
The aim of this pilot investigation was to develop a new animal model for studying the effects on osteo-
genesis of agents used in the guided bone regeneration technique. As test material, a mixture of two
osseoconductive materials with different physico-chemical characteristics was used. One component of
the mixture was Bio-Oss, a bovine hydroxyapatite; the other was Cerasorb, a synthetic tricalcium phos-
phate. The mixture consisited of 50 volume percent of Bio-Oss and 50 volume percent of Cerasorb.
In in vivo pilot experiment, bone wounds were prepared in the proximal third of both femurs of rabbits.
A Cerasorb + Bio-Oss mixture was inserted on the test side and the same amount of sterile buffered phys-
iological solution on the control side. After healing for 4 weeks, the bone segments were embedded and
cut without decalcification, using the Exact cutting and grinding system. The density of the newly-
formed bone was evaluated histomorphometrically. On the Cerasorb + Bio-Oss test side the bone densi-
ty was almost 1.5 times higher than that on the control side. These results demonstrated that the applied
animal model is appropriate for investigation of the effects on osteogenesis of biocompatible graft mate-
rials such as Bio-Oss and Cerasorb.
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INTRODUCTION

Guided bone regeneration has become a routinely applied method in dental implan-
tology. Most of the dentoalveolar regenerative techniques require osseoconductive
material in order to establish new bone formation in the necessary anatomical form. 

Bio-Oss is a safe, effective xenograft: a deproteinized, sterilized bovine bone with
75–80% porosity. It is reported to be highly osteoconductive and biocompatible
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[3, 5]. It is known that Bio-Oss serves as a scaffold in guided bone regeneration, but,
due to its poor resorbability it may exert a negative influence on the structure of the
newly-formed bone. It has been found clinically that its resorption is very slow,
requiring many years [13].

The chemical characteristics of Cerasorb, another widely used osteoconductive
material (pure beta-tricalcium phosphate), allow it to resorb completely and quite
rapidly during new bone formation. This may result in too early resorption in some
cases, not fulfilling the clinical requirements, the space-maintaining function [1, 15]. 

The main aim of the present study was to establish a gold standard for the artifi-
cial bone growth-accelerating effect of a Cerasorb and Bio-Oss mixture on osteoge-
nesis in order to determine and utilize the most advantageous characteristics of these
bone substitutes. Bio-Oss serves as a scaffold, but its resorbability is poor, while
Cerasorb is a good bone-developing material, but resorbs too early, not providing a
scaffold for the new bone bridges [12, 13].

Bone-substitute materials such as Cerasorb allow targeted bone regeneration as
they facilitate construction of a base on which implants can be positioned and further
stabilized [12]. Full resorption over a defined period of time, with simultaneous
transformation into autologous bone, is of particular significance in this respect.
Because of their rounded surface and chemical composition, the Cerasorb particles
are remarkably bioinert and is therefore particularly suitable for innovative proce-
dures [11, 15].

The present pilot study reports on the potential of a mixture of Cerasorb and Bio-
Oss in implantation technology. A further goal was to develop an in vivo animal
model suitable for the investigation and comparison of the effects of different mate-
rials. Both Cerasorb and Bio-Oss are currently in clinical use, but as far as we are
aware their effects in a mixture have never been investigated.

MATERIAL AND METHODS

The applied Bio-Oss had a granule size of 1–2 mm (Geistlich Pharma AG, Switzer-
land); the Cerasorb was Cerasorb M (1–2 mm) produced by Curasan (Kleinostheim,
Germany).

Animals

The pilot study involved adult New Zealand White rabbits. The animal management
and the surgical and routine procedures followed “The Guiding Principles for the
Care and Use of Animals” approved by the Animal Investigation Review Board of
the University of Szeged, in accordance with the principles of the Helsinki
Declaration.



Surgical procedures

Narcosis was induced with a cocktail of 5.0 mg/body mass (bm) kg (0.25 ml/bmkg)
xylazine (Xylazine 2% inj.), 40.0 mg/bmkg (0.4 ml/bmkg) ketamine (Ketavet inj.)
and 0.8 mg/bmkg (0.08 ml/bmkg) acepromazine (Vetranquil inj.) intramuscularly.
The rabbits received Ringer lactate infusion therapy at a rate of 0.3 ml/min during
narcosis via, a cannula inserted into an ear vein.

