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Abstract

Effect of low concentration of bone morphogenetic protein-2 

loaded onto biphasic calcium phosphate in a rabbit sinus

Jae Shin Kim, D.D.S.

Department of Dentistry

The Graduate School, Yonsei University

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

Purpose: The purpose of the present study was to evaluate the effectiveness of a 

minimal concentration of bone morphogenetic protein-2 (BMP-2) in terms of 

quantitative and qualitative analyses of newly formed bone in a rabbit maxillary sinus 

model.

Methods: In 7 rabbits, sinus windows were prepared bilaterally. Biphasic calcium 

phosphate (BCP) loaded with 0.05 mg/ml BMP-2 was grafted into one sinus (the 

BMP group) and saline-soaked BCP was placed into the other (the control group) in 

each animal. The animals were allowed an 8-week healing period before being 

sacrificed. Specimens including the augmented area and surrounding tissues were 

then removed and evaluated both radiographically and histologically.



v

Results: There was a difference in the mineralization of new bone between the 

groups. In the BMP group, the greater part of the new bone consisted of mature 

lamellar bone with an evident trabecular pattern, whereas the control group showed 

mostly woven bone, consisting only partially of lamellar bone. Histometrically, the 

area of new bone was significantly greater (4.55±1.35 mm2 vs 2.99±0.86 mm2) in the 

BMP group than in the control group (P<0.05); however, the total augmentation 

volumes were not significantly different between the groups.

Conclusions: Within the limitations of this study, it can be suggested that a minimal 

concentration of BMP-2 (0.05 mg/ml) had an osteoinductive effect with accelerated 

mineralization in a rabbit sinus model using a BCP carrier.

KEYWORDS: Sinus augmentation, Bone morphogenetic protein, Biphasic calcium 

phosphate, Mineralization.
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Effect of low concentration of bone morphogenetic protein-2 

loaded onto biphasic calcium phosphate in a rabbit sinus

Jae Shin Kim, D.D.S.

Department of Dentistry

The Graduate School, Yonsei University

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

I. Introduction

There are many limiting conditions associated with implant surgery on the upper 

posterior area, such as maxillary sinus pneumatization and insufficient bone volume. 

These limitations have been addressed by the development and application of a 

variety of surgical techniques, including sinus augmentation. In the service of more 

successful clinical outcomes for these techniques, studies on growth factors have been 

actively carried out over the past few decades and have proven to be essential. One of 

these growth factors, bone morphogenetic protein (BMP), is known to play an 

important role in osteoblast differentiation, and its ability to accelerate new bone 
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formation has been demonstrated in many in vivo studies.

Despite the promising effects of BMP in sinus augmentation, adverse effects such 

as severe swelling and ectopic or delayed bone formation have also been reported. 

Such adverse effects have been reported mainly to be caused by an overdose of BMP. 

Therefore, the current trend of research on BMP has focused on finding the 

appropriate dose. In particular, the sinus augmentation procedure requires a 

considerable amount of bone graft material compared to other dental procedures, and 

so there is a risk of applying more BMP than necessary, which could result in severe 

complications. In consideration of such problems, it is important to carry out studies 

to find the minimum dose of BMP for successful sinus augmentation. As a minimal 

dose, a 0.1 mg/ml concentration of BMP loaded onto biphasic calcium phosphate 

(BCP) has been used in a previous rabbit sinus augmentation study and this has 

proven effective for total augmentation and new bone volume (Kim et al., 2015). The 

study also suggested that experiments using a dose lower than 0.1 mg/ml were 

necessary for determining the ideal concentration of BMP. Therefore, BMP at a 

concentration of 0.05 mg/ml, which is half of 0.1 mg/ml, was used for this study to 

determine the proper dose in a rabbit sinus model.

