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Abstract

Osteoconductivity and biodegradation of synthetic bone 

substitutes with different tricalcium phosphate contents 

in rabbits

Cheryl Yang, D.D.S.

Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.)

Various synthetic bone substitutes have been developed to reconstruct the bony 

defects that clinicians often encounter during surgical procedures. Among various

synthetic bone substitutes, calcium phosphate (Ca-P) ceramics have been investigated 

because their composition and structure are similar to those of human bone. We 

evaluated the bone healing and biodegradation patterns of three types of Ca-P ceramic 

particle with various hydroxyapatite (HA)/β-tricalcium phosphate (β-TCP) weight 

ratio: pure β- TCP, biphasic Ca-P (BCP) with a HA/β-TCP weight ratio of 60/40 (BCP 

60/40), and BCP with an HA/β-TCP weight ratio of 20/80 (BCP 20/80). Four 8-mm-

diameter defects were created in ten rabbits. Three of the defects in each rabbit were 

separately and randomly filled with one of the three experimental Ca-P ceramic 
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particles, and the fourth was filled with blood clots (control). The specimens were 

harvested at 2 and 8 weeks post-surgery. The histologic and histometric findings 

revealed that the augmented space and new bone formation were significantly better 

for all three Ca-P ceramics than for the control group at both 2 and 8 weeks (p < 0.05). 

Compared to the pure β-TCP, the two BCP groups were found to provide a larger 

amount of newly formed bone and bone density at the 2- and 8-week post-operative

periods (p < 0.05). Throughout the observation period, BCP 60/40 and BCP 20/80 

exhibited a similar bone healing and biodegradation patterns with regard to both 

individual particles and the total augmented area in vivo.

Keywords: bone regeneration, biodegradation, synthetic bone graft, hydroxyapatite,

beta tricalcium phosphate
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Osteoconductivity and biodegradation of synthetic bone 

substitutes with different tricalcium phosphate contents 

in rabbits

Cheryl Yang, D.D.S.

Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.)

I. Introduction

For bone reconstruction during implant surgery and periodontal therapy, 

autogenous grafts, allografts, xenografts, and synthetic bone graft materials are used 

as grafting materials. Autogenous bone is currently gold standard because of its

osteogenic properties, but its use is associated with some drawbacks, such as donor-

site morbidity and an unpredictable resorption rate (Erbe et al., 2001). These 

limitations of autogenous bone have increased the demand for allografts, xenografts, 

and synthetic biomaterials. However, allografts and xenografts may provoke an 

immune response (Sukumar and Drizhal, 2008). Therefore, synthetic biomaterials are 
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being developed (Yukna, 1993). Synthetic biomaterials are osteoconductive, do not 

induce immunogenicity, and have better space-providing capabilities than their 

allogenic and xenogenic counterparts (Bauer and Muschler, 2000). Among the various 

synthetic bone substitutes, calcium phosphate (Ca-P) ceramics have been popular 

because their composition and structure are similar to those of human bone (Erbe et 

al., 2001). Furthermore, Ca-Ps are totally biocompatible, bioactive materials 

generally available as blocks or granules of dense or porous ceramics (Daculsi et al., 

1989; Daculsi et al., 1990; LeGeros, 1993).

It has been reported that tricalcium phosphate (TCP), the most common 

synthetic bone graft, can successfully regenerate bone in various osseous defect areas. 

However, TCP is also known for its rapid resorption rate which may precede the 

growth of new bone. To overcome some of the disadvantages of TCP (Dorozhkin, 

2010), the concept of biphasic Ca-Ps (BCPs) was introduced by Nery et al. as a 

combination of hydroxyapatite (HA) and TCP at a specific ratio (Nery et al., 1992). In 

general, HA has low osteoconductive activity but a good space-maintaining capacity, 

whereas β-TCP is more bioresorbable and is rapidly replaced by new bone material. 

Hence, BCP ceramics allow some parts of BCP to be resorbed rapidly, while other

parts remain in situ for a longer period of time. Since the first studies of BCP with 

varying HA/β-TCP ratios, as reviewed by LeGros et al., many others have described 

various BCP composition ratios (Artzi et al., 2008; Rouvillain et al., 2009).

