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Bioceramic Bone Scaffolds for Tissue Engineering 
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Abstract: Tissue engineering is a new field that made rapid advances. Tissue engineering eliminates re-
operations by using biological substitutes that allow native cells to grow. Scaffolds and its properties play
important role for success of this technique. Porous calcium phosphate ceramics (mainly hydroxyapatite
(HA) and tricalcium phosphate (TCP)) with interconnected macro-pores (~ 100 to 500 μm) as well as high
porosities (~ 80%) were prepared by a new method at different temperatures  giving a scaffold could be
used in different situations. we present a simple, direct lithographic method to fabricate this scaffold. In
order to improve the mechanical properties such as compressive strength and compressive modulus and
maintain the desirable bioactivity carboxymethyl-celleulose (CMC) is added forming a composite structure.
The CMC made the porous calcium phosphate ceramics proved to be bioactive and exhibited compressive
strengths up to 18MPa and compressive modules up to 6 GPa which were comparable to those of natural
bones. The obtained complex porous bioactive/ biodegradable composites could be used as tissue
engineering scaffolds for high load bearing applications. This composite scaffold can be satisfied with the
basic requirement for tissue engineering, and has the potential to be applied in repair and substitute of
human menisci of the knee-joint and articular cartilage.

Key words: Bone scaffold, elastic, lithographic, mechanical properties, porous.

INTRODUCTION

Tissue engineering (TE) as a new discipline has
made rapid advances. Tissue engineering, as a potential
medical treatment, holds promises of (a) eliminating re-
operations by using biological substitutes, (b) using
biological substitutes to solve problems of implant
rejection, transmission of diseases associated with xeno-
grafts and allografts, and shortage in organ donation,
(c) providing long-term solutions in tissue repair or
treatment of diseases, and (d) potentially offering
treatments for medical conditions that are currently
untreatable [1]. So, Tissue engineering is attracted field
for Scientifics. Development of suitable biodegradable
materials and scaffolds for seeding cells is the key of
Tissue engineering. Cellular structures are numerous in
nature. They often provide an optimum balance
between lightweight and mechanical performance. Bone
is a porous composite with such an interesting structure
exhibiting as well gradients of density and anisotropic
properties [2].

For bone tissue engineering, it is necessary to
control of porosity and pore characteristics of scaffolds,
mechanical strength of scaffolds, scaffold degradation
properties, and bioactivity of scaffolds. For better
scaffolds used in bone tissue engineering, a composite
strategy can therefore be adopted [11]. 

Ceramics/Polymer-based scaffolds serve two

purposes: (a) make the scaffolds osteoconductive, and
(b) reinforcing the scaffolds. Biodegradable polymers
and bioactive ceramics are being combined in a variety
of composite materials for tissue engineering scaffolds
with many techniques for composite strategy [3]. An
ideal bone scaffold should have good mechanical
property and be degradable, as well as proper pore size
and porosity which can match with the growth of cells
and bone tissue [4]. 

HA/b-TCP ceramics are the most material used in
scaffolding due to their effective in bone repair and
regeneration than pure HA or pure b-TCP, and the
ability to control the degradation rate [5-10]. In our work,
we used a new method to develop usable scaffolds for
in many purpose for bone tissue engineering. We used
HA/b-TCP ceramics and a polymer to prepare porous
scaffolds with high compressive strength and toughness
of the scaffolds. B-TCP is chemically stable and has a
fairly fast bioresorption rate [11]. TCP is regarded as an
ideal bone substitute, which would degrade in vivo with
time, allowing bone tissue to grow inside the scaffold
[12], [13]. It is reported that the resorbability of _TCP in
vivo might be strongly related to its structure [14] while
HA degrades slowly in vivo and may take years to be
resorbed [15]-[17].

So, by controlling contents of HA and b-TCP
enhances the scaffold properties.
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MATERIALS and METHODS

In this work HA/b-TCP and polymer were used to
manufacture a scaffold .this scaffold could be used for
cartilage and bone by simple method. Both scanning
method and mechanical tests were done for
characterization  according to plan in fig. 1.

A. Materials: Diammonium hydrogen phosphate
powder (NH4)2PO4, Calcium nitrate Ca(NO3)2 
powder , ammonium Solution  NH4OH, Carboxy
Methyl Cellulose CMC ,Poly Carbonate Filter paper 
were provided by El gomhoria Co.A.R.E all purchased
Chemicals  used without manipulation and Eighteen
ohm water was obtained from a Millipore unit present
in Helwan University, Cairo Egypt.

