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ABSTRACT 

Bovine bone is one of the natural resources of hydroxyapatite (BHAp). It also 

has been commercialized in the market due to its biocompability and better 

osseointegration. However, there has been reported of poor mechanical properties of 

BHAP which lead to premature fracture in implants. The combination of hematite (α-

Fe2O3) and BHAp were taking into consideration to improve the mechanical properties 

and enhance its bioactivity. Mechanical milling was employed to fabricate the 

nanocomposite that occupied dispersion of metallic, generation and migration of 

defects in the microstructure and plastic deformation of particle. The aim of this project 

is to explore how milling time effects the structural features as strengthening 

mechanisms. Hematite substituted BHAp magnetic nanoparticle was prepared by 

mechanical activation (ball-milling). Synthesizing of BHAp composite showed 

dispersion of particles and improved strength, as it engaged to nanocrystalline metal. 

Effect Fe content (5%, 15% and 30%), milling time (3, 6, 9 and 12 h) before and after 

annealed for 2 h at 900 oC were investigated. Comprehensive characterization 

techniques including X-ray diffraction, field emission scanning electron microscopy, 

and transmission electron microscopy were used to examine effect Fe3+ on structural 

properties such as lattice parameter of BHAp, crystallinity and morphology of the 

phase. Compression strength and Young’s modulus of the nanocomposites were found 

increased at 36.29% and 26.15% respectively, as the milling was prolonged from 3 to 

12 h. Immersion studies in simulated body fluid (SBF) showed better bioactivity but 

different mechanism on the growth of apatite at different milling time due to surface 

properties and microstructure. Different magnetic properties exhibited at different 

milling time in 30% α-Fe2O3+BHAp due to the arrangement of Fe ion in BHAp 

structure. Based on the extraction assay for cytotoxicity test, the presence of higher 

Fe3+ ion substitution in BHAp has enhanced the cell proliferation on fibroblast with 

better adhesion of osteoblast on the surface until 14 days. The preliminary in-vivo 

studies on rat show better osseointegration for 12 h milling of 30% α-Fe2O3+BHAp 

indicated by callus formation after 30 days. Finally, morphology of 30% α-Fe2O3-

+HAp particles behaviour strongly influenced by the milling time that regenerated new 

performance in bone-implant material. 
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ABSTRAK 

Tulang lembu merupakan salah satu sumber semulajadi untuk penghasilan 

hidroksiapatit (BHAp). BHAp juga telah dikomersialkan di pasaran oleh kerana sifat 

biokompatibiliti dan osseointegrasi yang baik. Namun, kekurangan dalam ciri 

mekanikal contohnya keretakan implant pramatang sering dilaporkan. Hematit (α- 

Fe2O3) adalah besi teroksida yang paling stabil di bawah keadaan sekeliling dan 

merupakan bahan bermagnet untuk aplikasi bioperubatan, penghasilan BHAp dengan 

pengukuhan α- Fe2O3 bersaiz nano telah dipertimbangkan untuk menambahbaik ciri 

mekanikal dan meningkatkan bioaktiviti. Penggilingan secara mekanikal telah 

digunakan untuk penghasilan nanokomposit yang melibatkan penyebaran bahan 

logam, penjanaan dan pergerakan kecacatan di mikrostruktur dan pengubahan bentuk 

partikel plastik. Oleh itu, kajian ini bertujuan untuk mengenalpasti kesan masa 

penggilingan terhadap sifat struktur untuk mekanisma penguatan. Nanopartikel BHAp 

bermagnet disubstitusikan dengan hematit telah disediakan melalui pengaktifan 

mekanikal (bola penggiling). Sintesis BHAp komposit menunjukkan penyebaran 

partikel dan meningkatkan kekuatan, atas hubungan nano-penghabluran besi. Kesan 

peratusan ferum (5%, 15% dan 30%), masa penggilingan (3, 6, 9 dan 12 jam) sebelum 

dan selepas sepuh lindap selama 2 jam pada suhu 900oC telah dikenalpasti. Teknik 

karakterisasi secara mendalam termasuk XRD, FESEM dan TEM telah dijalankan 

untuk mengenalpasti kesan Fe3+ terhadap sifat struktur seperti parameter kekisi BHAp, 

kehabluran dan fasa morfologi. Apabila masa penggilingan dipanjangkan dari 3 

sehingga 12 jam, kekuatan mampatan dan modulus Young nanokomposit turut 

meningkat masing-masing kepada 36.29% dan 26.15%. Kajian rendaman dalam 

larutan SBF menunjukkan sifat bioaktiviti yang baik namun terdapat perbezaan dalam 

mekanisma pertumbuhan apatit untuk masa penggilingan yang berbeza disebabkan 

oleh sifat permukaan dan mikrostruktur. Perbezaan masa penggilingan 30% α-

Fe2O3+BHAp menunjukkan perbezaan sifat magnetik disebabkan oleh susunan ion Fe 

dalam struktur BHAp. Berdasarkan asai pengekstrakan untuk ujian ketoksikan sel, 

kehadiran substitusi ion Fe3+ yang tinggi dalam BHAp telah meningkatkan proliferasi 

sel fibroblas sehingga 14 hari dan memberikan kelekatan sel osteoblas yang baik pada 

permukaan. Kajian awal in vivo terhadap tikus selepas 30 hari menunjukkan 

osseointegrasi yang baik melalui pembentukan kalus untuk 30% α-Fe2O3+BHAp 

dengan masa penggilingan 12 jam. Akhirnya, morfologi partikel 30% α-Fe2O3+BHAp 

sangat dipengaruhi oleh waktu penggiling, dimana mampu melahirkan bahan implant 

tulang yang baharu dan berpretasi. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background 

Malaysian population is estimated to increase throughout years, from 29.6 

million in 2013 to 42.9 million in 2050 with one-third of the total population are over 

50 years old (1). Framework of diagnosis and management of osteoporosis provided 

by the Malaysian Osteoporosis Society (MOS) in Clinical Practice Guideline in 2001, 

2006, and 2012 assists doctors to reduce fracture and its accompanying morbidity and 

mortality (2). Wang et al. (2014) reported that nearly $200 billion per year were spent 

on osteoporosis-related bone fracture in the United States (3) and orthopaedic product 

sales also reached $46.6 billion in 2015 worldwide mainly due to product prising and 

research and development (R&D). Thus, R&D for bone implant materials are still in 

progressive upon the degree of osseointegration in a sufficient and healthy bone. 

Implant biomaterial is necessary in replacing bone fracture by substituting or 

repairing any damages. Biomaterial is defined by American National Institute of 

Health as “any substance or combination of substances, other than drugs, synthetic or 

natural in origin, which can be used for any period of time, which augments or 

replaces partially or totally any tissue, organ or function of the body, in order to 

maintain or improve the quality of life of the individual” (4). The most common 

materials in biomedical are of metal, polymer, and ceramic categories. They are used 

as composites to improve material properties. However, the most frequent and widely 

material used in biomedical implant is ceramic due to biocompability especially 

hydroxyapatite (HAp) and other calcium phosphates. Researchers like Akoa (1980), 

Jarcho (1981), and de Groot (1984) pioneered the contributions in orthopaedic and 

dental fields. Meanwhile, using advanced X-ray powder diffraction technique, Dalconi 

et al. clarified that at the early stages of ossification, structural bioapatite closely 

resembled the hydroxyapatite (Ca10(PO4)6(OH)) (5). 
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Hydroxyapatite (HAp) is bioactive with excellent biocompatibility (6). It is 

termed as osseointegration (7–9) through its direct bonding responses to surrounding 

tissues and due to chemical and biological similarities to hard tissues. However, there 

are limitations in HAp as a result of poor mechanical properties like brittleness and 

low strength (10,11). Consequently, HAp-based ceramic composites were developed 

to overcome insufficient mechanical reliability and improved the abilities of living 

tissues. Composite materials can be composed by ceramic and metallic or polymer 

matrices reinforced with various components like particulate, short or long fibres, 

microfillers, and nanofillers (12). 

Among all those methods, only modification HAp by doping a small amount 

of ion substitutions might induce modification in lattice parameter, crystal 

morphology, crystallinity, solubility, and thermal stability (13,14). In an attempt to 

improve the mechanical properties, Gautam et al. reported that the 5% addition of 

MgO in HAp was successful to enhance load-bearing capability of pure HAp. 

Moreover, the increased released amount of zinc ions from the ceramic had increased 

the growth rate of osteoblast due to nutritional cells (15). The synthesis of substituted 

hydroxyapatite is one of the options to satisfy clinically improved mechanical 

properties and bone growth. 

Interestingly, substituting iron into HAp lattice contributes to magnetic 

properties, which is a potential application for magnetic resonance imaging, drug 

delivery, and hyperthermia. However, cooperating irons into HAp properties are less 

reported and still in the developed area of research. Iron (Fe) is an essential element in 

blood production (16–18) and in trace amount in hard tissues (0.003 wt% in enamel, 

0.01-0.1 wt% in bone) (18–21). Next, cell study of osteoblast on Fe-HAp reported that 

the number of cells increased twice in the presence of Fe3+ ions in HAp compared to 

pure HAp. This also showed more mini-filopodia attachment on Fe-HAp pellets, hence 

indicating a good osseointegration (22). In addition, magnetic-HAp (Fe-HAp) showed 

a good potential for anti-cancer based hyperthermia due to intrinsic magnetisation that 

affects heating properties (23). The development of iron oxide incorporation into 

apatite lattice contributes to biomedical application. 
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There are various methods reported on the synthesis of Fe incorporated in HAp 

such as co-precipitation (21,24–30), hydrothermal (31), wet chemical (16,22,32), ion-

exchanged (20), pseudo-body (19), microwave (17,31), and milling (33,34). In 

general, co-precipitation, hydrothermal, wet chemical, ion-exchanged, pseudo-body, 

and microwave were established using ‘trial and error’ approaches by controlling the 

pH, concentration, and temperature during syntheses for chemistry reaction system. 

Mechanical milling (MM) is the mixing of powder in the right portion and synthesis 

occurred by perturbation of surface-bonded by the samples, as well as ball and wall 

relationship. It is a well-known method because of its simple approach, easy to control, 

and economical (35). The main advantage of MM processing is to produce nano-sized 

particle during direct process. 

The properties of material could be altered by MM through their structures 

such as crystal structure, unit cell parameter, and lattice volume and density (36,37). 

The MM accumulates energy in solid form and increases potential energy that is 

manifested to form lattice defect and other structural imperfections. Consequently, the 

local stress concentration occurs due to MM which plays an important role in the heat 

production, new surface formation, plastic deformation, and amorphisation (36,38). 

Therefore, in order to improve the mechanical, magnetic, and biological properties of 

natural HAp composite, dispersion toughening of iron oxide and structural 

transformation by the milling time of process were employed. 

1.2 Problem statement 

Hydroxyapatite is widely used in biomaterial and tissues engineering due to its 

similarity with bone matrix. It has low density of HAp effect to mechanical properties 

and contrast image for early monitoring. Additives were used as radiopacifier like 

BaSO4 and ZrO2 (39). Wimhurst et al. used rats to study the effect of BaSO4 

particulate (radiopacifier) in bone cement and discovered that BaSO4 promotes 

osteolysis at the bone implant (40). This works to obtain non-inflammatory radiopacity 

material in enhancing the opacity property of HAp. Therefore, HAp leads to 
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implications like higher resolution contrast with surrounding tissues and improve the 

mechanical strength. 

There were many efforts done in the past focusing on the amount of iron 

substitution to understand the effects of Fe ions in HAp structure using wet chemical 

method. However, the occurrence of microstructural modification using mechanical 

milling (MM) that involves a reduction of particle size has been given a great interest. 

Milling time is an important parameter to understand the structure-property correlation 

in the material (41). However, less attention was given in MM and time of milling 

investigation for the synthesis of iron-hydroxyapatite composite. The development of 

preparation on Fe-HAp composite using MM to bring multifunctional nanostructured 

material is a promising opportunity for clinical treatment to enhance bone regenerative 

engineering.  

The fabrication of HAp composite enhances the mechanical properties of HAp-

based biomaterials. The reinforcement of 33 wt% Fe in HAp matrix has improved the 

mechanical properties due to good interfacial bonding with the matrix (42). Ajeesh et 

al. found 40 wt% iron oxide HAp composite enhance X-ray opacity and good 

biocompatibility (30). An addition of Fe into HAp also produces magnetic stimulation 

or guidance in bone regeneration by magnetic field. However, the iron overloading 

causes a Ca and P deficiency, hence decreases the bone’s mechanical strength (43). 

