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ABSTRACT
In the past, bone scaffold was nearly new and best method for fixing the destructed body parts and the
development of the tissues. Different types of natural and synthetically made biomaterials have been used by the
analyst for the evolution of scaffold. The biomaterial that is derived naturally have some favorable properties such
as biodegradable, biocompatible, non-toxic, non-antigenic and are safe in use while synthetic biomaterials have
some disadvantages because they are made up of synthetic materials which has low biodegradable properties. But
in this paper, we mainly focus on natural biomaterial which is used for formation of composite bone scaffold.
Protein and polysaccharides based natural biomaterials used for making scaffold. There is another type of natural
biomaterials that is bio-ceramics that joins various body parts such as bones and teeth. The main consideration is
to give the short scheme about protein based, polysaccharide based and bio-ceramics based biomaterials and
their future prospects.
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INTRODUCTION
During the transplant, favorable outcome will be obtained and it depends upon the biomaterials used. In the past,
autogenous techniques have been practiced for the reconstruction or recovery of body tissue and deface or broken body
parts[1]. But it has some side effect because there is a risk of transferring disease from donor to recipient and immune
rejection[2]. Alternatively,” tissue engineering” can be used to repair the damaged body parts and the regeneration of
tissues. In tissue engineering, different cells and materials are combined and form medicine via engineering that is used
to repair defect. A lot of variety of biomaterials utilized to rebuilding broken bone, tissues and other body parts[3,4].
Natural synthetic and ceramic based biomaterials have been used for the development of scaffold. The scaffold has some
properties as it must be porous and have connected pores for the gas diffusion and for the transport of fluid materials.
Natural biomaterials have the advantages over the synthetic biomaterials because they are biocompatible as they allow
the cell growth cell attachment proliferation differentiation and allow it to function normally. They are also biodegradable
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as the waste materials should have less cost and easy to process and nontoxic as their waste material can remove from the
body without any type of involvement. Moreover, Natural biomaterials are ecologically safe and have no cytotoxic effect[5].
The 3-D porous scaffold can be developed by combining more than two types of biomaterials to increase the application
of scaffold while it is applied. The 3-D porous materials should be effective for supporting the tissue and regeneration of
different damaged body parts[6]. The scaffold behaves being as template for the restoration of injure tissue. It function
being a bioreactor which provides chemical and mechanical stimuli to cell [7]. The biomaterials are selected for the
development of scaffold. The synthesis techniques play a key role and provide all the requirement of the scaffold
synthesis. The scaffold is synthesized by combining the different types of biomaterials or more than one substance that
are derived from natural or synthetic source which help the replacement of bone and regeneration of tissue[8].
Synthetic biomaterials have some disadvantages because they have low cell growth, lack of cell adhesion and also lack of
functional group which is necessary for the modification of cell surface[9]. Metallic scaffold sometimes, releases the toxic
metal ion which causes corrosion and also cause allergic reaction. Metallic scaffold also lacks the biological recognition on
material surface[10]. Ceramics type of scaffold show the characteristics of brittle which are hard to shape for
implantation[11]. Naturally derived biomaterials used for the formation of scaffold include protein, polysaccharides and
bioceramics were used as biomaterials in manufacturing of scaffold.
In this paper we focused naturally based biomaterials such as protein, polysaccharides and bioceramics for the tissues
engineering. The protein related natural biomaterials contain Fibrin, Collagen and Silk polysaccharides and bioceramics are
including Cellulose, Agarose, Alginate, Chitosan Hyaluronan Hydroxyapatite (HAp), corals and Shells were used for the
development for scaffold are described here which are also used.
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Figure 1. Diagrammatic representation of the characteristics of naturally derived biomaterials.

Naturally Originate Bio Materials
Naturally obtained bio materials comprise material that are innate in source and adapted for the evolution of composite
bone scaffold. The types of natural bio materials are here illustrated with schematic representation.

