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In implant and trauma surgery, implant-related infections are a significant problem. Implant- University, Riyadh, KSA, Saudi Arabia
related infections are becoming more common with the increase in implant procedures. Implantation ' ' '
of implants has become a common and life-saving surgery. The number of hip surgeries performed E-mail: shaider@ksu.edu.sa

worldwide is one million per year, and the number of knee surgeries exceeds 250000. More than
30% of hospital patients have one or more vascular catheters that need repair. More than 10% of
hospital patients have a fixed urinary catheter. Approximately 2 million nosocomial infections cost
over $11 billion each year in the United States. One of the most important risk factors is exposure to
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intrusive medical devices. Current treatment approaches have serious consequences for individuals Accepted: 28 November 2021

and often fail to eradicate the disease. The increased likelihood of infections becoming chronic is

due to effective bacterial evasion tactics, with biofilm formation being an important factor in bacterial Published: 30 November 2021

persistence. The presence of foreign material promotes biofilm formation, contributing to the Copyright: © 2021 Hider S, et al. Distributed
persistence of infection. Therefore, there is great interest in eradicating the disease in the planktonic under Creative Commons CC-BY 4.0 ©®@®
phase (free-swimming bacteria) before biofilm transformation occurs and avoiding reinfection after

antibiotic or surgical therapy. This mini-review reviews the literature on the implant, associated

infections, their mechanism, and strategies used to prevent these infections.
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INTRODUCTION

Many surgical procedures require the implantation of a tissue-derived or inert
implant deep within the body. Although a large proportion of these implants are not
colonized by bacteria, a tiny minority develop a biofilm that harbours aggressive
germs. Unresolved periprosthetic infections in orthopaedic surgery can result in
implant loosening, arthrodesis, amputations, and even death The competition
between host macromolecules, bacteria, and tissue cells for surface leads to either
successful tissue integration or implant infections. Bacteria can invade the body
regardless of the method or sterility of the environment. At the time of closure,
pathogenic microorganisms such as S. aureus were found in approximately 90%
of clean wounds. Even under laminar airflow conditions, it is difficult to produce
a predictably sterile wound. Despite following sanitary rules, a considerable
proportion of implant infections emerge biologically [1-3]. Infections are an issue,
in the medical field, that relies on foreign body implantation. While a wide range of
organisms can be detected in deep orthopedic infections, Gram-positive pathogens
such as Staphylococcus aureus (S. aureus) and coagulase-negative staphylococci

are the most prevalent [4-8]. Foreign materials reduce the onset of microbial WD R

infection and cause local immunosuppression. Improved biomimetic properties

may minimize infection caused by implants. Exciting studies are currently VOLUME: 2 ISSUE: 11 - NOVEMBER
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underway to reduce implant-related infections [2,3]. The
precise release of antibiotics [9-12] or silver ions from the
surface of the implant [12,13] are the recently established
therapies. While both therapies have a significant benefit,
issues such as tissue damage have fueled the long-term hunt
for antimicrobial alternatives. This mini-review reviews
the literature on the implant, associated infections, their
mechanism, and strategies used to prevent these infections.

Biofilm formation

It is a common misconception that bacteria exist as
separate individuals in a planktonic phase. However, this
misconception has been disproved by recent findings that
microorganisms accumulate impetuously on divers of
surfaces and attach directly at the base. The surfaces include
domestic and industrial pipes, biomaterials, and medical
devices such as implants and urinary catheters, as well as
tissues (plant and animal) The aggregation of the microbes
onto a substrate is known as a biofilm. The aggregation
microorganisms may compose of mono- or poly-microbial
aggregates that may comprise various bacterial ecosystems.
The proximity of microbes enables the interchange of
substrates, the dispersion of metabolites, and the removal
of hazardous end products, allowing various species to
sustain one another. Moreover, the structure of the biofilm
community may guard bacteria against antimicrobial
agents, shear pressure, and the immune system. There are
five phases in the formation of a biofilm: first reversible
adhesion (1), irreversible adhesion (2-3), maturation (4),
and dispersion (5), as shown in figure 1. The first contact
between the migrating planktonic bacteria and the surface
is the initial point, and at this phase, it is still reversible. To
defend themselves, bacteria form a monolayer and generate
an extracellular matrix known as slime. Extracellular
polymeric substances include polysaccharides, structural
proteins, cellular wastes, and nucleic acids (EPS). The early
phases of matrix synthesis are subjugated by extracellular
DNA (eDNA), while polysaccharides and structural proteins
take over later. Microcolonies form during these phases and
proliferate rapidly, exhibiting cell-cell interactions such as
quorum sensing. The biofilm now grows in three dimensions
and the association is irreversible. In the final stage, some
mature biofilm cells detach and disperse as planktonic cells
in the environment, presumably to initiate a new cycle of
biofilm production [14-16].

