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SUMMARY
Hydroxyapatite and Beta-Tricalcium Phosphate has been clinical used as bone substitute.
Porous substitute suitable to act as scaffold as pores allow cells attachment. Interconnected
pores are needed for infiltration of osteoprogenitor and host cells all over the whole
construct. This study is to fabricate and evaluate the physical characteristics of porous bone
substitute fabricate from HA and β-TCP by gel casting method. HA and β-TCP powders
were mixed homogeneously to fabricate into 3D porous bone substitute. XRD and FTIR
analysis showed the sintered bioceramic retain same structural formulae as raw materials.
MicroCT analysis showed fabricated bioceramic contain interconnected pores. Based on
the obtained results, we have successfully fabricated porous scaffolds that can perform as
bone substitute.
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1.0 Introduction
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bone grafts hence been proposed to perform as bone grafts on
bone repair and restoration of damaged bone.
Ideally, 3D synthetic bone grafts should pose natural bone’s
properties. Synthetic biomaterial should possess certain
properties to be functionally used in body, including good
biocompatibility, sufficient mechanical strength, good
osteoconductivity, and osteoinductivity, ability to be fabricated
into functional shapes, no immunologic potentiality, and
controlled bioresorbability. Like bone, 3D synthetic bone
grafts should contain interconnective pores for vascularization
and blood flow. But we have always take into consideration
that the bone synthetic grafts are not mechanical strong when
it is porous, therefore, we need to always to balance the
porosity and mechanical strength of the grafts. Interconnective
pores also allow to host cells to house in and further develop
into bone tissue. In the past, many materials such as alumina
ceramics, bioglass, and calcium phosphate have been used to
fabricate synthetic bone grafts. Calcium phosphates like
Hydroxyapatite/HA (Ca10(OH)2(PO4)6) and Beta-Tricalcium
Phosphate/β-TCP (β -Ca3(PO4)2) has been clinical used in
orthopedic surgery as bone substitute. Porous bone substitute
suitable to act as scaffold for bone tissue engineering as the
pores allow cells attachment. Interconnected pores are needed
for infiltration of osteoprogenitor and host cells all over the
whole construct.

Figure 1 shows fabricated bioceramic scaffold and its cross
section revealing the inner structure of the scaffold.

Fig 1. Gross image of a HA/TCP scaffold and its cross section after sintering

3.1

Fourier Transform Infra-Red Spectocopy/FTIR

FTIR spectrum shows that presence of 𝑃𝑂4 3− and 𝐻𝑃𝑂4 3− in
fabricated 3D HA/ β-TCP porous bioceramics. We compared
it with the spectrums of HA and β-TCP. It appears that HA and
β-TCP show similar peak of 𝑃𝑂4 3− at (1021-1025 𝑐𝑚−1 ) ,
(599-601𝑐𝑚−1 ), (545-561𝑐𝑚−1 ) and 𝐻𝑃𝑂4 2− (962-973𝑐𝑚−1 )
(Fig. 2).

This study is done to fabricate and evaluate the physical
characteristics of porous bone substitute fabricate from HA and
β-TCP by gel casting method so that further optimization on
cell density can be performed.

2.0 Materials and Method
HA and β-TCP powders were mixed homogeneously and
dissolve in monomer (14.17 wt% Dimethacrylamide and 2.83
wt% N,N-methylenebisacrylamide) solution in the weight ratio
of HA:β-TCP = 7:3 to fabricate into 3D porous bone substitute.
HA and β-TCP powders were fabricated using gel casting
method by using polyurethane foam/PUF (Sigma Aldrich,
USA) as the mold. The powder solution crosslinked by adding
ammonium per sulphate and N,N,N`N` tetramethylenediamine
(TEMED) and turn into gel together with the PUF with very a
few seconds. Bioceramic gels were sintered with PUF at very
high temperature to become 3D porous HA/β-TCP bioceramics
as PUF was burned to ash in between of the sintering process.
The space of PUF burned become the interconnected pores of
the 3D bioceramic after sintering. After sintered, the product
has been undergo physiochemical analysis which is Fourier
Transform Infra-Red Spectocopy, X-Ray Diffraction and
MicroCT.

Fig 3. FTIR spectrum of HA/TCP scaffold. Spectrums of HA and TCP alone are
used as the reference.

3.1

X-Ray Diffraction/XRD

XRD results shows similar pattern of peaks between fabricated
HA/ β-TCP with the pure HA and pure β-TCP powders. The
results show that the 3D sintered HA/ β-TCP still retain the
same chemical structural formulae (Fig.2).

3.0 Results
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4.0 Discussion & Conclusion
X-ray powder diffraction/XRD and Fourier-transform infrared
spectroscopy/FTIR analyses showed that the 3D bioceramic
scaffolds were able to retain the same structural formulae and
the functional groups as the raw materials (HA and β-TCP).
This ensures the functional activity of these scaffolds and its
biodegradability..

Fig 2. X-ray diffraction spectrum of HA/TCP scaffold. Insert: Spectrums of HA
and TCP alone as the reference.

3.3

Micro-Computered Tomography/µCT

MicroCT scanning was carried out to investigate the porosity
and pore properties of fabricated porous bioceramic (n=6).
MicroCT analysis showed that the fabricated porous
bioceramic scaffolds are porous and contained interconnected
pores (Fig.3). Using ctAN software, we managed to quantify
the distribution of pore sizes of each scaffold as shown in Table
1. The mean porosity (n=6) was 40.47%.±0.047% while the
mean open porosity (n=6) was 38.84%.±0.046%. Thus,
95.97%.±0.001 % of the total pores are open pores.

MicroCT images reveal that there were areas especially in the
central region of certain scaffolds that contain large pores. This
is probably due to the incomplete soaking of the PUF with the
ceramic slurry. The insufficient ceramic in the scaffold could
be overcome by repeated soaking of the PUF in the ceramic
slurry during the formation of green body.
Relationship between porosity and mechanical strength had
always been taken into consideration in the fabrication of tissue
engineered scaffolds. Based on our results, the fabricated
HA/TCP scaffolds achieved 40% porosity. Although this may
be lower than the targeted > 50%, 98% of the pores were open
and interconnected. This feature is ideal for scaffold meant to
be incorporated with cells. In conclusion, the method employed
successfully produced bioactive ceramic scaffolds with highly
interconnected pores.
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Table 1 Distribution of pore size for six fabricated HA/ β-TCP scaffold

Percentage Distribution

Pore Size
1

2

3

4

5

6

<0.2mm

26.15%

22.87%

36.58%

26.61%

25.94%

20.10%

0.2mm-0.5mm

25.79%

22.78%

27.40%

25.57%

24.94%

19.60%

0.5mm-1mm

22.16%

35.14%

23.18%

21.49%

23.87%

17.24%

1mm-2mm

20.17%

17.08%

12.46%

7.51%

6.73%

8.20%

2mm-3mm

5.73%

2.13%

0.38%

6.27%

3.47%

9.10%

3mm-4mm

0.00%

0.00%

0.00%

7.44%

7.45%

14.51%

4mm-5mm

0.00%

0.00%

0.00%

5.11%

7.60%

11.25%
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