Figure 2. Schematic representation of types of natural biomaterials and their derivatives for the formation of
composite bone scaffold.
Protein based biomaterial
Protein based natural biomaterials are including the substances that have protein origin and have functional group of
amino acid [12]. The biomaterials derived from the protein are used for the development of scaffold, have biological and
mechanical properties that promote cell adhesion and cell growth. They have also some other properties such as
biodegradability and allow to produce their own extracellular matrix(ECM) [13,14].
Collagen
In human, Collagen is present in massive amount. It has important role in providing the structure to your skin and also
help in blood clotting. It is found in tendons, ligaments, muscles, bones, skin and blood vessels [15]. Scaffolds which are
formed from the collagen provide the strength and the structure to the body and also have some other properties like,
they are biocompatible and biodegradable and are having good cell adhesion properties which are used for the formation
of composite bone scaffold. Collagen have different types, but Collagen type 1 is most abundant and about 90% of all
types of collagen in human body [16]. It combine with other biomaterials and are used for formation of porous composite
bone scaffold which show extraordinary characteristics such as anti-bacterial, anti-fibrotic and anti-inflammatory [17,18].
Sultan et al. Alq J Med App Sci. 2021;4(2):80-88

82

https://alqalam.utripoli.edu.ly/science/ eISSN 2707-7179

Fibrin protein
Fibrin which helps blood clotting is formed from fibrinogen. [19]It is involved in wound healing, cell proliferation and
migration. It combined with some other materials and has a potential for tissue engineering. Fibrin sealant which is also
called fibrin glue has many clinical applications because it is biodegradable and has cell adhesion properties and control
the bleeding in any surgical situation. Fibrin based scaffold provide the machinal strength to the body and also fixing the
fibrinogen base scaffold [20]. Fibrin hydrogel scaffold are also used for the tissue engineering and fixing the damaged
body parts such as cartilage [21].
Silk
Silk is a natural polymer which is turned into the fiber where it used as scaffold for the formation of tissue and
regeneration of tissues during the burning of a victim[22]. It is flexible and has the cell adhesion characteristics. It is an
important biomaterial for the regeneration of tissues because it is proved to be biocompatible. It is produced from
silkworm, flies, mites and spider[23]. Silk protein have been used as biomaterials for the formation of scaffold because it is
biocompatible and biodegradable nontoxic and anti-inflammatory[24]. Silk proteins have the excellent mechanical and
physical properties while tailoring the structure of the cell and damaged body tissue.
Polysaccharide based biomaterial for the formation of composite bone scaffold
Multiple types of the poly saccharides are utilized as biomaterials in medical discipline or department like bio
macromolecules which used for the regeneration of tissue and formation of composite bone scaffold[25,26].
Polysaccharides consist of many types of monosaccharides. Many of the polysaccharides have the structural role that are
derived from both plant and animals. It contains polymeric saccharides that are linked through covalent bond to form
amino acid[27]. Polysaccharides which are used for the formation of composite bone scaffold include alginate, chitosan,
hyaluronic acid, cellulose and agarose. The biomaterials which are derived from these polysaccharide sources are
biocompatible and biodegradable and proved to be excellent cell growth and attachment because of their natural
origin[28,29].
Alginate
Alginate is also called alginic acid and it is important polysaccharides that are extracted from seaweeds and brown algae
having excellent properties like biocompatibility[30]. It is biopolymer which is effective while mixing with other substances
it forms hydrogels which are anti-toxic, biodegradable and low cost[31]. Alginate combines with different types of
biomaterials such as calcium chloride (CaCl2) and hydroxyapatite (Hap) which are used for the repair of joints, cartilage and
the regeneration of tissues as they show cell adhesion properties and osteogenesis[32,33].
Chitosan
Basically, chitosan is a sugar molecule. It is a true poly saccharide acquire by the de acetylation means by the removal of
acetyl group of chitin [34]. Scaffold which are formed from the de acetylation of chitin have some properties. It supports
the cell attachment, migration, cell differentiation, regeneration of tissues, damaged body parts and the formation of
composite bone scaffold. It also has antibacterial and antifungal properties[35]. Chitosan have good biological properties.
Its combination with other biomaterials like gelatin also shows the properties of biocompatibility, cell adhesion, low cost
availability, low cytotoxic effect and easy to be functionalized[36]. It also cross-linked with gelatin and form composite
scaffold that upgrade the good cell adhesion, good biocompatibility, spreading and cell viability[37].
Hyaluronic acid
Hyaluronan is a linear glucosamine that is combined with glycan that have function in the treatment of tissues like joint
pain and many other body parts, is distributed all over human body mainly human extracellular matrix (ECM)[38]. It
promotes the cell motility and cell adhesion.[39]. As it is an integral constituent of extra cellular matrix (ECM), used being
bio material in the regeneration of tissue, wound healing, imperfection bone and the formation of composite scaffold.
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The unique feature of Hyaluronan include biocompatibility, viscoelasticity, cell adhesion, migration, anti-oxidant, antiinflammatory properties[40-42]. Because of these properties, it is used to repair the damaged body parts, promote the
angiogenesis, help in wound healing and also bind the fibrin and collagen. Hyaluronic acid crosslinks with gelatin and
provides a biomaterial that facilitates the wound healing, regeneration of tissues, develops bone and regenerates the
cartilage because it provides the warm and moist environment[43].
Cellulose
Cellulose is a polysaccharide containing linear glucose molecules that are biodegradable in nature which are used in tissue
engineering and the formation of composite bone scaffold[44,45]. It is biocompatible, biodegradable, renewable, has non
cytotoxic effect and also cost effective[46]. Cellulose is derived from many sources such as forest, algae, and many types of
bacteria. Its derivatives are used for the for 3D cellular engineering[47]. Cellulose sulphate like polysaccharides such as
green algae and Carrageenan’s are also used for the synthesis of composite bone scaffold[48]. It is a good delivery
vehicle for the cartilage, body tissue engineering and also support the cell growth.
Agarose form of bio material
Bio material extracted from agarose is biocompatible obtain from the seaweed[49]. Agarose based biomaterials form well
interconnected pores which take part little role in cell adhesion, infiltration and also cell proliferation[50,51]. The
biomaterials which are established by the association of agarose with hyaluronic acid (HA) are biocompatible,
biodegradable and also have mechanical stability. It combines with collagen and hydroxyapatite (HAp) and scaffold which
is form is used for the fabrication of cartilage, bone and teeth regeneration[51,52].

