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aBstract

Objective: Xenografts are an alternative to autogenous grafts 
and must be osteoconductive and biocompatible. A recent 
study has demonstrated that the physical and chemical cha-
racteristics of commercially available hydroxyapatites do not fit 
the manufacturers’ descriptions. This study evaluates the bio-
compatibility and osteoconduction of a xenograft derived from 
bovine medullary bone. Methods: Fifteen adult rabbits weighing 
between 2,500 g and 3,000 g each were anesthetized and sub-
jected to surgical procedures to create three perforations in the 
tibia, with a diameter of 2 mm. These were filled with blood clot, 
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Osseus® and Bio-Oss®. The animals were euthanized after 
7, 14 and 28 days. Results: Histopathological analysis of the 
interface between the bone and the biomaterial showed a slight 
inflammatory response after 7 days, which was absent in the 
subsequent periods. Both materials were partially replaced by 
bone tissue directly in contact with the surface of the materials, 
without the occurrence of fibrosis. Conclusion: We concluded 
that both materials are biocompatible and absorbable, allowing 
for progressive bone apposition on the surface throughout the 
evaluation period.
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introduction

Repairing large bone defects continues to be a challenge for 
orthopedists that use traditional autologous bone grafts be-
cause of their osteogenic properties and easier incorporation 
than alloplastic and xenogenic grafts.1

Transplanted materials can be classified according to their ori-
gin as autologous (autografts), homologous (allografts), het-
erologous (xenografts) and alloplastic (consisting of inorganic 
or synthetic material). Autografts are taken from the patient 
and act by mechanisms called osteogenesis, osteoconduc-
tion (bone regeneration) and osteoinduction.2 The insertion 
of autografts entails risks for the patient, including additional 
surgical procedures, an increase in postoperative morbidity, 
debilitation of the donor region and an often unsatisfactory 

quantity of autograft tissue available.1 Allografts may be ob-
tained from human cadavers or from live donors, and are 
processed under sterile conditions and stored in human bone 
banks. The advantage of using homologous materials is that 
only one site of surgery is needed, thus involving less surgi-
cal time and morbidity. Osteoinduction of allografts occurs 
through bone morphogenetic proteins (BMPs) responsible for 
differentiating mesenchymal stem cells into osteoblasts.3 The 
disadvantages of using tissue from another individual are the 
possibility of transmitting diseases and the limited availability 
of grafts.4 Xenografts are obtained from a species different 
from that of the receptor5 and are predominantly made from 
the inorganic portion of animal bone tissue, being classified as 
osteoconductors.2,3  Synthetic materials for bone regeneration, 
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classified as osteoconductors,5 are an alternative to existing 
limitations and difficulties in obtaining autografts, and to the 
possibility of disease transmission by allografts.
Processing bovine bone can result in two distinct types of 
material: inorganic and organic (predominantly collagen type 
I). Inorganic material is free of proteins and cells because 
it consists only of hydroxyapatite. Proteins are removed by 
heat treatment at temperatures above 300°C but the higher 
the temperature the lower the probability of bioabsorption of 
these materials.6 Heat treatment interferes directly with the 
material’s crystallinity level, increasing calcination (1000°C) 
or sinterization (1250°C).6-8 On the other hand, treatment of 
bovine bone with organic solvents, alkalis and acids under 
controlled concentration and temperature, permits removal of 
cells, cellular debris and various non-collagenic proteins as 
well as the mineral portion, leaving a protein structure basi-
cally made up of collagen type I and a small amount of growth 
factors, such as bone morphogenetic proteins.9 Treatment 
above 300°C or with alkalis followed by neutralization elimi-
nates the risk of disease transmission.10 In fact, Brazil is still 
in an enviable position in this regard because its cattle is free 
of spongiform encephalopathy (BSE or mad cow disease).9 
Previous studies have demonstrated the viability of xenografts 
in bone defects of rat femur,11 with different results depending 
on the experimental defect used.12,13

A recent study showed that of the six particulate hydroxyapa-
tites tested from those available in the Brazilian market, only 
one matched the manufacturer’s specifications.14 This means 
that the quality of the material is not predictable for use in 
clinical applications and that there is a need for standards, 
important in evaluating the manufacturing quality in the search 
for suitable materials. 
This study compares by histologic analysis the biocompat-
ibility, biodegradation and osteoconduction of two bovine 
xenografts - Osseus® and Bio-Oss®.

Materials and Methods

Fifteen adult white New Zealand rabbits, each weighing be-
tween 2,500 g and 3,000 g, were randomly split into three 
groups: Osseus®, Bio-Oss® and blood clot. This project re-
ceived approval from the Animal Research Ethics Committee 
(#0003/07).  The animals received a pre-anesthetic (20mg/
kg of ketamine and 1 mg/kg of xylazine IM) followed by a 
general anesthetic (1% isoflurane by inhalation) and 0.3 mg/kg 
of lidocaine plus 0.1 mg/kg of morphine for spinal anesthesia. 
Topical chlorhexidine was used for disinfection, the hair was 
shaved around the animals’ tibias and a 4cm incision was made 
in the skin of the hind legs. After exposing the tibia surface 
(Figure1A) and with continuous saline solution irrigation, three 
2 mm holes were drilled 1 cm apart (Figure1B) in each tibia. A 
low speed drill was used with a 2 mm round surgical bur. Two 

