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ABSTRACT

Metal Injection Moulding (MIM) is a revolutionary new class of medical implant
fabrication in orthopaedics. This technology employs natural resources and holds
great promises in producing large quantities of metallic parts for prosthetic implant at
minimum outlay without compromising its quality. The present study was conducted
to compare potential effects of MIM plate for internal fixation in fracture healing in
New Zealand White (NZW) rabbits with conventional machining plate (Synthes®) as
control. Following research approval by UM Ethics Committee (11UM/305/20/4/10),
forty rabbits were used and randomly divided into two groups. All rabbits underwent
single transverse mid-shaft tibial fracture surgery and fixation under anaesthesia. The
fractures were fixated with either the MIM plate or conventional plate (Synthes®). The
monitoring of fracture healing was carried out at week 3, 6, 9, 12 and 26 according to
1SO10993-2:2006 & 1S010993-6:2009 standards. The status of bony union was
examined by means of plain radiographic assessment, macroscopic observation and,
histological evaluation. There were callus formations in both groups. Bony union was
evident at week 6 post-operatively, whilst bone remodelling was completed at week
26 as indicated by plain radiograph assessment and macroscopic evaluation.
Histological assessment showed that both groups possessed mild to moderate callus
bridging at week 3 and week 6, respectively. Complete remodelling of cortical bone
was evidenced at week 26. The plate was neither broken nor bent during the study.
These findings indicate that the MIM plate has equal potential to hold the fracture as
the conventional plate. Therefore, the locally manufactured MIM plate has the
potential to be used as an alternative internal fixator for fracture management in
orthopaedic considering the value and conservation of natural resources.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Orthopaedic is a medical specialty that is highly technical in nature. It employs
numerous techniques and/or skills ranging from fine micro-vascular surgery to bone
fixation, massive metallic and polymeric composite implants for joint replacement, as
well as complex methods for external fixation of the bone. Successful usage of the
orthopaedic implants requires extensive technical knowledge and skills by the
practitioner and/or the surgeon. Understanding the biology of the affected tissues is an
important factor that can lead to an effective result (Chapman, 2001).

In orthopaedic trauma, the energy that causes bone fractures generates a zone
of injury that affected the bone and its surrounding tissues. Early observations on the
external splinting had lead to belief that bone fractures are best treated by
immobilization and prolonged rest. Although fractures can be recovered by non-
operative treatment, the shortcoming of directly controlled position of the fracture
fragments had led to problems such as mal-union and non-union. Moreover,
prolonged immobilization can cause fracture illness that is characterized by joint
stiffness, muscle atrophy, disuse osteoporosis and persistent oedema (Augustus, et al.,
2008).

Up to the 19th century, the treatment of fracture was performed by means of
external splinting. This is done to achieve an anatomical alignment of the broken
bone, to relieve pain and stabilize the fragments for bone union. From biomechanical

point of view, fracture fixation should have sufficient stability to such a degree that



bone healing may take place on order to reduce inter-fragmentary movement that may
occur under external loading and muscle activity (Lutz & Ito, 2005).

The key factor that affects bone healing is the inter-fragmentary movement. It
determines the tissue strain and the cellular reaction in the fracture healing zone.
Therefore, the methods of fracture fixation will be assessed with regard to their
capability to reduce the inter-fragmentary movement (Chapman, 2001). As a
consequence, the operative of fracture treatments which involved new fixation
technique and implants were developed in the 20 century (Lutz & Ito, 2005).

In light of these phenomena, it is clear that the focus of the fracture treatment
should be on both healing and restoration to pre-injury functions. One of the methods
that implant sufficient skeletal stability to restore its function is by internal fixation
with metal implants (Gilardino, Chen, & Bartlet, 2009). Metal implants have been
successful in fracture stabilization because they support bone functions without
impairing the healing, remodeling or growth of the bone.

The first metal implants were fabricated from Vanadium steel. It is the best
available alloy in the beginning of the 20" century. However, the usage of Vanadium
had been controversial due to poor tissue compatibility issues. Later, modern
orthopaedic surgery, three metallic alloys are employed for implant fabrication i.e
stainless steel, chrome-cobalt and titanium (Golish & Mihalko, 2011).

One of the methods that impart sufficient skeletal stability to restore its
function is by and internal fixation with metal implants (Gilardino, Chen, & Bartlet,
2009). Metal implants have been successful in fracture stabilization because they
support bone functions without impairing the healing, remodelling or growth of the
bone. The first metal implants were fabricated from Vanadium steel. It is the best

available alloy in the beginning of the 20th century. However, the usage of Vanadium



steel had been controversial due to its poor compatibility issues. Later in modern
orthopaedic surgery, three metallic alloys are employed for implant fabrication i.e.
stainless steel, titanium and cobalt-chromium.

