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Abstract

Objective: To assess if photobiomodulation (PBM) improves the efficiency of orthodontic treatment with fixed
appliance during the alignment stage.
Methods: Eighty-nine subjects were included in this trial and randomly assigned for treatment with fixed ap-
pliance and PBM group or with fixed appliance only (control group). Inclusion criteria were as follows: (1) age
between 13 and 30 years, (2) permanent dentition, (3) class I malocclusion, (4) lower 6–6 mild crowding measured
on dental cast, (5) no spaces or diastema in the lower arch, (6) no ectopic teeth, (7) nonextractive treatment plan,
and (8) no previous orthodontic treatment. PBM was administered in the PBM group every 14 days using the
ATP38! (Biotech Dental, Allée de Craponne, Salon de Provence, France) (72 J/cm2 of fluency for each session).
Dental alignment was assessed by visual inspection, and treatment time was defined in days as T2 (date of
assessment of complete dental alignment)–T1 (date of brackets bonding). The number of monthly scheduled
appointments was also recorded. All the data underwent statistical analysis for comparison between groups.
Results: Treatment time was significantly shorter ( p < 0.001) in the PBM group (203 days) compared with the
control (260 days). Consequently, control visits ( p < 0.001) were lower in the PBM group (7) compared with the
control group (9).
Conclusions: The present findings would confirm that PBM can be used to enhance the efficiency of ortho-
dontic treatment during dental decrowding.
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Introduction

The duration of the orthodontic treatment is associ-
ated with higher risk of enamel demineralization,

gingivitis, alveolar bone loss, and root resorption.1–3 A
significant percentage of subjects, especially adults, still

refuse orthodontic treatment since they are concerned about
the extended treatment time, which may have a negative
impact in daily life, in particular if fixed appliance are
used.4 Secondary, clinicians would desire to fasten the or-
thodontic treatment to reduce patients’ chair-time, facili-
tating their business.5 Thus, improving the efficiency of
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orthodontic treatment is a primary concern for both patients
and clinicians.6

Surgical procedures such as corticotomy7,8 and acceler-
ated osteogenic orthodontics9,10 have been proposed as ef-
fective methods to accelerate orthodontic tooth movement,
however, these methods cause more discomfort than con-
ventional treatment and require highly skilled oral surgeons
and specific surgical equipment. In this respect, nonsurgical
methods for accelerating orthodontic treatment such as the
daily use of portable vibration device or electric toothbrush
can be considered patient-friendly approaches, however,
there is no sufficient evidence of their effectiveness.11,12

Photobiostimulation is a noninvasive irradiation procedure
that uses a laser light within the red to near-infrared range
(wavelengths from 632 to 1064 nm) to provoke a biological
reaction. In vitro studies reported that photobiostimulation
accelerates cellular turnover by increasing the expression of
osteocalcin,13 stimulating angiogenesis,14 and the availabil-
ity of mitochondrial ATP.15,16 In the orthodontic field, the
assumption is that such increased metabolic activity could
speed the rate of tooth movement, as confirmed by some
clinical studies.17–19 In particular, preliminary findings from
two pilot studies20,21 suggested that photobiostimulation
could reduce orthodontic treatment time in subjects affected
by mandibular crowding and confirmed the necessity and the
clinical validity of performing further prospective trials with
wider sample size to provide definitive conclusions.

In this respect, the aim of the present randomized clinical
trial was to evaluate if photobiomodulation (PBM) can
improve the efficiency of orthodontic treatment, in particu-
lar the time to resolve dental crowding in a sample of sub-
jects undergoing a nonextraction orthodontic treatment plan.

Materials and Methods

This randomized, parallel (1:1), single-operator clinical
trial was performed observing the guidelines of the De-
claration of Helsinki and was approved by the Ethics
Committee of the Faculty of Medicine at the Milano-
Bicocca University. Subjects were recruited and treated
between September 2016 and July 2019 and signed an ap-
propriate informed consent for the orthodontic treatment;
also, patients in the tested group signed a specific consent for
the PBM sessions.