There is no report published the effect of Fe reinforcement of less than 33%. Therefore, 

the mechanical properties Fe-HAp reinforcement below 33% were unknown. 

An antiferromagnetic material such as hematite (α-Fe2O3) has been researched 

to improve bone regeneration by combining the properties of iron oxide and 

hydroxyapatite. For instance, Ajeesh et al. reported that cell cytotoxicity of HAp-

hematite composite was higher than that of pure HAp (30). However, they did not 

investigate the magnetic behaviour of Fe-BHAp partly because they studied the 

application for drug delivery. Similarly, thus far, in-vivo studies have also not been 

reported elsewhere for Fe-HAp composite.  
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1.3 Objective 

This research focuses to produce multifunctional HAp composite with several 

integrated properties that improves mechanical properties of HAp, imaging 

capabilities for early stage monitoring, and better biocompatibility. The preparation of 

HAp-Fe involves the mechanical milling. The effect of milling time during milled 

process is the key point of this research. Hence, the research objectives are as follows: 

1. To analyse structural relationship of Fe-BHAp prepared from 

mechanical milling at various milling time; 

2. To evaluate the effect of deformation mechanism on mechanical 

properties and magnetic behaviour from solid solution to the 

strengthening of material; and 

3. To evaluate the biocompatibility of composites through in-vitro and in-

vivo studied. 

1.4 Scopes 

Scope of study is crucial in order to provide a clear direction towards achieving 

the research objectives. In the development of multifunctional composite, Bovine 

hydroxyapatite (BHAp) was prepared using thermal decomposition method reinforced 

with (44) and pure iron (particle size 450 µm, Goodfellow, UK). The materials were 

ball milled using planetary milling with Teflon vial and zirconia balls. The treatment 

was conducted at 1500 rpm and ball/powder ratio was 10:1 with a total powder mass 

of 5 g.  
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The investigation on the properties of Fe-substituted BHAp was attended to 

two stages: one, Iron concentration of 5, 15, and 30%wt iron at 12 h milling and two, 

30%wt iron at different milling times: 3, 6, 9, and 12 h. The powder was compacted to 

a pellet and sintered at 900 oC for 2 h. The samples before and after sintered were then 

characterised using various techniques, including X-ray diffraction (XRD), Field 

emission scanning microscopy (SEM), Transmission electron microscopy (TEM), 

Vibrating sample magnetometer (VSM), contact angle measurement, Fourier 

transform infrared spectroscopy (FTIR), and Atomic absorption spectroscopy (AAS). 

The compression strength was investigated through compression test using 

universal testing machine (Instron) containing load cell 10kN at across head speed of 

1 mm/min for various milling time of 30% α-Fe2O3-BHAp (sintered samples). The 

biocompatibilities study was conducted using immersion test in Kokubo’s solution 

with pH 7.4 for 3 and 7 days for various milling time of 30% α-Fe2O3-BHAp. The 

cytotoxicity test was performed using skin fibroblast (HSF 1,184) using the extraction 

assay of hematite (Fe2O3) concentration (5, 15, and 30%wt) and cell attachment using 

osteoblast (NHost) on various milling time of 30% α-Fe2O3-BHAp. 

Furthermore, preliminary in-vivo study under the ethical clearance of Animal 

Care and Use Ethics Committee of Bogor Agricultural University, Indonesia (Ethical 

number: 024/KEH/SKE/III/2015) was conducted using 21 male Sprague Dawley rats 

(weight 147 ± 10g, age ± 3 months). The rats were implanted with various milling 

times of 30% α-Fe2O3-BHAp at the right leg of their femur bone. The observation and 

analysis were conducted on radiological image analysis and peripheral blood profile 

of the rats for 0, 7, 14, 30, and 60 days. 

1.5 Significances of study 

This is a comprehensive study on a material from preparation to in-vivo 

evaluation. Previous studies mostly focused on the content ratio of proposed material 

while this study focuses on milling time. Milling time is an important parameter in 
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material preparation as it controls over material structure, hence contributes towards 

the enhancement of many material properties such as mechanical properties and 

biocompatibility. Hematite and hydroxyapatite material are excellent prospects in 

nanomedicine with multifunctional biomaterial. 

1.6 Thesis Structure and Organisation  

This thesis consists of five chapters which are organised as follows. 

Chapter 1 provides a content overview of the research presented via problem 

statement and research objectives. It gives knowledge description about HAp 

composite materials and introduces the concept of MM process. 

Chapter 2 discusses a comprehensive literature review with overviews on 

biomaterial, bone properties, summary of the properties of HAp, Fe, and magnetic 

material application in biomedical field. Special attention is paid to mechanochemical 

process and background theory. The present knowledge about bone mechanism and 

healing process are also included in this chapter. 

Chapter 3 gives a detailed description of the experimental procedures used in 

this research, including (i) the materials used in the preparation of 30% iron-BHAp, 

(ii) the procedures of cell culture experiment and animal testing, and (iii) the outline 

of various material characterisations and testing procedures. 

Chapter 4 presents the finding and results of analyses in the experiments. First, 

the new composite is explained in terms of synthesis production along with analysis 

of the changes. Then, the test results which include in-vitro and in-vivo works are 

discussed and analysed.  

Finally, the conclusion of research and recommendations for future research 

are presented in Chapter 5. 



 

135 

 

REFERENCES 

1.  International Osteoporosis Foundation. Prevalence of Osteoporosis in 

Malaysia [Internet]. 2013. Available from: 

http://www.iofbonehealth.org/sites/default/files/media/PDFs/Regional 

Audits/2013-Asia_Pacific_Audit-Malaysia_0_0.pdf 

2.  Yeap SS, Hew FL, Damodaran P, Chee W, Lee JK, Goh EML, et al. A 

summary of the Malaysian Clinical Guidance on the management of 

postmenopausal and male osteoporosis, 2015. Osteoporos Sarcopenia 

[Internet]. 2016;2(1):1–12. Available from: 

http://www.sciencedirect.com/science/article/pii/S2405525516300048 

3.  Wang P, Zhao L, Liu J, Weir MD, Zhou X, Xu HHK. Bone tissue engineering 

via nanostructured calcium phosphate biomaterials and stem cells. Bone Res 

[Internet]. 2014 Sep 30;2:14017. Available from: 

https://doi.org/10.1038/boneres.2014.17 

4.  Bergmann C, Stumpf A. Dental Ceramics. 2013;9–14. Available from: 

http://link.springer.com/10.1007/978-3-642-38224-6 

5.  Dalconi MC, Meneghini C, Nuzzo S, Wenk R, Mobilio S. Structure of 

bioapatite in human foetal bones: An X-ray diffraction study. Nucl 

Instruments Methods Phys Res Sect B Beam Interact with Mater Atoms 

[Internet]. 2003;200:406–10. Available from: 

http://www.sciencedirect.com/science/article/pii/S0168583X02017305 

6.  Manoj M, Subbiah R, Mangalaraj D, Ponpandian N, Viswanathan C, Park K. 

Influence of Growth Parameters on the Formation of Hydroxyapatite (HAp) 

Nanostructures and Their Cell Viability Studies. Nanobiomedicine [Internet]. 

2015;2:2. Available from: http://journals.sagepub.com/doi/10.5772/60116 

7.  Best SM, Porter  a. E, Thian ES, Huang J. Bioceramics: Past, present and for 

the future. J Eur Ceram Soc. 2008;28(7):1319–27.  

8.  Habibovic P, Kruyt MC, Juhl M V., Clyens S, Martinetti R, Dolcini L, et al. 

Comparative in vivo study of six hydroxyapatite-based bone graft substitutes. 

J Orthop Res. 2008;26(10):1363–70.  

9.  Imranul Alam M, Asahina I, Ohmamiuda K, Takahashi K, Yokota S, Enomoto 



136 

S. Evaluation of ceramics composed of different hydroxyapatite to tricalcium 

phosphate ratios as carriers for rhBMP-2. Biomaterials. 2001;22(12):1643–51.  

10.  Dorozhkin S. Medical Application of Calcium Orthophosphate Bioceramics. 

Bio [Internet]. 2011;1(1):1–51. Available from: 

http://www.ccaasmag.org/bio_2011/vol1/Dorozhkin-CaPO4-bioceramics.pdf 

11.  Okada M, Furuzono T. Hydroxylapatite nanoparticles: fabrication methods 

and medical applications. Sci Technol Adv Mater [Internet]. 

2012;13(6):064103. Available from: http://stacks.iop.org/1468-

6996/13/i=6/a=064103 

12.  Yoruç ABH, Sener BC. Biomaterials. In: Kara BCŞE-S, editor. Rijeka: 

IntechOpen; 2012. p. Ch. 3. Available from: https://doi.org/10.5772/48057 

13.  Shepherd JH, Shepherd D V, Best SM. Substituted hydroxyapatites for bone 

repair. J Mater Sci Mater Med [Internet]. 2012 Oct;23(10):2335–47. Available 

from: https://doi.org/10.1007/s10856-012-4598-2 

14.  Kannan S, Lemos AF, Ferreira JMF. Synthesis and Mechanical Performance 

of Biological-like Hydroxyapatites. Chem Mater [Internet]. 2006 Apr 

1;18(8):2181–6. Available from: https://doi.org/10.1021/cm052567q 

15.  Ito A, Ojima K, Naito H, Ichinose N, Tateishi T. Preparation, solubility, and 

cytocompatibility of zinc-releasing calcium phosphate ceramics. J Biomed 

Mater Res. 2000;50(2):178–83.  

16.  Morrissey R, Rodríguez-Lorenzo LM, Gross K a. Influence of ferrous iron 

incorporation on the structure of hydroxyapatite. J Mater Sci Mater Med. 

2005;16(5):387–92.  

17.  Pon-on W, Meejoo S, Tang I-M. Incorporation of Iron Into Nano 

Hydroxyapatite Particles Synthesized By the Microwave Process. Int J 

Nanosci. 2007;06(01):9–16.  

18.  Ratnayake JTB, Mucalo M, Dias GJ. Substituted hydroxyapatites for bone 

regeneration: A review of current trends. J Biomed Mater Res - Part B Appl 

Biomater. 2017;105(5):1285–99.  

19.  Wang J, Nonami T, Yubata K. Syntheses, structures and photophysical 

properties of iron containing hydroxyapatite prepared by a modified pseudo-

body solution. J Mater Sci Mater Med [Internet]. 2008;19(7):2663–7. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/18197362 

20.  Kramer ER, Morey AM, Staruch M, Suib SL, Jain M, Budnick JI, et al. 



 

137 

 

Synthesis and characterization of iron-substituted hydroxyapatite via a simple 

ion-exchange procedure. J Mater Sci [Internet]. 2013;48(2):665–73. Available 

from: http://www.scopus.com/inward/record.url?eid=2-s2.0-

84871618950&partnerID=40&md5=1fb2450129db55545a596708bd683dfd 

21.  Kyriacou A, Leventouri T, Chakoumakos BC, Garlea VO, Dela Cruz CB, 

Rondinone  a. J, et al. Combined X-ray and neutron diffraction Rietveld 

refinement in iron-substituted nano-hydroxyapatite. J Mater Sci. 

2013;48(9):3535–45.  

22.  Li Y, Widodo J, Lim S, Ooi CP. Synthesis and cytocompatibility of 

manganese (II) and iron (III) substituted hydroxyapatite nanoparticles. J Mater 

Sci [Internet]. 2012;47(2):754–63. Available from: 

http://www.scopus.com/inward/record.url?eid=2-s2.0-

84855524629&partnerID=40&md5=377db2581a1eacd541b06c76ed770e69 

23.  Tampieri A, D’Alessandro T, Sandri M, Sprio S, Landi E, Bertinetti L, et al. 

Intrinsic magnetism and hyperthermia in bioactive Fe-doped hydroxyapatite. 

Acta Biomater [Internet]. 2012;8(2):843–51. Available from: 

http://www.sciencedirect.com/science/article/pii/S1742706111004259 

24.  Wu H-C, Wang T-W, Sun J-S, Wang W-H, Lin F-H. A novel biomagnetic 

nanoparticle based on hydroxyapatite. Nanotechnology [Internet]. 

