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There was 3 phase in this study. The first phase was synthesized of nano-carbonated
hydroxy appetite (nano-CHA) using the conventional microwave at 3  level of
microwave power (300W, 600W, and 850W). It was found from TEM that all the
synthesized powder was in targeted nano size, with insignificant differences in size
(0.031-0.03 nm) among all the samples. For 300 W samples, the average size was
10.15+0.78 nm, while for 600 W and 850 W, were 10.19+0.86 nm and 10.18+0.97
nm, respectively. As for FTIR and XRD analysis, the samples exhibit the trend of
hydroxyapatite peaks, regardless of level microwave power used. It is concluded that
microwave power has no significant effect on nano-CHA produced. Hence, the power
of microwave selected was 300 W in view of lower level of microwave power,
therefore less electricity used. The second phase was the production of nano-CHA /
gelatin scaffolds in three different ratios, 5:5 (50% nano-CHA/50% gelatin), 6:4 (60%
nano-CHA/40 % gelatin) and 7:3 (70% nano-CHA/30% gelatin). The mechanical and
physical properties of the bone scaffolds were analyzed. An ideal bone scaffold design
was later chosen and proceed to in vitro study at the third phase. From TEM analysis,
5:5 nano-CHA/gelatin scaffold, the porosity of the scaffold were located mainly in the
middle with pore size ranges from 97-639 um. While for 6:4 the pores were equally
scattered. For 7:3 scaffold, large horizontal crack across the scaffold was detected.
Pore size for 6:4 and 7:3 ratio was 106-296 um and 110-295 um, respectively. As for
porosity percentage, scaffold 5:5 have the highest porosity (67%) followed by 6:4
scaffold (60%) and lastly scaffold 7:3 (50%). Mechanical properties analysis of the
scaffolds exhibit that, scaffold 6:4 have the highest yield strength (52.36 MPa) and
modulus (853.73 MPa), followed by scaffold 5:5, 46.7 MPa and 684.23 MPa,
respectively. Scaffold 7:3 has the lowest yield strength (28.46 MPa) and modulus
(598.27 MPa). Next, for water absorption analysis, it can be seen that after 24 hours
scaffold with 5:5 has the highest water absorption percentage (72%). While for
degradation study, bone scaffold 5:5 and 6:4 showed a mild breakage, while sample
7:3 show a more rapid degradation manner, at week 6, all the bone scaffolds started to



disintegrate at the same rate and complete loss of structure was recorded at week 12.
Based on these outcomes, scaffold 6:4 (60% nano-CHA: 40% gelatin) was selected as
an ideal bone scaffold. For DSC analysis, the onset temperature, To was at 96.31°C
and the melting temperature, Tm of the ideal scaffold was detected at 331.34°C,
compatible with human body temperature. The FTIR trends, all the important
functional groups of hydroxyapatite were presence. Next, EDX analysis found that
carbon has the highest (w/w) %, 72.8% and calcium was detected with 2.58% (w/w)
%. For in vitro study, the ideal scaffold shows a higher level of cells viability
(0.14+0.03) compared to control culture medium (0.38+0.03), indicating good
compatibility on cells viability. To further clarify, the fluorescence staining of acridine
orange (AO) / propidium iodide (PI) signals was conducted. The results exhibit all of
the cells were stained green representing the live cells with no sign of dead cells.
Moreover, images from Environmental Scanning Electron Microscopy (ESEM)
display perfect adhesion of the cell into scaffolds both inside and outside after 14 days
of culture. Hence, it can be concluded that the ideal bone scaffold (6:4) is
biocompatible to act as a bone replacer.
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Terdapat 3 fasa didalam kajian ini. Fasa yang pertama ialah sintesis nano-carbonated
hydroxyappetite (nano-CHA), menggunakan ketuhar gelombang mikro konvensional
pada 3 tahap kuasa iaitu (300W,600W dan 850W). Daripada keputusan TEM,
kesemua serbuk yang disintesis adalah dalam saiz nano, dengan kepelbagaian saiz
yang sangat sedikit (0.031-0.03 nm) di kalangan sampel. Untuk sampel 300 W, purata
panjang adalah 10.15+0.78 nm, manakala untuk sampel 600 W dan 850 W, purata
panjang adalah 10.19+0.86 nm and 10.18+0.97 nm. Bagi analisis FTIR dan XRD
kesemua sampel nano-CHA menunjukkan corak yang sama, dengan puncak
hydroxyappetite tanpa mempedulikan kuasa ketuhar gelombang mikro yang
digunakan. Oleh yang demikian, kuasa gelombang mikro yang dipilih adalah 300 W
untuk penghasilan nano-CHA kerana pengunaan elektrik yang rendah. Untuk fasa
kedua, serbuk gelatin telah di campur dengan nano-CHA dalam tiga nisbah berbeza,
5:5 (50% nano-CHA/50% gelatin), 6:4 (60% nano-CHA/40 % gelatin) dan 7:3 (70%
nano-CHA/30% gelatin). . Ciri mekanikal dan fizikal perancah tulang telah dikaji.
Perancah tulang yang ideal dipilih bedasarkan hasil kajian ini dan diteruskan ke kajian
in vitro pada fasa ketiga. Untuk kajian TEM keliangan perancah 5:5 nano-
CHA/gelatin terletak ditengah-tengah perancah dimana pelbagai saiz liang 97-639 pm.
Manakala untuk 6:4, liang didalam perancah disebarkan secara sama. Untuk perancah
7:3, rekahan besar secara melintang disepanjang perancah telah dikesan. Saiz liang
untk 6:4 dan 7:3 adalah 106-296 pm and 110-295 um. Untuk peratusan keliangan,
perancah 5:5 mempunyai keliangan yang paling tinggi (67%), diikuti oleh perancah
6:4 (60 %) dan yang terakhir perancah 7:3 (50%). Kajian ciri mekanikal perancah
menunjukkan bahawa perancah 6:4 mempunyai kekuatan alah dan modulus yang
paling tinggi iaitu (52.36 MPa) dan (853.73 MPa), diikuti oleh perancah 5:5, 46.7 MPa
dan 684.23 MPa. Perancah 7:3 mencatatkan kekuatan alah dan modulus yang paling
rendah iaitu 28.46 MPa dan 598.27 MPa. Seterusnya, untuk analisis penyerapan air,
selepas 24 jam, perancah 5:5 mempunyai peratusan kadar penyerapan air tertinggi