BCP is comprised of hydroxylapatite (HA) and β-tricalcium phosphate (TCP) at 

various ratios. It has been extensively investigated as a bone substitute for its space-

maintaining capacity, similarity to human bone, and biocompatibility, (LeGeros et al., 

2003) especially for sinus augmentation procedures (Lim et al., 2015). Since HA is 

less soluble than β-TCP, HA can act as a scaffold for maintaining grafted volume in 

order to prevent sinus pneumatization after augmentation, thus leading to enhanced 



3

osteoconductivity. On the other hand, the solubility of TCP allows BCP to be rapidly 

replaced by newly formed bone (NB) via particle biodegradation. The bioactivity of 

BCP—including its osteoconductivity and resorption rate—may be controlled by 

altering the HA/β-TCP ratio. Recently, a study has demonstrated that any BCP, 

regardless of the ratio between HA and TCP, is useful as a sinus graft material (Lim et 

al., 2015). However, a higher proportion of TCP in BCP provided higher 

osteoconductivity and biocompatibility at the histological level and clinically 

successful outcomes for sinus augmentation procedures (Mangano et al., 2015). Thus, 

in the present study, BCP with an HA/β-TCP ratio of 20/80 was chosen as the graft 

material for sinus augmentation.

The purpose of the present study was to determine the efficacy of a low dose of 

BMP-2 with a BCP carrier in a rabbit sinus model.



4

II. Materials and Methods

1. Animals

Seven male New Zealand white rabbits weighing 2.8-3.2 kg were used for this 

study. They were maintained in separate cages and fed a controlled diet under 

standard laboratory conditions. The sample size calculation was performed with G* 

Power software v. 3.1 (University of Dusseldorf, Dusseldorf, Germany) at an alpha 

level of 0.05 and a statistical power of 95%. The histometric difference in new bone 

area between 2 groups was set to 2.18 mm2 and the standard deviation of the outcome 

was assumed to be the same for both groups in accordance with the previous study 

(Choi et al., 2013). The required sample size per group was 6; therefore, 7 rabbits 

were prepared in consideration of possible loss during histologic slide preparation.

The animal selection, preparation, management, and surgical protocol were approved 

by the Institutional Animal Care and Use Committee of Yonsei Medical Center, Seoul, 

South Korea.

2. Preparation of BMP-2 and carriers

The BCP (MBCP plus; Biomatlante, Nantes, France) used as the carrier for BMP-

2 (Korea Bone Bank, Seoul, Korea) in this study had an HA/β-TCP ratio of 20/80. 

The BMP-2 was reconstituted and diluted in a buffer to a concentration of 0.05 mg/ml. 

In the BMP-2-treated group, 0.15 g of BCP was loaded with 0.1 ml of BMP-2 for 
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1 hour to obtain an implant volume of 5-mg BMP-2. In the control group the BMP-2

was replaced by 0.15 g of BCP soaked in saline.

3. Surgical procedure and study design

All of the rabbits were anesthetized prior to the surgery by intramuscular injection 

with a mixture of ketamine hydrochloride (Ketalar, Yuhan, Seoul, South Korea) and 

xylaxine (Rompun, Bayer Korea, Seoul, South Korea). Local anesthesia was achieved 

by subcutaneous injection of 0.5 ml of 2% lidocaine (lidocaine HCl, Huons, Seoul, 

South Korea). After preoperative shaving and local disinfection with iodine, a straight 

midline incision was made on the dorsal side of the nasal bone and a full-thickness 

flap was elevated laterally. Standardized circular, bilateral cranial windows were 

prepared with the aid of a circular reamer (5.5-mm-diameter C-reamer, Neobiotech, 

Seoul, South Korea) under cooling with saline. The windows were placed 10 mm 

laterally to the midline and 20 mm anteriorly to the nasofrontal suture line (Asai et al., 

2002). The circular bony discs made by the reamer were removed and the sinus 

membrane was carefully elevated to create a space for grafting of the materials 

(Fig. 1).

The graft materials were placed into the sinus windows, with BMP-2-loaded BCP 

into one (the BMP group) and saline-soaked BCP into the other (the control group), 

where the side was randomly assigned for each animal. When the implantation of 

graft materials was complete, the skin and periosteal flap were sutured layer by layer 

with 4-0 glyconate absorbable monofilament (Monosyn, B-Braun Aesculap, 
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Allentown, PA, USA). The rabbits were sacrificed 8 weeks after the surgery.

4. Radiographic evaluations: micro-computed tomography

The specimens including the augmented area and surrounding tissues were 

removed and rinsed with sterile saline. All of the specimens were fixed in 10% 

formalin for 10 days. Radiographic images were then taken with the aid of a micro-

computed tomography (micro-CT) scanner (Skyscan 1072, Skyscan, Aartselaar, 

Belgium) at a resolution of 35 μm (100 kV and 100 μA). The scanned images were 

reconstructed and the total augmented volumes of both sinuses were measured using 

OnDemand3D software (CyberMed, Seoul, South Korea).

