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Abstract

When designing a study on dental movement acceleration or pain control during
orthodontic treatment, it is crucial to consider effective parameters. The objective
of this editorial is to compile the most effective parameters supported by evidence
that should be considered in future studies to achieve complete parameter
homogenization. The protocol currently recommended to homogenize the
parameters and facilitate the development of further meta-analysis in terms of
acceleration of movement and pain control in orthodontics is Wavelength: 810
nm, 2.2 ] per surface, 0.1 W in continuous mode/0.1 W average power in a super-
pulsed, sweeping movement, Imm from the mucosa, 22 seconds along the
vestibular surface and 22 seconds along the lingual surface, the recommended
speed of movement is 2 mm/sec, 1 application during each orthodontic control, to
achieve dental movement acceleration and repeat the dose at 24 h to ensure pain
elimination. The energy density and power density will depend on the spot size
used in the equipment and the distance from the mucosa. It will strengthen the
evidence of photobiomodulation as the best therapy to accelerate tooth movement
and at the same time control the pain produced by orthodontic treatments.

Key Words: Photobiomodulation; Laser-assisted orthodontics; Dental movement
acceleration; Pain control; Diode laser

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Several Systematic Reviews and Meta-Analyses have been published to
evaluate the effectiveness of photobiomodulation (PBM) in accelerating dental
movement and pain control during orthodontic treatment. These studies suggest that
PBM is an effective method to achieve these objectives. However, all reports show a
lack of standardization in the ideal parameters required.
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INTRODUCTION

It is very common to find in randomized controlled clinical trials that evaluate the speed of tooth movement during
orthodontic treatments or pain control, diverse protocols of photobiomodulation (PBM).

This means that at the time of developing a meta-analysis, or even a systematic review, the authors report that there
needs to be a consensus in respect of guidance for clinical use, due to the lack of consistency of wavelengths and
parameters applied.

The research question is no longer whether PBM controls pain and accelerates tooth movement when applied during
orthodontic treatment. At the moment several systematic reviews and meta-analyses are in support of its efficacy[1-7].

The current question is how can we obtain the greatest effectiveness in PBM when we want to achieve those objectives.

To accomplish this goal, studies should focus on determining the necessary parameters such as wavelength, energy,
power, application time, energy density, application points, and number of sessions.

This editorial aims to synthesize the parameters that are currently accepted to be effective in achieving these objectives
during orthodontic treatment:

Pain control and dental movement acceleration.

Employing standardized parameters for accelerating movement and pain control will allow clinicians to be more
effective in achieving these goals and will allow researchers to have adequate reproducibility in randomized controlled
clinical trials that will later form part of systematic reviews and meta-analyses.

Wavelength
It is not enough to reproduce parameters such as energy, power, time, and energy density if we select a wavelength that
is not the most effective to accelerate the movement.

Do we know what it is? The answer is: Yes.

In 2020, the first systematic review was conducted to establish an effective range of low-level laser therapy
wavelengths for accelerating tooth movement in orthodontic treatment[8]. That review concluded that most randomized
controlled trials related to accelerating tooth movement in orthodontic treatments are ideally between 780 and 830 nm
wavelengths. The mean increase in speed of the dental movement calculated as a percentage of the control group was
24%.

Three years later, a systematic review and meta-analysis were performed with the same objective[9]. The authors
concluded that < 810 was determined as the wavelength associated with faster orthodontic tooth movement.

A range that fluctuates between 730 nm to 830 nm stimulates cell activity better[10,11]. It has been reported that
wavelengths over 900 nm attract melanin and hemoglobin, resulting in a superficial energy uptake in soft tissue and
insufficient energy in bone tissue. Shorter wavelengths have a greater ability to pass through soft tissue. Additionally,
wavelengths within the range of 618 to 405 nm may not effectively stimulate orthodontic movement[12].

As for the effective wavelength to control pain during orthodontic treatments, the evidence has shown that pain
reduction after 24 h is not significantly dependent on wavelength[13].

This indicates that if we are applying PBM to control pain and it disappears, we are not necessarily using the most
effective wavelength to accelerate movement, as we considered in the years before these publications.

Emission mode

Until a few years ago, most studies were carried out to obtain the benefits of PBM in continuous mode. Most of the
literature, before 2015, where we referred to Low-Level laser Therapy, provided studies with therapeutic equipment that
emitted in continuous or pulsed mode. Currently, we have super-pulsed lasers available. However, the emission mode in
laser-assisted orthodontics is not decisive. After selecting a device with the recommended wavelength, it can be
continuous, pulsed, or super-pulsed. It is essential to take this into account when calculating the total energy delivered.

Power
Several studies report 100 mW (0.1 W)[14-18], however, this varies greatly depending on the equipment used. Nowadays
there is equipment that operates in pulsed or continuous mode, but its minimum power is 0.2 W, so it can be pulsed at

50% to obtain an adequate amount of total energy. We also have super-pulsed diodes in which it is advisable to select 0.2
W.

