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Abstract
Introduction: Photobiomodulation therapy (PBM) appears to induce osteogenesis and stimulate
fracture repair; because of its capacity, it is considered a promising treatment, but the characteristics
of response to different radiation doses must be investigated through in vivo studies to establish their
safety and effectiveness. Thus, this paper aims to analyze the effects of the PBM at different doses on
the repair of critical bone defects through histological and histomorphometric analyses.
Methods: Sixty 90-day-old adult rats (Rattus norvegicus, albinus, Wistar) weighing approximately
300 g were used. Critical bone defects of 5 mm in diameter were performed in their calvaria. The
animals were randomly separated into 5 groups: C-Blood clot, L15-PBM 15)/cm?, L30-PBM 30 J/
cm?, L45-PBM 45 )/cm?, L60-PBM 60 J/cm?. Each group was subdivided according to observation
periods of 30 and 60 days with 6 rats in each subgroup. Low-level gallium aluminum arsenide
Accepted: April 25, 2021 (GaAlAs) lasers were used at a 660 nm wavelength, 30 mW and 0.04 cm? in area. The PBM was
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2021 applied over 5 points; 4 points of application were distributed on the edges while one point of
application was located in the center of the bone defect. PBM occurred right after the procedure.
In 30 and 60 days, the animals were euthanized by anesthesia overdose and the analyses were
performed. The data were analyzed statistically by the ANOVA, together with the Tukey test, whose
significance level was 5%.
Results: As regards the treatment factor, the highest percentage of bone neoformation was achieved
by group L45-60. The group with the highest closure, despite not having a statistically significant
difference with the other doses, was 45 J with only 0.49 mm between edges.
Conclusion: Thus, the present study allowed concluding that the highest percentage of bone
neoformation area was achieved at 45 J/cm? in 60 days; that is, it was significantly effective in
comparison with other doses.
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Introduction
Bone regeneration is a substantial component of clinical
practice aimed at filling post-trauma defects, congenital
defects, and tumor excisions. Regardless of numerous
current clinical strategies that can be applied to these
defects, incomplete repair of the defect remains a clinical
challenge."” Traditionally, a critical-size defect is defined
as the smallest tissue defect size that cannot be fully and
naturally repaired during an animal’s lifetime.
Photobiomodulation therapy (PBM) is a promising
treatment that induces osteogenesis and stimulates

fracture repair.* Its action is based on light absorption
by tissues that will, in turn, generate changes in
cell metabolism, regulate osteogenic, inflammatory
mediators, angiogenic and growth factors that contributes
to bone formation.” When PBM is applied to tissues, light
is absorbed by photocells located in cells. In this way,
light is able to modulate chemical reactions and stimulate
mitochondrial respiration, molecular oxygen production,
and ATP synthesis.® These effects can enhance DNA and
RNA synthesis and regulate the cell cycle of proteins by
stimulating proliferation.’”
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In vitro studies on osteoblastic cells have shown that
PBM is able to increase the formation of bone nodules,°
osteocalcin and osteopontin gene expression, and
alkaline phosphatase activity.® * This appears to exert
a bio-stimulatory effect on bone tissue by enhancing
osteoblastic proliferation.'” Moreover, it can promote the
repair process of fractures in rabbits and rats, as well as
increasing callus volume and bone mineral density."

Laser beams at low intensities, i.e., 660 nm, can play
a positive role in repairing bone defects.'”>® In hard
tissues, the PBM significantly rises the number of viable
osteocytes, thus displaying a positive outcome on bone
matrix production rendering the bone tissue around the
grafts or in the peripheral region of the defects highly
reactive and vital."

