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 There is little information concerning the angiogenesis process around 

different graft materials. This animal study aimed to evaluate the expression 

of selected angiogenesis markers in extensive bone defects subjected to a 

concurrent implantation and grafting procedure with bovine bone graft or 

an alloplastic material, as compared to the autogenous bone. Thirteen dogs 

were distributed into three groups according to the time of sacrificing (2, 4, 

and 6 months). Extensive osteotomies were designed in the dogs' sternum, 

and the implants were placed in the bone defects. Each group of animals 

contained three subgroups according to the grafting material utilized 

(autogenous, xenogenous, or synthetic). At the end of the healing periods, 

the dogs were sacrificed and the osteograft blocks surrounding the implants 

were resected and submitted to a real-time polymerase chain reaction 

(PCR) assay to measure the expression of selected angiogenesis genes 

(VEGF-A, VEGFR, ANG2, TIE1, bFGF, and CD34). The two-way 

ANOVA revealed no significant interaction between the two factors graft 

materials and healing intervals (P>0.05). There was no significant 

difference among the grafting substitutes concerning the expression of 

VEGF-A, VEGFR, ANG2, TIE1, bFGF, and CD34 (P>0.05). Furthermore, 

no significant difference was found in the expression of angiogenesis genes 

between the 2-, 4-, and 6-month groups (P>0.05). Concerning the 

comparable expression of angiogenesis markers around dental implants, 

both Cerabone and Osteon can be regarded as suitable alternatives to the 

autogenous bone for filling the bony defects. 
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1. INTRODUCTION 

Today, implant dentistry is regarded as a modern and important branch in dental offices. The success rate of 

implants is mainly dependent on the quantity and quality of bone in the recipient sites. In the case of 

unfavorable conditions, the application of bone grafts is mandatory to serve as a scaffold for enhancing blood 

clot formation and stimulating the formation of new bone in the defective area [1- 5]. Bone substitutes can be 

divided into natural (autograft, xenograft, and allograft) or synthetic (alloplastic) materials [6]. 

 

Autograft is harvested from an anatomical area of the patient and is used elsewhere in the same patient. It is 

considered the gold standard because of its osteoinductive (inducing osteoprogenitor cells to differentiate into 

osteoblasts), osteoconductive (creating a suitable scaffold for infiltration of bone and vascular cells), and 

osteogenic (formation of new bone by living osteoblasts) properties [7]. However, the use of this graft is 

challenging due to the additional problems in the donor site, including increased pain and bleeding, risk of 

infection, and limitation in the amount of bone that can be harvested [8- 10]. Xenografts are taken from 

another species and induce osteoconductivity at the surgical site [11- 13]. Cerabone is a bovine-origin mineral 

scaffold that helps to penetrate and absorb blood and serum. Its unique production process, based on 

temperatures above 800° C and a sintering process at 1250° C, eliminates all organic substances, minimizing 

the risk of disease transmission and immunogenic reactions [6], [12], [14], [15]. Alloplastic (synthetic) 

materials are biologically admissible and accelerate bone remodeling by exhibiting osteoconductive 

properties. They have several advantages, such as no need for donor sites, ultimate supply, and no chance of 

disease transmission [16]. Osteon II (Genoss, Seoul, Korea) is one of the commercially-available alloplastic 

materials, consisting of a 70% hydroxyapatite scaffold coated with 30% β-tricalcium phosphate. The pore 

size of Osteon is 300-500 µm with two particle sizes of 0.5-1 mm or 1-2 mm [17]. 

 

The formation of new capillaries from pre-existing vasculature is called angiogenesis [18]. This phenomenon 

predominantly occurs in the embryonic period and conditions such as the new bone formation, repair of bone 

fractures, wound healing process, osteointegration of implants, and guided bone and tissue regeneration [19], 

[20]. Angiogenesis is a complicated network pathway that contains multiple growth factors and stimulators 

[21]. Some genes play more critical roles in the angiogenesis process. Among the receptors and ligands that 

initiate and control angiogenesis are vascular endothelial growth factor-A (VEGF-A), vascular endothelial 

growth factor receptor (VEGFR), angiopoietin 2 (ANG2), tyrosine kinase with immunoglobulin-like and 

EGF-like domains 1 (TIE1), basic fibroblast growth factor (bFGF), and CD34. The pathway of some 

angiogenesis genes is illustrated in Figure 1. 

