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Abstract: 
Objective: The aim of present study was to evaluate the quality, density and thickness of 
newly formed bone in experimental defects treated with Combi-Pack®, Bio-Oss® and 
Biostite®. 
Materials and Methods: Eight New Zealand white rabbits were included in this random-
ized, blinded study. Four equal 3×6 mm bone defects were created on the frontal and pa-
rietal bones of each animal and three were immediately grafted with Bio-Oss®, Combi-
Pack® and Biostite® while one was left untreated, serving as negative control.  Histologic 
and histomorphometric analysis was performed four weeks after surgery. 
Results: Histomorphometric bone area and trabecular maturity was significantly higher in 
the Bio-Oss® and Combi-Pack® samples as compared to the Biostite® and control cases. 
The amount of remaining biomaterial was almost equal in the three experimental groups at 
the end of the study period. Neither foreign body reaction nor severe inflammation was 
seen in any of the specimens except for the Biostite® samples. 
Conclusion: It may be suggested that implantation of Bio-Oss® particles and Combi-
Pack® blocks can promote bone regeneration more effectively than Biostite®. 
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INTRODUCTION 
Osseous deficiency is a major issue for pa-
tients with periodontal defects and those in 
need of implants. Bone regeneration tech-
niques induce restoration of lost osseous tis-
sues and have become a necessary step in 
periodontal and implant treatments. Severely 
resorbed alveolar ridges are often encountered 
in individuals with periodontal problems. On 
the other hand, dehiscences or fenestrations 
may develop during the course of implant 
preparation in narrow ridges, which can com-
promise the mechanical stability of the fixture. 

In order to solve this problem, autoge-
nous/allogenic bone grafts and substitutes have 
been employed for reconstructive purposes 
resulting in alveolar ridges with sufficient 
bone volume [1].  
Autogenous bone grafts from intra- and extra-
oral donor sites are regarded as the “gold stan-
dard” in regenerative therapy of craniofacial 
bony defects [1]. However a disadvantage of 
this method is donor-site morbidity, which 
could be reduced by using bone replacement 
materials. Multiple degradable or permanent 
osteoconductive bone substitutes such as tri-
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calcium phosphate or xenogenic hydroxyapa-
tite ceramics are available for treatment of 
bone loss [1-9]. 
Bio-Oss®, a deproteinized natural bovine can-
cellous bone mineral, is considered as one of 
the more popular bone substitutes. According 
to previous histologic reports, Bio-Oss® is a 
biocompatible osteoconductive grafting mate-
rial with no signs of foreign body reaction or 
severe inflammation following its application 
[10-15]. Berglundh and Lindhe used Bio-Oss® 
for filling large self-contained defects in bea-
gle dog mandibles. After a 3- to 7-month heal-
ing period, the graft particles were surrounded 
and partially replaced by newly formed bone. 
It was concluded that Bio-Oss® may be an ef-
fective osteoconductive material with osseoin-
tegration qualities [16]. In an experimental 
study on rabbits, Kling et al [17] found that 
Bio-Oss® particles were capable of providing a 
scaffold for new bone formation. This was at-
tributed to the similarity between natural can-
cellous bone and the dimensions of Bio-Oss® 
macropores. Furthermore, other investigators 
have also shown that the crystal structure and 
chemical composition of Bio-Oss® is identical 
to that of normal osseous tissues [18, 19]. His-
tological observation of human periodontal 
defects demonstrated stimulation of new bone 
and cementum formation following grafting 
with Bio-Oss® particles [12, 20].  
Biostite® is a recently introduced biomaterial 
and has been claimed to promote bone regen-
eration. This material is essentially a mixture 
of synthetic hydroxyl apatite (88%, granu-
lometry of 160-200 micro meters, total poros-
ity of 60%), equine type I collagen (9.5%), and 
chondroitin sulfate (2.5%). It seems that colla-
gen reinforces its osteoconductive activity, 
prevents epithelial migration and serves as a 
scaffold for reformation of the periodontium 
[21].  
The present animal study was designed to 
comparatively evaluate the histologic and his-
tomorphometric pattern of healing in experi-

mentally induced cranial defects treated with 
Bio-Oss®, Bio-Oss®COLLAGEN (Combi-
Pack®) and Biostite® grafting materials. 
 
