
����������
�������
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Abstract: (1) Background: Pain is the most common complaint of patients with fixed orthodontic
treatment, especially when applying and activating the orthodontic device. The effectiveness of low-
level laser therapy (LLLT) in reducing pain caused by the orthodontic treatment has been frequently
studied over the last few years. In this study, we aim to evaluate the influence of laser therapy on
pain caused by orthodontic forces acting on periodontal tissues during fixed orthodontic treatment.
(2) Methods: A total of 36 patients who met the inclusion criteria were submitted to laser therapy
after beginning a fixed orthodontic treatment. For each patient, one half-arch was treated with laser
(HL), the opposite one being the control half-arch (HC). The evaluation of pain was conducted by
asking the patients to rate their pain on a VAS scale from 0 to 10. (3) Results: Analyzing the VAS
score values reported after applying the orthodontic device, we noticed that the pain increased in
the first few hours, it was the highest 24 h after application, and it decreased towards the 7th day.
The pain reported by most patients was significantly reduced in the HL compared to the HC, in all
three moments that were evaluated (p < 0.0001). (4) Conclusions: Repeated LLLT in patients with
orthodontic treatment leads to a significant decrease in pain levels, as the comparison between the
laser half-arch and the control half-arch showed.

Keywords: dentistry; laser; orthodontic pain; periodontium; adult patients; orthodontic treatment;
low-level laser therapy; randomized clinical trial

1. Introduction

Pain is the most common complaint of patients with fixed orthodontic treatment,
especially when applying and activating the orthodontic device, as a large number of
systematic reviews have shown [1,2]. Clinical studies have shown that almost 90% of
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patients felt pain at some point during their treatment caused by either tooth movement,
mucosal ulcers, and activation or debonding of brackets [3]. Pain related to debonding of
brackets is materialized through sensitivity to thermal stimuli mostly immediately after
accidental or intentional debonding, as a recent clinical trial showed [4].

Pain related to dental treatments is in most cases strongly influenced by certain factors
such as personality, sex, and especially prior experience in a dentistry practice [5].

The aim of the orthodontic treatment is to align the teeth and to obtain a correct
occlusion, by modifying the position of the teeth using mechanical forces. Orthodontic
tooth movement is a process in which the appliance of a force causes bone resorption
on the pressure side and bone apposition on the tension side. Thus, regular tooth move-
ment is associated with biological cascades of resorption and apposition caused by the
mechanical forces. The alveolar bone of dental sockets contains many fenestrations that
allow compressed fluid in the extracellular matrix to be expressed into the marrow spaces.
The marrow spaces decrease some of the force values that the cells must endure during
mechanical perturbation [6]. The “holes” serve as a pathway for peripheral hematopoietic
cells from marrow spaces to communicate with and migrate to an area of hyalinization.
The next notable factor is that in the anatomy of the periodontal ligament, the blood vessels,
in general, are located in the structure in an asymmetrical way. The blood vessels are
commonly located about one-third of the distance closer to the bone than to the tooth.
This means that cells extruded from a dilated vessel have less of a distance to migrate
to the bone surface than to the root surface. These cells build or remodel the connective
tissue infrastructure of the bone or cementum [7]. Therefore, due to all these biological
modifications, tooth movement causes pain for the patient [8]. Pain can be one of the main
reasons why patients stop orthodontic treatments [9,10].

The management of orthodontic-related periodontal pain consists of two broad cate-
gories: pharmacological methods and nonpharmacological methods. The pharmacological
approach includes nonsteroidal anti-inflammatory drugs (NSAIDs) which, due to multiple
side effects, tend to lose ground to nonpharmacological methods of pain relief such as
ozone and photobiomodulation therapy, laser therapy, and transcutaneous electrical nerve
stimulation. [11–13]