Nowadays, stainless steel 316L plate has been widely used for orthopaedic and
dental implants due to its ability to form a direct bone to metal contact. The plate has
good properties in terms of mechanical strength, biocompatibility and corrosion
resistance (Ying, Jean, & Her, 2013). Those properties make it as the most commonly
used material for internal fixation of the bone fracture. Hypothetically, the internal
fixation technique provides sufficient stability for bone healing to occur by
stimulating the callus formation. Research has been directed at modifying implant
surfaces to achieve a more rapid and extensive stabilization as well as integration of
the device in bone (Yang, Kabel, & Van Rietbergen, 1998). In medical application
especially in the orthopaedic field, most surgeons opted for the 316L stainless steel
plates due to their availability in different sizes and shapes. The demand of the plates
is high but the price is expensive (Omar, Mustapha, Istikamah, & Ali, 2007).

Current metal implants used in Malaysia for internal fixation are made from
conventional machining process. Machining is simply known as an action that
requires an implant to be machined from a solid piece of metal stock. It is widely
used especially in the production of metal implants in orthopaedic field since it is
suitable for various work materials and can produce a variety of shapes and geometric
features for the metal implants (McKinley, 2006).

However, conventional machining process requires advanced machining
operation and it is time consuming since it requires more time to shape the metal
compared to other processes. In addition to that, there will be leftover materials from

the machining process which is considered as a waste, which subsequently will



increase the production cost of the metal implants. The price in the market will be
going up and cause an economical strain in health sector (Mikell, 2010).

In order to reduce the production cost of the metal plates, a new techniques
which is known as Metal injection molding (MIM) is developed. This technique
utilizes the flexibility of both materials (i.e. powder metallurgy) and the design (i.e.
plastic moulding) (Omar & Zulkifly, 2014). It shapes a component according to the
intended size through an injection moulding process (Tandon, 2001). With it’s
properties that are comparable, or even better than the conventional machining
process, this MIM technique is suitable for the production of a small complex-shaped
parts with outstanding mechanical strength. If the shape allows the production of the
part by, for example, conventional pressing and sintering, MIM would in most cases
be too expensive. However, if the required number of complex parts is huge enough
for large-scale production, MIM is cheaper than machining plate (Ismail, Omar,
Subuki, Abdullah, Ali, & Hassan, 2007).

Previous study had done on MIM implant’s biomechanics and toxicology
studies have produced positive result (Abdullah, Omar, & Zulkifly, 2014). In addition
to that, plates or implants produced via MIM process have high final density and close
porosity. Details on MIM plates and conventional machining plates as well as their
significance usage in orthopaedic field especially in the area of bone fracture fixation
were provided in Chapter 2 of this thesis.

This present study aimed to evaluate the potential of MIM plate to hold the
bone fracture in a rabbit model. The conventional plate Synthes® was used as control.
The outcomes of this in-vivo study were assessed by means of plain radiograph, gross
examination and undecalcified histological analysis. The complete materials and

methods of the study were addressed in Chapter 3 of this thesis. In brief, the MIM



stainless steel plate was implanted on 20 of New Zealand White (NZW) rabbits or
Oryctolagus cuniculus. The rabbits were assigned into two groups. Each group was
subdivided into five groups based on the interval periods (i.e. week 3, 6, 9, 12 and 26)
as per recommendation by the ISO 10993-6:2009. Experimental bony fractures were
created at rabbit’s tibia. The fractures were fixed with either MIM plate or
conventional plate; the control. All rabbits were sacrificed at each time point post-
implantation. The implantation site of the bones were harvested en bloc for evaluation
purpose. The results of this study were described in Chapter 4 and discussed in
Chapter 5 of this thesis.

The MIM technique has now become a very useful tool in producing
orthopaedic implants. This technology will serve as alternative that holds great
promises for efficient bone fracture management in orthopaedic. Its establishment
perhaps, should be explored further since it could contribute to the local economy

expansion and wealth creation of the country.



1.2 RESEARCH QUESTION

Could the MIM plate have the ability to perform as good as the conventional plate?

1.3 HYPOTHESIS

MIM plates could perform as good as conventional plate

1.4 OBJECTIVES

This study embarked the following objectives:
1. To evaluate the potential of MIM plate as an internal fixator for bone
fracture in a rabbit model with the Synthes® plate as control.
2. To compare between the unification (or, union) of a bone fracture that fixed
with the MIM plate and Synthes® plate using plain radiograph, gross

examination and undecalcified histology.



