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ABSTRACT 

  

Osteoinductive activity of biphasic calcium phosphate with 

different rhBMP-2 doses in rats 

Ji-Woong Jang, D.D.S. 

 

Department of Dentistry 

Graduate School, Yonsei University 

(Directed by Professor Kyoo-Sung Cho, D.D.S., M.S.D., PhD.) 

 

Recombinant human bone morphogenetic protein (rhBMP)-loaded biphasic 

calcium phosphate (BCP) ceramics, which comprise hydroxyapatite (HA)/beta-

tricalcium phosphate (-TCP), can greatly accelerate bone formation. However, few 

studies have investigated the osteoinductive activity of BMP-loaded BCP with higher 

ratios of -TCP to HA. The aims of the current study were threefold: (i) to determine 

whether a HA/-TCP ratio of 20/80 (BCP 20/80) impregnated with rhBMP-2 

enhances new bone formation in rat calvarial defects, (ii) to determine the dose-

dependent response of rhBMP-2, and (iii) to elucidate the relationship between the 

amount of newly formed bone and graft degradation in BCP 20/80 at healing intervals 

of 2 and 8 weeks. 

Critical-sized calvarial defects were made in rats, which were then allocated to 

one of the following six groups: (1) sham-surgery control, (2) BCP control, (3) 2.5-μg 

rhBMP-2/BCP, (4) 5-μg rhBMP-2/BCP, (5) 10-μg rhBMP-2/BCP, or (6) 20-μg 
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rhBMP-2/BCP. The animals were allowed to heal for either 2 or 8 weeks, after which 

they were sacrificed for histologic and histometric analyses. 

Histometric analysis showed that the percentages of new bone after 2 and 8 

weeks of healing were significantly greater in the BMP-2-treated groups (at all doses) 

than in the control groups. The percentage of remaining BCP was significantly lower 

at 8 weeks than at 2 weeks in both the rhBMP-2-treated groups and in the BCP 

control group, but the amount of new bone was not significantly greater at 8 weeks 

than at 2 weeks in the 10-μg and 20-μg  rhBMP-2/BCP groups. 

rhBMP-2 administered using a BCP carrier significantly induces new bone 

formation in the rat calvarial defect model. A dose-dependent response was not 

shown in the present study, and there appears to be no meaningful relationship 

between the amount of new bone formation and graft degradation with BCP 20/80. 

BCP 20/80 may be considered an effective and biocompatible a carrier for rhBMP-2. 
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Key Words: bone morphogenetic protein 2; bone regeneration; calcium phosphates; 
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Osteoinductive activity of biphasic calcium phosphate with 

different rhBMP-2 doses in rats 

Ji-Woong Jang, D.D.S. 

 

Department of Dentistry 

Graduate School, Yonsei University 

(Directed by Professor Kyoo-Sung Cho, D.D.S., M.S.D., PhD.) 

 

 

I. Introduction 

Various bone substitutes have been used to reconstruct bony defects. Autogenous 

bone grafts have been considered the gold standard in reconstructive surgery because 

of their osteogenic properties. Despite this advantage, autogenous bone has many 

disadvantages, such as the limited availability of donor sites and associated morbidity. 

On the other hand, allogenic and xenogenic bone grafts can be obtained easily, but 

they can provoke an immune response. These limitations have led to extensive 

investigation and development of alloplastic materials. Alloplastic bone grafts are 

osteoconductive and do not induce immunogenicity. Calcium phosphate ceramics 

have been investigated extensively because they resemble the chemical component of 

human bone mineral.(Gauthier et al., 1998) In general, hydroxyapatite (HA) is poorly 
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bioresorbable, whereas beta-tricalcium phosphate (-TCP) is more bioresorbable and 

is replaced by new bone at a high rate.(Jensen et al., 2006) These properties mean that 

the rate of degradation and bioactivity can be modulated by changing the HA/-TCP 

ratio.(LeGeros et al., 2003) Biphasic calcium phosphate (BCP) ceramics, comprising 

a mixture of HA and -TCP at various ratios, are known as an effective and 

biocompatible scaffold. Previous studies have shown that BCP has osteoconductive 

properties in a specific ratios of HA and -TCP.(Fellah et al., 2008; Lee et al., 2008) 