2007;18(16):165601. Available from: http://stacks.iop.org/0957-

4484/18/i=16/a=165601 

25.  Zuo K-H, Zeng Y-P, Jiang D. Synthesis and Magnetic Property of Iron Ions-

Doped Hydroxyapatite. J Nanosci Nanotechnol [Internet]. 2012;12(9):7096–

100. Available from: 

http://www.ingentaconnect.com/content/10.1166/jnn.2012.6578 

26.  Trandafir DL, Mirestean C, Turcu RVF, Frentiu B, Eniu D, Simon S. 

Structural characterization of nanostructured hydroxyapatite-iron oxide 

composites. Ceram Int. 2014;40(7 PART B):11071–8.  

27.  Raghavan V, Mani D, R V, Rajamani AR, Rangarajan M, Tsuzuki T. Tuning 

the magnetic properties of iron oxide nanoparticles by a room-temperature. J 

Nanosci Nanotechnol. 2014;14:1–9.  

28.  Low HR, Phonthammachai N, Maignan  a., Stewart G a., Bastow TJ, Ma LL, 

et al. The crystal chemistry of ferric oxyhydroxyapatite. Inorg Chem. 

2008;47(24):11774–82.  



138 

29.  Jiang H, Li Y, Zuo Y, Yang W, Zhang  li, Li J, et al. Physical and Chemical 

Properties of Superparamagnetic Fe-Incorporated Nano Hydroxyapatite. J 

Nanosci Nanotechnol. 2009;9:6844–50.  

30.  Ajeesh M, Francis BF, Annie J, Harikrishna Varma PR. Nano iron oxide–

hydroxyapatite composite ceramics with enhanced radiopacity. J Mater Sci 

Mater Med [Internet]. 2010;21(5):1427–34. Available from: 

http://link.springer.com/10.1007/s10856-010-4005-9 

31.  Sarath Chandra V, Baskar G, Suganthi R V., Elayaraja K, Ahymah Joshy MI, 

Sofi Beaula W, et al. Blood compatibility of iron-doped nanosize 

hydroxyapatite and its drug release. ACS Appl Mater Interfaces. 2012;4:1200–

10.  

32.  Hayakawa S, Tsuru K, Osaka A. Synthesis and Characterization of Wet 

Chemically Derived Magnetite-HAp Hybrid Nanoparticles. Adv Bioceram 

Porous II. 2010;(1):45–58.  

33.  Iwasaki T. Mechanochemical Synthesis of Magnetite / Hydroxyapatite 

Nanocomposites for Hyperthermia. Mater Sci - Adv Top. 2013;175.  

34.  Rau J V, Cacciotti I, Bonis A De, Fosca M, Komlev VS, Latini A, et al. Fe-

doped hydroxyapatite coatings for orthopedic and dental implant applications. 

Appl Surf Sci [Internet]. 2014;307:301–5. Available from: 

http://www.sciencedirect.com/science/article/pii/S0169433214007934 

35.  Ullah M, Ali M, Abd Hamid SB. Surfactant-assisted ball milling: A novel 

route to novel materials with controlled nanostructure-A review. Rev Adv 

Mater Sci. 2014;37:1–14.  

36.  Suryanarayana C. Mechanical alloying and milling. Prog Mater Sci [Internet]. 

2001 Jan [cited 2014 Dec 30];46(1–2):1–184. Available from: 

http://www.sciencedirect.com/science/article/pii/S0079642599000109 

37.  Baláž P. Mechanochemistry in Minerals Engineering. In: Mechanochemistry 

in Nanoscience and Minerals Engineering SE - 5 [Internet]. Springer Berlin 

Heidelberg; 2008. p. 257–96. Available from: http://dx.doi.org/10.1007/978-3-

540-74855-7_5 

38.  Tkáčová K, Heegn H, Števulová N. Energy transfer and conversion during 

comminution and mechanical activation. Int J Miner Process [Internet]. 

1993;40(1):17–31. Available from: 

http://www.sciencedirect.com/science/article/pii/030175169390037B 



 

139 

 

39.  Ginebra MP. Cements as bone repair materials. In: Planell JA, Best SM, 

Lacroix D, Merolli ABT-BRB, editors. Woodhead Publishing Series in 

Biomaterials [Internet]. Woodhead Publishing; 2009. p. 271–308. Available 

from: 

http://www.sciencedirect.com/science/article/pii/B9781845693855500106 

40.  Wimhurst JA, Brooks RA, Rushton N. The effects of particulate bone cements 

at the bone-implant interface. J Bone Joint Surg Br [Internet]. 2001 May 1;83-

B(4):588–92. Available from: https://doi.org/10.1302/0301-

620X.83B4.0830588 

41.  Suryanarayana C, Ivanov E. 3 - Mechanochemical synthesis of nanocrystalline 

metal powders. In: Chang I, Zhao YBT-A in PM, editors. Woodhead 

Publishing Series in Metals and Surface Engineering [Internet]. Woodhead 

Publishing; 2013. p. 42–68. Available from: 

http://www.sciencedirect.com/science/article/pii/B9780857094209500039 

42.  Chang Q, Chen DL, Ru HQ, Yue XY, Yu L, Zhang CP. Toughening 

mechanisms in iron-containing hydroxyapatite/titanium composites. 

Biomaterials [Internet]. 2010;31(7):1493–501. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961209012745 

43.  Guggenbuhl P, Filmon R, Mabilleau G, Baslé MF, Chappard D. Iron inhibits 

hydroxyapatite crystal growth in vitro. Metabolism [Internet]. 

2008;57(7):903–10. Available from: 

http://www.sciencedirect.com/science/article/pii/S0026049508000759 

44.  Barakat NAM, Khil MS, Omran AM, Sheikh FA, Kim HY. Extraction of pure 

natural hydroxyapatite from the bovine bones bio waste by three different 

methods. J Mater Process Technol [Internet]. 2009;209(7):3408–15. Available 

from: http://www.sciencedirect.com/science/article/pii/S0924013608006109 

45.  Dorozhkin S. Medical Application of Calcium Orthophosphate Bioceramics. 

Bio [Internet]. 2011;1(1):1–51. Available from: 

http://www.ccaasmag.org/bio_2011/vol1/Dorozhkin-CaPO4-bioceramics.pdf 

46.  Barone DT-J, Raquez J-M, Dubois P. Bone-guided regeneration: from inert 

biomaterials to bioactive polymer (nano)composites. Polym Adv Technol 

[Internet]. 2011 May 1;22(5):463–75. Available from: 

https://doi.org/10.1002/pat.1845 

47.  Abdel-Hady Gepreel M, Niinomi M. Biocompatibility of Ti-alloys for long-



140 

term implantation. J Mech Behav Biomed Mater [Internet]. 2013;20:407–15. 

Available from: http://dx.doi.org/10.1016/j.jmbbm.2012.11.014 

48.  Long M, Rack HJ. Titanium alloys in total joint replacement--a materials 

science perspective. Biomaterials. 1998;19(18):1621–39.  

49.  Shaw IDI, Francisco S. ( 12 ) United States Patent ( 10 ) Patent No .: ( 45 ) 

Date of Patent : 2014;1(12).  

50.  Saini M, Singh Y, Arora P, Arora V, Jain K. Implant biomaterials: A 

comprehensive review. World J Clin cases [Internet]. 2015 Jan 16;3(1):52–7. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/25610850 

51.  Murugan R, Ramakrishna S. Development of nanocomposites for bone 

grafting. Compos Sci Technol. 2005;65(15-16 SPEC. ISS.):2385–406.  

52.  Piconi C, Porporati AA. Bioinert Ceramics: Zirconia and Alumina. In: 

Antoniac IV, editor. Handbook of Bioceramics and Biocomposites [Internet]. 

Cham: Springer International Publishing; 2016. p. 59–89. Available from: 

https://doi.org/10.1007/978-3-319-12460-5_4 

53.  Prakasam M, Locs J, Salma-Ancane K, Loca D, Largeteau A, Berzina-

Cimdina L. Fabrication, Properties and Applications of Dense Hydroxyapatite: 

A Review. J Funct Biomater [Internet]. 2015 Dec 21;6(4):1099–140. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/26703750 

54.  Hench LL. Bioceramics: From Concept to Clinic. J Am Ceram Soc. 

1991;74(7):1487–510.  

55.  Albee FH. Studies in Bone Growth: Triple Calcium Phosphate as a Stimulus 

to Osteogenesis. Ann Surg [Internet]. 1920 Jan;71(1):32–9. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1410453/ 

56.  Dorozhkin S V. Calcium orthophosphates in nature, biology and medicine. 

Materials (Basel). 2009;2(2):399–498.  

57.  LeGeros RZ, LeGeros JP. Calcium Phosphate Bioceramics: Past, Present and 

Future. Key Eng Mater [Internet]. 2003;240–242:3–10. Available from: 

http://www.scientific.net/KEM.240-242.3 

58.  Dorozhkin S V. Calcium Orthophosphates as Bioceramics: State of the Art. J 

Funct Biomater. 2010;1(1):22–107.  

59.  Takahashi H, Yashima M, Kakihana M, Yoshimura M. A differential scanning 

calorimeter study of the monoclinic (P21/b)↔hexagonal (P63/m) reversible 

phase transition in hydroxyapatite. Thermochim Acta [Internet]. 2001 Apr 



 

141 

 

[cited 2016 May 10];371(1–2):53–6. Available from: 

http://www.sciencedirect.com/science/article/pii/S0040603101004312 

60.  Orlovskii VP, Komlev VS, Barinov SM. Hydroxyapatite and Hydroxyapatite-

Based Ceramics. 2002;38(10):973–84.  

61.  Ong JL, Chan DCN. Hydroxyapatite and their use as coating in dental 

implants: a review. Crit Rev Biomed Eng. 1999;28:667–707.  

62.  Suda H, Yashima M, Kakihana M, Yoshimura M. Monoclinic <--> Hexagonal 

Phase Transition in Hydroxyapatite Studied by X-ray Powder Diffraction and 

Differential Scanning Calorimeter Techniques. J Phys Chem. 

1995;99(17):6752–4.  

63.  Cacciotti I. Handbook of Bioceramics and Biocomposites. In: Antoniac VI, 

editor. Switzland: Springer International Publishing; 2014. p. 1–68. Available 

from: http://dx.doi.org/10.1007/978-3-319-09230-0_7-1 

64.  Corno M, Rimola A, Bolis V, Ugliengo P. Hydroxyapatite as a key 

biomaterial: quantum-mechanical simulation of its surfaces in interaction with 

biomolecules. Phys Chem Chem Phys. 2010;12:6309–29.  

65.  Marković S, Veselinović L, Lukić MJ, Karanović L, Bračko I, Ignjatović N, et 

al. Synthetical bone-like and biological hydroxyapatites: a comparative study 

of crystal structure and morphology. Biomed Mater. 2011;6(4):045005.  

66.  Hughes JM, Rakovan J. The Crystal Structure of Apatite, 

Ca5(PO4)3(F,OH,Cl). Rev Mineral Geochemistry [Internet]. 2002;48(1):1–12. 

Available from: 

http://rimg.geoscienceworld.org/cgi/doi/10.2138/rmg.2002.48.1 

67.  Šupová M. Substituted hydroxyapatites for biomedical applications: A review. 

Ceram Int [Internet]. 2015 Sep;41(8):9203–31. Available from: 

http://www.sciencedirect.com/science/article/pii/S0272884215007336 

68.  Lala S, Ghosh M, Das PK, Kar T, Pradhan SK. Mechanical preparation of 

nanocrystalline biocompatible single-phase Mn-doped A-type carbonated 

hydroxyapatite (A-cHAp): effect of Mn doping on microstructure. Dalt Trans 

[Internet]. 2015;44(46):20087–97. Available from: 

http://pubs.rsc.org/en/content/articlehtml/2015/dt/c5dt03398e 

69.  Haberko K, Bućko MM, Brzezińska-Miecznik J, Haberko M, Mozgawa W, 

Panz T, et al. Natural hydroxyapatite—its behaviour during heat treatment. J 

Eur Ceram Soc [Internet]. 2006;26(4–5):537–42. Available from: 



142 

http://www.sciencedirect.com/science/article/pii/S0955221905006515 

70.  Barakat NAM, Khalil KA, Sheikh FA, Omran AM, Gaihre B, Khil SM, et al. 

Physiochemical characterizations of hydroxyapatite extracted from bovine 

bones by three different methods: Extraction of biologically desirable HAp. 

Mater Sci Eng C. 2008;28(8):1381–7.  

