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Autogenous bone grafts are used to repair bone defects, and the stabilization is needed for bone regeneration.
Laser photobiomodulation is a modality of treatment in clinical practice for tissue regeneration, and it has ther-
apeutic effects as an anti-inflammatory, analgesic and modulating cellular activity. The aim of the present study
was to evaluate the effects of low-level laser therapy (LLLT) on an autogenous bone graft integration process sta-
bilized with a new heterologous fibrin sealant. Forty rats were divided into two groups: Autogenous Fibrin Graft
(AFG, n=20), in which a 5mmdome osteotomywas conducted in the right parietal bone and the graft was ad-
hered to the left side usingfibrin sealant; and Autogenous Fibrin Graft Laser (AFGL, n=20), whichwas subjected
to the same procedures as AFG with the addition of LLLT. The treatment was performed immediately following
surgery and then three times a week until euthanasia, using an 830 nm laser (30 mW, 6 J/cm2, 0.116 cm2,
258.6 mW/cm2, 2.9 J). Five animals from each group were euthanized at 10, 20, 30 and 40 days postoperative,
and the samples were submitted to histomorphological and histomorphometric analysis. Partial bone regenera-
tion occurred, with newbone tissue integrating the graft to the recipient bed and small areas of connective tissue.
Comparative analysis of the groups at the same intervals revealed minor interfaces in group AFGL, with statisti-
cally significant differences (p b 0.05) at all of the analyzed intervals (10 days p = 0.0087, 20 days p = 0.0012,
30 days p b 0.0001, 40 days p = 0.0142). In conclusion, low-level laser therapy stimulated bone regeneration
and accelerated the process of integration of autogenous bone grafts.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Bone defects can occur as a result of oncological surgery, acute or
chronic infections, trauma, and congenital malformations; grafts are
one of the most commonly used methods for treating such defects [1].
Autogenous grafts are considered the gold standard for treating bone
defects; however, graft fixation is essential to the process of bone regen-
eration [2,3]. Currently, the most common method for fixating onlay
bone grafts is the use of titanium surgical screws, but this technique
has disadvantages, such as complex fixation [4].

Due to these issues, there has been an increase in the use of alterna-
tive graft fixation methods. Cyanoacrylates were the first of such adhe-
sives to be investigated. They have shown quick tissue adhesion and are
artment of Biological Sciences,
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practical to use [5–8]. Other types of sealants have also been used, such
as sealants derived from human blood, which present risks such as em-
bolization, infection, and parvovirus B19 [9–11]. A new fibrin sealant
derived from snake venom (Crotalus durissus terrificus) has been pro-
duced without the use of human blood. It presents all the properties
of a biological and biodegradable sealant, with high adhesive capacity,
and does not transmit infectious diseases [12,13].

In addition to graft fixation, professionals seek optimization of bone
repair; low-level laser therapy has shown success and is an important
ally in bone repair. Its use in many areas occurs primarily with the
goal of modulating inflammation of scar tissue, leading to a decrease
in the area of edema, stimulation of cell proliferation, and increased
bone mineral density. This accelerates the tissue regeneration process,
making it an effective technique for bone repair [14,15].

The aim of the present studywas to evaluate, by histomorphological
and histomorphometric analysis, the effects of LLLT on an autogenous
bone graft integration process stabilized with a new heterologous fibrin
sealant.
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2. Materials and Methods

This study was approved by the animal research ethics committee
(CEEPA) of the Bauru School of Dentistry, University of São Paulo, ac-
cording to protocol no. 012/2012.
2.1. Animals and Experimental Design

The study was conducted with 40 adult male Wistar rats weighing
an average of 312 g. They were obtained from the bioterium of the
Bauru School of Dentistry, University of São Paulo, Brazil.

The animals were randomly assigned to two experimental groups:

1. The Autogenous Fibrin Graft group (AFG, n=20): a dome osteotomy
was conducted on the right parietal bone, which was decorticated
with a no. 6 spherical drill. A fragment extracted from the right side
was adhered to the left side with fibrin sealant.

2. Autogenous Fibrin Graft Laser group (AFGL, n=20): the sameproce-
dures were carried out as with the AFG, with the addition of LLLT.
2.2. Fibrin Sealant

Fibrin sealant derived from snake venomwas supplied by the Center
for the Study of Venoms and Venomous Animals (CEVAP) of UNESP. Its
constituents and instructions for use are included in the patents (regis-
tration numbers BR1020140114327 and BR1020140114360), and it
was prepared as suggested by Barros et al. [11]. The components of
the fibrin sealant were stored in three Eppendorf® tubes and kept at
−80 °C. The components were reconstituted in liquid state at room
temperature minutes before use in surgery. The sealant was applied ac-
cording to the following protocol: the first bottle contained fibrinogen
obtained from buffalo blood (50 μl); the second contained calcium chlo-
ride (20 μl); and the last had a thrombin-like fraction (10 μl), totaling
80 μl [12,16–19].
Fig. 1. (A) Dome osteotomy performed on the right parietal bone and decortication of the le
micropipette; (D) graft in position.
2.3. Surgical Procedures