Even when osteoconduction is achieved, new bone formation is limited due to the 

lack of natural osteoinductivity. In order to resolve this problem, it is necessary to 

combine a appropriate scaffold and an osteoinductive growth factor such as bone 

morphogenetic protein (BMP). The optimal carrier to deliver recombinant human 

BMP 2 (rhBMP-2) must fulfill various criteria such as conditions for cellular and 

vascular growth, cellular attachment, biocompatibility, space maintenance, and 

release kinetics.(Hyun et al., 2005; Kim et al., 2005) In spite of the many preclinical 

and clinical studies involving various biomaterials, the ideal carrier has not yet been 

found for the effective application of BMP in dentistry. Absorbable collagen sponge 

is one of the most frequently used carrier for the application of rhBMP-2, but it has 

some shortcomings, such as poor structural integrity, handling difficulties, and 

immunogenicity.(Barboza et al., 2000) On the other hand, since the BCP ceramics not 

only provide sufficient mechanical support but also enable vascular and cellular 
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ingrowth, they may be enable the induction of new bone. The degradation of BCP 

result in calcium and phosphorous ions being released into the biological environment, 

thus potentially providing a favorable environment for bone regeneration.(Yamada et 

al., 1997) A previous study showed that BMP-loaded HA/-TCP ceramics greatly 

accelerates bone formation.(Ono et al., 1995) However, few studies have investigated 

the osteoinductive activity of BMP-loaded BCP with a higher ratio of -TCP to HA. 

The aims of the current study were threefold: (i) to determine whether BMP with 

an HA/-TCP ratio of 20/80 (BCP 20/80) impregnated with rhBMP-2 enhances new 

bone formation in rat calvarial defects, (ii) to determine the dose-dependent response 

of rhBMP-2, and (iii) to elucidate the relationship between the amount of new bone 

formed and graft degradation in BCP 20/80 at healing intervals of 2 and 8 weeks. 
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Ⅱ. Materials & Methods 

 

1. Animals 

 

Sprague-Dawley rats (N = 96, body weight 200–300 g) were included in this 

study. They were housed in plastic cages in a room with a 21-hour day/night cycle 

and an ambient temperature of 21ºC, with ad libitum access to water and a standard 

laboratory pellet diet. Animal selection and care, the surgical protocol, and the 

preparation procedures were certified by the Institutional Animal Care and Use 

committee, Yonsei Medical Center, Seoul, Korea. 

 

2. rhBMP-2 implants 

 

BCP (MBCP plus® , Biomatlante, Nantes, France) was used as a carrier for 

rhBMP-2 in the present study. This carrier comprises HA/-TCP at a ratio of 20:80.  

rhBMP-2 expressed by Chinese hamster ovary cells (Korea Bone Bank, Seoul, Korea) 

was reconstituted and diluted in a buffer to obtain concentrations of 0.025, 0.05, 0.1, 

and 0.2 mg/mL. The sterilized BCP ceramics were loaded with 0.1 mL of rhBMP-2 

solution to obtain implanted concentrations of 2.5, 5, 10, and 20 g, respectively. For 

control experiments, the BCP was loaded with buffer alone. The BCP was 
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impregnated with rhBMP-2 for 1 hour, and then implanted into calvarial defects made 

in the rat skulls.  

 

3. Surgical procedures 

 

The rats were anesthetized by intramuscular injection (5 mg/kg body weight) of 

a 4:1 solution of ketamine hydrochloride (Ketalar® , Yuhan, Seoul, Korea) and 

xylazine (Rompun® , Bayer Korea, Seoul, Korea). Infiltration anesthesia was 

performed at the surgical site. A linear incision was made sagittally at the midline and 

a full thickness flap was reflected to expose the calvarial bone. A standardized, 

circular, transosseous, 8-mm-diameter defect was created on the cranium using a 

trephine drill (3i Implant Innovation, Palm Beach Gardens, FL, USA) while being 

irrigated copiously with saline. After removing the trephined calvarial disk, the 

experimental and control treatments were applied to the defects. 

