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Abstract
The effect of HA amount on the physical properties and bioactivity of porous HA prepared by replica method using Musa 
paradisiaca as template has been studied. The templates were prepared by cutting the banana fronds into cylindrical shape. 
Slurries were prepared by mixing 9, 10, and 11 g HA with 11% sago starch, 2.5% Darvan821A, and distilled water. Slurries 
then stirred at 150 rpm for 24 h. Templates were impregnated into slurry and then dried at 110°C for 2 h. The green bodies 
were burned at 600°C for 1 h followed by sintering at 1250°C for 1 h. Porous HA was tested in vitro using simulated body 
fluid solution by soaking for 7–14 days. The cell attachment done by using Baby Hamster Kidney (BHK21) cell. The porous 
HA was produced with shrinkage in the range of 53.6–58.9%vol, density of 1.26–1.47 g/cm3, porosity of 53.5–60.1%, and 
compressive strength of 3.89–4 MPa. The pore size was obtained at the range 71.26–89.13 μm. The biodegradation rate of 
samples was found at the range of 1.34–2.27% with the increased apatite and carbonate content on porous HA after immer-
sion proven by FTIR result. The cell attachment test showed that the viability of HA was 80.3% confirming that samples 
were non-toxic material.
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Introduction

Recently, bone implants manufacture still focuses on the use 
of metals. Unfortunately, this metals implant is only used 
for compact bone. This study was conducted in an effort 
to overcome the need for porous implants. Hydroxyapa-
tite (HA) is the main raw material for scaffolds fabricated. 
Hydroxyapatite (HA) is an apatite compound which has 
chemical formula of Ca10(PO4)6(OH)2 [1]. HA is a major 

inorganic component in biological hard tissues such as bones 
and teeth [2]. HA has excellent biocompatibility, osteocon-
ductivity, and chemical and biological affinity with bone 
tissue [3]. These properties made HA ideal to be used as 
component of bones and teeth [4]. In many field of applica-
tions, HA is mostly used as porous HA/scaffold HA. Porous 
HA has high biocompatibility properties and more resorb-
able compared to HA dense in the form of microcrystals 
with the size of 190–230 μm from a porous structure that 
allows blood vessels and connective tissue to enter between 
the pores to stimulate bone growth. HA scaffold is made to 
increase the formation of a strong bond between the porous 
HA and bone. Most research of porous HA shows that the 
level of tissue infiltration in pores and new bone formation 
is highly dependent on pore characteristics such as poros-
ity and pore sizes.. The porosity size of HA particles has 
an important role in the process of bone growth, through 
the pores of fluid from the connective tissue entering the 
surface. Certain pore size is favourable to the cytocompat-
ibility just as porosity. Bigger pore size is beneficial for cell 
attachment and bone formation [5].

The pores in scaffold can be formed by adding pore-
forming agents such as starch (sacrificial template method) 
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[5, 6], using air (direct foaming method) [5]; using protein 
and starch (protein foaming–consolidation method) [7] or by 
using a template that impregnated by biomaterial suspension 
(replica/polymeric sponge method) [8]. Replica method/
polymeric-sponge method is a method based on the impreg-
nation of cell structures with ceramic suspense to produce 
macroporous ceramics that have the same morphology as the 
original porous material [5]. It had open, relatively uniform, 
and interconnected porous structure on the body [9]. Several 
materials can be used as templates to fabricate macroporous 
ceramics using this method. One of that is synthetic porous 
polymer used by Sopyan and Kaur [8]. In other hand, natural 
template that has porous structure and well interconnectivity 
of channel can also be used as template. The use of natural 
templates is intended to reduce the use of synthetic tem-
plates. Natural templates are easier to find and the price is 
cheaper than synthetic templates and even its used free of 
charge. Natural templates that can be used must have neat 
pores and pore structures so that they can adjust to the struc-
ture of human pores. In addition, natural templates more eas-
ily experience complete combustion at temperatures >600°C 
so that the resulting porous HA no longer contains impuri-
ties. The natural template such as luffa fibers [10] have been 
used in previous study, luffa fibers were used as pore former 
agent and nowadays this method uses musa fibers. It is used 
because it has similar shape with bone in order to achieve 
better pore structure and interconnectivity than luffa fibers. 
In addition luffa fibers have larger pore structure than musa 
fibers so that it was afraid that sample will crack during 
soaking time and cause data retrieval after the soaking pro-
cess, prior to use, luffa fibers required several treatment steps 
so that the use of musa fibers is simpler.