Strategies used to reduce infections

Allinfections are triggered by the adherence of bacteria to
the implant surface, which means that the surface properties
of the implant and the composition of the microenvironment
at the implant-host tissue interface are responsible for
triggering the infection. Consequently, implant surfaces
with anti-adhesive and antibacterial properties are ideal
to prevent implant-associated infections, either by surface
coatings or immobilizations or by integrating sustained-
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release antibacterial agents. Several functionalizing
biomaterial surfaces have been developed based on design
principles, and their utility in reducing implant-associated
infections has been carefully studied.

Surface coatings or immobilizations

Inhibiting the attachment of proteins, biomolecules,
and bacteria to implant surfaces is a critical step in infection
prevention. PEO, PEG, and their derivatives are hydrophilic
polymers that can be used to prepare antiadhesive surfaces.
The hydrophilic polymers have vibrant chains that provide a
large exclusion volume on surfaces in anaqueous atmosphere
(such as the bloodstream) by holding a surrounding aqueous
sheet, hence repelling the adhesion of molecular species
[17-20], cells [21,22], and bacteria Surfactants are wetting
agents that are used to reduce interfacial tension. They
have an amphiphilic structure, meaning they have both
hydrophobic and hydrophilic segments, so they can be
effortlessly adsorbed onto the surface by merely dipping
the device into the surfactant solution. Synthetic and bio-
surfactants are among the surfactants used in coating to
reduce the adhesion of bacteria. Biosurfactants are, however,
preferred over synthetic ones. Biosurfactants are microbial
substances that have strong surface and emulsifying
properties. They have a diverse chemical structure,
including glycolipids, lipopeptides, polysaccharide-protein
complexes, phospholipids, fatty acids, and neutral lipids
[23-25]. Biosurfactants also offer numerous benefits over
synthetic surfactants. These include better biodegradability,
low toxicity, and efficiency at high temperatures or pH.
Biosurfactants are antibacterial and can be utilized to create
antibacterial surfaces. Biosurfactants enable the absorption
of water-impermeable substrates by reducing the surface
tension at the phase boundary, therefore averting the
adhesion of bacteria. Albumin is a renowned protein
that inhibits microbial adherence. Albumin is a simple
protein that is found in both plants and mammals. Surface
modifications of albumin include physical and chemical
coatings. It has been observed that the adherence of bacteria
is reduced in the presence of a physically adsorbed albumin
coating [25]. This is distinct from PEG and may be related to
albumin's molecular structure.

Controlled release of antibacterial agents

These chemicals, which include silver, titanium, copper,
andtheirderivatives, are used toretard the spread of infection
(Figure 2). Silver has long been used as an antibacterial
agent. It has long been used in the treatment of burn wound
infection. The dynamic form of silver, such as Ag+ or Ago
nanocrystalline, must be soluble [26]. n solution, Ago
occurs in a subcrystalline state with fewer than eight atoms,
while Ag+ may be present due to dissociation of ionic silver
compounds such as silver nitrate and silver sulfadiazine [27].
Because silver ions can easily attach to negatively charged
proteins, RNA, and DNA, it poisons respiratory enzymes