The subsequent studies of BCP have led to the use of commercial BCP 

bioceramics as bone graft materials for dental applications and recent reports suggest 
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that BCPs with higher β-TCP ratio are expected to yield more replacement of 

biomaterial by new bone (Daculsi et al., 1990; Gauthier et al., 1998). However, the 

osteoconductive effects of commercial BCP bioceramics remain controversial. 

Furthermore, most of the relevant studies have focused on comparisons of the tissue 

regeneration when using various BCP composition ratios, and the degradation of the 

biomaterials in healing has only rarely been reported.

This study was a histologic analysis of rabbit calvarial noncritical size defects 

(non-CSDs) grafted with three HA/β-TCP ratios: pure β-TCP, BCP with an HA/β-

TCP ratio of 60/40 (BCP 60/40), and BCP with an HA/β-TCP ratio of 20/80 (BCP 

20/80). The objective of this study was to compare the bone healing and 

biodegradation patterns in both individual particles and the total augmented area of 

the three types of Ca-P ceramics.
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II. Materials and methods

Characterization of the materials and phase analysis

The phase composition of each of the three Ca-P ceramic powders was 

determined by X-ray diffraction (XRD). A scanning electron microscope (S-3000N, 

Hitachi, Tokyo, Japan) was used to examine the surface morphologies of the finished

blocks at an accelerating voltage of 30 kV.

Animals

Ten male New Zealand white rabbits (14–16 weeks old; mean body weight, 

3.0–3.5 kg) were used in this study. The animals were housed in separate cages under 

standard laboratory conditions and fed a standard diet. The animal selection, 

management, surgical protocol, and preparation followed routines approved by the 

Institutional Animal Care and Use Committee, Yonsei Medical Center, Seoul, Korea

(approval no. 2011-0036).

Study design

Four circular non-CSDs with a diameter of 8 mm were created in the 
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calvarium of each of the ten rabbits. Three of the defects in each animal were 

separately and randomly filled with β-TCP, BCP 60/40, and BCP 20/80, while the

remaining (control) defect was filled with blood clots (Figure 1).

Pure β-TCP (Cerasorb M, Curasan, Kleinostheim, Germany), BCP 60/40 

(MBCP, Biomatlante, Vigneux de Bretagne, France), and BCP 20/80 (MBCP+, 

Biomatlante, Vigneux de Bretagne, France) were used in this study. MBCP, composed 

of HA and β-TCP in a 60:40 weight ratio, has the total porosity, which is 70%. MBCP 

micropores are <10 μm and approximately 30% of the total porosity, whereas MBCP 

macropores are <600 μm and approximately 70–80% of the total porosity (Choi et al., 

2011). MBCP+ composed of HA and β-TCP in a 20:80 weight ratio with a macropore 

size range from 300 to 600 μm and global porosity around 80% (macroporosity: 80%, 

microporosity: 20%) (Jegoux et al., 2009). The particle size of all three Ca-P ceramic 

forms was typically 0.5–1 mm.

Surgical protocol

The animals were anesthetized with an intramuscular injection of a mixture of 

ketamine hydrochloride (Ketalar, Yuhan, Seoul, Korea) and xylazine (Rompun, Bayer 

Korea, Seoul, Korea). The surgical site was shaved and then wiped with alcohol and 

povidone iodine, followed by local anesthesia with 2% lidocaine (lidocaine HCl, 

Huons, Seoul, Korea). An incision was made along the sagittal midline from the 

frontal bone to the occipital bone. Four circular defects were then created in each 
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animal using 8-mm trephines under cool saline irrigation. The resected bones were 

gently removed to avoid injuring the underlying tissue. After filling the defects with 

the three synthetic particle-type grafting materials, the soft tissue was repositioned 

and then sutured layer by layer using 4−0 Monosyn (glyconate absorbable

monofilament, B-Braun, Aesculap, PA, USA). The rabbits were sacrificed at either 2 

weeks (n = 5) or 8 weeks (n = 5) post-surgery.