71.  Galia CR, Lourenço AL, Rosito R, Souza Macedo CA, Camargo LMAQ. 

Physicochemical Characterization of Lyophilized Bovine Bone Grafts. Rev 

Bras Ortop (English Ed [Internet]. 2011;46(4):444–51. Available from: 

http://www.sciencedirect.com/science/article/pii/S2255497115302603 

72.  Boutinguiza M, Pou J, Comesaña R, Lusquiños F, De Carlos A, Leõn B. 

Biological hydroxyapatite obtained from fish bones. Mater Sci Eng C 

[Internet]. 2012;32(3):478–86. Available from: 

http://dx.doi.org/10.1016/j.msec.2011.11.021 

73.  Ben-Nissan B. Natural bioceramics: From coral to bone and beyond. Curr 

Opin Solid State Mater Sci. 2003;7(4–5):283–8.  

74.  Shavandi A, Bekhit AED a, Ali A, Sun Z. Synthesis of nano-hydroxyapatite 

(nHA) from waste mussel shells using a rapid microwave method. Mater 

Chem Phys [Internet]. 2015;149:607–16. Available from: 

http://dx.doi.org/10.1016/j.matchemphys.2014.11.016 

75.  Goloshchapov DL, Kashkarov VM, Rumyantseva N a., Seredin P V., Lenshin  

a. S, Agapov BL, et al. Synthesis of nanocrystalline hydroxyapatite by 

precipitation using hen’s eggshell. Ceram Int [Internet]. 2013;39(4):4539–49. 

Available from: http://dx.doi.org/10.1016/j.ceramint.2012.11.050 

76.  Gergely G, Wéber F, Lukács I, Illés L, Tóth AL, Horváth ZE, et al. Nano-

hydroxyapatite preparation from biogenic raw materials. Cent Eur J Chem 

[Internet]. 2010;8(2):375–81. Available from: 

http://www.springerlink.com/index/10.2478/s11532-010-0004-4 

77.  Huang YC, Hsiao PC, Chai HJ. Hydroxyapatite extracted from fish scale: 

Effects on MG63 osteoblast-like cells. Ceram Int [Internet]. 2011;37(6):1825–

31. Available from: http://dx.doi.org/10.1016/j.ceramint.2011.01.018 

78.  Mondal S, Mondal B, Dey A, Mukhopadhyay SS. Studies on Processing and 

Characterization of Hydroxyapatite Biomaterials from Different Bio Wastes. J 

Miner Mater Charact Eng. 2012;11(1):55–67.  

79.  Akram M, Ahmed R, Shakir I, Ibrahim WAW, Hussain R. Extracting 



 

143 

 

hydroxyapatite and its precursors from natural resources. J Mater Sci. 

2014;49(4):1461–75.  

80.  Stavropoulos A. Deproteinized Bovine Bone Xenograft BT  - Musculoskeletal 

Tissue Regeneration: Biological Materials and Methods. In: Pietrzak WS, 

editor. Totowa, NJ: Humana Press; 2008. p. 119–51. Available from: 

https://doi.org/10.1007/978-1-59745-239-7_7 

81.  Piattelli M, Favero GA, Scarano A, Orsini G, Piattelli A. Bone reactions to 

anorganic bovine bone (Bio-Oss) used in sinus augmentation procedures: a 

histologic long-term report of 20 cases in humans. Int J Oral Maxillofac 

Implants. 1999;14(6):835–40.  

82.  Xue C, Chen Y, Huang Y, Zhu P. Hydrothermal Synthesis and 

Biocompatibility Study of Highly Crystalline Carbonated Hydroxyapatite 

Nanorods. Nanoscale Res Lett [Internet]. 2015;10(1):1018. Available from: 

http://www.nanoscalereslett.com/content/10/1/316 

83.  Peters F, Schwarz K, Epple M. The structure of bone studied with synchrotron 

X-ray diffraction , X-ray absorption spectroscopy and thermal analysis. 

2000;361:0–7.  

84.  Stavropoulos A. Deproteinized Bovine Bone Xenograft. In: Pietrzak WS, 

editor. Musculoskeletal Tissue Regeneration: Biological Materials and 

Methods [Internet]. Totowa, NJ: Humana Press; 2008. p. 119–51. Available 

from: http://dx.doi.org/10.1007/978-1-59745-239-7_7 

85.  Goller G, Oktar FN, Agathopoulos S, Tulyaganov DU, Ferreira JMF, Kayali 

ES, et al. Effect of sintering temperature on mechanical and microstructural 

properties of bovine hydroxyapatite (BHA). J Sol-Gel Sci Technol. 

2006;37(2):111–5.  

86.  Pramanik S, Hanif A, Pingguan-Murphy B, Abu Osman N. Morphological 

Change of Heat Treated Bovine Bone: A Comparative Study. Materials 

(Basel) [Internet]. 2012;6(1):65–75. Available from: 

http://www.mdpi.com/1996-1944/6/1/65/ 

87.  Sobczak A, Kowalski Z, Wzorek Z. Preparation of hydroxyapatite from 

animal bones. Acta Bioeng Biomech. 2009;11(4):23–8.  

88.  Figueiredo M, Fernando  a., Martins G, Freitas J, Judas F, Figueiredo H. 

Effect of the calcination temperature on the composition and microstructure of 

hydroxyapatite derived from human and animal bone. Ceram Int [Internet]. 



144 

2010;36(8):2383–93. Available from: 

http://dx.doi.org/10.1016/j.ceramint.2010.07.016 

89.  Sobczak-Kupiec A, Malina D, Kijkowska R, Wzorek Z. Comparative study of 

hydroxyapatite prepared by the authors with selected commercially available 

ceramics. Dig J Nanomater Biostructures. 2012;7(1):385–91.  

90.  Nasiri-Tabrizi B, Fahami A, Ebrahimi-Kahrizsangi R. Effect of milling 

parameters on the formation of nanocrystalline hydroxyapatite using different 

raw materials. Ceram Int [Internet]. 2013;39(5):5751–63. Available from: 

http://dx.doi.org/10.1016/j.ceramint.2012.12.093 

91.  Suchanek W, Yoshimura M. Processing and properties of hydroxyapatite-

based biomaterials for use as hard tissue replacement implants. J Mater Res. 

1998;13(1):94–117.  

92.  Okada M, Matsumoto T. Synthesis and modification of apatite nanoparticles 

for use in dental and medical applications. Jpn Dent Sci Rev [Internet]. 

2015;51(4):85–95. Available from: 

http://dx.doi.org/10.1016/j.jdsr.2015.03.004 

93.  Yuan H, de Groot K. Calcium Phosphate Biomaterials: An Overview. In: Reis 

RL, Weiner S, editors. Learning from Nature How to Design New Implantable 

Biomaterialsis: From Biomineralization Fundamentals to Biomimetic 

Materials and Processing Routes. Dordrecht: Springer Netherlands; 2005. p. 

37–57.  

94.  Saravanan S, Nethala S, Pattnaik S, Tripathi A, Moorthi A, Selvamurugan N. 

Preparation, characterization and antimicrobial activity of a bio-composite 

scaffold containing chitosan/nano-hydroxyapatite/nano-silver for bone tissue 

engineering. Int J Biol Macromol [Internet]. 2011;49(2):188–93. Available 

from: http://www.sciencedirect.com/science/article/pii/S0141813011001358 

95.  Converse GL, Conrad TL, Merrill CH, Roeder RK. Hydroxyapatite whisker-

reinforced polyetherketoneketone bone ingrowth scaffolds. Acta Biomater 

[Internet]. 2010;6(3):856–63. Available from: 

http://www.sciencedirect.com/science/article/pii/S1742706109003316 

96.  Hannora A. Preparation and Characterization of Hydroxyapatite/Alumina 

Nanocomposites by High-Energy Vibratory Ball Milling. J Ceram Sci 

Technol. 2014 Dec 1;5:293–7.  

97.  Lahiri D, Singh V, Keshri AK, Seal S, Agarwal A. Carbon nanotube 



 

145 

 

toughened hydroxyapatite by spark plasma sintering: Microstructural 

evolution and multiscale tribological properties. Carbon N Y [Internet]. 

2010;48(11):3103–20. Available from: 

http://www.sciencedirect.com/science/article/pii/S0008622310003143 

98.  Ye X, Chen M, Yang M, Wei J, Liu D. In vitro corrosion resistance and 

cytocompatibility of nano-hydroxyapatite reinforced Mg–Zn–Zr composites. J 

Mater Sci Mater Med [Internet]. 2010;21(4):1321–8. Available from: 

https://doi.org/10.1007/s10856-009-3954-3 

99.  Danilchenko SN, Kalinkevich O V., Pogorelov M V., Kalinkevich AN, Sklyar 

AM, Kalinichenko TG, et al. Characterization and in vivo evaluation of 

chitosan-hydroxyapatite bone scaffolds made by one step coprecipitation 

method. J Biomed Mater Res - Part A. 2011;96 A(4):639–47.  

100.  Zeng XB, Hu H, Xie LQ, Lan F, Jiang W, Wu Y, et al. Magnetic responsive 

hydroxyapatite composite scaffolds construction for bone defect reparation. 

Int J Nanomedicine. 2012;7:3365–78.  

101.  Jiang M, Terra J, Rossi  a. M, Morales M a., Baggio Saitovitch EM, Ellis DE. 

Fe2+/Fe3+ substitution in hydroxyapatite: Theory and experiment. Phys Rev 

B [Internet]. 2002;66(22):224107. Available from: 

https://link.aps.org/doi/10.1103/PhysRevB.66.224107 

102.  Cornell RM, Schwertmann U. The Iron Oxides: Structure, Properties, 

Reactions, Occurrence and Uses. Weinheim, VCH. 2003;  

103.  Parkinson GS. Iron oxide surfaces. 2016;71(111):272–365.  

104.  Kazeminezhad I, Mosivand S. Phase transition of electrooxidized Fe3O4 to γ 

and α-Fe2O3 nanoparticles using sintering treatment. Acta Phys Pol A. 

2014;125(5):1210–4.  

105.  Iafisco M, Drouet C, Adamiano A, Pascaud P, Montesi M, Panseri S, et al. 

Superparamagnetic iron-doped nanocrystalline apatite as a delivery system for 

doxorubicin. J Mater Chem B [Internet]. 2016;4(1):57–70. Available from: 

http://xlink.rsc.org/?DOI=C5TB01524C 

106.  M. Rahman M, Khan SB, Jamal A, Faisal M, M. Aisiri A. Iron Oxide 

Nanoparticles [Internet]. Nanomaterials. 2011. Available from: 

http://www.intechopen.com/books/nanomaterials/iron-oxide-nanoparticles 

107.  Guo H, Barnard AS. Naturally occurring iron oxide nanoparticles: 

morphology, surface chemistry and environmental stability. J Mater Chem A 



146 

[Internet]. 2013;1(1):27–42. Available from: 

http://xlink.rsc.org/?DOI=C2TA00523A 

108.  Tadić M, Čitaković N, Panjan M, Stojanović Z, Marković D, Spasojević V. 

Synthesis, morphology, microstructure and magnetic properties of hematite 

submicron particles. J Alloys Compd. 2011;509(28):7639–44.  

109.  Pisanic TR, Blackwell JD, Shubayev VI, Fiñones RR, Jin S. Nanotoxicity of 

iron oxide nanoparticle internalization in growing neurons. Biomaterials. 

2007;28(16):2572–81.  

110.  Tadic M, Citakovic N, Panjan M, Stanojevic B, Markovic D, Jovanovic O, et 

al. Synthesis, morphology and microstructure of pomegranate-like hematite 

(α-Fe2O3) superstructure with high coercivity. J Alloys Compd. 

2012;543:118–24.  

111.  Bagheri S, Chandrappa KG, Abd Hamid SB. Generation of Hematite 

Nanoparticles via Sol-Gel Method. Res J Chem Sci [Internet]. 2013;3(7):62–8. 

Available from: http://www.isca.in/rjcs/Archives/vol3/i7/9.ISCA-RJCS-2013-

097.pdf 

112.  Lee JB, Kim HJ, Lužnik J, Jelen A, Pajić D, Wencka M, et al. Synthesis and 

magnetic properties of hematite particles in a “nanomedusa” morphology. J 

Nanomater. 2014;2014:1–10.  

113.  Tuček J, Machala L, Ono S, Namai A, Yoshikiyo M, Imoto K, et al. Zeta-Fe 2 

O 3 - A new stable polymorph in iron(III) oxide family. Sci Rep [Internet]. 

2015;5(Iii):1–11. Available from: http://dx.doi.org/10.1038/srep15091 

114.  Sanchez LC, Arboleda JD, Saragovi C, Zysler RD, Barrero CA. Magnetic and 

structural properties of pure hematite submitted to mechanical milling in air 

and ethanol. 2007;389:145–9.  