 

The grafting materials may differ in their capability to enhance angiogenesis in bony defects. There is little 

information concerning the angiogenesis process around different graft materials. Therefore, this animal study 

aimed to evaluate the expression of selected angiogenesis markers in extensive bone defects subjected to a 

concurrent implantation and grafting procedure with bovine bone graft or an alloplastic material as compared 

to the autogenous bone. 

 

2. Material and methods 

 

2.1 Animals 
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The study protocol was approved by the Animal Care and Use Committee at Mashhad University of Medical 

Sciences (IR.MUMS.DENTISTRY.REC.1399.059). A total of 13 male Iranian dogs (weighing 20-25 kg, 

aged between 18-36 months) were employed in this study. The specimens were housed in standard cages and 

fed ad libitum. 

 

2.2 Study design and procedures 

The study design and the surgical procedures have been explained elsewhere [22]. Briefly, the dogs were 

distributed into 3 groups according to the time of sacrificing; so 5 animals were sacrificed following 2 months, 

four after 4 months, and the last four after 6 months. The experimental design comprised the preparation of 

oversized osteotomies in the dogs' sternum (chest bone) and planting implants in these bone defects. Each 

group of animals consisted of three subgroups according to the type of grafting material employed 

(autogenous, xenogenous, or synthetic grafts). In the autogenous subgroup, particles of spongy bone (1-2 mm 

in dimension), gathered during the preparation of the osteotomy defects, were employed for supporting the 

implant. In the xenogenous subgroup, the implant was augmented by Cerabone (Botiss Dental GmbH, Berlin, 

Germany), which contains deproteinized bovine bone mineral with a particle size of 0.5-1 mm. In the third 

subgroup, the defects around the implants were filled by synthetic biphasic calcium phosphate particles with 

a particle size of 0.5-1 mm (Osteon II; Genoss, Seoul, Korea). 

 

Each dog received all three types of bone graft materials. The implants were covered with collagen 

membranes (Jason membrane; Botiss Dental GmbH) and the surgical sites were closed and sutured in 4 layers 

(periosteum, muscle, subcutaneous, and skin). The first three layers were sutured with 2-0 vicryl thread and 

the skin with 2-0 nylon thread (Supabon, Iran). The dogs underwent standard medicaments and care after the 

operation, as described elsewhere [22], [23]. 

 

2.3 Euthanasia and specimen preparation 

At the end of the healing periods (2 months, 4 months, and 6 months) the dogs were sacrificed by induction 

of deep anesthesia following the animal protection rules. The osteograft blocks (2 × 3 mm in dimensions) 

surrounding the implants were resected at each time point (2 months, 4 months, 6 months) and submerged in 

the 2CC RNA later stabilizing solution to preserve RNA before extraction. Three types of specimens were 

obtained at each time point: autogenous specimens as control, and xenogenous and alloplastic samples as 

experimental subgroups.  

 

2.4 Molecular processing and real-time polymerase chain reaction (PCR) 

The total RNA was extracted by YTA Total RNA Extraction Mini Kit (FavorGen, Taiwan, Cat No: YT9065) 

according to the manufacturer’s protocol. Then, the isolated RNA was assessed by optical density (OD) at 

260 nm to 280 nm wavelength and rated by NanoDrop (ThermoFisher Scientific 2000, USA) to evaluate the 

concentration and any contamination. The optimal OD between 1.5 to 2 ratios was applied for the next steps. 

The complementary DNA (cDNA) was synthesized by using the cDNA synthesis kit (YektaTajhizAzma, 

Iran, Cat No: YT4500) following the manufacturer's instructions. The Real-time PCR reaction was performed 

for evaluating the expression of angiogenesis genes including VEGF-A, VEGFR, ANG2, TIE1, bFGF, and 

CD34 by the ABI system (One Step, USA). Table 1 presents the sequence of primers for target genes involved 

in the angiogenesis process. The total volume of the Real-time PCR reaction was 20 µl including 10 µl 

SYBER Green master mix (YektaTajhizAzma, Iran, Cat No: YT2552), 0.3 µl of each primer (Rubin Teb 

Company, South Korea), 2 µl cDNA template and 7.4 µl sterile distilled water. The sequence of primers is 

listed in Table 1. The condition of reaction was 5 min at 94º C for preincubation, followed by 30 sec at 94º C 

for denaturation, then keeping 90 sec at 60 ºC for annealing, and maintaining 30 sec at 72 ºC for 40 cycles. 

