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INTRODUCTION

Abstract

Objective: Both anorganic bovine bone (ABB) afietricalcium phosphatef¢
TCP) are used in clinical practice as bone substitute materials, but there is
data comparing these two materials in standardized defects.

The aim of this study was to histologicallyaduate the effectiveness of ABB ¢
B-TCP in the healing of experimentally induced bone defects.

Materials and Methods: Eighteen bone defects were created on the calve

six rabbits. In each animal, one defect was left untreated and the other two were
filled with ABB and B-TCP. After one month, histological sections were pre-
pared. Type and vitality of newly formed bone, percentage of new bone for

and residual material, thickness of trabeculae, inflammation and foreig!
reaction were assessed.

Results: The newly formed osseous tissue was vital in all defects and cons
woven and lamellar bone. Mean percentages of new bone formatiol
30.83£14.29%, 16.83+11.07% and 14.00+8.17%@34MCP, ABB and contr
groups, respectively and the mepercentages of residual biomaterial v
24.17+14.01% and 36.50+8.43% ATCP and ABB groups, respectively. How-
ever, the differences were not statistically significant (alOp@%). Inflammator
infiltration was statistically higher ir8-TCP compared tdhe control grou
(p=0.025), but the difference was not significant betwg@&CP and ABB groug
(p=0.083). Trabeculation thickness and foreign body reaction were not statistical-
ly different between {fCP and ABB groups.

Conclusion: B-TCP and ABB were not different with regard to the quantity
quality of newly formed osseous tissue. However, inflammatory infiltratior
higher in sites filled wittg-TCP.
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essential prerequisite. Sometimes, there is a

To replace a missing tooth with a dental imlack of available bone as a consequence of
plant, existence of the adequate bone is atrophy, trauma, failure to develop or surgical
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resection [1]. Several grafting materials in-WOEDEN- HOLLAND). The surgical sites on
cluding autografts, allografts, xenografts anthe calvaria were shaved and scrubbed with
alloplasts have been used for bone augmeni®4 betadine for 5 minutes. After isolation, an
tion [2]. While autogenous bone is called as anterior-posterior (cranio-caudal) incision was
gold standard [3], harvesting a sufficientnade with a No. 15 surgical blade and dermal
amount of autogenous bone is not possible and subdermal tissues along with the perios-
most cases. teum were retracted with a periosteal elevator.
Anorganic bovine bone (ABB) has osteoconfhree identical holes (3.1 x 6 mm) were
ductive properties and is documented as a bicreated on the frontal and parietal bones by a
compatible material. Although several clinicatound bur. For standardization, anatomical
investigations have demonstrated its favorablandmarks including the occipital process and
results, [1, 4histological studies have showncraniocaudal suture were used. These two
variable degrees of residual material even aftemdmarks cross in the middle and form a plus
3 years [5]. sign (+). The defects were oriented on the right
B-tricalcium phosphate¢(TCP) is a synthetic anterior, right posterior and left posterior as-
calcium phosphate ceramic used in regenenaects of the intersection of these landmarks.
tive therapy as an alloplastic material. HoweVABB (Bio-Oss®, Geistlich Biomaterials, Wol-
er, there is controversy regarding its resorptieusen, Switzerland; particle size: 250-1000
and regenerative potential. A number of rgtm) and B-TCP (BioResorb®, Oraltronics,
ports have indicated good biodegradability anBremen, Germany; particle size: 500-1000
biocompatibility, while others have shown rapum) were used to fill two of the defects, leav-
id degradation and weak mechanical properti@sg one hole unfilled which served as control.
[6-10]. Then, the periosteum and skin were sutured.
To the best of our knowledge, there is limitedrfter transferring the rabbits to their cages,
data comparing these two materials with reenrofloxacine (0.7 ml/day) and florbiprofen
gard to the amount of bone formation and graf0.3 ml/day) were injected subcutaneously for
resorption properties [11]. The aim of thi$ to 7 days.

study was to compare these two materials il animals were sacrificed after a 1-month
experimentally induced defects in rabbit calvaiealing period by an overdose of pentobarbital

ria. (100mg/kg), injected intravenously.
After sacrifice, dermal and mucosal tissues of
MATERIALSAND METHODS the calvarium were separated with a #15 sur-

