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            Abstract

            
               
The aim of the review is to raise awareness to synthesise hydroxyapatite (HAp) crystals from eggshells. The development of
                  hydroxyapatite crystals shows a systematic approach towards the development in various biomedical applications.  The economic
                  approach of the synthesis of crystalline hydroxyapatite crystals from the eggshells is done using ultrasound assisted technology.
                  The study demonstrates the use of biowastes such as egg shells which is a promising technique to develop hydroxyapatite crystals
                  due to its mechanical and osteogenic properties. The hydroxyapatite crystals are synthesised using biowastes such as egg shells
                  which are rich in calcium and ammonium dihydrogen phosphate. This is a viable substitute for bone regeneration and orthodontic
                  appliances due to its properties such as fracture toughness, mechanical strength, elastic modulus, osteoconductivity, bioactivity
                  and differentiation. These minerals are similar to the inorganic content of the bone and are used widely for complete or partial
                  bone augmentation, filling bone and teeth. They are used as coatings in orthopaedics and dental implants. The organic components
                  of the matrix of the egg shells are mainly composed of mucopolysaccharides, proteins, mainly composed of chondroitin sulphate
                  A and B, glucosamine, galactosamine, galactose, mannose, fructose and sialic acid. They are widely used as the matrix fibres
                  have a strong influence on the mechanical strength of the entire egg shells. These crystals are characterised for bone tissue
                  engineering due to the following properties such as biocompatibility, bioactivity and other mechanical properties without
                  getting rejected by the immune system. 
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                Introduction

             Hydroxyapatite (HAp) crystals is a biomaterial that plays a vital  role in hard tissue repair and bone tissue engineering,
               mainly due to its osteoconductivity and bioactive property  (Poinern, Brundavanam, Le, & Fawcett, 2013). Systematic approaches are developed using the advent of nanotechnology. There is an urgency to develop such biomedical
               devices that are significantly used in bone regeneration implant procedures  (Jiang et al., 2013; Poinern et al., 2013). Moreover, they are widely used for various industrial applications such as catalyst support, liquid chromatographic column,
               lighting materials, powder carrier, sensors, ion conductors, retardent of cancer cell and drug delivery agent etc (Chen et al., 2010; Kim & Park, 2005).  In case of the mineral phase of the bone tissue, about 69% of the total weight is occupied by hydroxyapatite crystals
               with the chemical formula Ca10(PO4)6(OH)2. The egg shell is a three layered biowaste, namely cuticle, spongious layer and lamellar layer  (Wang, Chen, Wei, Zhang, & Wang, 2006). The cuticle constitutes the outer surface and mainly contains proteins while the spongeous and lamellar layer forms a matrix
               together, which contains protein fibres bonded to calcium carbonate Crystals  (Yoshimura & Suda, 2017). Scanning electron microscopy(SEM) analysis, shows that the matrix fibres not only surround the calcite crystals but also
               pass through the crystals. Hence it is noted that the matrix fibres have a strong influence on the mechanical strength of
               the entire egg shell  (Krishna, Siddharthan, Seshadri, & Kumar, 2007). 
            

            The organic components of the matrix involve complexes such as of mucopolysaccharides, proteins, mainly composed of chondroitin
               sulphate A and B glucosamine, galactosamine, galactose, mannore fructose and sialic acid  (He & Huang, 2007). The egg shells represent a total of 11% of the entire weight of the egg which is composed mainly of calcium carbonate (94%),
               calcium phosphate organic matter (4%)  and magnesium carbonate (1%)  (Ozdemir, Higgins, & Brown, 2013). 
            

            Many industries consider the egg shell biowaste as an industrial residue that would contribute to air pollution due to the
               microbial action on it whereas only some eggshells have been used as a fertilizer because of its high content of calcium and
               nitrogen. Certain studies have reported about the conversion of eggshells into a man and animal foodstuffs. The procedure
               involves desiccating the egg shells until they become the final debris and it is heated in a heat chamber at 80°C to minimize
               the pollution and eliminate most of the organic components  (Rivera-Munoz, 2011). In most biological systems, the HAp is represented as the inorganic content of the bones and teeth  (Ngiam et al., 2011). Hence, attempts have been made to synthesise such bioactive minerals using novel techniques.
            

