Femtosecond laser surface engineering of biopolymer ceramic scaffolds coated with ZnO by low temperature ALD method
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Tissue engineering and regenerative medicine have become the standard field for replacing organ and tissue loss or failure resulting from injury and other types of damage which happen to be major human health problems. In fact, not quite long ago, the use of bone tissue or organ transplantation was severely limited by donor shortage. Current use of drug therapy, surgical reconstruction and medical devices are always available but they tend to exhibit problems, such as incapability of replacing all the functions of the damaged or lost bone tissue. Among the recent technologies in the multidisciplinary field of tissue engineering or regenerative medicine, use of various types of scaffolds is the key component. Scaffolds are the best materials for restoring, maintaining and improving tissue function. They play a unique role in repair and more importantly regeneration of bone tissues by providing a suitable platform, permitting essential supply of various factors associated with survival, adhesion, proliferation and differentiation of cells. Scaffolds can be made up of synthetic or absorbable, naturally occurring, biological, degradable or non-degradable polymeric and/or ceramic materials. These scaffolds act as a support structure for the cell attachment and growth into tissues and must have adequate mechanical and anti-inflammatory properties. Hydroxyapatite (HAp) is a mineral naturally found in bones and is used for fabrication of dense and porous bioceramics. Zirconia (ZrO2) has excellent chemical and dimensional stability and mechanical strength. Chitosan (Ch) is a natural biopolymer with high biocompatibility, antimicrobial activity and superior affinity to proteins. It is recognized that the behavior of the cell adhesion, proliferation, and differentiation on materials depends largely on surface characteristics such as wettability, chemistry, charge, rigidity, and roughness. Femtosecond laser-assisted method for surface processing is a promising method since it is non-contact, with high degree of reproducibility, does not require chemical agents, it can create various nano- and micro-structures with increased roughness. Laser processing allows the fabrication of precise well-defined patterns. By employing femtosecond laser radiation, the mechanical properties remain unchanged after the laser treatment. 
Atomic layer deposition (ALD) is a type of chemical vapor deposition, with precursor delivery in a sequential manner. Separation of precursors in time leads to only surface reactions which result in layer by layer deposition. That leads to conformal deposition on structures with complex 3D shape and accurate controlling thickness of the layer. Possibility to perform some synthesis processes at low temperatures allows to deposit on biomaterials without their degradation. Low temperature ALD with ZnO provides high antibacterial efficiency of the surface processed.
In this study both surface modification methods described above were applied on biopolymer ceramic composites based on Ch/Hap/ZrO2, in order to monitor their complementary impact on the scaffolds properties for improving/ optimizing their application in bone tissue engineering. The microstructured scaffolds were investigated by SEM, EDX, XPS analyses. Such combined modification of bone tissue scaffolds can essentially improve bioactivity properties of hybrid organic-inorganic biomaterial.