The bioactivity behavior of the porous HA was inves-
tigated using in vitro test. In vitro test was done based on 
modification, by immersing the sample in Simulated Body 
Fluid (SBF) solution [11]. SBF is a preferred solution model 
as a simulation of inorganic portions of blood plasma. When 
blood plasma is at the temperature of 36.5°C, the SBF solu-
tion becomes a buffer at pH 7.25; in these circumstances, the 
concentration of blood plasma ions and SBF closes to the 
SBF composition. SBF has the same concentration as body 
fluids [12]. The in vitro test has been done by Swain et al. 
by using porous scaffold fabricated from polymeric replica 
sponge method that soaked in SBF solution for 1 week [13]. 
In our earlier work, we have produced porous HA by using 
luffa fibers as template according to replica method [10]. 
The effect of HA solid loading was studied for the physical 
properties of porous HA. This report presents the effect of 
HA solid loading on the physical properties and the bioactiv-
ity behavior of porous HA during soaking in SBF solution 
for 2 weeks through replica method. The cell attachment 
on porous HA was included in this report to evaluate the 
bioactivity of produced porous HA.

Materials and methods

Materials

Commercial HA powder (Lianyungang Kede Chemical 
Industry Co. Ltd, China) was used as raw material. Banana 
fronds (Musa paradisiaca) were designated as template 
which procured from local market in Pekanbaru, Indonesia. 
The banana fronds (Musa paradisiaca) were cut into 1cm 
in diameter and ± 1.5 cm in height and was dried at room 
temperature for 1 h. Sago starch (Puri Pangan Sejahtera, 
Indonesia) was used as binder. Darvan 821A (Vanderbilt 
Company, USA) was selected as the dispersant agent. Dis-
tilled water (Brataco id, Indonesia) was used as solvent.

Preparation of porous HA scaffold

Fabrication of porous HA bodies was preceded by creating a 
template. The slurry was made by mixing HA, sago starch, 
distilled water, and Darvan821A by using a magnetic stirrer 
at a stirring speed of 350 rpm for 24 h, by varying the com-
position of HA shows on Table 1. The templates (designated 
banana fronds) were then dipped slowly into the slurry using 
tweezers so that the slurry enters the pore and covered the 
templates. Furthermore, templates were dried using an oven 
at 120°C for 2 h. The combustion process was carried out 
using a furnace at 600°C for 1 h to remove organic com-
pounds such as banana fronds and binders. The sintering 
process was carried out at a rate of 3°C/min at temperature 
of 1250°C for 1 h to produce HA scaffold.

In vitro bioactivity test

In this study, SBF was prepared by mixing 0.8 M KCl ionic 
solution (0.5 ml), 2 M NaCl (5.6 ml), 0.54 M NaHCO3 (2.78 
ml), 0.2 M MgSO4.7H2O (0.5 M ml), 52.5 mM CaCl2 (2.5 
ml), 0.77M Tris + HCl (5.0 ml), 1.54 M NaNO3 (1.0 mL), 
and 0.2 M KH2PO4 (0.5 ml). The procedure of the prepa-
ration of SBF solution follows the Kokubo and Takadama 
[15]. Final stage that should be achieved for the preparation 
is pH 7.40 at Temperature 36.5 °C. In vitro test was done 

Table 1   Composition of HA, starch, Darvan821A, and distilled water 
in slurry

*Based on [14]

Run HA (gr) Starch (%) Darvan821A 
(%)

Distilled 
water 
(ml)

1 9* 11 2.5 35
2 10* 11 2.5 35
3 11* 11 2.5 35
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based on modification, each sample was weighed to deter-
mine the mass of each sample before soaking, then put into 
20 mL of SBF solution. SBF solution was taken after 7 and 
14 days then filtered using whatman filter paper Number 
40. The samples were then dried at 60°C until constant and 
weighed using analytical scale.

Characterization

The shrinkage was determined by measuring the volume of 
sample before and after sintering process. The shrinkage was 
then calculated by using Eq. (1)

Vb and Va were sample volumes before and after sinter-
ing. The apparent density of sintered porous HA obtained 
by using Archimedes principles in an Electronic densimeter 
(Alfa Mirage, MD300S model). The theoretical density of 
HA 3.16 g/cm3 was used as reference to calculate total vol-
ume of the fraction of porosity. The compressive strength 
of the porous HA with rectangular shape (10 mm × 10 mm 
× 10 mm) were measured by Universal Testing Machine ( 
Model 5556 Instron Corp., High Wycombe, UK), at a cross-
head speed of 5 mm/min.