115.  Pauling L, Hendricks SB. THE CRYSTAL STRUCTURES OF HEMATITE 

AND CORUNDUM. J Am Chem Soc [Internet]. 1925 Mar 1;47(3):781–90. 

Available from: https://doi.org/10.1021/ja01680a027 

116.  Yufanyi DM, Ondoh AM, Foba-Tendo J, Mbadcam KJ. Effect of 

Decomposition Temperature on the Crystallinity of α-Fe 2 O 3 (Hematite) 

Obtained from an Iron(III)-Hexamethylenetetramine Precursor. Am J Chem. 

2015;5(1):1–9.  

117.  Wu W, Wu Z, Yu T, Jiang C, Kim WS. Recent progress on magnetic iron 

oxide nanoparticles: Synthesis, surface functional strategies and biomedical 



 

147 

 

applications. Sci Technol Adv Mater. 2015;16(2).  

118.  Dzade N, Roldan A, de Leeuw N. A Density Functional Theory Study of the 

Adsorption of Benzene on Hematite (α-Fe2O3) Surfaces. Minerals [Internet]. 

2014;4(1):89–115. Available from: http://www.mdpi.com/2075-163X/4/1/89/ 

119.  Tadic M, Panjan M, Damnjanovic V, Milosevic I. Magnetic properties of 

hematite (α-Fe2O3) nanoparticles prepared by hydrothermal synthesis method. 

Appl Surf Sci [Internet]. 2014;320:183–7. Available from: 

http://www.sciencedirect.com/science/article/pii/S0169433214019722 

120.  Mandal S, Müller AHE. Facile route to the synthesis of porous α-Fe2O3 

nanorods. Mater Chem Phys [Internet]. 2008;111(2):438–43. Available from: 

http://www.sciencedirect.com/science/article/pii/S0254058408002514 

121.  Kletetschka G, Wasilewski PJ. Grain size limit for SD hematite. Phys Earth 

Planet Inter [Internet]. 2002;129(1):173–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0031920101002710 

122.  Zysler RD, Vasquez-Mansilla M, Arciprete C, Dimitrijewits M, Rodriguez-

Sierra D, Saragovi C. Structure and magnetic properties of thermally treated 

nanohematite. J Magn Magn Mater [Internet]. 2001;224(1):39–48. Available 

from: http://www.sciencedirect.com/science/article/pii/S0304885300013652 

123.  Sorescu M, Brand RA, Mihaila-Tarabasanu D, Diamandescu L. The crucial 

role of particle morphology in the magnetic properties of haematite. J Appl 

Phys [Internet]. 1999 Apr 15;85(8):5546–8. Available from: 

https://doi.org/10.1063/1.369890 

124.  Deraz NM, Alarifi  a. Novel processing and magnetic properties of 

hematite/maghemite nano-particles. Ceram Int. 2012;38(5):4049–55.  

125.  Henrique P, Camargo C, Satyanarayana KG, Wypych F. Nanocomposites : 

Synthesis , Structure , Properties and New Application Opportunities. Mater 

Res. 2009;12(1):1–39.  

126.  Pareta RA, Taylor E, Webster TJ. Increased osteoblast density in the presence 

of novel calcium phosphate coated magnetic nanoparticles. Nanotechnology. 

2008;19(26).  

127.  Panseri S, Cunha C, D’Alessandro T, Sandri M, Giavaresi G, Marcacci M, et 

al. Intrinsically superparamagnetic Fe-hydroxyapatite nanoparticles positively 

influence osteoblast-like cell behaviour. J Nanobiotechnology [Internet]. 

2012;10(1):32. Available from: Journal of Nanobiotechnology 



148 

128.  Tang Z, Zhou Y, Sun H, Li D, Zhou S. Biodegradable magnetic calcium 

phosphate nanoformulation for cancer therapy. Eur J Pharm Biopharm 

[Internet]. 2014;87(1):90–100. Available from: 

http://dx.doi.org/10.1016/j.ejpb.2014.01.003 

129.  Noh SH, Na W, Jang JT, Lee JH, Lee EJ, Moon SH, et al. Nanoscale 

magnetism control via surface and exchange anisotropy for optimized 

ferrimagnetic hysteresis. Nano Lett. 2012;12(7):3716–21.  

130.  Sun Y, Deng Y, Ye Z, Liang S, Tang Z, Wei S. Peptide decorated nano-

hydroxyapatite with enhanced bioactivity and osteogenic differentiation via 

polydopamine coating. Colloids Surfaces B Biointerfaces [Internet]. 

2013;111:107–16. Available from: 

http://www.sciencedirect.com/science/article/pii/S0927776513003639 

131.  Gopi D, Ansari MT, Shinyjoy E, Kavitha L. Synthesis and spectroscopic 

characterization of magnetic hydroxyapatite nanocomposite using ultrasonic 

irradiation. Spectrochim Acta - Part A Mol Biomol Spectrosc [Internet]. 

2012;87:245–50. Available from: http://dx.doi.org/10.1016/j.saa.2011.11.047 

132.  McCormick PG, Froes FH. The fundamentals of mechanochemical 

processing. JOM [Internet]. 1998;50(11):61–5. Available from: 

http://dx.doi.org/10.1007/s11837-998-0290-x 

133.  Baláž P. Mechanochemistry in nanoscience and minerals engineering. 

Mechanochemistry in Nanoscience and Minerals Engineering. Springer-

Verlag Berlin Heidelberg; 2008. 1–413 p.  

134.  Masuda H, Higashitani K, Yoshida H. Powder Technology Handbook 

[Internet]. Third Edit. CRC Press, Taylor & Francis Group. 2006. 1–920 p. 

Available from: http://dx.doi.org/10.1201/9781439831885.fmatt 

135.  Boldyreva E. Mechanochemistry of inorganic and organic systems: what is 

similar, what is different? Chem Soc Rev [Internet]. 2013;42(18):7719–38. 

Available from: http://dx.doi.org/10.1039/C3CS60052A 

136.  Zakeri M, Rahimipour MR, Jamal Abbasi B. Mechanochemical synthesis of 

nanocrystalline hydroxyapatite via mechanical alloying. Mater Technol 

[Internet]. 2013 May 1;28(3):159–64. Available from: 

https://doi.org/10.1179/1753555712Y.0000000029 

137.  Saka H, Goto D, Moon WJ. Dislocations in plastically deformed apatite. J 

Mater Sci. 2008;43(9):3234–9.  



 

149 

 

138.  Lu K, Lu L, Suresh S. Strengthening Materials by Engineering Coherent 

Internal Boundaries at the Nanoscale. Science (80- ) [Internet]. 2009 Apr 

17;324(5925):349 LP – 352. Available from: 

http://science.sciencemag.org/content/324/5925/349.abstract 

139.  Ievlev VM, Barinov SM, Komlev VS, Fedotov AY, Kostyuchenko A V, 

Kilmametov AR, et al. Structural transformations in hydroxyapatite ceramics 

as a result of severe plastic deformation. Ceram Int. 2015;41(9(PA)):10526–

30.  

140.  Dieter GE, Bacon D. Mechanical Metallurgy [Internet]. McGraw-Hill; 1988. 

(Materials Science and Engineering Series). Available from: 

https://books.google.com.my/books?id=hlabmB3e8XwC 

141.  Baláž P, Achimovičová M, Baláž M, Billik P, Cherkezova-Zheleva Z, Criado 

JM, et al. Hallmarks of mechanochemistry: from nanoparticles to technology. 

Chem Soc Rev [Internet]. 2013;42(18):7571–637. Available from: 

http://dx.doi.org/10.1039/C3CS35468G 

142.  Silva CC, Graça MPF, Valente M a., Sombra  a. SB. Crystallite size study of 

nanocrystalline hydroxyapatite and ceramic system with titanium oxide 

obtained by dry ball milling. J Mater Sci. 2007;42(11):3851–5.  

143.  Ebrahimi-Kahrizsangi R, Nasiri-Tabrizi B, Chami A. Synthesis and 

Characterization of Fluorapatiteetitania (FAp-TiO2) Nanocomposite via 

Mechanochemical Process. Solid State Sci. 2010 Sep 1;12:1645–51.  

144.  Kollár P, Kováč J, Füzer J, Sovák P, Pancuráková E, Konč M. The structure 

and magnetic properties of a powder FeCuNbSiB material. J Magn Magn 

Mater [Internet]. 2000 Jun 2 [cited 2018 Oct 14];215–216:560–2. Available 

from: 

https://www.sciencedirect.com/science/article/abs/pii/S0304885300002213 

145.  Alleg S, Kartout S, Ibrir M, Azzaza S, Fenineche NE, Suñol JJ. Magnetic, 

structural and thermal properties of the Finemet-type powders prepared by 

mechanical alloying. J Phys Chem Solids [Internet]. 2013 Apr 1 [cited 2018 

Oct 14];74(4):550–7. Available from: 

https://www.sciencedirect.com/science/article/abs/pii/S002236971200368X 

146.  Campillo Figueroa G, Arnache Olmos Ó, Gil Garcés A, Osorio Vélez JA, 

Beltrán JJ, Baca Miranda E, et al. Influence of Ball Milling Process on 

Structural and Magnetic Properties of La0.7Sr0.3MnO3 Mangatine. Rev EIA 



150 

[Internet]. 2014 [cited 2018 Oct 14];(SPE1):31–8. Available from: 

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S1794-

12372014000300004&lng=en&nrm=iso&tlng= 

147.  Tarigan K, Kusuma Y, Sebayang D, Yang DS. Effect of Milling times and 

Carbon content on Structural and Magnetic properties of Fe-Mn Alloys. J 

Phys Conf Ser [Internet]. 2017 Oct;914:012010. Available from: 

http://stacks.iop.org/1742-

6596/914/i=1/a=012010?key=crossref.85a5335d55cfbc4fba4f85407e6ed043 

148.  Coey JMD. Magnetism and Magnetic Materials [Internet]. Cambridge: 

Cambridge University Press; 2010 [cited 2018 Oct 14]. Available from: 

http://ebooks.cambridge.org/ref/id/CBO9780511845000 

149.  Callister W, Rethwisch D. Materials science and engineering: an introduction 

[Internet]. Vol. 94, Materials Science and Engineering. 2007. 266–267 p. 

Available from: http://sinnott.mse.ufl.edu/Syllabus_abet_3010_2007_v02.pdf 

150.  Kolhatkar GA, Jamison CA, Litvinov D, Willson CR, Lee RT. Tuning the 

Magnetic Properties of Nanoparticles. Vol. 14, International Journal of 

Molecular Sciences . 2013.  

151.  Pankhurst QA, Connolly J, Jones SK, Dobson J. Applications of magnetic 

nanoparticles in biomedicine. J Phys D Appl Phys [Internet]. 2003 Jul 

7;36(13):R167–81. Available from: http://stacks.iop.org/0022-

3727/36/i=13/a=201?key=crossref.3e466fa3dbc8e71868fa521781326623 

152.  Mody V, Singh A, Wesley B. Basics of magnetic nanoparticles for their 

application in the field of magnetic fluid hyperthermia [Internet]. Vol. 5, 

European Journal of Nanomedicine. 2013. p. 11. Available from: 

https://www.degruyter.com/view/j/ejnm.2013.5.issue-1/ejnm-2012-

0008/ejnm-2012-0008.xml 

153.  Mody V V, Cox A, Shah S, Singh A, Bevins W, Parihar H. Magnetic 

nanoparticle drug delivery systems for targeting tumor. Appl Nanosci 

[Internet]. 2014 Apr;4(4):385–92. Available from: 

https://doi.org/10.1007/s13204-013-0216-y 

154.  Neuberger T, Schöpf B, Hofmann H, Hofmann M, von Rechenberg B. 

Superparamagnetic nanoparticles for biomedical applications: Possibilities and 

limitations of a new drug delivery system. J Magn Magn Mater [Internet]. 

2005 May 1 [cited 2018 Oct 14];293(1):483–96. Available from: 



 

151 

 

https://www.sciencedirect.com/science/article/abs/pii/S0304885305001137 

155.  Tartaj P, Morales M a del P, Veintemillas-Verdaguer S, Gonz lez-Carre o T, 

Serna CJ. The preparation of magnetic nanoparticles for applications in 

biomedicine. J Phys D Appl Phys [Internet]. 2003 Jul 7;36(13):R182–97. 

