
VU Research Portal

Biomimetic Techniques and Applied Methodologies in Bone Tissue Engineering

Lin, X.

2017

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Lin, X. (2017). Biomimetic Techniques and Applied Methodologies in Bone Tissue Engineering. [PhD-Thesis -
Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/f84206b3-8ddd-4e47-84c8-36c79a33eb68


	  

 
 

Chapter 2 
 

 

Enhanced biocompatibility and 

osteogenesis of coralline hydroxyapatite 

modified by BMP-2 incorporated octacalcium 

phosphate coating 

 

 

Xingnan Lin, Tie Liu, Ernst B. Hunziker, Qingang Hu,  

Xinhua Sun, Yuelian Liu 

 

 

 

 

Submitted for publication



	  

 
 

ABSTRACT 

Porous coralline hydroxyapatite (CHA) is a good alternative of autologous bone for the 

treatment of bone defects. However, it lacks intrinsic osteoinductivity and causes foreign body 

reactions. Previous studies have shown that coating bone substitutes with a layer of 

octacalcium phosphate (OCP) into which bone morphogenetic protein 2 (BMP-2) was 

incorporated, can give osteoinductivity and improve biocompatibility. The purpose of the 

current study was: (1) to determine whether the biocompatibility of CHA granules could be 

improved by using an OCP coating layer, functionalized with BMP-2; (2) to compare the 

osteoinductive efficiency of BMP-2 delivered by a  surface-adsorbed depot or by an OCP 

coating-incorporated depot. CHA granules (0.25g per sample) bearing coating-incorporated 

depot of BMP-2 (20ug / Sample) together with the controls (CHA bearing adsorbed depot of 

BMP-2; CHA granules with an OCP coating without BMP-2; pure CHA granules) were 

implanted subcutaneously in rats (n=6 animals per group). Five weeks later, the implants were 

retrieved for histomorphometric analysis to quantify the volume of bone, bone marrow, fibrous 

tissue and foreign body giant cells (FBGCs). The osteoinductive efficiency of BMP-2 and the 

rates of CHA degradation were also calculated. The group with OCP coating-incorporated 

depot of BMP-2 had the highest volume of bone, bone marrow and osteoinductive efficacy and 

the lowest volume of FBGCs. The highest rate of degradation of CHA was found in the group 

with pure CHA and the lowest in the group with CHA coated by OCP. The biocompatibility of 

CHA granules was significantly improved by either coating with a layer of OCP or adding 

BMP-2. BMP-2 incorporated into the OCP coating had significantly higher osteoinductive 

efficiency than BMP-2 adsorbed directly onto the surface of CHA at ectopic sites in rats.  

 

KEY WORDS: BMP-2 (bone morphogenetic protein-2), Biocompatibility, Drug delivery, 

Ectopic bone formation Octacalcium phosphate coating, Osteoinductive 

  



	  

 
 

INTRODUCTION 

For the repair of bone defects resulting from skeletal trauma, arthroplasty revision and bone 

tumor resection, autologous bone is considered as the gold standard. But the method is 

associated morbidity and pain of the donor site1, 2. In addition, the supply of autologous bone is 

limited. Accordingly, there is an increasing demand for a suitable bone substitute that is 

available on a large scale. One such kind of naturally occurring scaffold material is coral. Its 

skeleton is composed of 99% calcium carbonate and 1% simple amino acids3. Its open and 

highly interconnected porous structure makes coral an ideal scaffold for bone tissue 

engineering4. Moreover, it is abundantly available in nature. However, the fast resorption of the 

coral that leads slow bone formation, remains a major concern of its application5, 6. To solve 

this problem, Roy and Linnehan introduced a simpler approach. They used the direct 

conversion of the coral calcium carbonate skeletons into hydroxyapatite7, based on which 

commercially available scaffold material was developed8, 9. This product, the so-called 

coralline hydroxyapatite (CHA), consists of a converted outer HA layer (2–5µm thick) and an 

inner aragonite core. The outer HA layer may slow down the resorption and compensate for 

the fast resorption resulting from the soluble inner core9.  

Although coral or CHA has been used extensively for the repair of bone defect in different 

animal models10-14 as well as clinically in human15-18, there are also drawbacks. On one hand, 

CHA is a material that is osteoconductive, but not osteoinductive. The characteristics of 

osteoinductivity can be conferred by using an osteogenic agent, such as BMP-2. However, the 

in vivo osteoinductive efficiency of BMP-2 is highly dependent on its mode of delivery19. 