The rats were sedated with xylazine (10 mg/kg, Anasedan, Ceva,
Paulínia, SP, Brazil), in combination with ketamine (50mg/kg, Dopalen,
Ceva, Paulínia, SP, Brazil), via intramuscular injection. Using a shaver,
the animals were trichotomized on the superior portion of the head,
and the surgical area (frontoparietal region) was disinfected with 2%
chlorhexidine. Next, with a number 15 scalpel blade, a longitudinalmid-
line incision of approximately 20 mmwas performed on the scalp over
the sagittal suture of the skull. After the incision, all tissuewas separated
from the periosteum to expose the parietal bones.

In both treatment groups, a dome osteotomy was performed on the
right parietal bone using a low-rotation 5 mm trephine drill (Neodent,
Curitiba, PR, Brazil), under constant irrigation with 0.9% sodium chlo-
ride, extracting a round bone fragment and preserving the integrity of
the dura mater and brain. On the left side, on the site that later received
the autogenous graft, the parietal bone had previously been
decorticated with nine perforations using a number 6 spherical drill
(Fig. 1A and B). The autogenous bone collected from the right side
was glued onto the left side using fibrin sealant (Fig. 1C and D) and
left to dry for 30 s, after which the periosteum and skin membranes
were sutured by planes. The right defect was kept with the cavity cov-
ered by blood clot and was not examined.
2.4. Laser Irradiation

The animals in Group AFGL underwent laser irradiation (Laserpulse
IBRAMED, Amparo, SP, Brazil) with continuous pulse GaAlAs (gallium-
aluminum-arsenide). The protocol was applied using a laser pen with
a wavelength of 830 nm, with 30 mWpotency of optical power output,
energy density of 6 J/cm2, beam area of 0.116 cm2, power density of
258.6mW/cm2 and total energy of 2.9 J. The duration of laser irradiation
was 24 s per application site at four operative sites, distributed in a
cross-shaped form on the graft. The laser irradiation was applied to
the skin overlying the graft after closure of the wound, for a total appli-
cation time of 96 s conducted immediately following surgery and three
ft parietal bone; (B) removal of onlay bone graft; (C) application of fibrin sealant with
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times a week until euthanasia [14]. Laser beam emissions were self-cal-
ibrated by the device during all of the applications.

2.5. Euthanasia and Histological Processing

At 10, 20, 30, and 40 days postoperative, five animals from each
group were euthanized by anesthesia overdose. The calvarial bone
was removed and the parietal bones were separated, preserving the
supraperiosteal soft tissue. The pieces were fixated in 10% buffered
formalin for 48 h. The pieces were then washed in running water for
24 h and placed in 10% EDTA (ethylene diamine tetraacetic acid),
changed every seven days during the demineralization process. The
demineralized pieces were then submitted to standard histological
procedures, dehydrated in xylol, and embedded in Histosec (Merck®,
Darmstadt, Germany).

The histological sections were 5 μm thick, taking into consideration
the central region of the defect (greatest diameter), and the incisions
were dyed with Masson's trichrome stain.

2.6. Histomorphological and Histomorphometric Analysis

The aim of the histomorphological analysis was to assess the incor-
poration of the grafts into the recipient bed, more specifically on the
bone graft-calvaria interface, with a comparative analysis between the
groups (AFG and AFGL) regarding differing tissue characteristics found
on this interface. The histomorphometric analysis measured the total
thickness of the surgical area (recipient bed + autogenous graft) at 11
different points along the graft (0.5 mm intervals) and the thickness
of the interface between the recipient bed and the autogenous graft at
the same points. Slide images were captured using an optical micro-
scope (Olympus BX50, Tokyo, Japan) with an attached photographic
camera (Olympus DP71, Tokyo, Japan).

2.7. Statistical Analysis

Quantitative analysis was carried out using Image Pro-Plus® 6.0
software (Media Cybernetics, Bethesda, MD, USA). Total and interface
Fig. 2.Microscopic aspect of the bone graft site in Autogenous Fibrin Graft group (AFG). A: 10 d
connective tissue (Ct), newly formed bone (Nfb), recipient bed-graft interface (In).
thickness within the same group at different times were analyzed
using ANOVA with Tukey's post hoc test (p b 0.05). Interface and total
thickness, at the same postoperative times for both groups (AFG and
AFGL), was analyzed using the unpaired t-test (p b 0.05). The software
program used for statistical analysis was GraphPad Prism 5 (La Jolla,
CA, USA).