B. Sample Preparation:
1- Synthesis of Nano – hydroxyapatite Particles,
Hydroxyapatite was prepared using chemical
precipitation method.0.6M of (NH4)2PO4 were added to
DI water to make a 500 ml solution of diammonium
hydrogen phosphate. 500 ml of 1 M calcium nitrate
solution was prepared by dissolving in DI water. The
pH of the solution was adjusted to 11 by addition of
NH4OH. White precipitates of hydroxyapatite were
formed by adding the diammonium hydrogen phosphate
solution into the calcium nitrate solution by dropping
under constant stirring for an one  hour. The solution
was reflux for one hour and aged for one day. The
precipitates washed with DI water and  dried at 800oC 
for another day then calcinated at 800 oC for one hour.
2- Synthesis of Nano –tricalcium Phosphate
(TCP),Tricalcium phosphate was prepared using
chemical precipitation method. Solution containing
0.4M of (NH4)2PO4 was added to calcium nitrate
solution containing 0.6M of Ca(NO3)2 _ 4H2O to make
1000ml of solution. The pH of the solution was
adjusted to 10 by addition of NH4OH. White
precipitates were formed solution aged for one day.
The precipitates washed with DI water and ethanol
dried at 80 oC for another day then the temperature
increased to 300 oC for three hours. The dried powder
was milled and calcinated at 900 oC for two hours. The
process of preparation is shown in Fig. 2. 
3- Synthesis of Nano-composite Scaffold, TCP/HA
scaffolds were prepared using special lithograph. HA
was added to TCP with ratio 3:2. The powder was
added to different weights of PVA (5, 10 and20 wt %) 
PVA solution to make ceramic slurries with different
ratio of powder (10, 15 and 20%). 25% CMC solution
was prepared and drops was added to mixture. The
slurries were cast into a lithograph mould. Moulded
sample was sintering at different temperatures. By
controlling sintering temperatures, elasticity of samples
changed. Fig. 3 shows the preparation method of
scaffold. 

CHARACHTERISATION of SCAFFOLD: A bio-
scaffold interface must necessarily meet a variety of
demanding and coupled requirements, such as
biocompatibility and biodegradability of the materials
[19], chemo-mechanical properties [20],[21] and
morphological characteristics [22],[23].

The prepared particles were analysed and imaged
by transmission electron microscope.  The porosity,
mechanical properties and roughness were determined.

A. Particles and scaffold  Imaging: The prepared
particles were imaged by transmission electron
microscope.

Scaffold sample were imaged via scanned electron
microscope.  The samples were mounted on cupper
stubs and coated with gold using coated sputter (S150A
Edward, England). The specimens then were examined
under JXA-840A electron probe micro analyser
(Jeol,Japan). 

B.  Porosity Measurements: Porosity of scaffold was
measured by applying Archimedes’ principle. Dry
weight and volume of sample was taken denoted by V0

and D, respectively. Then samples were kept inside a
beaker filled with kerosene and it was kept inside
desiccators for half an hour [18]. Then suspended as
well as soaked weight of samples was taken and noted
as S and H. Finally, the porosity of the sample was
calculated using the following equations P = (S _D)/(S-
H).

Density of sample was measured based on the
formula: Bulk density= (D* q)/(S-H) and relatively
density= [bulk density/ theoretically] *100 where q
represents the density of dehydrated alcohol. Three
parallel samples were carried out for every scaffold and
the mean value of the porosities of different scaffolds
was given. Porosity = 1- Relative density, Density of
kerosene = 0.81 g/cc and theoretical density of HA
equal 3.16 g/cc. 

C. FTIR Spectroscopy Analysis: FTIR data are
analysis with (FTIR Schimadzu 8201, USA), IR spectra
were taken in range of 400 cm-1 to 4000cm-1. It gave
more information about interaction between the n HAP
and TCP and polymer phases, i.e. the interaction
between the ca+2 and po3-4 groups of n HA  and coo-
2 and OH groups of poly vinyl Alcohol. 

D. Mechanical Test: The compressive strength was
tested for the three concentrations of HA and b-TCP
with a Test-metric universal testing machine (AG-
10AT, Japan) with a compression strength at  rate of
0.5 mm/ min_ at a room temperature of with a relative
humidity of 15 percent until 50% reduction in
specimen height. 

The scaffold was cut into blocks with a size of 10 
12mm. Three parallel samples were tested for every

1713



J. Appl. Sci. Res., 6(11): 1712-1721, 2010

scaffold and the mean value of the compressive
strength of different scaffolds was measured. The
average data of the test results are plotted . The elastic
modulus was calculated as the slope of the initial linear
part of  curve. 

E.  Roughness Determination: Roughness of scaffolds
was measured using pock-surf (Federal). By measuring
roughness, adhesion degree for scaffold is determined.
So, cell adhesion different from sample to other.  

Results and Analysis:

A.  Particles Imaging: The prepared particles were
imaged by transmission electron microscope. For TCP,
the particles as shown in Fig. 4 were in range of  200
to 300 nm. HA particles were less than 50nm.

B. Scanning Electron  Microscopy (SEM) Analysis:
Scanning electron microscopy (SEM) images show of
the scaffold shows high porosity and good
interconnection between pores. The pore size range is
from 50 to 600 micrometer as shown in Fig. 5.