Human subjects

One hundred subjects were recruited from a larger pool of
patients (334) seeking orthodontic treatment at an ortho-
dontic private clinic in Bergamo, Italy. A minimum sample
size of 80 participants (40 for each group) was considered to
obtain 90% power at a 95% confidence interval to demon-
strate a difference of 56 days in treatment time between the
PBM group and control group, as previously reported.20

However, we decided to enroll 100 subjects (50 for each
group) counteracting any potential incompleteness of data.
The enrollment process was based on the following criteria:
(1) age between 13 and 30 years, (2) permanent mandibular
dentition, (3) angle class I malocclusion, (4) lower 6–6 mild
crowding measured on dental cast, (5) no diastema or spaces
in the lower arch, (6) no ectopic teeth, (7) no extractions
required or intraoral or extraoral auxiliary devices, and (8)
no previous orthodontic treatment.

A randomized balanced block protocol using sex and the
amount of crowding as stratification factors was created to
allocate subjects to receive orthodontic treatment with fixed
appliance plus PBM group or with fixed appliance only
(control group). The SPSS Statistics software (IBM Cor-
poration, Armonk, New York) was used to generate the al-
location sequence. Assignments were enclosed in sequentially
numbered, sealed, and opaque envelopes and were unveiled
the date of bonding the fixed appliance.

Intervention

The appliance used in both groups was the Empower self-
ligating appliance (American Orthodontics, Sheboygan, WI)
with 0.022-in slot and MBT prescription. The arch-wire se-
quence included 0.014-in thermal NiTi arch-wire followed by
0.016 · 0.022-in and 0.019 · 0.025-in thermal NiTi arch-
wires (Thermal-Ti Lite, Form I; American Orthodontics).
The arch-wire sequence progressed only if full bracket en-
gagement was easily feasible, that is, without forcing the
rectangular wires throughout the bracket system. Control
visits were scheduled at intervals of 28 days to check clinical
progress and to adjust the appliance, if necessary. Some days
of delay for each appointment would be tolerated if important
adjustments were not required such as arch-wire replacement
and brackets rebonding; however, we decided to use a cutoff
of 14 days of collected delay to include/exclude subjects from
the final investigation. Bracket bonding and clinical controls
(including the adjustment of the appliance and arch-wire)
were entrusted to the same expert operator (G.C.).

PBM was administered to the PBM group using the
ATP38! (Biotech Dental, Allée de Craponne, Salon de
Provence, France). This device features a multi-panel system
emitting cold polychromatic lights with a combination of
wavelengths from 450 to 835 nm depending on the field of

FIG. 1. The ATP38! (Biotech Dental, Allée de Craponne,
Salon de Provence, France) was used in this study to per-
form PBM. See the three panels placed at a 4 cm distance
from the patient’s cheeks (lateral panels) and lips (frontal
panel). PBM, photobiomodulation.
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action, that is, the part treated and the therapeutic indication
(healing, anti-inflammatory, and analgesic effect) (Fig. 1).
For the purpose of the present investigation, the biostimu-
lation module was selected according to the manufacturer’s
instructions; this module provided 6 min of irradiation
producing 48 J/cm2 of fluency, calculated as the sum of the
fluency produced by each light source (16 J/cm2) multiplied
for the three active panels (16 J/cm2 · 3 = 48 J/cm2) (Table 1).
These data were based on a fixed distance of 4 cm of the
three panels to the patient’s cheeks (lateral panels) and lips
(frontal panel).

Since 48 J/cm2 was notably below the fluency range used
for photobiomodulated orthodontics,20–22 we included three
consecutive stages of irradiation in each PBM session, for a
total duration of 18 min and 144 J/cm2 of fluency adminis-

tered (i.e., 48 J/cm2 · 3 stages). A rest time of 1 min was set
between each stage. Each PBM session was performed every
14 days, including the date of bracket bonding, up to the end
of the alignment stage. Thus, the fluency administered to the
patients was 288 J/cm2 per month (144 J/cm2 · 2 sessions).
Specific irradiation parameters such as wavelength, duration,
fluency, and frequency are reported in Table 1.