3. Results

During euthanasia and histological preparation, including the first
analysis period (10 days), the grafts in all specimens remained in the
position in which they were stabilized in the experimental surgery
and adhered to the recipient bed.

3.1. Histomorphological Analysis

Group AFG showed a very well-organized fibrous connective tissue
at the initial periods of the repair process (10 and 20 days), which was
gradually replaced by an osteoid matrix at the final periods of analysis
(30 and 40 days), with areas of bone reabsorption and neoformation
at the recipient bed-graft interface. Therewas no evidence of inflamma-
tory responses at any of the analyzed periods. Therewas a slight amount
of connective tissue and a considerable amount of neoformed bone tis-
sue next to interlock areas and also at the remaining surface, especially
at 40 days postoperative, joining the graft to the recipient bed over a
large interface area, resulting in partial bone integration (Fig. 2).

Group AFGL showed more evident bone neoformation than Group
AFG. At 40 days postoperative, a thin layer of connective tissue was ob-
served in only some interface regions and interlock areas, and on most
of these, there was bone tissue uniting the graft to the recipient bed.
There was no evidence of inflammatory reactions at any of the analyzed
periods (Fig. 3).

3.2. Histomorphometric Analysis

Considering Group AFG and all of the analyzed periods, there was a
significant difference in total thickness between 20 and 30 days
ays; B: 20 days; C: 30 days; D: 40 days. Autogenous graft calvaria (Ag), interlock area (*),



Fig. 4.Graphic representation ofmeasured variables: total thickness and interface, in Autogenous Fibrin Graft group (AFG - A and B, respectively) and Autogenous Fibrin Graft Laser group
(AFGL - C and D, respectively). Different lowercase letters indicate a significant difference between periods (p b 0.05).

Fig. 3.Microscopic aspect of the bone graft site in Autogenous Fibrin Graft Laser group (AFG). A: 10 days; B: 20 days; C: 30 days; D: 40 days. Autogenous graft calvaria (Ag), interlock area
(*), connective tissue (Ct), newly formed bone (Nfb), recipient bed-graft interface (In).
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Table 1
Comparative analysis of interface thickness between groups: Autogenous Fibrin Graft (AFG) and Autogenous Fibrin Graft Laser (AFGL) at 10, 20, 30 and 40 days postoperative. Mean± SD
values.

Groups 10 days 20 days 30 days 40 days

Autogenous Fibrin Graft (AFG) 0.084 ± 0.023a 0.086 ± 0.023a 0.036 ± 0.005a 0.017 ± 0.002a

Autogenous Fibrin Graft Laser (AFGL) 0.040 ± 0.008b 0.034 ± 0.005b 0.012 ± 0.004b 0.011 ± 0.003b

Presence of statistically significant difference between the groups in all periods analyzed (columns, p b 0.05), indicated with different lower case letters (a,b).
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postoperative (1.01 ± 0.045 mm and 0.846 ± 0.064 mm respectively;
Fig. 4A). There was a significant difference between interface thickness
at 10 (0.084 ± 0.023 mm) and 20 days postoperative (0.086 ±
0.023 mm) when compared to 30 (0.036 ± 0.005 mm) and 40
(0.017 ± 0.002 mm) days postoperative (Fig. 4B).

No significant differences were observed in Group AFGL in terms of
total thickness between the analyzed periods (Fig. 4C). Regarding inter-
face, there was a significant difference between 10 (0.04 ± 0.008 mm)
and 20 days postoperative (0.034 ± 0.005 mm) when compared to 30
(0.012 ± 0.004 mm) and 40 days postoperative (0.011 ± 0.003 mm;
Fig. 4D).

Table 1 presents the results of comparative analysis of the groups at
the same periods, showingminor interface in Group AFGL, with statisti-
cally significant differences (p b 0.05) at all of the analyzed periods
(10 days p = 0.0087, 20 days p = 0.0012, 30 days p b 0.0001, 40 days
p = 0.0142). In Table 2, which shows comparison of total thickness in
all analyzed periods, there was no significant difference (p b 0.05) be-
tween the groups (10 days p = 0.3647, 20 days p = 0.3602, 30 days
p = 0.3018, 40 days p = 0.7089).

4. Discussion

The aim of the present study was to evaluate the effects of low-level
laser therapy on an autogenous bone graft stabilized with fibrin sealant
derived from snake venom. The results showed that LLLT exhibited sat-
isfactory results in bone repair, stimulating newbone formation and im-
proving the stabilization grafts.

