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Abstract - Hydroxyapatite is found out to be an essential substance in natural bones and other hard tissues, and therefore it has
become a major source as a biomaterial in prosthetic applications. HA has evolve the bone regenerative process by impermanenting
as bone fillers and scaffolds. Nevertheless, the main failing of this ceramic biomaterial is its poor mechanical properties,
antimicrobial property and bioactivities like osteoconductivity and osteoinductivity. Therefore, to stabilise the addition of metal
ions and polymer layer on its surface has been implemented and different characterisation techniques have been reported under this
review like FTIR, XRD, TEM and SEM, and their results have confirmed the ions substitution through its changed stoichiometry
ratios. This compound of HA with different polymers and metal ions showed its ability to bind biological molecules as to improve
the functional properties of the tissues and enhancing the biocompability. This paper aims on the applications of Hydroxyapatite as
an implant material for orthopaedic and dental in biomedical field.
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l. INTRODUCTION

Recently, bone problems like osteogenesis imperfect, fractures and osteoporosis and other bone injuries has become a worldwide
issue. The standard cure to this problems includes surgeries to alleviate the bone with exterior support like metal implants in this
modern era[1]. These implants are generally made up of metals like iron (Fe), Titanium (Ti), Cobalt (Co), Silver (Ag) and many
other. Orthopaedic and dental implants are emerging procedures showing interdisciplinary applications in biomedical field as it
aims the evolution of biological replacements. Even after the implantation procedure the metallic implant needs to withstand many
other factors such as stiffness, stress shielding, corrosion, osteoconduction and other issues.

Due to above mentioned drawbacks of metal implants, incorporation of bioactive materials consisting of bones and tooth
composites like calcium and phosphorous have been introduced in several research as implant material for bone-tissue substitution,
bone scaffolds, dental fillers and maxillofacial reconstruction [2]. They are capable to maintain and improve the bone function or a
complete organ. Most extensively used bioceramic is Hydroxyapatite (HAP) with chemical composition Caig(OH)2(POa4)s wWhich
contains majority part of natural tooth and bones, providing excellent bioactivity, biocompatibility and osteoconductivity[3].
Additionally, HAP has been developed to increase adsorption, osteoinegration, bone bonding and decomposition activity of the
metallic implant material [4][5].

HAP implants possess prominent properties like non-toxicity, biochemical tolerance and bioactivity in account of which it is used
for implant coating and thin bio-films[6]. In the present review work, detailed summary of substitution of different metallic and
polymer substance with HAP has been studied with their significant applications as an implant material.
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Il. ORTHOPAEDIC IMPLANTS

As per the population growth, every year the disease such as bone fracture, knee joint problems of numerous parts of
musculoskeletal system is at an upsurge. To overcome such damages implantation of artificial body parts made up of some
biomaterial is suggested. It includes implants such like Hip-joint, bone plates and rods many others as per concern to orthopaedics
[7]. Many biomaterials: metals like Titanium (Ti), Copper (Cu), Aluminium (Al) are taken into consideration while implant is
structured. But alongside metals somehow shows some limitation in its use i.e. low bone metabolism, poor bioactivity, and low
antibacterial properties and may lead to swelling. Hydroxyapatite (Caio(PO4)s(OH)-) a fine bioceramic presentation outstanding
properties like Biocompatibility, Bioactivity and Osteoconductivity is adapted as a coating over these metallic implants to eliminate
these limitation of metallic implants and it has turned out to be efficient in long-term stability under biological environment[8] .

Jakubowicz et al [9] presented a study for surface modification of pure HAP with Titanium (Ti) doping by the means of
Mechanoelectrochemical synthesis method. Using Surface Electron Microscope (SEM) the authors showed formation of sponge
type pores in the compound of 1-15 um in diameter and 90% density which turned out to be an attractive property for implant
application. Corrosion tests were also performed by the authors via Ringer’s solution which resulted in better corrosion resistance
on account of lower corrosion current. These results suggests applicability of Ti-HAP composite as an adaptable option for
orthopaedic applications. Furthermore, antibacterial properties of the biomaterial also plays an important role in implantation
procedure since, poor antibacterial properties may lead to surgical failure. Thian et al. [10] reported a work on the improving of
antibacterial properties of HAP by incorporation of Zinc (Zn) ions. Experimental method involved use of Co-precipitation method
between calcium hydroxide and orthophosphoric acid as calcium and phosphate source respectively and Zinc Nitrate was used as
zinc source. The authors herein reported 1.6 wt% of Zn in ZnHAP which was the achieved for the first time. The results from
characterizations performed indicated Rod-like morphology of ZnHAP nanoparticles. Also, ZnHAP was reacted biologically with
S. aureus, results turned out to be reduction of bacteria content on the ZnHAP surface which in-turn stated improvement of
antibacterial property in compare to normal metal or ceramic implant.

