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INTRODUCTION 

Orthopedic implants have become an indispensable 

component of modern medicine as they have improved the 

quality of life of many individuals worldwide and continue 

to do so. However, the introduction of a foreign body (i. 

e.; orthopedic implant in this case) along with damage to 

the skin barrier during the surgical procedure may 

predispose the body to infection allowing bacteria to 

adhere to the implant surface and form a biofilm.  

Early orthopaedic implants were engineered to purely 

transmit and resist mechanical forces necessary to perform 

their function whilst remaining biologically inert; 

however, modern implants also have the ability, through 

the local delivery of molecules and surface coatings, to 

enhance bone healing and osseointegration whilst reducing 

the foreign body reaction and the risk of infection.1 

Moreover, biofilm infections pose an extremely difficult 

situation to treat. Although the reasons may be many but 

primarily the major cause of concern is the fact that biofilm 

bacteria acquire the ability to become resistant to the action 

of antibiotics as well as host immune responses. It has been 

reported that biofilmbacteria are up to 1,000 times more 

recalcitrant to most of the antibiotics employed.7  

Implant-related infection occurs following approximately 

5% of all elective and emergency orthopaedic procedures 

and is a serious surgical complication. Treatment often 

results in revision surgery, which has high levels of 

associated morbidity and financial costs; some cases result 

in amputation and death.2-6  

Orthopaedic implant-related infection cannot be simply 

prevented by implant design and implant surface 

characteristics; instead, it must be considered in the wider 

context of prevention strategies including patient, surgical, 

and healthcare factors; however, the implant surface has 

the potential to be the final line of defence against 

microbial attack. For the purposes of this review, a 

bibliographic search was carried out on Pubmed using the 

search string: (biofilm orthopedic implants), resulting in 
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821 articles, of which 125 papers were finally analysed 

because they were directly related to novel strategies to 

prevent and treat biofilm-forming bacteria on orthopaedic 

implants. 

BIOFILM 

A bacterial biofilm is a colony of sessile bacteria 

irreversibly anchored to the implant surface and contained 

within a self-produced matrix known as extracellular 

polymeric substance (EPS), containing mainly 

polysaccharides, lipids, proteins, and extracellular 

DNA.10,11 Bacterial biofilms display emergent properties: 

that is, properties that are not predictable from study of the 

planktonic cells from which they emerge.12 These 

properties give the biofilms a significant survival 

advantage, making them extremely resilient to host 

immune or conventional anti-microbial therapies; they 

have been shown to be up to 1000 more resistant to 

antibiotic eradication, which ultimately results in the 

recalcitrance and recurrence of biofilm-related implant 

infection.13-16 A biofilm is a complex three-dimensional 

aggregation of microorganisms, which can be single or 

multiple species, embedded within the EPS, which has its 

own internal architecture and nutrient circulation.6,15 

Biofilm antibiotic resistance and tolerance mechanisms 

differing depending on the antimicrobial agent, the 

bacterial strain and species, the age and developmental 

phase of the biofilm, and the biofilm growth 

circumstances.17-21  

BACTERIA 

The most common bacteria responsible for orthopaedic 

BRII are gram-positive staphylococcal species namely 

Staphylococcus aureus (S. aureus) and coagulase-

naegative staphylococci such as Staphylococcus 

epidermidis (S. epidermidis), although multiple gram-

positive and negative organisms have been found to be 

responsible for BRII, and the infection can be caused by a 

single organism or be polymicrobial.22 Acute aggressive 

implant infections are often caused by more virulent 

pathogens such as S. aureus where more indolent chronic 

infections are typically caused by commensal bacterial that 

form part of the skin’s microbiome, such as S. epidermidis, 

where their role in opportunistic biofilm-associated 

implant infection is well established.24 

NEW DEVELOPMENTS IN BIOFILM 

PROTECTION 

Phage therapy 

 Lytic bacteriophages (or simply ‘phages’) are bacterial 

viruses which attack bacteria, multiply within them, and 

finally destroy them.25-27 Phage therapy represents an ideal 

approach against implant infections and the reasons are 

many-fold. Firstly, from a clinical standpoint, phage 

therapy is safe with no reports of any adverse effects or 

local tissue toxicity. They do not affect eukaryotic cells 

even at higher concentrations.28 Secondly, phages possess 

self-reproducing ability (auto-dosing), and giving them an 

advantage over the other antibiotic based therapy that 

requires repeated dosing. Thirdly, because of the fact that 

phages have co-evolved over time with bacteria, they have 

developed an innate ability to penetrate biofilm and lyse 

the embedded bacteria within the biofilm matrix.29 Their 

unique capability towards prevention of formation as well 

as disruption of formed bacterial biofilms (through action 

of phage enzymes) even by resistant strains makes them an 

attractive alternative option against orthopedic implant 

infections that is worth exploring. 

Great efforts have been made to devise materials and 

coatings that prevent or retard bacterial adhesion and 

hence the formation of biofilms. Bacterial adhesion to 

surfaces is controlled by physicochemical factors 

(including surface chemistry, topography, and roughness), 

bacterial properties (including bacterial hydrophobicity, 

surface load, and cell size), and environmental parameters 

(including flow rate, temperature, and pH) The ideal 

implant surface would be one that minimises bacterial 

adhesion, inhibits biofilm  formation, and confers an 

effective bactericidal action surfaces that appear least 

attractive to bacteria tend to exhibit hydrophilic, highly 

hydrated, and non-charged properties. 