5. Histologic processing and histometric evaluations

Following the micro-CT scanning, the specimens were decalcified in 5% formic 

acid for 14 days and then embedded in paraffin. The embedded blocks were sectioned 

at a thickness of 5 μm along the most augmented area, mounted onto glass slides, and 

then stained with hematoxylin/eosin and Masson trichrome. All of the slides were 

examined with the aid of a light microscope (BX50, Olympus, Tokyo, Japan), and the 

fields were captured digitally.

Histometric measurements were acquired with an automated image analysis 

program (Image Pro Plus, Media Cybernetics, Silver Spring, MD, USA). The 

measured parameters included total augmented area, area of NB, and that of residual 

particles (RP). The fibrovascular tissues (FV) were measured in numerical values, 
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which is the total augmented area without NB and RP. The proportion of NB, RP, and 

FV were calculated and compared. As a secondary variable, the length of each RP 

was measured in all specimens to evaluate the resorption pattern of RP between the 

groups. The length of RP was defined as the longest length of particle that was 

automatically measured by using the software.

6. Statistical analysis

The software program R v. 3.1.1 (University of Auckland, Auckland, New Zealand) 

was used for the statistical analysis. A nonparametric mixed model (Brunner and 

Langer, 2000) was used to evaluate the differences between the 2 groups with respect 

to total augmented volume, total augmented area, area of NB, area of RP, and the 

proportion of NB, RP, and FV. A linear mixed model was used to compare the length 

of RP. The statistical significance level was set at 5%.
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III. Results

1. Clinical findings

During the surgery, 4 small (<1 mm) sinus membrane perforations (2 in the 

control group, 2 in the BMP group) occurred. Because of the small size of the 

perforations, additional surgical procedures for repairing the sinus membrane were 

not attempted. Nevertheless, the overall healing of all animals was uneventful during 

the 8-week recovery period. No signs of inflammation nor other pathologic symptoms 

were detected.

2. Micro-computed tomography evaluations

A dome-shaped augmented mass with a radiopaque matrix including RP could be 

observed in both groups. There was no radiolucent void within the augmented sinus 

cavity in both groups. Although the total augmented volume appeared to be greater in 

the BMP group (149.50±48.6 mm3) than in the control group (139.69±69.4 mm3) at 8 

weeks after the surgery, the difference was not statistically significant (Fig. 2).

3. Histologic and histometric evaluations

Histologically, the augmented sinus cavities had a convex form and fully filled with 

NB, RP, and FV. There were no signs of inflammation in both groups of sinus cavities. 

The sinus window regions were almost regenerated with NB in both groups. Despite 
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the occurrence of small-sized sinus membrane perforations in 4 animals during the 

surgical procedure, the linings of the Schneiderian membranes were intact in all 

animals. The new bone formation was observed in both the central and peripheral 

areas of the augmented sinuses in both the BMP and control sites. Furthermore, the 

NB was closely attached to the residual particles, with no intervening spaces. The RP 

had an irregular surface, possibly due to the resorption of particles. The patterns of 

FV were different between the 2 groups; dense connective tissues were observed in 

the control group, whereas loose connective tissues were mainly observed in the BMP 

group (Fig. 3).

Interestingly, there was a difference in the mineralization pattern of NB between 

the BMP and control group. In the BMP group, the greater part of NB was mature 

lamellar bone with evident trabecular pattern and Harversian system. On the other 

hand, NB of the control group showed mostly woven bone that was partially lamellar 

bone (Fig. 4).

Table 1 shows the results of the histometric analysis. In the BMP group, the total 

augmented area appeared to be greater than in the control group, although the 

difference was not statistically significant. The area of NB in the BMP group 

(4.55±1.35 mm2) was significantly greater than that in the control group (2.99±0.86 

mm2; P<0.05), while there was no statistical difference in the area of RP. Likewise, 

there was no difference in the length of RP between the groups.