The animals were divided into 6 groups of 16 animals each and were allowed a 

healing period of either 2 (n = 8 animals per group) or 8 weeks (n = 8 animals per 

group). Each group received one of the following experimental conditions: (1) sham-

surgery control, (2) BCP control, (3) 2.5-g rhBMP-2/BCP, (4) 5-g rhBMP-2/BCP, 

(5) 10-g rhBMP-2/BCP, or (6) 20-g rhBMP-2/BCP. All of the surgical sites were 

sutured with 4-0 Monosyn (glyconate absorbable monofilament, B-Braun, Aesculap, 
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Center Valley, PA, USA) for primary-intention healing. The animals were sacrificed 

by CO2 suffocation at either 2 or 8 weeks after the surgery 

.  

 4. Microcomputed tomography 

 

The specimens were fixed in 10% buffered formalin for 10 days and 

scanned using microcomputed tomography (micro-CT; Skyscan®  1072, 

Skyscan, Aartselaar, Belgium) at a resolution of 35 μm (100 kV and 100 μA). 

The area of interest was reconstructed using Ondemand 3D ® software 

(Cybermed, Seoul, Korea). 

 

5. Histological processing and histometric measurements 

 

The specimens were decalcified in 5% formic acid for 14 days, and then 

embedded in paraffin. Serial 5-μm-thick sections were cut through the center of the 

circular calvarial defects. The two most-central sections were selected from each 

block and stained with hematoxylin and eosin and Masson’s trichrome. Each section 

was examined under a binocular microscope (Leica DM LB, Leica Microsystems, 

Wetzlar, Germany) equipped with a camera (Leica DC300F, Leica Microsystems, 

Heerburgg, Switzerland). 
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After conventional microscopic examination, computer-assisted histometric 

measurements were made using an automated image-analysis system (Image-Pro Plus, 

Media Cybernetics, Silver Spring, MD, USA). Two parameters were measured: the 

percentage of new bone and the percentage of remaining BCP. The amount of new 

bone was measured by calculating the amount of newly formed mineralized bone 

(excluding bone marrow and fibrovascular tissue) in the defect as a percentage of the 

augmented area, which was measured as all tissues within the boundaries of the 

newly formed bone. The amount of remaining BCP was measured by calculating the 

amount of remaining grafting material as a percentage of the augmented area. The 

parameters for measurements and the calculation methods are defined in Figure 1. 

 

6. Statistical analysis 

 

Histomorphometric measurements of the samples in calvarial defects were used 

to calculate group mean and SD values. A two-way analysis of variance was used to 

evaluate the effects of time and experimental conditions. The post-hoc Scheffé test 

was used to evaluate the differences between groups. The level of statistical 

significance was set at P < .05.
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Ⅲ. Results 

 

The postoperative period passed uneventfully in both the rhBMP-2 groups and 

the control groups. In total, 96 specimens were included for histomorphometric 

investigation. 

 

1. Micro-CT findings 

 

The defect coverage was minimal in the sham-operated animals. Most of the 

space around the BCP particles was radiolucent at both 2 and 8 weeks postsurgery in 

the BCP control group. On the other hand, bone regeneration was marked in all of the 

rhBMP-2-treated groups. After 2 weeks of healing, radiopacity was increased not 

only near to the upper and lower defect borders but also adjacent to the BCP particles 

in coronal sections. However, defect coverage was not yet complete. After 8 weeks of 

surgery, the radiopacity had progressed further compared than at 2 weeks. Marked 

increases in bone density were visible in the upper and lower defect borders, and the 

defect coverage was almost complete in coronal sections. The defect margin and the 

newly formed bone could not be differentiated due to increased radiodensity of the 

regenerated bone (Figs. 2 and 3).  
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2. Histologic findings 

 

In the sham-operated control animals, a minimal amount of new bone was 

detected at the defect margin at both 2 and 8 weeks postsurgery. Thin and loose 

connective tissue filled the defect. In the BCP control, at 2 weeks postsurgery there 

was limited new bone formation evident at the periphery of the defect margin and 

around the BCP particles. Most of the defect was occupied by chronic inflammatory 

cells and fibrovascular tissues. There was significantly more new bone formation at 8 

weeks postsurgery than at 2 weeks (Fig. 4). 