Currently, BMP-2 is usually directly applied on the surface of the scaffold material to which it 

loosely adsorbs20-22. It has been shown that this surface-adsorbed depot of BMP-2 is released 

too rapidly (burst release) to induce a sustained osteogenic response at the site of 

implantation23-25.  

On the other hand, the biocompatibility of coral or coral-derives is still a controversial topic. In 

some long-term follow-up clinical trials, obvious local infections had been found where 

commercial coral grafts or CHA were used. The inflammation alleviated once the coral was 

removed from the implant site26-29. In a previous study, researchers found some more serious 



	  

 
 

adverse effects with coral materials such as swelling, aching and itching at the implantation 

site, and they concluded that the coral material has a low biocompatibility with associated 

reduced tolerance by the host30.  

One method used extensively to improve their biocompatibility and at the same time confer 

osteoinductivity is to coat it with a layer of BMP-2-functionalized biomimetic calcium phosphate 

(CaP) under physiological conditions of temperature and pH25, 31-35. This biomimetic CaP 

coating consists of two layers: a thin seeding layer of amorphous CaP coating on the surface 

of the graft material and a crystalline layer of BMP-2-functionalized octacalcium phosphate 

(OCP) above the seeding layer31. Previous in vivo studies showed that when polymers33 or 

deproteinized bovine bone36, 37 were coated with a layer of biomimetic OCP coating into which 

BMP-2 was incorporated, a long-term sustainable new bone formation was induced at both 

ectopic and orthotopic sites. At the same time, the inflammation response from the host to 

implant material was reduced significantly compared with the uncoated graft material.    

The purpose of this study was 

(1) to determine whether the biocompatibility of CHA granules could be improved with an OCP 

coating layer, functionalized with BMP-2;  

(2) to compare the osteoinductive efficiency of BMP-2 delivered by a CHA-surface-adsorbed 

depot and OCP coating-incorporated depot. 

This study showed that an OCP coating layer on CHA granules improved their biocompatibility 

significantly and thus enhanced tissue tolerance. In addition, significant osteogenic activity 

could be established with the CHA granules when BMP-2 was incorporated into the OCP 

coating layer. 

  



	  

 
 

MATERIALS AND METHODS 

In vitro preparations 

Biomimetic CaP coating procedure  

The CHA granules (size: 2-5mm in diameter, Yi-Hua-Jian company, China) were 

biomimetically coated with a layer of CaP as described previously19, 36, 37. Briefly, 0.25g 

samples of CHA granules were immersed for 24 h at 37°C in 75ml of five-fold-concentrated 

simulated body fluid (NaCl: 55.15mM; CaCl2·2H2O: 0.94mM; MgCl2·2H2O: 0.56mM; NaHCO3: 

1.58mM; Na2HPO4·2H2O: 0.38mM). A thin and dense layer of amorphous CaP thereby 

formed on the CHA granules and served as a seeding substratum for the subsequent 

deposition of a crystalline layer (OCP coating). The OCP coating was prepared by immersing 

the CHA granules with the seeding layer for 48 h at 37°C in a supersaturated solution of CaP 

(NaCl: 10.23mM; CaCl2·2H2O: 0.30mM; Na2HPO4·2H2O: 0.15mM), buffered with TRIS 

(3.76mM; pH 7.4). The entire procedure was conducted under sterile conditions. 

 

Incorporation of BMP-2 into the OCP coating 

BMP-2 (INFUSE® Bone Graft, Medtronic, USA) was added to the supersaturated CaP 

solution for developing the OCP coating (as described above) at a concentration of 1µg/ml, 

and it was subsequently co-precipitated into the OCP coating of the CHA granules. These 

samples were then freeze-dried. The entire procedure was conducted under sterile conditions. 

The amount of BMP-2 encapsulated in the coating was measured using an enzyme linked 

immunosorbent assay (ELISA) kit (PeproTech EC, London, UK) as described in the previous 

studies25, 33. The final amount of BMP-2 loaded into the samples was about 20 µg. 