Fig. 5 represents the proportion of NB, RP, and FV between the 2 groups. At 8 

weeks after the grafting, notwithstanding the greater proportion of NB and FV of the 

BMP group, there were no significant differences. However, the proportion of RP was 
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significantly less in the BMP group (29.40%±4.61% vs 36.64%±4.62%; P<0.05).
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IV. Discussion

The purpose of this study was to evaluate the effectiveness of a minimal dose of 

BMP-2 with BCP composed of a high ratio of TCP carrier in a rabbit sinus 

augmentation model over 8 weeks. Although the concentration of BMP-2 used in the 

present study was only half of the lowest concentration of previous studies (0.05 

mg/ml), enhanced osteoinductivity and accelerated bone maturation could be 

observed compared to the control group. It might be suggested that the use of a 

minimal dose of BMP-2 with BCP improves the quantity of newly formed bone and 

shortens the healing time following the sinus augmentation procedure.

As a principle finding of this study, more mineralization of the newly formed bone 

could be observed in the BMP group than in the control group. This result is in 

concordance with a previous in vivo study that investigated bone formation with 

BMP-2 in the rabbit maxillary sinus during the early healing period (Kim et al., 2015). 

Furthermore, a recent clinical trial showed a significantly higher amount of 

mineralized bone formation in the higher expression of the BMP-4 group after 

maxillary sinus augmentation (Torrecillas-Martinez et al., 2015), which indicates that 

faster and greater bone formation would be induced by the BMPs.

There have been many other studies to determine the appropriate concentration of 

BMP to enhance bone formation in sinus augmentation and achieve minimal side 

effects at the same time. In previous studies, the new bone formation was 

significantly greater in the control group than in the test group, with a relatively high 
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concentration of 1.5 mg/ml of BMP, using BCP carrier, regardless of the loading 

methods, over 2 weeks (Choi et al., 2013)(Hong et al., 2015). The researchers 

suggested that the extremely high concentration of BMP would inhibit bone 

regeneration and increase tissue swelling and inflammatory response in rabbits 

because of excessive initial release of the growth factor. These studies concluded that 

a 1.5 mg/ml concentration of BMP would be excessive in a rabbit defect model, 

though this concentration was approved for human use (Boden et al., 2002). 

Therefore, studies with a lower dose in the range 0.1-0.15 mg/ml of BMP-2 have been 

conducted in rabbit sinuses with various healing periods. In another previous study 

with 0.1 mg/ml of BMP-2, new bone formation of the BMP group was statistically 

greater than that of the control group (Yon et al., 2015). Kim et al. (Kim et al., 2015)

reported similar data with the same concentration of BMP-2 in a previous study and 

the area of newly formed bone of the BMP group was significantly greater than that 

of the control group at weeks 2 and 4 of the healing period. On the other hand, there 

was a report that 0.15 mg/ml of BMP-2-coated BCP could not exert a significant 

effect despite the volumetric increase in the early phase (Kim et al., 2014). This 

controversy might be due to the release kinetics of BMP according to the loading 

methods of BMP, such as soaking or coating. This should be further investigated in 

future studies.

It has been suggested that the prerequisites of optimal BMP-2 carriers are that they 

should be osteoconductive, noncollagenous, and biodegradable (Kenley et al., 1993). 

BCP particles satisfy these characteristics, and are widely accepted as an appropriate 

scaffold for BMP-2 carriage (Haidar et al., 2009). Synthetic substances such as BCP 
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affect cellular and vascular ingrowth (Jung et al., 2008), and osteogenic cell 

attachment and proliferation (Haidar et al., 2009). Kim et al. (Kim et al., 2012) used 

block-type BCP as a carrier for BMP-2 in rabbit calvarium vertical augmentation 

models, and Jang et al. (Jang et al., 2012) used BCP as a carrier for various 

concentrations of BMP-2 in rats. These previous reports provide evidence for the 

suitability of BCP as a carrier for BMP-2.

Lim et al. recently reported that BCP with low and high proportions of TCP had 

similar effects on bone regeneration and space-maintaining capabilities in a rabbit 

sinus for up to 8 weeks (Lim et al., 2016). Likewise, in the present study, the BCP 

was well maintained in its structure even at the higher ratio of TCP (80%). In a 

previous in vivo study, the resorption of BCP with increased inflammatory reaction 

has been suggested as a drawback of using high concentrations of BMP (Hong et al., 

2015). Another clinical study reported that the surface of the BCP exhibited irregular 

morphology in the BMP group, possibly as a result of superficial resorption of the 

BCP (Kim et al., 2015). However, our finding bypassed this limitation by using a 

minimal concentration of BMP and producing similar area and length of RP between 

the groups.