In the rhBMP-2-treated groups, all of the defects exhibited bone ingrowth into 

the BCP particles, and no inflammatory markers or foreign-body reactions were 

visible. After 2 weeks of healing, newly formed woven bone was deposited in close 

contact with the BCP particles (Fig. 5). Lacunae containing osteoblasts and 

vascularized connective tissue were observed within the medullary space in the newly 

formed bone. After 8 weeks of healing, newly formed bone completely filled the 

defect and mature bone marrow could be seen. The woven bone was gradually 

replaced by lamellar bone and mature lamellar bone, which could be seen throughout 

the implant area. It was difficult to distinguish between the new bone and the defect 

margin at this time point (Fig. 6). 
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3. Histometric analysis 

 

The percentages of new bone after 2 and 8 weeks of healing were significantly 

greater in the BMP-2-treated groups (at all doses) than in the control groups, and 

significantly greater after 8 weeks than after 2 weeks of healing in all except the 10-

g and 20-g rhBMP-2/BCP groups (Table I). The percentage of remaining BCP 

differed significantly between at 8 and 2 weeks in both the rhBMP-2-treated groups 

and the BCP control group. However, there was no significant difference in the 

percentage of BCP remaining after 2 and 8 weeks of healing (Table II). 

rhBMP-2 induced significantly more new bone formation than in the control 

groups, irrespective of the dose. The BCP ceramics had degraded significantly more 

after 8 weeks of healing than after 2 weeks, regardless of the presence of rhBMP-2. 
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IV. Discussion 

 

This study has revealed that the combination of rhBMP-2 and BCP can 

significantly increase the amount of newly formed bone in rat calvarial defects, and 

does not induce in any adverse effects. Neither sham surgery nor administration of 

BCP without rhBMP-2 produced significant new bone formation. Thus, rhBMP-2 

plays a critical role in the osteogenic process, acting as a potent osteoinductive 

molecule. Micro-CT imaging showed that the initial, less-radiopaque bone formation 

was followed by more radiodense bone, and ultimately complete bony bridging after 

8 weeks of healing. In all of the rhBMP-2 treated groups, although limited bone 

regeneration was observed at 2 weeks, the defect area was completely covered after 8 

weeks of healing. Thus, the rhBMP-2-treated groups exhibited remarkable bone 

regeneration compared to the control groups on micro-CT. However, visualization of 

closure throughout the defect on micro-CT does not necessarily correlate with the 

degree of mineralization, and so histologic and histomorphometric analysis should be 

combined with micro-CT analysis to gain a more complete understanding of the 

situation. 

Recent advances in imaging techniques have enabled the assessment and 

analysis of fine bony structures such as trabecular bone, both in vitro and in vivo. 

Previous studies have found that three-dimensional micro-CT data can accurately 
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replace conventional histologic analysis in quantitative bone evaluations.(Thomsen et 

al., 2005) Cowan et al. demonstrated that micro-CT image-aided quantification of 

new bone area correlates well with the results of histological analyses.(Cowan et al., 

2007) Quantitative micro-CT analysis was not performed in this study. Therefore, 

further analysis is needed to compare micro-CT-aided measurements with histometric 

measurements. 

The dose dependency of rhBMP-2 was evaluated by applying four different 

doses to the rat calvarial defects. Each concentration of rhBMP-2 induced similar 

amounts of new bone formation, indicating the absence of a dose-dependent response 

to rhBMP-2 in our study. Various factors, such as the type of carrier, animal species, 

experimental site, and the observation period can influence dose 

dependency.(Hasegawa et al., 2008) The findings of the present study support those 

of some previous studies that found no correlation between new bone formation and 

the dose of rhBMP-2.(Lee et al., 2010; Pang et al., 2004; Tatakis et al., 2002; Wikesjo 

et al., 1999) However, other studies have found a marked dose-dependent 

response.(Alam et al., 2001; Kanatani et al., 1995; Kenley et al., 1994) Our study 

could not show dose dependency in the rat calvarial defect model. It may be that the 

doses applied in the present study exceeded the minimum dose threshold. Future 

studies should determine the optimal local concentration by using various 

doses.(Hong et al., 2006) 
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Various carrier candidates have been investigated for the application of rhBMP-

