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ARTICLE INFO ABSTRACT
Article history: Human tissue is structured mainly of self-assembled polymers (proteins) and ceramics (bone minerals),
Available online 9 November 2014 with metals present as trace elements with molecular scale functions. However, metals and their alloys
have played a predominant role as structural biomaterials in reconstructive surgery, especially
Keywords: orthopedics, with more recent uses in non-osseous tissues, such as blood vessels. With the successful
Metallic biomaterials routine use of a large variety of metal implants clinically, issues associated with long-term maintenance
Biocompatibility of implant integrity have also emerged. This review focuses on metallic implant biomaterials, identifying
Corrosion and discussing critical issues in their clinical applications, including the systemic toxicity of released
Mechanical properties metal ions due to corrosion, fatigue failure of structural components due to repeated loading, and

Medical devices wearing of joint replacements due to movement. This is followed by detailed reviews on specific metallic

biomaterials made from stainless steels, alloys of cobalt, titanium and magnesium, as well as shape
memory alloys of nickel-titanium, silver, tantalum and zirconium. For each, the properties that affect
biocompatibility and mechanical integrity (especially corrosion fatigue) are discussed in detail. Finally,
the most critical challenges for metallic implant biomaterials are summarized, with emphasis on the
most promising approaches and strategies.

© 2014 Elsevier B.V. All rights reserved.

Contents

B R o1 oo 1€ ) L PP 3
1.1. Historical development of metallic biomaterials. . . . ... ... .ttt e e et e et et e e e 3

1.2. Definitions of biomedical materials, biomaterials and biological materials. . ... ........ ... . . it 3

1.3.  Definition of biocompatibility . . . ... ... e e e 5

1.4. Classification of medical deVICES . . . . .. ...ttt e e e e e e e e e e e e e 5

2. Essential considerations in design of metallic biomaterials. . . . .. ... .ttt e 5
2.1. Biocompatibility of elements and selection of alloying elements. . . . ... ...ttt e e e e 6

2.2.  Corrosion of implant materials in the body. . . . ... ... e e 7

2.3.  Mechanical working conditions in the human body. . . . ... ... e e 7

2.4, Wear of JOINt IMPIants . . . ..ottt ettt e e e e e e e e 9

B T © T3 R o L3 =4 L (o) o N 10

2.6. The objectives of the rest of the review article. . . ... .. ... . i et e e et et e e e 10

S N 7= 130 (3] cT)  PA 10
3.1.  Alloying chemistry: COITOSION T@SISTANCE. . . . . . o\ttt ettt ettt et ettt e ettt e e e e e e e e e e et ettt 11

3.2. Biocompatibility of alloying elements used in stainless steels. . ... .. ... ...ttt e e e 12
3.2.1. () o N 12

20 R € 11 o) 1011 o PP 12

3023, NICKeL. Lo e e e e 12

3.3.  Biocompatibility of 316L Stainless Steel. . .. .. ... ittt e e e e e 13

3.4. Mechanical properties of implant-grade stainless Steels . .. ... ... ...ttt e e e 13
3.4.1.  General mechanical PrOPeIties . . . . . ..ottt et ettt e et e 13

* Corresponding author.
E-mail address: qzchen202@gmail.com (Q. Chen).

http://dx.doi.org/10.1016/j.mser.2014.10.001
0927-796X/© 2014 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.mser.2014.10.001&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mser.2014.10.001&domain=pdf
http://dx.doi.org/10.1016/j.mser.2014.10.001
mailto:qzchen202@gmail.com
http://www.sciencedirect.com/science/journal/0927796X
www.elsevier.com/locate/mser
http://dx.doi.org/10.1016/j.mser.2014.10.001