            Many current research is going on in the dental field with great outcomes. Recent studies have shown that there is an equal
               risk for the mother and foetus with oral infections due to the lack of oral hygiene  (Basha, Ganapathy, & Venugopalan, 2018). Certain studies have reported that the anthropometric measurement is the most reliable indicator in determining the width
               of maxillary anterior teeth  (Ariga, Nallaswamy, Jain, & Ganapathy, 2018). Several studies have reported the need to evaluate the non original abutments to implants at the implant abutment junction
               (Duraisamy, 2019). There is a high requirement for the marginal discrepancy in CAD/CAM processes of the all ceramic complete veneer crowns
               before luting with resin bonded agents  (Ganapathy, 2016). It was reported that marginal discrepancy was more in the incisal region than in cervical regions of the ceramic laminate
               veneers  (Jain, Ranganathan, & Ganapathy, 2017). Recent research studies have reported that by wearing removable acrylic resin partial dentures, the periodontal problems
               are mostly affected when the teeth remain in contact with the resin base  (Jyothi, Robin, Ganapathy, & Anandiselvaraj, 2017; Kannan & Venugopalan, 2018). There are studies on the abutment screw loosening, which has been a common clinical mishap affecting various implant procedures
               (Ganapathy, Kannan, & Venugopalan, 2017). Recent advances in various fields of research studies deals with subjects leading to the awareness of the ceramic restorations
               particularly in the rural regions and the treatment for patients with bone defects respectively  (Ashok & Suvitha, 2016; Ashok, 2014). Hydroxyapatite apatite crystals derived from eggshells can also be evaluated and tested in future for various aspects of
               implant dentistry.
            

            Ceftaroline exhibits low potential and provides microbial resistance, thereby reducing the skin and soft tissue infections
               (Selvan & Ganapathy, 2016). Several studies had investigated that the aloe vera is widely used to prevent stomatitis, oral submucous fibrosis, obturation
               and pulpotomy of primary teeth, bleeding and painful gums etc (Subasree, Murthykumar, & Dhanraj, 2016). It has been found that there is an increase in the amount of studies dealing with the management of cellulitis caused because
               of Streptococcus aureus  (Vijayalakshmi & Ganapathy, 2016). In the field of the facial prosthesis includes the use of silicone elastomers for good esthetics  (Venugopalan, Ariga, Aggarwal, & Viswanath, 2014). Actions of this newly derived hydroxyapatite crystal against various potential oral microorganisms and their clinical effects
               should be evaluated.
            

            
               Experimental 
               Procedure
                
               
            

            
               Thermal 
               Technique
               
            

            This procedure is a novel technique which comprises the synthesis of hydroxyapatite crystals using biowaste for biomedical
               applications  (Kolanthai, Ganesan, Epple, & Kalkura, 2016; Ngiam et al., 2011). After mechanically cleaning the egg shells, they are placed in an oven for a two-stage thermal treatment. In the first
               stage, the egg shells are heated to 450°C / 2hrs wherein the organic residue is destroyed. In the second stage, the samples
               are heated to 900 degree Celsius for 2hrs, wherein the egg shells develop into calcium oxide form by freeing the carbon dioxide
               according to the following reaction: CaCO3->CO2+CaO  (Kolanthai et al., 2016). Later the CaO obtained is transformed into hydroxyapatite crystals in a phosphate solution. These are later kept in a container
               designed to produce a moist atmosphere. It is then heated to 1050°C for 3hrs and the solution is filtered and the resultant
               material is dried overnight at 80°C in an oven  (Li et al., 2016).
            

            The concentration of the crystalline HAp through this technique can be improved by optimizing the composition of the phosphate
               solution. The final product is characterized by X-ray diffraction and SEM. During the X-ray diffraction technique several
               species with irregular diameter, mechanical strength are seen along with a porous white colour texture of the bio mineral
               during the thermal processing technique at 1050 degree Celsius.

