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Abstract 
 
In the field of biomedical applications regenerative medicine or tissue 

engineering is most growing area in these days. For biomedical 

advancement, regenerative medicine is fast growing technique. Previous 

study and researchers suggest that synthesized naturally biomaterials are best 

for repair and healing damaged tissues. Some of previous researchers worked 

on chemical synthesized hydroxyapatite (HAp) for fabrication of 

implants/scaffolds and TE applications. Due to low durability and stability of 

HAp it has been reduced their application in biomedical or TE applications. 

Hap is a biocompatible and biodegradable mineral. In some previous work 

suggest that for fabrication of biocompatible scaffolds with natural HAp, 

reinforced with some synthetic polymers such as PLA, PLLA, PLGA, PEG 

and PVDF. These types of composites have better mechanical and physical 

properties and easy to fabricate scaffolds. Nano HAp powders are 

synthesized from eggshells because of its Ca/P ratio is 1.74 that is equal to 

human bone. In this paper study about applications of biopolymers and HAp 

composites for biomedical or TE applications. 
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Abbreviations 

PLA Poly lactic acid 

PLLA Poly L-lactic acid 

PLGA Poly lactic-co-glycolic acid 

HAp Hydroxyapatite 

PEG Polyethylene glycol 

PVDF Polyvinylidene acid  

Ca/P Calcium and phosphate ratio 

TE Tissue Engineering 

CS Chitosan 

 

1 Introduction 

 In a human skeletal body 40% parts are bones with specific sizes and 

shapes [1, 2]. Fracture of bones of human/other species are not good for 

proper body functioning and metabolism [3,4]. In last two decade’s tissue 

repair is most focused area in the biomedical field, nearly 4.8 million bone 

fractures are recoded in all over world [5,6]. It is approximated that 55 

million people are disabled or injured in all over country due to only bone 

fracture [6,7]. Bone shape, structure and functioning is very different and 

typical and bone repairing is very simple and cost effective that reason it 

needs more research in this field [7-9]. 

 HAp (Ca10 (PO4)6(OH) 2) is mineral of human bones that composed 30% 

of organic materials such as bone marrow cells and collagen and 70 % of 

inorganic materials such as calcium phosphate and apatite [10, 11].Due to 

excellent properties of HAp as like bioactive, equal proximity with human 

bone and osteoconductive its demand is rapidly increased in the field of 

biomedical applications [11-13]. HAp is mainly synthesized by wet chemical 

process, microwave irradiation, bone bio waste, sol gel technique and 

hydrothermal process. Egg is most consumed food in all over world and it 

shells are discarded as biodegradable waste. Eggshell are 11% of total weight 

of an egg that consists 94% CaCo3, 4% organic matter and 1% calcium 

phosphate (Ca3(PO4)2) [9,12,14].HAp properties are tabulated in Table 1. 

 
Table 1 Different Properties of Hydroxyapatite (HAp) [5, 6, 8, 12-14] 

Properties Value 

Category Phosphate mineral apatite group 

Crystal system Hexagonal 

Formula Ca10(PO4)6(OH)2 

Formula mass 502.31 g/mol 

Tenacity Brittle 

Specific gravity 3.14 – 3.21 

Color Yellow, white yellowish green 

Fracture Conchoidal 

Ca/P ratio 1.74 
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Some biopolymers such as CS, silk protein, chitin, fibrin, gelatine, 

collagen is used in biomedical or bone TE applications due to its superior 

properties such as hydrophobicity, biodegradability, biocompatibility, non-

immunogenicity, better mechanical strength and non-toxicity [15-17]. 

Autografts, xenografts, and allografts are some other techniques for bone 

repair. But due to some disadvantages its uses are minimized in current and 

future time [18-20]. 

Implants/ scaffolds are used for human bone repair and support of human 

body [20]. HAp is a biocompatible, biodegradable as well as bio-active 

materials but HAp is not implanted in human body due to less mechanical 

strength and more brittle in nature. For improvement of mechanical strength 

in HAp, it is reinforced with some other biomaterials such as PLA, PLGA, 

PLLA, PVDF and PEG [20-23]. In the present study discuss about HAp 

synthesis from biowaste eggshell. In this present study also explore that 

composition of HAp with other biomaterials and their applications. 

 

2. Materials and Composites of HAp and Other Biopolymers 

2.1 Synthesis of HAp from Natural Bio Waste Eggshells 

For synthesis of HAp from eggshells at first it is collected from nearby 

restaurant or shops at properly cleaned with water for removal of debris and 

impurities from eggshell surface. 

