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ABSTRACT

Photobiomodulation (PBM) stimulates orthodontic tooth movements since it increases alveolar bone turnover. The aim
of this study is to evaluate how PBM can influence orthodontic treatment with a clear aligner. A sample of 21 subjects was
divided into a laser group (10 patients) and a control group (11 patients). All subjects were instructed to wear each clear
aligner 12 hours a day for 2 weeks. PBM was given in the laser group every second week. The laser group successfully
finished the treatment, while at the 3rd to the 5th aligner, the control group did not finish the treatment. Laser treatment
is better than treatment without laser. PBM combined with aligners determines in 12 hours the same tooth movement
obtained by wearing the aligner 22 hours a day. This aspect could be useful for those patients who prefer not to use the
aligners during the day. PBM makes clear aligner treatment more comfortable since patients must wear the aligners for
fewer hours than subjects treated orthodontically without laser.
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INTRODUCTION

Studies on the effects of orthodontic treatment associated with lasers have recently increased. Most likely, the laser
will be employed more to biostimulate orthodontic movement, potentially reducing the treatment time. A literature
review shows surgery is the most effective technical method to accelerate the orthodontic movement, followed by
Photobiomodulation (PBM) (1). Another review reported that PBM can not only reduce the time of the treatment but also
reduce orthodontic pain (2).

PBM uses low-power lasers, such as diode lasers, to stimulate cells. PBM is simple to use, painless, and does not
present side effects. In order to achieve results, it is necessary to use the correct laser parameters (2). The quantity of
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tooth movement may vary depending on the type of laser and to parameters setting (such as wavelength, output and laser
density) (3, 4). It is seen that the diode laser has a better penetration in human tissues and is an efficient device to be used
in orthodontic clinical practice (5-6).

A correct energy density (Fluence= J/cm2) is of the utmost importance to obtain biological effects. The dosage of the laser’s
energy follows Arndt-Schulz’s law: low dosages stimulate, and high dosages inhibit. However, if a too-low dosage is used, it
cannot be compensated by increasing exposure time (7). Hence, the need was perceived to set the laser parameters correctly.

The laser effects applied in orthodontics are different and have been biologically demonstrated through studies on
humans, animals and in vitro experiments. Various orthodontic biological laser effects have been demonstrated:

- stimulation of bone turnover (7-11)

- improvement in tooth movement (8, 10)

- reduction of post-orthodontic pain (2, 5)

- improvement in the production of keratinized gingiva (12)
- reduction of root resorption (6)

- stimulation of cell proliferation (13)

- stimulation of osteoblastic cells proliferation (11, 14)

- reduction of relapse (15)

Furthermore, no systemic side effects have been demonstrated for PBM.

PBM can stimulate bone turnover; therefore, it can also accelerate orthodontic movement without damaging either
teeth or surrounding tissues (16).

Different studies clinically highlighted how PBM can accelerate orthodontic movement with fixed braces devices.
On the other hand, none of the studies has highlighted PBM’s effects on tooth movement in orthodontic treatments with
invisible aligners. The null hypothesis of our study is that there is no difference between the laser treatment and the one
without the laser. Since an increasing number of patients ask for aesthetic and less invasive treatments, we planned a study
to verify if PBM, applied to the invisible aligners, can reduce the daily wearing of aligners. This study aims to check if
PBM can accelerate tooth movement in orthodontic treatment with invisible clear aligners.

MATERIALS AND METHODS

Study design

The study was carried out in a private clinic in Bergamo, Italy. It was performed in accordance with the Declaration of
Helsinki of 2013. The patients enrolled in the study received information, and they provided written consent. The standard
protocol was to wear aligners for 22 (17, 18).

Inclusion and exclusion criteria

This pilot study allocated the patients into a laser group and a control group. Inclusion criteria were: vertebral
maturation assessed on lateral cephalograms more advanced than CS4 (19), no previous orthodontic treatment, Class I
malocclusion, permanent dentition completely erupted, incisal irregularity index from 4 mm to 6 mm (moderate crowding)
in the mandibular arch.

