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Abstract 

Objectives: Considering the importance of bone augmentation prior to implant placement 

in order to obtain adequate bone quality and quantity, many studies have been conducted 

to evaluate different techniques and materials regarding new bone formation. In this study, 

we investigated the bone healing capacity of two different materials deproteinized bovine 

bone mineral (DBBM with the trade name of Bio-Oss) and demineralized freeze-dried 

bone allograft (DFDBA with the trade name of DynaGraft). 

Materials and Methods: This randomized blinded prospective study was conducted on 

twelve New Zealand white rabbits. Three cranial defects with an equal diameter were 

created on their calvarium. Subsequently, they were distributed into three groups: 1. The 

control group without any treatment; 2. The Bio-Oss group; 3. The DynaGraft group. Af-

ter 30 days, the animals were sacrificed for histologic and histomorphometric analysis. 

Results: Substantial new bone formation was observed in both groups. DynaGraft: 56/1 % 

± 15/1 and Bio-Oss: 53/55 % ± 13/5 compared to the control group: 28/6 % ± 11/2. All 

groups showed slight inflammation and a small amount of residual biomaterial was ob-

served. 

Conclusion: Considerable new bone formation was demonstrated in both DynaGraft and 

Bio-Oss groups in comparison with the control group. Both materials are considered bio-

compatible regarding the negligible foreign body reaction. 
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INTRODUCTION 

Alveolar bone defects are created by different 

factors such as accidental trauma, surgical 

trauma from tooth extraction, infections, deve-

lopmental anomalies and periodontal disease 

[1, 2]. This can cause alveolar ridges with a 

reduced width and height leading to a great 

challenge in prosthetic reconstruction as well 

as during endosseous dental implant place-

ment [2].  
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A lot of techniques have been developed to 

achieve alveolar ridge augmentation before 

dental implant placement. 

Autogenous bone graft harvested from the pa-

tient’s skeleton is considered the gold stan-

dard, and it seems to be the most predictable 

technique used in alveolar defects, although 

there are some limitations with it, such as the 

second surgical site involvement, inadequate 

donor site and the morbidity and discomfort 

along with it [1-3]. 

Another method for reconstruction of bone 

defects is guided bone regeneration, which has 

been successful based on animal and clinical 

studies [4-6]. Clot contraction under the mem-

brane; however, probably reduces its efficacy 

[7-10]. 

Graft materials such as allografts and xeno-

grafts are also proper alternatives for ridge 

augmentation, in order to overcome the auto-

genous bone restrictions [3]. Demineralized 

freeze-dried bone allograft (DFDBA) is a type 

of bone graft that has been extensively used, 

although lack of osteoinductivity, getting 

washed out in bleeding sites and difficulty in 

handling have questioned the effectiveness of 

the material.  

To overcome this problem, DBM graft mate-

rials have been improved by using a carrier to 

maintain the particles together. It has some 

characteristics such as being hemostatic, ex-

panding to fill the bony defect and having 

good stability. Materials such as glycerol, po-

lymers, polymeric gels, and collagen have 

been utilized as a carrier to keep up the inte-

grity of the particles. DynaGraft (GenSci Re-

generation Sciences Inc., Irvine, CA) is a trade 

name for a type of DBM combined with a car-

rier that exists in different forms of gel, matrix 

and putty depending on the type of vehicle 

used. Poloxamer 407 is the carrier for the put-

ty form of DynaGraft. At low temperatures, it 

is in liquid form and becomes firmer at body 

temperature. Based on histologic analysis, this 

material inhibits epithelial cell migration, 

playing the role of a barrier. In addition, it has 

been demonstrated to be guided tissue rege-

nerative inherently, in human and animal stu-

dies [11, 12].  

Bio-Oss (Geistlich Biomaterials, Wolhusen, 

Switzerland) is an inorganic osseous matrix 

that is produced after elimination of the organ-

ic components of medular bovine bone using a 

thermal treatment. After removal of the organ-

ic components, Bio-Oss preserves its trabecu-

lar artichecture and porosity and it acts as an 

osteoconductive material. The physical prop-

erties permit clot stabilization and revasculari-

zation to let osteoblast migration, leading to 

osteogenesis [13]. The aim of this study was to 

evaluate the quality and quantity of bone heal-

ing after application of DynaGraft and Bio-

Oss in experimentally induced bone defects in 

rabbit calvaria compared to natural healing.  

 

MATERIALS AND METHODS 

It was a randomized, single-blinded, experi-

mental study. The animal selection, manage-

ment, and experimental protocol were ap-

proved by the Animal Care and Use Commit-

tee of Tehran University of Medical Sciences. 