The final extension at 72 ºC was applied for 3 min. The quantification of gene expression was evaluated by 
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ΔΔCT method. The differential expression of some angiogenesis genes (VEGF-A, VEGFR, ANG2, TIE1, 

bFGF, and CD34) was assessed compared to GAPDH as the reference gene. Moreover, the melting curve 

was analyzed to approve the specificity of PCR amplification. 

 

2.5 Statistical analysis 

The statistical analysis was carried out with SPSS 13.0 (SPSS Inc, Chicago, Il). The normal distribution of 

the data was confirmed by the Shapiro-Wilk test (P>0.05). The two-way analysis of variance was run to detect 

any significant difference in gene expressions among the different graft materials and healing intervals. 

Differences with P<0.05 were regarded as statistically significant. 

 

Table 1. The sequence of primers for target genes involved in angiogenesis 

Gene 5' to 3' primer sequences 

Housekeeping gene 

GAPDH F 5' CATTGCCCTCAATGACCACT 3' 

R 5' TCCTTGGAGGCCATGTAGAC 3' 

Angiogenesis genes 

TIE1 F 5' CTTGTGAGAACCGAGGTTAC 3' 

R 5' GTCTCTGTGGATGAACTGCT 3' 

bFGF F 5' AAGAGCGATCCCCACGTCAA 3' 

R 5' TTCGTTTCAGTGCCACATACCA 3' 

ANG2 F 5' TAAAGGACTTACAGGGACGG 3' 

R 5' GATCATCATGGTTGTGCCCT 3' 

VEGFR F 5' GATGCACAGTGAAATACCCGAAA 3' 

R 5' CAGGTTATTCGCTTCCCATCA 3' 

VEGF-A F 5' CCCACTGAGGAGTTCCAACATCAC 3' 

R 5' GGGTTTATACCGGGATTTCTTG 3' 

CD34 F 5' AGTCTGAGGTGAGGCCTCACT 3' 

R 5' TGCGGCGGTTCATCAGGAAGT 3' 
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Figure 1. The role of VEGF-A, VEGFR, TILE and ANG2 in angiogenesis process 
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3. Results 

Fifty-seven implants were placed in 13 dogs. Seven samples of each graft material were placed in the 2-month 

group, and six samples per graft material were inserted in the 4-month and 6-month groups. One dog in the 

6-month group died three days before the end of healing period, and three inserted implants were lost. 

Furthermore, three implants were explanted during the wound healing process, and six implants were severely 

mobile and excluded from the analysis. Therefore, a total of n=45 integrated implants was obtained from this 

study (n=14 for autograft, n=15 for Cerabone, and n=16 for Osteon). 

 

3.1 The expression of angiogenesis genes 

The two-way ANOVA revealed no significant interaction between the two factors graft materials and healing 

intervals (P>0.05; Table 2). There was no significant difference in the expression of VEGF-A, VEGFR, 

ANG2, TIE1, bFGF, and CD34 among the different grafting substances (P>0.05; Table 2). Furthermore, no 

significant difference was found in either of the angiogenesis genes between the 2-, 4-, and 6-month 

sacrificing groups (P>0.05; Table 2). 

 

Table 2. The results of statistical analysis comparing the expression of angiogenesis genes between 

different graft materials and healing intervals 

 VEGFR VEGF-A ANG2 TIE1 bFGF CD34 

Interaction P= 0.725 P= 0.910 P= 0.942 P= 0.955 P= 0.999 P= 0.830 

Healing 
interval 

P= 0.235 P= 0.109 P= 0.564 P= 0.074 P= 0.661 P= 0.878 

Graft material P= 0.294 P= 0.897 P= 0.888 P= 0.869 P= 0.952 P= 0.839 

 

4. Discussion 

The present study investigated the gene expression related to angiogenesis after concurrent implantation and 

grafting with different bone substitutes. The study was performed on the sternum bone of dogs. The 

advantages of choosing the sternum were the sufficient volume of bone for creating multiple defects to insert 

implants, better controlling the hygiene of wound site through preventing contamination by saliva and oral 

microbial flora, and better feeding the dogs [22]. 