Nevertheless, there is a lack of literature about the effect
of different or appropriate laser therapy doses on repairing
critical-size bone defects. Many variables can affect the
biostimulatory effects of the PBM, such as wavelength,
energy, exposure time, power, and cell biological status.
Photobiomodulation of human fibroblasts by PBM
has been reported in morphological and cell studies
(proliferation and collagen production),” in which power
ranged from 0.1 to 24.7 mW/cm? and total energy varied
from 0.02 to 12 J/cm? Based on irradiation conditions,
the effects of collagen production were both stimulating
and inhibiting, and cell proliferation was both positive
and negative."”

Most bone repair studies have assessed the effect of
infrared laser light beam irradiation because it can achieve
deep tissue penetration.'”'® The influence of PBM at a
wavelength of 660 nm and irradiation of 24.7 J/cm? on the
repair of bone defects in immunosuppressed rats has been
reported.” Another study demonstrated that the PBM at
637 nm (4 J/cm? for 7 days) had an effect on the repair rate
of femur defects in rats.*® Histopathological results have
indicated that bone regeneration is accelerated under
laser irradiation, mainly in the early stages of repair.!**

Low-level gallium aluminum arsenide (GaAlAs) laser
therapy at 660 nm (57.14 J/cm?) effectively stimulated
bone formation in critical-size bone defects in the calvaria
of rats subjected to ovariectomy.”’ However, the PBM is
still considered a controversial treatment because no
therapeutic margin for dosimetry or action mechanisms
has been determined.?>* Even though the positive effects
of PBM on cell proliferation have been demonstrated, its
effects on the repair of critical bone defects, as well as
an ideal dose for repairing such defects, are still not well
known.*

Thus, before it can be reliably used as a therapeutic
modality for critical-size bone defect treatment, the
outcomes and irradiation response characteristics of PBM
must be investigated through in vivo studies to establish
its safety and efficacy. In these circumstances, the purpose
of this study was to evaluate the effects of PBM at different

doses when applied to critical-size bone defects through
histological and histomorphometric analyses.

Materials and Methods

Sixty 90-day-old adult rats (Rattus norvegicus, albinus,
Wistar) weighing around 300 g were supplied by Unesp
Central Vivarium - Botucatu Campus (SP). They were
kept in a suitable enclosure and provided a regular diet
and water. The animals were randomly separated into five
groups: C, L15, L30, L45, and L60 (Table 1). The groups
were subdivided in accordance with the observation
periods of 30 and 60 days, and at the end, each group
contained six rats.

Anesthetic Procedure

For surgery and euthanasia, the animals were anesthetized
with a solution of 13 mg/kg of 2-(2,6-xylidine)-5-
6-dihydro-4H-1,3 xylazine (Rompun-Bayer, Brazil)
with 33 mg/kg ketamine (Dopalen, Agribands, Brazil)
administered intramuscularly.

Surgical Procedure

The periosteum was incised, and soft tissues were
removed with the aid of retractors of a size suitable to the
surgical region. Critical bone defects 5 mm in diameter
were performed using an electric engine that allowed a
controlled speed of 800 rpm and a trephine drill under
continuous irrigation with sterile saline solution.”® During
the surgical procedure, care was taken to avoid damage to
the dura mater or the superior sagittal sinus. Subsequently,
PBM was performed. The skin was sutured with 4.0 silk
threads and an analgesic medication was applied. The day
of the surgery was considered day 0.

Photobiomodulation Therapy

Low-level GaAlAs (Laser DUO, MMOptics Ltda., Sao
Carlos, SP, Brazil) were employed with a continuous
laser beam emission (CW) at a 660 nm wavelength, 30
mW, and 0.04 cm? area. The PBM was performed using
a laser pen nib in a single trans-surgical application
directly at the edges of the bone defect. The irradiation
was distributed punctually at five points so that the whole
surgical wound received treatment evenly. Four points of
the application were divided along the surgical wound
edges in a clockwise direction at 3, 6, 9, and 12 oclock.
Moreover, an application point was situated in the middle

Table 1. Groups and Treatment Modalities of Bone Defects

Control Group (C) Bone defect + Blood clot

Group irradiated with LLLT 15 J/cm? (L15) Bone defect + LLLT 15 J/cm?
Group irradiated with LLLT 30 J/cm?(L30) Bone defect + LLLT 30 J/cm?
Group irradiated with LLLT 45 J/cm? (L45) Bone defect + LLLT 45 J/cm?
Group irradiated with LLLT 60 J/cm? (L60) Bone defect + LLLT 60 J/cm?