Histologic processing

Block sections including the surgical sites were removed when the animals 

were sacrificed. The sections were fixed in 10% buffered formalin for 10 days after 

rinsing with sterile saline, and then decalcified in 5% formic acid for 14 days and 

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

circular calvarial defects, as well as the subcutaneous sites. Two sections that 

contained the central portion were selected from each block and stained with 

Goldner’s Masson trichrome and hematoxylin and eosin.

Evaluation methods

Clinical and histologic observation.

The animals were carefully observed for inflammation, allergic reactions, 
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and other complications around the surgical site throughout the 2- and 8-week healing 

periods. The specimens were examined with the aid of a binocular microscope (DM 

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

Microsystems) by a single, blinded examiner. Images of the slides were acquired and 

saved as digital files.

Histometric analysis.

After conventional microscopic examination, computer-assisted histometric 

measurements of the newly formed bone in the calvarial defect were performed using 

an automated image-analysis system (Image-Pro Plus, Media Cybernetics, Silver 

Spring, MD, USA). The bone healing and biodegradation patterns were evaluated by 

measuring the following four parameters (measurements were made by a single, 

blinded examiner):

1. Area of augmentation (in mm2).

2. Area of new bone (in mm2 and as a percentage of the total augmented area).

3. Area of residual particles (in mm2 and as a percentage of the total 

augmented area). 

4. Area of all grafted individual particles of BCP 60/40 and BCP 20/80 in the 

augmented area over time.



8

The area of augmentation included all tissues (newly formed bone, residual 

particles, fibrous tissue, and vascular tissue) between two defect margins. Only the 

area with newly formed mineralized bone was measured as the new bone area 

(excluding bone marrow and fibrovascular tissues; Figure 2).

Statistical analysis

The statistical analysis was performed using a commercially available 

software program (SAS 9.2, SAS Institute, Cary, NC, USA). Histomorphometric 

records from the calvarial defect samples were used to calculate the mean and 

standard deviation (SD) values of the four groups (i.e., β-TCP, BCP 60/40, BCP 20/80, 

and control). Analysis of variance was used to analyze the effects of time and 

experimental conditions. Multiple comparisons between the groups were carried out 

using the Friedman test, and the differences in parameters between the 2- and 8-week 

groups within each group were analyzed using the Mann-Whitney U test. Differences 

in particle lengths and areas between 2 and 8 weeks, as well as between the BCP 

60/40 and BCP 20/80 groups, were also tested using the Mann-Whitney U test. The 

level of statistical significance was set at p < 0.05.
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III. Results

Characterization of two BCPs

The crystallization of BCP particles in the BCP 60/40 and BCP 20/80 

samples was demonstrated via XRD patterns, as shown in Figure 3. The diffraction 

patterns were observed in the same manner for the two forms of BCP particles. The 

diffraction pattern of BCP was consistent, with both the peaks of the HA and the β-

TCP phases being clearly identifiable.

The morphologies of the three forms of Ca-P ceramic particle were analyzed 

using scanning electron microscopy images at both low and high magnifications 

(Figure 4). A smooth surface encompassing some depressions and elevations was 

observed for the β-TCP particles. The pores were generally open and interconnected 

in both forms of BCP particles. Highly irregular and rough surfaces with pore walls 

were observed, and a large number of highly interconnected micropores were found 

on the surface of the BCP particles, as shown in Figure 4(D, F).

Clinical findings

Healing was uneventful during the post-operative period for all treatment 

and control sites, with no clinical evidence of inflammatory response to the graft 
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materials.

Histologic findings

In the control group, the center of the defect was pressed and flattened by the 

dura mater and the surrounding loose fibrous tissue. A thin layer of new bone 

occasionally formed in the 2-week group, while a thicker layer of new bone was seen 

around both defect margins in the 8-week group. The bony islands found in the center 

of the defects among a few specimens contained amount of bone marrow in the 8-

week group [Figures 5(A) and 6(A)].

The β-TCP group exhibited limited bone in-growth originating from the 

margin of the defect. Connective tissue and numerous capillaries filled most of the 

defects and remained constant during the 8-week-healing period. At 8 weeks, lamellar 

bone was apposed and in close contact with the surface of a few particles at the 

margin of the defect. In contrast, most of the particles were surrounded by fibrous 

connective tissue without bone-to-particle contact at 2 weeks [Figures 5(B) and 6(B)].

