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ABSTRACT

Research on the synthesis of collagen-hydroxyapatite (HA) composite scaffold as a bone replacement
biomaterial using the freeze-drying method was carried out. Synthesis of this composite scaffold was
carried out with freezing time variations of 2, 4 and 6 h at -80°C. Scaffold freeze-drying results were then
characterized to determine the pore size of the scaffold by conducting SEM tests and osteoinduction
properties through osteoblast cell differentiation test. Freezing time variation resulted in pore size variation
in collagen-HA composite scaffold with pore size more than 100 µm. Increased pore size had an influence
on the speed of the osteoblast cell differentiation process.
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INTRODUCTION

Good synthetic bone graft is acceptable to the
body (biocompatible). In addition, it must be
beneficial for the process of osteoconduction
(guiding reparative growth of natural bone),
osteoinduction (encouraging differentiated cells
into active osteoblasts), and osteogenesis (living
bone cells in bone graft material that contribute
to bone remodelling). Osteoconductive and
osteoinductive are the most important for
resorbable biomaterials to direct and encourage
the formation of tissue growth (Chen et al.,
2017). Whereas osteoconductive and
osteointegration of bone graft is related to the
level of porosity and pore size (Canillas et al.,
2017).
The process of forming pores in bone graft can
be done through the method of sintering or
freeze drying. Freeze-drying method is widely
used in the formation of bone composite pores
because it does not damage cells as happened
in the sintering method. The key in macropore
synthesis using this method is to freeze the
material quickly under vacuum to avoid the
formation of ice crystals that cause damage.
In preliminary research conducted by Siswanto
et al. (2019), synthesis of collagen-HA
composites using the freeze-drying method
showed that the greater the pore size, the higher
the cell viability. Thus, changes in pore size
are expected to influence osteoblast cell

differentiation as well. So, the composite scafold
pore size is an important factor for bone grafts.
The presence of pores of a certain size allows
for osteogenic cell migration and vascular
growth (Eltom et al., 2019). Pores with a
diameter range of 200-400 µm will support the
invasion of blood vessels and will induce
proliferation, migration and differentiation of
osteoblasts in the pore. High macroporosity can
increase bone formation, but values higher
than 50% can cause loss of mechanical
properties of biomaterials (Laurencin and
Jiang, 2018).

MATERIALS  AND  METHODS

The coral used was fosillized coral because this
type of coral had higher calcium content than
marine coral. Coral was washed and cleaned
to remove dirt then coral was dried to reduce
water content. The dried coral was then
crushed manually until smooth and then
milling using HEM (High Energy Milling) for
20 h. Then the Particle Size Analyzer (PSA) test
was performed to determine the particle size.
To eliminate impurities, calcination at 900°C
was observed using XRD (X-Ray Diffraction).
Collagen was extracted from broiler chicken
paws. The chicken paws used were from
chicken meat sellers at the Pucang market in
Surabaya Indonesia.
Synthesis of collagen-hydroxyapatite



composites by freeze-drying method was
started by mixing collagen and hydroxyapatite
with a ratio of 20 : 80. Before the two
ingredients were mixed, collagen and
hydroxyapatite were dissolved first to get a
homogeneous mixture. Hydroxyapatite was
dissolved with phosphoric acid with a ratio of
hydroxyapatite : phosphoric acid that was 1: 4.
The hydroxyapatite solution and the neutral
collagen solution were mixed while stirring
slowly. A mixture of hydroxyapatite collagen
was inserted into a cylindrical tube.
Furthermore, freeze drying at -80°C with a
variation of freezing time of 2, 4 and 6 h
conducted to form varying pore sizes and
porosity.

RESULTS  AND  DISCUSSION

PSA test on coral that had been milling for 20
h showed that the distribution of particle size
was in the range of 20-50 nm with the highest
percentage of 32.69 nm (Fig. 1). The XRD
observation results of the hydroxyapatite
formed are shown in Fig. 2. Search match
analysis of XRD data of Fig. 2 was carried out
using the Match! ® Program and the percentage
of calcium phosphate hydroxyapatite was 95.3
and--TCP (-tricalcium phosphate) was 4.7%.
Pore formation in collagen-HA composite
scaffold was carried out by the freeze-drying
method. The pore size obtained was according
to the freezing time variation and the pore size
was identified through SEM (Scanning Electron
Microscope). In this research, SEM test was
carried out on three samples according to the
variation of freezing time, which were 2 h, 4 h
and 6 h (Table 1). The results of SEM
observations are shown in Fig. 3.
Freezing time of 6 h produced the largest pore,
while in the freezing time 2 h produced the
smallest pore (Table 1). In the freeze drying

