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1- Introduction

Nowadays, using bioactive ceramics for repairing
damaged tissues has received much attention. One group
of bioceramics used to repair damaged tissues, especially
hard tissues, is calcium phosphates. Hydroxyapatite (HA)
is a form of calcium phosphates with a low rate of
reactivity and adsorption in the body environment.
Bioactive glasses, which have antimicrobial properties
and a high ion release, can be used as a sintering aid to
solve the sintering problems of HA containing bodies.
Adding bioactive glass to the HA scaffold can reduce the
final sintering temperature and improve the biological
properties of the scaffold.

The scaffold created with HA and borate bioactive
glass is a more promising candidate than silicate bioactive
glass for regenerating both soft tissues and hard tissues.
Borate glass has several advantages over silicate glass,
including a faster conversion rate into HA in the body
environment, sintering at a lower temperature, and
angiogenic properties due to the presence of boron. The
present study focuses on the preparing of the porous
scaffolds containing different weight percentages of
HA/borate glass nanoparticles. Study objectives include
reducing sintering temperature, increasing mechanical
properties, controlling ion release, and enhancing the
bioactivity of scaffolds.

2- Experimental

1. Amorphous borate compound synthesis

All raw materials, including calcium nitrate, magnesium
nitrate, potassium nitrate, sodium nitrate, boric acid,

phosphoric acid, and glycine, were dissolved in the least
possible amount of water to synthesize amorphous borate
compound. The final solution was synthesized at different
temperatures.

2. HA synthesis

HA nanopowder was synthesized using the solution
combustion method. Briefly, an aqueous solution of
calcium nitrate, glycine, and ammonium phosphate was

prepared and heated at 330 °C.

3. Preparation of HA/ borate glass composition

Borate glass and HA nanopowders were mixed at
different weight ratios. Then, to obtain proper porosity in
the scaffold and adhesion between the particles in green
bodies 0.04 g of 3.33 wt.% gelatin solution was added to
the mixture. Subsequently, the mixture was pressed into
disks and sintered at different times and temperatures
(Table 1) to find the most favorable condition.

Borate glass powder was characterized using MTT
assay, x-ray diffraction analysis (XRD), and particle size
analysis (PSA). To study the scaffolds, XRD, inductively
coupled plasma optical emission spectroscopy (ICP-
OES), field emission scanning electron microscopy
(FESEM) and diametral tensile strength test (DTS) were
conducted.

3- Results and Discussion

1. Amorphous borate compound

The XRD results of the synthesized glass powders in the
presence of glycine as fuel are shown in Figure 1.
Contrary to the samples synthesized at 200 °C (G200) and
300 °C (G300), the sample synthesized at 400 °C has an
amorphous nature (G400). The diffraction pattern of the
sample which has been calcined at 700 °C (G700)
indicates that the sample has a crystalline phase.

The mean values of particle size and particle size
distribution of the G400 are demonstrated in Figure 2. The
G400 powder has a particle size ranging from 20 to 40 nm
based on the synthesis method.

Table 1. Sample codes, T: sintering temperature, and t: sintering time.

Tandt
600°C,1h | 650°C,0.5h | 650°C,1h | 700°C,0.5h | 700 °C,1h
HA wt.%
20 20H-600-1 20H-650-0.5 20H-650-1 20H-700-0.5 20H-700-1
50 50H-600-1 50H-650-0.5 50H-650-1 50H-700-0.5 50H-700-1
80 80H-600-1 80H-650-0.5 80H-650-1 80H-700-0.5 80H-700-1
100 100H-600-1 100H-650-0.5 100H-650-1 100H-700-0.5 100H-700-1
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Figure 2. Particle size distribution of the G400 sample.
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Figure 3. MTT results of the G400 sample.

The results of the MTT test for the G400 sample at
different concentrations on the fibroblast cells (3T3) are
shown in Figure 3. The results indicate that this sample is
not toxic and contributes to more cell proliferation than
the control group.

2. Composite scaffolds
According to Figure 4, DTS results show that with
increasing the borate glass content, sintering time and

temperature, the tensile strength will increase.
Consequently, the sample with 20 wt.% HA, which was
sintered at 700 °C for 1 hour (20H-700-1), accounts for
the highest tensile strength (4.87 + 0.02 MPa).

Strength (MPa)

Sample code

Figure 4. DTS results of the scaffolds.

The XRD patterns of the samples containing 20 wt.% HA
are depicted in Figure 5. The graph illustrates the
transition of the crystalline structure to an amorphous
structure by increasing the sintering temperature. This
might be due to the formation of borate glass viscous flow,
which covers the HA crystals. The reason is that the borate
glass is stable up to approximately 650 °C.

Figure 5. XRD patterns of the scaffolds with 20 wt.% HA.

FESEM images shown in Figure 6, explain that the HA
crystals are covered by an amorphous phase.
Additionally, crack path observation suggests brittle
fracture within the samples.
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Figure 6. FESEM images of the 20H-650-1 sample.

Table 2. ICP results of the 20H-700-1 sample.

lons Ca* Na* Mg?* K* BOs* | PO
Concentration (PPM) | 118.73 | 2465.89 | 53.16 | 624.79 | 61.94 | 19.59
* 1 Hydroxylapatite (Refcode, 9%6-900-2214)
3 I
0|
™ 20H-700-1
2 25 % 35 40 45 S0 8 s M 15 W
28 (Degrees)

Figure 7. XRD pattern of immersed sample in SBF after 7 days.

Moreover, Scaffolds were immersed in simulated
body fluid (SBF) for 7 days. The results indicate that the
release of Ca®* ions and their reaction with PO,* ions
from the SBF solution leads to HA nucleation and growth,
which is in accordance with XRD results (Figure 7). By
comparing different ion concentrations in this study
(Table 1) with other works, it can be concluded that the

scaffold has a higher ion release than the HA scaffold and
a lower ion release than borate glass fibers.

4- Conclusion

XRD pattern and particle size analysis show that the G400
sample has an amorphous nanostructure, in addition,
biological assays explain the positive effects of this
sample on fibroblast cells (3T3). To fabricate a scaffold,
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which can bond to both hard and soft tissue, G400 and HA
powders were mixed and sintered. XRD patterns depict
that with increasing the sintering time and temperature,
the crystalline structure transforms into an amorphous
structure. The highest tensile strength belongs to the 20H-

700-1 sample. FESEM images reveal the effect of borate
glass as a sintering aid, which covers HA particles and
binds them together. The ICP results show the controlled
ion release of the scaffolds. Furthermore, HA was the only
phase formed on the scaffold after immersion.
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