2. A successful candidate carrier should provide vascular and cellular invasion to 

favor osteoinduction by the growth factor.(Brekke and Toth, 1998) It should also be 

reproducible, biocompatible, moldable, bioabsorbable, and space-providing to 

maintain the structural integrity of the area.(Han et al., 2005; Wikesjo et al., 2003) 

The BCP ceramics used herein, which were composed of a mixture of HA and -TCP 

at various ratios, are considered to be safe, biocompatible, and effective as a scaffold 

for new bone formation.(Schopper et al., 2005) The rate of degradation of BCP 

ceramics in vivo can be accelerated by a higher proportion of the more bioresorbable 

phase, -TCP.(Daculsi, 1998; U. W. Jung et al., 2006) In order to assure sufficient 

mechanical support during the gradual degradation of BCP, the ideal proportions of 

the poorly bioresorbable HA and the more bioresorbable -TCP should be 

determined.(Daculsi et al., 2003) It was reported that rhBMP-2 significantly enhanced 

new bone formation in a rabbit calvarial model when applied by a synthetic matrix 

containing HA/TCP.(R. E. Jung et al., 2008) Jensen et al. reported that autografting 

and BCP 20/80 had a high resorption rate, but that BCP 80/20 and 60/40 have low 

resorption rates.(Jensen et al., 2009) Alam et al. tested five different HA/-TCP ratios, 

and found that the amount of bone formation was greatest when using 25% HA/75% 

-TCP ceramics impregnated with rhBMP-2.(Alam et al., 2001) Since the BCP 

ceramics used in the present study were a mixture of HA/-TCP at a ratio of 20:80, it 



 

 

 

 

 

14 

is noteworthy that the BCP ceramics were significantly absorbed after 8 weeks of 

healing than after 2 weeks. 

In the present study, significant resorption of BCP particles was observed not 

only in the rhBMP-2-treated groups but also in the BCP control group. This suggests 

that there is no relationship between the degree of BCP resorption and the dose (or 

even the presence) of rhBMP-2. As reported previously, superficial dissolution of -

TCP in the BCP ceramics facilitates the reprecipitation of a biological apatite on the 

surface of the biomaterial.(Yamada et al., 1997) Increased concentrations of calcium 

and phosphorous ions may be more favorable for new bone formation. Furthermore, 

faster degradation of the BCP ceramics can provide a favorable environment for bone 

ingrowth at the expense of the biomaterial.(Daculsi et al., 2003) 

We assume that bone ingrowth can be accelerated further in BCP 20/80 as a 

result of the osteoinductive activity of rhBMP-2. In the present study, the percentage 

of remaining BCP was significantly lower at 8 weeks than at 2 weeks postsurgery in 

test and BCP control group. However, percent of new bone was not significantly 

greater at 8 weeks than at 2 weeks in 10-µg and 20-µg rhBMP-2/BCP groups. 

Although percent of new bone in 10µg and 20µg rhBMP-2/BCP groups showed 

greater amount of newly formed bone at 8 weeks than at 2 weeks, a statistically 

significant difference could not be observed. It may be that the rhBMP-2 was not 

released to the defect in a sustained manner, perhaps because of the short retention of 
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rhBMP-2 protein itself in vivo. When loaded onto a carrier scaffold by soaking, all of 

the BMP is released at once and disappears completely within 2 days of scaffold 

implantation.(Kanematsu et al., 2004) Due to in vivo short half life of BMP, a large 

dose of BMP-2 is required for clinical application. However, it should be borne in 

mind that loading a high dose of BMP-2 onto a defect site might result in it diffusing 

away from the site to unintended sites and cause side effects such as bone overgrowth 

and an immune response.(Ma et al., 2005) Cui et al. reported that long-term delivery 

of BMP-2 provides more enhanced new bone formation than short-term delivery at an 

equivalent dose.(Cui et al., 2006) Therefore, the gradual degradation of scaffolds with 

the sustained release of rhBMP-2 might be critical in reducing the dose for clinical 

applications and inducing successful bone formation effectively. 

The BCP 20/80 used in this study exhibited significant degradation, but the 

level of new bone formation was not significantly greater at 8 weeks than at 2 weeks 

postsurgery in several of the BMP groups. This finding suggests that there is no 

relationship between the amount of new bone and the degree of graft degradation of 

BCP 20/80 within this study. 

