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QUESTION 2: What surface properties favor biofilm formation? 

 

Authors: Philip C Noble, Olga Pidgaiska, Carla Renata Arciola, Zach Coffman, Sara Stephens, 

Sabir Ismaily, Ryan Blackwell, Davide Campoccia, Lucio Montanaro  

 

 

Response:  

The attachment of bacteria to implant and biological surfaces is a complex process, starting with 

the initial conditioning film. Roughness, hydrophobicity/hydrophilicity, porosity, pore topology, 

and other surface conditions are the key factors for microbial adhesion. Because of the huge 

variety of these factors, most of the studies directed at bacterial attachment to the implant surface 

were limited to specific surface conditions since it is difficult to examine the plethora of 

parameters concomitantly. There are variable conclusions among the available basic science and 

animal studies relevant to this topic, many of which will be described in greater detail below. 

Bacteria can form biofilm on almost all prosthetic surfaces and biological surfaces. To date, this 

consensus group knows of no surface that is inimicable to the growth of biofilm in vivo.  

 

Level of Evidence: Strong 

Delegate Vote:   Agree:  100%, Disagree:  0%, Abstain:  0% (Unanimous, Strongest 

Consensus) 

 

Post Meeting Rationale: 

The authors performed a literature search using {PubMed: meSH terms: “surface properties” or 

“adhesiveness” or “surfaces”;}, { Cochrane: “orthopedic implant coatings”, ‘biofilm formation”, 

“orthopedic implant surface”;) and {EMBRASE: “orthopedic and antibiotic and coating”} from 

inception to February 2018. They included studies involved participants 18 years of age or older; 

published after 2002; in English language only; the subject matter pertained to orthopedic 

implant surface properties in animals/humans, with or without biofilms; studies of antibiotic 

spacers excluded. Selected studies involved placement of an antibiotic-coated arthroplasty 

implant into a human subject by an orthopedic surgeon, or placement of an antibiotic-coated 

orthopedic implant into an animal subject by researchers. Due to limitations in clinical literature 

investigating this topic, all 8 articles used in the final narrative synthesis were in-vitro studies. 

 

Several surface properties have been identified that can influence biofilm formation, these 

including: surface chemistry and functional groups, surface free energy and level of 

hydrophilicity/hydrophobicity, surface charge, micro- and nano-topography and porosity. 

Surface chemical composition, micro-roughness and surface free energy would appear to prevail 

for importance 1. 

There is strong evidence that the initial attachment of bacterial species to the surface of a 

biomaterial is influenced by the presence of adsorbed proteins 2,3. Wagner et.al. 2 found that 

titanium surfaces preconditioned through exposure to blood plasma enhanced bacterial adhesion 
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for both Pseudomonas aeruginosa and Staphylococcus aureus. Likewise, a study performed by 

Frade et. al presented similar findings with respect to surface adhesion of Candida albicans and 

subsequent biofilm formation on multiple surfaces after serum coating, including polycarbonate, 

polystyrene, stainless steel, Teflon, polyvinyl chloride, and hydroxyapatite 3.  

Similarly, there is also strong evidence supporting the conclusion that bacterial adherence and 

biofilm formation increase with the roughness of the implant surface 4,5. A study conducted by 

Karygianni et al found that Enterococcus faecalis, Staphylococcus aureus, and Candida albicans 

adhered more to a rougher implant surface relative to a smoother surface 5. Furthermore, Braem 

et al. demonstrated that a porous surface coating was more susceptible to biofilm formation than 

a smoother titanium-based surface after exposure to S. aureus and S. epidermidis 4. 

A small number of studies has also examined the impact of the hydrophobicity/ hydrophilicity of 

implant materials on subsequent biofilm formation 1,3,6. For example, a study performed by 

Koseki et al using S. epidermidis showed decreased biofilm formation on cobalt-chromium-

molybdenum alloy (Co-Cr-Mo) which was attributed to its increased hydrophobicity 1. However, 

two other studies showed contrary results. For instance, C. albicans was shown to have less 

metabolic activity on polycarbonate and stainless steel (hydrophilic surfaces) relative to Teflon 

(hydrophobic surfaces) 3. Similarly, some studies contend that hydrophilicity has only trace 

impact on biofilm formation, as shown by the fact that S. epidermidis biofilm formation was not 

significantly altered by differences in surface wettability 6. With that, findings remain 

inconclusive as a whole concerning the impact of implant surface hydrophilicity/hydrophobicity 

on biofilm formation. 

Finally, there are various surface properties that are given moderate recommendations here due 

to their high-quality evidence but low replication in the studies presented. The first is that surface 

nanostructures, such as projections and recesses, reduce overall bacterial adhesion and biofilm 

formation compared to smooth surfaces 7. The second is that low nanostructure stiffness inhibits 

biofilm accumulation, likely due to the susceptibility of these nanostructures to shear forces 8. 

The third is that calcium-incorporated oxide coatings on a titanium surface reduces bacterial 

colonization when compared to non-calcium modified titanium. This is due to calcium 

drastically decreasing the contact angle 4.  

Although there is little consensus in terms of which surface properties are most definitive in 

contributing to biofilm formation, there are certainly strides in examining the general impact of 

different properties when considered individually. Due to the complexity of biomaterial 

properties inherent to orthopedic implant structure—and the lack of agreement among the 

literature concluding the impact of these properties— we conclude that biofilm formation is 

favored by combinations of surface parameters, and so should be assessed as such in the 

development of biofilm resistant implants. Furthermore, there are few studies examining the 

impact of surface properties in biofilm formation among human subjects post-operatively and 

further clinical studies are necessitated. 
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