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Abstract The present study aimed to evaluate the effects of
LLLT (660- and 808-nm wavelengths) on the process of
repairing bone defects induced in the femurs of female rats
submitted to ovariectomy. Bilateral ovariectomies were
performed on 18 female Wistar rats, which were divided
into control and irradiated groups after the digital analysis
of bone density showed decreased bone mass and after
standardized drilling of the femurs. The irradiated groups
received 133 J/cm2 of AsGaAl (660-nm) and InGaAlP
(880-nm) laser radiation. The animals were euthanized on
days 14 and 21 after the bone defects were established.

Detailed descriptive histological evaluations were performed,
followed by semi-quantitative histomorphometry. The results
from days 14 and 21 showed that the irradiated groups
presented increased density of osteoblasts, fibroblasts, and
immature osteocytes on the tissue surface compared with the
control (non-irradiated) groups (p<0.05). Additionally, in-
flammatory infiltrate evaluations showed that LLLT de-
creased the accumulation of leukocytes when compared
to the control treatment (p<0.05). We concluded that, in
our experimental model, both wavelengths (660-nm and
880-nm) inhibited the inflammatory process and induced the
proliferation of cells responsible for bone remodeling and
repair.
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Introduction

The bone response to injury consists of ordered and
differentiated events, which normally result in scarring of
the injured tissue that is similar to the structure of healthy
bone [1]. The bone remodeling process involves the
integrated activity of osteoblasts to synthesize new tissue
and osteoclasts to degrade damaged tissue [2, 3]. Both the
synthesis and degradation of bone matrix proteins play
essential roles in bone development and recovery from
injuries [2, 3]. Bone fracture can have many different causes,
but osteoporosis in particular leads to millions of fractures
every year, constituting a major public health problem [4, 5].
Osteoporosis occurs in response to an imbalance between the
activity of osteoclasts and osteoblasts, which results in an
imbalance between bone formation and bone resorption,
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mostly due to postmenopausal hormonal changes [2, 3]. The
disease is characterized by decreased bone mineral density
(BMD), bone micro-architecture disruptions, and a variety of
non-collagenous proteins in altered bone tissue [6, 7].

Low-level laser therapy (LLLT) has been shown to have
beneficial effects on bone repair and development, such as
improved vascularization and cellular proliferation, in-
creased mechanical resistance of new bone tissue, and
increased calcification of bone matrix [8–10]. Considering
these beneficial effects, we hypothesized that LLLT could
improve osteogenesis in osteopenic female rats submitted to
ovariectomy and concomitant bone injury induced by
femoral drilling. Therefore, the aim of the present study
was to evaluate the effects of LLLT at 660 nm and 808 nm
on the healing of bone injuries in ovariectomized rats.

Materials and methods

Animals

Eighteen adult female Wistar rats (Rattus norvegicus albinus)
weighing 230–350 g were obtained from the biotery of the
University for the Development of the State and Pantanal
Region (UNIDERP), Campo Grande, MS. The animals were
kept in 0.15-m2 cages with a controlled photoperiod of 12
h and controlled humidity and were given food and water ad
libitum. The animals were rested under observation for
2 days prior to the experiment.

All experimental procedures were approved by the ethics
committee for animal research of the Federal University of
Mato Grosso do Sul (UFMS), Protocol 137/2007, and were
performed in accordance with the Brazilian College for
Animal Experimentation (COBEA).

Experimental groups

All animals were initially submitted to a surgical procedure
(ovariectomy) and then randomized into the following
groups: Group 1 (n=6): ovariectomy + bone injury (OC);
Group 2 (n=6): ovariectomy + bone injury + 660-nm laser
treatment (OR); or Group 3 (n = 6): ovariectomy + bone
injury + 808-nm laser treatment (OI). These groups were
further subdivided according to euthanasia date into the
following sub-groups: Group 1: OC14 and OC28; Group 2:
OR14 and OR28; and Group 3: OI14 and OI28 (Fig. 1).