The current study found that rhBMP-2 in combination with BCP induced 

effective new bone formation, but additional studies are needed to investigate the 

optimal conditions required for the slow and continued release of rhBMP-2. 
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Moreover, studies assessing different ratios of HA/-TCP with rhBMP-2 are required 

to determine the optimum HA/-TCP composition. 
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V. Conclusion 

 

rhBMP-2 applied using a BCP 20/80 carrier significantly induces bone formation 

in the rat calvarial defect model. An rhBMP-2 dose-dependent response was not 

evident in the present study, and there was no meaningful relationship between the 

amount of new bone deposited and the degree of graft degradation of BCP 20/80. 

BCP 20/80 may be considered an effective and biocompatible carrier for rhBMP-2. 
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Legends 

 

Figure 1. Schematic drawing for the histometric analysis of the calvarial defect 

model. 

 

Figure 2. Representative micro-CT images of defect sites. At 2 weeks postsurgery: 

(a) a sham-surgery control, (b) BCP control, (c) 2.5 μg rhBMP-2/BCP, (d) 

5 μg rhBMP-2/BCP, (e) 10 μg rhBMP-2/BCP, (f) 20 μg rhBMP-2/BCP. At 

8 weeks postsurgery: (g) a sham-surgery control, (h) BCP control, (i) 2.5 

μg rhBMP-2/BCP, (j) 5 μg rhBMP-2/BCP, (k) 10 μg rhBMP-2/BCP, (l) 20 

μg rhBMP-2/BCP. 

 

Figure 3. Representative coronally sectioned micro-CT images of defect sites. At 2 

weeks postsurgery: (a) a sham-surgery control, (b) BCP control, (c) 2.5 μg 

rhBMP-2/BCP, (d) 5 μg rhBMP-2/BCP, (e) 10 μg rhBMP-2/BCP, (f) 20 μg 

rhBMP-2/BCP. At 8 weeks postsurgery: (g) a sham-surgery control, (h) 

BCP control, (i) 2.5 μg rhBMP-2/BCP, (j) 5 μg rhBMP-2/BCP, (k) 10 μg 

rhBMP-2/BCP, (l) 20 μg rhBMP-2/BCP. 
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Figure 4. Representative photomicrographs of defect sites receiving the the sham 

surgery control at 2 weeks (a), 8 weeks (b), and the BCP control at 2 

weeks (c), and 8 weeks (d).  (arrow heads = defect margin; Masson 

trichrome stain, original magnification × 40) 

 

Figure 5. Representative photomicrographs of defect sites receiving the rhBMP-

2/BCP. At 2 weeks postsurgery: (a, b) 2.5 μg rhBMP-2/BCP, (c, d) 5 μg 

rhBMP-2/BCP, (e, f) 10 μg rhBMP-2/BCP, (g, h) 20 μg rhBMP-2/BCP 

(arrow heads = defect margin; NB = new bone, OB = Original bone; 

Masson trichrome stain, original magnification a, c, e, and g × 40; b, d, f, 

and h × 100) 

 

Figure 6. Representative photomicrographs of defect sites receiving the rhBMP-

2/BCP. At 8 weeks postsurgery. (a, b) 2.5 μg rhBMP-2/BCP, (c, d) 5 μg 

rhBMP-2/BCP, (e, f) 10 μg rhBMP-2/BCP, (g, h) 20 μg rhBMP-2/BCP 

(arrow heads = defect margin; NB = new bone, OB = Original bone; 

Masson trichrome stain, original magnification a, c, e, and g × 40; b, d, f, 

and h × 100). 
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Figures 
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Tables 

 

Table I. Amounts of new bone as percentages of the augmented area at 2 and 

8 weeks after surgery (mean ± SD values; n = number of specimens) 

Group 2 weeks postsurgery (n) 8 weeks postsurgery (n) 

Sham- surgery control 5.27 ± 0.97 (8) 12.19 ± 3.01
♭

 (8) 

BCP control 9.85 ± 3.47 (8) 23.06 ± 5.31
♭

 (8) 

2.5-μg rhBMP-2/BCP 44.34 ± 7.64
*†

 (8) 54.91 ± 8.25
*†♭

 (8) 