This study was approved by the Animal Cargical blade and the entire calvarium was re-
and Use Committee of Tehran University ofmoved using a reciprocating saw. The speci-
Medical Sciences and was performed strictijnens were fixed in 10% formalin for 14 days

in accordance with the recommendations @nd immersed in 10% formic acid for another
the Helsinki convention for the use and care t#vo weeks until decalcified.

animals. All samples were retransferred to formalin for

Six white male New Zealand rabbits weighingl8 hours before final preparation for section-
2.5-3.5 kg were maintained on standard lang.

boratory chow with free access to water for Zen histologic sections with a thickness of 5
weeks prior to the first day of the experiment.um were prepared from each defect and
The animals were anesthetized with intramustained with hematoxilin and eosin.

cular injections of 2% (5mg/kg) xylazine andnflammation, foreign body reaction, bone vi-

10% (40mg/kg) ketamin (Alafason,tality, bone quality, thickness of bone
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Fig 1. Means and standard deviations of the percentage Fig 2. Means and standard deviations of the percentage of
of newly formed bone in ABB (Bio-Osd}; TCP and residual biomaterial in ABB angt TCP groups
negative control groups
RESULTS

trabeculae, percentage of residual biomateri@he newly formed osseous tissue was vital in
and newly formed bone were assessed in th# specimens. All specimens showed mild in-
bases of the defects by a light microscopgammatory infiltrations (grade I and II). All of
(BX41, Olympus Co., Tokyo, Japan) at anegative controls, 75% of the ABB, and 16.7%
magnification of x40. Inflammation wasof theB-TCP specimens demonstrated grade |
graded using a five-tiered grading system asflammation and other samples showed grade
follows: 0, no inflammatory cells; 1, little and Il inflammation. Overall 3-TCP showed more
scattered inflammation; Il, focal inflammationinflammatory infiltration compared to the con-
with 5 to 10 inflammatory cells; Ill, focal in- trol group (p=0.025).

flammation with 10 to 50 inflammatory cells;Foreign body reaction was positive in four out
and 1V, focal inflammation with more than 500f 6 defects filled with3-TCP. However, this
inflammatory cells. reaction was observed in 2 out of 6 defects of
Foreign body reaction was determined by ththe ABB group and none of the control group
presence of multinucleated giant cells in gras expected. The difference betwdgif CP
nulomatous response. Observation of osteand negative control groups was statistically
cytes in trabecular lacunae confirmed bonggnificant (p=0.046).

vitality. Bone quality was recorded as woverThe newly formed osseous tissue was con-
bone alone, both woven and lamellar bonsjsted of both woven and lamellar bone in all
and lamellar bone alone. An eye-piecepecimens.

micrometer was used to measure the thickneRggarding the thickness of bone trabeculae,
of bone trabeculae. Trabeculation thicknessd$.7% and 83.3% of the negative controls
of >60 um, 20-60 um, and 1-20 um were corwere grade | and Il, respectively; 33.3% and
sidered as grades I, Il and lll, respectively66.6% of the ABB samples were grade | and
Digital photograph was taken for each samplé respectively; and 50%, 33.3% and 16.7% of
at a magnification of x40 and the percentagbe B-TCP specimens were grade |, Il and I,
of residual material and newly formed boneespectively. However, according to Friedman
were calculated using Adobe Photoshop 7t@st the differences were not statistically sig-
software.Statistical analyses were performadficant (p=0.846).

using ANOVA, Friedman and dual competi-According to repeated measure ANOVA test,
tion post Hoc tests. the mean percentage of new bone formation
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Fig 3. Hematoxylin and Eosin-stained section of defe&tsControl, new bone formation is observed on the border
and fibrous connective tissue is discernible in the center of the dBf¢eT CP, abundant new bone formation is ob-
served aroun@-TCP particlesC. ABB, residual particles are seen in the defect (original magnification x40).