After disinfection, isolation and skin incision, the fascia lata was prepared. The
femurs were visualized by folding the m. tensor fasciae latae and the m. abductor
cruris cranialis. The site of the bone wound was marked by a round burr in the prox-
imal third of the femur, approximately 2 cm distally from the trochanter major of the
femur. The diameter of the monocortical bone wound was 3.3 mm. To establish a
bone wound of the same size, implantation drills with irrigation were used (pilot-,
pre- and form drills, CAMLOG Biotechnologies AG, Germany). In the test (right)
femur a 1 : 1 mixture of the bone graft materials Cerasorb and Bio-Oss was inserted.
This combination mixed with rabbit blood, was applied to fill the 3.3-mm-diameter
monocortical bone wound. On the control side (left femur), sterile buffered physio-
logical salt solution was injected. The bone wound was covered by Surgical
(Johnson & Johnson), which was fixed around the hole with Histoacryl (Braun).
Suturing was performed with absorbable Vicril 5.0, in three layers (fascia lata, sub-
cutaneous layers and skin).

During the postoperative care, the rabbits received an analgetic [4.0 mg/bmkg (0.8
ml/bmkg) carprofen (Rimadyl) inj. sc.] and antibiotic support [15 mg/bmkg (0.15
ml/bmkg) enrofloxacin (Enroxil) inj. sc.] for 5 days following the operation. All the
rabbits remained healthy and the postoperative period was uneventful.

Sample harvesting

After 4 weeks of osteogenesis, the rabbits were sacrificed under general anaesthesia
induced by an overdose of an intravenous injection of ketamine.

Specimen preparation

For histological evaluation, perfusional tissue fixation was carried out with 4% neu-
tral buffered formalin solution, after which the cut specimens were subjected to
immersional fixation in 4% of neutral buffered formalin solution. X-rays were taken
to identify the exact locations of the bone wounds. The specimens were dehydrated
and embedded in Technovit 7200VLC resin (Heraeus Kulzer, Germany). Cutting was
performed with the Exact cutting and grinding system without decalcification [2].
The thickness of the sections was 20 µm. The slides were stained with toluidine blue.
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Histology and histomorphometric analysis

Optical microscopic images (Nikon Eclipse 80i, Japan) were recorded on an
Evolution MP 5.1 Mega-pixel FireWire Digital CCD Color Camera Kit (Media
Cybernetics, Inc., USA). Measurements were performed with Image-Pro Plus 5.1.1
image-analysing software (Media Cybernetics, Inc., USA).

The histomorphometrical evaluation involved use of the areal bone density, i.e. the
ratio of the area of newly-formed bone to the total area of the image [8, 9]. This per-
mitted a quantitative comparison of the new bone formation in the control and the
test bone wounds.

RESULTS

Histological observations

In the control samples (Fig. 1a), the reconstruction of the surgically prepared bone
wound was not complete. The bone at the border of the wound exhibited signs of
resorption and new bone formation. This was young immature lamellar bone with
centrifugal orientation of the newly-formed bone in the wound. The outer layer of
newly-formed bone was a younger woven bone with cross-oriented collagen fibres.

The closure of the monocortical bone wound bone formation induced by the
Cerasorb + Bio-Oss mixture was not complete (Fig. 1b). Around the bone substitutes,
new bone formation had started, containing bone bridges between and around the
granules. Mostly young immature woven bone was situated around the granules with
osteoblastic activity.