5-μg rhBMP-2/BCP 47.64 ± 8.63
*†

 (8) 58.67 ± 3.93
*†♭

 (8) 

10-μg rhBMP-2/BCP 50.34 ± 19.87
*†

 (8) 62.65 ± 9.67
*†

 (8) 

20-μg rhBMP-2/BCP 50.87 ± 5.93
*†

 (8) 57.59 ± 8.50
*†

 (8) 

* Significant different from sham control group (P < .05) 

† Significant different from BCP control group (P < .05) 

♭
Significant difference between at 2 and 8 weeks postsurgery (P < .05) 
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Table II. Amounts of BCP remaining as percentages of the augmented area at 2 and 

8 weeks after surgery (mean ± SD values; n = number of specimens) 

Group 2 weeks postsurgery (n) 8 weeks postsurgery (n) 

BCP control 49.39 ± 9.11 (8) 31.15 ± 7.03* (8) 

2.5-μg rhBMP-2/BCP 51.59 ± 9.55 (8) 35.20 ± 10.40* (8) 

5-μg rhBMP-2/BCP 48.33 ± 10.07 (8) 32.68 ± 5.63* (8) 

10-μg rhBMP-2/BCP 47.21 ± 20.01 (8) 28.46 ± 11.30* (8) 

20-μg rhBMP-2/BCP 47.31 ± 5.04 (8) 35.07 ± 9.83* (8) 

* Significant difference between at 2 and 8 weeks postsurgery (P < .05) 
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국문요약 

 

백서 두개골 결손부에서 서로 다른 농도의 rhBMP-2가 적용된 

이상(biphasic) 칼슘 포스페이트의 골유도 효과 

 

<지도교수 조 규 성> 

연세대학교 대학원 치의학과 

 장   지   웅 

 

이상(Biphasic) 칼슘 포스페이트는 골형성유도단백질(Bone morphogenetic 

protein, BMP)의 효과적인 전달체로서 그 효과가 이미 입증되어있다. 그러나 

하이드록시아파타이트(hydroxyapatite)보다 트리칼슘포스페이트(tricalcium 

phosphate)가 더 높은 비율로 구성된 이상 칼슘포스페이트(BCP)를 rhBMP-

2 의 전달체로 사용했을 때 골유도효과에 대한 연구는 많지 않다. 이 

연구의 첫번째 목적은 하이드록시아파타이트(hydroxyapatite)와  베타 

트리칼슘포스페이트(-tricalcium phosphate)가 2:8 로 구성된 BCP 20/80 을 

rhBMP-2 의 전달체로 사용했을 때의 골재생효과를 평가하는 것이다. 

두번째 목적은 rhBMP-2 의 적용 용량과 골재생효과의 상관관계를 평가하는 

것이고 마지막 목적은 흡수된 전달체의 양과 신생골 사이에 관계를 

알아보는 것이다. 

총 96마리의 백서를 6군으로 나누어 실험을 시행하였으며, 모든 
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동물에서 두개골 부위 직경 8mm의 골결손부를 형성하였다. 각각의 군은 

다음과 같으며 (1) sham-surgery control, (2) BCP control, (3) 2.5-g rhBMP-2/BCP, 

(4) 5-g rhBMP-2/BCP, (5) 10-g rhBMP-2/BCP, or (6) 20-g rhBMP-2/BCP  2 

주와 8 주의 치유 기간 후 희생하여 조직학적 및 조직계측학적 정량분석을 

시행하였다.                                                                                  

 rhBMP-2를 처치한 군에서는 농도 및 기간에 상관없이 대조군보다 

유의성있는 신생골 형성을 보였다. 남아있는 BCP의 양은 실험군 및 

대조군 모두 2주에서 보다 8주에서 유의성있게 적었다. 신생골의 양은 10-

g and 20-g rhBMP-2/BCP를 제외한 모든 군에서 유의성있게 증가되었다.  

 이 연구를 통해, BCP 20/80은 rhBMP-2의 전달체로서 효과적인 

골재생을 보였으며 용량에 따른 골재생의 차이는 없었다. 전달체의 흡수된 

양과 신생골의 양 간의 의미있는 관계는 본 실험에서는 관찰되지 않았다. 
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