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1. INTRODUCTION

The performance of materials in the body can besdiad in many ways. Biomaterial is used to
make devices to replace a part or a function ofbibdy in a safe, reliable, economic, and physialaly
acceptable manner [1]. A Variety of devices andemials presently used in the treatment of diseasgjury
include such commonplace items as sutures, neeciéiseters, plates, tooth fillings, etc [2-5]. Ovbe
years, a biomaterial can be simply defined as #hsyic material used to replace part of a livingteyn or to
function in intimate contact with living tissue. &I€lemson University Advisory Board for Biomatesidlas
formally defined a biomaterial to be “a systemigadind pharmacologically inert substance designed fo
implantation within or incorporation with living stems” [6]. It is also defined as “a nonviable miateused
in a medical device, intended to interact with bgital systems” [7]. Other definitions have incldde
“materials of synthetic as well as of natural amigm contact with tissue, blood, and biologicalidk; and
intended for use for prosthetic, diagnostic, thetdje, and storage applications without adverséigctng
the living organism and its components” [8] and y'asubstance (other than drugs) or combination of
substances, synthetic or natural in origin, whiah be used for any period of time, as a whole @& part of
a system which treats, augments, or replaces asyej organ, or function of the body” [9]. By cast; a
biological material is a material such as skin werg, produced by a biological system. Accordioghese
definitions one must possess knowledge in a nurobdifferent disciplines or collaborate with indilials
from a wide variety of different specialties in erdo properly develop and use biomaterials in ciadiand
provides some examples of the uses of biomatemdisgh include replacement of a body part that lbas
function due to disease or trauma, to assist itifggao improve performance, and to correct abradities.
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The role of biomaterials has been influenced camaioly by advances in many areas of biotechnologly a
science.

The use of biomaterials did not become practicail timee advent of an aseptic surgical technique
developed. Earlier surgical procedures, whethembierials were generally unsuccessful as a regult o
infection occurs. Problems of infection tend to deacerbated in the presence of biomaterials, dinee
implant can provide a region inaccessible to thdyt® immunologically competent cells. The earliest
successful implants, as well as a large fractiomodlern ones, were in the skeletal system. Bortegiaere
introduced in the early 1900s to aid in the fixatimf long bone fractures [10]. Many of these ealbtes
broke as a result of unsophisticated mechanicalydeshey were too thin and had stress concengatin
corners. Also, materials such as vanadium steeichwivas chosen for its good mechanical properties,
corroded rapidly in the body and caused adverseciffon the healing processes. Better designs and
materials soon followed. Following the introductioh stainless steels and cobalt chromium alloyshi
1930s, greater success was achieved in fractuegidix and the first joint replacement surgeriegewe
performed [11]. As for polymers, it was found thedrplane pilots in World War Il who were injured by
fragments of plastic (polymethyl methacrylate) aift canopy did not suffer adverse chronic reastifsom
the presence of the fragments in the body. Polyyhetiethacrylate became widely used after that tiore
corneal replacement and for replacements of secttbdamaged skull bones. Following further advarioe
materials and in surgical technique, blood vessplacements were tried in the 1950s and heart valve
replacements and cemented joint replacements ii966s. Recent years have seen many further advance
[12-14].

2. APPLICATION & USESOF BIOMATERIALS

Table-1 describes about the use of biomateriatfiffarent field of medical industries and Table-2
describes use of biomaterials in different bodytpand replacement of different parts for livingature.
Table-3 indicates about the body system which egdiomaterials.

Table 1. Uses of Biomaterials

Problem Area Examples

Replacement of diseased or damaged part  Artifigiajoint, kidney dialysis machine
Assist in healing Sutures, bone plates, and screws
Improve function Cardiac pacemaker, intraoculaslen
Correct functional abnormality Cardiac pacemaker

Correct cosmetic problem Augmentation mammoplasty

Aid to diagnosis Probes and catheters

Aid to treatment Catheters, drains

Table 2. Biomaterials in Organs

Organ Examples

Heart Cardiac pacemaker, artificial heart valwgalt artificial heart,
blood vessels

Lung Oxygenator machine

Eye Contact lens, intraocular lens

Ear Artificial stapes, cochlea implant

Bone Bone plate, intramedullary rod

Kidney Catheters, stent, Kidney dialysis machine

Bladder Catheter and stent

Table 3. Biomaterials in Body Systems

System Examples

Skeletal Bone plate, total joint replacements

Muscular Sutures, muscle stimulator

Nervous Hydrocephalus drain, cardiac pacemakeversimulator
Endocrine Microencapsulated pancreatic islet cells