The study was performed strictly according to 

the advices of Helsinki consensus for the use 

and care of animals. 

Twelve New Zealand white male rabbits with 

2.5 kg mean weight were included in the 

study. The animals were kept on standard la-

boratory chow with free access to water for 2 

weeks preceding the day of surgery. An intra-

muscular injection of 2% (5mg/kg) xylazine 

and 10% (40mg/kg) ketamin (Alafason, 

WOEDEN, HOLLAND) was used to anesthet-

ize the rabbits. All surgical procedures were 

performed under sterile conditions. Subse-

quent to shaving the surgical sites on the cal-

varia, 7% betadine was used to scrub the area 

for 5 minutes. A 10 cm anteroposterior inci-

sion was performed with NO. 15 surgical 

blade, and then the skin (dermal and sub der-

mal tissues) and the periosteum were reflected 

using a fine periosteal elevator.  
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After that, a round bur was used to create three 

identical holes with an external diameter of 5 

mm in the calvaria, under abundant irrigation 

with physiologic serum. Anatomic landmarks 

such as the occipital process and craniocaudal 

sutures were used to standardize the location 

of the defects. In the center of the calvaria, 

these two landmarks meet each other and 

make a plus sign (+). 

Depending on the type of material, the defects 

were categorized into three groups: 

1. The control group, in which the defect was 

left without any treatment 

2. The Bio-Oss group, in which the defect was 

filled with Bio-Oss (particles sized 0/25 mm-

1mm) 

3. The DynaGraft group, in which DynaGraft 

was applied to fill the defect 

The periosteum was closed using an absorba-

ble 4/0 suture (Vicryl Johnson & Johnson 

Somerville. NI), and the skin was sutured with 

a non-resorbable 4/0 suture (monofil Polya-

mid, Surgi Pro. Monofilament, PolyPropy-

lene). Following the surgical procedure, the 

animals were transferred to a warm place, and 

they underwent medication with 3 days of nar-

cotics (ketoprofen 0/1 mg/day) and 7 days of 

antibiotic therapy (enrofloxacin 0/6 mg/day) 

subcutaneously. 

 

Sample Preparation 

The animals were sacrificed via pentobarbital 

overdose (100mg/kg), injected intravenously 

after one month of healing. Then, the calvaria 

was removed and placed in 10% buffered for-

malin solution for 2 weeks and then it was de-

calcified in 10% formic acid for 14 days. Sub-

sequently, they were dried out in graded alco-

hols and surrounded in paraffin. Before final 

preparation for sectioning, all samples were 

placed in formalin for 48 hours. Ten histologic 

sections with a thickness of 6 µm were pre-

pared from each defect containing an intact 

border of the bone, and then the samples were 

routinely stained with hematoxylin and eosin. 

The amount of inflammation, foreign body 

reaction, bone vitality, type of bone formation 

(sequence of collagen fibers) were evaluated 

by a light microscope (BX41, Olympus Co., 

Tokyo, Japan) at a magnification of ×40. A 

five-tiered grading system was utilized to 

scale the inflammation as follows: 0, without 

any inflammatory cells; I, slight inflammation; 

II, focal inflammation containing 5 to 10 in-

flammatory cells; III, focal inflammation with 

10 to 50 inflammatory cells; and IV, focal in-

flammation with more than 50 inflammatory 

cells.   

In case of observing multinucleated giant cells 

in granulomatous response, foreign body reac-

tion was established. Bone vitality was con-

firmed by the presence of osteocytes in the 

trabecular lacunae.  

The type of bone formation was characterized 

as woven bone alone (type I), both woven and 

lamellar bone (type II), and lamellar bone 

alone (type III).  

Collagen bundles in concentric form in the 

bony trabecules were determined as lamellar 

bone; whereas, irregularly oriented collagen 

fibers in the trabeculae were considered as 

woven bone.  

The amount of bone formation (percent) and 

remaining biomaterial were evaluated by 

means of graphic software (Photoshop 8.0 CS, 

Adobe Photoshop CS). 

Statistical analysis for the amount of inflam-

mation and type of bone formation was per-

formed using Friedman test. Wilcoxon sign 

rank test was used to evaluate the intergroup 

differences (two by two) about the type of 

bone formation.  

Repeated measure ANOVA and paired LSD 

test were applied to analyze the amount of 

bone formation.  

In order to compare the remaining bone ma-

terial between groups, paired T test was per-

formed accordingly.  

Results were considered statistically signifi-

cant at P<0.05.    
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RESULTS 

All specimens showed vital bone formation. 

