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Abstract

A bone scaffold added to the dental alveolus immediately after an extraction avoids bone atrophy and deformity at the tooth
loss site, enabling rehabilitation with implants. Photobiomodulation accelerates bone healing by stimulating blood flow,
activating osteoblasts, diminishing osteoclastic activity, and improving the integration of the biomaterial with the bone tis-
sue. The aim of the present study was to evaluate the effect of photobiomodulation with LED at a wavelength of 850 nm on
bone quality in Wistar rats submitted to molar extraction with and without a bone graft using hydroxyapatite biomaterial
(Straumann® Cerabone®). Forty-eight rats were distributed among five groups (n=12): basal (no interventions); control
(extraction) (basal and control were the same animal, but at different sides); LED (extraction+LED A =850 nm); biomaterial
(extraction + biomaterial), and biomaterial + LED (extraction + biomaterial + LED A= 850 nm). Euthanasia occurred at 15
and 30 days after the induction of the extraction. The ALP analysis revealed an improvement in bone formation in the con-
trol and biomaterial + LED groups at 15 days (p =0.0086 and p =0.0379, Bonferroni). Moreover, the LED group had better
bone formation compared to the other groups at 30 days (p=0.0007, Bonferroni). In the analysis of AcP, all groups had less
resorption compared to the basal group. Bone volume increased in the biomaterial, biomaterial + LED, and basal groups in
comparison to the control group at 15 days (p <0.05, #-test). At 30 days, the basal group had greater volume compared to the
control and LED groups (p <0.03, #-test). LED combined with the biomaterial improved bone formation in the histological
analysis and diminished bone degeneration (demonstrated by the reduction in AcP), promoting an increase in bone density
and volume. LED may be an important therapy to combine with biomaterials to promote bone formation, along with the
other known benefits of this therapy, such as the control of pain and the inflammatory process.
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Introduction

The World Health Organization recognizes tooth loss as
a global public health problem that should be considered
in the formulation of health policies [1]. Tooth loss is the
main cause of occlusal and oral bone deformities, altering
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chewing function, swallowing, phonation, and esthetics [2,
3]. Accentuated changes can occur at the site of the loss,
such as the resorption and remodeling of the alveolar pro-
cess, leading to atrophy, which is a natural, physiological
process inherent to the healing process [4—8]. The clinical
loss is greater in height than width, and the vestibular wall
of the maxilla is resorbed more than that of the mandible
[6, 9]. Studies report that this bone loss can reach as much
as 50% of the vestibulolingual measurement in the first year
after the loss of a tooth [10].

The amount and density of available bone at the edentu-
lous site are primary determinants for predicting the success
of rehabilitation with implants [11]. The quality of newly
formed bone after an extraction is important to supporting
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chewing forces and the dissipation of these forces in the
bone tissue when rehabilitation with implants is performed
in the affected region. Studies report that the loss of implants
is related to the vascularization, density, and resorption of
bone tissue after reconstruction, as the quality of newly
formed bone can affect primary stability and the osteoin-
tegration process [9]. The primary stability of the implant
seems to be mainly influenced by factors related to the bone,
such as the density of the spongey portion at the site of oste-
otomy and the thickness of the cortical plate [11-13].

The bone remodeling process includes the action of sev-
eral local and systemic factors. Biochemical markers of bone
metabolism assist in the evaluation of this process of forma-
tion and reabsorption of bone tissue. Among these mark-
ers are the alkaline phosphatase (ALP) formation marker
and acid phosphatase (AcP) bone resorption marker. ALP
is directly related to bone mineralization, as it allows the
release of the phosphate group (PO4) to be used in the for-
mation of hydroxyapatite crystals; ACP make the medium
acidic by facilitating the breakdown of hydroxyapatite
and releasing the calcium that is trapped in vesicles inside
the OC and then these vesicles are released into the blood
plasma [14].

Biomaterials have ideal characteristics for use in bone
regeneration strategies, as such materials serve as a scaffold
for the growth of bone tissue, enabling the proliferation of
blood vessels and the delivery of nutrients to cells in the
interior of the graft [15]. Studies conducted with the bioma-
terial Straumann® Cerabone® hydroxyapatite demonstrate a
high degree of hydrophilicity, and rigidness [16], less local
inflammation compared to other biomaterials and good sta-
bility for use in the preservation of the dental alveolus [17].
An increase in the horizontal crest has also been demon-
strated with Cerabone® particles followed by the placement
of an implant in the anterior region of the maxilla, providing
good clinical stability [18].