Abbreviation: LLLT, low level laser therapy.
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of the bone defect.?®

In Group C, there was no PBM application. In group
L15, each point was irradiated for 4 s (total exposure time
of 20 seconds) with a total energy density of 15 J/cm?. In
group L30, each point was irradiated for 8 seconds (total
exposure time of 40 seconds) with a total energy density
of 30 J/cm?®. In group L45, each point was irradiated for
12 seconds (total exposure time of 1 minute) with a total
energy density of 45 J/cm?. In group L60, each point was
irradiated for 16 seconds (total exposure time of 1 minute
and 20 seconds) with a total energy density of 60 J/cm?
(Table 1).

In 30 and 60 days, the animals were euthanized by
general anesthesia overdose, and their calvariae were then
removed for analysis.

Tissue Processing

For histological and histomorphometric analyses, the
surgical area was immersed in 10% formaldehyde for
up to 48 hours. Afterward, the decalcification process
was initiated with 10% EDTA at a pH of 7.8 at room
temperature.

After the partial decalcification, every specimen was
divided into two blocks along the central line of the original
bone defect in a macro view. Formic acid (20%) was used
at room temperature to complete the demineralization of
the specimens. Once decalcification was complete, each
specimen originated two blocks that were immersed in
paraffin and cut from their central regions.

Serial 5-um-thick sections were made longitudinally,
starting from the center of the original surgical wound.
The slides were stained with hematoxylin-eosin and
examined under a light microscope.

Histological and Histomorphometric Analyses

Three equidistant histological sections representing the
surgical wound center were chosen for histological and
histomorphometric analyses to enhance data reliability.’
Images of sections were captured with an Axiophot 2
light microscope (Carl Zeiss Oberkochen, Germany)
coupled to an AxioCam MRc 5 digital camera (Carl Zeiss
Oberkdchen, Germany). These were then exported to
AxioVision release 4.7.2. software. A single researcher was
responsible for capturing the images that received codes,
which were subsequently analyzed by another examiner
duly calibrated (Student’s ¢ test: 0.46, P value = 0.658 >
0.05), thus allowing data to be blinded.

The histological analysis was initially performed at
low magnification to ensure the overall visibility of the
sections. AxioVision release 4.7.2 software was used to
conduct a histomorphometric analysis of the images.

Histomorphometric Parameters
The criteria to standardize the analysis of digital images
were the same as those adopted by previous studies,”*

and the total area was determined in mm? Then, the
following measurements were obtained®:

Total neoformation area (TNA): proportion of newly
formed bone within the limits determined of the total
area of the defect.

Edge neoformation area (ENA): area of bone
neoformation in mm? of the right and left edges of the
defect.

Central neoformation area (CAN): area of bone
neoformation in mm? in the defect center.

Distance between the edges of the neoformed bone
(DBE-NB): measurement of the remaining distance
between the edges of the neoformed bone in mm.

DBC-NB: measure of the remaining distance between
the cortical already formed from the newly formed bone
at the edges, in the upper (DBSC-NB) and lower region
(DBIC-NB).

Statistical Analysis

Quantitative data were recorded as mean + standard
deviation (SD), and normality was tested using Shapiro-
Wilk tests. The TNA, ENA, CAN, DBE-NB, DBSC-
NB, and DBIC-NB values were tested using a two-way
ANOVA to assess the differences within and between
groups. This was accompanied by a Tukey test for multiple
comparisons when the Shapiro-Wilk P value was >0.05.
The data presenting Shapiro-Wilk P values < 0.05 were
analyzed using a Friedman test and Mann-Whitney tests.
A significance level of 0.05 was adopted.