            
               Ultrasound Method
               
            

            Nanosized hydroxyapatite crystals were produced using ultrasound mediated chemical techniques. The morphology and the subsequent
               crystalline structure of the nano-HAp powders were influenced by ultrasonication  (Ramesh et al., 2012). It was proven that the presence of ultrasound during the synthesis of HAp promoted the chemical reactions and produced
               the ultra fine HAp particles. The ultrasound assisted synthesis technique produced nano crystalline hydroxyapatite with the
               same crystalline structure and morphology  (Muralithran & Ramesh, 2000). 
            

            This technique was found to be the most appropriate procedure as the biomaterial obtained had the following properties like
               compression strength, elastic modulus, fracture toughness  (Kannan, Lemos, & Ferreira, 2006). It is also used in the synthesis of such biomaterials in the liquid phase. During the procedure, microjets are created
               which promote chemical reactions and physical effects including the generation of large numbers of cavitation in the liquid
               phase to show a decreased level of agglomeration  (Akram, Ahmed, Shakir, Ibrahim, & Hussain, 2014).
            

            
               Enamel and Carbonated Calcium Hydroxyapatite Crystals 
               
            

            According to the studies, the economic approach of synthesising nanocrystalline HAp using ultrasound assisted technique using
               recycled egg shell is referred to as EHAp. While the ultrasound mediated chemical synthesis of HAp using commercially viable
               calcium hydroxide and ammonium dihydrogen organo-phosphate is referred to as CHAp  (Krishna et al., 2007).
            

            The nanocrystals of HAp of the EHAp and the CHAp were observed to have spherical morphology with uniform size distribution
               (Fujishiro, Yabuki, Kawamura, Sato, & Okuwaki, 2007; Sun, Guo, Tao, & Wang, 2007). According to the studies, the in vitro bioactivity and the biocompatibility study of the EHAp and the CHAp proved that
               the scaffolds facilitate the cell attachment and proliferation. The research articles showed that the EHAp and the CHAp promote
               high levels of bioactivity, osteoconductivity and cell differentiation. They don’t affect the shape and growth of the cells
               suggesting that they can be widely used for biomedical application  (He, Pan, Wang, & Meldrum, 2015; Li et al., 2015).
            

            Biomedical Approach 
            

            The synthesis of crystalline hydroxyapatite crystals in a novel technique has led to the development of many biomedical applications
               (Gómez-Morales, Delgado-López, Iafisco, Hernández-Hernández, & Prat, 2011; Salgado, Coutinho, & Reis, 2004). The biomaterials synthesised from bio waste such as egg shell waste are used to mimic various biomedical appliances  (Gómez-Morales et al., 2011).
            

            In Bioceramics, these bioactive materials have been widely termed for regenerating the bone tissues directly when placed in
               apposition without intervening the fibrous tissues of the body. They are commonly used as bone grafts, fillers and as coatings
               for metal implants. They are characterised for bone tissue engineering due to the properties such as biocompatibility, bioactivity
               and other mechanical properties without getting rejected by the immune systems  (Ingole et al., 2016).
            

            They are non-toxic, targeted drug delivery systems and simultaneously eliminate toxic and harmful side effects of the healthy
               tissues   (Dorozhkin, 2010; Nudelman & Sommerdijk, 2012). The hydroxyapatite crystals is a vital component for the vertebrate bones and teeth  (Chen et al., 2010; Dorozhkin, 2010). They are widely used for bone substitutes or replacement substitutes including complete/partial bone augmentation, filling
               bones and teeth or used for coatings in orthopaedics and dental implants (Roul, Mohapatra, & Sahoo, 2013; Uskoković & Desai, 2014).
            