The use of photobiomodulation with low-power lasers or
LED has proven to be effective. Studies have demonstrated
an increase in the formation of bone and other tissues, with
the enhancement of the entire repair process at the surgical
site [19, 20]. Recent studies have shown that photobiomod-
ulation accelerates the repair process and promotes newly
formed bone of good quality. Moreover, it is likely that the
beneficial effects of LED and laser are similar with regards
to the mechanism involved, such as the absorption of light
by cytochrome C oxidase in the mitochondrial membrane
or a cascade of photophysical metabolic effects in the mem-
brane (probably in calcium channels) [21, 22]. Despite the
successful application of photobiomodulation with LED in
different fields, its use in bone repair and in combination
with biomaterials needs to be studied further [23, 24].

Photobiomodulation for bone repair has demonstrated
effectiveness regarding the modulation of both: the local and
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systemic responses, improving ionic and mitochondrial cel-
lular exchange, the mineralization of bone, the formation of
nitric oxide, lymphatic circulation, the proliferation of osteo-
blasts, osteoblast gene expression, and the inhibition of oste-
oclasts (prevention of bone mineral resorption). Photobio-
modulation substantially reduces fracture consolidation time
and improves both the quality and quantity of newly formed
bone [25]. Bone tissue absorbs the irradiation emitted by
the light, causing biochemical, bioelectrical, and bioenergy
effects. The consequences of this include the stimulation of
microcirculation and cellular tropism as well as therapeutic
properties, such as analgesic, anti-inflammatory, anti-edema
effects, and the stimulation of the tropism of tissues. Several
studies in the literature have demonstrated positive effects
on the bone repair process [26], such as accelerated healing
[27], the stimulation of bone formation, the formation of
fibrovascular tissue, and angiogenesis [28].

Despite the beneficial and promising effects of photobio-
modulation with LED on the acceleration and improvement
in the quality of newly formed bone demonstrated in stud-
ies published in the literature [29-31], further studies are
needed to establish a safe protocol for its use in bone repair
and regeneration in the alveolus following extraction and the
placement of bone graft with biomaterial. Therefore, the aim
of the present study was to evaluate the impact of photobio-
modulation on bone quality of the dental alveolus of Wistar
rats following extraction with and without the biomaterial
Straumann® Cerabone® hydroxyapatite.

The great similarity and homology between the genomes
of rodents and humans make these animal models a major
tool to study conditions affecting humans, which can be
simulated in rats [32].

Methods
Ethical considerations

This study received approval from the Animal Research Eth-
ics Committee of Universidade Nove de Julho (certificate
number: 4123300818).

Experimental procedure

Forty-eight male Wistar rats (+300 g) were randomly dis-
tributed among five experimental groups (n = 12). The basal
group received no intervention. In the other groups, extrac-
tion of the mandibular’s first molar was performed on the
first day. The biomaterial and biomaterial + LED groups
received the Straumann® Cerabone® biomaterial at the
edentulous site immediately after extraction. The LED and
biomaterial + LED groups received treatments with LED on
alternating days (every 48 h) for a period of 15 days (Fig. 1).
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Fig. 1 Study groups, flowchart, and dosimetry parameters

Table 1 Dosimetry parameters

Dosimetry parameters

syndesmotomy was performed with a modified syndes-
motome (worn with a silicon carbide disk and sandpaper)

Wavelength (nm) 850
Operating mode Continuous
Power (mW) 100

Beam area (cm?) 2.8
Exposure time (s) 60
Irradiance (mW/cm?) 35.7
Radiant exposure (J/em?) 2.14
Radiant energy (J) 6

Number of irradiant points Single point

Application location

Extra oral buccal face

Application techniques Contact

Number of sessions and frequency 8 sessions—48/48 h
15 days

Total energy (J) 48

adjusted to the size of the operating region. The extraction
was executed by performing luxation of the first molar with
a modified Hollenback instrument and periotome (worn with
a silicon carbide disk and sandpaper). After extraction, resid-
ual roots were removed with number 5 pediatric forceps.