Autogenous bone graft was chosen for this study because it has been
highlighted in the literature as possessing characteristics closest to the
ideal (gold standard) when compared to other types of bone substi-
tutes. Its main advantage is its potential to integrate with the recipient
bed by providing viable cells for bone formation via osteogenesis,
osteoinduction, and osteoconduction [20,21]. Previous studies that
had only overlapped the graft without any fixing had demonstrated
that, in several specimens, new bone neoformation occurred only at
the central third of the graft, and their margins remained joined to the
donor area by compact connective tissue [5].

The most common surgical technique for fixating autogenous grafts
is titanium surgical screws, as they provide adequate stabilization.How-
ever, this surgical technique requires a lot of equipment, elevated costs,
and surgical dexterity. Thus, the use of synthetic adhesives such as cya-
noacrylates, polysiloxanes, and acetate polymers became the object of
research in the search for immediate and consistent adhesion; however,
due to their toxicity, these were considered inappropriate [6,22,23].

The new heterologous fibrin sealant derived from snake venom pre-
sents the beneficial characteristics of other fibrin glues [11,16,24,25],
and provided initial stability to the graft on the recipient bed, as long
as it was not submitted to traction, and it is not made of rigid material
Table 2
Comparative analysis of total thickness between groups: Autogenous Fibrin Graft (AFG) and A
values.

Groups 10 days

Autogenous Fibrin Graft (AFG) 0.934 ± 0.047
Autogenous Fibrin Graft Laser (AFGL) 0.887 ± 0.094

Absence of statistically significant difference between the groups in all periods analyzed (colum
such as plates and screws [26]. This stability provided the necessary
conditions for bone formation within the graft-recipient bed interface.
The tridimensional structure of the fibrin sealant provides an adequate
scaffolding system for adhesion and proliferation of osteogenic cells,
stimulating neoformation [27].

The use of a new heterologous fibrin sealant to stabilize bone blocks
in both of the analyzed groups (AFG and AFGL) provided the necessary
conditions for partial integration of the superimposed skull cap, espe-
cially in Group AFGL. This was observed in both the histological level,
with no evidence of inflammatory responses caused by the sealant,
and in the histomorphometric level, given the reduced interface thick-
ness at all of the analyzed periods, contrary to the findings of similar
studies conducted with cyanoacrylate [6]. The absence of inflammatory
infiltrate demonstrates the biocompatibility of the new sealant, which
does not derive from human blood and thus prevents tissue reactions
and the release of anti-thrombin antibodies [27].

Several studies have demonstrated that physical methods can aug-
ment bone regeneration in order to enhance this healing process [28–
30]. Low-level laser therapy is effectivemainly due to its positive effects
on bone metabolism and consolidation of fractures via osteoblastic
stimulation and increased bone mineral density [31–34]. In the initial
phase of the bone neoformation process in the present study, the use
of a laser was marked by increased angiogenesis and the presence of
new blood vessels in the graft area, aiding the regeneration process.
Histomorphometric analysis revealed significant differences in favor of
Group AFGL when compared to Group AFG at all postoperative periods,
with a thinner interface. The neovascularization and thermic and bio-
logical stimuli provided by LLLT can lead to better graft integration
[32,35–38].

In the literature there are many different protocols featuring varia-
tions of energy density, wavelength and irradiation, with no accepted
ideas about parameters. Several studies using a protocol similar to the
present study (wavelength of 830 nm with 30 mW potency of optical
power output, energy density of 6 J/cm2) have shown beneficial effects
of LLLT in healing, with organization of collagen fibers and repair tissue.
Moreover, a continuous GaAlAs laser pulse, compared to other types,
showed higher capability of penetrating tissues [39–42].

There are also studies reporting that even with the use of a different
protocol (wavelength 810 nm, output power 300 mW, energy density
4 J/cm2), LLLT had a positive effect on bone formation [43]. Despite evi-
dence from some studies that several sessions are needed to achieve
positive effects, there are also studies showing that the use of fewer ses-
sions of LLLT is an alternative that deserves to be studied, since there is
no standardized protocol for application [44].

The results of the present study demonstrate the potential of laser
therapy for bone graft integration, even if the sealant still does not
have a greater capacity for fixing than the screws, which can be consid-
ered a limitation. Newperspectives are constantly emerging in thisfield,
utogenous Fibrin Graft Laser (AFGL) at 10, 20, 30 and 40 days postoperative. Mean ± SD

20 days 30 days 40 days

1.010 ± 0.045 0.846 ± 0.064 0.922 ± 0.055
0.974 ± 0.069 0.896 ± 0.078 0.940 ± 0.088

ns, p b 0.05).
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such as the use of chemical treatments on extracted bone blocks, with
the goal of reducing time of the total graft integration and, consequent-
ly, the duration of treatment as a whole [45].

5. Conclusion

Low-level laser therapy stimulated bone regeneration and accelerat-
ed the process of integration of autogenous bone graft.
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