Table 1. Protein and Polysaccharides based biomaterials types and their range of porosity
Biomaterial type
Protein

Scaffold raw material

Porosity

Collagen

Protein

Fibrin

Protein

Silk

Polysaccharides

Alginate

Polysaccharides

Chitosan

Polysaccharides

Hyaluronic acid

Polysaccharides

Agarose

100-200µ pore diameter [53]
34-83µm pore diameter and
73% porosity [54]
10-600µm pore diameter[55]
150µm pore diameter 82%
porosity [56]
50-250µm pore
diameter[57]
100µm pore diameter 99%
porosity [58]
480µm pore diameter 73%
porosity [59]

Bio-ceramics based natural biomaterials:
Ceramics based biomaterials act as template for growing the new tissues and they interact with the cells. Bio-ceramics are
the promising biomaterials that are used for the hard and soft tissues regeneration and repair and reconstruction of the
bone[60]. Chemical constitution and mechanical characteristics of the hydroxyapatite ceramics is like a bone and are used
in the orthopedics, dental implants and bone tissues engineering application because bioceramics based biomaterials are
regarded as biocompatible, biodegradable, osteo conductive, and corrosion resistance[61]. Calcium phosphate containing
biomaterials are also used for the tissues engineering because they have ability of enhancing the bone cell growth and
binding the both soft and hard tissues[62-64]. Some of the natural bioceramics based biomaterials for the formation of
composite bone scaffold are:
Coral:
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Coral is a marine invertebrate which belongs to the phylum cnidaria,[65] whose exoskeleton contains calcium carbonate
(CaCO3) and are used for the formation of composite bone scaffold[66]. Calcium carbonate (CaCO3) is chemically related
to mineral segment of bone and is used for regeneration of tissues, bones and facilitates the healing of wound. Coral have
interconnected pores which allow the cell attachment and cell growth. Due to its biodegradability and osteo inductivity,
[67] it allows the self-regeneration of the damaged body parts and tissues[67].
Shells:
Shells like Cockle and egg shells contain calcium carbonate that are the source for the synthesis of hydroxyapatite(HAp)
which are excellent material for reformation of body tissues and rebuilding of destructed bone[68,69]. Marine, egg and
cockle shells have the promising properties and have implementation for formation of porous composite scaffold and
repair bone[70].
Hydroxyapatite (HAp)
Hydroxyapatite (HAp) is white in color. It is derived from many sources such as bones and many species of marine corals
and is obtained by applying high temperature sintering[71]. Hydroxyapatite (HAp) matrix is used for the formation of
composite bone scaffold that have excellent chemical and mechanical properties[72]. Ceramics are combining with other
small biomaterials and form continuous fibres which are biocompatible for the living tissues and have application in
composite bone scaffold[73,74].