Biomaterial Straumann

After extraction, the biomaterial groups received Strau-
mann® Cerabone® (0.5-1.0 mm, 1Xx0.5 cc; origin: spongey
bovine bone; composition: calcium phosphate [100% pure
hydroxyapatite, mineral phase]; porosity: 65-80%, mean
pore size: 600-900 um) applied to the alveolus immediately
after extraction with an appropriate curette a pressed slightly
into the alveolus with a pediatric spatula. The suture was
performed in a simple pattern with 6-0 nylon thread.
Postoperative pain was controlled with tramadol (15 mg/

Euthanasia was performed on Days 15 and 30. Figure 1
shows the flowchart of the study. It is important to men-
tion that the basal and control group were two sides of the
same animal. The complete radiometric parameters for the
irradiated groups are listed in Table 1. Blood and the mandi-
ble were collected for the biochemical, morphological, and

kg, subcutaneously every 8 h for 3 days) and dipyrone
(50 mg/kg, subcutaneously every 8 h for 3 days).

Statistical analysis

structural analyses.
Experimental extraction

After being anesthetized with ketamine (80 mg/kg) and xyla-
zine (10 mg/kg) through intraperitoneal injection, the mandi-
ble was supported on a flat support and the assistant moved
the tongue either to the right or left with gauze. Gingival

The Shapiro—Wilk test was used to determine the distribu-
tion of the data. Two-way analysis of variance (ANOVA)
was used for data with approximately normal distribution,
whereas Kruskal-Wallis ANOVA was used for data with
non-normal distribution. An adequate post-hoc test was used
for multiple comparisons of groups for which statistically
significant differences were found. The level of significance
was set at =0.05.
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Fig.2 Mean alkaline phosphatase in experimental groups. Bars rep-
resent standard error. Different letters denote statistical difference
(»<0.05) and equal letters correspond to similar statistical results
(»p>0.05)

Results

Analysis of acid and (AcP) alkaline (ALP)
phosphatase

Figure 2 shows the mean alkaline phosphatase (ALP) lev-
els in the groups studied. Two-way ANOVA revealed a
correlation between the proposed treatment and evalua-
tion time (p =0.0002), demonstrating that the treatments
had different impacts on ALP. At 15 days, the control and
biomaterial + LED groups differed significantly from the
LED group (p=0.0086 and 0.0379, respectively, Bonfer-
roni) and basal group (»p =0.0001 and 0.0179, respectively,
Bonferroni). At 30 days, the basal group differed signifi-
cantly from the LED group (p =0.0007, Bonferroni). In
the analysis of the two evaluation periods within groups
(15 and 30 days), statistically significant differences were
found in the control and LED groups (p =0.0291 and
0.0030, respectively, Bonferroni).

Figure 3 shows the mean acid phosphatase (AcP) in
the different experimental groups. Two-way ANOVA
revealed an interaction between the proposed treatment
and evaluation time (p =0.0488), demonstrating that the
treatments had different impacts on AcP. Statistically sig-
nificant differences were found among the study groups
(p=0.0271, two-way ANOVA). At 15 days, the LED and
biomaterial groups differed significantly from the basal
group (p=0.0016 and 0.0281, respectively, Bonferroni).
At 30 days, the control group differed significantly from
the biomaterial group (p =0.0175, Bonferroni) and all
groups differed from the basal group (p <0.05 for all,
Bonferroni). In the comparison of the evaluation periods
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Fig.3 Mean acid phosphatase in experimental groups. Bars represent
standard error. Different letters denote statistical difference (p <0.05)
and equal letters correspond to similar statistical results (p > 0.05)

(15 and 30 days), a statistically significant difference was
found in the LED group (p =0.0356, Bonferroni).

Microtomography (micro CT)

Microtomography was used for the analysis of bone den-
sity and volume. Regarding density, two-way ANOVA
revealed no statistically significant differences in time or
interactions for all groups (p =0.535 and 1.0000, respec-
tively). However, a significant difference was found among
the proposed treatments (p =0.0001), as shown in Fig. 4.
At 30 days, the control group differed significantly from
the biomaterial and biomaterial + LED groups (p <0.05,
t-test), and the LED also differed significantly from the
biomaterial and biomaterial + LED groups (p <0.05,
t-test). Lack of significant difference among groups was
found at 15 days.