Assessment of dental alignment treatment time

A digital caliper (Absolute Digimatic IP67; Mitutoyo
Europe GMBH) was used to quantify the Little’s irregu-
larity index in the lower arch (6–6) on the pretreatment
dental casts, and all measurements were reported on a
spreadsheet. Twenty dental casts were randomly selected

Table 1. Photobiostimulation Irradiation Parameters According to the Biostimulation Module
of the ATP38 Device

Cold lights’ combination

Blue Green Amber Red Deep red Infrared

Wavelengths 470 nm 525 nm 590 nm 620 nm 680–760 nm 800–835 nm
Duration (sec)a 298/368 363/368 332/368 368/368 320/368 362/368
Fluency ( J/cm2)b 2 2 1 3 4 4
Frequency (Hz) 99 99 99 99 99 99

aDuration is intended as the irradiation time for each cold light source out of the total time of PBM stage, which was 368 sec.
bTotal fluency (16 J/cm2) is intended as the sum of the fluency produced by each cold light source for each panel. Since the ATP38!

device consists of three static panels, the total fluency is 48 J/cm2.
Data in table are reported for a single stage of biostimulation module. However, since in this study each PBM session consisted of three

repeated stages, total fluency and total duration must be multiplied by 3. Thus, total duration was 18 min and produced 144 J/cm2 of fluency.
PBM, photobiomodulation.

FIG. 2. CONSORT flowchart.
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and remeasured 4 weeks later. A paired sample t-test was
applied to the first and second measurements and no dif-
ferences were found. All measurements were entrusted to
one calibrated operator (A.P.).

The assessment of dental alignment (T2) was based on the
visual examination of correction of the 11 mandibular in-
terproximal contacts. In this respect, the date of appliance
bonding (T1) and the date when complete resolution of
crowding was established (T2) were recorded, and align-
ment treatment time was defined in days as T2–T1. These
data were recorded on a spreadsheet along with the total
number of monthly scheduled appointments and the col-
lected delay (days) for each participant. The assessment of
dental alignment and the relative data registration were
entrusted to one expert operator (M.B.) who was unaware of
whether the subjects being assessed were within the PBM or
control groups.

Statistics

Descriptive statistics were performed to assess the de-
mographic and clinical characteristics of the study sample.
Student’s t-test and chi-square test were used, respectively,
for the evaluation of numerical (age, crowding) and cate-
gorical (gender) characteristics between the two groups.
Student’s t-test was also used to evaluate the mean ap-
pointment delay between both groups.

Normal distribution of the data (days, rate of alignment,
and number of appointments) was preliminarily checked
using the Shapiro–Wilk test (http://dittami.gmxhome.de/
shapiro). Since data had no normal distribution, they were
reported as median, maximum, and minimum values. Treat-
ment duration was assessed in both groups using the survival
analysis, the log-rank (Mantel–Cox) test. Survival analysis is
recommended when the outcomes are prospectively evalu-
ated as the time elapsing (time-to-event data) before an event

is experienced (i.e., the alleviation of dental crowding). Also,
the Mann–Whitney U-test was performed to comparatively
evaluate the total number of appointments from T1 to T2
between the PBM and control groups.

Results

From 100 patients enrolled in the present study, 11 were
excluded from the final investigation since 2 subjects dis-
continued the treatment and 9 subjects did not strictly follow
the appointment schedule (accumulated appointment delay
>14 days or missed important appointment). The final
sample size included height—9 subjects (mean age 18.4),
including 50 females and 39 males, were finally enrolled.
The CONSORT flowchart is reported in Fig. 2. The baseline
demographic and clinical characteristics of the study sam-
ple, including group division, are shown in Table 2. No
differences were found between the two groups for age, sex,
amount of crowding, and appointment delay. Thus, the
findings of the present study could not be affected by
baseline differences between the PBM and control groups.

According to the survival analysis, the median treatment
time was significantly shorter in the PBM group (203 days)
compared with the control group (260 days) ( p < 0.001,
Table 3). As a consequence, subjects in the PBM group
required less monthly scheduled appointments compared
with the controls (seven visits vs. nine visits, as median
values), as assessed by the Mann–Whitney U test ( p < 0.001,
Table 4). Figure 3 shows the Kaplan–Meier survival curves
for the two treatment groups. The space between the two
lines indicates that there was difference in treatment dura-
tion between the two groups.