Results

Qualitative Histological Analysis

In 30 days, almost every specimen in all groups (C, L15,
L30, L45, and L60) demonstrated bone neoformation
areas that were observed in regions near the surgical defect
edges. In 60 days, in many specimens from all groups (C,
L15,L30,L45,and L60), it was possible to observe a narrow
band of neoformed bone from the defect edges toward the
center, almost extending throughout the extension of the
surgical defect, though being narrower than the original
calvarial bone. It was also possible to observe a dense
connective tissue and chronic inflammatory infiltrate that
extended throughout the surgical defect in all specimens
(Figure 1).

In 60 days, the newly formed bone could be observed
above, below, and laterally at the edge of the surgical
defect, with the organization of the osteoid matrix and
blood vessels (Figures 2 and 3).

Quantitative Histological Analysis

Regarding TNA, within the time range of 30 to 60 days,
statistically significant differences were observed in all
treatment modalities except in the 60 J group (30 days x
60 days; P = 0.39). In the intergroup comparison, within
60 days, there were differences between the doses of 45 ]
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Figure 1. Photomicrography of Histomorphometric Analysis of Groups in Each Experimental Period. Group C (A and B), Group L15 (C
and D), Group L30 (E and F), Group L45 (G and H) and Group L60 (I and J) in 30 and 60 days of the observation. Hematoxylin and eosin
staining and 5x magnification.

Figure 2. (A) Photomicrography of panoramic view of GL45 - 60. (B) Newly formed bone located around the edge of the surgical defect and
highlighted with a black asterisk. (C) Newly formed bone located laterally to the surgical defect (black asterisks) with an organizing osteoid
matrix (red asterisks), and blood vessels (v) (Hematoxylin and eosin staining, magnification, 5x in A, 10x in B and 20x in C).

and C (P =0.01),45Jand 157] (P < 0.001), and 45 J and Comparing bone neoformation in ENA in 60 days,
60 J (P = 0.001), where the dose of 45 ] showed superior the comparison between the 30 J and 45 ] dose groups
results (Table 2). showed a difference, where the 30 J group was superior
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Figure 3. (A) Photomicrography of panoramic view of GL60 —
60. (B) Newly formed bone (black asterisks) located around the
edge of the surgical defect (Hematoxylin and eosin staining,
magnification, 5x in A, 10x in B).

(307 x 45 J; P = 0.03).

Concerning CAN and observational times, a greater
amount of bone tissue was observed in all groups in 60
days than in 30 days, except in the 60 ] group. In 30 days
after the application, there were no statistically significant
differences between the doses received. However, in 60
days, the group that received 45 ] showed results superior
to all other doses of the study.

Table 2. Quantitative Results of Histomorphometric Analysis

Within the DBE-NB, the groups presented statistically
significant differences in 60 days of the application. There
was a difference between the 30 J and 60 J groups (30 J x
60 J, P = 0.013) and between 45 Jand 60 ] (45] x 60 J, P
< 0.001). The 60 J group presented higher measurements
than the other groups. The group with the highest closure,
despite not having a statistically significant difference
with the other doses, was 45 ] with only 0.49 mm between
edges.

In the DBSC-NB parameter, the 45 ] dose group
showed superior results to the control group 60 days
after application (45 ] x C; P = 0.02). In the DBIC-NB,
the control group was inferior to all other groups in 60
days. The 45 ] dose group was superior to all other groups
except the 30 J dose group. The difference between them
was not statistically significant (30 J x 45 J, P = 0.41)
(Table 2).

Discussion

Currently, there are multiple PBM applications in tissue
repair processes, including those concerning bone
neoformation. However, few studies have investigated
how different doses can influence the treatment. Thus,
this study aimed to assess its effects at different doses on
the repair of critical-sized bone defects in rats.