Regarding bone volume, two-way ANOVA revealed no
statistically significant differences in the interactions for
all groups (p=0.9753). However, differences were found
among the proposed treatments and between the evalua-
tion times (p=0.0001 and 0.0026, respectively), as shown
in Fig. 5. At 15 days, the control group differed from the
basal, biomaterial and biomaterial + LED groups (p <0.05,
t-test). At 30 days, the basal group differed significantly
from the control and LED groups (p < 0.05, t-test); the con-
trol group differed significantly from the biomaterial and
biomaterial + LED groups (p <0.05, #-test); and the LED
group differed significantly from the biomaterial and bio-
material + LED groups (p <0.05, #-test). In the comparison
of the evaluation periods (15 and 30 days), a statistically
significant difference was found in the biomaterial + LED
group (p=0.0362, r-test).
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Histopathological analysis Discussion

The histopathological analysis revealed considerable
structural loss of alveolar bone in the control group after
30 days. In the LED group, intense bone remodeling activ-
ity was found, with the presence of several areas of resorp-
tion and many osteoblasts at 15 days, whereas mature
bones with osteocytes and more organized trabecular bone
were found at 30 days. The biomaterial group exhibited
quite disorganized regions in the interior of the biomate-
rial and adjacent bone tissue, with various areas of resorp-
tion at both 15 and 30 days. In the biomaterial + LED, the
adjacent bone tissue was more organized and mature at
both 15 and 30 days, but there were no areas of resorption
in the interior of the biomaterial, as shown in Fig. 6.

The present study evaluated the effect of LED 850 nm on
bone quality in Wistar rats submitted to molar extraction
with and without a bone graft using the biomaterial Strau-
mann® Cerabone® hydroxyapatite. The results of the alka-
line (ALP) and acid (AcP) phosphatase, microtomographic,
and histological analyses agreed, demonstrating that treat-
ment with LED promoted the acceleration of the remodeling
and maturation of bone tissue in the alveoli with and with-
out the graft. The use of scaffolds of biomaterial naturally
enables greater density and volume in the dental alveolus
compared to edentulous sites without the addition of bio-
material. However, the action of LED in alveoli with and
without this material led to better tissue organization, more
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Fig.6 Images from histo-
logical analysis. A) Aspect of
bone with presence of tooth,

B) dental alveolus 15 days
after extraction, presence of
osteoclasts (OC), C) dental
alveolus 15 days after extrac-
tion and treated with LED,
intense remodeling activity with
areas of resorption and bone
formation, D) area of resorption
(AR) around biomaterial (B)
and in alveolar bone tissue, E)
bone tissue, better organization
around biomaterial (B), fewer
areas of resorption (AR) in
alveolar bone tissue, F) aspect
of bone with presence of tooth
at 30 days, basal trabecular
bone present, G) mature bone
tissue with presence of several
osteocytes (OCT) and area

of alveolus (AL) completely
resorbed, H) mature bone with
presence of osteocytes and
trabecular bone, I) biomaterial
(B) with areas of resorption
(AR) in interior and in alveolar
tissue still present at 30 days, J)
mature, well-organized alveolar
bone ties with biomaterial (B)
in process of resorption

@ Springer

15 days

30 days




Lasers in Medical Science (2022) 37:1583-1592

1589

mature bone tissue, and less resorption, as demonstrated
by the histological analysis and the evaluation of ALP and
AcP. Moreover, the maintenance and indication of growth in
both bone volume and density at 30 days demonstrated the
prolonged effect of the LED after the 15 days of treatment.

Soares et al. (2015) and Rosa et al. (2014) conducted stud-
ies using LED and combined with grafts using biomaterials,
reporting an improvement in the healing of bone defects
because of the increase in the deposition of hydroxyapatite
[29, 30]. Similar effects were found in the present study.

An increase in bone formation demonstrated by the analy-
sis of ALP was found at 15 days in the control and bioma-
terial + LED groups and the LED was similar to the basal
group, in which the tooth was not extracted and there was
similar homeostasis of the tissue regarding bone resorption
and formation. At 30 days, a significant increase in ALP
occurred in the LED group compared to the other groups.
This shows that LED enabled the formation of bone for-
mation and repair even after treatment had ceased. In the
biomaterial + LED group, bone formation was found at
30 days similar to that in the basal group, demonstrating
that LED promoted the acceleration of bone healing and
maturation in this group. The action of ALP diminished in
the control group at 30 days compared to 15 days, whereas
the formation of bone increased significantly in the LED
group at 30 days compared to 15 days. Although LED did
not significantly improve bone formation in comparison to
the other groups, it had a positive effect on bone remodeling
and maturation.