Interconnected pore structure is important to bone
in-growth and interface support. The micro-porous
structure is beneficial to capillary in-growth, nutrient
transport and biological properties. Concentration of
powder affects on porosity level. The interconnectivity
due to liquid phase separation is in the order of several
hundreds of micrometers. Compared to the
interconnectivity due to the crystallization of solvent
these canals are much more suitable for cell ingrowths.

C. Porosity Measurements: Porosity of samples for
different powder concentrations was measured. It is
found that Porosity of scaffold was in range of 39 to
47.5 at surface. It is found that porosity of scaffold
doesn’t change significantly with particle concentration
increases from 15 to 20%. But, it is more porosity with
concentration 10 than it in 15% concentration. Fig. 6
shows  the relation between  porosity and concentration
of powder.

D.  Mechanical Property Analysis: Fig.7 shows the
relation between the powder concentration and strength
of scaffold. The strength increases with increasing
HA/TCP concentration. The compressive strength
reached over than 2o MPa for elastic scaffold and
18MPa for rigid one. The composite cement showed
the ability to self-reinforce during setting in humid
condition. Being lyophilic composite, increasing the
powder concentration cause a reduction in porosity. As
porosity decreases, strength of sample increases.
Increasing the powder concentration causes increasing
the strength of green body which turn increases the
fired strength. From Strength-strain curve for scaffold
in Fig. 8, the modulus of elasticity is high with respect
to other available scaffold. 

E. FTIR Spectroscopy Analysis: The FTIR spectra of
all this samples show typical peaks of phosphate
vibration at 1030 cm-1, OH bands at 3431.71 cm-1.
THE COO- ,C=O and alc group offer site  for n HAP
through binding or chelating oppositely charged ions
,calcium and phosphate, resulting in formation of n HA
on the surface of poly vinyl alc network. This usually
happen at Ph 11-14. In fact, Ca +2 ions couple with
coo- through electrostatic or polar interaction. The
absorption bands at 1390.42 cm and 941.092 are co3
existing in the apatite. Peaks for co3 vibration mode
appeared  at 615.181, 540 and 1390.42. This is
indicating that the n HAP crystals formatted on the
surfaces of polyvinyl alc network, but the po4 site of
nHAP structure were partially substituted by co2-3
groups. Abroad OH stretching band sintered around
3431.71 and minor CH stretching band at 2924.52 cm
are characteristic of poly vinyl alc in polymer matrix. 

In addition much of absorpance between 1600 and
1400 was adsorption of poly vinyl alc onto HAP/TCP
polymer. A set of strong c-o stretching band between
941.092 and 1030.77 is a characteristic of pure poly
vinyl alcohol. The FTIR spectra of n HAP/TCP
composite in Fig. 9 shows no significant absorbencies
in these regions. This may be due to domination of
poly vinyl alcohol adsorption on the surface of
HAP/TCP and the nano- hap/TCP interaction. On other
hand, it also indicates the complete blending of
HAP/TCP and poly vinyl alcohol. FTIR of HA and
TCP particles are shown in Fig. 10 and Fig. 11.Fig. 9. 

FTIR Spectroscopy analysis of scaffold.Fig. 10.  
FTIR  Spectroscopy analysis of TCP particles.Fig. 11. 
FTIR  Spectroscopy analysis of HA particles .

F. Roughness Determination: Surface roughness of
samples shows high values and gives indication of
good adhesion degree for cells. 

In Fig. 11. It has been found that, roughness
increases as powder concentration increases. The
roughness is higher in rigid scaffold than that of elastic
one due to evaporation process. Fig. 12 illustrates the
relation between roughness and powder concentrations. 

Conclusion: Currently, there are a number of strategies
for developing bone tissue engineering scaffolds. The
composite strategy provides a means for achieving
stronger and bioactive scaffolds as compared to
conventional polymer scaffolds. In scaffold, with a
range of porosity (45% and more), pore diameter (80-
00 μm) and compressive strength (6-20 MPa) was
obtained by varying the powder contents. The
concentration of nano-particles affects the pore size,
porosity,
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Pore inter connectivity as well as strength of
scaffold.For proper tissue growth, the minimum
diameter required for the pore is 100 μm. This scaffold
is one of the great potential candidates as scaffolds for
bone tissue engineering.
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Fig. 1: Plan of work.

Fig. 2: Chemical route for HA and TCP powder preparation.
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.

Fig. 3: Schematic diagram for Scaffold preparation method.

Fig. 4: TEM images for HA and TCP particles.
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Fig. 5: SEM image for the implemented Scaffold.

Fig. 6: Porosity determination for different powder concentrations.

Fig. 7: Compression and powder concentration.
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Fig. 8: Strength-strain curve for scaffold.

Fig. 9: FTIR Spectroscopy analysis of scaffold.
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Fig. 10: FTIR  Spectroscopy analysis of TCP particles.

Fig. 11: FTIR  Spectroscopy analysis of HA particles .
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Fig. 12: Roughness for rigid and elastic scaffolds at different concentrations.
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