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ABSTRACT

Dental implants are the modern marvel and are widely accepted
as a reconstructive treatment modality for tooth replacement.

In recent times, there has been a marked progress in the
clinical success rates of dental implants, but implant failures
as a result of infections are continuing at an alarming rate of
8% per year, translating into 1 million failures worldwide.

Perimucositis and peri-implantitis are the chief complica-
tions reported postimplant surgery that effects its short- and
long-term success. Peri-implantitis is characterized by clinical
and radiological bone loss around the implant accompanied
with an inflammatory reaction of the peri-implant mucosa and
is an irreversible condition, whereas perimucositis is a revers-
ible inflammatory change.

Implant surfaces provide an ideal substrate for bacterial
adhesion forming a biofilm. Biofilm performs vast functions
ranging from physical defensive barrier against phagocytic
predation to working as a selective permeable barrier. This
limits the diffusion of systemic antimicrobial agents that are
capable of damaging the bacterial complexes. These rapidly
growing bacteria give rise to a chronic infection which is difficult
to eradicate by conventional antibiotic therapy.

To inhibit peri-implant infections, various functional modifi-
cations in the implant surfaces have been suggested. The coat-
ings on the titanium implant are incorporated with disinfectants,
antibiotics as well as antimicrobial peptides AMPs.

This paper is an attempt to review all the antibiotic coatings
available for a titanium implant and discuss their prospective
future to prevent peri-implant infections.
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INTRODUCTION

Titanium and titanium alloys are the most preferred
implant materials used in orthopedic and dental clinics
due to its excellent biocompatibility, surface characteristics,
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and mechanical properties. Long-term clinical efficacy of
these implants is influenced by persistent infections at the
implant-tissue interface leading to peri-implantitis.

Peri-implantitis has been characterized by an inflam-
matory process around an implant, which includes both
soft tissue inflammation and progressive loss of support-
ing bone beyond biological bone remodeling.*

Percutaneous and transmucosal implants, such as
external fixation pins and dental implants are even more
vulnerable to bacterial contamination.>* Pathogens, such as
Staphylococcus aureus, Staphylococcus epidermidis, and Pseu-
domonas aeruginosa can be acquired at the time of surgery
or at a later stage (e.g,, via homogeneous state)® and can
attach to the surface of the implant to nucleate infections.

Implant surfaces provide an ideal substrate for bacte-
rial adhesion forming a biofilm. The biofilm performs vast
functions ranging from physical defensive barrier against
phagocytic predation to working as a selective permeable
barrier.” This limits the diffusion of systemic antimicrobial
agents that are capable of damaging the bacterial com-
plexes. Bacterial biofilms are several folds more resistant
to antibiotics compared to their planktonic state.®

These rapidly growing bacteria give rise to a chronic
infection which is difficult to eradicate by conventional
antibiotic therapy. Continuous exposure of bacteria
to high doses of conventional antimicrobials exerts a
selective pressure on these microorganisms, positively
affecting their ability to resist broad spectrum antibiot-
ics.” Methicillin-resistant Staphylococcus aureus (MRSA)
poses a serious threat and can lead to devastating effects
in absence of an effective antimicrobial treatment.

Two challenges that are usually faced with the local
delivery of antibiotics at the implant site are (a) antibac-
terial resistance and (b) achieving antimicrobial activ-
ity without impairing osseointegration. An alternative
treatment would be the usage of nonconventional anti-
biotics for local drug delivery that do not potentiate the
resistant strains.®

COATINGS LOADED WITH ANTIBIOTICS

Systemic antibiotic prophylaxis is a common practice
to prevent periprosthetic infection. However, systemic
administration of antibiotics has many shortcomings
which include relatively low drug concentration at the
target site and potential toxicity. Topical application of
antibiotics has attracted much attention. Thus, researchers
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are trying to develop antibiotic-loaded coatings on the
titanium implants.’

These bioactive coatings release antibiotics, such as
gentamycin, vancomycin, and amoxicillin in a meticulous
manner and require a vector. Calcium phosphates, which
are known to be biocompatible and osteoconductive,
have been verified to be potential vectors of bioactive
molecules, but antibiotics cannot be incorporated during
its formation because of high processing temperature.
This limits the adsorption of these drugs onto the surface
and affects its release. Zhao et al’ studied and concluded
that antibiotic-loaded hydroxyapatite (HA) coatings on
titanium boosts infection prophylaxis compared with
standard HA coatings.

Various methods of physical adsorption have been
reported: (a) Loading by dipping method leads to burst
release of antibiotics; (b) application of a lipid layer serves
as hydrophobic barrier can retard the drug release;
(c) biomimetic method by immersion into a supersatu-
rated solution of calcium phosphate; (d) controlled release
of antibiotics by biodegradable polymers and sol-gel
coatings; and (e) electrospray deposition of amoxicillin
combined with poly(lactic-co-glycolic acid) (PLGA).

