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Abstract

This study aimed to evaluate the effect of infrared laser (IRL) on bone repair in ovariectomized rats subjected to femoral
osteotomies. Of 32 rats, half underwent bilateral ovariectomy (OVX) and the other half underwent sham ovariectomy
(SHAM). A period of 3 months was defined to observe the presence of osteoporosis. The rats were subjected to osteotomies
in the femurs and then fixed with a miniplate and 1.5-mm system screws. Thereafter, half of the rats from both SHAM and
OVX groups were not irradiated, and the other half were irradiated by IRL using the following parameters: wavelength,
808 nm; power, 100 mW; 60 s for each point; 6 J/point; and a total of 5 points of bone gap. All animals were euthanized
60 days after surgery. The femur gap was scanned using micro-computed tomography (micro-CT). The samples were then
examined under a confocal laser microscope to determine the amounts of calcein and alizarin red. The slides were stained
with alizarin red and Stevenel’s blue for histometric analysis. In the micro-CT analysis, the OVX groups had the lowest bone
volume (P <0.05). When the laser was applied to the OVX groups, bone turnover increased (P < 0.05). New bone formation
(NBF) was comparable between SHAM and OVX/IR (P> 0.05) groups; however, it was less in the OVX groups (P <0.05).
In conclusion, the results encourage the use of IRL intraoperatively as it optimizes bone repair, mainly in animals with low
bone mineral density.
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Introduction During the restructuring of fractured bone tissue, osteo-

porosis causes a reduction in bone tissue quantity and micro-

Osteoporosis is a systemic condition that occurs mostly in
women after menopause but also in men after andropause,
and it is linked to hormonal deficiency in both cases. It can
facilitate the occurrence of fractures and debilitating compli-
cations [1]. Experimental studies have simulated the induc-
tion of bone mass reduction through ovariectomy in female
rats, characterized by experimental osteoporosis [2—4].
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structural characteristics, which may delay the chronologi-
cal phases of fracture repair and destabilize the repair gap
between fractured stumps. Instead of producing bone with a
good degree of maturation, an interposition of fibrous con-
nective tissue, called pseudarthrosis, is formed, leading to
complications such as infections and treatment failure [5].
Photobiomodulation (PBM) therapy is a widely studied
concept for optimizing bone repair in critical situations. PBM
therapy involves the application of monochromatic light with
a low energy density that promotes non-thermal photochem-
ical effects at the cellular level [6, 7]. In vivo and in vitro
investigations have shown that PBM therapy can accelerate
the repair of bone defects [8]. These results show an increase
in osteoblastic activity, vascular neoformation, collagen fiber
organization, and mitochondrial alterations [9-11].
Dentistry studies demonstrating the clinical application
and effectiveness of PBM in treating fractures remain scarce.
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Moreover, standardized protocols for its intraoperative appli-
cation have not yet been established [12—15].

Britefio-Vasequez et al. [16] evaluated the effect of infrared
laser (IRL) on tibial fractures in rats after 10 applications in
the region of fracture fixation during the postoperative period.
The rats were irradiated with an arsenic-gallium (GaA) laser
using the following parameters: wavelength, 850 nm; power,
100 mW; and energy, 8 J/cm? for 64 s. The radiological and
histopathological parameters were more superior in the group
of animals that underwent IRL irradiation than in those that
did not. However, Sella et al. [17] demonstrated that multiple
applications (eight applications) did not lead to a higher level
of calcification, which the bone repair reached a plateau.
The beginning of bone repair showed an acceleration of
osteogenesis activity, leading us to thinking of this proposal,
using a single dose of IRL.

Therefore, this study aimed to evaluate the effect of a
single intraoperative application of IRL on bone repair in
femoral osteotomy in osteoporotic female rats. The null
hypothesis is that IRL single session treatment cannot influ-
ence bone repair in induced osteoporosis.

Methodology
Animals

This study was approved by the Ethics Committee on Animal
Experiments (# 00,287-2017, Faculty of Dentistry of Araga-
tuba, UNESP, Brazil). Overall, 32 female rats (Rattus albinus,
Wistar) aged 6 months, with body weight ranging from 250 to
300 g throughout the course of the experiment, were studied.
The rats were kept in cages (four per cage) in an environment
with a stable temperature (22 +2 °C) and a controlled light
cycle (12 h of light and 12 h of darkness). They were fed solid
food and water ad libitum during the entire experiment, except
for periods of 8 h before the surgical procedures.

