Surface Modification for bioactivity improvement of Polyetheretherketone (PEEK) via Femtosecond Laser Microprocessing
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The increasing prevalence of orthopedic disorders and technological advances have significantly improved the design and functionality of orthopedic implants and have carved the way for the growth of the orthopedic implants market. Materials used in the design and production of bone implants include metals, ceramics, polymers, and their composites. Among polymers, polyetheretherketone (PEEK) and its composites have been employed as biomaterials for trauma, cranio and maxillofacial, orthopedic, and spinal implants. Due to its strong biocompatibility and mechanical properties, PEEK has become a main competitor to metallic implants, still used as a gold standard in bone tissue engineering. However, the chemical inertness is the main reason explaining the poor osseointegration and fixation of PEEK implants to the recipient bone tissue. Recent development in surface micro- and nanostructuring by ultra-short femtosecond laser-induced surface processing suggests the high potential of the method to tailor surface roughness, and as a consequence - precisely-controlled wettability. The interplay between wettability and surface roughness is the basis of achieving enhanced osteointegration of the implants as the femtosecond laser processing approach provides a unique tool to produce micro/nano-rough surfaces, with improved interface adhesion characteristics. High precision and tunability of the laser radiation parameters provide a possibility for creating diverse micro and nano surface designs, resembling an effective and green alternative to the developed chemical methods by offering permanent surface structuring without residual toxicity.  Due to ultra-short irradiation periods and ultra-high intensities applied, the created structures have such advantages as precise control over surface roughness and wettability, processing accuracy, and reproducibility. The main research goal of this work is to apply and study laser-induced micro/nano surface modification of PEEK for enhanced osseointegration. To achieve this, developing of various texturing designs of PEEK surface interfaces via femtosecond laser modification is performed. Detailed morphological and chemical evaluation of the obtained results is carried out (by means of SEM, EDX, XRD, 3D profilometer and WCA analyses) and preliminary biological evaluation of the structured PEEK substrates is done. The results obtained show that the created ultra-short laser surface designs of the bone PEEK implants can essentially enhance their bioactivity properties, which could improve osteointegration capacity of the as created micro/nano structured PEEK scaffolds in engineering of personalized bone tissue.
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