         

         
               Conclusion

            This review could highlight the various methods used in the synthesis of hydroxyapatite crystals from natural egg shells and
               its biomedical application in dentistry. Hydroxyapatite crystals are bioactive and biocompatible biomaterial, which is synthesised
               through a novel approach by utilising biowastes such as egg shells waste which is a high source of calcium and phosphate.
               They are widely used as substitutes for hard tissue repair and work efficiently as a novel drug delivery system. It has a
               white crystalline, porous structure with defining properties such as osteoconductive, osseointegration, cell differentiation,
               mechanical strength, compression strength, elastic modulus, fracture toughness and biocompatible. The hydroxyapatite mineral
               is similar to the inorganic content of the bone. In recent advances they are used widely in the complete or partial bone augmentation,
               filling bones and teeth, also used as coatings in orthopaedics and dental implants. The utilisation of the biowaste for the
               synthesis of the hydroxyapatite minerals helps in revitalising the Earth, thereby using the recycled mass in large quantities
               for a sustainable future. The novel biomedical approach to synthesise hydroxyapatite crystals is by using complex, comprehensive
               techniques such as ultrasound mediated chemically synthesised nano HAp powders and the thermal technique which requires high
               energy mechanochemical activation for the synthesis of hydroxyapatite crystals. The systematic approach to develop hydroxyapatite
               crystals using recyclable wastes has remarkably produced a positive impact on the sustainable environment. Therefore awareness
               has to be provided for the novel synthesis of such biomaterials for enhancing various substitutes for biomedical applications.
               
            

            
               Funding Support
               
            

            The authors declare that they have no funding support for this study.

            
               Conflict of Interest
               
            

            The authors declare that they have no conflict of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Eddy Jai Poinern, Gérrard, Krishna Brundavanam, Ravi, Thi Le, Xuan & Fawcett, Derek,   (2013). The Mechanical Properties of a Porous Ceramic Derived from a 30 nm Sized Particle Based Powder of Hydroxyapatite
                        for Potential Hard Tissue Engineering Applications. American Journal of Biomedical Engineering, 2(6), 278–286. 10.5923/j.ajbe.20120206.07

                  

                  
                     
                        2 
                              

                     

                     Jiang, H, Zuo, Y, Zou, Q, Wang, H, Du, J, Li, Y & Yang, X,   (2013). Biomimetic Spiral-Cylindrical Scaffold Based on Hybrid Chitosan/Cellulose/Nano-Hydroxyapatite Membrane for Bone
                        Regeneration. ACS Applied Materials and Interfaces, 5(22), 12036–12044.
                     

                  

                  
                     
                        3 
                              

                     

                     Chen, J, Nan, K, Yin, S, Wang, Y, Wu, T & Zhang, Q,   (2010). Characterization and biocompatibility of nanohybrid scaffold prepared via in situ crystallization of hydroxyapatite
                        in chitosan matrix. Colloids and Surfaces B: Biointerfaces, 81(2), 640–647.
                     

                  

                  
                     
                        4 
                              

                     

                     Kim, T.-G & Park, B,   (2005). Synthesis and Growth Mechanisms of One-Dimensional Strontium Hydroxyapatite Nanostructures. Inorganic Chemistry, 44(26), 9895–9901.
                     

                  

                  
                     
                        5 
                              

                     

                     Wang, Y, Chen, J, Wei, K, Zhang, S & Wang, X,   (2006). Surfactant-assisted synthesis of hydroxyapatite particles. Materials Letters, 60(27), 3227–3231.
                     

                  

                  
                     
                        6 
                              

                     

                     Yoshimura, M & Suda, H,   (2017). Hydrothermal Processing of Hydroxyapatite: Past, Present, and Future. Hydroxyapatite and Related Materials, 45–72.
                     

                  

                  
                     
                        7 
                              

                     

                     Siva Rama Krishna, D., Siddharthan, A., Seshadri, S. K. & Sampath Kumar, T. S.,   (2007). A novel route for synthesis of nanocrystalline hydroxyapatite from eggshell waste. Journal of Materials Science: Materials in Medicine, 18(9), 1735–1743. 10.1007/s10856-007-3069-7

                  

                  
                     
                        8 
                              

                     

                     He, Q J & Huang, Z L,   (2007). Controlled growth and kinetics of porous hydroxyapatite spheres by a template-directed method. Journal of Crystal Growth, 300(2), 460–466.
                     