The results are shown in Table 1. Evaluating 

the amount of inflammation using Friedman 

test, all specimens showed slight infiltration 

(grade I and II) and there was no significant 

difference between groups (p=0/478). Seventy 

five percent of the control group, 66/66% of 

Bio-Oss group and 58/33% of DynaGraft 

group showed grade I inflammation; whereas, 

other specimens presented with grade II in-

flammation.  

All specimens consisted of both lamellar and 

woven bone. Considering the type of bone 

formation, in the control group, 16/67 % and 

83/33 % of the specimens displayed type I and 

II bone formation, respectively. In the Dyna-

Graft group, 41/67% of the specimens showed 

type II bone formation, and bone type III was 

detected in 58/33% of the defects in this 

group. In the Bio-Oss group, type I, II and III 

bone formation was observed in 16/66%, 

58/33%, and 25/01% of the specimens, respec-

tively. According to Friedman test, the differ-

ence between groups was statistically signifi-

cant (P value < 0/05).  

Intergroup differences (two by two) were eva-

luated using Wilcoxon sign rank test, and a 

significant difference was detected comparing 

DynaGraft group with the control and Bio-Oss 

groups (P value < 0/017); whereas, there was 

no significant difference between Bio-Oss and 

the control group (P value > 0/017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mean amount of new bone formation was 

28/6% ± 11/2 in the control group, and the 

DynaGraft and Bio-Oss groups demonstrated 

56/1% ± 15/1 and 53/55% ± 13/5 mean 

amount of new bone formation, respectively.  

According to repeated measure ANOVA, the 

difference between groups was statistically 

significant (P value <0/001). For evaluation of 

the two by two differences, LSD test showed a 

significant difference comparing the control 

group with DynaGraft and Bio-Oss groups (P 

value < 0/05). Considering the remaining ma-

terial, using paired T test, no significant dif-

ference was observed between Bio-Oss and 

DynaGraft groups (P value < 0/1).  

Foreign body reaction was seen in two defects 

in the DynaGraft group, and four specimens in 

the Bio-Oss group, and the difference was not 

statistically significant (P value < 0/342). 

 

DISCUSSION 

Many experimental studies have been carried 

out to evaluate different techniques and mate-

rials in bone regeneration procedures [14-17]. 

Since the amount of bone formation and its 

quality are of significant importance, a large 

number of studies have compared the charac-

teristics and treatment outcomes of a variety of 

materials and techniques [18, 19]. 

In the present study, we compared the effect of 

two types of bone grafts on the quality and 

quantity of bone healing in experimental de-

fects in rabbit calvarium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study 

Groups 

 

Inflammation % 
Bone    

Vitality 

Bone Type 

% 

Amount of 

Bone  

Formation 

% 

Amount of 

Remaining 

Biomaterial % I II I II III 

Control 
9 

(75%) 

3 

(25%) 
100% 2 10 0 28/6±11/2 0 

Bio-Oss 
8 

(66/66%) 

4 

(33/33%) 
100% 2 7 3 53/55±13/5 30/65±20/2 

DynaGraft 
7 

(58/33%) 

5 

(41/66%) 
100% 0 5 7 56/1±15/1 29/9±15/3 

P value 0/478 1 P<0/05 P<0/001 P<0/1 

 

Table 1. Comparison of Histologic Characteristics in Groups 
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The bone formation process of calvarium is 

intra membranous, similar to that of the alveo-

lar bone. Thus, we investigated the calvarium 

of the rabbit in order to make an appropriate 

comparison [20].  

Regarding the amount of new bone formation, 

both materials demonstrated favorable proper-

ties. Although not statistically significant, Dy-

naGraft showed slightly more newly formed 

bone. This could be related to its good stability 

and its ability to act as a barrier membrane. 

Moreover, these characteristics interpret the 

osteoinductive and osteoconductive effect of 

DynaGraft in comparison to Bio-Oss with its 

osteoconductive properties. This is in accor-

dance with the study of Callan et al. In their 

case series study, four to six months prior to 

implant placement, they carried out a bone 

augmentation procedure. Subsequent to ma-

terial placement, a membrane barrier material 

was used in order to facilitate site closure. 

They established similar results about the new 

allograft material and they claimed it can be 

used in bone defects within a short time heal-

ing. The membrane they utilized, however 

could have influenced the outcome of their 

study [21].   

Babbush et al. also utilized the human glyco-

protein containing DFDBA in their study. 

They used the material for osseous reconstruc-

tion associated with dental implants.  

In their case series, they performed fresh 

socket implantation in the maxillary anterior 

segment. Following extraction and fixture in-

sertion, the residual defect was filled with the 

material.  

After approximately 6 months, at the second 

stage of implant surgery, a bone core was har-

vested from the distal aspect of the implant. 