A significant amount of bone regeneration was observed in all BCP-filled 

defects in both the BCP 60/40 and BCP 20/80 groups. Particles were incorporated 

into the new bone close to the defect margin, and individual particles were clearly 

identifiable. Newly formed bone grew not only in close contact with the particle 

surface but also in the intergranular spaces. They were surrounded by varying 

amounts of newly formed bone without being encapsulated by loose fibrous 
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connective tissues. Similar to the other groups, the amount of new bone formation 

was greater in the 8-weeks group than in the 2-weeks group. Especially in the BCP 

20/80 group, most of the particles in the lower area were surrounded with fibrous 

connective tissue, but some showed appositional osteoid seams [Figures 5(C) and 

6(C) for BCP 60/40 group; Figures 5(D) and 6(D) for BCP 20/80 group].

Histometric analysis

The histometric measurements are summarized in Tables 1–3. The three test 

groups exhibited significant augmentation—in terms of the bone areas, residual 

particles, and soft-tissue areas—relative to the control group throughout our 

observations (Table 1). The area of augmentation differed significantly among the 

three test groups at 8 weeks of healing but not at 2 weeks of healing.

The area of new bone was greater at 8 weeks than at 2 weeks in all groups 

(Table 2). Both the BCP 60/40 and BCP 20/80 groups exhibited a greater area of new 

bone than the β-TCP group at both 2 and 8 weeks of healing. There was a significant 

difference between all test groups and the control group for both healing periods. 

However, there were no statistically significant differences in all test groups between 

the healing periods.

Table 3 lists the area of residual particles of the Ca-P ceramics, 

demonstrating no significant differences among the three forms of graft materials. 

With regard to the percentage relative to the total augmented area, the area of residual 
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particles presented a small decrease in both BCP 60/40 and BCP 20/80, whereas there 

was a relatively large decrease in the β-TCP group after 2 weeks.

The size of the particles varied considerably in all specimens. The results of 

the histomorphometric measurements of the areas of the BCP 60/40 and BCP 20/80 

particles at different healing times are presented in Table 4.

The area of both forms of BCP particles did not differ significantly between 

after 8 and 2 weeks of healing (p = 0.83 in the BCP 60/40 group; p = 0.09 in the BCP 

20/80 group). There was a significant difference in area between the BCP 60/40 and 

BCP 20/80 groups at each healing period.
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IV. Discussion

This study compared the bone healing and biodegradation patterns of three 

forms of Ca-P ceramic using defects in the rabbit calvarium. Due to the adequate 

amount of bone marrow, numerous studies have used rabbit calvarial defect models to 

evaluate newly developed biomaterials (Newman et al., 1995). Different critical size 

defects (CSDs) in the range of 10–15 mm have been considered to be suitable in 

various studies (Pripatnanont et al., 2009; Shand et al., 2002; Xu et al., 2008).

Although an 8-mm defect is smaller than the CSDs commonly used in rabbits for 

evaluating reossification, this size of defect has been suggested to be a useful defect 

model for determining the effects of osteoinduction (Cavalcanti et al., 2008; 

Lundgren et al., 1992). Four defects were created within the calvarium of each animal 

in this study. The possibility of extravasation of materials from neighboring defects 

affecting the results of each group cannot be ruled out. However, contained defects 

were used in this study, and histological findings have confirmed that no particles 

from another site were found within any of the experimental sites and the control. 

Hence the effect of neighboring sites on each other can be expected to be marginal.

The use of four 8-mm-diameter defects in the present study allowed for comparison 

of an early phase healing response for three graft materials while avoiding variations

between the characteristics of individual animals (Sohn et al., 2010). The early and 

late healing responses were analyzed at 2 and 8 weeks post-surgery, respectively.

The histologic and histometric results obtained in this study show that the 
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three forms of Ca-P ceramic maintained space more effectively than the control 

condition, which is consistent with the results of our previous studies (Lim et al., 

2010; Park et al., 2009). The usefulness of residual bone graft materials can vary with

the type of defect to which the materials are applied. For instance, in the case of the 

bone graft materials used for deficient bone volume, as in the present study, 

maintenance of the grafted volume is necessary for bone augmentation. On the other 

hand, in a well-maintained space such as an extraction socket, bone formation can be 

even arrested or delayed by residual bone graft materials (Buser et al., 1998; Hong et 

al., 2012; Simion et al., 2007).