Total energy

Since 2014 thanks to the first systematic review that evaluated these two objectives[19], we know that the most common
and effective energy input is in the range of 0.2-2.2 J per point/2-8 J per tooth, to accelerate orthodontic tooth movement
and control pain, the recommended energy per point ranged from 1-2 ] when a single tooth was irradiated to 0.5-2.25]
per point when all teeth in the dental arch were irradiated.
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Currently, 2-4 ] per tooth is suggested to obtain both effects.

Energy density

Energy density is the most important parameter in laser PBM, as it estimates the actual energy received by the target
tissue. It is often referred to as fluence (J/cm?), meaning dose; however, some scholars also refer to energy in joules as
dose[20].

The energy density is frequently mentioned in the dental literature, but the area of the spot in the tissue is often
omitted. This error makes it impossible to verify their results or to see how they calculated the critical energy density
information. Inconsistency in reporting these parameters is a major source of conflicting results in research and has
contributed greatly to hindering acceptance of the effects of PBM[21].

The energy density is equal to the total energy if the tip or handpiece used in the equipment measures 1 cm 2, however,
the dental equipment used for intraoral applications has round tips and in many cases, very small used without
activation to allow the energy to reach the tissue and obtaining much higher energy densities, which are not always
reported and make it difficult to standardize the parameters at the time of meta-analysis. This is why the ranges are
extensive and energy density intervals range from 4.25 to 80 J/cm?* depending on the tip used to achieve movement
acceleration and pain control.

Equipment tips are not interchangeable between manufacturers.

To adapt the protocol in the clinic, depending on the equipment that the practitioner has, he can adjust the energy
density in 80 J/cm? by applying the formula:

DE = W) x T(s)
A (cm?)

DE: Energy density;

T: Time in seconds;

A: Area in cm? in cm?

It is important to take into account that manufacturers report the diameter of the tip. To find the area in cm? the
following formula should be applied:

A=mxr

Examples: For a 7 mm diameter tip the area is 0.38 cm? For a 3 mm diameter tip the area is 0.07 cm*

Ideally, spot size (The area that reaches the tissue) measurements would be preferred, but due to the complexity of
clinical practice due to is an infrared laser, it is recommended to standardize applications based on tip area, which is the
closest alternative.

Power density
Aside from energy density, a second important parameter in laser measurement is power density[22]. Few studies have
reported on power density, thus it is not extensively covered in the literature: 20 mW/cm?[23] and 6.37 W/cm?[24].

The energy density is not adequately reported because the distance from the mucosa to which the laser is applied is not
standardized and this parameter depends on this distance.

Currently, it is suggested at Imm from the mucosa.

Future studies should report without exception the energy density to facilitate a later consensus on both energy density
and power density (fluence and irradiance) when looking for either of the two therapeutic objectives during orthodontic
treatment.

Punctual application or scanning movement

The average increase in speed movement calculated as a percentage of the control group found in 2020 was 24%. Many
authors recommended punctual application and divided the root into thirds, for example, Limpanichkul et al[14] and
Doshi-Mehta et al[16], and some up to 5 points per surface[25,26]. This type of application is highly recommended in
research cases to calculate the energy density per point in a precise way. However, it is complicated to reproduce it in
clinical practice and it is easier to make a scanning movement. The recommended speed of movement is 2 mm/sec[27].
During orthodontic treatment, this movement is performed along the buccal and lingual surface of each tooth which
requires acceleration for 22 s to obtain 2.2 ] per surface, at 100 mW (0.1 W)[28] obtaining an average 30% acceleration of
the movement. These parameters are also used for pain control.

Number of sessions

Studies differ greatly in the number of applications. There are reports of several acceleration appointments between
orthodontic controls[29-31]. It is advisable to apply PBM in the orthodontic control appointment without additional
sessions; repeated doses between control appointments do not increase the average acceleration.

The increase in the number of sessions does not exceed 30% acceleration of the movement which is the percentage by
which the speed is increased if applied just in the controls. Therefore, it is not justifiable to increase the number of
appointments between them.

To guarantee a pain-free orthodontic treatment, it is necessary to repeat the dose 24 hours after the orthodontic
adjustment[32]. The suggested single monthly dose that allows acceleration of movement is insufficient to eliminate pain.
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CONCLUSION

The protocol currently recommended to homogenize the parameters and facilitate the development of further meta-
analysis in terms of acceleration of movement and pain control in orthodontics is Wavelength: 810 nm, 2.2 ] per surface,
0.1 W in continuous mode/0.1 W average power in a super-pulsed, sweeping movement, Imm from the mucosa, 22
seconds along the vestibular surface and 22 seconds along the lingual surface, the recommended speed of movement is 2
mmy/sec, 1 application during each orthodontic control, to achieve dental movement acceleration and repeat the dose at
24 h to ensure pain elimination. The energy density and power density will depend on the spot size used in the
equipment and the distance from the mucosa.
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