(72%). Manakala untuk kajian degradasi, perancah tulang 5:5 dan 6:4 menunjukkan
kadar kepatahan yang perlahan, manakala sampel 7:3 menunjukkan kadar digradasi
yang tinggi dimana kadar kepatahan yang sederhana. Pada minggu 6, kesemua
perancah tulang mulai digradasi pada kadar yang sama dan kemusnahan keseluruhan
struktur dicatatkan pada minggu 12. Bedasarkan keputusan yang diperoleh, perancah
6:4 (60% nano-CHA: 40% gelatin) telah dipilih sebagai perancah tulang yang ideal.

Untuk kajian sifat haba, hasil analisis DSC menunjukkan suhu permulaan, To adalah
96.31°C dan suhu lebur, Tmperancah ideal dikesan pada 331.34°C, serasi dengan suhu
badan manusia. Aliran FTIR, menunjukkan kesemua kumpulan Kkimia
hydroxyappetite hadir. Kemudian, analisis EDX menunjukkan unsur karbon (C)
telah mencatatkan peratusan (w/w%) tertinggi iaitu 72.8% dan kalsium sebanyak
2.58%(w/w%). Untuk kajian in vitro, perancah ideal menunjukkan nilai daya maju
sel adalah lebih tinggi (0.14+0.03) berbanding dengan medium kultur kawalan
(0.38+0.03), menjelaskan keserasian yang baik dalam daya maju sel. Untuk
menerangkan dengan lebih mendalam, pewarnaan pendarfluor daripada acridine
orange (AO) / propidium iodida (PI) isyarat telah dijalankan. Keputusan menunjukkan
kebanyakan sel diwarnai hijau mewakili sel yang hidup dan tiada sel mati yang
diwarnai merah. Selain itu, gambar dari Environmental Scanning Electron Microscopy
(ESEM) menunjukkan lekatan sel yang sempurna ke atas perancah dibahagian dalam
dan luar. Oleh yang demikian, ini boleh disimpulkan bahawa perancah tulang yang
ideal (6:4) adalah bio serasi sebagai pengganti tulang.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The United Nation via the World Health Authority reinforced, the year of 2000-2015
will be the era of bone and joint development based on justification that almost half
of the population, along their life, will develop joint or bone disease either due to
osteoporotic fractures or trauma related bone problems, and equally important the
children that suffered from bone disease such as osteosarcoma and osteogenesis
imperfecta (TMF Orthopedic Decade, 2000) . Some other cases that require bone
surgery including trauma cases, bone deformity and aggressive and invasive bone
tumour (Boyne et al., 2002).

In the present time, there are many researchers on manufacturing new biomaterials
using a modification of previous biomaterials and chemical which can closely imitate
normal bone tissues materials. Dental and orthopedic surgical treatments require
sufficient amount of bone tissue in order for a natural bone healing process to take
place especially for small defect (Hutmacher, 2001). While for a large defect with
bulkiness bone loss that requires an operation, a bone graft is needed, and therefore
interest in bone regeneration is increasing. Bone transplantation also is known as bone
grafting or bone replacer has a significant growing impact on recovering bone tissue
damage patients. It must be biocompatible, nonimmunogenic, well adaptation to
surface contour and maintain size when placed (Hutmacher, 2001). It also becomes
the second most commonly transplanted human tissue after blood (Boyne, et al 2002).
At the present times, the ideal solution for bone construction in critical bone defect is
scaffold tissue engineering. Its act as the main support system in early phases of the
bone healing process, in addition to the fact of its 3D appearances that imitate the
extracellular matrix for cell linkage and proliferate (Freed et al., 1994b).