Histological evaluation demonstrated new 

bone formation in the osseous defects [22].  

In addition, in 2002 Clokie et al. evaluated 

bone regeneration of critical sized calvarial 

defects in rabbits utilizing demineralized bone 

matrix putty. They established a complete 

bone fill and closure of the defects with vital 

bone at 12 weeks [1]. Since a true critical-

sized cranial defect in the rabbit model is 15 

mm, in the present study, due to the small size 

of the cranium, three critical-sized defects 

could not be prepared in the rabbit calvarium.  

Moreover, many studies have shown that Bio-

Oss is effective in bone regeneration proce-

dures [23-26]. Khoshkhoonejad et al. observed 

substantial new bone formation in calvarial 

defects of rabbit containing Bio-Oss. The 

amount of new bone was comparable with 

Bio-Oss in conjunction with membrane [24]. 

In the present study, we found similar results 

regarding Bio-oss, but Dynagraft group was 

better in amount of bone formation, although 

not statistically significant. Zitzmann et al. 

investigated the healing of alveolar ridge de-

fects augmented with cancellous bovine bone 

mineral and they found Bio-Oss an appropri-

ate material for ridge reconstruction in humans 

[23]. On the contrary, Pinholt et al. implanted 

Bio-Oss subperiosteally for ridge construction 

purposes and heterotopically in the abdominal 

muscles of rats. In the microscopic evaluation, 

they found no osteoinduction or osteoconduc-

tion and a foreign body reaction was observed 

around the material [27].  

In their previous investigation, the authors of 

this study concluded that using DBBM alone 

in the bone defects of rabbit calvaria did not 

increase bone regeneration compared to the 

control group. They attributed this result to 

their inadequate sample size. They also 

showed that osteogenesis in rabbit calvarium 

may improve by adding PRGF to DBBM. This 

can be related to osteoinductive properties of 

PRGF. It seems that PRGF accelerates the rate 

of degradation of the biomaterial [28]. 

In the current study, regarding the negligible 

inflammatory and foreign body reaction in his-

tological analysis, we found both materials 

biocompatible. These characteristics were pre-

viously confirmed by Hammerle et al. [25], 

Slotte and Lundgren [26], and Khoshkhoone-
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jad et al. [24] using Bio-Oss. While Callan et 

al., Babbush et al., and Clokie et al. displayed 

similar characteristics about DynaGraft [1, 21, 

22]. In the present study, we did not use bar-

rier membranes to cover the defects in order to 

eliminate its confounding effect; therefore, we 

could evaluate the role of DynaGraft as a bar-

rier membrane in addition to its other proper-

ties. In the systematic review performed by 

Khojasteh et al., membranes did not influence 

the amount of bone formation in the osseous 

defects [29]. Moreover, Khoshkhoonejad et al. 

demonstrated that using a membrane did not 

increase the amount of bone regeneration in 

their study [24]. It is worth mentioning that 

membranes lack enough mechanical strength 

and they collapse into the defect, they separate 

the periosteum from the bone, and their early 

degradation and displacement may also con-

tribute to their inefficacy [30, 31]. 

Considering the amount of remaining bioma-

terial, there was no significant difference be-

tween DynaGraft and Bio-Oss groups. The 

authors of this study, in their previous experi-

ment showed a considerable amount of resi-

dual material in defects with Bio-Oss that re-

duced significantly when PRGF was added 

[28]. Bio-Oss is a hydroxyapatite compound 

and it is expected to have a slower rate of ab-

sorption. Since our histological sections were 

prepared 4 weeks after the grafting procedure, 

this result could be different between groups if 

the samples were prepared after a longer pe-

riod.  

According to the type of bone formation, the 

majority of new bone consisted of type II in 

Bio-Oss and control groups; whereas, Dyna-

Graft group mostly contained bone type III. 

The difference between groups was statistical-

ly significant. As we mentioned earlier in the 

present study, DynaGraft benefits from its os-

teoinductive and osteoconductive properties; it 

can accelerate bone regeneration while playing 

the role of a membrane. Our results were con-

sistent with another study performed by 

Khoshkhoonejad et al., in which Bio-Oss 

group showed type II bone formation in all 

specimens after one month [24]. 

 

CONCLUSION 

In the current study, considerable new bone 

formation was observed in both DBBM and 

DFDBA groups in comparison with the con-

trol group.  

The DynaGraft group showed slightly more 

bone formation compared to the Bio-Oss 

group. The presence of inflammation and resi-

dual biomaterial were negligible in all groups. 

Therefore, DynaGraft could be suggested for 

regeneration in bone defects. 
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