The formation of new bone generally increased throughout the healing 

period in all groups in this study, but the amount was lowest in the β-TCP group. This 

may be attributable to the fast resorption of β-TCP particles, which is a more 

dominant feature than bone formation especially in the early healing period. Grafted 

with β-TCP appeared to have little fraction of new bone at 2 weeks post-surgery,

where the biodegradation and related cells were particularly observed. However, 

some of the particles, close to the defect margin, were resorbed and replaced as the 

new bone at 8 weeks post-surgery. The total augmented area was well maintained in 

the experimental group throughout the 8- week experimental period.

Although the BCP bioceramics are commercially used as bone graft 

materials for dental applications, the osteoconductive effects of commercial BCP 

bioceramics remain controversial. Early studies have shown that compounds 

containing approximately 60% of HA and 40% of β-TCP seemed to provide the 
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optimal bone conductive properties (Daculsi et al., 1990; Ellinger et al., 1986). On 

the other hand, Nery et al. (Nery et al., 1992) reported that BCP with an HA/β-TCP 

ratio of 85/15 was optimal for repairing surgically created periodontal defects. 

However, HA/β-TCP ratio of 60/40 has been reported to be most suitable in previous 

animal studies (Gauthier et al., 1998; Rouvillain et al., 2009) and is being 

manufactured commercially for extensive clinical use. Recently, BCP products 

containing higher β-TCP ratios have been produced in prospect of enhanced 

osteoconductive effect; HA/β-TCP ratio of 20/80 is the most typical representative of 

such products, therefore BCP 60/40 and BCP 20/80 have been compared in this study.

The amount of new bone formation at 8 weeks post-surgery was largest in 

the BCP 60/40 group, which is consistent with the findings of previous studies

(Daculsi et al., 2003; Nery et al., 1992; Park et al., 2009). Furthermore, in our 

previous clinical studies, the human sinus and three-wall intrabony defects adjacent to 

implants grafted using BCP demonstrated excellent new bone formation and

maturation on the surface and in the macropores of BCP (Cha et al., 2011; Choi et al., 

2011; Lee et al., 2008).

A higher ratio of β-TCP in the BCP biomaterial should theoretically increase 

the degradation of the BCP particles, as found in some in vitro studies (LeGeros et al., 

2003; Yamada et al., 1997). Kwon et al. (Kwon et al., 2003) reported that biphasic 

HA/β-TCP composite powders exhibit a solubility between those of HA and β-TCP, 

and concluded that the dissolution rate of the Ca-P powders was strongly dependent 

on the β-TCP content. It was assumed that different HA/β-TCP ratio may result in 
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different bone regeneration patterns. In contrast, there was no remarkable difference 

in new bone formation between the BCP 60/40 and BCP 20/80 groups. These results 

could be supported by the previous study that the rate of new bone formation

associated with the BCP bioceramics did not differ significantly while the rate of 

biodegradation differed between BCPs obtained using different methods (Gauthier et 

al., 1999).

In this in vivo study, the resorption of BCP particles did not appear to be 

significantly affected by the HA/β-TCP ratio throughout the observation period. 

However, the resorption patterns of both BCPs were similar to those in our previous 

study (Lee et al., 2008). An irregular boundary between BCP particles and newly 

formed bone could be observed in high magnification views using light microscopy, 

suggesting the occurrence of resorption of BCP particles with the simultaneous

apposition of new bone. It seems that all BCP particles may be gradually resorbed 

completely, to be substituted by newly formed bone (Lee et al., 2008).