Radiological examination

Radiology was performed using X-ray equipment from
Dabi Atlante®, Model Spectro 70x, Class I, Type B. The
equipment was programmed with 40 kVp with a dia-
phragm/chassis (focus/film) distance of 70 cm, and the
exposition time was 0.25 mAs (milliampere-seconds). The
animals were placed in the supine position, and radiographs
were obtained with anteroposterior incidence. The radio-
logical procedures were performed before the ovariectomy
and repeated 90 days after ovariectomy, according to the
parameters proposed by Lelovas et al. [11, 12].

Film processing (developing, fixation, washing, and
storage) was performed in a dark chamber with the
developer (Kodak Rp-X-Omat for 38 l) at ambient
temperature. The film (Dental Film Speed E – 3.1×
4.1 cm2) was developed as follows: 20-s immersion in
developer, 30 s in running water, 10 min in fixing solution,
5 min in running water, and air-drying at room temperature.
All radiographic procedures were performed in the X-ray
room of the Federal University of Mato Grosso do Sul
(UFMS). The X-rays were analyzed using the Digora

Fig. 1 Experimental groups
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digital system Version 1.51 for Windows (Orion Corpora-
tion SODEREX, Finland) by evaluating densities with the
same sizes and localizations [11–13].

Surgical procedures

Ovariectomy

The bilateral ovariectomy was performed according to the
procedure of Canettieri et al. [13]. After anesthesia with an
intraperitoneal injection of ketamine 5% (Vetaset®, Fort
Dodge, Campinas, SP, Brazil) plus xylazine 2%, (Kensol®,
König–Avellaneda, Argentina) with a volume ratio of 1:2 at
a dose of 0.1 ml/100 g of body weight, the animals were
placed in the ventral decubitus position and prepared for
abdominal trichotomy with iodide alcohol. A 6- to 8-cm
incision was made, and the ovaries were exposed. Hemosta-
sis was obtained by linking the upper part of the fallopian
tube, and the ovaries were excised along with the adjacent
fat tissue and a small portion of the uterus. The surgical
planes were sutured with nylon polyamide thread number 4.

After the ovariectomy, all animals received analgesia
with intramuscular buprenorphine 0.05 mg/kg (Temgesic®,
Schering-Plough S/A, Cotia, SP, Brazil) and anti-
inflammatory treatment with intramuscular sodium diclofe-
nac 0.5 mg/kg (Medley Ltda, Campinas, SP, Brazil). This
regimen was repeated every 12 h for 4 consecutive days.

Establishment of bone defects

After proof of osteoporosis was obtained via radiological
examinations performed before and after the ovariectomy,
the animals were anesthetized with an intraperitoneal
injection of ketamine 5% plus xylazine 2% with a volume
ratio of 1:2 at a dose of 0.1 ml/100 g of body weight. A
trichotomy was then performed on the lateral face of each
animal’s right thigh, sufficiently long to allow the region to
be viewed. The animal was then positioned in the ventral
decubitus position, and the front and hind paws were
pinned in an abducted position. The incision location was
then prepared with antiseptic (iodide alcohol), and a scalpel
was used to incise the thigh to obtain direct access to the
femur. Following incision of the fascia lata, the femoral
diaphysis was located, and a bone defect was created on the
craniolateral face approximately 50 mm from the proximal
epiphysis. This procedure was performed using a 1016
spherical diamond-tipped drill bit (KG Sorensen, Cotia, SP,
Brazil) coupled to a dental handpiece (Kawo, São Paulo,
SP, Brazil) operated by an implant motor (Easy Implant,
Easy Equipment) at 42,000 r.p.m. During the procedure, the
site was constantly irrigated with physiological serum. The
procedure consisted of drilling through the bone cortex
until the medullary canal was reached [14].

Low-level laser therapy

Two days after the surgical procedure, the OR and OI
groups underwent LLLT. An InGaAlP-type diode laser
(continuous output power of 100 mW and a wavelength (λ)
of 660 nm) was and a AsGaAl-type diode laser (output
power of 100 mW and a wavelength (λ) of 808 nm), both
from Photon Laser II DMC® (Sao Carlos, SP, Brazil) were
used. The optical power was calibrated using a Newport
multifunction optical meter, Model 1835 C. The spot size
was 0.03 cm2, the power density was 3.3 W/cm2, and the
energy density was 133.3 J/cm2 for 40 s. Irradiation (of
Groups OR and OI) occurred 2 days after the surgical
procedure that produced the bone defect. The animals were
irradiated on four points of the femurs for 10 s at each
point. Treatments were performed daily for either 14 (OR14
and OI14) or 28 (OR28 and OI28) days.

