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Abstract In this experiment, a highly porous scaffold of biphasic calcium phosphate (BCP) was prepared using the sponge-

replica method. The BCP scaffold was coated with 58S bioactive glass (BG) and sintered for a second time. The resulting

scaffold was coated with gelatin (Gel) and cross-linked with [3-(3-dimethyl aminopropyl) carbodiimide] and N-

Hydroxysuccinamide (EDC-NHS). The initial average pore size of the scaffold ranged from 300 to 700 µm, with more than

85 % porosity. The coating of BG and Gel had a significant effect on the scaffold-pore size, decreasing scaffold porosity while

increasing mechanical strength. The material and surface properties were evaluated by means of several experiments involving

scanning electron microscopy (SEM), energy-dispersive X-ray (EDX) and X-ray diffraction (XRD). Cytotoxicity was evaluated

using MTT assay and confocal imaging of MC3T3-E1 pre-osteoblast cells cultured in vitro. Three types of scaffold (BCP, BCP-

BG and BCP-BG-Gel) were implanted in a rat skull for in vivo evaluation. After 8 weeks of implantation, bone regeneration

occurred in all three types of sample. Interestingly, regeneration was found to be greater (geometrically and physiologically)

for neat BCP scaffolds than for two other kinds of composite scaffolds. However, the other two types of scaffolds were still

better than the control (i.e., defect without treatment).
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1. Introduction

Tissue engineering seeks to promote the regenerative

ability of host tissue through a designed scaffold that is

populated with cells and signaling molecules. The specific

criteria for ideal scaffolds used in bone tissue engineering

are summarized as follows: (1) excellent osteoconductivity,

(2) good biodegradability, (3) appropriate mechanical prop-

erties, (4) highly porous structure: porosity > 60 %1) and

pore sizes > 100 µm2) and (5) commercialization potential.

With respect to the microstructures of the porous

scaffolds, high porosity (> 60 %) and interconnected pore

network are desirable. In addition, the preferred pore size

is generally in the range of 50-500 µm to permit the

ingrowth of cells, vascularization and regeneration of

tissue.3,4)

Bioactive glass(BG) meets the first two criteria: excel-

lent osteoconductivity and good degradability.5,6) These

advantages make BGs promising scaffold materials for

tissue engineering.7) However the mechanical strength of

this ceramic alone is not sufficient as bone tissue regen-

eration template. There are several techniques for the

preparation of BG. Sol-gel derived BGs tend to have

more simple compositions than melt-derived BGs, and

also exhibit enhanced bioactivity and resorbability due to

the mesoporous texture(pore diameters in the range 2-50

nm) that is inherent to the sol-gel process and increases

the specific surface area of the glass.8) 58S BG is

fabricated by sol-gel process which is susceptible to

faster dissolution rates and formation of a dense gel layer
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resulting from the large number of sites for nucleation

due to the highly mesoporous texture.9)

To fulfill as many requirements as possible, composite

systems combining the advantages of polymers and

ceramics seem to be a promising choice in particular for

bone tissue engineering, as demonstrated by the increasing

research efforts worldwide.10) Generally, hydrogels are

prepared from natural polymers, such as gelatin(Gel),

chitosan(CS), hyaluronic acid(HA) etc. which are highly

bioactive. Hydrogel degrades quickly when in contact

with water, but this degradation of hydrogel can be

slowed down by crosslinking. EDC/NHS is a biologically

safe system for crosslinking of Gel. The cross linking

takes place by a reaction between carboxyl groups of

glutamic or aspartic acid residues and amine groups, to

form amine bonds.11)

Calcium phosphate ceramics have been widely applied

as bone substitutes, coatings, cements, drug delivery

systems and tissue engineering scaffolds due to their re-

semblance to the mineral portion of the bone tissue,

relative ease in processing and good cell attachment.12,13)

Its biocompatibility, safety, predictability, unlimited avail-

ability, lower morbidity for the patient and cost effec-

tiveness represent important advantages over auto grafts

and allograft and make them a good choice for recon-

structive surgery, orthopaedics, dentistry, maxillo and cra-

niofacial surgeries, spinal arthrodesis and neurosurgery.14-17)

The main idea of this work was to modify BCP porous

scaffold prepared from sponge replica process by first

coating with BG and then Gel and evaluate its physical

and biological properties. The fabricated composite scaf-

folds were characterized in terms of porosity and com-

pressive strength. We focused on fabrication process,

physical properties and subsequent influence on in vitro

and in vivo performance. 

