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Abstract

Objective: The objective of this study was to eatduthe effect of Accell Con-
nexu$ on the quality and rate of healing in experimedefects of rabbit calva-
rium compared to Bio-Oss®.
Materials and Methods: Twelve 2.53.5 kg weighing New Zealand white rab
were used. Three defects (3x6 mm) were createderctanium of the anime
subsequently filled with Accell ConneX{jsBio-Oss® or served as controls. °
animals were sacrificed four, six and eight weeabst@peratively and the histolo-
gy blocks were studied in terms of inflammatiorabiculation thickness, bc
type regeneration, foreign body and remained bieratby light microscop
The data were subject to Mann-Whitney U test.
Results: Increasednflammatory reaction, foreign body reaction, deldybon
formation and lower rate of ossification were obedrin DBMfilled defect:
compared to Bio-Oss® or controls. However, no digant differences were ob-
served in bone formation between Bio-Oss®, Accelhi@zxu§ and control spe-
cimens in the three time intervals. Furthermore sigmificant differences we
w . . noted between Bio-Oss® and control groups.
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INTRODUCTION or lesions necessitate reconstructive methods
Bone defects due to trauma, developmentldr substitution of lost supportive tissues for
anomalies, oncological resections, infectionshich different bone graft materials are avail-
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able. These materials promote the boneéefects including mineral bovine bone (xeno-
healing response through provision of oste@raft). Bio-Oss® has been claimed to promote
genic, osteoconductive and osteoinductive afrmation of new cement, functional periodon-
tivities. Bone graft materials have been dital ligaments and alveolar bone preserving os-
vided into autografts, allografts, xenograftseoconduction [3,4].

synthetic materials or a combination of therBio-Oss® has been used in different areas
each with specific characteristicAutograft is such as periodontology and intrabony de-
the gold standard forbone grafts, refers to thects[5], peri-implant defects[6], sinus floor
bone tissues harvested from an individualaugmentation[7,8,9],ridge preservation[10,11],
iliac crest, femur or tibia and is implanted irridge augmentation[12,13] and ridge recon-
the same person. Due to the limitations of astruction [14]. The similar natural starting ma-
tografts such as significant donor-site, morbiderial together with the complex patented man-
ity, extended operating room time and limitedifacturing procedures are the resemblances of
guantity and quality of bone available foBio-Oss® to the human natural bone. Its high-
harvest, a variety of synthetic and bioimplanter porosity, as human natural bone increases
have been developed as bone substitutes. Aleod vessel formation and bone cell migration
lograft, an alternative to autograft, is a tissudrough a coarse-meshed interconnecting pore
harvested from an individual implanted intesystem [15], which is a good meshwork for
another one of the same species. Xenograft,dsteogenic cells and possibly willencourageos-
a bone tissue harvested and implanted into dteoblastic differentiation and matrix synthesis
ferent species while synthetic materials afd6]. Demineralized bone matrix (DBM),
various extracted or synthesized proteianother potential alternative supplement for
growth factors, adhesion molecules or synthetutogenous bone graft, possesses osteoconduc-
ic osteoconductive materials which are availdive characteristics with a possible osteoinduc-
ble for bone graft purposes[1].Synthetic mataiveproperty. Ithas been widely used in differ-
rialsvary greatly in osteoconductivity, osteoinent fields of orthopedics, neurosurgery, plastic
ductivity, mechanical strength, handling propsurgery and dentistry and it has been exten-
erties or cost while newly developed materialsively investigated as a material to induce new
are constantly made available with improvedone formation. The osteoinductive characte-
properties. Biologic acceptability, predictabili-ristics of DBM is possibly due to the existence
ty, clinical feasibility, minimal operative se-of matrix-associated bone morphogenetic pro-
guel, postoperative sequel and patient accegeins (BMPs) such as BMP2, BMP4 or BMP7
tance are of the basic principles mentioned f@and growth factors such as T@FRavailable in
bone graft materials [2].Up to now, no ideathe host environment during the demineraliza-
bone graft material has been developed owhen process[17]. Demineralized bone matrix
ing all required properties. Therefore, assesdoes not contain osteoprogenitor cells al-
ment of different bone graft materials is othough it facilitates the recruitment of the pro-
primary importance prior to their clinicalgenitor cells from the bone marrow to the de-
usage. Based on the studies performed, aninfietts called as osteoinductive proper-
studies on dog, rabbit, monkey, rat or horgg[18].Furthermore, demineralized bone ma-
may possibly clarify the tissue response to difrix has been shown to possess high osteoin-
ferent graft materials. ductive properties improving the integration of
Bio-Oss®, anosteoconductive bone substitutautogenous bone grafts in the skull [19].