These results are compatible with the data described in
the literature. Pagim et al. (2014) [33] compared the effects
of LED and laser on the proliferation and differentiation of
MC3T3 preosteoblasts. The cells were irradiated with laser
(red and infrared) and red LED (3 and 5 J/cm?). The lasers
had irradiance of 1 W/cm? and an irradiation time of 2 and
5's. The LEDs had irradiance of 60 mW/cm? and an irradia-
tion time of 50 and 83. The authors found no increase in
ALP with either laser or LED.

Li and Leu (2010) [34] investigated the effects of LED
with irradiation in the red region (41 =630 nm) and irradi-
ance of 5 and 15 mW/cm? (radiant exposure of 2 and 4 J/
cm?) on the proliferation and osteogenic differentiation of
mesenchymal stem cells (rat MSCs). The authors found an
improvement in osteoblasts evaluated based on ALP, which
differs from the results of the present investigation.

Another study with data compatible with the present find-
ings was conducted by Pinheiro et al. (2017) [31], who eval-
uated biochemical changes induced by laser (4=780 nm;
70 mW) and LED (4 =850+ 10 nm; 150 mW) during the
mineralization of a bone defect in an animal model. The
authors found that photobiomodulation with laser improved
the repair of the bone defects grafted with biomaterial due to
the increase in the deposition of phosphate (hydroxyapatite).

However, LED was not as effective at promoting bone matu-
ration as laser in the biomaterial groups. This was likely
related to less collagen formation induced by light irradia-
tion, which occurs prior to the resorption and conversion of
the biomaterial in the phosphate bone.

In the analysis of AcP, the LED and biomaterial groups
differed from the basal group at 15 days, demonstrating less
bone resorption in these groups in relation to the condition
of homeostasis of the tissue that occurs in the presence of the
tooth. At 30 days, the control group differed from the bioma-
terial group, with less resorption in the latter group, and all
groups differed from the basal group, exhibiting lower osteo-
clastic activity. Based on these findings, we cannot associate
the use of LED using the parameters employed in the present
study with the reduction in tissue resorption, as similar AcP
action was found in the groups with and without LED and
all groups had lower AcP in comparison to the basal group,
demonstrating low osteoclastic activity in the bone repair
process. This suggests that ALP is more active at this time
in the remodeling process than resorptive action.

Other studies also report low AcP activity. Zambuzzi
et al. (2005) [35] found that tartrate-resistant acid phos-
phatase (TRAP) was extremely low. The authors correlated
the profile of acid phosphatase activity with histological
aspects of reactional tissues in response to the subcutaneous
installment of graft biomaterial prepared with demineralized
bovine bone matrix and concluded that the measurement of
phosphatase activity is a useful tool for understanding phe-
nomena involved in the cellular response to bone material
implants in connective tissue. The authors state that the spe-
cific activities evaluated in their study reflect cellular varia-
tions in the different phases of tissue repair. The fact that the
resorption of the material occurred in the presence of low
TRAP activity suggests that other enzymes, such as matrix
metalloproteinases, are more important to this process. The
bovine bone matrix studied did not exhibit osteoinduction
potential, as reported in the literature, possibly due to the
incomplete demineralization of the material during its pro-
duction, leading to the preservation of inhibitory factors,
such as calcium salts and some antigen radicals.

Acid phosphatases are hydrolases involved in different
processes, such as bone resorption (TRAP), control of the
cell cycle (Tyr-P), and intracellular digestion (FAL)2. Alka-
line phosphatase (ALP) is clearly associated with osteogen-
esis and is an important marker of this process. However,
due to the complexity of cell responses to different stimuli,
it is often difficult to determine the precise function of a
certain enzyme in different physiopathological processes.
Moreover, it has recently been demonstrated that the profile
of these enzymes varies during the repair process and as a
function of the type of material implanted [36].

The action of LED on bone density and volume was
evaluated using microtomography in the present study. A
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significant improvement in bone density was found in the
biomaterial + LED and biomaterial groups in comparison
to the control and LED groups at 30 days, whereas no sig-
nificant differences among groups were found at 15 days,
indicating the progressive action of LED in the biomate-
rial + LED group over time, even after the cessation of the
applications.

Similar results were found with regards to bone volume,
with an increase in volume in the biomaterial, biomate-
rial + LED, and basal groups in comparison to the control
group at 15 days; at 30 days, the basal group had a greater
volume than the control and LED groups, in which the tooth
had been extracted and no biomaterial was applied. Tooth
loss results in a significant loss of bone volume, as demon-
strated in numerous studies, and the presence of biomaterial
(with or without LED) maintains bone volume and density in
the alveolar process. No difference in volume was found in
the comparison of the groups that received the biomaterial
with and without LED treatment (biomaterial and biomate-
rial + LED groups). Moreover, bone volume improved sig-
nificantly between 15 and 30 days in the biomaterial + LED
group, indicating progressive action even after the cessation
of the applications.