MATERIALS AND METHODS 
The current study was performed according to 
the methods described by Soleymani Shay-
esteh et al [22]. 
Animal Surgical Procedure 
Eight New Zealand white male rabbits weigh-
ing between 2.5 and 3 kg were included in this 
randomized, blinded prospective investigation. 
The study protocol was approved by the ethics 
committee of Tehran University of Medical 
Sciences. Each animal was anaesthetized with 
10% ketamine (40 mg/kg) and 2% xylazine (5 
mg/kg; Alfason, Woerden, Holland), adminis-
tered intra-muscularly. The cranium was 
shaved and, scrubbed with 7.5% povidine io-
dine and draped in a sterile fashion. A cor-
onal–sagittal approach was used for the surgi-
cal procedure. The periosteum was dissected 
and four identical full thickness bony defects 
(3×6 mm), terminating over the dura mater, 
were created with a round bur on the frontal 
and parietal bones. In each rabbit, one defect 
was left untreated (negative control) and the 
other three were randomly filled with Bio-
Oss® (Bio-Oss®, Geistlich and Sons, Wol-
husen, Switzerland), Combi-Pack® (Combi-
Pack®, Geistlich and Sons, Wolhusen, Switzer-
land), and Biostite® (Biostite®, vebas S.R.L, S. 
Giuliano M, Milan, Italy). The periosteal and 
calvarial skin were closed with resorbable 4/0 
(Vicryl, Johnson & Johnson, Somerville, NJ, 
USA) and non-resorbable 4/0 (SURGIPRO™, 
Richmond, VA, USA) sutures, respectively. 
All rabbits recovered from anesthesia without 
complications. A postoperative narcotic (keto-
profen, 0.1 mg/day for 3 days) along with an 
antibiotic (Enrofloxacin, 0.6 mg/day for 1 
week) was injected subcutaneously for each 
animal. 
Sample Preparation 
The rabbits were sacrificed one month after 
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surgery by intravenous administration of pen-
tobarbital (100 mg/kg). Care was taken not to 
damage the grafted areas while removing the 
cranium. The specimens were decalcified in a 
20% solution of formic acid for three days, 
dehydrated in graded alcohol and embedded in 
paraffin. Five-micrometer sections were pre-
pared and stained with haemotoxylin and eo-
sin. 
Sample Evaluation 
Foreign body reaction was assessed through 
observation of giant cells and a concomitant 
granulomatous reaction under a light micro-
scope (Olympus BX 51, Olympus Co., Tokyo, 
Japan) at a magnification of ×400. The inter-
face between bone and biomaterial particles 
was also evaluated with the same magnifica-
tion. The proportion of lamellar and woven 
bone was estimated under polarized light. Col-
lagen bundles in lamellar bone are concentri-
cally aligned, while woven bone contains ir-
regularly oriented fibers. Magnified photomi-
crographs (×40) were used for assessment of 
bone and biomaterial areas using graphics 
software (Photoshop 8 CS, Adobe Photoshop 
CS). Evaluators were blinded to the type of 
biomaterials implanted in the calvarial defects. 
Statistical evaluation 
Statistical analysis was performed by Fried-
man test and Dunn procedure for pairwise 
comparisons using SPSS software (SPSS for 
Windows version 11.5). 
 
RESULTS 
Histological Evaluation 
Foreign body reaction and severe inflamma-
tion were absent in all studied specimens ex-
cept for two of the Biostite® samples. Half of 
the control cases did not have any inflamma-
tion and the remaining 50% showed a mild 
inflammatory response. Accordingly, a signifi-
cant difference in the severity of inflammation 
was found between the case and control 
groups (P<0.05). 
In experimental cases that demonstrated new 

bone formation, osseous tissues were observed 
in direct contact with the biomaterials without 
intervening connective tissue. A mixture of 
woven and lamellar bone was observed in all 
case and control specimens with bone regen-
eration. 
Histomorphometric Evaluation 
The amount of newly formed bone was 11.0% 
(SD=0.7%), 14.5% (SD=1.8%), 16.3% (SD= 
1.4%) and 17.3% (SD=0.8%) in the control, 
Biostite®, Bio-Oss® and Combi-Pack® sam-
ples, respectively. The difference between the 
four groups was significant (P=0.001). 
Pairwise comparisons revealed a significantly 
lower amount of bone regeneration in the con-
trol defects as compared to the Biostite®-
treated samples (P<0.05). Also, the amount of 
new bone formation was found to be higher in 
the Bio-Oss® and Combi-Pack® groups in 
comparison to the Biostite® specimens 
(P<0.05). However the difference between the 
former groups was not statistically significant. 
The percentages of remaining biomaterial in 
the Biostite®-, Bio-Oss®- and Combi-Pack®-
treated defects were 23.3% (SD=1.6%), 23.7% 
(SD=1.6%) and 23.5% (SD=1.6%), respec-
tively. A significant difference was not ob-
served between these samples (P=0.854). 
 