Available from: http://stacks.iop.org/0022-

3727/36/i=13/a=202?key=crossref.a2adf492ddbb094e3fa1b0ef0c95a015 

156.  Batlle X, Pérez N, Guardia P, Iglesias O, Labarta A, Bartolome F, et al. 

Magnetic nanoparticles with bulk-like properties. J Appl Phys. 2011 Apr 

4;109:07B524-07B524.  

157.  Panseri S, Cunha C, D’Alessandro T, Sandri M, Russo A, Giavaresi G, et al. 

Magnetic Hydroxyapatite Bone Substitutes to Enhance Tissue Regeneration: 

Evaluation In Vitro Using Osteoblast-Like Cells and In Vivo in a Bone 

Defect. PLoS One. 2012 Jun 7;7:e38710.  

158.  Ramanujan R V. Magnetic Particles for Biomedical Applications. In: Narayan 

R, editor. Biomedical Materials [Internet]. Boston, MA: Springer US; 2009. p. 

477–91. Available from: https://doi.org/10.1007/978-0-387-84872-3_17 

159.  Veiseh O, Gunn JW, Zhang M. Design and fabrication of magnetic 

nanoparticles for targeted drug delivery and imaging. Adv Drug Deliv Rev 

[Internet]. 2010 Mar 8 [cited 2018 Oct 14];62(3):284–304. Available from: 

https://www.sciencedirect.com/science/article/pii/S0169409X09003408?via%

3Dihub 

160.  Duran C, Sobieszczyk PS, Rybicki FJ. Magnetic Resonance Imaging. Vasc 

Med A Companion to Braunwald’s Hear Dis [Internet]. 2013 Jan 1 [cited 2018 

Oct 14];166–83. Available from: 

https://www.sciencedirect.com/science/article/pii/B9781437729306000136?vi

a%3Dihub 

161.  Issa B, Obaidat MI, Albiss AB, Haik Y. Magnetic Nanoparticles: Surface 

Effects and Properties Related to Biomedicine Applications. Vol. 14, 

International Journal of Molecular Sciences . 2013.  

162.  Caravan P. Strategies for increasing the sensitivity of gadolinium based MRI 

contrast agents. Chem Soc Rev [Internet]. 2006;35(6):512–23. Available from: 

http://dx.doi.org/10.1039/B510982P 

163.  Bulte JWM, Kraitchman DL. Iron oxide MR contrast agents for molecular and 

cellular imaging. NMR Biomed [Internet]. 17(7):484–99. Available from: 



152 

https://onlinelibrary.wiley.com/doi/abs/10.1002/nbm.924 

164.  Ma X, Gong A, Chen B, Zheng J, Chen T, Shen Z, et al. Exploring a new 

SPION-based MRI contrast agent with excellent water-dispersibility, high 

specificity to cancer cells and strong MR imaging efficacy. Colloids Surfaces 

B Biointerfaces [Internet]. 2015 Feb 1 [cited 2018 Oct 14];126:44–9. 

Available from: 

https://www.sciencedirect.com/science/article/pii/S0927776514006717?via%3

Dihub 

165.  Laurent S, Dutz S, Häfeli UO, Mahmoudi M. Magnetic fluid hyperthermia: 

Focus on superparamagnetic iron oxide nanoparticles. Adv Colloid Interface 

Sci [Internet]. 2011 Aug 10 [cited 2018 Oct 15];166(1–2):8–23. Available 

from: https://www.sciencedirect.com/science/article/pii/S0001868611000972 

166.  Silva AC, Oliveira TR, Mamani JB, Malheiros SMF, Malavolta L, Pavon LF, 

et al. Application of hyperthermia induced by superparamagnetic iron oxide 

nanoparticles in glioma treatment. Int J Nanomedicine [Internet]. 2011 Mar 

25;6:591–603. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3107718/ 

167.  Thiesen B, Jordan A. Clinical applications of magnetic nanoparticles for 

hyperthermia. Int J Hyperth [Internet]. 2008 Jan 1;24(6):467–74. Available 

from: https://doi.org/10.1080/02656730802104757 

168.  Sikavitsas VI, Temenoff JS, Mikos AG. Biomaterials and bone 

mechanotransduction. Biomaterials [Internet]. 2001 Oct 1 [cited 2018 Oct 

15];22(19):2581–93. Available from: 

https://www.sciencedirect.com/science/article/pii/S0142961201000023?via%3

Dihub 

169.  Clarke B. Normal Bone Anatomy and Physiology. Clin J Am Soc Nephrol 

[Internet]. 2008 Nov;3(Suppl 3):S131–9. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3152283/ 

170.  Mistry AS, Mikos AG. Tissue Engineering Strategies for Bone Regeneration. 

In: Yannas I V, editor. Regenerative Medicine II: Clinical and Preclinical 

Applications [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2005. 

p. 1–22. Available from: https://doi.org/10.1007/b99997 

171.  Boskey A, Camacho NP. FT-IR Imaging of Native and Tissue-Engineered 

Bone and Cartilage. Biomaterials [Internet]. 2007 May 18;28(15):2465–78. 



 

153 

 

Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1892909/ 

172.  Pielichowska K, Blazewicz S. Bioactive Polymer/Hydroxyapatite 

(Nano)composites for Bone Tissue Regeneration. In: Abe A, Dusek K, 

Kobayashi S, editors. Biopolymers: Lignin, Proteins, Bioactive 

Nanocomposites [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 

2010. p. 97–207. Available from: https://doi.org/10.1007/12_2010_50 

173.  Olszta MJ, Cheng X, Jee SS, Kumar R, Kim YY, Kaufman MJ, et al. Bone 

structure and formation: A new perspective. Mater Sci Eng R Reports. 

2007;58:77–116.  

174.  Shea JE. Skeletal function and structure: Implications for tissue-targeted 

therapeutics. Adv Drug Deliv Rev [Internet]. 2005 May 25 [cited 2018 Oct 

15];57(7):945–57. Available from: 

https://www.sciencedirect.com/science/article/pii/S0169409X0500075X 

175.  Akter F, Ibanez J. Bone and Cartilage Tissue Engineering. Tissue Eng Made 

Easy [Internet]. 2016 Jan 1 [cited 2018 Oct 15];77–97. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780128053614000084 

176.  Cashman KD, Ginty F. BONE. Encycl Food Sci Nutr [Internet]. 2003 Jan 1 

[cited 2018 Oct 15];557–65. Available from: 

https://www.sciencedirect.com/science/article/pii/B012227055X001115 

177.  Karaplis AC. Chapter 3 - Embryonic Development of Bone and Regulation of 

Intramembranous and Endochondral Bone Formation. In: Bilezikian JP, Raisz 

LG, Martin TJ, editors. Principles of Bone Biology (Third Edition) [Internet]. 

Third Edit. San Diego: Academic Press; 2008. p. 53–84. Available from: 

http://www.sciencedirect.com/science/article/pii/B9780123738844000252 

178.  Velnar T, Bailey T, Smrkolj V. The Wound Healing Process: An Overview of 

the Cellular and Molecular Mechanisms. J Int Med Res [Internet]. 

2009;37(5):1528–42. Available from: 

https://doi.org/10.1177/147323000903700531 

179.  de Oliveira Gonzalez A, Fortuna T, de Araújo Andrade Z, Medrado A. Wound 

healing - A literature review. An Bras Dermatol. 2016;91:614–20.  

180.  Martin P. Wound Healing--Aiming for Perfect Skin Regeneration. Science 

(80- ) [Internet]. 1997 Apr 4;276(5309):75 LP – 81. Available from: 

http://science.sciencemag.org/content/276/5309/75.abstract 

181.  Lin P-H, Sermersheim M, Li H, Lee PHU, Steinberg SM, Ma J. Zinc in 



154 

Wound Healing Modulation. Nutrients [Internet]. 2017 Dec 24;10(1):16. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/29295546 

182.  Gosain A, DiPietro LA. Aging and Wound Healing. World J Surg [Internet]. 

2004 Mar;28(3):321–6. Available from: https://doi.org/10.1007/s00268-003-

7397-6 

183.  Flanagan M. The physiology of wound healing. J Wound Care [Internet]. 

2000;9(6):299–300. Available from: 

https://doi.org/10.12968/jowc.2000.9.6.25994 

184.  Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound repair and 

regeneration. Nature [Internet]. 2008 May 14;453:314. Available from: 

https://doi.org/10.1038/nature07039 

185.  Wang W, Yeung KWK. Bone grafts and biomaterials substitutes for bone 

defect repair: A review. Bioact Mater [Internet]. 2017;2(4):224–47. Available 

from: http://www.sciencedirect.com/science/article/pii/S2452199X17300464 

186.  Pountos I, Giannoudis P V. Fracture Healing: Back to Basics and Latest 

Advances. In: Giannoudis P V, editor. Fracture Reduction and Fixation 

Techniques: Upper Extremities [Internet]. Cham: Springer International 

Publishing; 2018. p. 3–17. Available from: https://doi.org/10.1007/978-3-319-

68628-8_1 

187.  Doblaré M, Garcı́a JM, Gómez MJ. Modelling bone tissue fracture and 

healing: a review. Eng Fract Mech [Internet]. 2004;71(13):1809–40. Available 

from: http://www.sciencedirect.com/science/article/pii/S0013794403002510 

188.  Markel M, Lopez M. Chapter 80. Bone Biology and Fracture Healing. In: 

Equine Surgery. 2006. p. 991–1000.  

189.  Sfeir C, Ho L, Doll BA, Azari K, Hollinger JO. Fracture Repair. 2005. p. 21–

44.  

190.  Marsell R, Einhorn TA. The biology of fracture healing. Injury [Internet]. 

2011 Jun 1;42(6):551–5. Available from: 

https://doi.org/10.1016/j.injury.2011.03.031 

191.  Schell H, Duda GN, Peters A, Tsitsilonis S, Johnson KA, Schmidt-Bleek K. 

The haematoma and its role in bone healing. J Exp Orthop [Internet]. 2017 

Feb 7;4(1):5. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/28176273 

192.  Yaszemski MJ, Payne RG, Hayes WC, Langer R, Mikos AG. Evolution of 



 

155 

 

bone transplantation: molecular, cellular and tissue strategies to engineer 

human bone. Biomaterials [Internet]. 1996;17(2):175–85. Available from: 

http://www.sciencedirect.com/science/article/pii/0142961296857620 

193.  Pankaew P, White P. Structural and Magnetic Characterizations of Nano Sized 

Grain Zinc Ferrite/Hydroxyapatite Ceramic Prepared by Solid State Reaction 

Route. J Nanosci Nanotechnol. 2015;15.  

194.  Suchanek WL, Byrappa K, Shuk P, Riman RE, Janas VF, TenHuisen KS. 

Preparation of magnesium-substituted hydroxyapatite powders by the 

mechanochemical–hydrothermal method. Biomaterials [Internet]. 

2004;25(19):4647–57. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961203011566 

195.  Nasiri-Tabrizi B, Fahami A. Effect of zirconia content on the 

mechanosynthesis and structural features of fluorapatite-based composite 

nanopowders. Ceram Int [Internet]. 2013;39(7):7331–42. Available from: 

http://www.sciencedirect.com/science/article/pii/S0272884213002332 

196.  Ooi CY, Hamdi M, Ramesh S. Properties of hydroxyapatite produced by 

annealing of bovine bone. Ceram Int. 2007;33(7):1171–7.  

197.  Prabhu YT, Rao KV. X-Ray Analysis by Williamson-Hall and Size-Strain 

Plot Methods of ZnO Nanoparticles with Fuel Variation. World J Nano Sci 

Eng. 2014;4(March):21–8.  

198.  Kwok DY, Neumann AW. Contact angle measurement and contact angle 

interpretation. Adv Colloid Interface Sci [Internet]. 1999;81(3):167–249. 

Available from: 

http://www.sciencedirect.com/science/article/pii/S0001868698000876 

199.  Kokubo T, Takadama H. How useful is SBF in predicting in vivo bone 

bioactivity? Biomaterials [Internet]. 2006;27(15):2907–15. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961206000457 

200.  Ciapetti G, Cenni E, Pratelli L, Pizzoferrato A. In vitro evaluation of 

cell/biomaterial interaction by MTT assay. Biomaterials [Internet]. 