was 16.83+11.07% in ABB group,According to Schallhorn [13], the essential
30.83+14.29% in B-TCP group, and properties of an ideal grafting material is bi-
14.00+8.17% in the control group (Figure 1)ologic acceptability, predictability, clinical
No statistically significant differences werefeasibility, minimal operative and postopera-
seen among groups in this regard (p>0.05). tive complications and patient acceptance.
The mean percentage of residual material iFhe results obtained in the present investiga-
the defects filled with ABB an@-TCP was tion demonstrated no adverse inflammatory
36.50+8.43% and 24.17+14.01%, respectivelgonsequences following application TCP
However, the difference between groups wamnd ABB. Although the inflammatory infiltra-
not statistically significant (p>0.05) (Figure 2).tion was more in defects filled witR-TCP,
inflammatory reactions were slight in all spe-
DISCUSSION cimens.
This study was designed to compare borie this study, foreign body reaction was ob-
healing after application of two osteoconducserved in 16.7% and 66.7% of the ABB ghd
tive graft materials (ABB anfl-TCP) in expe- TCP cases, respectively. This was in accor-
rimentally induced bone defects in rabbit caldance with the findings reported by Ogose et
varia. al. [9] who evaluated the histologic characte-
Since the embryonic process of developmenstics of -TCP in the human femur and found
of both alveolar bone and calvaria vault aresteoclast-like giant cells surroundifigTCP
through intramembranous bone formatiorparticles. Degradation of graft materials may
calvaria of the rabbit was selected as the expae considered as a positive characteristic if
rimental site to make a more proper comparieplaced by newly formed vital bone. Previous
son. Biomaterials used in bone grafting proceéavestigations have shown thg@TCP has
dures have been shown to influence modelingrominent bioresorbable properties [9]. In the
remodeling and healing of osseous tissues. current study, the resorption and bone forma-
These substances are also known to enhartimen induced byp-TCP was slightly greater
and stimulate bone formation via osteogenesitian ABB, but a significant difference was not
osteoconduction or osteoinduction [2]. Théound between the two materials. The results
remodeling process lasts for 3 to 6 months of this study are in accordance with the study
humans and 6 weeks in rabbits [12]. of Tamimi et al [14].
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The amount of newly formed bone in osseousochrane Database Syst Rev.
defects is probably one of the most importar2009(4):CD003607.
factors for determining regeneration. Consi2- Williams RC, Cochran DL, Giannobile
dering that both materials showed desirabM/V, Lynch SE. Tissue engineering: what does
healing propertiesp-TCP and ABB seem to it mean? Why is it important? Compend
qualify as acceptable grafting biomaterialsContin Educ Dent. 2005 Jan;26(1):54, 6, 8
Artzi et al. used ABB patrticles in fresh humampassim.
extraction sockets and found 82.3% new borg2 Wood RM, Moore DL. Grafting of the
formation [15]. Ogose et al [9] observed amaxillary sinus with intraorally harvested
considerable amount of newly formed bone oautogenous bone prior to implant placement.
B-TCP particles, 4 weeks after grafting. Thejnt J Oral Maxillofac Implants. 1988
reported excellent osteoconductive and resorpall;3(3):209-14.
tive properties forf-TCP in human osseous4- Cordaro L, Bosshardt DD, Palattella P, Rao
tissues. Wada et al. [10] used fresh autogenolg Serino G, Chiapasco M. Maxillary sinus
bone, allogenic decalcified freeze-dried bongyrafting with Bio-Oss or Straumann Bone
and B-TCP for the treatment of experimentalCeramic: histomorphometric results from a
furcation defects. Regeneration was momandomized controlled multicenter clinical
prominent following application of autogenoudrial. Clin  Oral Implants Res. 2008
bone as compared to the other two substance&ug;19(8):796-803.

5- Hallman M, Lundgren S, Sennerby L.
CONCLUSION Histologic analysis of clinical biopsies taken 6
According to the results of the present studynonths and 3 years after maxillary sinus floor
B-TCP and ABB may have similar osteoconaugmentation with 80% bovine hydroxyapatite
ductive properties and there are no significaaind 20% autogenous bone mixed with fibrin
differences between these two materials withlue. Clin Implant Dent Relat Res.
regard to the quantity and quality of newl2001;3(2):87-96.
formed bone. However, inflammatory infiltra-6- Aybar B, Bilir A, Akcakaya H, Ceyhan T.

tion is higher in sites filled with-FCP. Effects of tricalcium phosphate bone graft
materials on primary cultures of osteoblast
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