2. Experimental Procedure

2.1 BCP scaffold preparation

The BCP scaffold was fabricated by the sponge replica

method. Briefly, nano-sized biphasic calcium phosphate

(BCP) powder was synthesized by microwave hydro-

thermal method,18) while poly vinyl butyral(PVB, Acros,

USA) was used as a binder, and polyeurathene PU foam

(45 ppi, 3 M, USA) was used as a frame. To prepare the

BCP slurry, 35 wt% of synthesized nano powder was

ball-milled in ethanol for 24 h, and 5 wt% of PVB was

subsequently added into the slurry, which was stirred for

5 h. The prepared PU foam was immersed in the pre-

pared slurry to cover the frame with BCP slurry. Then,

compressed air was blown into the foam in order to

maintain the interconnected pores. The coated foam was

dried at 80 oC for 6 hr. These dipping and drying steps

were repeated 3 times to cover the whole surface without

any remaining uncoated space. The PU foam was then

burnt out at 950 oC for 2 h in an air atmosphere, and

pressure less microwave sintering was then carried out at

1350 oC for 15minutes.

2.2 Coating of BG

58S BG powder was synthesized by sol-gel method19)

and then ball milled to get micro and fine sized particle.

Prepared BG particle was dispersed in poly vinyl butyral

(PVB, Acros, USA) as a binder, solution. Then it was

poured into the BCP porous scaffold and air flow was

given to avoid conglomeration of particles in the pores.

Then it was sintered in microwave furnace at temperature

1000 oC for 10 minutes.

2.3 Coating of Gel

10 % Gel solution was poured into the BG coated BCP

scaffold through a self-locking double layer filter. After

keeping it overnight in −80 oC and freeze drying for two

to three days, the scaffolds were ready for cross linking.

Cross linking with EDC-NHS was done using previously

reported procedure.20) For scanning electron microscopy

(SEM) and energy dispersive X-ray(EDX), the immersed

scaffolds were placed in −20 oC and freeze-dried.

2.4 Characterization of the scaffold and mechanical

testing

The microstructure and composition of the scaffolds

were characterized using a scanning electron microscope

(SEM, JEOL, JSM-6701F, Japan) equipped with energy

dispersive spectroscopy(EDX). X-ray diffraction(XRD,

D/MAX-250, Rigaku, Japan) was used to identify the

crystal structure and phases of the scaffold. 

The specimens (7 mm × 7 mm × 4 mm) were subjected

to compression tests using a universal testing machine

(UnitechTM, R&B, Korea) with a crosshead speed of 0.5

mm/min under ambient conditions. A mercury porosimeter

(PoreMasterTM, Quantachrome Instruments, FL, USA) was

used to analyze the porosity and pore size distribution of

the scaffold. In both case, 10 samples were used and the

average of the results were taken.

2.5 Culture of MC3T3-E1 pre-osteoblast cells

MC3T3-E1 mouse pre-osteoblast cells were obtained

from the American Type Culture Collection(subclone 4,

ATCC, USA), and were cultured in α-MEM(Gibco, Life

Technologies, USA) supplemented with 10 % FBS(Equitech-

Bio, USA) and 1 % penicillin/streptomycin(Multicell,

Wisent, USA). The MC3T3-E1 cells were maintained

and incubated in a humidified incubator at 37 oC with

5 % CO2.
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2.6 Viability assay by MTT