holes in the right and left tibias were immediately filled with 
bovine hydroxyapatites (A-Osseus® and B-Bio-Oss®) and 
the third holes were filled with a blood clot. The animals were 
euthanized with an overdose of general anesthetic at periods 
of 7, 14 and 28 days after surgery. Three tissue fragments 
were collected and placed in 10% buffered formaldehyde for 
48 hours and demineralized in a decalcification solution (All-
kimia®) for 24 hours. Histological sections 5 µm thick were 
stained with hematoxylin and eosin (H&E) and examined by 
light microscopy.  The reaction of the cells to the xenograft 
was observed, focusing on the intensity and nature of the 
inflammatory response, and the presence of necrosis, fibrous 
connective tissue and neoformed bone in direct contact with 
the graft.

results

The biomaterials tested were easy to handle during the surgical 
procedures. The control group was completely filled with new 
bone and no adverse inflammation was observed.  Macro-
scopic observations showed no morphological differences be-
tween the xenografts. (Figure 2) Microscopic analysis showed 
very similar patterns for both biomaterials.  Light inflammatory 
infiltrates were present at 7 days. (Figure 3) and absent at 14 
days.  No multinucleated giant cells were noticed. A repair pro-
cess predominated after 14 days. Osteogenesis started at 7 
days at the margins of the lesion and increased throughout the 
experimental period filling the bone defect. Subjective analysis 

Figure 1: Surgical procedure: .A. View of the tibia after incision and 

detachment. B. Holes filled with biomaterials and blood.
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Figure 2: Macroscopic aspect of the xenografts used. A) Bio-Oss® 

and B) Osseus®.
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suggested a decrease in the size of the particles that were fully 
incorporated into the bone tissue after 28 days. (Figure 4)

discussion

White New Zealand rabbits (Orytolagus cuniculus) are frequently 
used as an animal model in orthopedic and craniomaxillofacial 
experiments because of the similarity between the bone density 
and resistance to fractures in these animals and humans.15

Osteoconductive materials must have a three dimensional 
structure and a large number of interconnected pores that 
permit cellular and vascular proliferation, and the formation of 
granulation tissue within them.16 They must be biocompatible 
and absorbable, with slow and controllable degradation, and 
must possess favorable physico-chemical surface properties 
that favor cell proliferation. The xenografts tested presented all 
these characteristics during our experiments, including some 
degree of material absorption and cell and bone ingrowth. This 
is probably due to their favorable geometry with their biologi-
cally designed pores.
Bone repair depends on an adequate vascular supply with os-
teoblasts working in the regions adjacent to the blood vessels, 
where the formation of highly organized bone tissue requires 
a mechanically stable and solid surface upon which the newly 
formed bone can be laid.17 This aspect was demonstrated by 
microscopic analysis where, at all stages of the experiment, 

there was new bone formation originating from the edge of the 
basophilic devitalized bone and extending over the surface of 
the biomaterial along with evidence of resorption.  This shows 
the adequacy of the xenograft in providing an adequate frame-
work for revascularization and ossification.18

A biomaterial is considered biocompatible when it shows a high 
capacity for inducing the appropriate response in the host for 
a specific application.19,20 
Histopathologic observations confirmed the post-operative 
clinical evaluation of the animals. There were no negative signs 
such as suppuration, pain or weight loss. It is worth noting that 
although the defects in the rabbits’ tibia were not of critical 
size, they were fully repaired with bone in direct contact with 
the biomaterials, confirming their biocompatibility and osteo-
conduction. An ideal biomaterial should be osteoconductive, 
resorbable and susceptible to osteoclastic action so as to 
permit bone replacement in the grafted area.20 In this study 
we observed clear evidence that the materials were partially 
absorbed and replaced with bone tissue at the edge of the 
biomaterials. (Figure 3B and 3C)
One of the disadvantages of xenografts cited by some au-
thors is the risk of disease transmission, but it is known that 
anorganic materials such as those used in our experiments 
offer a lower risk in this regard compared with fresh frozen 

Figure 4: Photomicrograph of bone defect 28 days after surgery. A. Control group (blood clot); the arrow shows the edge of the defect. B. Bio-
Oss® group, with arrows showing a layer of osteoblasts and biomaterial.  C. Osseus® group. The asterisks show the biomaterial (osseus®). 
H&E. Magnification: x12.5.

Figure 3: Photomicrograph of bone defect 7 days after surgery. Control group (blood clot): osteogenesis starting at the edge of lesion (ar-
rows, A). Bio-Oss®group: with osteogenesis evident (arrows, B). Osseus® group: osteogenesis involving biomaterial particles (asterisks, c). H&E. 
Magnifications: A, B: x12.5;  C: x25.
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tissue because of the manner in which they are processed.
When the control group (blood clot) was compared with the 
experimental groups, it always showed better bone neoforma-
tion. We attribute this to the slower evolution of bone repair 
when bone grafts are utilized in a bone cavity or defect, an 
observation previously made by others.3,12,13

conclusion

Clinical and microscopic observations lead us to conclude that 
particles of both biomaterials used (Bio-Oss® and Osseus®) 
are biocompatible, permit direct bone tissue deposition in 

contact with the material and are apparently absorbable.
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