 

Adsorption of BMP-2 onto CHA granules 

In the control group, 20µg of BMP-2 was adsorbed onto each 0.25g sample of CHA granules. 

The loading process was achieved by applying a 200-µl of the stock BMP-2 solution (100 µg 

/ml) into 1.5-ml Eppendorf tubes containing 0.25 g of CHA granules. The tubes were then 



	  

 
 

centrifuged at 4500 rpm for 2 seconds, and finally vortexed to make sure that the CHA 

granules were homogeneously mixed and wetted. Subsequently, the samples were 

freeze-dried for 24h. The entire procedure was conducted under sterile conditions.  

 

In vivo experiments 

Experiment grouping 

Four groups were established (n=6 animals per group) (Table 1):  

(1) CHA granules with a coating-incorporated depot of 20µg BMP-2 (CHA +OCP+ Inc.BMP-2); 

(2) CHA granules with surface-adsorbed depot of 20µg BMP-2 (CHA + Ads.BMP-2); (3) CHA 

granules with an OCP coating (CHA+ OCP); (4) CHA granules with neither OCP coating nor 

BMP-2 (CHA alone). 

 

Material implantation 

Twelve adult male Wistar rats (200–220g) were used in the current study for subcutaneous 

bone formation. The study, including the experiments on the rats and their care, was approved 

by the Ethical Committee of the School of Stomatology at Beijing University and carried out 

according to the ethics laws and regulations of China. Two samples of 0.25g CHA granules 

were implanted surgically in dorsal subcutaneous pockets in each rat, one on the left side and 

one on the right, using a systematic random sampling protocol. The samples were trapped by 

suturing the incision.   

 

 

 

 

 

 

 



	  

 
 

Table 1. Experimental groups 

Groups Abbreviation 

CHA OCP Coating BMP-2(20µg) 

Amount of 

CHA (per 

sample) 

Absence (−) 

Presence (+) 

Absence (−) 

Presence (+) 

(1) CHA with 

coating-incorporate

d depot of BMP-2 

CHA+OCP+ 

Inc.BMP-2 
0.25g + + 

(2) CHA with 

surface-depot of 

BMP-2 

CHA+OCP+ 

Ads.BMP-2 
0.25g − + 

(3) CHA with OCP 

coating 
CHA+OCP 0.25g + − 

(4) Pure CHA CHA alone 0.25g − − 

 

Histological processing 

Five weeks after implantation, the samples were retrieved, fixed chemically and embedded 

as previously reported38, 39. Again using a systematic random sampling protocol40, the 

samples were cut perpendicular to the short axis with a diamond saw into 7 to 9 slices, 

600µm thick and 1mm apart. All slices of each sample were mounted separately on 

plexiglass holders and polished to a thickness of about 500µm. The slices were 

surface-stained with McNeal's Tetrachrome, basic Fuchsine and Toluidine Blue33. The 

images of each slice was obtained in a Nikon-Eclipse light microscope (Nikon, Japan) and 

printed in colour for histomorphometric analysis.  

 

Histomorphometrical evaluation 

The total volume of the tissue that was embraced by the capsule of fibrous connective tissue 

was taken as a reference volume33. Within the fibrous capsule of each slice, the 

cross-sectional area of newly formed bone, bone marrow, fibrous connective tissue and 

foreign body giant cells (FBGCs) were estimated using the point counting method41. The 



	  

 
 

volume of each tissue mentioned above was obtained by adding together all of the 

cross-sectional areas from each sample.  

To quantify the degradation of CHA, the volume of CHA before implantation (time-point zero) 

(V1) and 5 weeks after implantation (V2) were measured by the same histological method. Six 

samples of 0.25 g of CHA granules which had been fixed chemically and embedded in plastic 

were specifically reserved for this purpose. The percentage of the degraded CHA (V3) was 

defined as  

V3 = (V1-V2)/V1×100%. 

 

Osteoinductive efficiency of BMP-2 

The osteoinductive efficiency of BMP-2 was defined as the volume of newly formed bone per 

microgram of BMP-2 released. Five weeks after CHA implantation, the coating into which 

BMP-2 had been incorporated was measured. The amount of BMP-2 released from coating 

was then calculated.  