There are 2 different methods (lyophilization or soaking) to load BMP onto carriers. 

The soaking method, which was used in this study, is the FDA-approved loading 

method and is relatively easy and saves time considerably. However, there are 

concerns that this may result in uncontrolled release and uneven distribution of the 

BMP. A coating method using lyophilization has been shown to have a sustained 

release profile in in vitro models (Yon et al., 2015), but the complicated process is a 
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shortcoming of this method. There are no studies comparing the effect of BMP 

according to different loading methods to the best of our knowledge. Further study is 

needed to evaluate the influence of these methods.

Interestingly, the density of fibrovascular tissue was different between the groups in 

histologic analysis. Denser connective tissue was observed in the control group than 

in the BMP group. Previous in vitro study has demonstrated that the pronounced 

adipose tissue was formed by high concentrations of BMP-2 (Park et al., 2012). 

However, in the present study, a large amount of new bone was obtained with limited 

adipose tissue formation at the minimal concentrations of the BMP group. Further 

study seems to be needed to investigate the effect of BMP-2 on the composition of 

soft tissue as well as its influence on the clinical success of implantation.

In the present study, there were some limitations, especially during the healing 

period. It is known that bone metabolism is 3-4 times faster in rabbits than in humans. 

Thus, a healing period of 8 weeks in rabbits could be considered equivalent to 6-

8 months, or the late healing phase, in humans (Choi et al., 2012), which is enough 

time to regenerate the new bone. Therefore, we could only observe the end stage of 

bone formation after the 8-week healing period. Various periods of study are 

necessary to confirm the bone formation process and tissue maturation effect of 

BMP-2.

Moreover, in the present study, the hypothetical concentration of 0.05 mg/ml was 

selected intuitionally below the threshold concentration of 0.1 mg/ml, which had been 

verified in a previous study. However it should be considered that a study design that 

utilizes a gradient of BMP-2 concentration would be more appropriate for finding the 
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minimal threshold concentration. Thus in continuation of the current focus of finding 

the minimal concentration of BMP-2 for sinus augmentation, the results of our 

experiment indicate the necessity of future studies using gradients of concentrations 

of BMP-2 lower than 0.05 mg/ml. Additional immunohistochemical analysis using 

antibodies such as osteocalcin would be helpful to compare the remaining osteogenic 

potential and mineralization of the newly formed bone during the 8-week healing 

period. Full clarification of this may be necessary in further studies.

In conclusion, it can be suggested that BCP soaked with a 0.05 mg/ml dose of 

BMP-2 significantly increases new bone formation and accelerates bone maturation.



16

References

Asai S, Shimizu Y, Ooya K: Maxillary sinus augmentation model in rabbits: effect of 

occluded nasal ostium on new bone formation. Clin Oral Implants Res

13(4): 405-409, 2002.

Boden SD, Kang J, Sandhu H, Heller JG: Use of recombinant human bone 

morphogenetic protein-2 to achieve posterolateral lumbar spine fusion in 

humans: a prospective, randomized clinical pilot trial: 2002 Volvo Award in 

clinical studies. Spine (Phila Pa 1976) 27(23): 2662-2673, 2002.

Brunner E, Langer F: Nonparametric Analysis of Ordered Categorical Data in 

Designs with Longitudinal Observations and Small Sample Sizes. 

Biometrical Journal 42(6): 663-675, 2000.

Choi Y, Lee JS, Kim YJ, Kim MS, Choi SH, Cho KS, et al.: Recombinant human bone 

morphogenetic protein-2 stimulates the osteogenic potential of the 

Schneiderian membrane: a histometric analysis in rabbits. Tissue Eng Part 

A 19(17-18): 1994-2004, 2013.

Choi Y, Yun JH, Kim CS, Choi SH, Chai JK, Jung UW: Sinus augmentation using 

absorbable collagen sponge loaded with Escherichia coli-expressed 

recombinant human bone morphogenetic protein 2 in a standardized 

rabbit sinus model: a radiographic and histologic analysis. Clin Oral 

Implants Res 23(6): 682-689, 2012.

Haidar ZS, Hamdy RC, Tabrizian M: Delivery of recombinant bone morphogenetic 

proteins for bone regeneration and repair. Part B: Delivery systems for 

BMPs in orthopaedic and craniofacial tissue engineering. Biotechnol Lett

31(12): 1825-1835, 2009.