                  

                  
                     
                        9 
                              

                     

                     Ozdemir, Tugba, M. Higgins, Andrew & L. Brown, Justin,   (2013). Osteoinductive Biomaterial Geometries for Bone Regenerative Engineering. Current Pharmaceutical Design, 19(19), 3446–3455. 10.2174/1381612811319190010

                  

                  
                     
                        10 
                              

                     

                     Rivera-Munoz, Eric M,   (2011). Hydroxyapatite-Based Materials: Synthesis and Characterization. Biomedical Engineering - Frontiers and Challenges.
                     

                  

                  
                     
                        11 
                              

                     

                     Ngiam, M, Nguyen, L T H, Liao, S, Chan, C K & Ramakrishna, S, Ann Acad Med Singapore  (2011). Biomimetic nanostructured materials: potential regulators for osteogenesis?, 40(5), 213–222.
                     

                  

                  
                     
                        12 
                              

                     

                     Basha, Farhat Yaasmeen Sadique, Ganapathy, Dhanraj & Venugopalan, Suresh,   (2018). Oral Hygiene Status among Pregnant Women. Research Journal of Pharmacy and Technology, 11(7), 3099. 10.5958/0974-360x.2018.00569.3

                  

                  
                     
                        13 
                              

                     

                     Ariga, Padma, Nallaswamy, Deepak, Jain, Ashish R & Ganapathy, Dhanraj M,   (2018). Determination of Correlation of Width of Maxillary Anterior Teeth using Extraoral and Intraoral Factors in Indian
                        Population: A Systematic Review. World Journal of Dentistry, 9(1), 68–75. 10.5005/jp-journals-10015-1509

                  

                  
                     
                        14 
                              

                     

                     Duraisamy, R,   (2019). Compatibility of Nonoriginal Abutments With Implants: Evaluation of Microgap at the Implant-Abutment Interface,
                        With Original and Nonoriginal Abutments. Implant dentistry, 28(3), 289–295.
                     

                  

                  
                     
                        15 
                              

                     

                     Ganapathy, D,   (2016). Effect of Resin Bonded Luting Agents Influencing Marginal Discrepancy in All Ceramic Complete Veneer Crowns. Journal of clinical and diagnostic research, 10(12), 19–22.
                     

                  

                  
                     
                        16 
                              

                     

                     Jain, Ashish R, Ranganathan, Hemalatha & Ganapathy, Dhanraj M,   (2017). Cervical and incisal marginal discrepancy in ceramic laminate veneering materials: A SEM analysis. Contemporary Clinical Dentistry, 8(2), 272. 10.4103/ccd.ccd_156_17

                  

                  
                     
                        17 
                              

                     

                     Jyothi, S., Robin, Pon Kirubha, Ganapathy, Dhanraj & Anandiselvaraj, ,   (2017). Periodontal Health Status of Three Different Groups Wearing Temporary Partial Denture. Research Journal of Pharmacy and Technology, 10(12), 4339. 10.5958/0974-360x.2017.00795.8

                  

                  
                     
                        18 
                              

                     

                     Kannan, Abinaya & Venugopalan, Suresh,   (2018). A systematic review on the effect of use of impregnated retraction cords on gingiva. Research Journal of Pharmacy and Technology, 11(5), 2121. 10.5958/0974-360x.2018.00393.1

                  

                  
                     
                        19 
                              

                     

                     Ganapathy, Dhanraj M, Kannan, Abinaya & Venugopalan, Suresh,   (2017). Effect of Coated Surfaces influencing Screw Loosening in Implants: A Systematic Review and Meta-analysis. World Journal of Dentistry, 8(6), 496–502. 10.5005/jp-journals-10015-1493

                  

                  
                     
                        20 
                              

                     

                     Ashok, V. & Suvitha, S.,   (2016). Awareness of all ceramic restoration in rural population. Research Journal of Pharmacy and Technology, 9(10), 1691. 10.5958/0974-360x.2016.00340.1

                  

                  
                     
                        21 
                              

                     

                     Ashok, V,   (2014). Lip Bumper Prosthesis for an Acromegaly Patient: A Clinical Report. The Journal of Indian Prosthodontic Society, 279–282.
                     