method, the freezing process formed ice crystals
from the solvent. The solvent was then removed
by reducing the ambient pressure through a
vacuum so that the solvent was sublimated from
the solid phase to the gas phase. When the
solvent had been sublimated, it left pores in the
scaffold. Pore size was adjusted by freezing rate.
If the freezing process was carried out quickly,
pores were small, as ice crystals were not fully
formed. Meanwhile, the long freezing process
produced perfect ice crystals so that the
resulting pore size was large. Therefore, it was
concluded that the longer the freezing time the
larger the pore size.
Pore size has an important role in cell
migration, attachment and cell growth rate in
vitro. Some cell types tend to be attached to
the scaffold if the scaffold pore size was larger
than the cell size. According to Eltom et al.
(2019)  research the minimum pore size of the
scaffold needed for bone regeneration was at
least 100 µm. Scaffold which had a large pore
size provided optimal facilities for ce ll
attachment, proliferation and distribution
(Sohn and Oh, 2019). Large pores reduced cell
aggregation around the outer surface of the
scaffold and encouraged cell proliferation and
migration to the center of the scaffold.
Meanwhile, small pores caused ce ll
aggregation on the outer surface of the scaffold
so that the diffusion of nutrients and cell waste
disposal was inhibited. The results of the three
samples were proven to have a pore size
suitable for bone growth that was greater than
100 µm.
Collagen-HA composite  scaffold as aFig. 1. PSA test of coral powder after 20 h of milling.

Fig. 2. Hydroxyapatite XRD spectrum synthesized
from coral.

Table 1. The pore size of collagen-ha composites

Freezing time of samples

2 h 4 h 6 h

Pore size (µm) 117-127 91.7-176 118-230
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biomaterial in bone tissue engineering must
be osteoinductive and osteoconductive so that
cell differentiation test on osteoblast cells was
done on day 3. Differentiation of osteoblast cells
was characterized by the presence of osteocyte
cells. Osteocytes were non-bermitotic bone
cells and were the end result of osteoblast
differentiation. Identification of osteoblast cell
differentiation that was cultured was carried
out morphologically after cells were stained
with Alizarin red staining. This staining
detected calcium deposits produced by bone
cells so that bone cells appeared red (Ceriana
et al., 2014). Osteoblast cells and osteocyte cells
were distinguished in terms of colour, shape
and size (Liu, 2015). Cell differentiation test
results are shown in Fig. 4.
Mature osteoblasts were osteoblast changes
before differentiating into osteocytes. Figs. 4b
and 4c show that mature osteoblasts absorbed
more red colour than young osteoblasts,
because Alizarin red staining detected
osteocalcin (OCN) which was a component of
bone cell mineralization. Osteoblasts at this
stage differentiated into osteocytes or
underwent apoptosis.
Osteocyte cells were the result of differentiation
of mature osteoblast cells. Osteocytes are

shown in Fig. 4d. One marker of osteocytes
that distinguished between osteoblasts and
osteocytes was the presence of cytoplasmic
protrusion. This protrusion was also called
canaliculi. Canaliculi was a dendritic of
cytoplasmic osteocytes that connected
between lacuna and between the cytoplasm of
osteocytes. Canaliculi was important as a
supply pathway for nutrition and oxygen from
blood capillaries to osteocytes.
Based on the results of osteoblast cell
differentiation test, pore size on scaffold
influenced osteoblast cell differentiation. It was
shown that there was a transition from young
osteoblasts to mature osteoblasts on collagen-
HA composite scaffold with freezing time of 2
and 4 h. Meanwhile, a scaffold with a freezing
time of 6 h was thought to indicate the presence
of osteocyte cells which showed the
differentiation of osteoblast cells. Observation
of osteocyte cells was indicated by the presence
of cytoplasmic extending shown in Fig. 4d.
Therefore, it was concluded that the larger pore
size accelerated osteoblast cell differentiation.
However, in this study it cannot be ascertained
that the cells designated in Fig. 4d were
osteocyte cells because the microscope
magnification used was smaller than the

Fig. 3. Composite SEM results with freezing time (a) 2 h, (b) 4 h and (c) 6 h.
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Fig. 4. Osteoblast cell differentiation test results (a) cell control, (b) 2 h, (c) 4 h and (d) 6 h.

magnification used in previous studies so that
it was difficult to analyze the cytoplasmic
extending of osteocytes. In addition, this study
has several obstacles so the osteoblast cell
differentiation test was carried out only on day
3 because osteoblast cells isolated from bone
mice cannot survive more than three days.
Therefore, the differentiation test was only be
done on day 3.

CONCLUSION

Pore size in collagen-HA composite scaffold
influenced osteoblast cell differentiation. This
was shown in the change of young osteoblasts
into mature osteoblasts in scaffold with
freezing time of 2 and 4 h. It was also suspected
the presence of osteocyte cells in the scaffold
with a freezing time of 6 h. Therefore, it was
concluded that the larger the pore size, the
faster the osteoblast cell differentiation
process.
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