In agreement to the above researchers, it has been concluded that incorporation of metals into HAP turned out to be a beneficial
bioceramic for the application as orthopaedic implants. Also properties like antimicrobial activity and structural properties has been
improved in comparison to pure Hydroxyapatite.
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I1l. DENTAL IMPLANTS

In the recent years, use of inorganic biomaterial as an antimicrobial agent has appealed interest for the control of microorganisms.
The crucial benefits of inorganic antimicrobial agents are enhanced stability and safety. Hydroxyapatite being the main mineral
phase in bones and tooth as it contributes in resorption process and calcification. HAP is the major bone substitute for many
biomedical applications which also include dentistry and cosmetic surgery too[11] . HAP has been widely used for tooth caps and
fillers due to its excellent biocompatibility, the exchange rate for cationic substitution of silver ions (Ag) into HAP is very
favourable. On basis of this fact the composite of Ag-HAP is majorly put-upon for dental applications. Beside this, silver ions are
well known for their wide spectrum antibacterial result even at very low concentration. Ciobanu et al [12] have performed
incorporation of silver into HAP by means of co-precipitation method at 100°C. Morphological characteristics studied through
Scanning Electron Microscopy (SEM) revealed homogeneous nature of this biomaterial and antimicrobial test was investigated in
S. aureus resulting in reduced number of bacterial S. aureus onto AgHAP surface showing the strong antibacterial action.

Moreover, Poor denture cleaning is also of great concern for dental prosthesis which leads to infectious diseases. Therefore,
titanium serves as a photocatalytic material on prosthesis materials as it maintain antimicrobial effect on the surface. Similarly, Sato
et al. has prepared a dental base resin by adding titanium-HA to the polymathy methacrylate polymeric powder resin. S. sanguine,
E. coli, A. naeslundii and S. aureus was chosen for the evaluation of Ti-Ha denture resin antimicrobial effects. The authors showed
up the conclusion after characterisation study by EDX and SEM techniques results that Ti-Ha dental base resin exerts an
antimicrobial effect on the biofilm which was composed of no single species but multiple species of human saliva hence proving
its biocompatibility for dental applications. Table 1 shows the summary of HAP application.

Table 1: Detailed Summary of Hydroxyapatite Application

Sr No Bio-material Application Reference
1
Tissue engineering and scaffolding Ramazan Asmatulu et al —
Polyester/H4lp Applications 2015 [1]
2 Adarose- hvdroxvapatite Orthopaedic and dental , bone regeneration, bone S. S"anchez-Salcedo et al-
g ydroxyap filling and replacement 2007 [4]
3 . . . - .
Titanium -HAP Tissue Regeneratlo_n, Bod_y implant with high J.Jakubowicza et al — 2008
corrosion resistance. [9]
4 Zn-HAP Implant coating, self-setting bone cement .
(1.6 Wi% Zn) E.S.Thian et al — 2013 [10]
5 Cobalt doped HAP Implant coating, reconstruct-tive surgery operation W. Sato et al -2013[13]
6 Zinc-alginate HAP Tissue regeneration , physical support for cells Renam Costa[g]uozzo —-2014
Zn-Brushite
7 (ambient Temp) and Repair bone defect . orthopaedic coating, dental Dorota Walczyk et al — 2015
Zn-HAP implants [14]
(Elevated Temp)
8 Silver doped Scaffold, skin donation, surgical instruments, Carmen Steluta Ciobanu et al
hydroxyapatite(Ag-HAP) artificial teeth. -2011[12]
9
Ta- HAP Orthopaedic films, dental implants. S. Ligot et al- 2012 [7]
10 Ce- HAP Dental implants. Lin Ylnggua[r%% etal - 2006
1 Ti doped Hydroxyapatite Dental implants, bone regeneration Dong-Soo P[alré(]et al - 2010
12 zirconia-hydroxyapatite
ydroxyapatll Structural implants, load tearing implant V.V. Silva et al — 2000 [16]
(ZH) composite ceramics
13 Diana Marcela Escobar-
Chitosan/HA Orthopaedic implant Sierra et al-2015 [17]
14
_Hyc_jro_xyapatlte—5|l_k Thin film implant coating F.M.Mroiu et al- 2009 [3]
fibroin implant coating
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15 poly(methyl methacrylate)
(PMMA)-modified Bone cements and Implant coating
hydroxyapatite

Manoj Kumar Singh et al —
2008 [18]

IVV. CONCLUSION

Hydroxyapatite has shown as an excellent ceramic biomaterial due to its biodegradability and biocompatibility. It is easy to
synthesise using methods like chemical precipitation, Mechanoelectrochemical Sol-Gel and Magnetic sputtering and also
incorporation of polymer and metals ions by replacing calcium ions is an ease into hydroxyapatite, because of such substitution,

HA has been employed for both dental and orthopaedic implants. Therefore, this review provides a brief summary from synthesis
to applications of bioceramic HA and its different composites with metal and polymer ions in biomedical field.
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