Phase analysis was carried out on the porous HA samples 
after sintering by using X-ray diffraction (XRD) analysis 
using Panalytical XRD XPERT POWDER operating from 
10 to 90° 2θ at a step size of 0.026 2θ with CuKa radiation 
(Kα = 0.15406 nm) at 30 mA and 40 kV. Scanning elec-
tron microscopy (SEM: Hitachi-SU 3500) was performed 
to characterize the morphology and microstructure of the 
sintered porous samples and equipped with an energy disper-
sive X-ray spectrometer attachment. The average pore size 
was calculated by using of ImageJ v.151 software. The cal-
cium concentration was measured using atomic absorption 
spectroscopy (AAS) at wavelength 427 nm. Phosphate con-
centration was measured using UV Spectrophotometer. The 
functional groups were determined using Fourier transform 

(1)%Shrinkage =
V
b
− V

a

V
b

infrared spectroscopy (FTIR). For all sample test used one 
sample for each variation of HA 9, 10, and 11 g.

In vitro cell attachment on porous HA

Cytotoxicity characterization was successfully carried out 
using Baby Hamster Kidney cells (BHK21). Stages of cyto-
toxicity testing were initiated by cell culture into 96-well 
plate and incubation with Dulbecco’s Modified Eagle 
Medium (DMEM) medium for 22 to 26 h until a partial 
confluent single layer was formed in the well wall. Then the 
old medium was discarded and replaced with a new 100 mL 
DMEM medium with placement of sample at well. The sam-
ple and the new medium were incubated at 37° C for 24 h.

After the incubation, the medium was removed and rea-
gents were added (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) or MTT as much as 20 μL to the 
well and continued the incubation for 4 h. Then, the MTT 
solution was discarded and the solution was added Dimethyl-
sulfoxide (DMSO) as much as 50 μL. Well was put into the 
shaker so that the cells were spread evenly and continued 
reading the absorbance value with ELISA Reader. This test 
produced the color intensity of purplish blue formazan prod-
ucts due to cell metabolic activity. The absorbance value was 
calculated to see cell viability.

Results and discussion

Body properties of porous HA scaffold

Replica method has been used successfully in the fabrica-
tion of porous HA by using Musa paradisiaca as template. 
Figure 1 shows porous HA before sintering (b) and after 
sintering (c). There were burning and sintering processes to 
produce porous HA after the drying process. Burning step 
aims to eliminate organic components such as dispersant, 
sago starch and banana midrib that were contained in green 
bodies. At burning temperature, the organic components will 
be completely removed [16]. The sintering process aims to 
increase the mechanical strength of the material. During 
the process, porous HA became more compact and the pore 

Fig. 1   a Templates, porous HA 
scaffold. b Before sintering and 
c after sintering
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sizes became smaller during the sintering process thereby 
increasing the strength of the porous HA scaffold [17].

Figure 1a shows the templates are used in the synthesis 
process, while Fig. 1b green bodies before sintering with 
light brown color, and Fig. 1c shows the sintered bodies pro-
duced after sintering with light blue color. After the drying 
process, the resulting green bodies have light brown color. 
This happened because the organic components are oxidized 
during the drying process so that color degradation occurred 
and produced darker color on the green bodies [18]. After 
the sintering process, the organic component that was lost 
during the burning process no longer affected the color of 
the sample so that the color of the sample returned to its 
original color, i.e., white. It has been reported by Yubao 
et al. [19] that most commercial HA powders contained 
small additions of impurities. The origin of the apatite blue 
color was due to the presence of Mn5+ or MnO4

3− ions at the 
PO4

3− sites in the apatite crystal structure. From the research 
result, sintering at high temperature not only increases the 
intensity of oxidation in the oxidizing atmosphere, but also 
provides enough energy for the oxidized manganese ion 
(Mn2+ to Mn5+) to migrate within the crystal lattice.

Structural feature and mechanical properties

During the sintering process of green bodies, shrinkage 
occurred. The linear shrinkage of samples at different 
amount of HA is shown in Fig. 2. By increasing the amount 
of HA, the shrinkage of sintered porous HA decreased. 
Shrinkage of the porous HA decreased from 58.9 to 53.6 
vol% by varying the amount of HA 9, 10, and 11 g. The 
increase of amount of HA caused more solids in the slurry. 
High solids contained in the slurry would reduce shrinkage 
and prevent the occurrence on the surface of ceramic body 
[20].