Low-level laser therapy (LLLT) has attracted interest during the last few decades due
to its advantages as a noninvasive pain management therapy without significant side-
effects [14]. The effectiveness of LLLT in reducing pain caused by the orthodontic treatment
has been frequently studied over the last few years [15]. It has been demonstrated that LLLT
has analgesic and anti-inflammatory properties due to the fact that it increases local blood
flow, reduces levels of prostaglandin E2, and suppresses collagenase [16,17]. As recent
studies have shown, LLLT therapy uses visible light (generally red) or almost infrared light
generated by a laser or a diode (LED-light emitting diode). The light spectrum is narrow
with a wavelength of 600 to 1000 nm. The intensity is approximately 1 to 20 J/cm2 [14].
The anti-inflammatory effect of LLLT functions through nonthermal photobiological mech-
anisms in which the laser light is absorbed by chromophores (functional groups graphed
in a molecule’s structure responsible for its color), thus modulating physiopathological
processes. Pain arises as a result of the activation of harmful nerve terminations in the
epidermis or mucosa. At the level of these somatosensitive nerves, harmful stimuli such as
heat, mechanical forces, and also chemical stimuli related to the inflammatory process are
turned into action potential. The latter are then transmitted to the central nervous system.
By blocking these nerves, and this transmission by default, the painful sensation will be
reduced. The specific action of the LLLT is either to suppress harmful receptors or to block
the neuronal response to harmful stimuli and the generated action potential [18,19].

In order to analyze the degree of pain that patients report during an orthodontic
treatment, a series of studies have been conducted (including questionnaires and telephone
interviews). However, due to the small number of patients included in the studies and
different results and methodology, there is still no clear proof of the positive effects of
LLLT [20].
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As pain is the most common complaint and reason for quitting the orthodontic treat-
ment, in this study we aim to evaluate the influence of laser therapy on pain during the
orthodontic therapy. The null hypothesis states that there is no statistically significant
difference between the VAS score values of HC and HL immediately after bonding the
orthodontic appliance, after the first, second, and third activation.

2. Materials and Methods
2.1. Study Design

This study was conducted as a randomized trial, placebo-control, and double blind.

2.2. Subject Selection

From all the adult patients with orthodontic treatment that came to CMI Dr. Lazăr
Luminit,a Târgu Mures, , 36 patients (20 females and 16 males), who met the following
inclusion criteria were selected:

- Age between 18 and 55 years;
- Presence of dentoalveolar disharmony (DAD) with mild crowding (3–7 mm);
- No prior orthodontic treatment;
- No prior anti-inflammatory treatment (NSAIDs).

The exclusion criteria were as follows:

- Presence of carious lesions;
- Signs of active periodontal disease;
- Lesions of the oral mucosa;
- Systemic conditions that have an impact on periodontal tissues (diabetes, immunolog-

ical conditions, acute articular rheumatism, tuberculosis, etc.).

2.3. Periodontal Status

A complex oral examination by an experienced periodontist was performed for pe-
riodontal status assessment prior to applying the orthodontic device. The following pa-
rameters were determined: gingival index (GI), plaque index (PqI), and papillary bleeding
index (PBI). The values we assessed were within normal limits, with a few exceptions.

2.4. Orthodontic Protocol

Patients presenting dentoalveolar disharmony with crowding were examined and
received orthodontic treatment using standard edgewise brackets with the same slot size for
all subjects (0.22) (American Orthodontics, Sheboygan, WI, USA). The following sequence
of archwires was used: NiTi size 0.12 when applying the orthodontic device, and sizes
0.16 for the first activation, 0.16 × 0.16 for the second, and 0.16 × 0.22 for the third (BioForce,
Dentsply Sirona, Charlotte, NC, USA).

2.5. LLLT Protocol

One member of the research team performed the laser therapy on a half-arch (HL), left
or right, randomly for each patient (split mouth study design). The patients were informed
that only one half-arch would receive laser therapy, without specifying which one.

The laser therapy was performed with a dental laser (Prime, Litemedics, Lambda
SpA, Milano, Italy), with a power of 12 watts, in a pulsating system and operating wave
of 980 nm, using therapy and biostimulation mode. The optic fiber of 320 µm was held
at a distance of 10 mm from the gingiva, perpendicular on the root surface, at a level that
corresponded to the center of the root length, for 20 s.