Scaffolds were sterilized using 70 % ethanol and rinsed

with sterile PBS solution to remove remaining ethanol

prior to cell seeding. Matrices were preconditioned with

2 ml of MEM culture medium with 10 % fetal bovine

serum and 1 % penicillin-streptomycin in a clean plate

for 2 h before seeding. The sterile samples were placed

into 24 well culture plates and seeded with 2.0 × 103

cells per ml MC3T3-E1 cells. Cells were cultured onto

the materials for 1, 3 and 7 days at 37 oC, 5 % CO2

incubator to observe their behavior in contact with the

studied scaffolds. Cell viability on the scaffolds was

evaluated by MTT assay. One hundred microliters of 3-

[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide

(MTT; Sigma-Aldrich; 5 mg/ml PBS) was added to the

wells containing media (9:1 ratio) at each time point.

Metabolically active and viable cells produce mitochon-

drial dehydrogenase enzymes during incubation, which

catalyzes MTT substrate forming purple formazan salts.

In the MTT assay, cell proliferation is quantified by

measuring the color intensity of the dissolved formazan

salts using a spectrophotometer. The optical density(OD)

corresponds to the number of viable cells. OD values of

the solution were measured using an Infinite F50 micro-

plate reader(Tecan, Austria) at a wavelength of 595 nm.

A cell cultured in blank plate was used as control(CON)

in the MTT assay. 

2.7 Cell attachment and proliferation

Cell attachment and proliferation was visualized by

confocal microscopy using a Fluoview FV10i(Olympus,

Japan) after 1, 3 and 7 days of incubation. After 1, 3 and

7 days of culture (in a humidified 5 % CO2 at 37 oC), the

scaffolds were rinsed twice with PBS and fixed in 4 %

paraformaldehyde(Sigma-Aldrich) for 15 min at room

temperature. The cells were then permeabilized with 0.25

% Triton X-100(Sigma-Aldrich) for 10 min. Bovine serum

albumin(BSA, 1 %) was used as a blocking reagent for 1

h. Cells were stained with fluorescein isothiocyanate-

labelledphalloidin(Sigma-Aldrich, USA) for the filamen-

tous actin of the cell cytoskeleton and with Hoechst

33342(Sigma-Aldrich, USA) for cellular nuclei. Images

were analyzed with FV10i-ASW 3.0 viewer software.

2.8 In vivo

2.8.1 Rat calvarial defect model for bone regeneration

An artificial defect(cycle, ID 1/4 5 mm) was created

using a drill then the porous scaffolds were placed with-

out fixing. The healing process was observed for 8 weeks

after implantation. This required sacrificing the rat

specimens to obtain the skull and observe the bone

growth.

2.8.2 Microtomoraphy or computed tomography

The rat skulls were extracted and fixed in 10 %

formalin solution. The morphology of the reconstructed

skulls was assessed using an animal micro-CT scanner

(SkyScan 1172, Belgium). The specimens were scanned

with an X-ray tube potential of 80 kV, a tube current of

0.45 mA, and 15 mm voxel resolution. After micro-CT

scan, the visualization of bone was made with three-

dimensional isosurface rendering software. Micro-CT mea-

surements included total amount of bone and tissue

regeneration in the bone defect.

2.8.3 Histological staining and image analyses

The rat skulls were harvested and fixed in 10 vol %

formalin solution for 2 days. Subsequently, the samples

were decalcified using 5 vol % HNO3. Tissues were em-

bedded in a paraffin block and then serially sectioned

using a microtome(HM 325, Thermo Scientific). The 4-

6 µm thickness sections were mounted on microscope

slides. Slides with tissue sections were deparaffinized and

hydrated by the application of xylene and alcohol in

series. The tissue slides were stained with hematoxylin/

eosin(H&E) and Masson's trichrome(MT) and viewed

under an optical microscope for histological observations.

Tissue sections were digitally imaged using an Olympus

IX71 microscope.