Experimental model

The sample size was determined on the basis of a previous
study. The data of mean difference (9.9) and standard devia-
tion (14.41) and test power of 95%, regarding the primary
outcome (new bone formation [NBF]), were considered. A
sample size of 32 rats was defined, with eight rats/16 femurs
per experimental group [18].

The animals were subjected to bilateral ovariectomy to
induce osteoporosis due to estrogen deficiency. Sixteen
female rats were randomly selected to undergo bilateral
ovariectomy (OVX), and the remaining rats (n=16) were
subjected to sham ovariectomy (SHAM), i.e., only surgi-
cal exposure, and not removal, of the ovaries [19-23]. The
rats were sedated with xylazine hydrochloride (Xylazine;
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Coopers, Brazil, Ltd.) at a dose of 5 mg/kg and ketamine
hydrochloride (Ketamine; Fort Dodge, Satide Animal Ltd.)
at a dose of 50 mg/kg. This procedure was performed as
previously reported [24-27].

Enzyme immunoassay was used to assess blood samples
collected from the rats during euthanasia to determine the
difference between OVX and SHAM rats in terms of plasma
concentration of estrogen.

Femoral osteotomy

The rats underwent osteotomy 90 days after osteoporosis
induction [4]. The rats were sedated again with a
combination of ketamine and xylazine (with the same doses
used for the ovariectomy procedure). Considering that a
low-intensity IRL was used, the allocation was determined
randomly by drawing lots. Subsequently, using a number 15
blade (Feather Industries Ltd., Tokyo, Japan), a 4-cm-long
incision was made in the lateral portion of the femur. A
circular saw of 2-mm thickness was used, and the osteotomy
was performed in the epiphyseal metaphysis [27-29]. A
1.5-mm titanium plate with four holes and corresponding
bicortical screws was used for osteotomy fixation
(Engimplan Engenharia de Implantes, Rio Claro, SP, Brazil).
During the entire procedure, including the osteotomy and
perforation with surgical drills, the regions were copiously
irrigated with physiological saline solution to avoid heating
the bone tissue and thus negatively influencing bone repair.
The tissues were then sutured.

Four experimental groups were divided according to bone
quality and IRL application: SHAM (femurs subjected to
sham surgery without PBM); SHAM/IR (femurs subjected
to sham surgery with PBM); OVX (osteoporotic femurs
without PBM); and OVX/IR (osteoporotic femurs with
PBM) (Fig. 1).

PBM through the application of IRL

For SHAM/IR and OVX/IR, after fixation and osteotomy,
the bone gap areas were irradiated with a low-intensity
GaAs diode laser (DMC Equipamentos, Sdo Paulo, Brazil).
The protocol was as follows: wavelength, 808 nm; power,
100 mW; spot size, 0.0283 cm?; energy density, 212 J/em?;
power intensity, 3.53 W/cm?; and continuous mode for 60 s
at each point, 6 J/point and a total five application points in
all areas of the bone gap, totalizing 30 J of energy on each
femur [18]. After irradiation, all anatomical tissue layers
were sutured (Fig. 2).

Both animals’ femurs were operated on, in which the
same treatment was performed to avoid bias in terms
of PBM and no PBM application for SHAM and OVX
groups.
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Fig. 1 A representative
flowchart of the experimen-
tal groups, according to the 32 rats
systemic condition and use of
photobiomodulation
v r ‘ '
8 rats 8 rats 8 rats 8 rats
SHAM SHAM/IR OVX OVX/IR
n=16 femurs n=16 femurs n=16 femurs n=16 femurs
[ 4 to microCT ] [ 4 to microCT ] [ 4 to microCT ] [ 4 to microCT ]
12 to histometric and 12 to histometric and 12 to histometric and 12 to histometric and
fluorochromes analysis fluorochromes analysis fluorochromes analysis fluorochromes analysis

Fig.2 Five laser application
points in the proximal, central,
and distal portions of the femo-
ral fracture region

Lab processing

Sixty days after the last surgery, all the animals were eutha-
nized with an anesthetic overdose (intraperitoneal sodium
thiopental, 150 mg/kg). The femurs were stored in 10%
formalin for 48 h after removal. The femurs had been com-
pletely removed, with at least 4 mm remaining on each side
of the bone stumps (bone repair gap). The samples were
stored in 70% alcohol and subjected to microtomography.
Shortly after that, the femurs were processed for cutting and
grinding in the Exakt system for calcified tissues, thus mak-
ing it possible to obtain 100-um-thick slices (Exakt Cutting
System, Apparatebau GmbH, Hamburg, Germany). The area
of interest for evaluation was the entire extent of the repair

gap caused by the osteotomy. These laboratory procedures
have been reported in our previous in vivo study [23].