Histological procedures

The animals were identified, weighed, and euthanized using
a lethal dose (200 mg/kg) of pentobarbital sodium. The
femurs were then collected for histological analysis. The
bone fragments were fixed in formalin 10% for 24 h,
decalcified with ethylenediaminetetraacetic acid (EDTA),
and then embedded in paraffin blocks, which were cut into
5-μm transverse sections and stained with hematoxylin &
eosin (H&E) stain. All extensions of the bone defects were
submitted to longitudinal sections to allow the evaluation of
the surgical defect’s central region.

A descriptive histological analysis was performed using
a semi-quantitative method based on knowledge of normal
bone structure, according to the standards established by
Leonel et al. [15] and Abo Elssad et al. [16]. To evaluate
the osteogenic effects of LLLT on the bones of osteoporotic
female rats, the following histological parameters were
analyzed by light microscopy: the density of the inflamma-
tory infiltrate, the density of osteoblasts, the density of
immature osteocytes, the density of fibroblasts and the
intensity of fibrosis. The histology results were used to
conduct a semi-quantitative analysis in which the intensity
was rated from zero to three plus signs: absence=(Ø); slight
presence = (+); moderate presence=(++) and severe
presence=(+++).

Statistical analysis

The Shapiro-Wilk test was used to evaluate the normal
variance of the data. The level of statistical significance was
set at p<0.05. The Kruskal-Wallis test was used for
comparisons, and Student’s t test was used as the post-
test, also with the significance set at p<0.05. BioEstat 5.0
software was used to perform the analysis.
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Results

The data from days 14 and 21 for each group were compared,
as were all parameters between the control and irradiated
groups. The analysis of normal variance of the data revealed a
predominantly non-normal variance distribution (p<0.05).

Effects of LLLT on inflammatory parameters

The data presented in Table 1 show that the LLLT-treated
groups exhibited reduced inflammatory processes at two
different time points (14 and 21 days) when analyzed with
the Kruskal-Wallis test. Inter-group comparisons revealed
significant differences between the control group and both
the 14-day group (p=0.0017) and the 21-day group (p=
0.0018). However, Student’s t test showed no differences
between the 14- and 21-day groups, demonstrating that
both treatment periods were sufficient to decrease the
inflammatory process.

LLLT effects on osteoblast numbers

The data presented in Table 2 demonstrate that at 14 days,
both LLLT groups (660 nm and 808 nm) showed a
proliferation of osteoblasts when compared with the controls
group (p=0.0026). The Kruskal-Wallis test was used for
statistical analysis. After 21 days, no differences were found
between the LLLT groups (660 nm and 808 nm) and controls.

LLLT effects on osteocyte numbers

The data presented in Table 3 demonstrate the average
scores for the density of immature osteocytes on days 14

and 21, which were analyzed by the Kruskal-Wallis test.
The results demonstrated that for both periods and both
wavelengths (660 nm and 808 nm), LLLT induced a
proliferation of immature osteocytes compared to controls
(14 days: p=0.0014, and 21 days: p=0.0334). Student’s t
test showed no differences between the 14- and 21-day
LLLT groups.

LLLT effects on fibroblast numbers and fibrosis score

Table 4 compares the averages of scores for fibroblast
density. The Kruskal-Wallis test did not show any differ-
ence between the treated groups (LLLT at 660 nm and
808 nm) and the control group (p=0.053) at 14 days,
although we observed a tendency toward the induction of
fibroblast proliferation. At 21 days, the group treated with
LLLT at 660 nm presented a modulated number of fibroblasts
when compared to the control group (p=0.0027). However, at
21 days, the group treated with LLLT at 808 nm was not
different from the control group. Similarly, no differences
were found when the treated groups were compared using
Student’s t test.