                  

                  
                     
                        22 
                              

                     

                     Selvan, Subashree Rathi & Ganapathy, Dhanraj,   (2016). Efficacy of fifth generation cephalosporins against methicillin-resistant Staphylococcus aureus-A review. Research Journal of Pharmacy and Technology, 9(10), 1815. 10.5958/0974-360x.2016.00369.3

                  

                  
                     
                        23 
                              

                     

                     Subasree, S., Murthykumar, Karthikeyan & Dhanraj, ,   (2016). Effect of Aloe Vera in Oral Health-A Review. Research Journal of Pharmacy and Technology, 9(5), 609. 10.5958/0974-360x.2016.00116.5

                  

                  
                     
                        24 
                              

                     

                     Vijayalakshmi, B & Ganapathy, Dhanraj,   (2016). Medical management of cellulitis. Research Journal of Pharmacy and Technology, 9(11), 2067. 10.5958/0974-360x.2016.00422.4

                  

                  
                     
                        25 
                              

                     

                     Venugopalan, S, Ariga, P, Aggarwal, P & Viswanath, A,   (2014). Magnetically retained silicone facial prosthesis. Nigerian Journal of Clinical Practice, 17(2), 260. 10.4103/1119-3077.127575

                  

                  
                     
                        26 
                              

                     

                     Kolanthai, Elayaraja, Ganesan, Kathirvel, Epple, Matthias & Kalkura, S. Narayana,   (2016). Synthesis of nanosized hydroxyapatite/agarose powders for bone filler and drug delivery application. Materials Today Communications, 8, 31–40. 10.1016/j.mtcomm.2016.03.008

                  

                  
                     
                        27 
                              

                     

                     Li, Dalong, Huang, Xin, Wu, Yadong, Li, Jiwei, Cheng, Weilu, He, Jinmei, Tian, Huayu & Huang, Yudong,   (2016). Preparation of pH-responsive mesoporous hydroxyapatite nanoparticles for intracellular controlled release of an
                        anticancer drug. Biomaterials Science, 4(2), 272–280. 10.1039/c5bm00228a

                  

                  
                     
                        28 
                              

                     

                     Ramesh, S., Tan, C.Y., Tolouei, R., Amiriyan, M., Purbolaksono, J., Sopyan, I. & Teng, W.D.,   (2012). Sintering behavior of hydroxyapatite prepared from different routes. Materials and Design, 34, 148–154. 10.1016/j.matdes.2011.08.011

                  

                  
                     
                        29 
                              

                     

                     Muralithran, G & Ramesh, S,   (2000). The effects of sintering temperature on the properties of hydroxyapatite. Ceramics International, 26(2), 221–230. 10.1016/s0272-8842(99)00046-2

                  

                  
                     
                        30 
                              

                     

                     Kannan, S., Lemos, A. F. & Ferreira, J. M. F.,   (2006). Synthesis and Mechanical Performance of Biological-like Hydroxyapatites. Chemistry of Materials, 18(8), 2181–2186. 10.1021/cm052567q

                  

                  
                     
                        31 
                              

                     

                     Akram, Muhammad, Ahmed, Rashid, Shakir, Imran, Ibrahim, Wan Aini Wan & Hussain, Rafaqat,   (2014). Extracting hydroxyapatite and its precursors from natural resources. Journal of Materials Science, 49(4), 1461–1475. 10.1007/s10853-013-7864-x

                  

                  
                     
                        32 
                              

                     

                     Sun, Y, Guo, G, Tao, D & Wang, Z,   (2007). Reverse microemulsion-directed synthesis of hydroxyapatite nanoparticles under hydrothermal conditions. Journal of Physics and Chemistry of Solids, 68(3), 373–377.
                     