The study sample comprised 21 patients (9 males and 12 females, ages 17 to 41) randomized into the study groups.
The patient’s clinical and demographic characteristics are reported in Table 1.

Treatment protocol

All patients underwent a radiographic examination consisting of both orthopantomography and lateral cephalograms.
Pre-treatment records consisted of initial dental casts and photos.

After 2 weeks, the same orthodontist who had carried out the baseline examinations examined patients in the laser
and control groups. The dentist evaluated whether the aligner fitted properly and passively. If so, the subject was given
the next aligner. If the aligner fitting was incorrect, the patient was instructed to wear the same aligner for 2 weeks,
which continued until the aligner fitted correctly.
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The laser group included 10 subjects (6 female, 4
male) who received external diode laser biostimulation
(wavelength of 980 nm, continuous wave at 1 Watt output
power) at each control visit. A flat-top optical fibre delivered
the beam, and irradiation was administered by placing the
beam outside the mouth, under the cheekbone at the level of
the maxillary arch first, then at the level of the mandibular
arch on the right and the left side. Finally, the flat top optical
fibre was moved under the nose, firstly at the level of the
maxillary arch, then at the level of the mandibular arch for 3
applications for each arch (Fig. 1).

The irradiation was performed for 50 seconds at
each point (150 s for each arch). The energy density
corresponding to an exposure time of 150 s per arch was
150J/em?2 (every second, the fluency was 1J/cm2). After
the PBM, patients were instructed to wear each clear
aligner 12 hours a day for 2 weeks.

The control group included 11 patients (6 female, 5

<* am— { >
Fig. 1. External laser bio stimulation with a flap top optical
fiber: The beam was delivered by a flat-top optical fiber and
irradiation was administered by placing the beam outside the
mouth under the cheekbone at the level of the maxillary arch

first, then at the level of the mandibular arch on the right and on

the left side. Finally, the flat top optical fiber was moved under
the nose, first at the level of the maxillary arch, then at the level
of the mandibular arch for 3 applications for each arch.

male) who were instructed to follow the same protocol:
to wear each aligner 12 hours a day for 2 weeks.

Clear Aligners were made of transparent pressure
moulding sheets with thicknesses varying from 0.5 mm
to 0.8 mm. Single resin attachments were used only for 25 canines that needed rotation (12 attachments in the control
group, 13 in the laser group). The orthodontic factory made the Clin Check with “3Shape” software. Space analysis used
Little’s Irregularity index (20) in the lower arch from 3 to 3.

No patients received extraction orthodontic treatment or stripping. The expansion quantity was evaluated by measuring
the inferior arch depth (distance between the most labial surface midpoint of the incisors to the mesial midpoint of the
first molars) and the inferior arch perimeter (the sum of the individual segments: mesial of the left first molar to mesial
of the left first premolar; width of left canine; distal of left lateral incisor to distal of right lateral incisor; width of right
canine; mesial of right first premolar to mesial of the right first molar). Measures were carried out on digital models. The
average of the increasing arch depth between the pre- and post-treatment was 1.76 mm, and the average of the increasing
arch perimeter was 4.21 mm.

The mean of linear movement was 0.13+0.09 mm, while the mean rotational movement was 1.77£1.71°. The mean
measurements of the two movements, linear and rotational, refer to all patients’ anterior inferior arch from canine to canine.

Statistical analysis

Conventional descriptive statistics were carried out to analyze sample demographic and clinical characteristics. For
comparisons between the two treatment groups, the t-test and the chi-squared test were used for numerical (age, crowding)
and categorical (gender) characteristics.

In order to verify the null hypothesis, the P-value was calculated between the two treatment groups for the number of
aligners correctly fitted at each follow-up visit.