Fig. 1. Macroscopic slides of histological control (a) illustrates the bone formation induced by the
Cerasorb + Bio-Oss mixture (b) stained with toluidine blue. Arrows indicate the site of the prepared

monocortical bone wound

(a) (b)



In Figure 2a, the border of the old and new bone can be clearly differentiated.
In the woven bone, an osteoblast line indicated the formation of bone and prima-

ry osteons in the lamellar bone (Fig. 2a, b). Both Bio-Oss (BG) and Cerasorb (CG)
granules were visible (Fig. 2c), as a sign that the resorption of the material had not
yet finished. At the same time, an osteoid bone (woven bone – WB) network could
be discerned around the granules (Fig. 2c).
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Fig. 2. Picture of new bone formation in the control sample. (a) Bright field (×10 magnification); Picture
of the bone formation induced by the Cerasorb + Bio-Oss mixture. (b) Bright field (×40 magnification);
(c) polarized light microscopic image (×20 magnification); CG – Cerasorb granules, BG – Bio-Oss

particles, WB – woven bone

(a) (b)

(c)
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Histomorphometric measurements

In the Cerasorb + Bio-Oss mixture, the extent of induced osteogenesis was increased
almost 1.5-fold, as compared with the control side, where the areal density of the
newly-formed bone was 33.9%. For the Cerasorb + Bio-Oss mixture the areal densi-
ty of the newly-formed bone was 48.7%.

DISCUSSION

In modern dental implantology, the need for bone augmentation techniques demands
adequate osteoinductive and osteoconductive effects from the bone substitutes. It is
very important that the original anatomical form of the given bone (e.g. the alveolar
process as dental implantology concerns) should be reconstructed and also that an
appropriate bone structure should be achieved as soon as possible [6].

A variety of biological and synthetic materials are available for reconstruction
with augmentative surgical methods of alveolar bone defects. The available bone
substitutes exhibit different abilities in guided bone regeneration as regards their bio-
logical function in the new bone formation.

Bio-Oss is a highly osteoconductive xenograft material certified for the regenera-
tion of bone defects. It displays very low resorbability and acts as an inert scaffold
onto which bone-forming cells and blood vessels creep, forming the new bone
[7, 10].

Cerasorb has good bioresorptive properties and as a bone substitute it maintains
biological support during healing and is gradually replaced by the newly-formed
bone [12]. Its clinical indication differs from that of Bio-Oss due to its excellent
biodegradation capacity [5]. For instance, Cerasorb is advantageous for sinus eleva-
tion procedures as the floor of the maxillary sinus undergoes rapid regeneration by
virtue of its multiple blood vessel supply [12]. Its application has the clinical advan-
tage that it resorbs quite quickly (in some weeks) and totally. However, vertical aug-
mentation of the atrophied alveolar crest, or the regeneration of other load-bearing
bone sites, requires a bone substitute with lower resorbability and high stability, such
as Bio-Oss.

The goal of this pilot investigation was to study the artificial bone growth-sup-
porting effect of a Cerasorb and Bio-Oss mixture on osteogenesis in order to deter-
mine the most advantageous characteristics of these bone substitutes. The two mate-
rials were mixed on the supposition that their mixture would provide a qualitatively
new effect, i.e. a long-term form-maintaining function with relatively small foreign
material imbibition in the bone. In spite of its poor resorbability, Bio-Oss provides an
appropriate scaffold. Cerasorb is a good bone-developing material, but in some cases
it does not serve long enough as a scaffold for the new bone bridges, as it resorbs too
early. With the combination of Bio-Oss and Cerasorb, the most advantageous prop-
erties of the bone substitutes could be utilized.



Furthermore, the combination of such osteoconductive bone substitutes (in this
case the mixture of Cerasorb and Bio-Oss) with an osteoinductive agent offers
promising perspectives for reconstructive bone surgery [14].

ACKNOWLEDGEMENTS

We are grateful to the Department of Experimental Surgery (University of Szeged) for their help in the
animal experiments and the excellent handling of the animals; to Balázs Gaál (veterinarian at the
University of Szeged), Beáta Péva (Department of Anatomy, Faculty of Medicine) and László Bene
(Department of Mechanical and Process Engineering, Faculty of Engineering) for valuable help and dis-
cussions. This work was supported by the GVOP-3.2.1.-2004-04-0408/3.0 Project funded by the EC and
the Hungarian Ministry of Economy and the ETT project (434/2006) supported by the Hungarian
Ministry of Health.

REFERENCES

1. Chen, W. J., Jingushi, S., Jingushi, K., Iwamoto, Y. (2006) In vivo banking for vascularized autograft
bone by intramuscular inoculation of recombinant human bone morphogenetic protein-2 and β-tri-
calcium phosphate. J. Orthop. Sci. 11, 283–288.