Micro-computed tomography

The samples of 5-um thickness (50 kV and 500 p) were
scanned using a SkyScan micro-computed tomography
(micro-CT) scanner (SkyScan 1176 Bruker MicroCT, Aart-
selaar, Belgium, 2003), with a copper and aluminum filter
and a rotation step of 0.3 mm. The images taken by X-ray
projection on the samples were stored and reconstructed
using the NRecon software (SkyScan, 2011; version 1.6.6.0).
This software helped determine which parts of the samples
were of interest.

@ Springer
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Using the Data Viewer software (SkyScan, version 1.4.4,
64-bit), the images were reconstructed to adapt to the stand-
ard positioning for all samples, which can be observed in
three planes (transverse, longitudinal, and sagittal). Then,
using the CTAnalyser software (CTAn; 2003—11SkyScan,
2012 Bruker MicroCT, version 1.12.4.0), the region of
interest (ROI) was delimited by the repair gap created by
the osteotomy between the two femoral stumps. The CTAn
software analyzes and measures the image according to
the grayscale threshold. The threshold used in the analysis
was 25-90 shades of gray; thus, the volume of the bone
formed in the ROI could be obtained by referring to the
NBF. Parameters related to the amount of bone tissue—BV/
TV =percentage of bone volume and Po.Tot=percentage of
total porosity—and bone quality—Tb.Th =thickness of the
bone trabeculae, Tb.SP = separation of bone trabeculae, and
Tb.N =number of trabeculae—were assessed [30].

Scanning using confocal laser microscopy for analysis
of bone dynamics in repair

On the 14th and 42nd postoperative days, the fluorochrome
calcein and alizarin red, respectively, were administered
intramuscularly at a dose of 20 mg/kg of animal weight,
allowing analysis under confocal microscopy. After process-
ing the slides in an automatic cutting system (Exakt Cut-
ting System, Apparatebau GmbH, Hamburg, Germany),
with sections of approximately 100 um, they were analyzed
using a confocal laser microscope (Leica CTR 4000 CS SPE
Leica Microsystems, Heidelberg, Germany). The slides were
scanned in the z-stack mode and observed from the onset
of the fluorescence. The size of the images was 1x 1 mm?,
corresponding to optical sections of 512 x 512 pixels. BP
530/30 nm and 590 LP filters were used, in combination
with 488/568 nm “double dichroic” activation. The photo-
multiplier was set to filters 534 (blue filter) and 357 (green
filter), which allowed calcein and alizarin, respectively, to be
visualized. After reconstruction, all images were exported to
ImagelJ software (Processing Software and Image Analysis,
Ontario, Canada) and standardized with the “color thresh-
old” tool, with the marking area determined in um? using the
“measure” tool [23, 27].

The femur (ROI: repair gap) should have two overlays
of fluorochromes (calcein and alizarin). Each overlay rep-
resents calcium precipitated in each period, thus indicating
the conversion of old bone to new bone. These images were
assessed in the Image] software using the color threshold
tool. Each image was standardized according to hue, satura-
tion, and brightness to reveal the fluorochromes. First, cal-
cein (green color) was highlighted, and the measure tool
was used to provide the area in um?. The same procedure
was performed for alizarin (red color) to obtain data on the
dynamics of the reparative bone.

@ Springer

Bone turnover is represented by the difference between the old
bone (green) and new bone (red). From the superimposed images
(red/green), using the “freehand”” tool in the ImageJ software, the
area in pixels® was measured for bone mineral measurement. On
this basis, we infer that the different colors represent the bones
formed in different periods. Bone tissue dynamics are defined by
bone turnover, which is observed through bone renewal and is
represented by red fluorochromes. The higher the intensity of red
fluorescence, the greater the formation of new bone; in contrast,
green fluorescence represents old bone.

Histometric analysis

After analysis under a confocal microscope, the slides were
washed with deionized water and stained with alizarin red
and Stevenel’s blue. Photomicrographs were obtained using
an optical microscope with an objective lens of X 25. The
same ROI (bone repair gap) was measured to analyze the
area of new bone formation (NBF). Thus, after photomicrog-
raphy of the histological slides, they were assessed using
Imagel, where, using the free hands tool, the NBF area was
measured in um?. The evaluators were blinded to the identity
of rat groups, and the groups were named a, b, c, or d.