Shrinkage occurred as the organic substances such as dis-
persant, banana midrib and sago starch were removed. The 
release of organic substances formed pores in the ceramic 

body and caused volume shrinkage [21]. Figure 3 shows the 
density of porous HA as a function of HA amount. It can 
be seen that the density increased from 1.26 to 1.47 g/cm3 
by varying the amount of HA 9, 10, and 11 g. Total amount 
of HA in the slurry played important role on the density of 
porous HA after the sintering process. The total amount of 
sago starch, dispersant and the shape and structure of tem-
plates were kept in same amount by varying the amount of 
HA, the greater amount of HA in the slurry made the porous 
HA being denser [20].

Density played important role in determining the micro-
structure of porous HA. As shown in Fig. 4 and Table 2, 
it can be seen that a decrease in pore size of porous HA 
occurred when the density increased. The average pore sizes 
of porous HA was at the range 71.26–89.13 μm. The more 
HA contained in the slurry, the smaller size of the pore on 
sintered porous HA has smaller size after sintering process.

Increasing of HA amount, the density of the sample will 
increase; it is due to the smaller number of pores formed and 
causes the mass of the porous body to get heavier, simply as 
particles that are densification at high temperatures. In the 
process of sintering the structure of particle material will 
coarsening and unite to form a unity of mass as densification 
process. The densification rate will increase if the tempera-
ture is higher, the pressure is getting bigger, the particle size 
is getting smaller and the sintering time is getting longer. 
The varying in the amount of HA addition of the slurry used 
also affects the pore size. Pore size get smaller as the density 
increases. It is because a small percentage caused the num-
ber of grains that bind to one another to increase. Bonding 
the grain interface causes the compressive strength produced 
from porous scaffolds to increased [22].

Porosity of porous HA increased as the amount of HA 
increased. The porosity obtained in the range 53.5–60.1%. 
The highest porosity was found at the addition of 9 g HA 
which reached 60.1% and the lowest reached 53.481% at the 
addition of 11 g HA. The addition of HA leads the decrease Fig. 2   Shrinkage of porous HA as a function of HA amount

Fig. 3   Density of porous HA as a function of HA amount
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of porous HA porosity as the density increased. The denser 
porous HA, the less the porous HA and the less decrease of 
the porosity. Generally, compressive strength of porous HA 
was strongly affected by the strength of the materials wall 
(struts) and the surface defects of the strut. The strength of 
material wall depends on solid loading ceramic  [23]. The 
increase of HA amount leads to the increase of viscosity of 

the slurry [13]. The increased viscosity of the slurry was 
attributed to the interaction among HA particles, so that the 
compressive strength of porous HA would be increased and 
shrinkage would be decreased. The decreased of shrinkage 
will lead to increases the compressive strength of porous HA 
due to the sample becomes denser after the sintering process 
[17]. The compressive strength did not increase significantly, 
the lower compressive strength in 3.89 MPa in varying of 
9 grams HA loading, and higher 4.0 MPa in varying of 11 
grams HA loading with the porosity decreases from 60.1 to 
53.5% as shown in Fig. 5. A smaller of the porosity caused 
the number of grains that bind to solidify. The interface of 
the increasingly dense grain causes the compressive strength 
of the porous scaffolds to be increased.

Porous HA porosity decreased with the addition of HA 
due to reduced swelling of starch particles in slurry com-
position [24]. Gibson and Asby [25] reported that the com-
pressive strength of porous ceramics will increase with 
decreasing porosity. It can be seen that the porosity affected 
the compressive strength of porous HA. The XRD (X-Ray 
diffraction) analysis was used to determine the phase and 
crystal structure of porous HA. The results of XRD analysis 
data were diffraction peaks that show the phase and com-
pounds that contained in the samples. From Fig. 6, it can be 
shown that all samples only contain HA. It means that there 

Fig. 4   SEM micrographs of porous HA with HA amount: a 9 g, b 10 
g, and c 11 g

Table 2   The average pore size of porous HA measured at different 
densities

σ = standard deviations

HA (g) Density (g/cm3) σ (%) Average pore 
size (μm)

σ (%)

9 1.26 2.2 89.13 12.8
10 1.30 3.7 79.30 23.5
11 1.47 5.9 71.26 25.7

Fig. 5   Compressive strength of porous HA as a function of porosity
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were no impurities in the sample after the burning and sin-
tering process. The samples are in crystallite phase proven 
by the sharp peaks of all samples. The highest peaks were 
achieved at sample with variation of 11 g HA amount and 
the lowest were achieved at 9 g HA amount. The increasing 
of HA amount leads the increase of peaks of samples. The 
increase of peak height shows that the crystal level of the 
sample is greater [26].

