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ABSTRACT

Development of bioactive ceramic composite scaffold materials with enhanced mechanical strength has been a topic of
great interest in bone tissue engineering. In the present study, -tricalcium phosphate scaffolds with various amounts of
bredigite and an interconnected pore network suitable for bone regeneration were fabricated by the space holder
method. The effect of high concentrations of bredigite on the structure, mechanical properties (compressive strength),
and in vitro bioactivity was investigated. According to the results, immersion in simulated body fluid (SBF) led to the
apatite formation on the surface of the scaffold, but increasing the bredigite content caused the agglomeration of the
bredigite phase at the grain boundaries and deteriorated the mechanical properties.

Keywords: Tissue engineering, B-tricalcium phosphate, Bredigite, Porous scaffold, Space holder method.

1. INTRODUCTION

Bone tissue has a composite structure, hence it is
very common to combine two or more different
biomaterials to produce a “synergistic effect” in
the overall resulting properties and improve the
mechanical and biological properties of a scaffold
[1]. In this research, the P-tricalcium phosphate
(B-TCP)-bredigite (Bre) nanocomposite was
employed as a bioactive ceramic to fabricate bone
scaffolds. B-TCP  bioceramic has  great
biodegradability, but low mechanical properties
that limits its use for load-bearing applications.
An approach to resolve this limitation is to
fabricate the composite scaffolds with B-TCP as a
matrix [2]. Recently, magnesium-containing
silicate ceramics such as bredigite, have been
introduced as one of the best choices for bone
tissue engineering as a result of its excellent
bioactivity and better mechanical properties than
B-TCP [3]. In this study, after synthesizing -TCP
and bredigite powders, B-TCP/ bredigite porous
scaffolds with different percentages of bredigite
were made by space holder method and the

*: m.rajabi@nit.ac.ir

mechanical and biological properties of these
scaffolds were evaluated.

2. MATERIALS AND METHODS

2.1 Preparation of powders and scaffolds

All chemicals were purchased with an analytical
grade from Merck company. B-TCP powder was
synthesized by solid-state reaction [4] and
bredigite powder was prepared via sol-gel
method [5]. The space holder method was used
to make [B-TCP/bredigite scaffolds. In this
technique, NaCl with a particle size range of
300420 pm was used as the spacer. B-TCP and
bredigite powders were combined in three ratios
of 75-25 [B-TCP/25Bre], 65-35 [B-TCP/35Bre],
and 55-45 [B-TCP/45Bre], and then mixed with
NaCl with a ratio of 85:15 in weight. The powder
was pressed at 100 MPa in a cylindrical form
with 10 mm in diameter and 15 mm in height.
The samples were then sintered at 1200°C for 3 h
by a heating rate of 2°C/min. Finally, the
samples were immersed in distilled water for 24
h to remove NaCl particles.
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Figure 1. XRD patterns of the scaffolds containing
various bredigite contents

Scanning electron microscopy (SEM) was used to
investigate the microstructures of the scaffolds. X-
ray diffraction (XRD) was applied to determine
the phase components. The compressive strength
of the sintered scaffolds was determined using a
Hounsfield H50KS universal testing machine at
room temperature with a crosshead speed of 5 mm

min',

2.3 Apatite forming ability

To evaluate the bioactivity of the engineering
scaffolds, the sintered B-TCP/25Bre scaffold was
soaked in simulated body fluid (SBF) solution at
37°C for 28 days.

3. RESULTS AND DISCUSSION

3.1. Characterization of the scaffolds

The XRD patterns of the scaffolds (Figure 1)
showed all characteristic peaks of B-TCP and
bredigite without the presence of impurities. With
increasing the amount of bredigite in the pB-
TCP/bredigite composite, the intensity of
bredigite peaks became sharper. SEM images of
B-TCP/xBre scaffolds with different amounts of
bredigite are presented in Figure 2. According to
the SEM images, porous scaffolds with
interconnected pores of a typical size range of
200—600 um have been formed. The pores could
provide an excellent environment in which bone
tissue ingrowth and body fluid exchange can
easily take place [6]. According to the images, as
the bredigite phase increases, the pore size
decreases to some extent.

Figure 2. SEM images of: a) B-TCP/25Bre, b) p-
TCP/35Bre, and c) B-TCP/45Bre scaffolds

3.2. Mechanical characterization

The compressive strength of the samples
increased with increasing the bredigite content up
to 25 wt.%. Further increase in bredigite content
to 45 wt.% reduced the strength of the scaffolds.
The ultimate compressive strength of the -
TCP/25Bre, B-TCP/35Bre, and B-TCP/45Bre were
obtained 2.7, 2.1, and 2 MPa, respectively. This
data was entirely in the range of the spongy bone
compressive strength (0.2 to 4 MPa). Bredigite
acts as a filler in the composite and decreases the
curing temperature and enhances the mechanical
properties [7]. Reduction of compressive strength
with a further increase in the amount of bredigite
is related to the agglomeration of the bredigite
phase within the grain boundaries, which works as
a crack initiation site.

3.3. In-vitro Dbioactivity of p-TCP/25Bre
scaffold

SEM micrographs of the B-TCP/25Bre scaffold
after 28 days of immersion in SBF solution are
shown in Figure 3. The surface of the pores has
been covered with bone-like apatite. It has been
reported that silica encourages nucleation and
growth of the bone-like apatite layer on the
surface of the bioactive composites [8].

4. CONCLUSION

B-TCP composite scaffolds containing different
bredigite contents (25, 35, 45 wt.%) were
fabricated by the space holder method. The
scaffolds had a homogeneous microstructure with

Journal of Advanced Materials in Engineering, Vol. 40, No. 3, Fall 2021 96



Mofid Nakhaee et al.

Synthesis and Evaluation of Mechanical and ...

el

Figure 3. a) SEM imagesof B-TCP/ZSre scaffold
after 28 days immersion in SBF b) higher
magnification of (a)

interconnected pores of spherical type. The mean
pore size of the scaffolds varied in the range of
200-600 um. The compressive strength of the [3-
TCP/25Bre scaffold was approximately twice of
the pure B-TCP scaffold and equivalent to the
trabecular bone. However, adding more bredigite
reduced the compressive strength due to the
agglomeration of bredigite phase at the grain
boundaries. Result of the bioactivity test indicated
that after immersion in SBF, apatite-like layer was
covered the surface of the scaffold. According to
the results, adding bredigite into p-TCP
bioceramics may be an effective method for the
preparation of bioactive scaffolds.
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