Statistical analysis

All quantitative data obtained in this study (NBF; area of fluoro-
chromes: calcein/alizarin) and micro-CT (BV/TV, Tb.Th, Tb.Sp,
and Tb.N) findings were statistically analyzed. The difference
between the experimental groups regarding IRL performance
(with or without IRL application) was also addressed. Data were
first subjected to the Shapiro—Wilk normality test, which revealed
homogeneous data interactions (P>0.05). Experiments were per-
formed separately in the SHAM and OVX groups. Therefore, a
two-way analysis of variance (ANOVA) test was applied to assess
the dynamism of bone repair (calcein and alizarin deposition).
For the analyses of NBF areas and micro-CT images, a one-way
ANOVA test was applied. Tukey’s post hoc test was performed
for each parameter when the interactions showed P <0.05. The
statistical program SigmaPlot 12.0 was used (Exakt Graphs and
Data Analysis, San Jose, CA, USA).

Results
Plasma estradiol concentration

The results obtained through the immunoassay for estrogen
by the ELISA test showed a significant decrease in
plasma estradiol in ovariectomized animals (7.3 +1.4 ng/
mL) compared to SHAM animals (52.4 +18.1 ng/mL)
(P<0.001, r-test).
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Micro-Ct

In the three-dimensional reconstructions, the OVX groups
maintained a gap between the stumps of bone repair, indi-
cating an unconsolidated bone gap. OVX IR showed a
hyperdensity closing the bone gap and in the medullary
space forming the bone callosity. For the BV/TV data, the
OVX groups showed lower values than the SHAM groups
(P <0.05). For Tb.N, the IR groups presented better results
than those without irradiation (P < 0.05). For Tb.Sp, com-
pared with the other groups, the OVX groups presented
the highest values (P < 0.05). For Po.Tot, SHAM groups
showed more increased areas than OVX groups (P <0.05),
and compared with the non-irradiated groups, IR groups
also presented a favorable difference (P < 0.05) (Tables 1
and 2; Fig. 3).

Analysis of bone dynamics in repair

The analysis of calcein and alizarin precipitation area
showed a lower deposition of both fluorochromes in the
OVX groups (green: 3.07 pixels/cm?; red: 1.35 pixels/cm?)
(P <0.05) than in the SHAM (green: 6.67 pixel/cm?; red:
5.11 pixel/cm?), SHAM/IR (green: 8.33 pixel/cm?; red: 4.96
pixel/cm?), and OVX/IR (green: 5.19 pixels/cm?; red: 3.57
pixels/cm?) groups, indicating poor bone deposition and
bone turnover. An important emphasis was given to compar-
ing OVX with OVX/IR, where the application of laser in a
single section generated greater precipitation of calcein and
alizarin, demonstrating higher values of bone tissue renewal
(P<0.05) (Table 3; Fig. 4).

Table 1 Quantitative results of BV.TV and Po.Tot, evidencing the
superiority of the SHAM groups, compared to the OVX, in view of
the osteoporotic condition. Lower case letters—a—indicate a statisti-
cal difference for the groups with upper case letters—A, P <0.05

New bone formation

Qualitative analysis clearly showed a good bone repair
appearance in healthy animals (SHAM), with a large amount
of bone tissue found mostly in the femoral gap and only a
small amount in the adipose tissue. In contrast, the OVX
groups showed more areas of negatively marked images
characteristic of vacuoles of the adipose architecture.
Regarding IR, it was possible to identify positive charac-
teristics in the SHAM groups and more significantly in the
OVX groups concerning the pattern of bone neoformation
and the amount of NBF (Table 4; Fig. 5). In short, NBF in
the OVX/IR groups was higher than that in OVX without IR
application (P < 0.05) and was similar to that in the SHAM
groups (P> 0.05; OVX/IR=SHAM).