2. Donath, K., Breuner, G. (1982) A method for the study of undecalcified bones and teeth with attached
soft tissue. The Saege-Schliff Technik (sawing and grinding technique). J. Oral Pathol. 11, 318–326.

3. Hämmerle, C. H. F., Chiantella, G. C., Karring, T., Lang, N. P. (1998) The effect of a deproteinized
bovine bone minerals on bone regeneration around dental implants. Clin. Oral Implant Res. 9,

151–162.

4. Hoshino, M., Egi, T., Terai, H., Namikawa, T., Takaoka, K. (2006) Repair of long intercalated rib
defects using porous beta-tricalcium phosphate cylinders containing recombinant human bone mor-
phogenetic protein-2 in dogs. Biomaterials 27, 4934–4940.

5. Jensen, S. S., Broggini, N., Hjørting-Hansen, E., Schenk, R., Buser, D. (2006) Bone healing and graft
resorption of autograft, anorganic bovine bone and β-tricalcium phosphate. A histologic and histo-
morphometric study in the mandibles of minipigs. Clin. Oral Implant Res. 17, 237–243.

6. Lynch, S. E., Genco, R. J., Marx, R. E. (1999) Tissue Engineering: Applications in Maxillofacial

Surgery and Periodontics. Quintessence Publishing Co., Inc.
7. Orsini, G., Traini, T., Scarano, A., Degidi, M., Perrotti, V., Piccirilli, M., Piattelli, A. (2005)

Maxillary sinus augmentation with Bio-Oss particles: A light, scanning, and transmission electron
microscopy study in man. J. Biomed. Mater. Res. Part B: Appl. Biomater. 74B, 448–457.

8. Parfitt, A. M., Drezner, M. K., Glorieux, F. H., Kanis, J. A., Malluche, H., Meunier, P. J., Ott, S. M.,
Recker, R. R. (1987) Bone histomorphometry: standardisation of nomenclature, symbols, and units.
J. of Bone and Mineral Res. 2, 595–610. 

9. Schaffler, M. B., Reimann, D. A., Parfitt, A. M., Fyhrie, D. P. (1997) Which stereologic methods
offer the greatest help in quantifying trabecular structure from biological and mechanical perspec-
tives? Forma 12, 197–207.

10. Schlegel, A. K., Donath, K. (1998) Bio-Oss – a resorbable bone substitute? J. Long-Term Effects

Med. Implants 8, 201–209.
11. Suba, Z., Takács, D., Gyulai-Gaál, S., Kovács, K. (2004) Facilitation of β-tricalcium phosphate-

induced alveolar bone regeneration by platelet-rich plasma in beagle dogs: a histologic and histo-
morphometric study. Int. J. Oral Maxillofac. Implants 19, 832–838.

12. Suba, Zs., Takács, D., Matusovits, D., Barabás, J., Fazekas, A., Szabó, Gy. (2006) Maxillary sinus
floor grafting with β-tricalcium phosphate in humans: density and microarchitecture of the newly
formed bone. Clin. Oral Impl. Res. 17, 102–108.

Cerasorb and Bio-Oss enhanced new bone formation 333

Acta Biologica Hungarica 59, 2008



334 DANICA MATUSOVITS et al.

Acta Biologica Hungarica 59, 2008

13. Tadjoedin, E. S., de Lange, G. L., Bronckers, A. L. J. J., Lyaruu, D. M., Burger, E. H. (2003)
Deproteinized cancellous bovine bone (Bio-Oss) as bone substitute for sinus floor elevation. A ret-
rospective, histomorphometrical study of five cases. J. Clin. Periodontol. 30, 261–270.

14. Urist, M. R. (1965) Bone formation by autoinduction. Science 150, 893–899.
15. Zerbo, I. R., Bronckers, A. L. J. J., de Lange, G. L., Burger, E. H. (2005) Localization of osteogenic

and osteoclastic cells in porous β-tricalcium phosphate particles used for human maxillary sinus floor
elevation. Biomaterials 26, 1445–1451.


