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layer, which is one of the principal constituents of bone, can form on the surface of
these biomaterials, leading to chemical bonding between the implant and natural
bone tissue. Another important application of bioactive glasses is their use as drug
delivery carriers. By loading antibiotics onto bioactive glasses used in damaged
tissues and enabling controlled drug release, potential infections at the implantation
site can be prevented. In the present study, a bioactive nanocomposite composed of
bioactive glass and titanium dioxide nanotubes at concentrations of 5% and 15% was
synthesized using the sol-gel method. Subsequently, the bioactivity, morphology,
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based on the formation of a hydroxyapatite layer on the sample surfaces. The results
of the in vitro bioactivity test confirmed the bioactivity of all synthesized samples.
Results: Among the prepared samples, the nanoglass containing 5% titanium dioxide
nanotubes exhibited superior performance. This sample also demonstrated the
highest efficiency in the drug-loading test.
Conclusion: The results of the present study indicated that both synthesized samples
possessed bioactive properties. Furthermore, following drug-loading experiments, it
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stage of synthesis appears to be the optimal composition in terms of improving
mechanical properties such as fracture toughness.
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Extended Abstract

Introduction

Bone and cartilage defects resulting from trauma, degenerative diseases, tumors, or congenital abnormalities represent a
major clinical challenge in orthopedic and reconstructive medicine. Conventional treatment approaches, including
autografts and allografts, are often associated with limitations such as donor site morbidity, limited availability, risk of
immune rejection, and postoperative complications. As a result, the development and application of advanced
biomaterials, including implants and tissue engineering scaffolds, have gained increasing attention as effective
alternatives for bone and cartilage regeneration. An essential requirement for successful bone substitute materials is their
ability to bond chemically with surrounding natural bone tissue. Bioactive materials are distinguished by their capacity
to induce the formation of a biologically active hydroxyapatite layer on their surface when exposed to physiological
environments. Hydroxyapatite is a primary inorganic constituent of natural bone, and its formation on implant surfaces
facilitates strong interfacial bonding between the biomaterial and host tissue. Among bioactive materials, bioactive glasses
have demonstrated excellent osteoconductive properties, biocompatibility, and the ability to stimulate bone regeneration
through controlled ion release. In addition to their bone-bonding capability, bioactive glasses have attracted considerable
interest as multifunctional platforms for drug delivery applications. Implant-associated infections remain a serious
concern in orthopedic surgeries and can significantly compromise clinical outcomes. The localized delivery of therapeutic
agents, particularly antibiotics, using bioactive materials offers a promising strategy to prevent postoperative infections
while minimizing systemic side effects. Drug-loaded bioactive glasses can provide controlled and sustained release
profiles, ensuring effective drug concentrations at the implantation site over extended periods. Recent advances in
nanotechnology have further expanded the potential of bioactive materials by incorporating nanostructured components
to enhance their biological and mechanical performance. Titanium dioxide (TiO2) nanotubes have emerged as attractive
nanomaterials due to their high surface area, chemical stability, favorable biocompatibility, and ability to improve cellular
responses. Moreover, TiO: nanotubes can enhance drug adsorption and loading efficiency, making them suitable
candidates for drug delivery systems in bone tissue engineering. Combining bioactive glass with titanium dioxide
nanotubes in the form of a nanocomposite may synergistically improve bioactivity, drug-loading capacity, and mechanical
properties. The sol-gel synthesis method is particularly advantageous for fabricating such nanocomposites, as it allows
precise control over composition, homogeneity, porosity, and particle size at the nanoscale. Therefore, the objective of
the present study was to synthesize a bioactive nanocomposite composed of bioactive glass and titanium dioxide
nanotubes at concentrations of 5% and 15% using the sol-gel method. The synthesized nanocomposites were
systematically characterized in terms of their in vitro bioactivity, surface morphology, particle size distribution, crystalline
structure, and drug-loading capability. By evaluating the influence of TiO2 nanotube content on these properties, this study
aims to identify an optimal nanocomposite composition for potential applications in bone tissue engineering and localized
drug delivery systems.

Methods

In vitro bioactivity testing was performed by immersing the samples in simulated body fluid (SBF) for a period of 28
days, and bioactivity was evaluated based on the formation of a hydroxyapatite layer on the sample surfaces. The results
of the in vitro bioactivity test confirmed the bioactivity of all synthesized samples.

Results
Among the prepared samples, the nanoglass containing 5% titanium dioxide nanotubes exhibited superior performance.
This sample also demonstrated the highest efficiency in the drug-loading test.

Conclusion

The present study investigated the synthesis, bioactivity, and drug-loading performance of bioactive nanocomposites
composed of calcium phosphate—based bioactive glass reinforced with titanium dioxide (TiO:) nanotubes at different
concentrations. The findings demonstrate that the incorporation of TiO: nanotubes into the bioactive glass matrix can
significantly influence the biological, structural, and functional properties of the resulting nanocomposites, highlighting
their potential applicability in bone tissue engineering and localized drug delivery systems. The in vitro bioactivity
assessment confirmed that all synthesized samples exhibited clear bioactive behavior, as evidenced by the formation of a
hydroxyapatite layer on their surfaces following immersion in simulated body fluid. This observation indicates that the
presence of TiO: nanotubes, regardless of their concentration, did not compromise the inherent bioactivity of the base
glass system. The ability of the nanocomposites to induce hydroxyapatite formation suggests their suitability for effective
bonding with natural bone tissue, which is a critical requirement for successful orthopedic and dental implant materials.
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Drug-loading experiments revealed notable differences between the nanocomposite formulations. Among the investigated
samples, the nanocomposite containing 5% TiO2 nanotubes exhibited the highest drug-loading capacity. This enhanced
performance can be attributed to the optimal balance between surface area, porosity, and structural accessibility provided
by the lower concentration of nanotubes, which likely facilitated more efficient drug adsorption. These results suggest
that incorporating a moderate amount of TiO2 nanotubes can significantly improve the drug delivery potential of bioactive
glass-based systems, making them particularly suitable for applications requiring localized and controlled release of
therapeutic agents, such as antibiotics to prevent implant-related infections. In contrast, the nanocomposite containing
15% TiO-2 nanotubes demonstrated superior structural characteristics from a mechanical standpoint. Analysis of X-ray
diffraction (XRD) patterns indicated improved crystallinity and structural reinforcement in this sample, which are
commonly associated with enhanced mechanical properties, including fracture toughness. The higher nanotube content
appears to contribute to more effective stress transfer and crack-bridging mechanisms within the composite structure,
thereby improving resistance to mechanical failure. Such properties are especially important for load-bearing applications
where mechanical stability is essential. Overall, the results of this study highlight a clear trade-off between drug-loading
efficiency and mechanical reinforcement depending on the TiO: nanotube concentration. While the 5% TiO- nanotube
nanocomposite is more favorable for drug delivery applications due to its superior loading capacity, the 15% TiO:
nanotube formulation appears to be the optimal choice for applications requiring enhanced mechanical performance.
These findings underscore the importance of tailoring nanocomposite composition based on the specific clinical
requirements. Future studies should focus on evaluating the in vivo performance, long-term drug release behavior, and
mechanical durability of these nanocomposites under physiological conditions. Nonetheless, the present work provides
valuable insights into the design of multifunctional bioactive nanocomposites with tunable properties for advanced
biomedical applications.
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