In the present paper, the highest proportion of bone
neoformation was found in group L45-60, which was
statistically significant in groups L15-60, L30-60, and L60-
60. The present findings are in agreement with a study
conducted by Altan et al who demonstrated that the PBM
was significantly effective at increasing bone neoformation
at irradiations of 5 J/cm?* and 6300 J/cm? through suture
expansion in rats. However, it did not reveal a significant

Observation Time C L15) L30) L45) L60)

30 days 0.38+0.19Aa 0.22+0.24Aa 0.42+0.22Aa 0.36+0.29Aa 0.51+0.36Aa
TNA (mm?)

60 days 0.69+0.35Ba 0.50+0.40Ba 0.76+0.55Ba 1.11+0.59Bb 0.62+0.37Aa

30 days 0.27+0.33Aa 0.20+0.24Aa 0.30+0.20Aa 0.2£0.14Aa 0.23+0.16Aa
ENA (mm?)

60 days 0.41+0.29Aab 0.28+0.22Aab 0.49+0.44Ba 0.23+0.32Ab 0.29+0.30Aab

30 days 0.07+0.13Aa 0.01+0.04Aa 0.08+0.14Aa 0.07+0.10Aa 0.06+0.07Aa
CAN (mm?)

60 days 0.27+0.30Ba 0.09+0.19Ba 0.08+0.11Ba 0.24:0.34Bb 0.14+0.27Aa

30 days 1.70+1.13Aa 2.38+1.40Aa 2.13+1.09Aa 1.96+1.23Aa 1.63+1.20Aa
DBE-NB (mm)

60 days 1.32+0.78Aab 1.38+0.80Bab 0.89+0.69Ba 0.49+0.70Ba 1.95+0.57Ab

30 days 4.04+7.48Aa 2.95+1.56Aa 2.66+1.27Aa 2.24+1.35Aa 1.83+1.32Aa
DBSC-NB (mm)

60 days 3.17+1.16Aa 1.81+0.73Aab 1.19+0.71Aab 0.60+0.72Bb 2.11+0.67Aab

30 days 2.40+1.47Aa 2.95+1.60Aa 2.81+1.19Aa 2.31£1.43Aa 1.91+1.39Aa
DBIC-NB (mm)

60 days 3.35+1Ba 1.81+0.70Bb 1.31+0.73Bbc 0.65+0.74Bc 2.07+0.74Ab

Abbreviations: C, control group; L15, group irradiated with low level laser therapy (LLLT) 15 )J/cm?; L30, Group irradiated with LLLT 30 J/cm?; L45, Group
irradiated with LLLT 45 J/cm?; L60, Group irradiated with LLLT 60 J/cm?. TNA, total neoformation area; ENA, edge neoformation area; CAN, central neoformation
area; DBE-NB, distance between the edges of neoformed bone; DBSC-NB, distance between the superior corticals formed in the neoformed bone; DBIC-NB,

distance between the inferior corticals formed in the neoformed bone.

Note. Distinct capital letters - statistically significant difference (P = 0.05) in intragroup comparation —two-way ANOVA of repeated measures. Distinct lowercase
letters - statistically significant difference (P = 0.05) in intergroup comparation — two-way ANOVA of repeated measures.
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effect on bone neoformation at 20 J/cm?.?® Furthermore,
Scalize et al demonstrated that there was an increase in
bone neoformation in groups that underwent PBM at 20
J/cm? and 30 J/cm? in an experimental model with rats
suffering from osteoporosis, although the group at 30 J/
cm’ showed better results over time.” However, Bossini
et al. used PBM at 830 nm and two different doses, 60 J/
cm? and 120 J/cm?®. They found that they were effective
at stimulating bone repair in osteoporotic rats with no
difference in doses.*

