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This research aims to develop an innovative biomaterial for manufacturing
customized bone fixation plates via 3D printing, particularly suited for
orthognathic surgery. The developed material will consists of a biodegradable
polylactic acid (PLA) matrix blended with ceramic fillers and specialized
copolyesters derived from natural compounds. To boost its biocompatibility and
osteoconductivity, the filler's surface will be functionalized using amino-
functionalized silane (APTES). The manufacturing process leverages fused
deposition modeling (FDM) technology to achieve highly customized implants
tailored to individual patient anatomy. Mechanical evaluations are anticipated
to demonstrate excellent strength and stiffness, suitable for load-bearing
clinical applications. Additionally, rigorous in vitro studies are planned to
confirm the outstanding biocompatibility of the material. Ultimately, this new
biomaterial holds significant potential to innovate and substantially advance
orthopedic surgical practices.
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Experimental

The experimental process begins with the synthesis of a novel copolyester from
epoxidized soybean oil (ESO), mannitol (MA), sebacic acid (SA), ricinoleic acid
(RA), and citric acid (CA). The chemical structure and composition of the
synthesized copolyesters are verified through Nuclear Magnetic Resonance
(NMR) spectroscopy. We successfully synthesized six different copolyesters by
varying the ratios of these components.Subsequently, the synthesized
copolyesters were effectively blended with biodegradable polylactic acid (PLA).
However, the addition of 10% copolyester resulted in a 5% reduction in the
elastic modulus. To address this, various fillers were tested to improve
mechanical properties, including calcium carbonate modified with tetraethyl
orthosilicate (TEOS), nano fiber cellulose modified with silicon, and bioactive
glass modified with amino-functionalized silane (APTES).Through this process,
we discovered that increasing nano fiber cellulose content decreased both the
elastic modulus and hardness. The calcium carbonate filler increased hardness
but raised concerns about the brittleness of the material. Bioactive glass at a
concentration of 1% exhibited optimal properties, significantly enhancing
mechanical performance.Following these optimizations, the composite material
was processed into filaments suitable for fused deposition modeling (FDM) 3D
printing. Customized bone fixation plates were fabricated based on patient-
specific anatomical designs using these optimized composite filaments.The
mechanical performance of the fabricated plates was evaluated through
comprehensive testing methods, including tensile, bending (flexural),
compression, fatigue, and shear strength assessments. Additionally, rigorous in
vitro biological analyses, such as biocompatibility assays, cell adhesion tests,
and osteoconductivity evaluations, were conducted to confirm the suitability of
the composite material for clinical orthopedic applications.
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Results and Discussion

We successfully synthesized six copolyesters by varying the component ratios of
epoxidized soybean oil (ESO), mannitol (MA), sebacic acid (SA), ricinoleic acid
(RA), and citric acid (CA). The synthesized copolyesters were effectively blended
with PLLA; however, adding 10% of the copolyester resulted in a 5% decrease
in the elastic modulus.To improve the mechanical properties, we tested
different fillers, including calcium carbonate modified with tetraethyl
orthosilicate (TEOS), nano fiber cellulose modified with silicon, and bioactive
glass modified with amino-functionalized silane (APTES). Increasing the nano
fiber cellulose content led to a reduction in both elastic modulus and hardness.
Calcium carbonate improved hardness but increased the brittleness of the
material. The best mechanical properties were observed with bioactive glass at
a concentration of 1%, resulting in optimal elastic modulus and hardness
values.
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It is important to note that this study is currently ongoing, and comprehensive
characterization of the synthesized materials is still being performed. Further
testing and analysis are required to validate the initial findings and fully
establish the mechanical and biological properties of the developed
composites.
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