From the graph above, the resulting porous HA diffracto-
gram have patterns that similar to the pattern of standard HA 
from the ICDD (International Centre of Diffraction Data) 
data No. 01-072-1243. Samples and standard HA have a 
hexagonal crystal system proven by the crystalline phase 
of the samples and standard HA by the sharp peaks. The 
graph shows that the level of criticism of the sample was 
the same as the level of crystallinity of the HA standard in 
the ICDD data.

In vitro bioactivity

Bioresorbtion test was carried out to determine the concen-
tration of calcium (Ca2+) and in the SBF (simulated body 
fluid) solution before and after 14 days immersion. The con-
centration of calcium in SBF solution before in vitro test was 
3.42 ppm and after 14 days of was found − 13.62 ppm. All 
samples have the same concentration of calcium after 14 
days immersion in their own SBF solution. It is clear that the 
calcium ions decreased significantly after 14 days immer-
sion. The decrease of calcium concentration in the SBF solu-
tion was due to the growth of the apatite layer on porous 
HA [27]. After 14 days of immersion, the precipitation of 

calcium on the samples resulted in the reduction of calcium 
in the SBF solution.

The concentration of phosphate was evaluated for the 
solid phase. Before in vitro test, the phosphate concentra-
tion was 3.55 ppm. After 14 days immersion, the phosphate 
concentration gave different result. For the porous HA 
with a composition of 9 g HA, the phosphate concentra-
tion decreased from 3.55 to 0.9 ppm. Whereas, the porous 
HA with the composition of 10 and 11 g HA has increased 
phosphate concentration from 3.55 ppm to 6.85 ppm and 
8.24 ppm respectively. From Fig. 7, it can be seen that the 
highest increasing of phosphate concentration was achieved 
by porous HA with 11 g HA amount. It showed that porous 
HA with 11 g HA amount has higher bioactive properties 
and faster growth of apatite layer compared to porous HA 
with 9 and 10 g of HA amount.

HA scaffolds after sintering were initially negatively con-
tents on their surface, and joined with positively charged 
Ca2+ ions in SBF. As a result, amorphous calcium phos-
phate which is rich in Ca is formed in porous HA. When 
Ca2+ ions accumulate, porous HA becomes positively 
charged on its surface and reacts with negatively charged 
phosphate ions. Thus, amorphous calcium phosphate which 
has a low Ca level is formed which is then changed to be 
more stable, namely crystalline apatite such as bone [28].

FTIR (Fourier transform infrared spectroscopy) analysis 
aims to identify the functional groups contained in the sam-
ples. The functional groups were identified are OH, CO3

2-, 
and PO4

−3. The OH− and PO43
− are the main functional 

group of HA. The strectching vibrations characteristic of 
C-O bond was identified as carbonate (CO3

2-) group.
From Fig. 8, it can be seen that the OH− group with 

the more intense intensity of %transmittance was found in 
the porous HA with the composition of HA 9 and 11 g at 
3572.32 cm−1. Sample with 10 g HA showed the strongest 
bond of OH− group with less

Fig. 6   The XRD patterns of samples with the amount of HA: a 9 g, b 
10 g, and c 11 g

Fig. 7   Changes in phosphate concentration in SBF solution before 
and after 14 days immersion



Journal of the Australian Ceramic Society	

1 3

%transmittance and shorter wavelength. The C-O bond 
was found only at sample with HA amount 9 and 10 g at 
1464 and 1481 cm−1 respectively. The PO4

−3 group was 
found within 1085–600 cm−1. The strongest bond of PO4

−3 
group was found at sample with HA amount 11g.

The result of FTIR analysis after 14 days of immer-
sion is shown in Fig. 9. The functional OH− group was 
found at 3572.32 cm−1, C-O bond at 1412–1653 cm−1, 
and PO4

3-group at 600–1085 cm−1. The strongest bond 
of OH− group was obtained by 9 g HA. The C-O bonds 
were found more intense than after 7 days of immersion. 
It means that more carbonate group was identified after 
14 days of immersion due to the more precipitation of 
carbonate on porous HA. The strongest bond of PO4

−3 
group was found at sample of 11 g HA. This result proven 
by phosphate concentration that shows the highest increase 
of phosphate concentration after 14 days of immersion was 

achieved by sample with 11 g HA (Fig. 7). All samples 
have less %transmittance of OH− and PO4

3− groups than 
samples after 7 days of immersion. It shows that more 
apatite layers have been produced on porous HA after 14 
days of immersion.