3. Results 

Fig. 1 and Fig. 5 showed that all three types of scaffolds

were highly porous right after preparation. Initially, the

BCP scaffold had more than 80 % porosity. After BG

and Gel coating, the total porosity did not go down at a

significant amount. However, after coating of the Gel

hydrogel there were some small sized blockages, as the

coating process was manual rather than mechanical or

electrical like the BG and Gel coating. These blockages

were evident in Fig. 1. Still a large number of big pores

remained inside of the scaffold. The pore size range for

most of the pores was 300 µm ~ 700 µm for BCP scaffold.

After coating of BG and Gel, the range revised to

10 µm ~ 500 µm.

From the high magnified SEM image (Fig. 2), the BCP

particles seemed to have fine layers whereas, BG particles

seemed to be coarse. But there was a fine interfacial

attachment between the BCP and BG layer due to

microwave sintering process. This had a great impact in

the mechanical strength. From Fig. 4, we could find that

the mechanical strength after coating had increased sig-

nificantly. Compressive strength of the BCP scaffold was

only around 1.1MPa, which went to 1.9MPa after the

coatings. Finally the mechanical strength was increased

to over 6 MPa after the coating of Gel. 
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In Fig. 3, X-ray diffraction graph of BCP scaffold

(sintered at 1350 oC), BG coated BCP(sintered at 1000
oC) and Gel coated BCP-BG scaffold were presented.

The Hap(Hydroxyapatitte) and β-TCP(Tri-calcium phos-

phate) phases were clearly detected for the BCP scaffold.

The phase ratio of BCP scaffold was calculated by

reference intensity ratio(RIR) methods(PDXL, Rigaku,

Japan). The RIR values of HAP and β-TCP phases were

57.3 % and 43.7 % respectively. From the diffraction

patterns of the 58S BG sintered at 1000 oC, it can be

seen that the 58S BG powder contains some crystalline

phase due to the presence of calcium silicate. The peaks

matched the pattern of wollastonite CaSiO3(JCPDS #27-

0088). However, in the final scaffold of BCP-BG-Gel,

the CaSiO3 peaks became much weaker due to presence

of Gel. 

Fig. 6 illustrates MTT assay of the pre-osteoblast

MC3T3-E1 cell adhesion and proliferation with BCP, BG

and Gel coated BCP-BG scaffolds after 1, 3 and 7 days

of incubation. The difference in terms of the cell-material

interactions of the three different scaffolds was clearly

evident. Initially there was no significant difference in

cell adhesion with the three types of scaffolds and

control, which means cells were well attached on the

scaffolds. However after 3 days of incubation, cells did

not proliferate at same amount on three scaffolds. BCP

scaffolds induced greater cell proliferation than the other

two scaffolds. This difference continued up to seven days

wherein the difference in cell-material interaction among

the scaffolds was much more lucid. 

In Fig. 7, confocal images showing cell-material inter-

actions between cell lines and scaffold were presented.

Confocal images depict the same result with the MTT

assay. There was no difference in cell adhesion after 1

Fig. 1. SEM images of BCP (a) & (d), BG coated BCP (b) & (e) and Gel coated BCP-BG (c) & (f) scaffolds in low magnification (first

row) and high magnification (second row). BG and Gel layers have been indicated in images (e) & (f) respectively. 

Fig. 2. Cross sectional view of BG coated BCP scaffold where BCP and BG layers are showed. Corresponding EDX of BCP and BG

have been provided beside.
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day of incubation between the scaffolds. Cells were well-

attached on the ceramic and hydrogel layer of the

scaffolds. After 3 days and 7 days of incubation, cells

proliferated but not at a similar rate. Cell proliferation on

the BCP scaffolds was like a chain, whereas in the case of

the other two type scaffolds, cell proliferation occurred

discretely. After 7days of incubation, the whole BCP

scaffold was almost covered with cells, but in the case of

BCP-BG and BCP-BG-Gel scaffolds, some parts remain

open. 

The implantation done on a rat’s skull was presented in

Fig. 8. The defect size was 5 cm which is considered as

critical defect size for in vivo study. Everything including

the samples was sterilized perfectly before implantation to

avoid infection and inflammation or any other unwanted

phenomena. We made two defects in each rats, one was

for the sample and the other was the control or without

any sample. Fig. 9 displays micro-CT images of skulls

treated with BCP, BCP-BG and BCP-BG-Gel samples.