Laser therapy was applied on one half-arch on the incisor and the molar at six points
(mesio-buccal, centro-buccal, distobuccal, mesio-oral, centro-oral, and disto-oral) for each
tooth (HL). On the other side, the control half-arch (HC) was submitted to the same protocol
but without active light. During the irradiation process, both the doctor and the patient
wore protection glasses.
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The laser therapy was initiated immediately after applying the orthodontic device
(T00), 24 h later (T01), and after 7 days (T02). This protocol was repeated monthly, after
activating the orthodontic appliance, with the same intervals of applying laser therapy.
Therefore, for the first month: T10 (activation moment), T11 (24 h later), and T12 (after
seven days); for the second month: T20 (activation moment), T21 (24 h later), and T22 (after
seven days); for the third month: T30 (activation moment), T31 (24 h later), and T32 (after
seven days).

The evaluation of pain was conducted by asking the patients to rate their pain from
0 to 10 on a VAS scale, 0 being “no pain”, 1–3 “mild pain”, 4–6 “moderate pain”, 7–9 “severe
pain”, and 10 “the worst pain imaginable”. Every patient filled in the score for each half-
arch in a questionnaire 3 h (T00, T10, T20, and T30), 24 h (T01, T11, T21, and T31) and
7 days (T02, T12, T22, and T32) after applying the device and for each activation session.

2.6. Statistical Analysis

All data were collected in Microsoft Excel work sheets (Microsoft Corporation, 2018,
Redmond, WA, USA). The statistical analysis was carried out in GraphPad Prism version
8.0.0 for Windows (GraphPad Software, San Diego, CA, USA). For each group of data, de-
scriptive statistics such as mean, standard deviation, and median, minimum, and maximum
value were assessed. Data normality was determined using the Kolmogorov–Smirnov test.
Pain evaluation comparison between the HC and HL measured at different time intervals
after applying the orthodontic device and activation were determined using the Wilcoxon
test. The chosen significance level was set at 0.05.

3. Results

After analyzing the VAS score values reported subsequent to applying the orthodontic
device, we noticed that the pain level increased in the first few hours, it was the highest 24 h
after, and it decreased towards the 7th day of activation. (Figure 1) The comparison between
the VAS score values in the HS and the HL were statistically significant (T00—p < 0.0001,
T01—p < 0.0001, T02—p = 0.0002).

Figure 1. VAS score value reported by the subjects 24 h after applying the orthodontic device.

The levels of pain reported by patients one month after starting the treatment, when
the first activation took place are represented in Figure 2. By comparing the VAS values of
the HC and HL in T10, T11, and T12, statistically significant results were found (p < 0.0001
for T10, T11, and T12).
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Figure 2. VAS score value reported by the subjects 24 h after the first activation.

VAS score values given by the patients for the two half-arches, HL and HC, 3 h (T0),
24 h (T01), and 7 days (T02) after applying the orthodontic device are represented in
Figure 3a, and those for 1 month after, at the first activation, in Figure 3b.

Figure 3. (a) VAS score value after applying the orthodontic device; (b) VAS score value after the
first activation.

4. Discussion

In our study we analyzed the effects of repeated LLLT on pain management in pa-
tients with orthodontic treatment. We evaluated the intensity of the pain consecutive to
mechanical forces and compared the values for each patient in the laser half-arch (HL) and
the control half-arch (HC).

Analyzing the VAS score values reported after applying the orthodontic device, we
noticed that the pain increased in the first few hours, it was the highest 24 h after, and it
decreased towards the 7th day. The highest value of the VAS score at T00, in HC was 7,
reported by three patients, whilst in HL it was reported by one patient. For T01 (24 h after)
severe pain was reported, in HC, the VAS score value was nine in four patients and eight in
three patients. At the same time in HL, the VAS score value was nine in one patient and
eight in one patient. On the 7th day, in HC most patients reported mild pain, four patients
moderate pain, and six patients had no more pain, whereas in HL most patients had mild
pain, and 11 had no more pain. None of the patients reported a VAS score value of 10,
which represents the worst pain imaginable.