Reproductive Augmentation mammoplasty, other cosmeplacements
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Metallic Biomaterials

The first metal alloy developed specifically forrhan use was the “vanadium steel” which was
used to manufacture bone fracture plates (Sherntetesp and screws. Most metals such as iron (Fe),
chromium (Cr), cobalt (Co), nickel (Ni), titaniurfif, tantalum (Ta), niobium (Nb), molybdenum (Ma)nd
tungsten (W) that were used to make alloys for rfeaiuring implants can only be tolerated by theybod
minute amounts. Sometimes those metallic elemantsgturally occurring forms, are essential in bégod
cell functions (Fe) or synthesis of a vitamin B{T), but cannot be tolerated in large amountfiénkiody
[15]. The biocompatibility of the metallic implamg of considerable concern because these implants c
corrode in an in vivo environment [16]. The consapes of corrosion are the disintegration of thplamit
material per se, which will weaken the implant, ahé harmful effect of corrosion products on the
surrounding tissues and organs [17].

Ceramic Biomaterials

The most important properties like: (a) Shouldnoa-toxic, (b) Should be non-carcinogenic, (c)
Should be non-allergic, (d) Should be non-inflammmat (e) Should be biocompatible, (f) Should be
biofunctional for its lifetime in the host. Ceramiare generally hard; in fact, the measuremenauafriess is
calibrated against ceramic materials & are focused general overview of the relatively bioineitdztive
or surface reactive ceramics, and biodegradableesorbable bioceramics. Ceramics used in fabrigatin
implants can be classified as nonabsorbable (velgtinert), bioactive or surface reactive (senwrih [18],
and biodegradable or resorbable (non-inert) [19inAna, zirconia, silicone nitrides, and carbons erert
bioceramics. Certain glass ceramics and dense Xyalpatites are semi-inert (bioreactive), and caiciu
phosphates and calcium aluminates are resorbatamims [20].

Polymeric Biomaterials

Synthetic polymeric materials have been widely usednedical disposable supplies, prosthetic
materials, dental materials, implants, dressingdraeorporeal devices, encapsulants, polymeric drug
delivery systems, tissue engineered products, afbaoses like those of metal and ceramics sulesititu
The main advantages of the polymeric biomaterials\wared to metal or ceramic materials are ease of
manufacturability to produce various shapes (lafier, sheet, fibers, etc.), ease of secondary gssability,
reasonable cost, and availability with desired raedatal and physical properties. The required pridggeof
polymeric biomaterials are similar to other biomitks, that is, biocompatibility, sterilizabilitypdequate
mechanical and physical properties, and manufaailitye[21].

Table 4. Biomedical Application of Polymeric Bioraatls

Synthetic Polymers Applications

Polyvinylchloride Blood and solution bag, surgicahckaging, IV sets, dialysis
devices,catheter bottles, connectors, and cannulae

Polyethylene Pharmaceutical bottle, nonwovenid¢abatheter, pouch, flexible
container, and orthopedic implants

Polypropylene Disposable syringes, blood oxygemaiembrane, suture,
nonwoven fabric, and artificial vascular grafts

Polymethylmetacrylate Blood pump and reservairsmbrane for blood dialyzer,
implantable ocular lens, and bone cement

Polystyrene Tissue culture flasks, roller bottkesd filterwares

Polyethylenterephthalate  Implantable suture, madHicial vascular grafts, and heart valve
Polytetrafluoroethylene Catheter and artificiateular grafts
Polyamide Packaging film, catheters, sutures,raoldi parts

Composite Biomaterials

The term “composite” is usually reserved for thamaterials in which the distinct phases are
separated on a scale larger than the atomic, andhioh properties such as the elastic modulus are
significantly altered in comparison with those oh@mogeneous material. Accordingly, reinforced tdas
such as fiberglass as well as natural materialb sscbone are viewed as composite materials, bysal
such as brass are not. Foam is a composite in vdriehphase is empty space. Natural compositesd@aclu
bone, wood, dentin, cartilage, and skin. Naturanie include lung, cancellous bone, and wood. Nhtura
composites often exhibit hierarchical structuresvirich particulate, porous, and fibrous structdealtures
are seen on different micro-scales [22]. In biomalk, it is important that each constituent of toenposite
be biocompatible. Moreover, the interface betweenstituents should not be degraded by the body
environment. Some applications of composites imait@rial applications are: (1) dental filling consfies,
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(2) reinforced methyl methacrylate bone cement ahdh-high-molecular-weight polyethylene, and (3)
orthopedic implants with porous surfaces. Moistinsorption by polymer constituents also causeslisgel
Such swelling can be beneficial in dental compssisince it offsets some of the shrinkage due to
polymerization. Flexible composite bone platesedfective in promoting healing [23], but particdalebris
from composite bone plates gives rise to a foreluy reaction similar to that caused by ultra-
highmolecular- weight polyethylene [24].