 

Statistical analysis 

All data are presented as a mean ± SD. The data were evaluated statistically by one-way 

analysis of variance (ANOVA) using SPSS statistical software (version 19.0 for Windows, IBM 

Corporation, NY, USA). Post-hoc comparisons were performed using Tukey’s corrections. The 

significance level was set at p<0.05. 

 

RUSULTS 

Descriptive light microscopy 

Five weeks after the subcutaneous CHA implantation, newly formed bone and bone marrow 

were found only in the groups with BMP-2 (Figure 1A, 1B). A Large amount of bone and bone 

marrow was found in the group in which CHA granules bore a coating-incorporated depot of 

BMP-2 (Figure 1A). The newly formed bone was integrated into the CHA granules and some 



	  

 
 

of them formed bony bridges or a network encompassing the developing bone marrow. On the 

contrary, very little newly formed bone and bone marrow were found in the group with a 

surface-adsorbed depot of BMP-2 (Figure 1B). There was no new bone formation in groups 

without BMP-2 (Figure 1C, 1D). Only the remaining CHA granules surrounded by fibrous 

connective tissue could be observed.  

A representative image with a higher magnification of the group in which CHA bore a 

coating-incorporated depot of BMP-2 is shown in Fig. 2A. The mineralized bone bridged the 

gaps between CHA granules to form an interconnected bony network. Large numbers of 

osteoblasts were seen to align in a characteristic epithelioid fashion upon the surface of 

osteoid material. Large amounts of bone marrow tissue were found in close contact with a 

bony bridge. Five weeks after the implantation, the OCP coating was totally degraded in the 

group with BMP-2. However, the coating alone on the CHA surface, without incorporated 

BMP-2, remained (Figure 2B). Light microscopy revealed the needle-like OCP coating and its 

thickness varied between 20 and 50µm. FBGCs were found in close contact with the CHA 

surface in all groups but to quite different extents (Figure 2C). The parts of CHA that were in 

contact with FBGCs showed a reduced degree of mineralization and the presence of 

numerous resorption lacunae. Bone-like mineralized tissue (pentagram in Figure 2D) was 

found sporadically in the groups in which CHA granules were not functionalized with BMP-2. 

Although the mineralized tissues were very similar to bony tissues both in color and 

appearance, they lacked some of the typical characteristics of bone tissue, such as the 

presence of osteoblasts, osteoclasts and osteocytes. Therefore no new bone was formed in 

situ. 

 

 



	  

 
 

 

Figure 1. Representative light micrographs of sections from each group 5 weeks after 

implantation. In the group of OCP coating incorporated with BMP-2 (A), newly formed bone 

(black arrow) could be observed among the CHA granules or deposited on the surface of the 

CHA granules (asterisk), forming a bone network. A lot of bone marrow (triangle) could be 

found among the CHA granules and newly formed bone. In the group of surface-adsorbed 

BMP-2 (B), the volume of newly formed bone was obviously less than in the group where 

BMP-2 was incorporated into an OCP coating. Fibrous connective tissue (4-point star) could 

be found in the space between bone and CHA. Neither bone nor bone marrow was observed 

on or around CHA granules in the group with OCP coating alone (C) or that without OCP 

coating and BMP-2 (D). The CHA was encapsulated by fibrous connective tissue. Bar=200µm. 

 



	  

 
 

 

Figure 2. Representative light micrographs of sections at a higher magnification 5 weeks after 

material implantation. In the group of OCP coating incorporated withBMP-2 (A), the newly 

formed bone (black arrow) was observed throughout the space between the CHA granules 

(asterisk) and deposit directly on the surface of the CHA granules. A lot of osteoblasts (white 

arrow) were seen to be aligned in a characteristic epithelioid fashion upon the surface of newly 

formed bone, which was closely in contact with bone marrow (triangle). In the group with OCP 

coating alone (B), a layer of OCP (lightning bolt) was stained in red on the surface of CHA. A 

considerable amount of FBGCs (chevron) was found in the group with CHA granules alone (C). 

Bone-like mineralized tissue (5-point star) was found sporadically among CHA granules (D). 

The scale bar is 100µm in A, D and 50µm in B, C.  