Eight weeks after implantation, the control defect was still

an empty area, whereas the edge of the replaced BCP

and BCP-BG scaffold formed a thick layer of new bone.

The defect was highly covered with new bone for the case

of the replaced BCP-BG-Gel porous scaffold. However,

comparing with the other two types of scaffolds, the BCP

scaffold induced more bone regeneration. From the bone

volume analysis, it has been found that all three types of

scaffolds induced more than 22 % of bone regeneration

which is higher than that of control (17 %). 

Fig. 3. X-ray diffraction of BCP, BG, Gel and BCP-BG-Gel com-

posite scaffold. BCP is comprised of Hap and Tcp, whereas main

component of BG was Calcium Silicate.

Fig. 4. Porosity and mechanical strength of the BCP, BCP-BG and

BCP-BG-Gel scaffolds. 

Fig. 5. Pore size distribution of the BCP (a), BCP-BG (b) and BCP-BG-Gel (c) scaffolds.

Fig. 6. The viability and proliferation of MC3T3-E1 pre-osteoblast

cell after 1, 3 and 7 days seeding on the surface of BCP, BCP-BG and

BCP-BG-Gel scaffolds, observed by MTT assay. Mean ± SD; n = 3.
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From the hematoxylin and eosin stained images (Fig.

10), it was evident that after 8 weeks of implantation, in

the case of BCP scaffold that there was a significant

amount of dense collagen. In the case of Bigoglass

coated and Gelatin coated BCP-BG scaffold, there were

also significant amounts of dense collagen. The array of

osteoid indicated the presence of wooven bone. In

masson’s trichrome staining, there were some layers

showing transition from blue to red in whichbone for-

mation process may still beon going. And also, blood

cells were observed at different spots at significant

amounts which indicates good agniogenesis. 

Fig. 10 and 11 shows the H & E and MT stained

images that were taken at the center and the edges after

post implantation of the control and of the BCP-BG and

BCP-BG-Gel porous scaffolds. After 8 weeks of implan-

tation, mineralized matrix as observed which stains pink

with H & E staining. Most of the porous areas on the

BCP and BCP-BG scaffolds were filled with dense

collagen. But in the case of BCP-BG-Gel scaffold, there

was a significant area where no collagen formed. Rather

some space was occupied with fibrous tissue. This fibrosis

occurred heavily in the control site, which indicates that

the bone regeneration process could not be sustained.

However, from high magnified images, it is understand-

able that osteoblast cells are active along with the

scaffold strand. Thus bone regeneration process is still

happening. There are numerous positions where there are

some clotted red colors which are signs of vascularization.

There was no sign of inflammation in the implantation

site with all types of scaffolds. From the histological

analysis, it is also evident that osteoids migrated to the

center of the porous scaffolds. However, there was a

significant formation of new bone at the center of the

BCP and BCP-BG scaffolds compared to BCP-BG-Gel

scaffolds. At the center of the BCP and BCP-BG scaf-

folds, collagen fibers formed along the scaffold layers

intercalated with osteoids. Compared to the scaffold

without Gel coating, dense new bone grew at the center

of the BCP-BG porous scaffold. However, new bone

Fig. 8. Images during operation on the rat skull. Critical 5 mm defect

size was used for implantation of the sample.

Fig. 7. The proliferation of MC3T3-E1 pre-osteoblast cell after 1, 3

and 7 days seeding on the surface of BCP, BCP-BG and BCP-BG-

Gel scaffolds, observed by confocal microscope.

Fig. 9. Micro-CT of implanted sample in the rat skull 8 weeks after implantation. The 5 mm defect size is marked by whit colored circle.