has been introduced to promote bone growth the recent years, different DBMs have been
in the periodontal and maxillofacial osseoumtroduced for the clinical uses of bone healing
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Figl. Bio-Oss sample at 20xmagnification Fig2. DBM at 20x magnification

with different capabilites for the usedAccell Connexu8 and Bio-Oss® on the quali-
processing or carrier media. Then, the matéy and bone healing rate in the experimental
rials’ weaknesses and strengths must be takéefects on rabbit calvarium. The main hypo-
into account in the clinical environment andhesis of this study was that the osseoinductivi-
the clinician should select the most effectivey of Accell Connexu$ would promote more
DBM to gain access to the best outcomes [20hone formation than Bio-Oss®.

Different processing and donor variability

caused DBMs to show variable osteoinductivMIATERIALS AND METHODS

activity [21]. In this interventional animal study, 12 healthy
The factors possibly influencing DBM’'s 0s-2.5-3.5 kg weighing male New Zealand white
teoinductive activity are the matrix geometryabbits were used.

(particle size) [22], the time to harvest and théhe study was approved according to the pro-
age of the donor [23]. Due to the poor hartocol of the University ofTehran Animal Care
dling properties of DBM granules, most comEthics Committee. The animals were obtained
mercially available DBMs contain inert carri-from Pasteur Institute, Iran while their healthi-
ers such as glycerol, hyaluronicacid or reverseess was approved by a veterinary surgeon.
phase polymers, which reduce the DBM conFhe animals were placed under general anes-
tent. Accell Connextfsis a 2nd generation thesia with an intramuscular injection of 35
demineralized bone matrix (DBM) productmg/kg ketamin 10% and 2 mg/kg xylazine
Accell Connexus combines DBM and polox2%.The fur was shaved over the cranium re-
amer Reverse Phase Medium with Acceflion while the surgical site was prepped and
Bone Matrix (ABM). This patented, dispersediraped withbetadin scrub 7% for 5 minutes.
form of DBM offers significantly increased An incision was made from the anterior to
surface area, which provides access to natugaisterior with anumber 15 blade cranio-
bone proteins [24]. As Accell uses a processea@udallyand the skin and periosteum were re-
form of DBM as its carrier, the carrier itself isflected with Glickman elevator. Three 3x6mm
expected to be osteoinductive, resulting in thdefects that could tried to be like as a infra
implant being 100% DBM, which should in-bony periodontal defects were made in each
crease bone repair outcome compared withbbit calvarium with a 3 mm bur while the
DBM bioimplants containing DBM in an inert surgical sites were irrigated with the sterile
carrier [25]. The purpose of the present studsaline to prevent overheating during the sur-
was to histologically evaluate the efficacy ofgical procedureln addition, the periodontal
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probe was carefully used to assess the createthout any apparent complications. Shan-
defectsand to ensure each defect to be identdsng, China), respectively. The animals re-
al. Anatomical landmarks were also used fatzeived endrofloxacin 5% intramuscularly for
determining the ideal place of the deféot- five days as analgesia with keto profen 10%
cipital process, cranio-caudal suture thdbr three days as an antibiotic. Each rabbit was
transversally separate the frontal bone fromdividually caged and received standardized
parietal bone).The bone substitutes werefood (Baby Rabbit Pellefs, M-0662, Master
placed directly into the defectse qual to th&eeds, Division, Maple Leaf Mills LTD, Lon-
volume of the bone removed, while 3 defectdon, Ontario, Canada). The animals were di-
were randomly grafted in 3 different ways; oneided into three identical groups and were sa-
defect filled with Accel Connex@s(Gen Sci crificed at the fourth, sixth and eighth week
Ortho Biologics Inc, Irvine, USA), the secondpostoperatively with an intravenous overdose
with small (0/2-1mm) particles of Bio-Oss®of 10% sodium thiopental in the auricular vein.
(Geistlich Pharma AG, Wolhusen; Switzer-