One month after applying the orthodontic device, when the first activation was
performed, the pain reported by the patients had similar characteristics to the one reported
at the beginning of the treatment, the values reported 24 h after being higher than those
registered 3 h after the procedure, then decreasing towards the 7th day.
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Analyzing VAS score values for the two half-arches, the pain reported by most patients
was significantly reduced in HL compared to HC, both at the beginning of the treatment,
when the orthodontic device was placed and one month after, when the first activation
was performed. However, four patients reported same VAS score values for HL and HC,
probably due to an increased sensitivity to pain, given the high VAS score values registered
by these patients.

For the activations performed 2 months and 3 months after beginning the treatment,
the characteristics of the pain reported by the patients were not significantly different com-
pared to the pain reported in the beginning and one month after applying the orthodontic
device at the first activation.

Significant decreases in pain reported by patients treated with LLLT after applying
orthodontics wires were demonstrated by a double-blind study [21]. Similar conclusions
were reported by other studies that showed immediate lowering of pain values after using
LLLT [22].

Similar to our study, another research showed maximum values of pain 24 h after
activating the orthodontic device, both for the patients treated with LLLT and for the
placebo group. Afterwards, the pain decreased gradually and disappeared after the 7th
day [23]. These results are in accordance with other studies that also illustrate a maximum
value of pain 24 h after applying orthodontic forces [24]. Furthermore, there are numerous
studies that report pain lasting for less time in patients who received laser therapy [25–28].

The exact mechanisms that lead to the analgesic effects of LLLT are unclear. Cer-
tain studies assume that the LLLT has antinociceptive properties as a result of biologic
mechanisms that stimulate cellular differentiation and proliferation [29–31]. A study on
experimental animals showed that the anti-inflammatory effects of LLLT can be similar to
those of NSAIDs (nonsteroidal anti-inflammatory drugs) [32].

The literature shows that the inflammatory infiltrate located in the lamina propria is
the critical morphological trait for controlling the healing process. Laser therapy can help
diminish the number of lymphocytes and macrophages, which will implicitly determine
a lower production of chemical mediators interfering with the sequence of the healing
process. Other studies demonstrated that LLLT improves local vascularization and has a
significant role in the healing processes of soft tissues [32–34].

Other factors that can contribute to the analgesic effect of laser therapy could be the
activation of certain enzymes, the inhibition of nervous depolarization, the production of
ATP, and the reduction in prostaglandin levels [18,33,35].

When it comes to the pain level reported by patients, the placebo effects cannot
be totally excluded. However, clinical observations support the results that show the
superiority of adjuvant laser therapy in pain management caused by orthodontic forces.

Limitations of This Study

An element of limitation comes from the fact that the patients included in the study
were both male and female. It is known that between the two sexes there are significant
differences in regard to the sensitivity to pain [36]. On the other hand, having a mixed
group is a positive element, because the results can be generalized.

Another limitation is related to patient subjectivity in describing pain. However, in
our study we used the VAS score in order to counteract this limitation.

Even though a wide age range (18–55) can be considered a weak point, we think that it is
an advantage in order to be able to generally apply our results to further treatment guidelines.

5. Conclusions

Pain is the most common complaint of patients when applying and activating the fixed
orthodontic device (approximately 90% of patients experience pain during the orthodontic
treatment). The values of the VAS score showed that, when applying the orthodontic
device, pain increased during the first few hours, was the highest after 24 h, and decreased
towards the 7th day.
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One month after applying the orthodontic device, the pain had similar characteristics
to that reported at the beginning of the treatment. In the 2nd and 3rd month, the character-
istics of the pain reported by the patients were not significantly different compared to the
pain reported previously.

Repeated LLLT in patients with orthodontic treatment leads to the significant reduction
in pain levels, comparing the laser half-arch with the control half-arch.
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