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Abstract  The present project primarily aims to investigate the effect of synthesis method of the bioactive
glass powder on the flowability and structural stability of the pastes from it. In this study, 45S5 bioactive glass
was synthesized by melting and sol-gel methods. The rheological properties, injectability, washout resistance,
and behavior of calcium phosphate deposition formation in the simulated body solution after 21 days were
investigated using UV-visible spectroscopy, inductively coupled plasma atomic emission spectroscopy, and
scanning electron microscopy. Finally, the cytotoxicity test was carried out, and its dependence on the
concentration of the ions released from different pastes was evaluated. The bioactive glass powder prepared
through the melting method was non-porous with a specific surface area of about 3 m?g"' while the powder
prepared by the sol-gel method was porous with a specific surface area of about 12 m?g”". The values of the yield
stress, viscosity, and thixotropy in the paste prepared by the sol-gel glass were higher than those of the sample
prepared by melting method, and the injection force increased by about five times. Use of sol-gel glass led to the
formation of pastes with lower washing resistance and for this reason, the dissolution and release rate of the ions
from the paste containing sol-gel glass was higher than those of the same sample with molten glass. Increasing
the specific surface area of the powder led to faster formation of the apatite layer on the surface of the samples;

however, the rate of cell proliferation decreased due to the high concentration of ions in the environment.
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1. INTRODUCTION

With the development of non-invasive surgeries, the
need for injectable materials has been increasingly felt
in recent years. Injectable pastes are used in the cases
where accessibility to the defect is limited or made
possible through a narrow path. In case the damaged
area is irregular in shape, the injectable pastes are
required for accurately replacement [1].

In the previous research [2], the composite paste
consists of bioactive glass and polycaprolactone
microspheres as the drug carriers that was introduced as
a successful injectable system. Considering that
different glass synthesis methods affect the physical
characteristics, this research aims to investigate and
compare the flow properties, structural stability, and
bioactivity of the pastes prepared from bioactive glasses
based on the melting and sol-gel methods. So far, the
effect of different parameters such as type and
concentration of the liquid phase, particle size of solid
phase, solid-to-liquid ratio, chemical composition, and
additives on the properties of injectable pastes has been
investigated. In this research, the effect of the synthesis
method of bioactive glass powder on the stability and
injectability of the resulting paste will be studied.

2. MATERIALS AND METHODS

Bioactive glass 45S5 with the chemical composition
of 45 wt % Si0, 24.5 wt % CaO, 24.5 wt % Na,O and
6 wt % P,Os was prepared through melting (M-BG) and
sol-gel (S-BG) methods. The morphology of the glass
particles was studied using a scanning electron
microscope. The specific surface area of the powder was
measured through the absorption and desorption curves
of nitrogen gas through the BET method at the
temperature of 77 K. Then, 60 wt % of bioactive glass
powder (M-BG or S-BG) and 40 wt % of PCL
microspheres were mixed with 4 % w/v sodium alginate
aqueous solution at the fixed solid-to-liquid ratio of 2.5
g/m to prepare an injectable paste.

The rheological properties of the pastes were
investigated in the static state using MC-R300 Anton
Paar rheometer with parallel flat plates at room
temperature. The required force for injection was
generated by a mechanical test device (SANTAM STM-
20). In vitro assessments were done to check the stability
of the paste in Simulated Body Fluids (SBF), and the
ability of the apatite formation was investigated based
on the XRD, FTIR, and SEM analyses. The amount of
sodium alginate released from the composites was
measured using a  UV-visible spectrometer
(PerkinElmer Lamda25 Us). Variations in the
concentration of Ca and Si elements in the SBF solution
were measured during 21 days using inductively
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coupled plasma atomic emission spectroscopy (ICP-
AES ARL 3410).

3. RESULTS AND DISCUSSION

Melt-derived bioactive glass powder was non-porous
with a specific surface area of 3.8 m?g"! while the porous
sol-gel bioactive glass powder was reported to be porous
with a specific surface area of 11.908 m?g™!.

Both pastes exhibit thixotropy behavior and the
amount of thixotropy can be estimated considering the
hysteresis loop area. The paste prepared from the sol-gel
glass (S-BG) has larger area than that prepared through
the melting method (M-BG). Here, the viscosity
decreases with an increase in the shear rate; for this
reason, the pastes exhibit shear thinning behavior. The
viscosity and yield stress values of S-BG are higher than
those of M-BG mainly because the porosity affects the
permeability of the powder, which is a measure of the
plasticity of the paste. The required force to inject the
S-BG paste is quite high (about 206 N), which is
unreasonable for surgeries, while only 93 % of the paste
can be injected. Upon using the melt-derived glass, the
injection force will be reduced by 45 N that facilitates
the injection of all the paste.

Structural disintegration occurs in the S-BG paste over
time, and the particles of the paste have been separated,
however, it did not happen in M-BG paste. The amount
of the released sodium alginate from the S-BG paste is
more than that in M-BG paste. Since the washout
resistance of these pastes depends on the presence of the
sodium alginate phase, which acts as a carrier in the
composite composition, the lower stability of the S-BG
paste can be attributed to the faster removal of sodium
alginate phase.

The results of the ICP test indicated that the release
amount of calcium ion into the environment is higher in
S-BG paste than that in others. The difference in the
release rate depends on the physical properties of the
powders, higher specific surface area, and higher
dissolution rate. As a result, calcium phosphate

precipitation and apatite crystallization happen faster on
the surface of the paste containing sol-gel bioactive
glass. Consequently, a layer with a spherical
morphology consisting of nano-sized crystallites can be
detected in the SEM images that can be attributed to
hydroxyapatite.

The rate of cell proliferation in the vicinity of the
S-BG is lower than the cell growth in the vicinity of the
M-BG sample, given the essential role of the Ca and Si
ions in the proliferation of bone cells and their limited
concentration in the culture medium.

4. CONCLUSION

In the present research, the sol-gel glass powder
proved to be more porous with a higher specific surface
area than the melt-derived glass; hence, their resulting
paste was characterized by higher yield stress, viscosity,
and injection force than its counterpart. The paste
prepared through the sol-gel glass had a higher
degradation rate and less structural stability due to the
fast release of sodium alginate and ions; however, its
apatite formation ability is better than that of the paste
containing melt-derived glass.
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! Inductively Coupled Plasma-Atomic Emission Spectroscopy
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! X-Ray Diffraction
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