 

 

 

Histomorphometric results 

Different volumes of newly formed bone were only found in the experimental groups with a 

BMP-2 loading. Quantification of bone volume 5 weeks after implantation reveals that the 

delivery mode of BMP-2 has a significant impact on the bone formation at an ectopic site. The 



	  

 
 

volume of bone in the groups with a coating-incorporated depot of BMP-2 was statistically 

significantly higher than that with a surface-adsorbed depot of BMP-2 (Figure 3A). Newly 

formed bone marrow tissue could be found only in groups in which BMP-2 was applied. The 

volume of bone marrow was significantly larger in the group with coating-incorporated depot of 

BMP-2 than that in the group with a surface-adsorbed depot of BMP-2 (Figure 3B). 

Five weeks after CHA implantation, the OCP coating into which BMP-2 was incorporated had 

been completely degraded, suggesting that all BMP-2 was released. But the adsorbed depot 

of BMP-2 was completely exhausted within a few days after implantation39. It appeared that 

the delivery mode of BMP-2 also has a significant impact on the osteoinductive efficacy of 

BMP-2. The coating-incorporated mode showed significantly higher osteoinductive efficiency 

than the surface-adsorbed mode (Figure 3C).  

 

Figure 3. Histological analysis for the volume of bone (A), bone marrow (B) and 

osteoinductive efficiency of BMP-2 (C) at ectopic site 5 weeks after implantation. Mean values 

(n=6) are presented with the standard deviation of the mean.  

The quantitative evaluation of the tissue reaction to the implanted foreign material showed that 

the amount of encapsulating fibrous connective tissue is similar in all groups, and there is no 

statistical difference among them (Figure 4A). The volume of FBGCs in the group of CHA 

alone was significantly higher than that in all other three groups, among which the values were 

similar (Figure 4B).  

CHA degraded significantly slower in the groups with OCP coating than in the groups without 

coating. The presence of BMP-2 did not influence the degradation significantly (Figure 4C).  

A B C



	  

 
 

 

 

Figure 4. Histological analysis of the volume of fibrous tissue (A), FBGCs (B) and the 

degradation rate of CHA (C) at ectopic site 5 weeks after implantation. Mean values (n=6) are 

presented with the standard deviation of the mean.  

 

  



	  

 
 

DISCUSSION 

In the current study, the biocompatibility of CHA was significantly improved by OCP coating, 

BMP-2 loading and the combination of them. Also, the osteoinductive efficiency of BMP-2 

incorporated in the OCP coating was significantly higher than that adsorbed to the surface.  

In the control group, the pure CHA provoked a quite obvious foreign body cell reaction. There 

were lots of FBGCs that were found lined on the surface of the CHA granules. Like 

macrophages, FBGCs can secrete inflammatory cytokines such as TGF-β1 that induces 

fibroblasts to deposit a layer of collagen around the biomaterial42. The high prevalence of 

FBGCs is in accordance with several previous clinical investigations in human beings, in which 

foreign body reaction was induced by coral grafts or CHA26-29 43.A possible reason is that coral 

harbors a variety of toxic substances leading to inflammatory reaction. Some of the 

substances, including 5-hydroxytryptamine, catecholamines and histamine, locate in the polyp 

of coral and cannot be eradicated with industrial purification process44.     

When BMP-2 or OCP coating was applied on the surface of coral granules, the volume of 

FBGCs was significantly decreased (Figure 4B), suggesting improved biocompatibility. This 

effect of BMP-2 on reducing the host inflammation resulted from implantation of collagen has 

been reported in a previous study33. BMP-2 is found to up-regulate the expression of 

osteopontin, a marker of osteoblasts and thus osteogenesis45. Osteopontin can occupy the 

CD44 surface receptors on macrophages, leading to the inhibition of the multi-nucleation 

process46. The transformation from macrophages to FBGCs is therefore dampened, resulting 

in alleviated inflammation47. In our study, we also noticed that OCP coating enhanced the 

biocompatibility of CHA (Figure 4B). It is speculated that OCP works in a similar manner as 

BMP-2. The crystalline structure of OCP can increase the alkaline phosphatase activity and 

expression of osteopontin48, 49, which further inhibit macrophage fusion to form FBGCs47 

As mentioned previously, the mode of delivery of BMP-2 affects its osteoinductive efficiency. 

In order to improve the osteoinductive efficiency of BMP-2, a drug delivery system, namely the 

biomimetic OCP coating has been developed34, 50, 51. BMP-2 is released slowly and gradually 

from the OCP coating to simulate the natural bone remodeling. Indeed, in our current study, 

we noticed more newly formed bone and higher osteoinductive efficiency in the group of 



	  

 
 

coating- incorporated depot of BMP-2 than the group of surface-adsorbed depot of BMP-2. 