                  

                  
                     
                        33 
                              

                     

                     Fujishiro, Yoshinobu, Yabuki, Hiroshi, Kawamura, Kunio, Sato, Tsugio & Okuwaki, Akitsugu,   (2007). Preparation of needle-like hydroxyapatite by homogeneous precipitation under hydrothermal conditions. Journal of Chemical Technology & Biotechnology, 57(4), 349–353. 10.1002/jctb.280570409

                  

                  
                     
                        34 
                              

                     

                     Li, Dalong, He, Jinmei, Huang, Xin, Li, Jiwei, Tian, Huayu, Chen, Xuesi & Huang, Yudong,   (2015). Intracellular pH-responsive mesoporous hydroxyapatite nanoparticles for targeted release of anticancer drug. RSC Advances, 5(39), 30920–30928. 10.1039/c4ra17114d

                  

                  
                     
                        35 
                              

                     

                     He, Qianjun, Pan, Limin, Wang, Yunwei & Meldrum, Fiona C.,   (2015). Bioinspired Synthesis of Large-Pore, Mesoporous Hydroxyapatite Nanocrystals for the Controlled Release of Large
                        Pharmaceutics. Crystal Growth & Design, 15(2), 723–731. 10.1021/cg501515c

                  

                  
                     
                        36 
                              

                     

                     Salgado, A.J., Coutinho, O.P. & Reis, R.L.,   (2004). Novel Starch-Based Scaffolds for Bone Tissue Engineering: Cytotoxicity, Cell Culture, and Protein Expression. Tissue Engineering, 10(3-4), 465–474. 10.1089/107632704323061825

                  

                  
                     
                        37 
                              

                     

                     Gómez-Morales, Jaime, Delgado-López, José Manuel, Iafisco, Michele, Hernández-Hernández, Angeles & Prat, María,   (2011). Amino Acidic Control of Calcium Phosphate Precipitation by Using the Vapor Diffusion Method in Microdroplets. Crystal Growth and Design, 11(11), 4802–4809. 10.1021/cg2004547

                  

                  
                     
                        38 
                              

                     

                     Ingole, Vijay H., Hussein, Kamal H., Kashale, Anil A., Gattu, Ketan P., Dhanayat, Swapnali S., Vinchurkar, Aruna, Chang, Jia-Yaw
                        & Ghule, Anil V.,   (2016). Invitro Bioactivity and Osteogenic Activity Study of Solid State Synthesized Nano-Hydroxyapatite using Recycled
                        Eggshell Bio-waste. ChemistrySelect, 1(13), 3901–3908. 10.1002/slct.201601092

                  

                  
                     
                        39 
                              

                     

                     Dorozhkin, Sergey V.,   (2010). Nanosized and nanocrystalline calcium orthophosphates. Acta Biomaterialia, 6(3), 715–734. 10.1016/j.actbio.2009.10.031

                  

                  
                     
                        40 
                              

                     

                     Nudelman, Fabio & Sommerdijk, Nico A. J. M.,   (2012). Biomineralization as an Inspiration for Materials Chemistry. Angewandte Chemie International Edition, 51(27), 6582–6596. 10.1002/anie.201106715

                  

                  
                     
                        41 
                              

                     

                     Chen, J, Nan, K, Yin, S, Wang, Y, Wu, T & Zhang, Q,   (2010). Characterization and biocompatibility of nanohybrid scaffold prepared via in situ crystallization of hydroxyapatite
                        in chitosan matrix. Colloids and Surfaces B: Biointerfaces, 81(2), 640–647.
                     

                  

                  
                     
                        42 
                              

                     

                     Roul, J, Mohapatra, R & Sahoo, S K,   (2013). Preparation, characterization and drug delivery behaviour of novel biopolymer/hydroxyapatite nanocomposite beads.
                        Asian Journal of Biomedical and Pharmaceutical Sciences, 3(24), 33.
                     

                  

                  
                     
                        43 
                              

                     

                     Uskoković, Vuk & Desai, Tejal A.,   (2014). In Vitro Analysis of Nanoparticulate Hydroxyapatite/Chitosan Composites as Potential Drug Delivery Platforms for
                        the Sustained Release of Antibiotics in the Treatment of Osteomyelitis. Journal of Pharmaceutical Sciences, 103(2), 567–579. 10.1002/jps.23824

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