land) and the last one was left unfilled foHistological Process

spontaneous healing as a control group. TAfter sacrifice, the entire cranial vault was
eliminate bias in defect location, the defect filcarefully removed from each animal leaving
sequences were as follows: in the first rabbibe pericranium intact.

the defects were treated randomly with the twbhe specimens were placed for fixation in
previously mentioned materials and the third0% formalin for at least a week and storedin
defect was left unfilled. Then these position0% formic acid for decalcification for 10
were changed rotationally (clockwise) for thelays afterwards. Following visual inspections,
other rabbits. All locations were recorded int was tried to select blocks of similar regions
charts. Then, the periosteum and skin wekgith 1mm margins of the surrounded native
sutured ollowby degradable sutures 4-0 Vicrydone; then, the specimens were set in lithium
(Ethicon, Johnson & Johnson, USA ) and 3-0arbonate for 10 minutes; subsequently set in
monofil  polyamide nylon (SINORGMED, formalin solution for 24 hours.

Table 1 Inflammations Observed in the Defects Filled witlp-Oss®, DBM or Contr¢

Weeks Group Negative Mild Severe

Bio-Oss® 4 (100%) 0 0

4 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)

Bio-Oss® 3 (75%) 1 (25%) 0

6 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)

Bio-Oss® 3 (75%) 1 (25%) 0

8 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)
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The blocks were coded and sent for histologiFhe polarized light microscope divided rege-
cal analysis to the pathologist who was blinderated bone type in to three scores: 1-lamellar
to the materials used in the defects. 2-lamellar- woven 3-woven.

The blocks were embedded in paraffin anBurthermore, trabeculation thickness analysis
sectioned. All sections were stained with hevas completed using an eyepiece graticule
matoxylin-eosin (H&E) for light microscopy with 40x magnification classifying it into three
assessments. From each block, 5pm thick sefivisions of thin (less than 20 pm), moderate
tions were obtained. Inflammation intensity(20-60 um) and thick (more than 60 pm).
foreign body reaction, trabeculation thicknes¥he obtained data were subjected to Mann-
and Regenerated bone type (woven, wovenWhitney U test.

lamellar, lamellar) were examined by the light

microscope (BX40, Olympuse, Japan). RESULTS

Although foreign body reaction was only eXinflammation intensity and foreign body reaction
amined by the presence or absence of foreign the 4" week specimens, no inflammation
body giant cells in a granulomatous responsgas observed in Bio-Oss® defects while in 6-
in the specimens, the inflammation intensitgnd 8th week specimens, three cases (75%)
was classified into three grades according howed no inflammatory response and only

lymphocytic infiltration around the bone graftone case (25%) demonstrated mild inflamma-
materials in the examined defects, as mefgon.

tioned below: In DBM-filled defects, there was one mild in-

Negative (no inflammation):0-100 lympho-flammation (25%) and three severe inflamma-
cytes tory reactions (75%) in the three-time interval
Mild (mild inflammation):100-500 lympho- analyses.No inflammatory responseswere
cytes noted in the control specimens (Table 1). Sig-
Moderate to severe (moderate to severe iRificant differences were observed between
flammation): over 500 lymphocytes. Bio-Oss® andDBM afterfour and eight weeks

Table 2 TrabeculationThicknessObserved in the Defectsdrilléh Bio-Oss®, DBM or Control

Weeks Group Negative Mild Severe

Bio-Oss® 4 (100%) 0 0

4 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)