Haider S, et al. (2021) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1365
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Figure 1 (a) Microbial biofilm formation, phase 1: Planktonic (free bacteria) come into contact with a surface accidentally or chemically; phase 2: Cell adhesion,
phase 3: Cell proliferation, phase 4: Cells aggregate and form microcolonies on the surface; a nascent biofilm is formed and phase 5: The pathogenic bacteria
disperse and can easily colonize new surfaces. (b) Physico-chemical properties of biofilm and infections caused [17].

and components of the microbial electron transport system
and impairs some DNA functions. Antibiotics are chemical
substances that suppress or eliminate the development of
microorganisms including bacteria, fungi, and protozoa.
They are either bactericidal or bacteriostatic. Bactericidal
directly kills bacteria, but bacteriostats prevent them
from multiplying [28]. Systemic antibiotics are the most
commonly used therapy to treat infections. They are costly
and often fail, leading to complications. An antibody, as

we all know, is a "Y-shaped" protein that the immune
system uses to recognize and kill foreign entities such as
bacteria [29]. The Fab (fragment, antigen-binding) region
is located at the tip of the forked section of the "Y." The Fc
(Fragment, crystallizable) region has two variable domains
that may recognize and bind to epitopes on certain antigens.
Opsonization is another term for this process. The Fc region
is the stem of the "Y," and it is made up of two hefty chains.
Immune system cells such as neutrophils, monocytes, and

Haider S, et al. (2021) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1365
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Figure 2 The metal surface of the implant acts as a bactericidal [1].
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L. aureus

macrophages may identify it. As a result, the antibody works
as a bridge to assist immune system cells in phagocytizing
foreign substances. Antibodies have been employed in
the treatment of a wide range of disorders, including
tumours, infections, asthma, inflammation, arthritis, and
osteoporosis [29].

Self-sterilizing surfaces and material

Effective biocides have been described for cationic
compounds containing quaternary ammonium or biguanide
groups. The cationic groups can engage electrostatically
with the bacterial cell surface, rupturing the cell membrane
and causing the escape of K+ ions and other cytoplasmic
contents [30,31]. The method of forming quaternary
ammonium or biguanide groups on the surface of a
material can therefore lead to "self-sterilizing" materials
for biomedical applications. Quaternary ammonium or
phosphonium structures can be generated in two ways: in
polymer structures or on the surface of substrates. The first
phase consists of adding an alkyl chloride into the polymer
backbone, followed by tertiary amines quaternization.
The second phase reverses the procedure by incorporating
tertiary amine structures into the polymer as pendants,
followed by alkyl chloride quaternization. Both options are
viable. The antibacterial activity is mainly determined by the
size of the alkyl chain of the quaternary ammonium. Long-
chain cans lead to an improved antibacterial effect [23].

Bioactive materials

Chitosan is a naturally occurring polymer having
amino and hydroxyl as pendant groups. Chitosan is highly
biocompatible and biodegradable. These properties make
chitosan ideal for a variety of applications, including food
preservation, dressings, and scaffolds for tissue engineering
[32,33]. Furthermore, chitosan has antimicrobial properties
[33]. Chitosan also has antibacterial activity [33]. Although

the antibacterial activity mechanism of chitosan and
its derivatives is not known, the most logical theory is
that positively charged chitosan molecules interact with
negatively charged cell membranes, causing proteinaceous
and other intracellular components to leak out. In addition,
chitosan can bind metal ions, preventing the production
of toxins and the growth of microorganisms. In addition,
several studies have shown that chitosan can penetrate the
membrane, bind to DNA, and interfere with the formation of
mRNA and proteins [33].

CONCLUSION

Implantation of implants has become a common
and life-saving surgery. The number of implant-related
surgeries performed worldwide is increasing, for an instant,
the number of hips implant is one million per year, knee
surgeries exceeds 250 000. More than 30% of hospital
patients have one or more vascular catheters that need repair.
More than 10% of hospital patients have a fixed urinary
catheter. Hence, it has become imperative to find a way to
reduce implant-related infection. The rising antimicrobial
resistance has changed the current research by applying
new techniques and therapies to reduce bacterial growth
or division that leads to cell death or dormancy, trigger
biofilm breakdown or investigate methods to avoid biofilm
formation in the first place.
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