
This study evaluated the osteogenic capacity of a new fibrin sealant (FS) combined with 
bone graft and laser irradiation in the bone repair. Defects were created in the skull of 
30 rats and filled with autogenous graft and FS derived from snake venom. Immediately 
after implantation, low-power laser was applied on the surgical site. The animals were 
divided in: control group with autogenous graft (G1), autogenous graft and laser 5 J/cm2 
(G2), autogenous graft and laser 7 J/cm2 (G3), autogenous graft and FS (G4), autogenous 
graft, FS and laser 5 J/cm2 (G5), autogenous graft, FS and laser 7 J/cm2 (G6). The animals 
were sacrificed 6 weeks after implant. Results showed absence of inflammatory infiltrate 
in the bone defect. New bone formation occurred in all groups, but it was most intense 
in G6. Thus, the FS and laser 7 J/cm2 showed osteoconductive capacity and can be an 
interesting resource to be applied in surgery of bone reconstruction.
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Introduction
Autogenous bone grafting is used for the treatment 

of congenital deformities, traumatic injuries and tumors 
of the craniomaxillofacial skeleton because of its clinical 
advantages, such as compatibility of the new tissue formed 
at the implant site, absence of immune rejection, supply 
of osteoprogenitor cells that immediately stimulate bone 
regeneration, and biomechanical ability to withstand loads. 
However, the difficulty in obtaining sufficient amounts 
of autogenous bone may limit its application (1,2). In 
this respect, the use of biomaterials in combination with 
autogenous bone grafts has shown to be a good alternative 
to fill completely bone defects. In addition, laser therapy 
contributes to accelerate the fracture repair by improving 
osteogenesis (3).

Biomaterials used for tissue healing should be inert, 
degradable and resorbable, and should favor cell growth 
without any associated complication. Various materials 
fulfilling these requirements have been tested for bone 
reconstruction (4). The healing and regenerative effects 
of fibrin sealant in the cardiovascular (5), urinary (6) 
and ophthalmic (7) systems have been demonstrated in 
the literature. Commercially available fibrin sealants are 
produced from bovine thrombin and human fibrinogen. 
However, their disadvantages include the risk of 
transmitting infectious diseases and the development of 
antibodies against bovine thrombin. Thus, a new fibrin 
sealant derived from an enzyme obtained from snake venom 
and fibrinogen extracted from large animals was developed 
for tissue regeneration. This new fibrin sealant acts as a 

substrate for cell growth and shows total biocompatibility, 
as demonstrated by researches in animals and humans (8-
12). Therefore, the objective of the present study was to 
evaluate the osteogenic and healing capacity of this new 
fibrin sealant in combination with autogenous bone grafts 
and laser irradiation during the healing of experimentally 
induced skull defects in rats.

Material and Methods
Fibrin sealant is manufactured from the serine protease 

from a snake venom (Crotalus durissus terrificus) and 
fibrinogen cryoprecipitate obtained from blood extracted 
from adult buffaloes. These components were reconstituted 
in liquid generating a fibrin network (12).

Thirty male Wistar rats (Rattus norvegicus), 15 weeks 
old, weighing 370 g, were obtained from the animal care 
facility of the Medical School of Jundiaí, SP, Brazil. For the 
surgery, animals were anesthetized by an intramuscular 
administration of a mixture (1:1) of xylazine hydrochloride 
and ketamine hydrochloride (Agronova, Jundiaí, SP, Brazil) 
at 1 mg/kg body weight. After shaving, the skin of the 
calvaria was sectioned longitudinally to expose the parietal 
bones. The periosteum was displaced with appropriate 
surgical material and a 5-mm defect was created in the left 
parietal bone with a hand-held trephine drill, exposing the 
encephalic dura mater. The bone defect was filled with a 
3-mm bone fragment removed from the right parietal bone, 
which served as autogenous bone graft and implanted in 
the center of the receptor bone defect (Fig. 1). Immediately 
after surgery, gallium-arsenide laser (BIOSET, Campinas, 
SP, Brazil) irradiation was applied to the recipient area at 
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an intensity of 5.0 J/cm2 and 7.0 J/cm2, 5 times per week. 
Pulsed laser spots (wavelength of 940 nm) were applied 
10 times, each application lasting 11.5 s.