Table 5 presents the scores obtained from the semi-
quantitative analysis for fibrosis. No differences were
found among the groups at 14 days (p=0.5314) and 21 days
(p=0.304).

Specific LLLT effects on the trabecular bone

Hematoxylin and eosin-stained histological samples from
the LLLT-treated groups (660 nm and 808 nm) showed that
LLLT induced the filling of these bone defects by trabecular
bone, with a substantial number of osteocytes and osteo-

Inflammatory reaction Osteopenia and bone defect (ODO) Kruskal-Wallis Student’s t post-test

Control 808 nm 660 nm p value p<0.05

14 days 1.5 0.5 0.7 0.0017 Control vs. LIV

Control vs. LVV

21 days 1.2 0.3 0.5 0.0018 Control vs. LIV

Control vs. LVV

Student’s t test 0.0039 0.0493 0.0073

Table 1 Intensity score
averages (zero to three plus signs)
for inflammatory reaction in the
studied groups at 14 and 21 days

Ø Absent; (1) Minimal
presence; (2) Moderate
presence; (3) Severe presence

Osteoblasts Osteopenia and bone defect (ODO) Kruskal-Wallis Student’s t post-test

Control 808 nm 660 nm p value p<0.05

14 days 2.0 3.0 2.7 0.0026 Control vs. LIV

Control vs. LVV

21 days 2.0 2.0 1.7 0.1194 ns

Student’s t test ns 0.0039 0.0073

Table 2 Intensity scores
averages (zero the three plus signs)
for osteoblasts in the studied
groups at 14 and 21 days

Ø Absent; (1) Minimal
presence; (2) Moderate
presence; (3) Severe presence
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blasts and the formation of the Haversian canal, which
characterizes lamellar bone. We also observed a small
inflammatory reaction and a substantial number of newly
formed blood vessels. The control group also exhibited
these changes but to a lesser degree (Fig. 2).

LLLT treatment also resulted in an increased number of
osteocytes in the trabeculae lacunas of bone immersed in
the bone matrix, suggesting the maturation of newly formed
bone tissue. In addition, we detected secondary bone in the
LLLT groups, along with a fine layer of conjunctive tissue
surrounded by osteoprogenitor cells. In general, the treated
groups exhibited more consistent bone formation and more
compact bone with a larger number of the cells responsible
for osteogenesis than in the untreated group (Fig. 3).

Discussion

The osteogenesis process is a specialized response coordi-
nated for different cell types, dependent on a physiological
balance, which aims to form a new structure with the same
constitution and function. Any imbalance in this phase will
produce alterations in bone resistance, which can occur in
pathological conditions such as osteoporosis, and has been
the object of several investigations [1–3, 7, 17].

In general, the histological analysis showed that the
animals treated with an InGaAlP-type diode laser (660 nm)
and an AsGaAl-type diode laser (808 nm) for 14 or 21 days
presented improvement of all aspects of bone repair when
compared to the non-treated group. In the bone defect
region, the irradiated groups presented increased numbers
of osteoblasts, immature osteocytes, fibroblasts and new
blood vessels, and decreased inflammatory infiltrate.
Similar results for bone defects in rats were found by Abo

Elssad et al. [16], who used an infrared laser (830 nm;
40 mV, density 16 J/cm2 and dose 4 J/cm2).

The histological results from the present study suggest
that 14-day LLLT accelerated the repair of bone defects in
osteoporotic female rats, specifically by increasing the
proliferation of the cells involved in the osteogenesis
process, such as fibroblasts, osteoblasts, and osteocytes.
At 21 days, we observed a subtle decrease in the number of
osteoblasts; however, the number of osteocytes remained
elevated, which could indicate a continuing stimulatory
effect on the mineralization of the osteoid matrix and an
increased amount of newly formed bone. According to the
literature, an increased number of osteocytes indicates the
accumulation and integration of carbonates and calcium
phosphate, which improves the synthesis of bone matrix
and makes it more resistant [17, 18].

