort
and age [43]. In this study, the population age ranged from 20
to 30 years. In the LED group, the mean age was 24.3 years
and in the control group, 23.4 years.

Finally, pain relief and quicker treatment time are
important demands for both orthodontists and patients.
The increased number of publications, including clinical
trials, systematic reviews, and meta-analysis, provided a
large number of clinical protocols in order to achieve
these goals. For this, a variety of light sources have
been investigated, including the use NIR (λ600–
1000 nm) lasers or LED light. The photobiomodulation
on pain relief is related to the neuronal effect of
phototherapies including stabilization of membrane po-
tential and inhibiting activation of the pain signal.
Moreover, the decrease on the levels of inflammatory
mediators, such as prostaglandin E2, known to cause
painful sensations in the inflammatory response, is ob-
served when using light therapies [4, 14, 17, 19, 21, 22,
25, 28, 30, 32, 38, 41–47].

Conclusions

The results of the present investigation are indicative that IR-
LED phototherapy is effective on pain reduction reported by
the patients during the tooth separation process, reducing with
the statistically significant difference pain levels.
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