Design of femtosecond microstructured Poly Lactic Acid temporal cellular scaffolds coated with Hydroxyapatite by PLD method
for bone tissue regeneration
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Temporary biocompatible and degradable cell scaffolds - the new tool of tissue engineering in the face of personalized medicine are emerging as one of the most powerful approaches for guided self-regeneration of injured, diseased or malfunctioning bone tissues. These structures serve as mechanically stable supporting platforms for patient’s own cells attachment and proliferation and are gradually displaced by the newly formed bone tissue in an absolutely natural way. Femtosecond laser surface modification is a non-thermal and precisely controlled cell scaffold surface optimization technique, which does not change the chemical composition of the processed material, while finely tunes its topography properties, like wettability, charge, roughness and porosity. Due to its biocompatibility, biodegradability, mechanical stability and strength, poly-lactic acid (PLA) is gradually being established as a basic biomaterial in the design of temporary tissue engineered bone cell matrices. It represents a thermoplastic polyester of lactic acid, a natural non-toxic metabolic product, subject to carboxylic acid degradation pathway in the body. On the other hand, Hydroxyapatite (HA), the form in which calcium phosphate is naturally found in bones, is known for its osteoconductive properties and it is a key component in forming stable connection between the implants and the surrounding tissues, as it makes strong bond with them.
The aim of the present study is to create porous PLA-based temporal cellular scaffolds with specifically designed topographical orientation by means of femtosecond laser-induced microstructuring, additionally functionalized with thin layer of HA for application in bone tissue engineering. For this purpose, CPA Ti:sapphire fs laser system (τ =150fs, λ = 800 nm, ѵ=0.5 kHz) was used for surface modification of PLA samples at fluence F= 0.8 J/cm2 and scanning velocity V=3.8mm/s. A nanometric layer of HA was deposited on the patterned PLA matrices by pulse laser deposition (PLD) method for cell scaffolds surface additional functionalization. In order to monitor their complementary impact on the PLA scaffolds properties, both surface laser structuring and PLD were applied on the 2D PLA samples. Each laser processed PLA scaffold was analyzed in respect to control and laser processed surface, covered with HA. The multilevel structured scaffolds were investigated by SEM, EDX, 3D profilometer, AFM, and WCA analyses. Preliminary cell viability studies with MG-63 osteoblastic cell line were also performed. Moreover, the cellular behavior was compared with the one, seeded on Chitosan/Hydroxyapatite spin-coated fs microstructured PLA temporary cell scaffolds. Disordered spreading on smooth surfaces to a tendency of cell orientation and elongation along the laser created grooves was monitored. The results obtained show that such combined methods find application for functionalization of the bone PLA scaffolds, and can essentially improve the bioactivity properties of the as created microstructured PLA-hydroxyapatite nano designed hybrid cell matrices and their subsequent practical application in engineering of personalized bone tissue.
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