1993;14(5):359–64. Available from: 

http://www.sciencedirect.com/science/article/pii/0142961293900557 

201.  Gupta AK, Curtis ASG. Lactoferrin and ceruloplasmin derivatized 

superparamagnetic iron oxide nanoparticles for targeting cell surface 

receptors. Biomaterials [Internet]. 2004;25(15):3029–40. Available from: 



156 

http://www.sciencedirect.com/science/article/pii/S0142961203008561 

202.  Cullity BD, Stock SR. Elements of X-Ray Diffraction (3rd Edition) [Internet]. 

3rd ed. Pearson; 2001. Available from: 

http://www.amazon.com/exec/obidos/redirect?tag=citeulike07-

20&path=ASIN/0201610914 

203.  Vashista M, Paul S. Correlation between full width at half maximum (FWHM) 

of XRD peak with residual stress on ground surfaces. Philos Mag [Internet]. 

2012;92(33):4194–204. Available from: 

http://www.tandfonline.com/doi/abs/10.1080/14786435.2012.704429 

204.  Inagaki M, Furuhashi H, Ozeki T, Naka S. Integrated intensity changes of X-

ray diffraction lines for crystalline powders by grinding and compression. 

Relations between effective Debye parameter and lattice strain. J Mater Sci 

[Internet]. 1973 Mar;8(3):312–6. Available from: 

https://doi.org/10.1007/BF00550149 

205.  Tampieri  a, Iafisco M, Sandri M, Panseri S, Cunha C, Sprio S, et al. Magnetic 

bioinspired hybrid nanostructured collagen-hydroxyapatite scaffolds 

supporting cell proliferation and tuning regenerative process. ACS Appl Mater 

Interfaces [Internet]. 2014;6(18):15697–707. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25188781 

206.  Wadhwani C, Hess T, Faber T, Piñeyro A, Chen CSK. A descriptive study of 

the radiographic density of implant restorative cements. J Prosthet Dent 

[Internet]. 2010;103(5):295–302. Available from: 

http://dx.doi.org/10.1016/S0022-3913(10)60062-5 

207.  McKinnis LN. Fundamentals of Musculoskeletal Imaging. Fourth Edi. F. A. 

Davis Company; 2014. 1–677 p.  

208.  Nakano T, Tokumura  a., Umakoshi Y, Imazato S, Ehara  a., Ebisu S. Control 

of hydroxyapatite crystallinity by mechanical grinding method. J Mater Sci 

Mater Med. 2001;12(8):703–6.  

209.  Okazaki M, Takahashi J, Kimura H. Crystallinity and solubility behavior of 

iron‐containing fluoridated hydroxyapatites. J Biomed Mater Res. 

1986;20(7):879–86.  

210.  Li ZY, Lam WM, Yang C, Xu B, Ni GX, Abbah S a., et al. Chemical 

composition, crystal size and lattice structural changes after incorporation of 

strontium into biomimetic apatite. Biomaterials. 2007;28(7):1452–60.  



 

157 

 

211.  Qin W, Nagase T, Umakoshi Y, Szpunar J a. Relationship between 

microstrain and lattice parameter change in nanocrystalline materials. Philos 

Mag Lett. 2008;88(3):169–79.  

212.  Yogamalar R, Srinivasan R, Vinu A, Ariga K, Bose AC. X-ray peak 

broadening analysis in ZnO nanoparticles. Solid State Commun [Internet]. 

2009;149(43–44):1919–23. Available from: 

http://dx.doi.org/10.1016/j.ssc.2009.07.043 

213.  Ungár T. Characterization of nanocrystalline materials by X-ray line profile 

analysis. J Mater Sci. 2007;42(5):1584–93.  

214.  Zhao Y, Zhang J. Microstrain and grain-size analysis from diffraction peak 

width and graphical derivation of high-pressure thermomechanics. J Appl 

Crystallogr. 2008;41(6):1095–108.  

215.  Gaffet E. Planetary ball-milling: an experimental parameter phase diagram. 

Mater Sci Eng A [Internet]. 1991;132:181–93. Available from: 

http://www.sciencedirect.com/science/article/pii/092150939190374V 

216.  Khorsand Zak  a., Abd. Majid WH, Abrishami ME, Yousefi R. X-ray analysis 

of ZnO nanoparticles by Williamson-Hall and size-strain plot methods. Solid 

State Sci. 2011;13(1):251–6.  

217.  Ruksudjarit  a., Pengpat K, Rujijanagul G, Tunkasiri T. Synthesis and 

characterization of nanocrystalline hydroxyapatite from natural bovine bone. 

Curr Appl Phys. 2008;8(3–4):270–2.  

218.  Eom N, Bhuiyan MH, Kim T-S, Hong S-J. Synthesis and Characterization of 

Agglomerated Coarse Al Powders Comprising Nanoparticles by Low Energy 

Ball Milling Process. Mater Trans. 2011;52(8):1674–8.  

219.  Ivanov E, Suryanarayana C. Materials and process design through 

mechanochemical routes. J Mater Synth Process. 2000;8:235–44.  

220.  Gaffet E, Le Caër G. Mechanical Processing for Nanomaterials [Internet]. 

Vol. 5, Encyclopedia of Nanoscience and Nanotechnology. 2004. 91–129 p. 

Available from: 

https://www.researchgate.net/publication/236894874_Mechanical_Processing

_for_Nanomaterials 

221.  Trapp J, Kieback B. Solid-state reactions during high-energy milling of mixed 

powders. Acta Mater [Internet]. 2013 Jan 1 [cited 2018 Nov 4];61(1):310–20. 

Available from: 



158 

https://www.sciencedirect.com/science/article/abs/pii/S1359645412006945 

222.  Cheng J, Huang T, Zheng YF. Microstructure, mechanical property, 

biodegradation behavior, and biocompatibility of biodegradable Fe–Fe2O3 

composites. J Biomed Mater Res Part A [Internet]. 2014;102(7):2277–87. 

Available from: https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.a.34882 

223.  Bora DK, Braun A, Erat S, Safonova O, Graule T, Constable EC. Evolution of 

structural properties of iron oxide nano particles during temperature treatment 

from 250°C-900°C: X-ray diffraction and Fe K-shell pre-edge X-ray 

absorption study. Curr Appl Phys [Internet]. 2012;12(3):817–25. Available 

from: http://dx.doi.org/10.1016/j.cap.2011.11.013 

224.  Farzadi A, Bakhshi F, Solati-Hashjin M, Asadi-Eydivand M, Osman NA abu. 

Magnesium incorporated hydroxyapatite: Synthesis and structural properties 

characterization. Ceram Int [Internet]. 2014 May 1 [cited 2018 Nov 

4];40(4):6021–9. Available from: 

https://www.sciencedirect.com/science/article/pii/S0272884213015058 

225.  Boldyrev V V. Mechanochemistry and mechanical activation of solids. Bull 

Acad Sci USSR Div Chem Sci. 1990;39:2029–44.  

226.  Torres C dos S, Schaeffer L. Effect of high energy milling on the 

microstruture and properties of wc-ni composite. Mater Res [Internet]. 2010 

Sep [cited 2018 Nov 4];13(3):293–8. Available from: 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-

14392010000300004&lng=en&tlng=en 

227.  De Jonghe LC, Rahaman MN. 4.1 Sintering of Ceramics. Handb Adv Ceram 

[Internet]. 2003 Jan 1 [cited 2018 Nov 5];187–264. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780126546408500067?vi

a%3Dihub 

228.  Rahaman MN. Sintering of Ceramics. 1st Editio. Boca Raton,FL: CRC Press 

Taylor & Francis Group; 2007. 1–392 p.  

229.  Ansar EB, Ajeesh M, Yokogawa Y, Wunderlich W, Varma H. Synthesis and 

characterization of iron oxide embedded hydroxyapatite bioceramics. J Am 

Ceram Soc. 2012;95(9):2695–9.  

230.  Fahami A, Ebrahimi-Kahrizsangi R, Nasiri-Tabrizi B. Mechanochemical 

synthesis of hydroxyapatite/titanium nanocomposite. Solid State Sci [Internet]. 

2011;13(1):135–41. Available from: 



 

159 

 

http://linkinghub.elsevier.com/retrieve/pii/S1293255810004267 

231.  To D, Dave R, Yin X, Sundaresan S. Deagglomeration of nanoparticle 

aggregates via rapid expansion of supercritical or high-pressure suspensions. 

AIChE J [Internet]. 2009 Aug 19;55(11):2807–26. Available from: 

https://doi.org/10.1002/aic.11887 

232.  Zhang Y, Li Q, Zhang H, Li K, Dong Y. Influence of the ball-milling process 

of reaction product on synthesising hydroxyapatite with precipitation method. 

Mater Res Innov [Internet]. 2015;19(sup8):S8-646-S8-649. Available from: 

http://www.tandfonline.com/doi/full/10.1179/1432891715Z.0000000001764 

233.  Banerjee A, Bandyopadhyay A, Bose S. Hydroxyapatite nanopowders: 

Synthesis, densification and cell–materials interaction. Mater Sci Eng C 

[Internet]. 2007;27(4):729–35. Available from: 

http://www.sciencedirect.com/science/article/pii/S0928493106002293 

234.  Martin CL, Bouvard D, Delette G. Discrete Element Simulations of the 

Compaction of Aggregated Ceramic Powders. J Am Ceram Soc [Internet]. 

2006 Sep 11;89(11):3379–87. Available from: https://doi.org/10.1111/j.1551-

2916.2006.01249.x 

235.  Balakrishnan A, Pizette P, Martin CL, Joshi S V, Saha BP. Effect of particle 

size in aggregated and agglomerated ceramic powders. Acta Mater [Internet]. 

2010;58(3):802–12. Available from: 

http://www.sciencedirect.com/science/article/pii/S1359645409006648 

236.  Petrovský E, Alcalá MD, Criado JM, Grygar T, Kapička  a., Šubrt J. Magnetic 

properties of magnetite prepared by ball-milling of hematite with iron. J Magn 

Magn Mater. 2000;210(1–3):257–73.  

237.  Liu BH, Ding J, Dong ZL, Boothroyd CB, Yin JH, Yi JB. Microstructural 

evolution and its influence on the magnetic properties of CoFe2 O4 powders 

during mechanical milling. Phys Rev B - Condens Matter Mater Phys. 

2006;74(18):1–10.  

238.  Pelegrini L, Bittencourt SD, Pauletti P, De Verney JCK, De Mattos Dias M, 

Schaeffer L. Influence of milling time during the mechanical alloying process 

on the properties of Fe-3Si-0.75P alloy. Mater Res. 2015;18(5):1070–6.  

239.  Yousefi M, Sharafi S, Mehrolhosseiny  a. Correlation between structural 

parameters and magnetic properties of ball milled nano-crystalline Fe-Co-Si 

powders. Adv Powder Technol [Internet]. 2014;25(2):752–60. Available from: 



160 

http://dx.doi.org/10.1016/j.apt.2013.11.008 

240.  Liu B, Zheng YF. Effects of alloying elements (Mn, Co, Al, W, Sn, B, C and 

S) on biodegradability and in vitro biocompatibility of pure iron. Acta 

Biomater [Internet]. 2011;7(3):1407–20. Available from: 

http://dx.doi.org/10.1016/j.actbio.2010.11.001 

241.  Yu RH, Basu S, Zhang Y, Parvizi-Majidi A, Xiao JQ. Pinning effect of the 

grain boundaries on magnetic domain wall in FeCo-based magnetic alloys 

[Internet]. Vol. 85, Journal of Applied Physics. 1999. 6655–6659 p. Available 

from: 

http://link.aip.org/link/JAPIAU/v85/i9/p6655/s1&Agg=doi%5Cnhttp://aip.scit

ation.org/doi/10.1063/1.370175 

242.  Ponce AS, Chagas EF, Prado RJ, Fernandes CHM, Terezo AJ, Baggio-

Saitovitch E. High coercivity induced by mechanical milling in cobalt ferrite 

powders. J Magn Magn Mater. 2013;344:182–7.  

243.  Phu ND, Ngo DT, Hoang LH, Luong NH, Chau N, Hai NH. Crystallization 

process and magnetic properties of amorphous iron oxide nanoparticles. J 

Phys D Appl Phys. 2011;44(34).  

244.  Wu J, Mao S, Ye ZG, Xie Z, Zheng L. Room-temperature weak 

ferromagnetism induced by point defects in α-Fe2O3. ACS Appl Mater 

Interfaces. 2010;2(6):1561–4.  

245.  Huang Y, Ding Q, Han S, Yan Y, Pang X. Characterisation, corrosion 

resistance and in vitro bioactivity of manganese-doped hydroxyapatite films 

electrodeposited on titanium. J Mater Sci Mater Med [Internet]. 