Beside regenerated bone volume has been expressed in the percentage of the total defect volume. 
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formed at the edge of the BCP-BG scaffold just as it did

at the center of the BCP-BG-Gel porous scaffold, whereas

the edge of the BCP-BG porous scaffold was perfectly

healed with intercalation of new bone and the porous

scaffold. Similar to the results of the H & E staining, no

new bone formation was observed at both the center and

edge of the control.

4. Discussion

Sponge replica is a very popular process to fabricate

interconnected porous scaffolds. Several ceramic materials

such as BCP, HAp and 58S BG have been considered to

prepare spongy scaffolds. However the process should be

optimized as they have different melting points. It is

necessary find to optimized temperature and duration time

in microwave sintering. For the BCP scaffold, it has been

already established as there are many reports on it.21) But

with BG coating we had to optimize the sintering tem-

perature. As the temperature increases, the degree of

crystallinity also increases for BG, thus we set tempera-

ture to 1000 oC. This ensured the not only low crystallinity

of BG but also the fined interfacial attachment between

BCP and BG which is very much important for the

scaffold stability. 

A scaffold fabricated by the sponge replica process is

very much similar to spongy or cancellous bone. It has

been reported that the compressive strength for the

cancellous bone is in the range 0.2~4MPa.22) Our primary

BCP scaffold was in the lower bound of the range. But

Fig. 11. Low and high magnified picture of histological analysis of masson trichrome staining of the sample with BCP (a), Bioglass coated

BCP (b) and Gel-BMP2 coated BCP-BG (c) scaffolds after 8 weeks of implantation in the rat skull. Here DC = Dense Collagen, LDC = Low

dense Collagen.

Fig. 10. Low and high magnified picture of histological analysis of hematoxylin and eosin staining of the sample with Control (a), BCP (b),

Bioglass coated BCP (c) and Gel-BMP2 coated BCP-BG (d) scaffolds after 8 weeks of implantation in the rat skull. Here NB = New bone,

WB = Woven bone, OC = Osteocytes, OC’ = Osteoclasts, OB = Osteoblasts, S = Sample.



In Vitro and In Vivo Evaluation of Composite Scaffold of BCP, Bioglass and Gelatin for Bone Tissue Engineering 317

with the BG and Gel coating, the compressive strength

increased till maximum range consequently decreasing

brittleness. In a previous study,23) an attempt to coat the

surface of porous HA scaffolds with a composite layer of

PCL and micron HA particles was made to improve

scaffold mechanical properties. The results indicated that

while the coatings did marginally improve the scaffold’s

mechanical properties, the macropores were clogged after

coating and the presence of cracks at the HA micron

particle-PCL matrix interface presented a major draw-

back. In this study, BG and Gel coating was done

separately, as a result clogged pores was not a problem.

The coating of the BG on the BCP layer by microwave

sintering increased the strength because of the fine

physical attachment of the two layers.

Human cancellous bone bears a total porosity of 30 %-

90 % depending on different anatomical sites with the

pores in the range of nano to macroscale that are well

interconnected.24) However, the total porosity of the BCP

scaffolds in this study was much higher and fall in the

range of 82 %-95 % with high interconnectivity. It is

reported that the degree of interconnectivity of porous

scaffolds is more important than the size of the pores

since it greatly affects the vascularization for new bone

penetration and formation.25) Then after coating of the

BG and Gel, the amount of porosity reduced but the

interconnectivity remained. Interconnections between pores

must have a key influence on bone ingrowth and are

necessary to promote body fluid circulation, angio-

genesis, cell communication, and migration to the core of

the implant. 

The selection of a proper crosslinking method should

take into consideration the crosslinking effect and potential

toxicity of the crosslinker to human tissue. Most gelatin

sponges used for medical purposes are crosslinked to

prolong their degradation in the human body. Although

chemical crosslinking by several crosslinking agents such

as formaldehyde and glutaraldehyde, have been reported,

the toxicity of these chemicals in biological systems

becomes a great concern.26) EDC/NHS is a biologically

safe system for crosslinking gelatin sponges. The cross-

linking takes place by a reaction between carboxyl groups

of glutamic or aspartic acid residues and amine groups to

form amide bonds. According to literature, most of the

crosslinking process is carried out after the gelatin sponge

has been prepared. In this case, the sponge is either

exposed to aqueous medium containing EDC/NHS or to

organic solvent such as 90 %(v/v) acetone/water mixture

containing EDC to reduce the amount of the EDC used

for crosslinking.27)

After the coating of Gel, stability of the scaffold

increased significantly. Our hypothesis was that the BCP-

BG-Gel scaffold would induce more bone regeneration.