In the analysis of the remaining distances between the
newly formed bone edges, it was noticed that the control
group presented inferior results when compared to the
groups with different laser dosages. This shows that
PBM even at different doses has positive activity in the
bone tissue. However, Nunes et al observed a statistically
significant difference between the newly formed bone
edges in only 21 days of observation, after which the
remaining distances became similar between the groups.*

The area of major bone formation was concentrated in
the regions of the edge of the defect due to vascularization
and cellular contribution from the native bone. In 60 days,
the 45 J group showed the highest bone neoformation in
the central region. This may be explained by the presence
of osteocalcin, osteopontin, and vascular endothelial
growth factor in the central region of the defect 7 days
after laser application.™

A few studies have shown that processes of cell
proliferation and growth can stay unchanged at different
doses of exposure. This can be observed in different
cell types, such as osteoblasts and fibroblasts.® However,
specific wavelengths and doses can influence different
responses for each cell type.”> The stimulation effects
depend on doses, period, frequency, and radiation
intensity.**** Hence, there is some inconsistency between
the findings of the studies on these parameters.”
Jenkins and Carroll reported that irradiation and beam
parameters are essential for the success of low-level
laser therapy in clinical and laboratory studies, thus
emphasizing the importance of reciprocity, concerning
not only the parameters of wavelength, energy (J), or
energy density (J/cm?), but also the information on the
type of apparatus, irradiation parameters, and treatment
parameters. This helps to ensure reproducibility by other
researchers and clinicians.” Therefore, reproducibility is
supported by the reciprocity of the parameters that guide
the PBM principle.

De Freitas and Hamblin highlighted, in a review, how
PBM produces better results when applied at low doses
than when applied at high levels.* In addition, in some
studies, those above 20 J/cm? were considered to have
an inhibitory effect.””*®* However, Saito and Shimizu
obtained positive results for bone neoformation despite
the application of low level laser therapy (LLLT) at high
doses (6.354 J/cm? and 21180 J/cm?). 3* Da Silva et al.

also achieved positive results at 160 J/cm?. * Altan et al
evaluated the effect of PBM doses compared to three
levels: low (5 J/cm?), medium (20 J/cm?), and high
(6300 J/cm?).  The PBM at doses 5 and 6300 J/cm? was
significantly effective, whereas it showed no significant
effect on bone neoformation increase at 20 J/cm?. Thus,
this shows that increased bone neoformation was found
in 87% of the low dosage group (5 J/cm?), 40% of the
group receiving the mean dosage (20 J/cm?), and 51%
of the high-level group (6300 J/cm?).”® These findings
revealed that the therapy effectiveness is truly affected
by dosage, thus corroborating the findings of the present
study. Nevertheless, Brassolatti et al, in their review,
observed that protocols that use lower energy values
promote the same stimuli to the regeneration and/or
repair process when compared to protocols that employ
higher values because biological tissue responds similarly
when the established parameters are concentrated within
a therapeutic window."*

The present study revealed that the highest bone
neoformation percentage was obtained in the L45-60
group. This result can be supported by the biphasic dose-
response curve, often called the Arndt-Schulz law. This
curve explains that when energy is deficient, there is no
response because a minimum threshold has not been
reached. If more energy is applied, then the threshold
is exceeded and bio-stimulation is achieved. But when
energy is excessive, stimulation disappears and bio-
inhibition occurs.”

However, because PBM can be applied by using different
protocols for each photobiomodulation, one can think
of a maximum energy utilization threshold. Therefore,
different tissue responses can occur in each case. Thus,
in this paper, low energy for doses of 15 J/cm? and 30 J/
cm? can be estimated and energy should be considered
excessive at 60 J/cm? given that 45 J/cm? is considered
optimal. In contrast, Schwartz-Filho et al. concluded that
the PBM at 685 nm and 25, 77, and 130 J/cm? did not
influence cell growth and proliferation, although there
was an alteration in the mineralization process pattern
in osteogenic cell culture. It has led to a discussion on
whether stimulus effects are dose-dependent or not.*