A new biodegradable gentamicin-loaded Poly D, L,
Lactic acid coating has been developed by Lucke et al to
prevent implant-related osteomyelitis in rats. An opti-
mized multilayered vancomycin-incorporated silica sol-gel
film shows zero release of vancomycin up to 2 weeks.*!!

Vancomycin covalently bonded to titanium using
a solid-state synthesis preserves the activity of the
antibiotic. It is a preferred antibiotic for protection
against both bacterial adhesion and biofilm formation
by S. epidermidis. Titanium surface tethered with vanco-
mycin is biocidal to the bacterial cell wall. It is hypoth-
esized that Lys-D-Ala-D-Ala peptidoglycan reversibly
cross links with the cell wall that results in release of
bacterial remnants leaving the surface bound vancomy-
cin free to engage other bacteria. Vancomycin-titanium
surface reportedly has minimal effect on Escherichia coli.
Clinically, it displays low musculoskeletal toxicity.'*!®

Gentamycin is a thermostable, broad-spectrum anti-
biotic (aminoglycoside) that is widely used for coating
titanium implants. Loading of gentamycin into the
nanotubes is effective in minimizing initial bacterial
adhesion without adverse influence on the good cytocom-
patibility of the nanotubes. However, elution of genta-
mycin is still too fast with all the drugs delivered within
50 to 150 minutes in phosphate-buffered saline.'*

There are various limitations of these antibacterial
loaded coatings. Firstly, the potential drug resistance
attained by bacterial phenotypes. Secondly, inability
to produce an antibacterial-laden coating with a long
delivery time at effective concentrations. Thirdly, some
drug carriers release antibiotics at concentrations lower

than the minimum inhibitory concentration for an
indefinite period.’

ORGANIC NONANTIBIOTIC
ANTIMICROBIAL COATINGS

Antimicrobial Peptides

The use of antimicrobial peptides (AMPs) as an anti-
microbial approach have been introduced due to their
broad-spectrum activity against bacteria, fungi and
virus, low host cytotoxicity, and low bacterial resistance.'
These AMPs are derived from human proteins which
are physically adsorbed or covalently attached on to the
implant surface.'1

Pathogenic bacteria are less likely to develop resis-
tance against AMPs because of the inability to redesign
their membrane due to limited lipid synthesis capabi-
lity. These AMPs cause membrane lysis either by barrel
stave, toroidal pore, or carpet mechanisms, although no
single mechanism can be defined for all peptides.”?

GL13K is a small cationic AMP, i.e., derived from
human salivary protein, parotid secretory protein
(HPSP). Balhara et al,® in 2013, and Chen et al,'® in 2014,
found that GL13K has strong anti-inflammatory and
antibacterial activities against both Gram-negative and
biofilm-forming bacteria particularly effective against
Pseudomonas aerogenosa. GL13K peptide apart from bacte-
ricidal effect has additional resistance through hydrolytic
and mechanical changes with no significant release of
peptides from the titanium surface. Holmberg et al*!
found GL13K to be cytocompatible with osteoblasts and
human gingival fibroblasts.

To produce GL13K, the GLI3NH2 peptide was
modified by introducing three lysine residues which
switch the activities from agglutination to bactericidal.*?
GL13K interacts with artificial membranes in B sheet
conformations to produce membrane holes.® Significant
antimicrobial activity against Gram-negative bacterium
Porphyromonas gingivalis has been seen when GL13K
peptide is bonded to titanium surfaces using silane
coupling agents.?! It was seen that the activity of GL13K
rapidly diminished when exposed to biofilm which could
be solved by introduction of D-amino acid version, i.e.,
D-GL13K. Long-term stability and clinical effectiveness
of GL13K needs to be future researched.

Chlorhexidine, chloroxylenol, and poly(hexamethylene
biguanide) are good organic antimicrobial alternatives.
Chlorhexidine is well known for its immense applica-
tion for the treatment of periodontal infections and as a
mouthwash.?® Chlorhexidine is adsorbed onto the surface
oxide layer on the titanium implant by inducing surface
mineralization with HA coating, spray depositing poly-
lactide coating on anodized surface, and impregnation
of Poly MethylMeth Acrylate (PMMA) and calcium phos-
phate coating. It has a large inhibition zone for S. aureus.
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Recently, essential oils are used to fabricate thin film
coatings. They are derived from nonsynthetic terpinen-
4-ol, a major constituent of Melaleuca altenifolia, and have
abroad spectrum antibacterial, antiviral, antifungal, and
anti-inflammatory activity.?*

