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Optimization of the Process Parameters of Antibacterial Bioactive
Glass/Polycaprolactone Composite Scaffold Printed by 3D Method
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! Department of Mining and Metallurgical Engineering, Yazd University, Yazd, Iran
2Faculty of New Technologies of Medical Sciences, Isfahan University, Isfahan, Iran

ABSTRACT

In this study, a 3D bioactive glass composite scaffold containing 2 mol% silver/polycaprolactone (PCL) was
synthesized by a 3D printer with the advantages of reproducibility and high flexibility in shape and size. The effective
parameters (printer parameters, ratio of glass-phase, polymer phase, and solvent in printer ink) were determined for
printing of nanocomposite scaffold by Taguchi method. Characterization of printed scaffolds was performed using X-
ray diffraction, scanning electron microscope, infrared spectroscopy, bioactivity test, atomic emission spectroscopy,
toxicity test, and cell proliferation. The results related to the synthesis of silver-containing bioglass by sol-gel method
and heat treated at 550°C offered nanoparticles with an average diameter of less than 15 nm and a homogeneous
distribution of silver in the matrix. Ratio of polymer phase to glass powder equivalent to 0.5, concentration of polymer
in solvent of 50%, retraction of 1.5, and drive gear of 1200 are obtained as the optimum conditions for scaffold printing
with acceptable quality (percentage, size and distribution of holes, regular structure of layers, and repeatability). The
fabricated scaffold in optimal conditions revealed significant antibacterial properties, good bioactivity, acceptable cell
viability, and high ALP activity. 3D printed BG/PCL nanocomposite scaffolds with macro (up to 500 um) and micro
size of holes and porosity percentage up to 64% in the structure can be a promising candidate for bone tissue
engineering.

Keywords: Bioactive glass, Bone scaffold, 3D print, Antibacterial, Sol-gel, Polycarolacton.
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autograft

allograft

xenograft

osteoinduction

osteoconduction

simulated body fluid (SBF)
polycaprolactone (PCL)
escherichia coli

9. osteoblast

10. 3D- printing

11. fused deposition modeling (FDM)
12. robocasting13ink

13. carboxymethyl cellulose (CMC)
14. collapse

15. Taguchi method

16. tetraethyl orthosilicate (TEOS)
17. calcium nitrate tetrahydrate

18. silver nitrate

19. triethyl phosphate

20. chloroform

NN RO =

21. penicillin

22. streptomycin

23. Sigma-Aldrich

24. drive geer

25. retraction

26. in-vitro

27.1in-vivo

28. osteosarcoma

29. Dulbecco’s modified eagle medium
30. fetal bovine serum (FBS)
31. streptomycin

32. staphylococcus

33. alkaline phosphatase

34, staphylococcus bacteria
35. alkoxy group

36.image

37. filament

38. elongation at break

39. phenotype
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