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ABSTRACT (120 words) 
 
Bio-scaffold is referred to an artificial structure that being used alternatively as bone 
replacement for bone tissue regeneration. The ultimate objective of this study is to 
synthesis the bio-scaffold derived from the cockle shell waste. Main steps involved in the 
production of the scaffold including pre-treatment of cockle shells, synthesis of 
Hydroxyapatite (HAP) and synthesis of bio-scaffold. The scaffolds were then undergone 
physicochemical and mechanical characterization to identify their functional groups, 
surface morphology, elemental components and compressive strength. Bioactivity of 
scaffolds evaluated by immersing them in the simulated body fluid solution (SBF). 
Overall, it is feasible to produce CaCO3 from cockle shell wastes as the results obtained 
shows the physicochemical characteristic of the cockle shell powder imitated the real 
CaCO3. Furthermore, HAP also significantly produced from cockle shell waste since 
cockle shells are rich with calcium source. Then, it is proved that all the prepared 
scaffolds produced has similar properties as actual bone in term of physicochemical, 
mechanical properties and bioactivity. 
 
1. INTRODUCTION 
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Bone defect and irregularities may cause by traumatic injuries or pathological condition 
such as osteoporosis and bone cancer. In today’s medical practices, conventional 
treatment methods like autograft and allograft are still being used to treat the defect. 
However, these methods have some drawbacks such as insufficient bone donations, 
threat of donor-site morbidity and risk of disease transmission. Currently, biomimetic 
bone scaffold has been widely studied to treat bone injuries and irregularities. The 
scaffold serves as temporary template for bone cells attachment and regeneration while 
it gradually degrades to allow new bone tissue to form. This study is focused on the 
effect of bio-polymer and different types of bio-ceramics on the scaffold. Hydroxyapatite 
(HAP) and calcium carbonate (CaCO3) derived from cockle shells are raw materials that 
have been used together with sodium alginate. 

2. RESEARCH METHODOLOGY 
 
The process of developing the bone scaffold involved the preparation of RCS and S-
HAP powders, followed by the fabrication of bone scaffold using different concentration 
of RCS and S-HAP powders where sodium alginate was used as the matrix. There were 
six samples of scaffolds with different powder concentration (C4 is RCS scaffold with 
30wt%; C8 is RCS scaffold with 45 wt%; C12 is RCS scaffold with 55 wt% ; H4 is S-HAP 
scaffold with 30wt%; H8 is S-HAP scaffold with 45wt% and H12 is S-HAP scaffold with 
55 wt% ). Sodium alginate scaffold (S5) was used as control. The RCS and S-HAP 
powders were characterized using X-ray fluorescence (XRF), X-ray diffraction (XRD), 
Fourier transform infrared (FTIR), scanning electron microscope/ energy dispersive X-
ray (SEM/EDX) and thermal gravimetric analysis (TGA).. The bone scaffolds properties 
were evaluated using XRD, FTIR, SEM/EDX, TGA, differential scanning calorimetric 
(DSC), compressive strength, porosity, swelling ratio, bioactivity and biocompatibility 
toward bone cells (hFOB 1.19). 
 
 
3. LITERATURE REVIEW 
 

HAP is a type of bioactive bio-ceramic. Although it is able to form bonds with the 
surrounding tissue and mimic bone, it does not have the same mechanical 
strength(Homma et al.,2005; White et al.,2007). This limits the use of HAP as a 
complete replacement for bone but its bio-compatibility is still utilized as a bone filler, as 
a coating for implants and as part of composites which can be used in implants(Carter et 
al.,2007). HAP has been used as artificial bones and tooth roots, powders for tooth 
paste, retarded of cancer cell and drug delivery agent. Other than being biocompatible 
HAP is wear resistant and can be lightweight, but it has a low tensile, strength, low 
toughness and is difficult to fabricate (Carter et al.,2007). HAP has also been widely 
used in various fields such as in wastewater treatment and water purification.(Islam M. et 
al.,2010; Bailliez S. et al., 2004; Barka S. et al.,2004; Bigi A. et al., 2004), and also in 
chromatography columns by taking advantage of its ability to selectively absorb protein 
and nucleic acids (Matsumoto T. et al., 2004). HAP is also used industrially as a 
fluorescent material, catalysts and catalyst support, ion conductors and chemical 
sensors (Yamashita K. et al., 1995; Gitting J.P. et al., 2009; Mahabole M. et al., 2005) 

 



There are many methods that can be used to produce HAP powder, such as 
precipitation, solid-state synthesis, hydrolysis, hydrothermal and sol-gel method (Kweh 
SWK,1999). Due to the various applications of HAP, it is important that the method of 
synthesizing HAP provides the required properties based on the intended application. 
However, wet chemical precipitation method is the most often method used to produce 
HAP powder either by the reaction between diammonium hydrogen phosphate with 
calcium nitrate or the reaction between ortophosphoric acid and calcium hydroxide under 
a controlled pH and temperature of the solution. (Asaoka N, 1995; S Zhang , 1997). 
 
4. FINDINGS 
 

 This invention has undergone several analyses and testing chemically, 
mechanically and in vitro bioactivity. Chemically and mechanically, it is proved 
that this bioscaffold had the biomaterial (calcium carbonate & HAP) properties 
that is suitable for bone material. 

 For bioactivity analysis, it showed the bioscaffold has ability in bone regeneration 
by observing the mineral deposited on it.  

 This bioscaffold had proved to be bioactive towards simulated body fluid as some 
mineral has growth on this bioscaffold during immersion. 

 The CaCO3 and HAP scaffolds show high cell viability of more than 75%  which 
indicates higher cells attachment and proliferation. This suggest scaffolds have 
no cytotoxicity toward the osteoblast cell. 

 
 
 
 
5. CONCLUSION 
 
This work shows the possibility of synthesizing CaCO3 and HAP bone scaffold using 
cockle shell as the starting material. Increasing the HA powder concentrations improved 
the physicochemical, thermal, mechanical as well as bioactivity of the scaffolds. 
However, excessive CaCO3 HAP content could reduce the porosity of the scaffold and 
interrupt the nutrients and oxygen transport within the scaffold. In addition, this work not 
only demonstrates the preparation of low-cost bone material but could reduce 
environmental pollution by utilizing the cockle shell wastes. 
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