Bioactive Antibodies

Antibodies or immunoglobulins have the intrinsic capac-
ity to opsonize microbes and phagocyte them, thereby
reducing the virulence. It is a natural immune function
of the body which is critically exploited at the implant
and wound sites. These antibodies operate independently
of antibiotic resistance mechanisms. The most signifi-
cant antibody subtype is immunoglobulin G (IgG). The
release of commercially pooled human polyclonal IgG
from hydrophilic polyurethane (PU) hydrogel has shown
validated results against the clinical strain of E. coli.?®

INORGANIC NONANTIBIOTIC
ANTIMICROBIAL COATINGS

It has been observed that a thin layer of HA coatings
on titanium (Ti) implant surface can be deposited by a
mechanism known as “magnetron sputtering.” It is an
expedient process that allows the mechanical properties
of Ti to be preserved as well as maintains the bioactivity
of coated HA.

Similar to HA, silver (Ag) too is used to dope Ti
implants for antibacterial applications. It has a broad,
long-lasting activity against both Gram-positive and Gram-
negative bacteria.

The potency of Ag as an antibacterial coating was
suggested to be dependent on its biological active form,
soluble Ag ions or Ag clusters, to interfere with the
integrity of the bacterial cells and to bind to the enzymes
and proteins within the bacteria.** Silver doping can
effectively inhibit bacterial adhesion and growth without
compromising the activity of osteoblasts and epithelial
cells.?® I vivo studies have demonstrated that Ag coatings
exhibit no local or systemic side effects.

Silver can be introduced by various techniques,
such as magnetron sputtering, plasma immersion ion
implantation (PIII), pulsed filtered cathodic vacuum arc
deposition, physical vapour deposition (PVD), and many
more.?® Tt is believed that anodization of Ag can yield
extra antibacterial activity which is of special interest
for dental implants.’

Recently, nanosilver cement has also been proved
to have high antibacterial activity against methicillin-
resistant S. Epidermidis (MRSE) and MRSA.?*?’ Besides
silver, other inorganic agents, such as copper, fluorine,
nitrogen, calcium, and zinc have been introduced as
potential antimicrobial agents.

Tantalum alloys are known to have excellent biocom-
patibility when used as a protective coating. Recently,
it was reported that Ag-doped TaN and Cu-doped TaN
with nanoparticles can decrease the multiplication of
E. coli bacteria. A twin-gun magnetron sputtering system
is used for deposition of TaN-Ag coatings. TaN and
TaN-Ag coated Ti possessed higher optical density value
and showed better Human Gingival Fibroblasts (HGF)
cell viability and proliferation than the uncoated sample.*

Raulli et al*! has verified nitrous oxide (NO) to be
antibacterial in a series of solution-based in vitro assays.
Exogenic NO may be used to prevent the survival of
pathogenic bacteria on the implant surface because of
the direct bactericidal effect and/or by augmenting the
natural antimicrobial ability of the immune system.”
Sol-gel coatings are capable of NO release from implants.
The local surface flux of NO generated from these sol-gel
materials significantly reduces the adhesion of three
common opportunistic pathogens P. aeruginosa, S. aureus,
and S. epidermidis. The NO-releasing xerogels have also
been shown to kill adherent bacteria cells. Although
application of NO releasing xerogels on titanium have not
been reported, but it is expected to be a viable method >

Adhesion Resistant Coatings

Surface modifications can significantly affect initial
adhesion and biofilm formation on the implant surface.
A bacterial adhesion resistant surface can by methods like
ultraviolet (UV) light radiation, changing the crystalline
structure of surface oxide layer, and the use of antiadhe-
sive polymer coatings.

In vitro and in vivo experiments exhibited evident
results that UV light pretreatment of Ti substantially
enhances its osteoconductive capacity on Ti by progressive
elimination of hydrocarbons from the TiO, surface.”***

Polymer coatings, such as poly(methylmethacrylic
acid) and polyethylene glycol are known to significantly
reduce the adhesion of S. aureus and S. epidermidis.’

Bioactive molecules like sericin, arginine glycine
aspartic acid Arginylglycylaspartic acid (RGD), chitosan,
and hyaluronic acid possess antibacterial activity.

CONCLUSION

Bacterial infection postimplant placement is a serious
complication. To reduce the periprosthetic infections,
good progress has been made to fabricate coating mate-
rials that are biocompatible and are antimicrobial in
nature that enhance the clinical success rate of implants.
Various localized methods to address the concerns of
orthopedic implants are reported, but future studies
on dental implants should be explored. Hence, our
supreme interest lies in emerging with effective ways of
reducing infection.
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