 

In this study, real-time PCR was applied for the quantification of gene expression levels. Six markers that 

have pivotal roles in the angiogenesis process were assessed including VEGF-A, VEGFR, ANG2, TIE1, 

bFGF, and CD34. Vascular endothelial growth factor A (VEGF-A) is well-known as the master, dominant 

inducer for angiogenesis. VEGF-A stimulates the mitogenesis and migration of vascular endothelial cells and 

is essential for the growth of blood vessels. It is also a vasodilator and increases the permeability of 

microvascular [24]. VEGFR is the receptor for the vascular endothelial growth factor and is prominently 

found on the endothelial cell membrane [25]. Angiopoietin-2 has been identified as a vascular disruptive 

agent and plays an essential role in physiologic processes by causing destabilization required for branching 

angiogenesis and sprout formation [26]. TIE1 is an endothelial cell surface protein that serves as the 

angiopoietin receptor [27]. Basic fibroblast growth factor (bFGF) induces extensive mitogenic and cell 

survival activities, similar to the other members of FGF family.  In normal tissue, bFGF remains membrane-

bound as long as there is no signal peptide, but during wound healing or tumor development, bFGF is 

activated and stimulates the formation of new blood vessels [28]. CD34 is a transmembrane protein on 

hematopoietic progenitor cells. The function of CD34 is not well determined, but it may enhance the 

proliferation and inhibit the differentiation of progenitor cell. It is also assumed that the members of the CD34 

family can both promote and block cell adhesion [29]. 

 

The present study revealed no significant difference in the expression of VEGF-A, VEGFR, ANG2, TIE1, 
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bFGF, and CD34 markers, neither between different grafting materials nor between the different healing 

intervals. This finding implies that Cerabone and Osteon performed similarly to the autogenous bone for 

stimulating the expression of angiogenesis markers in osteotomy sites around the dental implants. Therefore, 

both xenogeneic and synthetic grafts can be considered suitable alternatives for autogenous bone. It appears 

that the capability of the xenografts or synthetic materials to stimulate angiogenesis should not be regarded 

as a critical factor in choosing the substance to fill the gap around the implants. Instead, other parameters 

such as the quantity of the graft, its availability, and the resulting morbidity should be considered more 

determinant in choosing the graft substitute. 

 

The outcomes of this study are in agreement with some studies that reported comparable efficacy of different 

grafting materials when applied for filling the bony defects [30- 32]. [30] assessed the expression of vascular 

endothelial growth factor (VEGF) and microvascular density (MVD) after maxillary sinus augmentation with 

a combination of autogenous bone and various graft materials as compared to the autogenous bone only 

(control). The authors concluded that different graft materials can be successfully applied for sinus 

augmentation. [31] indicate that the addition of bone marrow aspirate containing adult stem cells to alloplastic 

or xenograft matrix scaffolds leads to successful bone regeneration, and facilitated the angiogenesis process 

in bone defects. 

 

The outcomes of this study are in contrast with some studies that reported the superiority of some graft 

materials over other substances or indicated differences in the expression of angiogenesis markers between 

various healing intervals. [33] evaluated VEGF expression and microvessel density (MVD) in sinuses filled 

with Bio-Oss. After 3 months (group A) or 6 months (group B) of the grafting procedure, the implants were 

inserted and bone samples were harvested. The results showed that the expression of VEGF was higher in the 

3-month (areas with newly formed bone) than the 6-month (areas where maturation processes were occurring) 

samples [33]. [34] compared bone repair in critical-size defects of rabbits filled with deproteinized bovine 

bone (DBB) or biphasic calcium phosphate ceramic (BCP) as compared to blood clots. After 15 and 45 days, 

the animals were sacrificed and the histomorphometric analysis showed that both DBB and BCP grafts were 

suitable for maxillofacial rehabilitation. However, the augmentation of bone defects with BCP was associated 

with a greater amount of bone deposition at 45 days as compared to DBB material [34]. [35] filled bone 

defects prepared in mandibular angles of minipigs with different substances and found that both beta-

tricalcium phosphate (β-TCP) and anorganic bovine bone (ABB) decelerated bone regeneration in the early 

healing phase, as compared to autograft. 

 

The limitation of this study was the lack of a control group filled with blood clots instead of graft materials. 

This prevented from estimating any increase or decrease in gene expression in grafted as compared to 

nongrafted samples. However, the defects were extensive, and filling them with blood clots could increase 

the chance of implant failure. Further studies with larger sample sizes and with the inclusion of a control 

group are suggested to assess the expression of angiogenesis markers using different graft materials.  

 

5. Conclusion 

There was no significant difference in the expression of VEGF-A, VEGFR, ANG2, TIE1, bFGF, and CD34 

markers, neither between different grafting materials nor between the different healing intervals. Therefore, 

both Cerabone and Osteon can be considered suitable alternatives to the autogenous bone for filling the bony 

defects, as they caused comparable expression of angiogenesis markers around dental implants. 
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