CONCLUSION
Initially, auto graft and allograft techniques have been used for the treatment and repair of bone and tissues of the body.
Tissue engineering can also be used for reconstruction of tissues stuff and repair the destructed parts of the body like
organ. Bone tissue engineering improved with the progress of biomaterials. Biomaterial types and their synthesis
techniques are very important for the formation of composite scaffold and that biomaterial are porous and have improved
characteristics. The biomaterial which are derived from the natural material have some characteristics as it is
biocompatible, biodegradable, non-toxic, ecologically safe, low-cost processing, cell expansion and fasten with minimum
possibility of refusal. It is useful for the formation of composite scaffold alternative to manmade bio materials which have
some disadvantages.
Two main and important sources of biomaterials are protein and polysaccharides from which composite bone have been
obtained. Protein related bio materials being as fibrin, silk and collagen. Polysaccharides contain bio materials related to
alginate, chitosan, hyaluronic acid, cellulose and also include agarose which are used for the formation of composite bone
scaffold. Bio-ceramics material have been derived from corals, shells and hydroxyapatite (HAp). They are the natural
source of calcium carbonate which are used for the rebuilding of body tissues and connect the injured parts of the body.
Furthermore, synthetic biomaterials show low cell growth, very hard to synthesize them, are not cost effective and are not
compatible. So, this review is about the biomaterials which are derived from the natural source and further investigation
are needed for the formation of scaffold from different naturally derived biomaterials with improved characteristics.
Disclaimer
The article has not been previously presented or published, and is not part of a thesis project.
Conflict of Interest
There are no financial, personal, or professional conflicts of interest to declare.
Acknowledgement:
I would like to acknowledge Mr. Usman Kazmi Assistant professor, COMSATS University Islamabad, Pakistan for his
technical support for the preparation of this article.

REFERENCES
1.
2.

Khouri RK, Sampath KT, Rueger DC. Manufacture of autogenous replacement body parts. Google Patents; 2000.
Giannoudis PV, Pountos I. Tissue regeneration: the past, the present and the future. Injury. 2005;36(4):S2-S5.