2013;24(8):1853–64. Available from: https://doi.org/10.1007/s10856-013-

4955-9 

246.  Narayan R. Biomedical materials. Biomedical Materials. 2009. 1–566 p.  

247.  Mathew DS, Juang RS. An overview of the structure and magnetism of spinel 

ferrite nanoparticles and their synthesis in microemulsions. Chem Eng J. 

2007;129(1–3):51–65.  

248.  Mendoza-Suárez G, Matutes-Aquino J., Escalante-Garcı́a J., Mancha-Molinar 

H, Rı́os-Jara D, Johal K. Magnetic properties and microstructure of Ba-ferrite 

powders prepared by ball milling. J Magn Magn Mater. 2001;223(1):55–62.  

249.  Aronov D, Rosenman G, Karlov A, Shashkin A. Wettability patterning of 

hydroxyapatite nanobioceramics induced by surface potential modification. 



 

161 

 

Appl Phys Lett [Internet]. 2006 Apr 17;88(16):163902. Available from: 

https://doi.org/10.1063/1.2196481 

250.  Bose S, Dasgupta S, Tarafder S, Bandyoadhyay A. Microwave processed 

nanocystalline hydroxyapatite: Simultaneous enhancement of mechanical and 

biological properties. 2013;31(9):1713–23.  

251.  Duan YR, Zhang ZR, Wang CY, Chen JY, Zhang XD. Dynamic study of 

calcium phosphate formation on porous HA/TCP ceramics. J Mater Sci Mater 

Med [Internet]. 2004;15(11):1205–11. Available from: 

https://doi.org/10.1007/s10856-004-5673-0 

252.  Bohner M, Lemaitre J. Can bioactivity be tested in vitro with SBF solution? 

Biomaterials [Internet]. 2009;30(12):2175–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961209000167 

253.  Da Li G, Zhou DL, Lin Y, Pan TH, Chen GS, Yin QD. Synthesis and 

characterization of magnetic bioactive glass-ceramics containing Mg ferrite 

for hyperthermia. Mater Sci Eng C [Internet]. 2010;30(1):148–53. Available 

from: http://www.sciencedirect.com/science/article/pii/S0928493109002525 

254.  Sun R, Li M, Lu Y, Wang A. Immersion behavior of hydroxyapatite (HA) 

powders before and after sintering. Mater Charact [Internet]. 2006;56(3):250–

4. Available from: 

http://www.sciencedirect.com/science/article/pii/S1044580305002639 

255.  Puvaneswary S, Raghavendran HB, Talebian S, Murali MR, A Mahmod S, 

Singh S, et al. Incorporation of Fucoidan in β-Tricalcium phosphate-Chitosan 

scaffold prompts the differentiation of human bone marrow stromal cells into 

osteogenic lineage. Sci Rep [Internet]. 2016 Apr 12;6:24202. Available from: 

https://doi.org/10.1038/srep24202 

256.  Kim H-M, Himeno T, Kokubo T, Nakamura T. Process and kinetics of 

bonelike apatite formation on sintered hydroxyapatite in a simulated body 

fluid. Biomaterials [Internet]. 2005;26(21):4366–73. Available from: 

http://www.sciencedirect.com/science/article/pii/S014296120401004X 

257.  Anselme K, Ploux L, Ponche A. Cell/Material Interfaces: Influence of Surface 

Chemistry and Surface Topography on Cell Adhesion. J Adhes Sci Technol 

[Internet]. 2010 Jan 1;24(5):831–52. Available from: 

https://doi.org/10.1163/016942409X12598231568186 

258.  Rajaraman R, Rounds DE, Yen SPS, Rembaum A. A scanning electron 



162 

microscope study of cell adhesion and spreading in vitro. Exp Cell Res 

[Internet]. 1974;88(2):327–39. Available from: 

http://www.sciencedirect.com/science/article/pii/0014482774902481 

259.  Dhowre HS, Rajput S, Russell NA, Zelzer M. Responsive cell–material 

interfaces. Nanomedicine [Internet]. 2015 Mar 1;10(5):849–71. Available 

from: https://doi.org/10.2217/nnm.14.222 

260.  Gupta AK, Gupta M. Synthesis and surface engineering of iron oxide 

nanoparticles for biomedical applications. Biomaterials [Internet]. 

2005;26(18):3995–4021. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961204009317 

261.  Huang D-M, Hsiao J-K, Chen Y-C, Chien L-Y, Yao M, Chen Y-K, et al. The 

promotion of human mesenchymal stem cell proliferation by 

superparamagnetic iron oxide nanoparticles. Biomaterials [Internet]. 

2009;30(22):3645–51. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961209003032 

262.  Marie PJ, Lomri A, Sabbagh A, Basle M. Culture and behavior of osteoblastic 

cells isolated from normal trabecular bone surfaces. Vitr Cell Dev Biol 

[Internet]. 1989;25(4):373–80. Available from: 

https://doi.org/10.1007/BF02624601 

263.  Mattila PK, Lappalainen P. Filopodia: molecular architecture and cellular 

functions. Nat Rev Mol Cell Biol [Internet]. 2008 May 9;9:446. Available 

from: https://doi.org/10.1038/nrm2406 

264.  Jones JR. Observing cell response to biomaterials. Mater Today [Internet]. 

2006;9(12):34–43. Available from: 

http://www.sciencedirect.com/science/article/pii/S1369702106717412 

265.  Webster TJ, Siegel RW, Bizios R. Osteoblast adhesion on nanophase 

ceramics. Biomaterials [Internet]. 1999;20(13):1221–7. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961299000204 

266.  Khanna K, Jaiswal A, Dhumal RV, Selkar N, Chaudhari P, Soni VP, et al. 

Comparative bone regeneration study of hardystonite and hydroxyapatite as 

filler in critical-sized defect of rat calvaria. RSC Adv [Internet]. 

2017;7(60):37522–33. Available from: 

http://xlink.rsc.org/?DOI=C7RA05039A 

267.  Thrall MA, Weiser G, Allison RW, Campbell TW. Veterinary Hematology 



 

163 

 

and Clinical Chemistry. Second edi. John Wiley & Sons, Inc; 2012. 749 p.  

268.  Bishop A. Role of oxygen in wound healing. J Wound Care [Internet]. 

2008;17(9):399–402. Available from: 

http://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2008.17.9.30937 

269.  Carson JL, Terrin ML, Jay M. Anemia and postoperative rehabilitation. Can J 

Anaesth [Internet]. 2003;50(6 Suppl):S60—4. Available from: http://intl.cja-

jca.org/cgi/content/full/50/6/S60 

270.  Bogdanova A, Makhro A, Wang J, Lipp P, Kaestner L. Calcium in Red Blood 

Cells—A Perilous Balance. Vol. 14, International Journal of Molecular 

Sciences . 2013.  

271.  Mescher AL. Junqueira’s Basic Histology Text and Atlas. Fourteenth. 

McGraw-Hill Education; 2016. 560 p.  

272.  Selders GS, Fetz AE, Radic MZ, Bowlin GL. An overview of the role of 

neutrophils in innate immunity, inflammation and host-biomaterial integration. 

Regen Biomater [Internet]. 2017;4(1):55–68. Available from: 

http://dx.doi.org/10.1093/rb/rbw041 

273.  Kim C-Y, Han JS, Suzuki T, Han S-S. Indirect indicator of transport stress in 

hematological values in newly acquired cynomolgus monkeys. J Med Primatol 

[Internet]. 2005 Jun 20;34(4):188–92. Available from: 

https://doi.org/10.1111/j.1600-0684.2005.00116.x 

274.  Bucchi C, Borie E, Arias A, Dias FJ, Fuentes R. Radiopacity of alloplastic 

bone grafts measured with cone beam computed tomography: An analysis in 

rabbit calvaria. Bosn J Basic Med Sci. 2017;17(1):61–6.  

275.  Ghom AG. Textbook of Oral Radiology - E-Book [Internet]. Elsevier Health 

Sciences; 2017. Available from: 

https://books.google.com.my/books?id=gYmlDQAAQBAJ 

276.  Meneghini C, Dalconi MC, Nuzzo S, Mobilio S, Wenk RH. Rietveld 

Refinement on X-Ray Diffraction Patterns of Bioapatite in Human Fetal 

Bones. Biophys J [Internet]. 2003;84(3):2021–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0006349503750103 

277.  Chou L, Marek B, Wagner WR. Effects of hydroxylapatite coating 

crystallinity on biosolubility, cell attachment efficiency and proliferation in 

vitro. Biomaterials [Internet]. 1999;20(10):977–85. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961298002543 



164 

278.  Palmer LC, Newcomb CJ, Kaltz SR, Spoerke ED, Stupp SI. Biomimetic 

Systems for Hydroxyapatite Mineralization Inspired By Bone and Enamel. 

Chem Rev [Internet]. 2008 Nov 12;108(11):4754–83. Available from: 

https://doi.org/10.1021/cr8004422 

279.  Yun H-M, Ahn S-J, Park K-R, Kim M-J, Kim J-J, Jin G-Z, et al. Magnetic 

nanocomposite scaffolds combined with static magnetic field in the 

stimulation of osteoblastic differentiation and bone formation. Biomaterials 

[Internet]. 2016;85:88–98. Available from: 

http://www.sciencedirect.com/science/article/pii/S0142961216000491 

280.  Gu YW and WJ and XW and BH and XZ and GW and Z. A novel calcium 

phosphate ceramic–magnetic nanoparticle composite as a potential bone 

substitute. Biomed Mater [Internet]. 2010;5(1):15001. Available from: 

http://stacks.iop.org/1748-605X/5/i=1/a=015001 

281.  Yamamoto Y, Ohsaki Y, Goto T, Nakasima A, Iijima T. Effects of Static 

Magnetic Fields on Bone Formation in Rat Osteoblast Cultures. J Dent Res 

[Internet]. 2003 Dec 1;82(12):962–6. Available from: 

https://doi.org/10.1177/154405910308201205 

282.  Fathi MH, Hanifi A, Mortazavi V. Preparation and bioactivity evaluation of 

bone-like hydroxyapatite nanopowder. J Mater Process Technol [Internet]. 

2008;202(1):536–42. Available from: 

http://www.sciencedirect.com/science/article/pii/S0924013607009090 

283.  WANG X-Y, ZUO Y, HUANG D, HOU X-D, LI Y-B. Comparative Study on 

Inorganic Composition and Crystallographic Properties of Cortical and 

Cancellous Bone. Biomed Environ Sci [Internet]. 2010;23(6):473–80. 

Available from: 

http://www.sciencedirect.com/science/article/pii/S089539881160010X 

284.  Bhardwaj P, Rai DV, Garg ML. Zinc as a nutritional approach to bone loss 

prevention in an ovariectomized rat model. Menopause [Internet]. 

2013;20(11). Available from: 

https://journals.lww.com/menopausejournal/Fulltext/2013/11000/Zinc_as_a_n

utritional_approach_to_bone_loss.13.aspx 

285.  Bazin D, Daudon M, Combes C, Rey C. Characterization and Some 

Physicochemical Aspects of Pathological Microcalcifications. Chem Rev 

[Internet]. 2012 Oct 10;112(10):5092–120. Available from: 



 

165 

 

https://doi.org/10.1021/cr200068d 

286.  Li C, Ebenstein D, Xu C, Chapman J, Saloner D, Rapp J, et al. Biochemical 

characterization of atherosclerotic plaque constituents using FTIR 

spectroscopy and histology. J Biomed Mater Res Part A [Internet]. 2002 Dec 

20;64A(2):197–206. Available from: https://doi.org/10.1002/jbm.a.10320 

 



180 

LIST OF PUBLICATIONS 

Journal with Impact Factor 

1. Nordin, J. A., Prajitno, D.H., Saidin, S., Nur, H., & Hermawan, H (2015). Structure-

properties relationship of iron-hydroxyapatite ceramic matrix nanocomposite 

fabrication using mechanosynthesis method. Materials Science and Engineering C, 

51, 294-299. http://doi.org/10.1016/j.msec.2015.03.019 (Q1, IF: 3.420) 

 

 

Indexed Journal 

1. Nordin, J. A., Nasution, A. K., & Hermawan, H. (2013). Can the Current Stent 

Manufacturing Process be Used for Making Metallic Biodegradable Stents. 

Advanced Materials Research, 746, 416–421. 

https://doi.org/10.4028/www.scientific.net/AMR.746.416. (Indexed by 

SCOPUS) 

 

 

 

http://doi.org/10.1016/j.msec.2015.03.019
https://doi.org/10.4028/www.scientific.net/AMR.746.416