 
Figure 1Shows that Synthesis of HAp from Eggshells [24] 

 

The eggshells are sintered at 900°C in furnace (muffle) at a heating rate 

of 5°C/min for obtaining of CaO (calcium oxide) powder. 0.3M solution of 

Na2HPO4and 0.5M CaO solution are mixed and stirred at 1000 rpm at 70°C 

for 24 hours. Figure 1 Shows that Synthesis of HAp from Eggshells [24] 
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NaOH (Sodium hydroxide) are synthesized by this reaction and finally it is 

collected in powder form. NaOH powder are collected by grade 1 filter paper 

and rinsed through water and ethanol for removing of adhered from its 

surface. The obtained powder is dried at 70°C for 48 hours for removing of 

inner moisture. Final powder is calcined at 900°C for 2 hours @10°C/min. 
 

2.2 Biopolymers for Bone TE Application 

HAp is a very good mineral that is biocompatible and biodegradable in 

nature but due to less physical and mechanical strength, more brittleness or 

less flexibility not possible to implants directly in body. Some biopolymers 

such as CS, silk protein, chitin, fibrin, gelatine, collagen is used in 

biomedical or bone TE applications due to its superior properties such as 

hydrophobicity, biodegradability, biocompatibility, non-immunogenicity, 

better mechanical strength and non-toxicity are reinforced and fabricate the 

biomedical, biodegradable and bio-active scaffolds/implants. Due to eco-

friendly biopolymer based scaffolds are more attention in bone TE [25].  

Collagens is a protein based biopolymer that is used in biomedical 

application such as ligament, nerve, heart, bone, fibers, films by mixing with 

HAp. Collagens are less elasticity and very less poor dimension stability but 

due to good biocompatibility, biodegradability and non-cytotoxicity it is refer 

to use in biomedical or TE applications [26]. 

PLA is a synthetic polymer and due to its better properties like 

biocompatibility, biodegradability, and tuneable mechanical strength and 

easy to 3D printing makes best suitable thermoplastic for fabrication of 

scaffolds/implants. But due to very less degradation rate its co-polymers are 

extracted from PLA polymer that called PLLA and PLGA polymer that was 

best suitable for fabrication of scaffolds and implants. For improvement and 

making bioactive implants HAp and CS is mixed with PLA and their co-

polymers [27]. 

CS is a natural biopolymer and it is extracted from chitin polymers. 

Chitin and CS are natural form of biopolymers and it is extracted /collected 

from natural biomass such as lobster waste, prawn waste, crab waste, 

mushrooms, squid pen, solider fly and larvae. CS is a bioactive polymer and 

it is reinforced with HAp and PLLA/PLGA synthetic polymer for fabrication 

of biocompatible, control rate of biodegradable and bioactive 

scaffolds/implants [28]. 

There are lots of other biopolymers (PVDF, PGA, Fibrin, Gelatin, 

Cellulose, Alginate, PEEK and many more) that is reinforced with HAp and 

use for fabrication of biocompatible and biodegradable grade of 

scaffolds/implants. Table 2 shown that HAp composites materials 

applications. Figure 2 shows HAp and other Biopolymers Composites used 

in TE Applications 

 



 
 

 

 

 

 

 

 
Biopolymers-hydroxyapatite Composites for Biomedical Applications 8591 

 
Table 2 Applications of HAp-other Biopolymers Composites [29] 

Biopolymers  Applications 

Collagen-HAp Drug delivery, TE and bone graft 

Gelatin-HAp Bone TE, skin tissue regeneration and drug 

delivery 

CS-HAp Bone TE, drug delivery and Antibacterial 

Fibrin-HAp Bone tissue regenerative, gene delivery and 

wound dressing 

Cellulose-HAp Bone TE, biomedical applications and water 

purification 

Alginate-HAp Bone TE and drug delivery 

 

 
Figure 2 HAp and other Biopolymers Composites used in TE Applications [29] 

 

3 Conclusion 
 

There are conclusions that have drawn from the present study of 

hydroxyapatite composites for biomedical applications: 

         Synthesized naturally biomaterials are best for repair and healing 

damaged tissues. Some of previous researchers worked on chemical 

synthesized HAp for fabrication of implants/scaffolds and TE applications. 

         HAp is a biocompatible, biodegradable as well as bio-active materials 

but HAp is not implanted in human body due to less mechanical strength and 

more brittle in nature. For improvement of mechanical strength in HAp, it is 

reinforced with some other biomaterials such as PLA, PLGA, PLLA, PVDF 

and PEG. 
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     There are lots of other biopolymers (PLA, CS, PVDF, PGA, Fibrin, 

Gelatin, Cellulose, Alginate, PEEK and many more) that are reinforced with 

HAp and use for fabrication of biocompatible and biodegradable grade of 

scaffolds/implants. 
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