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Abstract 
 

The sol-gel coating technology is a versatile method to produce thin films which integrates the sol-

gel process with a deposition technique. The sol-gel method is a wet-chemical technique used to 

produce glass and ceramic oxides at relatively low-temperature through the hydrolysis and 

condensation reactions of inorganic metal salts or metal-organic compounds in an alcohol-water 
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solution. Therefore, the process leads to the transition of a system from a colloidal solution (the 

“sol”) into a solid “gel” [1,2]. The sol-gel method has attracted growing attention due to the several 

advantages, such as high chemical homogeneity and purity of the obtained products due to the use of 

pure raw materials in solution, flexibility, reproducibility, automation and the possibility of 

controlling/tailoring the chemical structure and microstructure of the obtained materials. Moreover, 

it is easily coupled to some deposition techniques, such as dip, spin and spray coating allowing the 

production of pure, homogeneous and functionalized coatings which are successfully proposed in 

several applications [1,2]. The present work aims to outline an overview of the sol-gel coatings use 

in the biomedical field and, in particular, of the employment of the sol-gel coating technology for the 

surface modification of metal implants as a strategy to extend their lifetime in the long-term. The 

aggressive bio-environment, indeed, can induce the early implant failure entailing device 

replacement surgery with considerable risks for patients and a significant burden for health-care 

systems [2]. The implant lifetime can be limited by the onset of several problems, such as wear and 

corrosion phenomena, low in tissue integration, adverse reactions of the immune system, biofilm 

formation or mechanical, chemical, tribological, surgical, manufacturing and biocompatibility 

problems [2]. Sol-gel coatings application on implants has been successfully proposed for hindering 

such processes leading to implant failure. Their use for the improvement of the bioactivity and 

biocompatibility of the metal devices is reported in many works [2]. Sol-gel materials indeed can 

induce the enhancement of the integration process by the stimulation of the hydroxyapatite 

nucleation due to hydroxyl groups present on the coating materials, as well as to the materials 

mesoporosity and, thus, their large specific surface area [3]. Moreover, the low processing 

temperatures make the sol-gel an ideal technique to synthesized organic-inorganic hybrids (OIHs) by 

embedding suitable molecules, such as polymers, drugs or biomolecules [1]. This aspect allows the 

design of homogeneous and crack-free coatings with specific features, suitably functionalized and 

with particular chemical composition. Many OIHs consisting of an antibacterial agent or an anti-

inflammatory drug contained in a sol-gel matrix were proposed for preventing biofilm formation or 

inflammatory pathway activation respectively [2]. Inorganic and organic-inorganic coatings were 

successfully proposed also as protective layers for hindering wear and corrosion phenomena [2]. 

Therefore, the sol-gel coating technology represents a useful tool for the researchers working in the 

biomedical field which are employed in the challenge for the prevention of the early implant failure, 

still nowadays an unavoidable clinical event. 
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