RESULTS

Baseline findings
Descriptive statistics reported no differences between the two groups for age, gender and amount of crowding
(Table I). Thus, the random assignment of participants to both treatment groups was validated.
The average age of the laser group was 26.6 years. The mean age of the control group was 25.5 years. The mean
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crowding (Irregularity Index) in the laser group was 4.80 mm, and in the control group was 4.98 mm (Table II).

There were more females than males, but no significant differences were seen in gender distribution between the
control group and the laser one. Females were older than males with a greater standard deviation, but there was no
significant difference between groups (P-value=0.3796) (Table II).

QOutcomes

In the control group, the third, fourth or fifth aligners did not fit correctly (mean= 3.6 aligners) (Table III). In the control
group, the protocol of 12 hours a day failed, and we had to turn to the standard protocol of 22 hours a day to finish the treatment.
All laser group patients successfully completed the treatment. The mean treatment duration with the 12-hour protocol was
7.2+1.6 weeks in the control group (at that point, treatment was discontinued) and 40+2 weeks in the laser group.

DISCUSSION

The effect of PBM on tooth movement during orthodontic treatment with clear aligners is investigated in this study.
In 12 hours, PBM produces the same tooth movement obtained by wearing the clear aligner 22 hours a day without PBM;
this agrees with those studies that have demonstrated a reduction in treatment time using PBM (2).

Different lasers can be used, but the diode laser seems the most effective in orthodontic biostimulation (3, 6, 7). The

Table. 1. Baseline findings: gender, age distribution, crowding.

Variables Total Control Laser Significance*
Group Group
Patients (n) 21 11 10
Age (mean+SD) 26+5.4 25.5+4.9 26.6+6 NS
Range age 17-41 17-31 20-41
Female, n (%) 12 (57) 6 (55) 6 (60) NS
Male, n (%) 9 (43) 5(45) 4 (40) NS
Crowding (Irregularity
Index), meantSD 4.89+0.53 4.98+0.55 4.80+0.51 NS

(n= Number, SD= Standard Deviation, NS= not significant).
*Significance for comparison of group means calculated by paired t-test.

Table I1. Baseline findings: age distribution.

Variables Female Male P-Value
Mean Age 26.9 24.8 0.3796
SD 6.4 3.6

(SD= Standard Deviation)

Table II1. Outcomes: number of aligners fitted correctly for each treatment and number of treatments finished successfully.

Variables Laser Group Control Group P-Value
Total number aligner (mean+SD) 22.1+1 3.6+0.8 0.001
Success/Unsuccess (n) 10/0 0/11

(n= Number, SD= Standard Deviation)
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parameter set is fundamental to having clinical results (5, 6). The external laser biostimulation with a flat-top optical fibre
(wavelength of 980 nm and continuous wave at 1-watt output power) seems to have predictable results. The protocol of
150 seconds of irradiation for each arch is clinically effective.

The improvement in tooth movement could be due to the biostimulation of bone turnover (7, 13, 14). The exact
mechanism of the PBM on the bone is not yet fully understood. In vitro studies show that the light at a lower radiation
dosage is absorbed by the intracellular chromophores in the mitochondria, thus increasing cell proliferation through
photochemical alterations (6, 9, 21). This mechanism includes the promotion of angiogenesis (22), production of collagen
(23), osteogenic cell proliferation and differentiation (24), mitochondrial oxidation and adenosine triphosphate synthesis
(25, 26). PBM can enhance the local blood flow, increasing the supply of circulating cells, nutrition, oxygen, and inorganic
salts to bone lesions (27); this had already been noted by Kobu (10), who showed that intraosseous blood flow increased
by approximately 80% in tissues treated with PBM, and oxygen tension by approximately 15%. Kawasaki and Shimizu
(28) showed that PBM increased the number of osteoclasts on the pressure side during experimental tooth movement in
rats. PBM can achieve these cellular effects because the beam has a tissue penetration from 2.2 cm to 5.9 cm (29).

CONCLUSIONS

PBM is useful in orthodontic clinical practice, especially when patients lack compliance and do not wear the aligners
22 hours a day. PBM can produce an expected dental movement with a reduced wearing time.
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