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ABSTRACT

The prevalence of orthopaedic implant-related infections remains high. Bacterial
colonisation and biofilm adhesion on the implant can cause infection at the underlying
bone and surrounding tissues. The management of this incidence poses major
challenges in orthopaedic. Although several conventional strategies were taken to
control the incidence, none of them is effective in all cases. The application of
orthopaedic metal implant coated with silver composite (OMICS) has been suggested
as an alternative to reduce or prevent implant-related infections. This study aimed to
(1) determine the antibacterial properties of OMICS against Staphylococcus aureus (S.
aureus); (2) evaluate the toxicology effects of OMICS on in vitro cellular and in vivo
animal models; (3) perform and validate surgical approach using an open fracture
model that expose bone to the environment for six hours to induce osteomyelitis in the
New Zealand White (NZW) rabbits; and (4) evaluate the efficacy of OMICS as
antibacterial agent and its biocompatibility in animal models. The silver composite
was extracted from OMICS using two different immersion techniques, namely water
bath and magnetic stirrer. The potential of OMICS as an antibacterial agent against S.
aureus was investigated. The toxicity and biocompatibility studies were conducted in
an accredited testing laboratory operating in accordance with the 1ISO 10993 to
validate the biosafety aspect and ISO 17025 to validate the biocompatibility of
OMICS. The OMICS were implanted in NZW rabbits after six hours of tibial bone
exposure following validation of the open wound surgical approach. The rabbits were
euthanised at week three and week six post-operatively. The OMICS-implanted tibia
was excised en bloc and evaluated through post-mortem of microbial assessment for
signs of infection as well as the post-mortem of radiographic evaluations, gross
inspection and histological analysis for quality implantation assessment. The results
showed that the variance for OMICS silver release extraction was significant with
value F (1,10) =4.996, p = 0.034, 02 p = 0.285. As for the analysis variance of anti-
microbial, it showed that the effect of silver release was significant with value F (1,10)
= 11.071, p = 0.003, 02 p = 0.356. The OMICS group halted the S. aureus growth
“significantly” better than the control group indicative of antibacterial properties of
the OMICS against the bacteria. The OMICS does not produce any mutagenic and
toxicity effects after exposure in both cellular and tissue level. Besides, OMICS did
not induce skin sensitisation after exposed to animal models. The post-mortem of the
microbial assessment showed no signs of infection isolated at week six. The post-
mortem of radiographic evaluations, gross inspection and histological analysis showed
there is good integration between bone and OMICS implant at surrounding tissue.
The OMICS is thus shown to be effective to reduce infection during implantation. In
conclusion, the above results showed that OMICS is biocompatible and holds
potential to reduce infection during implantation.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Orthopaedic implants are widely used either for bone fixation or joint replacement
(Campoccia et al., 2018; Li & Webster, 2018). Besides, the application of orthopaedic
implant in modern orthopaedic and trauma surgery has successfully improved the
quality of life for patients, either by supporting the rapid and effective bone healing
after bone fractures or restoring mobility after joint replacement (Elniel & Giannoudis,
2018; Gimeno et al., 2015; Li & Webster, 2018; Sansone, Pagani, & Melato, 2013;
Vilardell et al., 2015).

To date, implant-related with infection poses a significant challenge in the
orthopaedic field (Campoccia et al., 2018; Harasser, de Wild, et al., 2016; Jorge-Mora
et al., 2018; Li & Webster, 2018; Tschudin-Sutter et al., 2016). The pathogenicity of
this incidence begins when the race of the surface started between bacterial adhesion
and tissue cell integration on the surface of the implant after implantation (Gallo et al.,
2014; Gallo et al., 2016; Odekerken et al., 2013; Ribeiro et al., 2012; Romano et al.,
2015). When the host protein deposited rapidly at the foreign body, it promotes the
adherence of thick bacteria community or known as a biofilm to attach at the surface
of the implant. In the biofilm, bacteria are protected against environmental stresses,
antimicrobial treatment, and the host immune system (Birt et al., 2017; Gallo et al.,
2014; Hobley et al., 2015; Ribeiro et al., 2012). Osteomyelitis is one of the human
infections that implicated by the biofilm. It can be described as infection and
inflammation of the bone. This inflammatory bone disorders mainly caused either by

microbial infections or auto-inflammatory processes. It can occur at preferred



localisations in the human skeleton in all different ages (Gomes et al., 2013; Groll et
al., 2018; Prieto-Pérez et al., 2014).

Bacteria response for osteomyelitis usually invades bone-forming osteoblasts,
leading to inflammation, necrosis and bone destruction at the sites of infection. As
often rebellious to treatment and recurrent, osteomyelitis is considered as one of the
most challenging medical conditions for orthopaedic surgeons (Liu et al., 2017). S.
aureus is the most prevalent species in implant-related with infection cases isolated in
bone infection (osteomyelitis) with accounts between 20% to 30% cases of infection
after fracture fixation, followed by coagulase-negative staphylococci with range
between 20% to 40% of cases (Gaudin et al., 2011; Gomes et al., 2013; Kaur et al.,
2014; Lu et al., 2016; Moriarty et al., 2016; Pande, 2015). Other species involved
were gram-negative bacteria (6%-17%) and followed by anaerobes (including
Propionibacteria and Peptostreptococci) with range 4%-5% (El Din et al., 2016;
Hotchen et al., 2017; Li & Webster, 2018; Moriarty et al., 2016; Percival et al., 2015).

The incidence that approximately happened in the United States were between
1%-2% and was more widespread in developing countries, with 2% of the high rate of
mortality (Lu et al., 2016). Despite the best practices in medical and surgical
management to reduce this incidence in all cases, however, it gave a negative impact
to clinical outcome and significantly increased the healthcare expenditure (Li &
Webster, 2018; Moriarty et al., 2016; Sharma, 2010). Common sophisticated practice
and prevention have been developed for the past two decades to reduce the risk of
infectious complications in implant surgery. Examples were through a pre-operative
procedure such as sterilisation surgical instruments and implants, application of
laminar with ultraclean air and short of operation duration (Moriarty et al., 2016;

Walley et al., 2016). Besides, the use of routine antimicrobial prophylaxis (Kuehl et