The clinical analysis of the slides confirmed that tooth
loss leads to substantial atrophy of alveolar bone, as seen in
the control and LED groups. However, this atrophy was even
more evident in the control group at 30 days.

Treatment with LED (LED and biomaterial + LED
groups) led to improvements in bone maturation and
tissue organization, with smaller areas of alveolar bone
resorption. Thus, photobiomodulation with LED was ben-
eficial to the bone tissue. Similar findings are described

by Pinheiro (2011) [37] in a study with 90 Wistar rats
divided into 10 groups. The author used grafts with dif-
ferent biomaterials treated or not with LED and submit-
ted it to histological analysis, concluding that the use of
LED either alone or combined with biomaterial caused
less inflammation.

Studies to verify bone remodeling with biomaterials in
rats had shown, over a period of 21 and 30 days, a certain
delay in the healing process in the presence of xenografts
[38]. At this time, bone remodeling is more active than bone
neoformation, and both inorganic bovine bone and bioac-
tive glass particles grafted into the extraction cavity of rat
incisors, although biocompatible and capable of osseointe-
gration, delayed the formation of new bone [39]. Thus, the
study carried out evidence the improvement in bone matura-
tion and neoformation in the graft model in alveoli of Wistar
rats associated with photobiomodulation.

Reports confirming the effects of photobiomodulation
on bone repair report benefits regarding osteoblast viability,
collagen deposition, and the formation of new bone, espe-
cially with infrared irradiation, as can be seen in Table 2.
Moreover, the total dose is not the only aspect responsible
for the stimulating action; the exposure time and mode of
irradiation are also important [40]. Indeed, the parameters
and properties of photobiomodulation devices are directly
responsible for the effects on cells and tissues. Thus, the
selection of these attributes must be appropriate [41, 42]
The literature reports that it is difficult to compare studies
investigating the effects of low-level laser therapy on bone
tissue due to the variety of dosimetric parameters, experi-
mental models, and duration of treatment. Moreover, the
lack of a specific therapeutic window for dosimetry in the

Table 2 Studies with photobiomodulation and bone tissue. T means favorable to photobiomodulation; | means favorable to placebo; means lack

of significant difference among groups

Soares(2015) Rats LED 850nm -
Rosa (2014) Rats Laser 780nm -
Laser/  gg0and
Pagim (2014) cells LED 780 nm 630 nm
L}, Leu(2010) Rats LED 630mnm
Laser/
Pinheiro (2017) Rats 780nm 850nm
LED
Pinheiro (2012) Rats LED 850 nm
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treatment of bone consolidation makes the clinical use of
laser therapy quite limited [43].

Although the mechanisms of photobiomodulation have
not been clarified and there is no consensus on the best
protocol for the use of LED in bone regeneration involving
biomaterials, the results of the present study did not dem-
onstrate a substantial improvement in bone quality in com-
parison to the use of the biomaterial alone. Nonetheless, the
findings suggest the positive influence of LED on both tis-
sue organization after injury and bone maturation over time.
Thus, further studies are needed to clarify its action and use
for improving the bone quality of biomaterial in grafts for
the preservation of alveolar bone and local bone architecture.

Final considerations

The results of the groups submitted to LED therapy revealed
better tissue organization and the acceleration of the matura-
tion of alveolar bone, demonstrating the positive impact of
this light source on bone tissues. Further studies are needed
with different dosimetric parameters to enable the establish-
ment of a safe protocol for the improvement in bone forma-
tion with or without the use of biomaterials, especially when
translating our results from mice to human experiments.
Although the radiometric parameters used here were well
within the range of those used in human trials, the acceler-
ated metabolism of mice may play an important role, mean-
ing, for a human trial, instead of two weeks of irradiation, a
longer period is advised.

LED 2=850 nm combined with the biomaterial Strau-
mann hydroxyapatite led to an improvement in bone forma-
tion, as demonstrated by the histological analysis, as well as
diminished bone degradation due to the reduction in AcP,
thereby promoting an increase in bone density and volume.
In conclusion, LED may be an important therapy to combine
with biomaterials to promote bone formation, along with the
other known benefits of this therapy, such as the control of
pain and the inflammatory process.
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