Lill et al. evaluated bone defects in ovariectomized
animals and found that, in addition to decreasing bone
density, osteoporosis negatively affected bone mineral mass
gains post-fracture and impaired bone resistance at the end
phase of remodeling [18]. Under these conditions, fractures
still consolidate, but the process takes longer than in
healthy bones. In addition to the final mineralization of
the bone callus, osteoporosis also impairs the initial
remodeling process of the bone [18].

Pinheiro et al. demonstrated that infrared laser treatment
(830 nm) of bone injuries results in better repairing response
than treatment with visible laser radiation (632.8 or 790 nm).
According to the authors, infrared laser radiation has a
photophysic effect, resulting in alterations in the membrane
potential that produce an intracellular effect characterized by
increased production of mitochondrial ATP and elevated
cellular metabolism. Its photochemical biostimulatory effects
stimulate the synthesis of enzymes, acting on lysosomes and

Immature osteocytes Osteopenia and bone defect Kruskal-Wallis Student’s t post-test

Control 808 nm 660 nm p value p<0.05

14 days 1.0 2.7 2.7 0.0014 Control vs. LIV

Control vs. LVV

21 days 1.0 1.7 1.7 0.0334 Control vs. LIV

Control vs. LVV

Student’s t test ns 0.0073 0.0073

Table 3 Intensity scores
averages (zero to three plus
signs) for immature osteocytes
in the studied groups at 14 and
21 days

Ø Absent; (1) Minimal
presence; (2) Moderate
presence; (3) Severe presence

Fibroblasts Osteopenia and bone defect Kruskal-Wallis Student’s t post-test

Control 808 nm 660 nm p value p<0.05

14 days 0.0 1.0 2.0 0.0530 ns

21 days 0.0 0.7 2.3 0.0027 Control vs. LVV

Student’s t test ns ns ns

Table 4 Intensity score average
(zero to three plus signs) for
fibroblasts in the studied groups
at 14 and 21 days

Ø Absent; (1) Minimal pres-
ence; (2) Moderate presence; (3)
Severe presence
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mitochondria through a chemical reaction induced by the laser
radiation [19].

In the present study, the chosen dose of 120 J/cm2 was
efficient for both therapies. Other studies have found
similar results, suggesting a probable dose-dependent effect
in which higher doses could more efficiently stimulate bone
repair [19–21]. Some studies have demonstrated that certain

LLLT wavelengths induce cellular proliferation, releasing
fibroblast growth factor and increasing fibroblast prolifer-
ation in vitro [21, 22]. Loevschall et al. evaluated the
effects of different wavelengths on fibroblast proliferation,
observing that LLLT significantly improved the mitosis rate
and collagen production of these cells [22]. The histological
data obtained in the present study demonstrated that the

Fig. 3 Representative photomicrographs of slides obtained from
animals ovariectomized 21 days after bone defects were induced. a
The group treated with a GaAlAs 808-nm infrared laser to observe the
presence of newly formed bone (NB), primary bone (B1), blood
vessels (Vb) and osteocytes (arrow). b The group treated with an
InGaAlP 660-nm visible red laser to observe the presence of newly
formed bone (NB), the proliferation of blood vessels (Vb), fibrous
connective tissue (HR), osteocytes (arrow), and the presence of
secondary bone (B2). Hematoxylin and eosin

Fig. 2 Representative photomicrographs of slides obtained from
ovariectomized animals 14 days after bone defects were induced. a
The group treated with a GaAlAs 808-nm infrared laser to observe the
presence of Haversian canals (HC), the presence of primary bone
(B1), and secondary bone (B2) and intense proliferation of osteocytes
(arrow). b The group treated with an InGaAlP 660-nm visible red
laser to observe the presence of Haversian canals (HC), proliferation
of adipocytes, osteocytes (arrow), and the presence of secondary bone
(B2). Hematoxylin and eosin

Fibrosis Osteopenia and bone defect Kruskal-Wallis Student’s t post-test

Control 808 nm 660 nm p value p<0.05

14 days 0.0 0.7 0.0 0.5314 ns

21 days 1.0 0.7 0.7 0.3040 ns

Student’s t test 0.0039 ns 0.0250

Table 5 Intensity scores
average (zero to three plus signs)
for fibrosis in the studied groups
at 14 and 21 days

Ø Absent; (1) Minimal
presence; (2) Moderate
presence; (3) Severe presence

520 Lasers Med Sci (2011) 26:515–522



groups irradiated with LLLT (660 and 808 nm) exhibited
increased fibroblast proliferation after 14 and 21 days.
However, better results were achieved with 21 days of
treatment at a 660-nm wavelength, demonstrating that
irradiation with a red visible laser (660 nm) yielded better
fibroblast proliferation, probably due to a proliferative
effect or protein activation signaling.