But in vitro and in vivo experiments proved otherwise.

There might be several reasons behind this phenomenon.

One could be mechanical failure. In the results section,

the formation of blockages was discussed. Due to this

microlevel(5-10 µm) blockage, cell could not penetrate

all the parts of the scaffold perfectly. As a result, cell

proliferation was hampered. Another point to be taken

into account is that Gel was crosslinked with minimal

concentration of EDC-NHS, thus the Gel layer is

supposed to degrade in just three days.27) But this was not

in unison with extra cellular matrix formation. However,

it should be noted that with the minimal amount of

crosslinking used, the probability of inflammation was

avoided. The reasons might be that after the degradation

of the gelatin layer, the BG layer was open to biological

environment. But in the case of the BCP-BG scaffold,

most of the BG has already degraded and the biological

functions occurring are basically due to the BCP particles

which are not osteoinductive. 

In this in vivo examination rats were used. The reasons

were the cells used in vitro were obtained from the rats.

Besides this required kits for in vivo analysis are might

not be available for homologous or primate model. The

samples were implanted in defects created using a drill.

The rat skull with only a defect served as control while

the other defects were implanted with BCP, BCP-BG and

BCP-BG-Gel scaffolds. All samples were kept for 8 weeks

to observe bone formation behavior. From the micro-CT

and quantitative analysis results, BCP showed the most

favorable sample for bone formation, with the defect

almost filled with the minerals similar to that of the

native skull, whereas the control was almost empty. 

Bone volume quantitative measurement is very im-

portant for determining bone tissue regeneration. In the

analysis of the micro-CT images, the control and defects

with scaffolds both have similar amount of bone regen-

eration. However, it should be mentioned that the micro-

CT images are presented as two dimensional images.

Thus, calculation of the micro-CT 3D bone analysis which

indicates significant difference between the scaffold site

and control site is needed. 

The lacunae are evident in H & E stained images

containing osteocytes (Fig. 10). When osteoblasts become

trapped in the matrix that they create, they become

osteocytes. Hydroxyapatite, calcium carbonate and calcium

phosphate are deposited around the cells. They are also

actively involved in the routine turnover of the bony

matrix through various mechanosensory mechanisms. They

destroy bone through a rapid transient(relative to osteo-

clasts) mechanism called osteocyticosteolysis. In MT

stained images (Fig. 11), red and blue color occur

simultaneously indicative of regenerated and woven bone

respectively. Presence of both blue and red color is thus
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expected, which means bone regeneration process is

ongoing. 

5. Conclusion

The targeted three layered composite porous scaffold

was successfully fabricated by sponge replica, sintering

and lyophilization processes. The mechanical strength,

porosity and pore sizes were kept either within the

required or optimum levels which should enhance bone

regeneration greatly. Compressive strength of the scaffolds

was within the range for cancellous bone. Pore size and

interconnected pores induced osteoblastic activity. How-

ever, in the manufacturing process we were not able to

avoid human error and unwanted blockage of the pores.

BG and Gel combined scaffolds were poor performers

compared to bare BCP scaffold. The in vivo experiment

showed potential for the three layered composite scaffold

in the biomedical field. Noted, that the problem of fibrosis

was not addressed. These problems might be avoided by

using some modified polymers or changing the manufac-

turing process. There are also other scopes to consider

based on this type of composite scaffold involving

different materials and drugs. How to control the drug

and protein release from this type of scaffold could be

another research area. Considering all aspects of composite

and coated porous scaffold fabrication for biomedical

applications and research can bring a lot of success in

future. 
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