The animals were divided into 6 groups of 5 animals 
each: autogenous graft (G1 - control), autogenous graft 
and laser 5J/cm2 (G2), autogenous graft and laser 7J/cm2 
(G3), autogenous graft and fibrin sealant (G4), autogenous 
graft, fibrin sealant and laser 5J/cm2 (G5), autogenous 
graft, fibrin sealant and laser 7J/cm2 (G6). After 6 weeks, 
the animals were sacrificed in a gas chamber after general 
anesthesia and the skulls were removed and submitted 
to conventional radiologic and histologic analysis with 
hematoxylin-eosin to observe new bone formation. All 
specimens were radiographed using a CR-30X® AGFA x-ray 
unit (Agfa HealthCare, Greenville, SC, USA) with 200 mA 
and 40 kV.

The volume of newly formed bone in the recipient area 
was calculated using a 100-point quadrilateral grid system 
coupled to the eyepiece of a light microscope. Newly formed 
bone was quantified according to the Delesse principle, 
using the formula Vv = Pp/Pt (%), where Vv is the volume 
density or relative volume, Pp is the number of points 
(line intersection) on newly formed bone, and Pt is the 
total number of points of the system (13). The results were 
analyzed by ANOVA and Tukey’s test, using the Bioestat 5.0 
software. The significant level was set at 5%.

The study was approved by the Ethics Committee 
of the Medical School of Jundiaí, Brazil, under protocol 
number 273/11.

Results 
Radiologic analysis showed integrity of autogenous 

bone graft (Fig. 2). Histologically, immature new bone 
formation was observed on the surgical site in all groups, but 
the bone defect was not completely closed. The autogenous 

graft was not incorporated as indicated by presence of 
connective tissue in the bone-autogenous graft interface. 
On the other hand, in the groups receiving the sealant (G4, 
G5, G6) it was evident the prolongation of newly formed 
bone starting from autogenous grafts and margins of bone 
defect. In G6, the defect repair was better, promoting a 
reduction of the autogenous graft-bone interface. The 
absence of inflammatory cells indicates biocompatibility of 
the new fibrin sealant (Fig. 3). The percentage (%) of volume 
of newly formed bone in the surgical sites of groups (G1 
to G6) was 8.66±3.21, 9.00±1.73, 17.00±1.00, 24.66±1.52, 
24.00±1.00 e 37.00±1.00, respectively, significantly higher 
in G6 (p<0.05).

Discussion
The osteogenic properties of biomaterials depend on 

their physical characteristics such as electron distribution, 
three-dimensional arrangement, molecular conformation, 
piezoelectric properties and porosity, as well as on their 
chemical compatibility (14). A promising biomaterial is 
fibrin sealant, used as a biological glue in different surgical 
procedures due to its hemostatic and adhesive properties 
(12). In addition, fibrin sealant can serve as a scaffold for 
cell proliferation and growth (16). The use of this type of 
adhesive as a slow-release drug delivery system and as a 
substrate for cell growth has been suggested (17).

Fibrin sealants are prepared from blood plasma and are 
used as a biodegradable tissue adhesive. The objective of 
its application in different surgical situations is to reduce 
or prevent bleeding from parenchymatous structures. The 
mechanism of action of these products consists of a cross-
reaction with clotting factor XIII, which is catalyzed by 
calcium, with thrombin converting fibrinogen into a strong 
fibrin network that is mechanically stable and has marked 
adhesive properties. The biological principles of fibrin 

Figure 1. Surgical procedure for creation of a cranial bone defect and radiographs of the skullcap. The parietal bones (P) were exposed (A) and the 
bone defect (arrow) (B) was filled with autogenous bone graft (asterisk) (C) removed from the autogenous donor site (AD) (B). Note the bone-implant 
interface (arrowhead) (C). Magnification, 5×.
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sealant are similar to those of the coagulation cascade, 
resulting in the definitive formation of a fibrin clot (18). 
Several formulas of fibrin sealant have been developed, 
varying according to the source of fibrinogen and thrombin 

and concentration of the different compounds. Therefore 
the advantage of this new sealant is that it permits the use 
of homologous, heterologous and autologous fibrinogen, 
in addition to employing a thrombin-like enzyme from 

Figure 2. Radiographs of the skullcap showed the implant site of the autogenous bone graft (*) in animals of the studied groups. Note the radiopacity 
of the autogenous graft and radiolucency of the bone-implant interface due to the presence of connective tissue and bone formation of low atomic 
weight. AD: donor site of the autogenous graft.
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Figure 3. Photomicrographs of the implant site in animals of the groups studied. Note the new bone (*) formed in all groups and projected from autograft 
graft (A) and margins in bone defect. In G6, note reduction of the autogenous-bone interface (arrow). Connective tissue (CT). Scale bar: 54.35 µm. 

snake venom that is more potent than bovine thrombin. 
This sealant interacts with the enzymatic fraction of snake 
venom, releasing monomeric fibrin in the presence of 
calcium and factor XIII which is converted into a polymer 
with adhesive and sealant properties (19).