The use of either BCP 60/40 or BCP 20/80 produced a strong and direct bond 

between the bone and the material, especially at the margin of the defect. The ability 

to form bone between the tissues and the material, resulting in a unique and strong 

interface, is a special characteristic of bioactive materials. LeGeros et al. (LeGeros et 

al., 2003) suggested that BCP ceramics, osteoconductive but not osteoinductive, may 

have osteoinductive properties. This might not be due to an inherent osteoinductive 

property of the BCP ceramics, but may be a consequence of a critical geometry 

similar to that reported for HA ceramics (Kuboki et al., 1998; Ripamonti et al., 1992). 
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This critical geometry allows the concentration of endogenous BMPs to reach a value 

sufficient to induce osteoinductivity (Reddi, 2000; Ripamonti et al., 1992). Kim et al.

(Kim et al., 2012) recently reported that both BCP particles and blocks coated with a

carrier of Escherichia coli-derived recombinant human bone morphogenetic protein-2 

facilitated new bone formation.

Three forms of Ca-P ceramic were tested in this study, and it was found that 

both of the BCPs tested allowed considerably more new bone formation than either 

the β-TCP or the control condition. The two BCP groups exhibited similar bone 

healing and biodegradation patterns with respect to both individual particles and the

total augmented area.
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V. Conclusion

All three forms of Ca-P ceramic provided more new bone formation than the 

control natural-bone-healing group. Compared to pure β-TCP, the two BCP groups—

BCP 60/40 and BCP 20/80—were found to provide more new bone formation at the 

2- and 8-week post-operative periods. The two BCP groups exhibited a similar bone 

healing and biodegradation patterns in vivo with respect to both the individual

particles and the total augmented area, irrespective of the HA/β-TCP ratio in the BCP 

biomaterial.
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Figure Legends

Figure 1. Clinical photograph of the experiment. (A) Four 8-mm-diameter defects 

were made in the calvaria of 10 rabbits. (B) The bone graft materials were applied to 

the defects as follows: (1) no graft, (2) β-tricalcium phosphate (β-TCP), (3) biphasic 

Ca-P (BCP) with a hydroxyapatite (HA)/β-TCP ratio of 60/40 (BCP 60/40), and (4) 

BCP with an HA/β-TCP ratio of 20/80 (BCP 20/80).

Figure 2. Schematic drawing of the histometric analysis.

Figure 3. X-ray diffraction (XRD) profiles of BCP particles with two HA/β-TCP

ratios: (A) BCP 60/40 and (B) BCP 20/80. The scan range was 0–50º.

Figure 4. Scanning electron micrographs showing the morphologies of the three 

forms of Ca-P ceramic particle: (A, B) β-TCP, (C, D) BCP 60/40, and (E, F) BCP 

20/80. (A, C, E) original magnification: 100×; (B, D, F) original magnification: 

1000×.

Figure 5. Representative photomicrographs obtained at 2 weeks post-surgery: (A, B) 

control group, (C, D) β-TCP group, (E, F) BCP 60/40 group, and (G, H) BCP 20/80 

group. Arrowheads = defect margin; NB = new bone; OB = original bone; RP =
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residual particles. (A, C, E, G) Goldner’s Masson trichrome stain, original 

magnification: 40×; (B, D, F, H) hematoxylin and eosin stain, original magnification: 

100×.

Figure 6. Representative photomicrographs obtained at 8 weeks post-surgery: (A, B) 

control group, (C, D) β-TCP group, (E, F) BCP 60/40 group, and (G, F) BCP 20/80 

group. Arrowheads = defect margin; NB = new bone; RP = residual particles. (A, C, E, 

G) Goldner’s Masson trichrome stain, original magnification: 40×; (B, D, F, H) 

hematoxylin and eosin stain, original magnification: 100×.
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Tables

Table 1. Augmented area (mm2; group mean ± SD; n = 5)

2 weeks 8 weeks

Control 5.06 ± 1.40 5.00 ± 1.27

β-TCP 28.59 ± 7.46 26.20 ± 3.71a

BCP 60/40 29.65 ± 7.58 22.89 ± 11.43a

BCP 20/80 34.75 ± 3.81 17.84 ± 8.88a

β-TCP, β-tricalcium phosphate; BCP, biphasic Ca-P.

There were no statistically significant differences among all groups at 2 weeks of 

healing.

aSignificantly different from the 8 week control group (p < 0.05).