Bio-Oss® 3 (75%) 1 (25%) 0

6 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)

Bio-Oss® 3 (75%) 1 (25%) 0

8 Control 4 (100%) 0 0
DBM 0 1 (25%) 3 (75%)
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(bothps=0.029). Furthermore, significant difThe6th week

ferences were noted between DBM and contrBio-Oss®and control specimens showed simi-
defects in all time intervals (all ps=0.029).  lar trabeculation thicknesses-three cases (75%)
Bio-Oss® and control specimens showed nweith more than 60 pm thickness and one case
positive foreign body reactions while all DBM(25%) with less than 20 um thickness to the
specimens were positive regarding this reaBBM-filled defects showing less than 20 um
tion in all three time intervals (Figures 1&2).and 20-60 um thicknesses equally (50% for
Furthermore, all DBM and Bio-Oss® defecteach).

showed remained biomaterials and a few rén the 6th week specimens, the bone formed in

sorptions. the Bio-Oss® group was equally of lamellar or

lamellar + woven type (two cases, 50%).
Trabeculation Thickness There was similar frequency of lamellar + wo-
The 4th week ven and woven b

Regarding Bio-Oss® specimens; one casene in the DBM specimens (two cases, 50%).
(25%) showed trabeculation thickness of 2@-urthermore, the frequency of lamellar, lamel-
60 um, two cases (50%) had less than20 plar + woven and woven bone types was 25%
thickness and one case (25%) had not initiateene case), 50% (two cases) and 25% (one
dossification. In the controls, two cases (50%@ase) in the control specimens, respectively.
showed a thickness of more than 60 um, one

case (25%) showed 20-60 pm thickness afdhe 8th week

one case (25%) had already started ossificAl control and three (75%) Bio-Oss® speci-
tion. In the DBM group, two cases (50%) hadnens showed thicknesses higher than60 pum
already started ossification and the others @hd one case (25%) showed 20-60 um trabecu-
cases; 50%) showed a thickness of less thkation thickness.

20pum.

Table 3.Bone Regeneration Type Observed in the DefedisdRlith Bio-Oss®, DBM or Control

Weeks Group Lamellar Lamellar + Woven Woven
Bio-Oss® 0 2 (66.7%) 1 (33.3%)
4 Control 0 3 (100%) 0
DBM 0 0 2 (100%)
Bio-Oss® 2 (50%) 2 (50%) 0
6 Control 1 (25%) 2 (50%) 1 (25%)
DBM 0 2 (50%) 2 (50%)
Bio-Oss® 3 (75%) 1 (25%) 0
8 Control 4 (100%) 0 0
DBM 0 3 (75%) 1 (25%)
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DBM specimens showed an equal frequendion, for which autograph tremainedas the ma-
of 20-60 um and less than 20 um thicknessearial of choice because it contains three essen-
(two cases; 50%) (Table2). tial elements for bone regeneration (osteoge-
According to the Mann-Whitney test, signifi-nesis, osteoinductive and osteoconductive).
cant differences only existed between DBMDBM has been used as abone graft substitute
and control defects afterthe 8th weelor over thirty years because of its biocompa-
(P=0.029) with no other significant differencesibility, osteoconductive and osteoinductive
being noted performing paired comparisons iproperties. DBM bio implants contain DBM

the three time intervals. mixed with aninert carrier to ease handling of
the material leading to a decrease in the
Regenerated Bone Type amount of DBM to 40% or less of the to ta-