Biodegradable Polymeric Biomaterials:

The term biodegradation is loosely associated witlterials that could be broken down by nature
either through hydrolytic mechanisms without thdphef enzymes and/or enzymatic mechanism. Other
terms such as absorbable, erodible , and resorbdable also been used in the literature to indicate
biodegradation. Interest in biodegradable polymdsiomaterials for biomedical engineering use has
increased dramatically during the past decade. Ehisecause this class of biomaterials has two majo
advantages that non-biodegradable biomaterials alchave. First, they do not elicit permanent chroni
foreign-body reactions due to the fact that they gradually absorbed by the human body and do not
permanently leave traces of residual in the implémn sites. Second, some of them have recentlyp bee
found to be able to regenerate tissues, so-calkxlie engineering, through the interaction of their
biodegradation with immunologic cells like macroges. Hence, surgical implants made from biodegiadab
biomaterials could be used as a temporary scaffotdtissue regeneration. This approach toward the
reconstruction of injured, diseased, or aged tisssi@ne of the most promising fields in the 2Jesttary.

While aromatic polyesters are almost totally rasisto microbial attack, most aliphatic polyesters
are biodegradable due to their potentially hydralys ester bonds: Naturally Produced:
Polyhydroxyalkanoates like the poly-3-hydroxybutgra (PHB), polyhydroxyvalerate &
polyhydroxyhexanoate; Renewable Resource: Polgladicid; Synthetic: Polybutylene succinate,
polycaprolactone, Polyanhydrides, Polyvinyl alcoghoMost of the starch derivatives, Cellulose
esters like cellulose, acetate and nitrocellubnse their derivatives (celluloid) are recently uf2sl.

3. CONCLUSION

Before using biomaterials, it should in mind that, evhtategories they are belongs so that there is
no negative effect in the body. Main focuses ardiocompatibility, bioinert, bioactive or surfaceactive,
biodegradable, sterilizability, adequate mechanécal physical properties, manufacturability, lowight,
reasonable cost etc. Biomaterials classificatioonukl be necessary for there suitable use in medica
industries.

REFERENCES

[1] Joseph D. Bronzino, The Biomedical Engineering Han#p@nd edition, Vol-1, 2000, ISBN: 3-540-66351-7.

[2] S.L. Zhu, , X.M. Wang, F.X. Qin., A. Inoue, A new-fAased bulk glassy alloy with potential for biored
application, Materials Science and Engineering 39,£233-237, 2007, doi:10.1016/j.msea.2007.01.044.

[3] Erlin Zhang, Dongsong Yin, Liping Xu, Lei Yang, Kéang, Microstructure, mechanical and corrosion props
and biocompatibility of Mg-Zn-Mn alloys for biomeddil application, Materials Science and EngineeribgVol.
29, Issue 3, 987-993, 2009.

[4] S.J. Li, M. Niinomi, T. Akahori, T. Kasuga, R. Yang,L. Hao, Fatigue characteristics of bioactivesgkzeramic-
coated Ti-29Nb-13Ta-4.6Zr for biomedical applicati@iomaterials, Vol. 25, Issue 17, 3369-3378, 2004.

[5] V. Rajendran, Bioactive glasses fro implant appiicet, Defence Researc and Development Organisaimnistry
of Defence, New Delhi-110105, 2010,
http://www.drdo.gov.in/drdo/pub/monographs/Introtios/bioactiveglassesintoduction.pdf

[6] The education of the biomaterialist: Report of aseyy Journal of Biomedical Materials Research, V6l.lsue 2,
159-167, 1982, DOI: 10.1002/jbm.820160208.

[7] Buddy D. Ratne, Biomaterials Science: An IntroductmMaterials in Medicine, ISBN: 0-12582463-7.

[8] Joseph D. Bronzino, The Biomedical Engineering Hanib&econd Edition. Vol. 2, 2000, ISBN: 978-1-4200-
4951-0.

[9] Michael N. Helmus, Donald F. Gibbons, David CebommcdBmpatibility: Meeting a Key Functional Requiremeht
Next-Generation Medical Devices, Toxicologic Patigy, 36:70-80, 2008, DOI: 10.1177/0192623307310949.