Discussion

In the present randomized clinical trial, we investigated the
efficiency of orthodontic treatment with and without PBM, in

Table 2. Demography, Clinical Characteristics, and Descriptive Statistics of the Sample of the Study

Sample characteristics
Total (n = 89)

SD
Control (n = 46)

SD
PBM (n = 43)

SD SignificanceaMean or % Mean or % Mean or %

Age (years) 18.42 2.82 17.86 3.79 19.02 4.16 NS
Sex, n (%)

Male 39 (43.82) 19 (41.30) 20 (46.51) NS
Female 50 (56.17) 27 (58.69) 23 (53.89)

Crowding (mm) 7.13 1.28 6.89 1.33 7.38 1.21 NS
Appointment delay (days) 4.3 3.62 3.93 3.65 4.69 3.6 NS

aSignificance for comparison of group means calculated by paired t-test or chi-square test.
Control, orthodontic treatment with fixed appliance; NS, not significant; PBM, orthodontic treatment with fixed appliance and

photobiomodulation.

Table 3. Time to Align Teeth Using Fixed Appliance (Control) and Fixed Appliance
Plus Photobiomodulation

Total Aligned
Median treatment

time Standard error

95% Confidence interval

SignificanceaLower limit Upper limit

Control 46 46 260 0.95 258.13 261.87 p < 0.001
PBM 43 43 203 1.09 200.86 205.13

ap Value based on log-rank (Mantel–Cox) test for equality of survivor functions.
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particular focusing on the alignment stage. To perform the
PBM sessions, we used the ATP38 device, whose effective-
ness was never investigated in the dental/orthodontic field.

According to our findings, the median time necessary to
resolve lower dental crowding was significantly shorter
( p < 0.001, Table 3) in the PBM group (203 days) than in the
control (260 days). Since potential confounding variables
were equally distributed between the two groups (Table 2),
our results suggest that PBM increases the efficiency of
orthodontic treatment with fixed appliance, in accordance
with previous studies.20–22

These findings can be explained considering that PBM can
create a favorable environment for tooth movement as two
types of host responses occur in the irradiated tissues. First,
PBM increases the production of mitochondrial ATP, by
upregulating the cytochrome c oxidase,15,23–25 and promotes
cellular viability and the expression of osteocalcin in the
tension areas of periodontal ligament (PDL).13 This increased
metabolic activity accelerates cellular turnover (osteoclast,

osteoblast, and fibroblasts)22,26 and the production of cyto-
kines involved in the bone remodeling, mainly the IL-1b.27

Second, PBM activates the receptor of nuclear factor kappa B
(RANK) and the macrophage-colony stimulating factor along
with its receptor (c-fms) that, respectively, seem to play a role
in the expedition of dental movement.28 Further, it seems that
PBM may stimulate angiogenesis,14 which is also involved in
the bone remodeling process, however, further in vitro and
in vivo studies are required to deeply elucidate this aspect.

The range of effects of PBM are dependent on light set-
tings, in particular the energy density and the wavelength.29–31

The red and near-infrared regions of the spectrum represent
the most effective ranges of irradiation, since they thor-
oughly penetrate into the living tissues to induce cell pro-
liferation and differentiation without overheating the
tissues.8,12,22,23 In vitro and in vivo studies also suggested
that irradiation dose could influence the rate of orthodon-
tic movement. In particular, the effective dosage that was
proven to accelerate canine retraction during space closure

Table 4. Number of Control Visits for Patients Treated with Fixed Appliance (Control)
and Fixed Appliance Plus Photobiomodulation

Total Median Minimum Maximum 95% Confidence interval Significancea

Control 46 9 8 11 9.1–9.7 p < 0.001
PBM 43 7 6 9 6.7–7.2

ap Value based on Mann–Whitney U test.

FIG. 3. Kaplan–Meier survival curves for the PBM group and control group. The separation between the two curves
indicates that the treatment time significantly differed between the PBM group and control group.
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mechanics is between 150 and 200 J/cm2 per month17,32,33

and for dental alignment approximately between 260 and
336 J/cm2 per month21,22 (in these two studies data are re-
ported as daily administration, i.e., 9.3 and 12 J/cm2).