Two experimental defects of (66.7%) Biodimplant volume. It has been shown that the
Oss® specimens showed lamellar + woveamount of induced new bone by DBM is pro-
bone with one case (33.3%) showing woveportional to the amount of DBM implanted,;
bone afterthe 4th week (one started ossificus, dilution of DBM with an inert carrier will
tion). All controls demonstrated lamellar +educe the properties of the bio implant.
woven bone (three cases; 100%) while th&ccell Connexu® has been claimed to have
bone formed in all DBM specimens were obsteoinductive besides osteonconductive
woven type (three cases; 100%). properties ;therefore, it is important to evaluate
In the 8th week, 75% of Bio-Oss® (three caghe material before using in the clinic. The
es) specimens showed lamellar and 25% pfesent study demonstrated that inflammatory
them (one case) showed lamellar + wovereaction and foreign body reaction significant-
bone type. In the control, all the bone formety increased in DBM as compared to Bio-
was of lamellar type while in the DBM de-Oss® and control defects. The presence of
fects, 75% (three cases) lamellar + woven arstight inflammatory cells in the bio Os3
25% woven (one case) bone types were obroup could be indicative of a host reaction to
served (Table 3). Significant differences werthis inert material [26].Other studies observed
observed between DBM and control speciho proliferation of inflammatory cells follow-
mens in the 8th week time interval (P=0.029)ng the application of Bio-OSsfor maxillary
regarding bone regeneration type while nsinus augmentation and the rehabilitation of
other significant differences were noted in thether facial skeletal structures [27, 28]. Van
paired comparisons between the groups. Osch et al. [29] used bovine trabecular demi-
With respect to the amount of bone regeneraeralized bone matrix in the rabbit ear with no
tion; the control, Bio-Oss® and DBM groupsproblem or sign of increased inflammation or
showed lamellar bone formation in a decrea$reign body reactions, which is in consistency
ing order; however, no significant differencevith our study which has shown the biocom-
was seen (P>0.05).There was significantlyatiblity of BioOsS.

more regenerated lamellar bone at 8 weeHl$ie present authorss peculated the severe in-
following surgery compared to 4 weeks in th8ammation in DBM group that remained con-
Bio-Osd] group (K0.05). This result was not stant during the study time could be a robust

significant for other groups §9.05). host reaction to a heterogeneous bone substi-
tute material. In Agnol et al.’sstudy [30], the
DISCUSSION superiority of homologous demineralized bone

The healing of craniofacial defects, as an inmatrix graft to heterogene ousxenograft was
portant clinical challenge, received great attefmdicated. Although no significant differences
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were noted in the bone properties betwedhe previous studies, which have shown Bio-
Bio-Oss®, DBM and control specimens inOss has a proper potential for bone formation
all4, 6 and 8 weeks time intervals, we founfR7, 28]. The porosity and particle shape of
less lamellar bone in DBM groups in compariBio-Oss could increase the surface area, which
son to control and bio -Oss between the studalyakes Bio-Oss a suitable scaffold for penetra-
time intervals. These resultsare consistent witton of the cells mediating osteogenesis and
the study of Athanasiouet al.[31] in whichangiogenesis [27]. However, the bone healing
more bone formation was found in the bovinproperties of Bio-Oss® were supported and
xenograft group compared to the DBM grouguperior when compared to the control or au-
in experimental defects, whichwas created itogenousgraft when examined in human max-
the rabbit's lateral femoral condoyle. Bighaillary sinus. Perhaps the biomaterial bone
met al. [32] declaredthe superior effect of xegrafts are more effective in the human espe-
nograft to DBM group on bone formationcially when used in larger defect sizes or criti-
based on radiological union. The less bone meal size defects. On the contrary to our study,
turation in the DBM group in comparison toDBM osteoinductive property has been con-
the control groupmight be the surprising pafirmed by several studies while others showed
of this study. According to the au-it to have bone formation properties following
thors’belief,the thick periosteal layer of rabbitextra-skeletal implantation [34-39]. Rabieet al
calvaria, which was carefully sutured during19] reported increased osteogenic properties
wound closure, may have acted as a natua a composite of autogenous and DBM when
barrier membrane to induce guided tissue reempared to autogenous grafts using human
generation in the control experimental defecl8BM and rabbit DBM (allogeneic deminera-
and enhance bone formation. However,the skzed bone matrix). Marusic et al [40] con-
vere inflammation response which possiblgluded bone induction with DBM in thymec-
concludes to delayed bone formation and/@omized rats to be significantly more than non-
lower rate of ossification, might be the mainhymectomized rats (95% vs. 25%). Further-
reason for less bone maturation in the DBNhore, Wang and Glimcher [41] showed that
group. We found less lamellar bone in thébovine DBM-induced bone formation in the
DBM than the Bio-Os% group. Its extrapo- rat's cranial defects were less than allogeneic
lated from an in vitro study; the presence dDBM.It has determined the true critical size
macrophages in combination with blood couldefect in the rabbit model as 15m; therefore,
not enhance chondrogenesis [27]. Accordindpree critical size defects cannot be created in
to the authors state, contrary to Bio-Oss, thte rabbit cranium due to the small size of cra-
applied DBM was in putty shape, so there wasum [42]. Although lamellar bone regenera-
no spaces through this bone substitute matertedn will continue until four postoperative
for vascular and osteogenic ingrowths thahonths or 12 weeks, others suggested 8 weeks
could have resulted in less bone formation and this regard as studied in the present study
maturation. The presence of macrophage ce]#3-46]. Callan et al. (2000) reported that the
and severe inflammation due to host reactiextensive new bone formation and minimal
could hamperbone maturation in the DBMesidual bone graft matrix would be observed
group too. In the present study, thickness @it an average of 5 months postoperatively [44].
the lamellar bone formed in the Bio-OssThe authors’ expectations regarding the higher
grafted sites was greater than the DBM grouppone maturation rate of DBM compared to
although no statistically significant differenceBio-Oss did not turn out to be correct; perhaps
was found. These results are consistent withe study time intervals, the experimental de-
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fect size,the number of the samples anddiff@ Thaller SR, Hoyt J, Bonjeson K, Dart A,
rent source and shape of the examined matefiesluk H. Reconstruction of calvarial defects
al(allograft putty versusxenograftgranulesyith anorganic bovine bone mineral (Bio-Oss)
have been influential. However, the rabbit is B a rabbit model. J Craniofac Surg. 1993
suitable animal for experimental studies and Apr;4(2):79-84.