Discussion

The main objective of this preclinical study was to evaluate
the influence of a single intraoperative IRL application on
the repair of femoral osteotomies in animals characterized by
low bone mineral density (BMD). We noticed that the PBM
therapy with IRL provided a noticeable improvement during
repair, with a larger area of bone neoformation in the repair
gap than in the groups that did not receive PBM therapy.
To characterize the experimental model of low BMD,
ovariectomy was performed to remove the bilateral ovaries.
As per FDA guidelines, we expected that osteoporosis would
be established in the animals 90 days after the ovariectomy
[31]. In this study, the OVX group showed a significant
decrease in plasma estradiol compared to SHAM animals.
Although no densitometry measurements were taken in this
investigation, severe hypoestrogenism is widely known to
cause BMD loss [2, 32]. Furthermore, all parameters from
micro-CT related to bone volume and bone quality showed
a severe decrease in values for the OVX groups, corroborat-

Group BV.TV (%) SD Po.Tot (%) SD ing this assertion.
N N In addition, this model was adopted because of the defi-
SHAM 81.662 5.679 69.092 7.580 . .. .
A R cient characteristics caused by osteoporosis, such as loss
SHAM/IR 63.248 1.530 62.229 6.969 . .. .
of BMD and, consequently, increased bone fragility which
OovX 52.977* 1.289 40.253* 1.302 . . . .
considerably interferes with bone remodeling and leads to
OVX/IR 58.275% 1.271 49.528* 1.185 . . .. .
delayed tissue repair [2, 3]. Preclinical studies have shown
P-value P<0.05 P<0.05 . . . .
that ovariectomized animals subjected to femoral fracture
Table2 The quantitative results G Tb.N (1/mm) SD Tb.Sp (mm) SD Tb.Th (mm) SD
of Tb.N, Tb.SP, and Tb.Th.
Lower case letters—a—indicate  gHAM 2.356" 3711 1.327 5.876 0.282 0.06
a statistical difference for SHAM/IR 2.8874 7.695 1311 4676 0.266 0.10
the groups with upper case
letters—A, P<0.05 ovX 1.787° 1.576 1.339 3.919 0.232 0.06
OVX/IR 2.5054 3.614 1.285 8.062 0.357 0.05
P-value P<0.05 P>0.05 P>0.05

@ Springer



87 Page60of10

Lasers in Medical Science (2023) 38:87

Fig.3 A Demarcation of the analyzed ROI. B Three-dimensional comparison of the experimental groups

Table 3 Quantitative results of the dynamics of calcein green and
alizarin red. The results of the measurement of bone dynamics
marked by fluorochromes in the gap and cortical bone near the plate
showed a lower result for the OVX groups, with a significant differ-
ence compared to the other groups both in calcein and alizarin red
staining. Lower case letters—a—indicate a statistical difference for
the groups with upper case letters—A, P <0.05

Group Green (pixel/cm?)  SD Red (pixel/cm®) ~ SD
SHAM 6.674 421 5.114 1.60
SHAM/IR 8.334 1.59 4.96" 2.12
(6)7'¢ 3.07 1.85 1.35% 1.14
OVX/IR 5.194 0.60 3.574 0.43
P-value P<0.05 P<0.05

simulation and fixed with conventional titanium plates pre-
sent with more delayed tissue repair than healthy animals
do [32, 33]. A study by Campenfeldt et al. [34] showed that
patients with low BMD had more failures in the fixation of
femoral fractures than those with adequate BMD.

The optimization of the repair was verified in the IR
groups through the application of IRL treatment at the time
of surgical bone fixation, corroborating in part the results of
Britefio-Vasequez et al. [16], which also showed improved
radiological and histological outcomes for groups that
received PBM therapy, even in rats with no bone metabolism
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alteration. On comparing SHAM and OVX, our results
showed that the application of PBM therapy in OVX femo-
ral osteotomies optimized bone repair more. Previous studies
have shown that PBM is active and acts on lesioned cells
when improvements in cell response are needed [35, 36].

The improvement in bone repair in the IR groups is high-
lighted by the sum of the results obtained from the histomet-
ric and micro-CT analyses, representing a greater number of
areas of NBF as well as superior quality of the microarchi-
tecture. The bone volume of the OVX groups was lesser than
that of the SHAM groups, which was expected because of
the low BMD caused by osteoporosis. The OVX/IR group
had the same number of bone trabeculae as the SHAM
group, but with more bone thickness. This could be because
OVX/IR helped the group recover from osteoporosis.

A study by Shakouri et al. [35] showed that PBM therapy
with IRL (780 nm) in animals may facilitate fracture healing
in the early stages but with weak biomechanical properties.
Therefore, they recommended the use of this type of laser
therapy for humans only in cases of bone malformation, such
as unjointed fractures. The use of any adjuvant therapy, such
as PBM therapy, for fractures is not recommended as an
isolated treatment. Adequate fixation of the fracture is nec-
essary, and often, some drug therapy is also indicated [37].

