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ABSTRACT

The treatment of osteomyelitis is still a major challenge in orthopaedics. A study of
osteomyelitis and infection requires the use of a suitable animal model. The New
Zealand White Rabbit (NZWR) is an acceptable experimental model that can be used
for local delivery of antibiotics in osteomyelitis treatment as it can mimic the disease
process in humans. The objectives of this study were to create osteomyelitis in the rabbit
femurs and to analyse the treatment given via gentamicin impregnated with biomaterials
beads. Thirty-six (36) NZWRs were used in the study. They were divided into two
groups [Hydroxyapatite (HA) and calcium sulphate (CaSO4)] with four subgroups 3-,
6-, 12-, and 26-weeks intervals. There were two surgeries performed for each NZWR.
The first was to induce the osteomyelitis by inoculating Staphylococcus aureus in the
distal of the animal, and the second surgery was for debridement and biomaterial
impregnated antibiotics implantation. The responses of the treatments (gentamicin
impregnated with HA and CaSOgs) to were evaluated through gross appearance,
radiograph, micro-CT, microbiological, and histological examination. The rabbits were
sacrificed accordingly to evaluate the healing process of the affected bone. The results
showed osteomyelitis changes in all rabbits after the inoculation of the bacteria at 3
weeks. The rabbits’ weights reduced after three weeks of bacteria inoculation following
the treatment with biomaterial impregnated antibiotics, they showed significant increase
in weights at 12 and 26 weeks in both groups. The microbiology analysis at 26 weeks
showed that no bacteria were isolated. All the defects at the drilled site of the distal
femurs of the NZWRs were united at 12 weeks interval. The histological examination
revealed healing of the infected area with the appearance of a new bone formation at 6
to 26 weeks. The micro-CT results revealed increased the trabeculae numbers with the
treatments. The biomaterials containing CaSOs disappeared by 26 weeks. There was
completed bone healing at 26 weeks of interval for both groups. The results of the
gentamicin impregnated with HA and CaSQg for all parameters are comparable. Hence,
the antibiotics impregnated with biomaterials are proven effective in the treatments of
osteomyelitis. In conclusion, the results of this study show that gentamicin impregnated
with biomaterial has a great potential to be utilised for the treatment of osteomyelitis.
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capturing the radiographic image (b) Close—up view

An overview step for Micro-CT scanning.

The typical appearance of NRecon® during the reconstruction
process.

The Output page with preview display mode.
An overview step for reconstruction.
An overview step for CT analyser.

a) Nutrient agar b) Culture in the petri dish ¢) Staphylococcus
aureus, gram-positive cocci under light microscope 1000X
magnification.

Bubbles on the slide with the tested organism
Clumping on the slide for coagulase producing organism

Harvesting procedures (a-b) Photograph show the sample-
harvesting procedure

Washing of sample (a-b) under running tap water

Dehydration and infiltration process (a) Leica automated tissue
processor (b) Samples are ready for processing

Embedding of samples (a) The Samples were embedded in
hydroxyethyl methacrylate, (b) Samples were vacuumed to
remove air bubbles, (c) The samples were polymerised under
yellow light, (d) yellow light close-up view, (e) The samples
were polymerised under biue light, (f) blue light close-up view,
(g) Polymerised block was done

Summaries of steps from sample sectioning up to the slide
preparation in undecalcified histology tissue processing (a) The
polymerised blocks were cut and fashioned according to the
shape of sample, (b) The set of Technovit® 4000, (c) The
samples were stick using Technovit cement to the Perspex slide,
(d) The samples were cut to get a flat surface (course cutting)

Flowchart of steps for preparing the undecalcified bone
specimens
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Figure 3.31
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Figure 4.2

Figure 4.3

Figure 4.4
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Figure 4.6

Figure 4.7

Slide sectioning and grinding process (a) EXAKT cutter
machine (b) sectioning slide with EXAKT cutter machine (c)
Micro-grinding machine (d) Grinding slide with micro grinding
machine

Flowchart of steps for undecalcified bone slides
Masson Goldner Staining Kit
Nikon Eclipse Ni motorised microscope with an image analyser

Graph showed the comparison of weight in both groups at 3
weeks assessment. The blue line represents for gentamicin
impregnated CaSOs treatment, and green line represent for
gentamicin impregnated HA treatment. Time 1 = prior to surgery
and inoculation of bacteria, Time 2 = 3 weeks post-inoculation
of bacteria, Time 3 = 3 weeks post-treatment.

Graph showed the comparison of weight in both groups at 6
weeks assessment. The blue line represents for gentamicin
impregnated CaSO;s treatment and green line represent for
gentamicin impregnated HA treatment. Time 1 = prior to surgery
and inoculation of bacteria, Time 2 = 3 weeks post-inoculation
of bacteria, Time 3 = 6 weeks post-treatment.