DISCUSSION 
One of the major goals in periodontal therapy 
is to regain the lost periodontium including 
osseous tissues. This has been achieved 
through application of biomaterials using dif-
ferent techniques. Ongoing investigations seek 
to identify better bone regeneration substitutes 
and superior grafting methods. Growth factors 
can play an important role in improving and 
accelerating wound healing of both soft and 
bony tissues. According to the results obtained 
in the present study, bone regeneration was 
more efficient in cases filled with Bio-Oss® 
and Combi-Pack® than in Biostite®-treated de-
fects. Additionally better results were observed 
in all experimental groups as compared to con-
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trol cases at the end of the study period. 
Regeneration of osseous tissues in our samples 
was significantly higher in the Biostite® 
specimens in comparison to the Bio-Oss® and 
Combi-Pack® cases. These results are in 
agreement with those reported by Piattelli et al 
[6] who found physiologic bone remodeling to 
be better in Bio-Oss® than in hydroxyapatite. 
Previous investigations on Bio-Oss® and 
Biostite® have shown a greater amount of bone 
regeneration in Bio-Oss® and a slower pace of 
hydroxyapatite replacement for Biostite®. A 
number of studies have also suggested that 
Bio-Oss® is well tolerated and more biocom-
patible than Biostite® [6]. 
Artzi et al [10] investigated the effect of Bio-
Oss on the microscopic appearance of newly 
formed bone during healing of extraction 
sockets. The average amount of osseous tissue 
adhered to Bio-Oss® particles was 46.3% after 
9 months. The current study employed a 4-
week period for evaluation of bone regenera-
tion; therefore our findings do not provide in-
formation on the rate of new bone formation in 
different intervals. Bone substitutes are al-
loplastic or xenogenic materials capable of 
conducting bone regeneration. Considering 
their eventual resorption and replacement by 
osseous tissues; it is conceivable that with 
time, histomorphometric measurements would 
show an increase in the quantity of newly 
formed bone. 
Controversial data exist regarding the amount 
and mechanism of graft material resorption. 
According to several investigators, bone sub-
stitutes do not have osteoinductive or os-
teoproliferative properties and resorb very 
slowly, thus cannot completely replace auto-
genous bone [11-14]. However, others have 
shown biodegradation of bone graft materials, 
following physiologic normal bone remodeling 
or normal osteoclastic resorption [14,17-20]. 
Despite the fact that new bone formation was 
found in all our specimens and has been re-
ported in numerous other studies, the resorp-

tive capability and turnover rate of grafted ma-
terials remains unclear. Therefore, differences 
in resorption rate, may affect the amount of 
bone replacement, and future studies are re-
quired to clarify the behavior of grafts in rela-
tion to newly formed osseous tissues over 
time. 
An important finding in the present investiga-
tion is the lack of severe inflammation and 
foreign body reaction, which demonstrates 
physical and chemical similarities between 
Bio-Oss® and the recipient bone. The osteo-
conductive property of this biomaterial was 
apparent based on the observation of increased 
osteogenesis without intervening fibrous tis-
sue. The newly formed bone encountered 
within the Bio-Oss® particles was vital. This 
indicates the ability of the grafted material to 
induce revascularization and revitalization of 
the bony tissue which may occur because of 
the porous architecture of Bio-Oss. 
It can be suggested that porosity in bone sub-
stitute materials, similar to autogenous bone, is 
necessary for vascularization and osteogenesis. 
The interconnecting pore system of Bio-Oss® 
has been shown to promote angiogenesis and 
facilitate the migration of osteoblasts. [23]. 
Furthermore it is reasonable to assume that the 
biocompatibility of Bio-Oss® is greater than 
Biostite®. 
 
CONCLUSION 
According to the results obtained in the current 
ionvestigation, it may be proposed that im-
plantation of Bio-Oss® particles and Combi-
Pack® blocks can accelerate bone regeneration 
more effectively than Biostite®. In addition it 
was shown that filling bony defects with each 
of the studied materials would be better than 
leaving them unfilled. 
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