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Dental caries is a chronic disease that persists worldwide, with a significant
impact on the elderly population who are particularly vulnerable to disease and
infection. This disease is caused by acid-producing bacteria that demineralize the
subsurface of teeth, resulting in carious lesions, which are a clear indication of the
disease. To minimize the occurrence of caries lesions in patients at higher risk, glass
ionomer cement (GICs) has been recommended as the first choice for dental
restoration due to its potential to release fluoride. However, the conventional GICs
have been produced by melt-quenching method with extremely high production
temperatures resulting in loss of composition and air pollution. Hence, this study
aimed to enhance the bioactivity and antibacterial properties of glass ionomer
powder through the low-temperature sol-gel method, with the goal of reducing the
incidence of carious lesions in dental caries disease.

The investigation started with an analysis of the sol-gel synthesis conditions
to find the optimal condition for the ionomer glass including water to precursor ratio
(Rw), pH, calcination temperature, type of fluoride source, and ageing process. It was
followed by the optimization of the glass composition, focusing on Al,O3 and P,0s.
Various factors were also explored to improve the properties of SGICs, including the
use of ZnO doping, and the addition of SrFA and SrBGF nanoparticles. In addition to
investigating improvements, this study utilized advanced characterization techniques
including X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), X-ray

photoelectron spectroscopy (XPS), synchrotron-based X-ray absorption spectroscopy



(XAS), and micro computed tomography (microCT) to thoroughly analyze structural
changes and their corresponding properties.

The finding in this study showed that the conditions used for synthesis
played a key role in the obtained glass structure and properties of SGICs. An increase
in ALO; in the glass formula enhanced the compressive strength of SGIC, while an
increase in P,0; content led to prolonging the setting reactivity and lowering
compressive strength of the cement. ZnO dopants were incorporated to improve
antibacterial properties but had an adverse effect on setting time and compressive
strength, which could be optimized by calcination temperature. SGIC modified with
SrFA and SrBGF nanoparticles effectively improved the compressive strength,
bioactivity, and cytocompatibility of SGIC. However, SrFA inhibited fluoride uptake,
and SrBGF did not improve the antibacterial properties of SGIC. These findings
provide insights into the design and development of GICs with improved properties

for dental and orthopedic applications.

=T 4
School of Ceramic Engineering Student’s SigNBLURE .. lugfelilad  ocriisenr
Lf;v /6’ %ma&/
Academic Year 2023 Advisor’s Signature ........ T A R s