Sultan et al. Alq J Med App Sci. 2021;4(2):80-88

85

https://alqalam.utripoli.edu.ly/science/ eISSN 2707-7179
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Langer R. Biomaterials in drug delivery and tissue engineering: one laboratory's experience. Accounts of Chemical Research.
2000;33(2):94-101.
O'brien FJ. Biomaterials & scaffolds for tissue engineering. Materials today. 2011;14(3):88-95.
Manivasagan P, Venkatesan J, Senthilkumar K, et al. Biosynthesis, antimicrobial and cytotoxic effect of silver nanoparticles
using a novel Nocardiopsis sp. MBRC-1. BioMed research international. 2013;2013.
Martin I, Wendt D, Heberer M. The role of bioreactors in tissue engineering. TRENDS in Biotechnology. 2004;22(2):80-86.
Brown BN, Badylak SF. Extracellular matrix as an inductive scaffold for functional tissue reconstruction. Translational
Research. 2014;163(4):268-285.
Karageorgiou V, Kaplan D. Porosity of 3D biomaterial scaffolds and osteogenesis. Biomaterials. 2005;26(27):5474-5491.
Hutmacher DW, Schantz JT, Lam CXF, et al. State of the art and future directions of scaffold‐based bone engineering from a
biomaterials perspective. Journal of tissue engineering and regenerative medicine. 2007;1(4):245-260.
Alvarez K, Nakajima H. Metallic scaffolds for bone regeneration. Materials. 2009;2(3):790-832.
Seol YJ, Park DY, Park JY, et al. A new method of fabricating robust freeform 3D ceramic scaffolds for bone tissue
regeneration. Biotechnology and Bioengineering. 2013;110(5):1444-1455.
Silverman HG, Roberto FF. Understanding marine mussel adhesion. Marine biotechnology. 2007;9(6):661-681.
García AJ. Interfaces to control cell-biomaterial adhesive interactions. Polymers for regenerative medicine: Springer; 2006. p.
171-190.
Wohlrab S, Müller S, Schmidt A, et al. Cell adhesion and proliferation on RGD-modified recombinant spider silk proteins.
Biomaterials. 2012;33(28):6650-6659.
Barua E, Deoghare AB, Deb P, et al., editors. Naturally derived biomaterials for development of composite bone scaffold: a
review. IOP Conference Series: Materials Science and Engineering; 2018: IOP Publishing.
Di Lullo GA, Sweeney SM, Körkkö J, et al. Mapping the ligand-binding sites and disease-associated mutations on the most
abundant protein in the human, type I collagen. Journal of Biological Chemistry. 2002;277(6):4223-4231.
Lodish H, Berk A, Zipursky SL, et al. Molecular cell biology 4th edition. National Center for Biotechnology Information,
Bookshelf. 2000.
Muona A, Eklund L, Väisänen T, et al. Developmentally regulated expression of type XV collagen correlates with
abnormalities in Col15a1−/− mice. Matrix biology. 2002;21(1):89-102.
Chen R, Doolittle RF. γ-γ cross-linking sites in human and bovine fibrin. Biochemistry. 1971;10(24):4486-4491.
Aragón J, Salerno S, De Bartolo L, et al. Polymeric electrospun scaffolds for bone morphogenetic protein 2 delivery in bone
tissue engineering. Journal of colloid and interface science. 2018;531:126-137.
Eyrich D, Brandl F, Appel B, et al. Long-term stable fibrin gels for cartilage engineering. Biomaterials. 2007;28(1):55-65.
Ha TLB, Quan TM, Vu DN. Naturally derived biomaterials: preparation and application. Regenerative medicine and tissue
engineering: IntechOpen; 2013.
Vepari C, Kaplan DL. Silk as a biomaterial. Progress in polymer science. 2007;32(8-9):991-1007.
Xu W-P, Zhang W, Asrican R, et al. Accurately shaped tooth bud cell–derived mineralized tissue formation on silk scaffolds.
Tissue Engineering Part A. 2008;14(4):549-557.
Baldwin AD, Kiick KL. Polysaccharide‐modified synthetic polymeric biomaterials. Peptide Science: Original Research on
Biomolecules. 2010;94(1):128-140.
Peppas NA, Langer R. New challenges in biomaterials. Science. 1994;263(5154):1715-1720.
d’Ayala GG, Malinconico M, Laurienzo P. Marine derived polysaccharides for biomedical applications: chemical
modification approaches. Molecules. 2008;13(9):2069-2106.
Abedini F, Ebrahimi M, Roozbehani AH, et al. Overview on natural hydrophilic polysaccharide polymers in drug delivery.
Polymers for Advanced Technologies. 2018;29(10):2564-2573.
Miao T, Wang J, Zeng Y, et al. Polysaccharide‐based controlled release systems for therapeutics delivery and tissue
engineering: From bench to bedside. Advanced Science. 2018;5(4):1700513.
Luo Z, Yang Y, Deng Y, et al. Peptide-incorporated 3D porous alginate scaffolds with enhanced osteogenesis for bone tissue
engineering. Colloids and Surfaces B: Biointerfaces. 2016;143:243-251.
Paul W, Sharma CP. Chitosan and alginate wound dressings: a short review. Trends Biomater Artif Organs. 2004;18(1):1823.
Dittrich R, Tomandl G, Despang F, et al. Scaffolds for hard tissue engineering by ionotropic gelation of alginate–influence of
selected preparation parameters. Journal of the American Ceramic Society. 2007;90(6):1703-1708.
Gelinsky M, Eckert M, Despang F. Biphasic, but monolithic scaffolds for the therapy of osteochondral defects. International
journal of materials research. 2007;98(8):749-755.
Tolaimate A, Desbrieres J, Rhazi M, et al. On the influence of deacetylation process on the physicochemical characteristics
of chitosan from squid chitin. Polymer. 2000;41(7):2463-2469.
Croisier F, Jérôme C. Chitosan-based biomaterials for tissue engineering. European Polymer Journal. 2013;49(4):780-792.