Hong JY, Kim MS, Lim HC, Lee JS, Choi SH, Jung UW: A high concentration of 

recombinant human bone morphogenetic protein-2 induces low-efficacy 

bone regeneration in sinus augmentation: a histomorphometric analysis in 

rabbits. Clin Oral Implants Res, 2015.

Jang JW, Yun JH, Lee KI, Jang JW, Jung UW, Kim CS, et al.: Osteoinductive activity 

of biphasic calcium phosphate with different rhBMP-2 doses in rats. Oral 

Surg Oral Med Oral Pathol Oral Radiol 113(4): 480-487, 2012.



17

Jung RE, Weber FE, Thoma DS, Ehrbar M, Cochran DL, Hammerle CH: Bone 

morphogenetic protein-2 enhances bone formation when delivered by a 

synthetic matrix containing hydroxyapatite/tricalciumphosphate. Clin Oral 

Implants Res 19(2): 188-195, 2008.

Kenley RA, Yim K, Abrams J, Ron E, Turek T, Marden LJ, et al.: Biotechnology and 

bone graft substitutes. Pharm Res 10(10): 1393-1401, 1993.

Kim JS, Cha JK, Cho AR, Kim MS, Lee JS, Hong JY, et al.: Acceleration of Bone 

Regeneration by BMP-2-Loaded Collagenated Biphasic Calcium Phosphate 

in Rabbit Sinus. Clin Implant Dent Relat Res 17(6): 1103-1113, 2015.

Kim JW, Jeong IH, Lee KI, Jung UW, Kim CS, Choi SH, et al.: Volumetric bone 

regenerative efficacy of biphasic calcium phosphate-collagen composite 

block loaded with rhBMP-2 in vertical bone augmentation model of a

rabbit calvarium. J Biomed Mater Res A, 2012.

Kim MS, Kwon JY, Lee JS, Song JS, Choi SH, Jung UW: Low-dose recombinant 

human bone morphogenetic protein-2 to enhance the osteogenic 

potential of the Schneiderian membrane in the early healing phase: in vitro

and in vivo studies. J Oral Maxillofac Surg 72(8): 1480-1494, 2014.

Kim MS, Lee JS, Shin HK, Kim JS, Yun JH, Cho KS: Prospective randomized, 

controlled trial of sinus grafting using Escherichia-coli-produced rhBMP-2 

with a biphasic calcium phosphate carrier compared to deproteinized 

bovine bone. Clin Oral Implants Res 26(12): 1361-1368, 2015.

LeGeros RZ, Lin S, Rohanizadeh R, Mijares D, LeGeros JP: Biphasic calcium 

phosphate bioceramics: preparation, properties and applications. J Mater 

Sci Mater Med 14(3): 201-209, 2003.

Lim HC, Hong JY, Lee JS, Jung UW, Choi SH: Late-term healing in an augmented 

sinus with different ratios of biphasic calcium phosphate: a pilot study 

using a rabbit sinus model. J Periodontal Implant Sci 46(1): 57-69, 2016.

Lim HC, Zhang ML, Lee JS, Jung UW, Choi SH: Effect of different 

hydroxyapatite:beta-tricalcium phosphate ratios on the osteoconductivity 

of biphasic calcium phosphate in the rabbit sinus model. Int J Oral 

Maxillofac Implants 30(1): 65-72, 2015.

Mangano C, Sinjari B, Shibli JA, Mangano F, Hamisch S, Piattelli A, et al.: A Human 

Clinical, Histological, Histomorphometrical, and Radiographical Study on 



18

Biphasic HA-Beta-TCP 30/70 in Maxillary Sinus Augmentation. Clin Implant 

Dent Relat Res 17(3): 610-618, 2015.

Park JC, Kim JC, Kim BK, Cho KS, Im GI, Kim BS, et al.: Dose- and time-dependent 

effects of recombinant human bone morphogenetic protein-2 on the 

osteogenic and adipogenic potentials of alveolar bone-derived stromal 

cells. J Periodontal Res 47(5): 645-654, 2012.