27

Table 2. Area of new bone (mm2; group mean ± SD; n = 5)

2 weeks 8 weeks

Control (%) 0.91 ± 0.46 (17.56) 1.24 ± 0.48 (23.87)

β-TCP (%) 1.73 ± 0.56a (6.30) 4.96 ± 4.29b (17.42)

BCP 60/40 (%) 3.36 ± 3.01a (10.59) 7.29 ± 4.14b (31.83)

BCP 20/80 (%) 4.40 ± 4.04a (13.05) 5.61 ± 4.73b (28.16)

β -TCP, β-tricalcium phosphate; BCP, biphasic Ca-P.

There were no statistically significant differences among all test groups between the 

healing periods.

aSignificantly different from the 2 week control group (p < 0.05).

bSignificantly different from the 8 week control group (p < 0.05).
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Table 3. Area of residual particles (mm2; group mean ± SD; n = 5)

2 weeks 8 weeks

Control (%) N-A N-A

β-TCP (%) 5.93 ± 2.87 (30.69) 4.60 ± 0.66 (20.37)

BCP 60/40 (%) 6.27 ± 1.27 (38.68) 5.70 ± 1.28 (28.63)

BCP 20/80 (%) 6.57 ± 2.17 (40.30) 5.20 ± 1.32 (23.50)

β -TCP, β-tricalcium phosphate; BCP, biphasic Ca-P.

There were no statistically significant differences.
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Table 4. The sizes of the histologically measured BCP 60/40 and BCP 20/80 

particles after different healing time

mean area (×10-2 mm2) ± SD

2 weeks 8 weeks

BCP 60/40 8.44 ± 1.40 7.92 ± 0.77

BCP 20/80 10.34 ± 3.10a 7.52 ± 1.42b

BCP, biphasic Ca-P.

There were no statistically significant differences between the area of the particles 

after 8 weeks compared with those measured after 2 weeks (p = 0.83 in BCP 60/40 

group; p = 0.09 in BCP 20/80).

aSignificantly different from the 2 week BCP 60/40 group (p < 0.05).

bSignificantly different from the 8 week BCP 60/40 group (p < 0.05).
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문 약

끼 개골 결 에 합 골 체재 내

다양한 산삼 비 에 골 도능과 생 해능

<지도 수 >

연 학 학원 치 학과

양 주

많 합 골 체재들 상가들 수술 과 에 마주치는 골

결 재건 해 달해 다. 다양한 합 골 식재들 에 , 

산칼슘 라믹 간 골과 가 사하다는

빈 하게 연 어 다. 본 연 에 는 가지 하 드 시아 타 트

(HA)/ 타 산삼 (β-TCP) 량비 갖는 산칼슘 라믹 골

치 생 해 양식 평가하 다: 순수한 β-TCP, HA/β-TCP 량비

60/40 상 산칼슘 (BCP 60/40), HA/β-TCP 량비 20/80

상 산칼슘 (BCP 20/80). 10 마리 끼 각 개골에 8 mm 직경

원 결 개씩 하여, 는 각각 가지

산칼슘 라믹 하나 채웠고 (실험 ), 나 지 한 는

병 차도 하 다 ( ). 술 후 2 주 8 주에 본 채득하여
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직학 직계측학 하 다. 직학 β-TCP 골

한 in-growth 만 변연 시 는 , BCP 60/40 과

BCP 20/80 상당량 골재생 보 다. 직계측학 결과, 든

실험 에 식 공간과 신생골 량 2 주 과 8 주

보다 하게 컸다 (p < 0.05). 가지 BCP 술 후 2 주

8 주 순수한 β-TCP 에 비해 많 양 신생골 과

골 도 공하 고 (p < 0.05), BCP 60/40 과 BCP 20/80 간에는

신생골 량과 개별 체 식 수 수량 에

차가 없었다. 끼 개골에 BCP 60/40 과 BCP 20/80

순수한 β-TCP 보다 많 골 량 보 나, BCP 60/40 과

BCP 20/80 간에는 개별 체 식 수 에

비슷한 골치 생 해 양식 나타냈다.

_____________________________________________________________________

핵심 는 말 : 골 재생, 가골 식, 생 해, 합 골 식재,

      하 드 시아 타 트, 타 산삼