In the present study, radiologic and microscopic 
analysis showed no signs of inflammation, demonstrating 
biocompatibility of the new fibrin sealant used for bone 
repair. The absence of inflammatory signs has also been 
reported by other investigators who used the same 
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biomaterial, but for reconstruction of different tissues in 
humans (20,21). Furthermore, the volume of newly formed 
bone was greater in groups (G3-G6) treated with the new 
fibrin sealant derived from snake venom. These microscopic 
findings support the ability of this new sealant to act as 
a substrate for bone growth, making it a good resource 
for stimulating osseointegration of bone grafts. Thus, 
the fibrin network arrangement of the new sealant was 
essential for new bone formation. Radiologic analysis did 
not allow a clear demonstration of new bone formation 
for being immature and having low atomic weight, as 
previously described (22).

Gasparoto et al. (23) evaluated the in vitro viability 
of new fibrin sealant (FS) derived from snake venom as 
a scaffold for mesenchymal stem cells (MScs). In the 
results, the FS was able to capture and maintain the MSCs, 
promoting good cell interaction and the researchers noted 
accumulation of calcium in cell culture. Thus, the successful 
use of this new sealant for in vitro research and therapies for 
regeneration of the venous ulcers (20) and oral mucosa (21) 
in patients, makes this a viable alternative to be explored 
in other regenerative therapies. The results of the present 
study also showed biocompatibility with bone tissue and 
favorable osteogenic capacity, suggesting the applicability 
of this new sealant in surgeries for bone reconstruction 
and may reduce the need for  large amounts of autograft.

Different results were described by Okamoto et al. 
(24), who evaluated the effects of a commercial fibrin 
adhesive (Tissucol; Immuno A.G., Vienna, Austria) in the 
bone healing in rat tibias and observed that the sealant 
did not prevent bone healing. However, they reported that 
the healing of the experimental defects was qualitatively 
similar to those observed in the control group that did not 
receive the sealant.

In addition to the use of synthetic materials, other 
techniques such as laser therapy have been tested to 
further accelerate the bone regeneration process and 
stability of implants. Low-power laser irradiation has been 
shown to stimulate bone neoformation by the increased 
local vascularization, organized collagen fibers and ATP 
levels. The effect of low-power laser irradiation in bone 
new formation depends on the intensity, frequency, type 
and time of application (3). Cunha et al. (25) demonstrated 
that laser with energy density of 5.0 J/cm2 was not 
adequate to accelerate the osteogenic process in bone 
defect regeneration and this was also observed in the 
present research. On the other hand, an energy density 
of 7 J/cm2 showed a significant effect on new bone 
formation. G6 presented an intense bone formation and 
considerable reduction of connective tissue volume at the 
interface between the margin of the bone defect and the 
autogenous graft. These results demonstrate the tendency 

of osteointegration in group G6 and support the description 
of Konig Jr (4), who defined osseointegration as a direct 
bone/graft contact without the interposition of a fibrous 
tissue. The results of the present study indicate that the 
osteogenic effect of 7 J/cm2 laser has an efficiency threshold 
and that its combination with fibrin sealant derived from 
snake venom can stimulate graft osseointegration and 
accelerate the bone repair process. This combination 
between laser and sealant becomes a therapeutic resource 
to be further investigated in experimental researches of 
bone regeneration.

Resumo
Este estudo avaliou a capacidade osteogênica de um novo selante de 
fibrina (FS) associado com enxerto ósseo e irradiação laser no reparo 
ósseo. Defeitos foram criados no crânio de 30 ratos e preenchidos com 
enxerto autógeno e FS derivado do veneno de cobra. Imediatamente 
após implantação, foi aplicado laser de baixa potência na área cirúrgica. 
Os animais foram divididos em grupo controle com autógeno (G1), 
autógeno e laser 5 J/cm2 (G2), autógeno e laser 7J/cm2 (G3), autógeno 
e FS (G4), autógeno, FS e laser 5J/cm2 (G5), autógeno, FS e laser 7J/cm2 
(G6). Os animais foram sacrificados 6 semanas após implante. Resultados 
mostraram ausência de infiltrado inflamatório no defeito ósseo. 
Neoformação óssea ocorreu em todos os grupos, entretanto, foi mais 
intenso em G6. Desta maneira, o FS e laser 7J/cm2 mostraram capacidade 
osteocondutiva e podem ser um interessante recurso a ser aplicado nas 
cirurgias de reconstrução óssea.
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