The maximum threshold considered effective depends
on the parameters used, as well as on the therapy target
tissue.?® Jenkins and Carroll reported that the PBM dose
and beam parameters should be established for clinical
and laboratory studies. They stressed that in addition to
dose parameters being used, time, energy, and energy
density and apparatus data should be observed. These
include the beam release system, irradiation parameters,
treatment parameters, exposure duration, number of
irradiated points, application technique, and number and
frequency of treatment sessions, among others.* Tissue
penetration and spreading should also be factored in
during the preparation of studies.
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In the present study, euthanasia was performed between
30 and 60 days. This is the period when all regulatory
mechanisms by which the laser acts in the tissues have
been already consolidated. The mechanisms determine
mesenchymal cell differentiation and the initial phase
of osteoblast and fibroblast proliferation. Laser light also
promotes an increase in fibroblast growth factor levels
that acts on cell differentiation, increases proliferation
rate, stimulates maturation and bone matrix production.”
Between 30 and 60 days, there was a statistically significant
difference in the L45 group.

In the present investigation, energy with a wavelength
of 660 nm was applied immediately after the surgical
procedure. Ebrahimi et al. reported that in vitro studies
on PBM at wavelengths of 670 nm and 830 nm resulted
in increased expression of osteocalcin, osteopontin, and
type I. Moreover, in animal studies, PBM accelerates the
regeneration process at extraction sites, fracture defects,
bone defects by experimental induction, and osteogenic
distraction.”” PBM application periods also vary widely in
the literature. Scalize et al obtained bone neoformation
after three sessions of PBM.? Marques et al applied PBM
to calvarial defects every 48 hours for 15 postoperative
days.’! In contrast, Garcia et al applied the PBM only
once to critical-size defects, whose model has been used
herein.'*?

Analyzing adverse systemic conditions, Nunes et
al. in an animal model, demonstrated the potential of
photobiomodulation in regulating bone metabolism
as a negative factor of smoking. The animals that were
treated with PBM presented a lower number of TRAP-
positive cells than the untreated ones. This resulted in a
better tissue repair process in the treated group.” In the
treatment of chronic periodontitis in diabetic humans,
photobiomodulation in clinical parameters did not show
superior effects when compared to mechanical therapy
only at the end of the follow-up. However, at 6 months
the photobiomodulation group showed better results.
Thus, reinforcing that laser therapy has immediate wound
healing properties.*

However, bone neoformation percentage after
photobiomodulation depends on the target tissue and
parameters, such as those described by de Freitas and
Hamblin who described the regulation mechanisms of
PBM.* Concerning the molecular regulation mechanisms
of bone neoformation in photobiomodulation, the authors
described that the receptor activator of nuclear factor-kB
(RANK) and osteoprotegerin (OPG) ratio determines
whether the bone is reabsorbed or formed during the
remodeling process. Thus, the bone remodeling cycle
consists of the elevated RANKL expression by osteoblasts
and subsequent binding to the RANK receptor, which is
highly expressed in osteoclast membranes. This leads to
an increase in osteoclast progenitor cells, mononuclear
progenitor cell differentiation, increased survival of

these cells, their fusion into multinucleated osteoclasts,
and eventually activation. Osteoblasts are capable of
modulating this process through the OPG expression of a
RANKL receptor inhibitor. Thus, the photobiomodulation
process can occur through chromophore activation,
signaling molecules, transcription activation factors,
molecular effects, and cellular and tissue regulation
mechanisms.

Taking this context into consideration, more studies on
different doses and parameters are needed to establish new
protocols in animals and for the subsequent evaluation of
PBM clinical application and its efficient establishment.

Conclusion

Through this study, it was possible to conclude that the
application of PBM at 45 J/cm? promoted the highest
percentage of bone neoformation area in critical-size
defects in 60 days, along with greater closure of the lesion,
which was significantly more effective than the other
doses.
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