Sultan et al. Alq J Med App Sci. 2021;4(2):80-88

86

https://alqalam.utripoli.edu.ly/science/ eISSN 2707-7179
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.

57.
58.
59.
60.
61.
62.

Zhao X, Li P, Guo B, et al. Antibacterial and conductive injectable hydrogels based on quaternized chitosan-graftpolyaniline/oxidized dextran for tissue engineering. Acta biomaterialia. 2015;26:236-248.
Cañas AI, Delgado JP, Gartner C. Biocompatible scaffolds composed of chemically crosslinked chitosan and gelatin for
tissue engineering. Journal of Applied Polymer Science. 2016;133(33).
Chong BF, Blank LM, Mclaughlin R, et al. Microbial hyaluronic acid production. Applied microbiology and biotechnology.
2005;66(4):341-351.
Swann DA, Radin EL, Nazimiec M, et al. Role of hyaluronic acid in joint lubrication. Annals of the rheumatic diseases.
1974;33(4):318.
Chen WJ, Abatangelo G. Functions of hyaluronan in wound repair. Wound repair and regeneration. 1999;7(2):79-89.
Holloway JL, Ma H, Rai R, et al. Synergistic Effects of SDF‐1α and BMP‐2 Delivery from Proteolytically Degradable
Hyaluronic Acid Hydrogels for Bone Repair. Macromolecular bioscience. 2015;15(9):1218-1223.
Ke C, Sun L, Qiao D, et al. Antioxidant acitivity of low molecular weight hyaluronic acid. Food and chemical toxicology.
2011;49(10):2670-2675.
Son Y-J, Yoon I-S, Sung J-H, et al. Porous hyaluronic acid/sodium alginate composite scaffolds for human adipose-derived
stem cells delivery. International journal of biological macromolecules. 2013;61:175-181.
Kostag M, Gericke M, Heinze T, et al. Twenty-five years of cellulose chemistry: innovations in the dissolution of the
biopolymer and its transformation into esters and ethers. Cellulose. 2019;26(1):139-184.
Rajwade J, Paknikar K, Kumbhar J. Applications of bacterial cellulose and its composites in biomedicine. Applied
microbiology and biotechnology. 2015;99(6):2491-2511.
Czaja WK, Young DJ, Kawecki M, et al. The future prospects of microbial cellulose in biomedical applications.
biomacromolecules. 2007;8(1):1-12.
Mayer‐Wagner S, Schiergens T, Sievers B, et al. Scaffold‐free 3D cellulose acetate membrane‐based cultures form large
cartilaginous constructs. Journal of tissue engineering and regenerative medicine. 2011;5(2):151-155.
Huang GP, Molina A, Tran N, et al. Investigating cellulose derived glycosaminoglycan mimetic scaffolds for cartilage tissue
engineering applications. Journal of tissue engineering and regenerative medicine. 2018;12(1):e592-e603.
Stokols S, Tuszynski MH. Freeze-dried agarose scaffolds with uniaxial channels stimulate and guide linear axonal growth
following spinal cord injury. Biomaterials. 2006;27(3):443-451.
Watanabe J, Kashii M, Hirao M, et al. Quick‐forming hydroxyapatite/agarose gel composites induce bone regeneration.
Journal of Biomedical Materials Research Part A: An Official Journal of The Society for Biomaterials, The Japanese Society
for Biomaterials, and The Australian Society for Biomaterials and the Korean Society for Biomaterials. 2007;83(3):845-852.
Khanarian NT, Haney NM, Burga RA, et al. A functional agarose-hydroxyapatite scaffold for osteochondral interface
regeneration. Biomaterials. 2012;33(21):5247-5258.
Annamalai RT, Mertz DR, Daley EL, et al. Collagen Type II enhances chondrogenic differentiation in agarose-based
modular microtissues. Cytotherapy. 2016;18(2):263-277.
Li X, Feng Q, Jiao Y, et al. Collagen‐based scaffolds reinforced by chitosan fibres for bone tissue engineering. Polymer
International. 2005;54(7):1034-1040.
Linnes MP, Ratner BD, Giachelli CM. A fibrinogen-based precision microporous scaffold for tissue engineering.
Biomaterials. 2007;28(35):5298-5306.
Mandal BB, Grinberg A, Gil ES, et al. High-strength silk protein scaffolds for bone repair. Proceedings of the National
Academy of Sciences. 2012;109(20):7699-7704.
Lin HR, Yeh YJ. Porous alginate/hydroxyapatite composite scaffolds for bone tissue engineering: preparation,
characterization, and in vitro studies. Journal of Biomedical Materials Research Part B: Applied Biomaterials: An Official
Journal of The Society for Biomaterials, The Japanese Society for Biomaterials, and The Australian Society for Biomaterials
and the Korean Society for Biomaterials. 2004;71(1):52-65.
Adhikari U, Rijal N, Khanal S, et al. Magnesium incorporated chitosan based scaffolds for tissue engineering applications.
Bioact Mater 1: 132–139. 2016.
Enrione J, Osorio F, López D, et al. Characterization of a Gelatin/Chitosan/Hyaluronan scaffold-polymer. Electronic Journal
of Biotechnology. 2010;13(5):20-21.
Puértolas J, Vadillo J, Sánchez-Salcedo S, et al. Compression behaviour of biphasic calcium phosphate and biphasic calcium
phosphate–agarose scaffolds for bone regeneration. Acta biomaterialia. 2011;7(2):841-847.
Habraken W, Wolke J, Jansen J. Ceramic composites as matrices and scaffolds for drug delivery in tissue engineering.
Advanced drug delivery reviews. 2007;59(4-5):234-248.
Laasri S, Taha M, Laghzizil A, et al. The affect of densification and dehydroxylation on the mechanical properties of
stoichiometric hydroxyapatite bioceramics. Materials Research Bulletin. 2010;45(10):1433-1437.
Mastrogiacomo M, Scaglione S, Martinetti R, et al. Role of scaffold internal structure on in vivo bone formation in
macroporous calcium phosphate bioceramics. Biomaterials. 2006;27(17):3230-3237.