The inflammatory reaction observed through the histo-
logical analysis showed that both therapies (660 and
808 nm at 14 and 21 days) effectively decreased the
inflammatory process when compared with to the non-
irradiated group. These results suggest that laser irradiation
increased the resolution of inflammatory processes, most
likely through lymphatic activation and neovascularization,
which improved the influx of nutrients, such as calcium and
phosphorus, to the bone tissue and thus increased bone
resistance. Therefore, LLLT exerted anti-inflammatory
effects on the proliferative process. Corroborating this idea,
Coombe et al. [23] found an increased concentration of
intracellular calcium in human osteoplastic cells treated
with LLLT, indicating that these cells responded positively
to LLLT.

In the present study, the histological findings after
14 days of LLLT revealed fibrosis only in the group treated
with 808-nm laser radiation, demonstrating that LLLT at
660 nm was sufficient to reduce the fibrosis process. After
21 days with LLLT, all groups had fibrosis. However, it is
important to highlight that the dense conjunctive tissue
found in the irradiated groups was composed of collagen
fibers and contained a large cell population that may have
differentiated from osteoprogenitor cells.

In the present study, the increased numbers of osteo-
blasts in the LLLT-irradiated groups can be explained by
the fact that the LLLT induces cellular proliferation,
presenting biostimulatory effects on multipotent cells and
leading them to differentiate into osteoblasts, which are the
classic producers of bone matrix. These results are in
agreement with the results of other studies [24–26].

Nicolau et al. [25] used LLLT (660 nm and 10 J/cm2) to
repair bone defects in rat femurs irradiated for 2, 4, 6, or
8 days and killed at 5, 15, or 25 days. After the
histomorphometric analysis, the authors concluded that
LLLT stimulated the proliferation of all cell types, including
osteoblasts and osteoclasts, in all periods but without
changing bone microarchitecture.

Ozawa et al. [24] demonstrated LLLT’s positive effect on
cellular proliferation in cell cultures of osteoblasts using an
AsGaAl laser (830 nm) with an energy density of 3.82 J/cm2

and a potency of 500 mW. According to these authors, the
therapy stimulated osteoblastic proliferation and differentia-
tion as well as initiated bone formation. In osteoblast cell
cultures originating from mesenchymal cells, Dortbudak et
al. [26] applied GaAlAs laser irradiation (690 nm for 60 s)

for 3, 5, or 7 days and observed that the irradiation produced
significant biostimulatory effects.

Studies of strategies that improve bone deposition while
minimizing bone loss are important, particularly within the
context of osteoporosis. Osteoporotic fractures have high
social and medical costs for city administrations around the
world; therefore, solutions that could reduce these costs are
extremely desirable. LLLT has been presented as an
affordable and highly effective solution.

An absence of data in the literature prevents us from
comparing the effects of different LLLT regimes on cellular
proliferation, bone production, and the mechanical force of
the bones in osteoporotic animals. Future research should
address new techniques for LLLT standardization in
scientific research.

Osteoporosis is known to be responsible for different
negative alterations to bone structure and remodeling. The
results of the present study suggest that LLLT had
important beneficial effects on the early phase of bone
repair, reducing the inflammatory process and stimulating
the proliferation of cells responsible for synthesizing bone
matrix. These effects resulted in a more resistant bone
callus, demonstrating LLLT’s biomodulatory effect on the
cellular metabolism.

We conclude that, in the our experimental model of bone
defects in osteoporotic female Wistar rats, 660- and 808-nm
LLLT induced osteogenesis and improved the repair of
bone defects.
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