According to the evaluated confocal microscopy parameters,
we observed that healthy animals (SHAM) presented positive
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Fig.4 A-D Qualitative results
of the SHAM, SHAM/IR,
OVX, and OVX/IR groups,
respectively. *The OVX group
where the highest calcein green
staining is observed, demarcat-
ing the largest area of old bone.
Original magnification = X 10.
Scale bar=100 pm

Table 4 Quantitative data referring to the area of new bone formed
(NBF); the measurement of the area of NBF in the gap and the corti-
cal area close to the plate showed a lower result for the OVX group
with a significant difference compared to the OVX/IR group and
SHAM groups (P<0.05). Lower case letters—a—indicate a statisti-
cal difference for the groups with upper case letters—A, P <0.05

Group NBF (%) SD
SHAM 53,904 10.96
SHAM/IR 49704 7.47
ovX 38.70° 10.68
OVX/IR 48.60" 2.69
P-value P<0.05

bone repair patterns, regardless of laser application. Regarding
the osteoporotic groups (OVX), we noticed that PBM signifi-
cantly improved the repair pattern. NBF was lower in the OVX
groups; however, there was no statistically significant difference

between the OVX/IR and SHAM groups. These results show
that PBM therapy improves bone repair in animals with low
BMD. The notable difference between OVX vs. OVX/IR and
SHAM vs. SHAM/IR reinforces the OVX model as a signifi-
cant critical bone condition related to osteoporosis generated
by estrogen suppression after ovariectomy.

The literature suggests that the improvement in bone
repair with the use of PBM therapy is due to a modulation
of the local inflammatory response induced by chemotaxis,
with the recruitment of cells and precursor chemical media-
tors of tissue repair [38, 39]. In this context, this process
occurs physiologically in healthy organisms; however, in
deficient organisms, PBM therapy becomes more effective
owing to the stimulation and recruitment of bone cells, since
the antioxidant effects of PBM promote a favorable microen-
vironment for the occurrence of bone tissue deposition. This
allows the OVX/IR group to present results similar to those
of healthy groups [40, 41].

@ Springer
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Fig.5 A-D Qualitative results
from the SHAM, SHAM/IR,
OVX, and OVX/IR groups,
respectively. A greater deposi-
tion of bone tissue in the region
of interest is observed in the
OVX/IR group (D), compared
to the OVX (C), which also
shows the interposition of con-
nective tissue, indicating a delay
in the repair. Staining: alizarin
red and Stevenel blue. Original
magnification= X 10. Scale
bar=100 pm (#bone tissue and
*soft tissue)

The effects of PBM therapy have been linked to several
factors. Amaroli et al. [42] elucidated through a systematic
review that the wavelength used in this study (808 nm) is
within a specific IRL range and is capable of effectively
photosensitizing bone tissue cells, corroborating the results
obtained regarding bone tissue neoformation and dynam-
ics. Furthermore, other parameters associated with lasers,
such as energy (Joule =1J), power (Watt=W), power density
(W/cm?), irradiation mode (continuous or pulsed), duration,
and number of applications, should be considered [43]. In
this study, only an intraoperative application was performed.
Given that the results were good, we aim to conduct more
studies with more applications so as to add to the results and
determine the best way to apply PBM therapy.

However, the animals in which osteoporosis was induced
(OVX groups) did not receive any systemic treatment for the
disease. Therefore, fully reversing the deterioration of bone
microarchitecture is impossible, and this is not the objective
of PBM therapy; however, PBM therapy has a high potential
for cell activation without systemic adverse effects. Clearly,
PBM therapy improved the bone repair gap investigated in
this study and may be used in association with other protocols
to establish a consensus for its clinical application [44, 45].

Despite the encouraging results of PBM therapy, this study
had limitations associated with any preclinical study, consider-
ing that there are different levels of BMD resulting from various
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diseases that affect human bone metabolism. However, this
means that the design of randomized clinical trials with the use of
IRL will be interesting because it does not have any side effects.

Conclusion

Based on the study findings, it can be concluded that IRL in a
single application increased new bone formation and favored
bone dynamism mainly in the OVX/IR group. Owing to the
encouraging results, future clinical studies using IRL are funda-
mental, including in patients with bone metabolism deficits, in
search of application protocols to achieve a clinical consensus.
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