The scaffold substances can be made either from natural or synthetic polymers. The
advantage of natural material of scaffolds is the biological similarity that adds to better
cell function, conversely due to its limited availability, causing increased in price,
extinction of sources and possibility of pathogenic impurities (Liu and Ma, 2004). As
different from synthetic polymers, by using natural sources features of the scaffolds
such as level of strength, pores sizes, degradation rates and evenness for every batch
production could be controlled. (Gunatilake and Adhikari, 2003; Liu and Ma, 2004) .



1.2 Problem Statement

One of the most common fillers that being used for bone replacer and coating material
in prosthetic implants is hydroxyapatite (HA). It is a natural mineral of calcium apatite,
with the formula of Caio(PO4)s(OH)2, usually found in human bone and teeth
(Cameron and Besim, 2013). For this reason, it is frequently used as a bone replacer,
but the production of hydroxyapatite required sintering at temperature more than
1000°C. Despite that, it normally used as powder or paste form to replace bone
materials in dental and orthopaedic treatment, moreover, it also acts as coating
material for metallic prosthesis to enhance better biological function (Samar et al.
2007).

The need of nanomaterials is crucial as normal human bone are made up of
nanocomposites molecules (Murugan and Ramakrishna, 2004). In the coming decade,
the use of nanotechnology is expected to increase to 10%, leading to a rapid expansion
of nanotechnology, which will have an impact on daily life; to list out, drug delivery
system (Lu and Chen, 2004), tissue engineering (Smith and Ma, 2004) revealing of
cancer cell (Ferrrar, 2005) and latest bio imaging technique (Thaalhammer and
Heckl,2004 ; Kobayashi and Brechiel, 2005). As such, adequate guidelines for
handling nanoparticles and nano-related products are essential. Therefore, it is vital
for more research to be carried out to disseminate more information on risks and safety
of nanomaterial and nanotechnology.

Sometimes the artificial bone grafts used are not structurally similar to natural bone
structure. Insufficient in volume from the donor is the main problem in autogenous
bone grafts. A few problems may arise when using biomaterials from the gel and
Pluronic F 127 whereby it is unstable, whereas biomaterial from calcium phosphate is
difficult to be injected and irresolvable (Brandt et al., 2010). Conventionally,
autograft acts as a benchmark for bone graft in view of it influences all the important
criteria for bone regeneration, on the other hand, it generates a long list of other
problems, such as donor site morbidity, less tissue obtainability with possibility of
extra complication pre and post operatively (Younger and Chapman, 1989).

Thus, to overcome these problems, the present study was carried out to develop the
nanocomposite bio material bone scaffolds, easily replicable, absorbable and has
similarity to normal human bone tissue, using minimal chemical and simple methods
using the microwave. This research focuses on producing carbonated hydroxyapatite
(CHA) with suitable chemical, physical, mechanical and biological properties that can
be applied in the biomedical application. Different synthesis methods were performed
to obtain a correct chemical composition, particle size, and morphology of carbonated
hydroxyapatite. The thermal stability of synthesized CHA powder is also investigated.



1.3 Objectives
The objectives of this research were:

I to synthesize nano-CHA powder using conventional microwave and
characterization of the synthesized powder

ii. to developed nanocomposite carbonated hydroxyapatite (CHA) bone scaffold
and characterization of its mechanical and physical properties

iii. to evaluate the nanocomposite CHA bone scaffolds in vitro using osteoblast
cell line

1.4 Research Scope

Experimental work of this project was carried out in two phase. The first phase was
focused on obtaining a nano-carbonated hydroxyapatite (nano-CHA). The synthesis
of nano-CHA was carried out by using the microwave at different conditions. Along
with this phase, factors affecting the physical properties of CHA were determined. To
achieve nano-CHA, numerous preliminary tests for every level of each factor were
performed. Under the selected process conditions, nano-CHA samples were
characterized using various analyses with the main objective of getting the optimum
nano size of CHA powder.

Understanding that particle size and particle shape of nano-CHA are crucial in
designing bone scaffolds, scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) were used for determination of its morphology and
differential scanning calorimetric (DSC) was used to determine its thermal properties.
Fourier transform infrared spectroscopy (FTIR) and x-ray diffraction analysis (XRD)
were finally used to phase characterize the nano-CHA.

After achieving the optimum particle size and shape of the nano-CHA, bone scaffolds
were prepared by mixing nano-CHA powder with gelatine powder. As particle size
and shape are two main factors in designing effective bone scaffolds. The gelatine
powders were also characterized using the same instruments as nano-CHA.

The second phase of this study concentrated on designing and analyze bone scaffolds
made from nano-CHA, gelatine powder, and water. The morphology and elemental
analysis of bone scaffolds at various level of process conditions were studied using
energy dispersive x-ray analyzer (EDX) and scanning electron microscopy (SEM).
While XRD and FTIR were used to evaluate the phase characterization of the bone
scaffolds. Apart from that, the porosity study, mechanical test, degradation manner
and water absorption tests were done to determine the strength of the bone scaffolds.
Lastly, in order to study the biocompatibility of bone scaffolds, samples were analyzed
using in vitro test.



1.5 Hypothesis

The nano-carbonated hydroxy appetite biocomposites bone scaffolds  possess
physical characteristic as an ideal bone
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