Ceramics 

Ceramics have been shown to display advantageous 

physical-chemical surface properties to deter biofilm 

formation in vitro compared to other implant materials 

demonstrating reduced bacterial adhesion and slower 

biofilm development, and there has also been clinical 

evidence of increased bacterial counts on polyethylene 

liners compared with ceramic in biofilm related 

infection.30-33 

Nanopatterning 

Modifying the surface finish at the nanometer scale 

typically on titanium or titanium alloy implants, including 

the creation of surface nanopores using hydrothermal 

treatment has demonstrated efficacy in vitro at deterring 

biofilm formation. The chemical modification of implant 

surfaces by the application of polymer coatings to the 

surface of titanium implants results in a significant 

inhibition of bacterial adhesion. In a recent study, both 

these techniques were combined, a nanopatterned coating, 

mimicking shark skin was subsequently coated with a 

peptide-based coating and then inoculated with E. coli and  

S. epidermidis; both surfaces on their own demonstrated 

efficacy compared to a control smooth surface.34 

Metal ions as nanoparticles against biofilm bacteria 

Nanoparticles (NP’s) are another promising alternative for 

use against orthopedic implant infections. The most 

commonly used inorganic metal ion coating is silver, other 

less popular one include gold nanoparticles (AuNP), zinc, 
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magnesium, copper, selenium, titanium and NO releasing 

silica NP’s. These nanoparticles can be used as implant 

coatings in hydrogels or polymers for surface preparation 

of implants and prosthesis to improve osteointegration and 

reduce biofilm formation. Also, nanoparticles can be 

surface modified and used in conjugation with 

conventional antibiotic molecules as drug delivery systems 

for improved antibacterial outcomes at implant sites. 

However, with a silver coating, there is a risk of host silver 

toxicity; locally elevated silver concentrations are toxic to 

osteoblasts, and this may be implicated in osteolysis 

prosthesis loosening.35-38 

PREVENTION OF BIOFILM THROUGH SURFACE 

IMPLANT MODIFICATIONS 

These include surface modifications to decrease bacterial 

adhesiveness. This can be achieved by applying a layer of 

inert polymers with inherent anti-adhesive properties. For 

example, polyethylene glycol (PEG) based coatings were 

able to reduce bacterial adhesion of S. aureus and E. coli, 

showing a significant anti-adhesion effect of around 8-

folds. 

To further improve regarding the concern that anti-

adhesive coatings impair osseointegration, bioactive 

molecules such as bone morphogenetic protein-2 (BMP-2) 

and arginine-glycine-aspartic acid (RGD) peptides could 

be grafted on the anti-adhesion surface in an attempt to 

restore and improve osteogenesis. 

Tethering of antibiotics to the implant surface 

Newer approaches include covalent attachment of 

antibiotics to implant surfaces. These tethered 

antimicrobial agents are firmly attached and therefore no 

bulk tissue toxicity occurs.  

The covalent modification of titanium surfaces has been 

achieved using different antibiotics such as vancomycin, 

tetracycline, daptomycin and gentamycin. 

For example, vancomycin has been covalently attached to 

a Ti alloy surface (Vanc-Ti) and this was able to 

significantly reduce colonization of the implant surface by 

S. epidermidis.39 

 Local drug delivery system 

Nowadays, there are the new ‘cementless’ implant 

coatings wherein biodegradable polymers are loaded first 

with the antibiotic (plasma spraying, gel-dip coating, 

electrochemical deposition) and then these antibiotic-

polymer mixtures are coated onto the implant surface, also 

called an active coating.  These coatings work as local 

antibiotic delivery systems and deliver high doses of 

antibiotics on the implant surface as well as into the nearby 

tissue spaces thus taking care of bacterial adherence on the 

implant as well as in the surrounding implant tissue.  

Hydrogel carriers 

A recent strategy has been to design hydrogels with the 

desired drug elution properties, i.e., high short-term post-

implantation antibiotic concentrations above the level that 

can be achieved by intravenous delivery at a time when the 

implant is at most risk of colonisation, and which can be 

loaded with the desired antibiotic regime intra-operatively. 

One example is a defensive anti-bacterial coating (DAC) 

that consists of covalently linked hyaluronan and poly-D, 

L-lactide that undergoes complete hydrolytic degeneration 

within 72 h, which releases its pre-loaded antibiotics.40 

CONCLUSION 

Orthopeadic device related infections represent a 

challenging situation due to the biofilm based nature of 

these infections as well as to the increasing involvement of 

antibiotic resistant pathogens as the causative agents. The 

ideal implant material or surface coating would be able to 

perform its function whilst being immune to bacterial 

colonisation and super compatible with the host tissue. 

Numerous strategies, have been developed and are being 

interrogated to determine their potential clinical efficacy. 

However, there are certain limitations and challenges 

associated with each therapeutic approach that need to be 

addressed in order to move these strategies from 

experimental technologies to effective clinical treatments. 

At present, the only treatment strategy to eradicate the 

infection is implant removal, but novel strategies, using 

vastly different technologies, are offering potential 

solutions to purge the implant of infection whilst 

remaining in situ.  
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