Our findings are corroborated by several previous studies, in which the biomimetic OCP 

coating method was applied to different substrates, such as metallic carriers52, 53, organic 

polymers 33 and deproteinized bovine bone granules36, 37. The different osteoinductive 

efficiency of BMP-2 in the two modes of application could be explained by different binding 

mechanisms. In a surface-adsorbed mode, the BMP-2 molecules are loosely held at the 

surface of the substrates by an electrostatic interaction rather than by a strong covalent 

binding as it is applied via coating-incorporated mode54, 55. When the BMP-2 molecules are 

loosely held, they release rapidly within a biological milieu and diffuse rapidly away from the 

implantation site. Consequently, the osteoinductive effect of BMP-2 will be only exerted for a 

short time (usually within one week) and the bone formation cannot be sustained23-25. 

Furthermore, the transient high local concentration of BMP-2 during the rapid initial release 

may lead to some unfavourable side effects, including ectopic bone formation, osteoclast 

activation, cyst-like bone void formation and life-threatening cervical swelling in the area of the 

spine56, 57. In contrast, BMP-2 molecules incorporated into an OCP coating are liberated via a 

cell-mediated process, viz., during the osteoclastic degradation of the inorganic layer. This 

process is similar to physiological bone remodeling, by virtue of growth factors being liberated 

from the bone matrix during its degradation. This appears to be the most efficient way to 

induce bone formation without over-stimulating bone resorption31. 

Except for biocompatibility and osteoinductivity, biodegradation is also an important property 

for biomaterials. Our results showed that the degradation rate of CHA was influenced by OCP 

coating (Figure 4C). The degradation rate of CHA with OCP coating alone was significantly 

lower than that with surface-absorbed BMP-2 and CHA alone. This indicates that the 

biomimetic OCP coating technique is an effective method not only to improve the 

biocompatibility of implant biomaterials, but also to modulate the in vivo degradation rate as 

well, especially when it is applied with easily degradable scaffolds, such as collagen33. The 

possible reason for the effect of OCP is that it can prevent and delay the degradation of 

underlying materials. Only when the coating is fully digested in a cell-mediated manner, in 

which osteoclasts or FBGCs play an important role58, the underlying CHA is exposed and 



	  

 
 

undergoes degradation. 

Although the incorporation of BMP-2 into the OCP coating did not alter the degradation rate of 

CHA significantly (Figure 4C), there seems to be a trend that its degradation rate increased. A 

possible reason may be that the BMP-2 will be released at the initial stage as coating 

degrades, and this will enhance the activity of osteoblasts as well as osteoclasts, resulting in a 

transient acceleration in the rate of coating degradation, bone formation as well as bone 

resorption39. In our experiment, the BMP-2 functionalized OCP coating was totally degraded 5 

weeks after implantation. This is in agreement with previous studies using the same ectopic rat 

model33, 36, 59. In another study, Hunziker et al found that OCP coating functionalized by similar 

amounts of BMP-2 was completely degraded within 3 weeks at orthotopic sites in miniature 

pigs19, 39. The different degradation rate of OCP coating possibly results from different 

environments. Any materials placed in the soft tissue may stimulate the formation of a fibrous 

connective tissue capsule which will wall it off against the surrounding conditions. The coating 

may therefore undergo a slower degradation in an ectopic site compared with an orthotopic 

one. 

There is no statistical difference in the degradation rate of CHA between groups with 

coating-incorporated depot of BMP-2 and groups with surface-absorbed depot of BMP-2. This 

indicates that different delivery systems do not significantly affect the material degradation 

process (Figure 4C). This finding is supported by a previous study in which the degradation 

rate of deproteinized bovine bone was not affected by these two different delivery systems37.  

 

 

 

CONCLUSIONS 

Our findings demonstrate that the biocompatibility of CHA granules can be significantly 

improved by either coating with a layer of OCP or adding BMP-2. BMP-2 incorporated into the 

OCP coating has significantly higher osteoinductive efficiency than BMP-2 adsorbed directly 

onto the surface of CHA at ectopic sites in rats.  
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