Sultan et al. Alq J Med App Sci. 2021;4(2):80-88

87

https://alqalam.utripoli.edu.ly/science/ eISSN 2707-7179
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

Boyde A, Corsi A, Quarto R, et al. Osteoconduction in large macroporous hydroxyapatite ceramic implants: evidence for a
complementary integration and disintegration mechanism. Bone. 1999;24(6):579-589.
Tang Z, Kotov NA, Magonov S, et al. Nanostructured artificial nacre. Nature materials. 2003;2(6):413-418.
Zhang X, Vecchio KS. Conversion of natural marine skeletons as scaffolds for bone tissue engineering. Frontiers of Materials
Science. 2013;7(2):103-117.
Ivankovic H, Gallego Ferrer G, Tkalcec E, et al., editors. Preparation of highly porous hydroxyapatite ceramics from
cuttlefish bone. Advances in Science and Technology; 2006: Trans Tech Publ.
Tran CT, Gargiulo C, Thao HD, et al. Culture and differentiation of osteoblasts on coral scaffold from human bone marrow
mesenchymal stem cells. Cell and tissue banking. 2011;12(4):247-261.
Saharudin S, Shariffuddin J, Ismail A, et al. Recovering value from waste: biomaterials production from marine shell waste.
Bulletin of Materials Science. 2018;41(6):162.
Abdulrahman I, Tijani HI, Mohammed BA, et al. From garbage to biomaterials: an overview on egg shell based
hydroxyapatite. Journal of Materials. 2014;2014.
PERIMAL EK, BHARATHAM H. A Short Review on Cockle Shells as Biomaterials in the Context of Bone Scaffold
Fabrication. Sains Malaysiana. 2019;48(7):1539-1545.
Ahn ES, Gleason NJ, Nakahira A, et al. Nanostructure processing of hydroxyapatite-based bioceramics. Nano Letters.
2001;1(3):149-153.
Corbijn A. Metal fibre reinforced hydroxy-apatite ceramics. Journal of materials science. 1989;24(9):3411-3415.
Orlovskii V, Komlev V, Barinov S. Hydroxyapatite and hydroxyapatite-based ceramics. Inorganic Materials.
2002;38(10):973-984.
Zhou H, Lee J. Nanoscale hydroxyapatite particles for bone tissue engineering. Acta biomaterialia. 2011;7(7):2769-2781.

Sultan et al. Alq J Med App Sci. 2021;4(2):80-88

88