Graph showed the comparison of weight in both groups at 12
weeks assessment. The blue line for gentamicin impregnated
CaSO4 treatment and green line represent for gentamicin
impregnated HA treatment. Time 1 = prior to surgery and
inoculation of bacteria, Time 2 = 3 weeks post-inoculation of
bacteria, Time 3 = 12 weeks post-treatment.

Graph showed the comparison of weight in both groups at 26
weeks assessment. The blue line represents for gentamicin
impregnated CaSO4 treatment, and green line represent for
gentamicin impregnated HA treatment. Time 1 = prior to surgery
and inoculation of bacteria, Time 2 = 3 weeks post-inoculation
of bacteria, Time 3 = 26 weeks post-treatment.

Antibiotic disc diffusion test. The beads tested are CaSO4
containing gentamicin, HA containing gentamicin, HA only and
CaSOq4 only

Process for confirmation of Staphylococcus aureus a) Culture on
nutrient agar b) Staphylococcus aureus, gram-positive cocci
under light microscope 1000X magnification c) Catalase test
showed bubbles formation d) Coagulase test showed clumping
of plasma.

Growth was noted at the sham group after three weeks of
inoculation.
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The culture growth becomes lesser compared to the sham group
after week 3 of gentamicin impregnated with biomaterials.

The culture growth become lesser after six weeks of
implantation of gentamicin impregnated with biomaterials.

The growth become lesser after received week 12 of treatment
with gentamicin impregnated biomaterials.

After week 26 of treatment, there is no growth noted at culture
analysis.

Summary of microbial study from week 3 to week 26 of post-
treatment

A) Sham Procedure, (B) Normal bone

A) The femur treated with gentamicin impregnated HA (B) The
femur treated with gentamicin impregnated CaSO4

A) The femur treated with gentamicin impregnated HA (B) The
femur treated with gentamicin impregnated CaSO4

The femur treated with gentamicin impregnated HA (B) The
femur treated with gentamicin impregnated CaSO4

(A) The femur treated with gentamicin impregnated HA (B) The
femur treated with gentamicin impregnated CaSO4

Summary of gross examination from week 3 to week 26 of post-
treatment

Radiographs images of the femurs in Sham Group (A) and a normal
femur of NZWR (B).

(A) Radiograph image of the femur treated with gentamicin
impregnated HA at 3 weeks (B) Radiograph of the femur treated
with gentamicin impregnated CaSOa4 at 3 weeks.

Radiograph images of the femurs treated with gentamicin
impregnated HA (A) and gentamicin impregnated CaSOa4 (B) at 6
weeks.

A) Radiograph image of the femur treated with gentamicin
impregnated HA at 12 weeks (B) Radiograph of the femur treated
with gentamicin impregnated CaSOa4 at 12 weeks.

(A) Radiograph image of the femur treated with gentamicin
impregnated HA at 26 weeks (B) Radiograph of the femur treated
with gentamicin impregnated CaSOa4 at 26 weeks.

The radiological images from 3 weeks to 26 weeks post-treatment

Micro-CT 3D analysis for the sham group showing bone
swelling and defect in situ.
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Histological images of (A) the normal bone and (B) Sham
procedures. (Masson Goldner Trichrome stain, original
magnification 40X).

Histology images at 3 weeks of post-treatment groups. (A)
Treatment with gentamicin impregnated HA (B) Treatment with
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Histology images at 6 weeks of the post-treatment groups. (A)
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Osteomyelitis (OM) is a progressive bone infection that results from inflammatory
destruction of the bone, necrosis of bone, and new bone formation, and may progress to
a chronic and persistent state. It can be divided into acute, subacute, and chronic
osteomyelitis. However, as described in the literature, there are many ways to classify
osteomyelitis (Hotchen et al., 2017). These classification systems help to define the
infection and determine the need for surgery. Chronic osteomyelitis is one of the most
severe complications of orthopaedic open fracture treatment (Kuehl et al., 2016; Panteli
et al., 2016). Osteomyelitis is usually caused by bacteria and sometimes by fungus. The
infection causes the inflammation of bone and bone marrow. Thick walls surround the
soft tissue of bone and inflammation at the surrounding tissues cause circulatory
distractions, which can promptly lead to necrosis of various parts of the bone. These
necrotic bones act as a non-living surface for the attachment of bacteria and the
formation of biofilm. The bones that are most commonly affected, include the femur,
tibia, and humerus, although nearly all bones in the body can be involved. As a
consequence, the disease tends to be both localized and generalized because the bacteria
can be carried to other organs (Hotchen et al., 2017; Kuehl et al., 2016; Panteli et al.,
2016).

The predominant aetiological agents of chronic osteomyelitis are Staphylococcus
aureus (S. aureus), Group A beta-hemolytic Streptococcus, and gram-negative bacteria,
particularly Salmonella spp., Mycobacterium tuberculosis, and Pseudomonas

aeruginosa (Hotchen et al., 2017; Kuehl et al., 2016; Panteli et al., 2016). Previous