Torrecillas-Martinez L, Galindo-Moreno P, Avila-Ortiz G, Ortega-Oller I, Monje A, 

Hernandez-Cortes P, et al.: Significance of the Immunohistochemical 

Expression of Bone Morphogenetic Protein-4 in Bone Maturation after 

Maxillary Sinus Grafting in Humans. Clin Implant Dent Relat Res, 2015.

Yon J, Lee JS, Lim HC, Kim MS, Hong JY, Choi SH, et al.: Pre-clinical evaluation of 

the osteogenic potential of bone morphogenetic protein-2 loaded onto a 

particulate porcine bone biomaterial. J Clin Periodontol 42(1): 81-88, 2015.



19

Figure Legends

Figure 1. Photographs showing the surgical procedure. (A) Bilateral sinus windows 

were cut using a 5.5-mm circular reamer and (B) graft materials were placed into 

those windows: the test material (BMP-2-loaded BCP) on one side and the control 

material (saline-soaked BCP) on the other.

Figure 2. Representative micro-CT image. Dome-shaped augmented sinuses were 

observed. The red portion is the BMP-2-loaded graft and the blue portion is the 

saline-soaked BCP (control) graft.

Figure 3. Histological images (NB, new bone; RP, residual particles; FV, 

fibrovascular tissue; SM, the Schneiderian membrane, Masson trichrome staining). (A, 

B) Low magnification images of the BMP and control group, respectively (scale 

bar=1 mm), (C, D) high magnification images of the central portion of the augmented 

area, the BMP and control group, respectively (scale bar=100 μm), (E, F) high 

magnification images of the sinus membrane area, the BMP and control group, 

respectively (scale bar=100 μm).

Figure 4. Highly magnified histologic images of (A) the BMP group and (B) the 

control group. The NB of the BMP group showed more maturation than the NB of the 

control group. (LB, lamellar bone; WB, woven bone; white asterisks, the Harversian 

canals, Masson trichrome stains, scale bar=100 μm)
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Figure 5. The proportion of NB, RP, and FV. The proportion of RP in the BMP group 

was significantly less than the control group (P<0.05).
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Figures

Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Tables

Table 1. Histometric analysis (mean ± SD).

TAA, total augmentation area; NB, newly formed bone; RP, residual particles; BMP, bone 

morphogenetic protein.

*) Statistically significant difference between the two groups (P<0.05)

Group TAA (mm2)
Area of NB 

(mm2)

Area of RP 

(mm2)

Length of RP 

(mm)

Control group

(n=7)
10.38±2.36 2.99±0.86*) 3.75±0.69 0.47±0.23

BMP group 

(n=7)
13.26±5.33 4.55±1.35 3.83±1.58 0.45±0.22



27

문 약

상칼슘 산염 달체 사 한 도

2 골 도 단백질 과

< 지도 수 규 >

연 학 학원 치 학과

재 신

: 2 골 도 단백질(BMP-2) 상악동 거상술에 새 운

골 도하 하여 사 고 나, 과량 사 경우

심각한 나 지연 골 나타날 수 다. 

행연 에 끼 상악동에 하여 골 도 과 나타내는 BMP-2

도는 0.1mg/ml 었 , 한 나타내 골

과 할 수 는 낮 도에 한 연 가 필 하다. 따라

연 는 끼 상악동에 상칼슘 산염 달체(BCP) 사 한

0.05mg/ml 도에 BMP-2 과 하 함 다.

재료 및 방법: 7 마리 끼에 양측 상악동 거상술 시행하 다. 

한쪽 상악동에는 0.05mg/ml 도 BMP-2 첨가한 BCP (실험 ) , 
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다 쪽 상악동에는 생리식염수 첨가한 BCP( ) 식하 다.  

8 주간 치 간 후, 방사 학 및 직계측학 시행하 다.

결과: 사 에 신생골 물 에 어 차 가 보 다. 

실험 에 신생골 숙 층판골 어 었 , 

반 에 망상골 루어 었 , 에 만

층판골 찰 었다. 방사학 및 직계측학 에 따 , 

사 에 상악동 피 에는 차 가 없었 나, 

실험 에 신생골 에 비하여 하게 가 결과

보 다. 

결 : 상 연 통하여 끼 상악동에 BCP 달체 한

0.05mg/ml 도 BMP-2 는 신생골 과 골 숙도 진시키는

과 가지고 할 수 었다. 

핵심 는 말: 상악동 거상술, 2 골 단백질, 상 칼슘 산염, 

물