is commonly used for medical research. Som#e Jensen SS, Aaboe M, Pinholt EM, Hjarting-
of its advantages are that it is easily handlddansen E, Melsen F, Ruyter IE. Tissue reac-
and the cranial defects provide a good firdton and material characteristics of four bone
phase bone model for experiments related swmbstitutes.Int J OralMaxillofac Implants. 1996
bone grafting materials and evaluations aqfan-Feb;11(1):55-66.

bone regeneration due to the sufficient amoubt Sculean A, Chiantella GC, Arweiler NB,
of bone marrow facilitating bone formationBecker J, Schwarz F, Stavropoulos A.Five-
[45-47]. Moreover, the rabbit has a larger crarear clinical and histologic results following
nium, which makes it feasible to create severieatment of human intrabony defects with an
defects in one cranium, which reduces operanamel matrix derivative combined with a nat-
tion time, cost and observational errors amongal bone mineral.Int J Periodontics Restora-
individuals. The remodeling phase in the raliive Dent. 2008 Apr;28(2):153-61.

bit is about three times more rapid than in hi6- Berglundh T, Linhe J. Healing around im-
mans; therefore, a healing period of 2 to glants placed in bone defects treated with Bio-
weeks was considered appropriate to evaluadss. An experimental study in the Dog.Clin
the stability of the material and the host rea®ral Implants Res. 1997 Apr;8(2):117-24.
tionand 8 weeks or more may be used to ass&ss John HD, Wenz B. Histomorphometric
late healing, such as bone incorporation, renalysis of natural bone mineral for maxillary
sorption of materials, bone remodeling or theinus augmentation. Int J Oral Maxillofac Im-

amount of bone regeneration [48, 49]. plants. 2004 Mar-Apr;19(2):199-207.
8- Tadjoedin ES, de Lange GL, Bronckers A,
CONCLUSION Lyaruu DM, Burger EH. Deproteinizedcan-
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nexu§ has a lower rate of ossification andute for sinus floor elevation. A retrospective,

bone healing in comparison to the control andistomorphometrical study of five cases.J
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