Our protocol included two sessions of PBM per month,
which produced a total monthly energy density of 288 J/cm2,
which is in the range of previous studies.21,22 A previous
randomized pilot study20 reported that mandibular dental
alignment was expedited using only 150 J/cm2 of energy
density, however, authors used a diode laser with a wave
optical fiber irradiating selectively only the mandibular arch.
Conversely, in the present study and in the study of Nahas
et al.,22 PBM was simultaneously administered in both ar-
ches via an extraoral device and in the study of Shaughnessy
et al. using an intraoral device.21 Thus, it could be postu-
lated that when both maxillary and mandibular arches are
irradiated, higher fluency is required since part of the irra-
diation may be absorbed by the opposite arch (maxillary
arch in this case). Nevertheless, the effective dosage at
which the target tissues are exposed can be only approxi-
mated since different amounts of energy density can be lost
through penetration of facial structures,3 especially if ex-
traoral devices are used as in the present study.

The alignment treatment time in the PBM group (203
days, as median value) was notably longer than that reported
in the study of Shaughnessy et al.21 (48 days) and Nahas
et al.22 (68.3). Both studies,21,22 however, limited the as-
sessment of treatment efficiency to the lower anterior teeth
(3–3); at the same time, the arch-wire sequence used in the
present study included rectangular NiTi wires due to the
necessity to correct premolar and molar rotation that is
difficult to obtain using only round NiTi arch-wires.34–38

Thus, the prospective intrinsic observational time was lon-
ger in our investigation due to methodological reasons and,
as a consequence, a comparative assessment between the
two protocols would be unreliable. This is confirmed even
by the longer treatment time in our control sample (260
days) compared with the controls of these studies (104
days21 and 87.822). Clinical trials, with parallel arms and
standardized orthodontic biomechanics, are required to
clarify the appropriate protocol of PBM with regard to the
dose, the energy, as well as the number of sessions that can
enhance the efficiency of orthodontic treatment.39

From a clinical perspective, if the efficiency of ortho-
dontic treatment is enhanced, the exposure of the patients to
the risk of undesired effects (cavities, gingivitis, alveolar
bone loss, and root resorption) is reduced, which is quite
critical. Moreover, from a managerial perspective, reducing
treatment time means reducing the total number of ap-
pointments and the chair-time, which, in turn, facilitates
business.5 In the present study, subjects in the PBS had less
routine visits compared with the control (7 vs. 9), but they
underwent a 24-min in-office session of PBM (Table 1)
twice a month, which increased the total number of ap-
pointments and chair-time during the treatment.

As a general consideration, the worth of the time reserved
for patients depends on the owner’s vision of its dental
practice. If the goal is to increase the efficiency of the treat-
ment and reduce patient chair-time, home administration of
PBS should be preferred using portable device, however,
there is no sufficient evidence of the effectiveness.11,12 On the
contrary, if a clinician/owner considers chair-time as an ad-

ded value to improve the patients’ experience in the dental
clinic, in-office administration can be appropriate for this
demand. However, a deep evaluation of chair-side time in-
volved in the orthodontic treatment with and without PBM
was beyond the aim of the present study.

One of the advantages of using a static device to perform
PBM such as the ATP38 is that the session is operator free;
this somehow can enhance the standardization of the dosage
administered since the operator error is eliminated. How-
ever, considering the high costs, it seems more reasonable
to use handpiece devices for low-level laser therapy since
they were found to improve the patients’ experience by re-
ducing orthodontic treatment time20 and pain40 and also are
less expensive.

Limitations

Data from the present clinical trial should be taken with
some caution since they are limited to the stage of dental
alignment and should not be related to the total orthodontic
treatment time. In this respect, further prospective clinical
trials analyzing the efficiency of orthodontic treatment with
and without PBM in different consecutive stages, for ex-
ample, dental alignment, interarch mechanics (class II or
class III elastics) and finishing stages or postextractive
dental alignment, space closure mechanics and finishing
stages, are required to provide more information about the
clinical usefulness of PBM in orthodontics.

Conclusions and Summary

PBM significantly reduces treatment time duration during
dental alignment. Considering the lack of side effects, cli-
nicians can refer to PBM to enhance the efficiency of or-
thodontic treatment in routine clinical practice. However,
further clinical trials are required to assess the appropriate
protocol of PBM with regard to the pertinent dosage;
meanwhile, in vitro and in vivo studies are still necessary to
better elucidate the biochemical conditions underlying the
positive effects on bone remodeling during the application
of orthodontic forces.
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