[10] Patitapabana Parida, Subash Chandra Mishra, Biomlaténi Medicine, UGC Sponsored National Workshop on
Innovative  Experiments in  Physics, 9-10, 2012, bHembdila Mahabidyalaya Rourkela, 2012,
http://hdl.handle.net/2080/1624.

[11] Sumit Pramanik, Avinash Kumar Agarwal, and K. N. ,R@hronology of Total Hip Joint Replacement and
Materials Development, Trends Biomater. Artif. Orgavol. 19(1), 15-26, 2005.

[12] G.V. Chakrabarty, Biomaterials: Metallic Implant Middéds, technology, review essays, 2011.

IJAAS Vol. 1, No. 3, September 2012 : 125 - 129



IJAAS ISSN: 2252-8814 a 129

[13] Gloria Batista, Mario Ibarra, Johanna Ortiz and Ne&eMillegas, Engineering Biomechanics Of Knee Replza,
Applications of Engineering Mechanics in Medici®ED- University of Puerto Rico, Mayagiiez, 1-12, 2004

[14] ASM International, Introduction to Biomaterials imtfopaedic Surgery, 2009, (#05233G).

[15] Anupam Srivastav, An Overview of Metallic Biomatésidfor Bone Support and Replacement, Biomedical
Engineering, Trends in Materials Science, 153-h@®;//cdn.intechweb.org/pdfs/12800.pdf.

[16] Y. R. Yoo, H. H. Cho, S. G. Jang, K. Y. Lee, H. Y.nSd. G. Kim, Y. S. Kim, Effect Of Co Content On The
Corrosion Of High Performance Stainless Steels mu&ited Biosolutions, Key Engineering Materials, Vad42-
343, 585-588, 2007.

[17] U Kamachi Mudali, T M Sridhar and Baldev Raj, Corrosaf bio implants, Sadhana, Vol. 28, Parts 3 & @1-6
637, 2003.

[18] W. C. Billotte, Ceramic Biomaterials, 339.1-39.34, 2006

[19] Tetsuya Tateish, Biomaterials in Asia: In Commemorabf the 1st Asian Biomaterials, ISBN: 13-978-98B-28
574-1.

[20] Anthony Atala, Principles of Regenerative Medicil&3N: 978-0-12-369410-2.

[21] Hai Bang Lee, Gilson Khang, Jin Ho Lee, PolymericrBaterials, book: Biomedical Engineering Fundamentals
40.1-40.24, 2006.

[22] Hermann Ehrlich, Biological Materials of Marine Qrig2010, ISBN: 978-90-481-9129-1.

[23] K. A. Jockisch, S. A. Brown, T. W. Bauer, K. MerriBtiological response to chopped-carbon-fiber-reicdar peek,
Journal of Biomedical Materials Research, Vol. 26ués2, 133-146, 1992, DOI: 10.1002/jbm.820260202.

[24] R. R. M. Bos, F. R. Rozema, G. Boering, A. J. Nijenhdiis]. Pennings, H. W. B. Jansen, Bone-plates anavscre
of bioabsorbable poly (L-lactide) An animal pildaudy, British Journal of Oral and Maxillofacial Sery, Vol. 27,
Issue 6, 467-476, 1989.

[25] Ann-Christine Albertsson and Indra K. Varma, AliphaPolyesters: Synthesis, Properties and Applicatio
Degradable Aliphatic Polyesters, Advances in Poly®&ence, Vol. 157/2000, 1- 40, 2002, DOI: 10.18e540-
45734-8-1.

BIOGRAPHIES OF AUTHORS

Ajit Behera was born in 1987. He received the Blirand M.Tech degrees in 2009
and 2012 respectively from National Institute of cfieology, Rourkela, India.

Currently he worked as PhD Scholar at Indian lasgitof Technology, Kharagpur,
India. He is working as a Reviewer/Editor in mamgernational journals. He also
published several book on ‘Materials Engineering’.

Patitapabana Parida was doing his collaboratedarelsevork in University Dept. of
Pharmaceutical Science and National Institute afhfelogy, Rourkela. He published
many national/ international journals in differddmaterial subject.

Prof. S.C Mishra, One of the senior most profegsthe Department of Metallurgical
and Material Enggineering, National Institute ofchirology, Rourkela. He has also
composed many book/ Book chapter in highly accldifmeok in scientific circles. In
addition to all the awards and recognition, Thesinational Biographic Centre of
Cambridge, England has nominated the professah&tOlympian Achiever" award.

Classification of Biomaterials used in Medicinei{&ehera)