The biodegradation test was performed to determine 
the level of endurance how long porous HA can last 
before being degraded if it was implanted into human 
body. Table 3 shows biodegradation during the immer-
sion time in the SBF solution which caused the sample 
weight decreased. After 7 days of immersion, sample 
with 11 g HA has the highest mass reduction. This hap-
pened because the more HA contained in sample, the 
faster the release of calcium from sample into SBF solu-
tion during the immersion time. It was contrast after 14 
days of immersion. Sample with 11 g HA has the lowest 
mass reduction which was the mass reduction reduced 

Fig. 8   FTIR analysis after 7 days immersion of HA amount: a 9 g, b 
10 g, and c 11 g Fig. 9   FTIR analysis after 14 days immersion of HA amount: a 9 g, b 

10 g, and c 11 g
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from 1.53 to 1.3 %mass after 14 days of immersion. In 
this period, the

phosphate and calcium starts precipitated on porous 
HA. It was proven by the FTIR result that more phosphate 
contained in the sample with 11 g HA. Meanwhile, sample 
with 9 and 10 g HA has increased the mass reduction. The 

high of biodegradation rate indicates that the precipitation 
rate from solution to porous HA was lower than the release 
of calcium from the sample into solution. This biodegrada-
tion behavior seems to be a weak point, considering the 
culture periods of bone tissues [13].

Figure 10 shows the morphology of porous HA at HA 
amount 9, 10, and 11 g after immersion in the SBF solu-
tion for 7 and 14 days.

The results of SEM analysis after in vitro test for 7 days 
of immersion on porous HA with the amount of HA 9, 10, 
and 11 g (Fig. 10a, b, and c respectively) showed a change in 
the growth of apatite crystals on porous HA. Meanwhile, the 
results after in vitro test for 14 days of immersion showed 
that there was more apatite crystal growth than 7 days of 
immersion. This can be seen in Fig. 10d–f for 9, 10, and 11 
g of HA amount respectively. The more soaking time for 
samples in SBF solution, the more apatite layer produced 
on the surface of each sample [29].

Table 3   Mass reduction after 7 and 14 days of immersion

σ = standard deviations

HA (g) Time (days) Mass reduction (%) σ (%)

9 7 1.4 0.64
14 2.27 1.44

10 7 1.45 0.36
14 1.51 0.49

11 7 1.53 1
14 1.34 1.21

Fig. 10   Microstructure of 
samples after soaking in SBF 
solution for a–c 7 days and d–f 
14 days
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In vitro cell attachment on porous HA

Based on the results of the cytotoxicity test using the MTT 
method, HA has a viability value of 80.299%. The results 
show that the cell viability values were above 70% so that 
they can be categorized as non-toxic material [30]. This 
value is in accordance with the theory that HA is the main 
constituent of bone that has non-toxic properties to the 
human body [31]. The results show that there are no impu-
rities that cause a decrease in viability. In addition, due to 
the nature of HA which has many pores, it can facilitate 
the distribution of cells and nutrients thereby increasing 
the number of living cells in bone cells [32].

Conclusions

Porous HA have been successfully fabricated by using 
Musa paradisiaca as template. Porous HA was obtained 
with shrinkage 53.6–58.9%vol, density 1.26–1.47 g/cm3, 
porosity 53.5–60.1%, compressive strength 3.89–4.00 
MPa, and pore size 71.26–89.13 μm. Variation of HA 
amount 9, 10, and 11 g does not affect the result sig-
nificantly. Each sample has a bit different on the result 
of each other. All samples are accepted as the implant 
candidates according the physical properties. It was 
confirmed that Musa paradisiaca is able to become a 
pore former by replica method that gives well result 
physically

The in vitro test shows that the samples are biocom-
patible according to their bioresobtion and biodegradation 
rate results. From FTIR result, it was clear that the longer 
the immersion time, the more carbonate and apatite pre-
cipitated on porous HA. The viability value of 80.299% 
confirmed that samples are non-toxic material and able 
to be implanted into human body. The variation of HA 
amount 9, 10, and 11 g did not affect the in vitro test result 
significantly as many as the result according to physical 
properties.
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