Q. Chen, G.A. Thouas/Materials Science and Engineering R 87 (2015) 1-57

3.4.2.  FatiGUe PIOPEITIES . . . v ot v ittt ettt e e e e et et e et e e et e e e e e e e e e e e e e 13
3.5. Medical applications of Stainless StEeLS . . . .. ...ttt et e e e e e 14
3.6. Current issues and Challenges . . . .. ... .. .ttt ettt e e 15
0 ) 0010 T | 17
Cobalt-based AlloyS . . . ..ottt et e e e e e e 17
4.1.  Alloying chemistry: COMTOSION T@SISTAMCE. . . .t vttt ettt e ettt et e e e et e et et e e et et et e et e ettt ettt 17
4.2. Biocompatibility of alloying elements: Co, MO and W . ... .. . ittt ettt e e et et e 18
421, C0balt. . oo e e 19
422, MOIYDAENUI . . . .ottt ettt e e e e e e e e e e e e e e 19
423, TUNGSLEI « vttt ittt et ettt e et e e e e e e e e e e e e e e e e e e e e 19
4.3.  Biocompatibility of cobalt alloys . . . . ... it e 19
4.4. Mechanical properties of medical-grade cobalt alloys . . . ... ...ttt e e 20
44.1. General MechaniCal PrOPeIties . . . ...ttt ittt et e et et e e e e e 20
4,42, FatiGUE PrOPEITIES . . . v it vttt ettt et e e e et et et e e e e e e e e e e e e e e e e e 21
4.5.  Medical applications of cobalt alloys. . . . ..ottt e e e e e e e e 21
4.6. Current issues and ChallenEes . . . .. ...ttt ettt et e e e e e e e e e 22
N 110 1 00 T )72 PP 22
Titanium alloys used as orthopedic ImMpPlants. . .. ... ... . e et ettt et e e e e 22
5.1. Alloying chemistry: mMiCroStruUCtUIe AeSIGI . . . . .o\ttt ettt ettt e e et et e e et et e ettt et et ettt et 22
5.2. Grading and classification of titanium and its alloys . . ... ...ttt e e 23
5.3.  Biocompatibility of alloying lements . . . . .. ...ttt e e e e e e e 23
5705 70 O 1 1 1100 T AP 23
5320 VanadilM. . ..ottt e e e e e e e e e 23
5330 AIUMUNUINL .« Lottt e e e e e e et e e e e et e e e et e e e e e e e e e e e 24
534, NIODIUIM . . .ottt et e e e e e et e e e e e e e e e e e e e e e e 24
5.4. Biocompatibility of titanium alloys . . . ... ... e e 24
5.5.  Microstructure and general mechanical PrOPeIties. . . . . ..o\ttt ittt ettt e ettt ettt et ettt 24
551, o titanium @llOyS. . .o oot e e e e e e e e e e 25
552,  a-B titanium alloys . .. ..o e e 25
553, B itanium alloys. . . ..o e e 26
ST 3 1§ U o) o] o <) =3 26
5.7, WAL TESISTANCE . . . o vttt ittt e et et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 26
5.8. Bone bonding mechanisms of Ti allOys . . . ...ttt e e e e e e 27
5.9. Clinical applications of titanium allOys . . . .. ..o o ittt e e e e e e e e 29
5.10. Current issues with titanium alloys as implant biomaterials. . .. ... ... .t i e e e 29
51T, SUIMMMIATY . & ¢ttt ettt et e e e et e e e et e e e et e e e e e et e e e e e e e e e e e e e e e e 29
Stainless steels, cobalt and titanium alloys in total joint replacement . . ... ... ..ottt ittt ettt ettt e e 30
6.1.  Historical perspective of the development of total joint replacements [180] .. ...... ..ttt ettt e 30
6.2. Materials used in total joint TePlaCEIMENLS . . . . ...ttt ittt et e e et et et e e et et e et e 31
6.3.  Current issues and Challen@es . . . . ... ittt e e e e 33
MagnesSiUmM AllOYS . . . oottt e ettt e e e e e e e e e e e e e e e e e e e e 34
7.1. Three generations of biomaterials in terms of clinical OULCOMES. . . . ... ... ittt e et et et e e e ieaenns 34
7.2. Rationale of developing Mg-alloys as medical implants. . ... ... ... . i e et 35
7.3, Corrosion Of MG AllOyS . . . . oottt ettt e e e e e e e e e e e 36
7.4. Metallurgical roles of alloying elements in magnesium alloys. . .. ..... .. ittt it ettt e 37
7.5. Biocompatibility and toxicity of alloying elements in Mg alloys . . . ... ...ttt et e e e e 37
7% T D Y/ = T4 123 L oo 37
5 2% S - 1 (o1 1 4 PP 37
%S 0 T Y/ U o= 3 (<Y 38
RS T T ) 5 5 1< 38
7.5.5. /2 3 L PPt 38
7.6.  Mechanical properties of Mg-alloys. . . . ...ttt e e e e e e 38
7.6.1.  ME-Zn-based alloys. . . ..ottt e e e e e e 38
7.6.2. ME-Ca-based alloys. . . ..ottt ittt e e e e e e e e e 38
7.7. Potential applications and challenges of magnesium alloys. . . ... ..ottt e e et e e e 39
8 TN €10 1 0 T 1 2 39
NiTi shape-memory alloys [102]. . ..ottt et e et e e e et et e et e e e e e et et et e e e e e 40
8.1.  Corrosion Of NiTi allOy . . . ..ottt et e e et e e e e e e e e 40
8.2. In vitro evaluation of biocompatibility of NiTi alloy . . . ... ..o i e e e ettt et et e 41
8.3. In vivo evaluation of biocompatibility of NiTi in animal models .. ........... . .. i ittt eeieaann 41
8.4. In vivo trials of NiTi implants in human [409] . . ... ...ttt e e ettt et ettt et e ettt 43
8.5. Biocompatibility of NiTi wires as stents (fllters). . . . .. ...ttt ettt e e et e ettt et et e 44
8.6.  Current and potential applications Of NiTi .. ... ...ttt e ettt et ettt et ettt et ettt 45
8.6.1.  Self-expandable Stents. . ... ...ttt e e e e 45
8.6.2.  Orthopedic and orthodontic appliCations. . . ... ... .ttt e et ettt et et e e 46
8.7. Mechanical properties of NiTi alloy [43] . . ..ottt et e et et et e et e et et ettt et e e 48
8.7.1.  General mechaniCal PrOPeItIeS . . . . ..o\ttt ettt e ettt e et ettt e e e et e 48
8.7.2.  Fatigue properties of NiTi alloys. . . ..ottt ittt e e et ettt et et et e et e e 48
8.8. Issues and challenges of NiTi iMpPIants . .. ... ...ttt e ettt et ettt et ettt et ettt e 48
8.0, SUIMMIAIY . . o ottt ettt et et e e et e e e e e e e e e e e e e e e e e e e e e 48
B I 1= 1 LT 0 o PPt 49

9.1. Corrosion and biocompatibility of tantalum . . . . ... ... . e e e 49



Download English Version:

https://daneshyari.com/en/article/1532359

Download Persian Version:

https://daneshyari.com/article/1532359

Daneshyari.com


https://daneshyari.com/en/article/1532359
https://daneshyari.com/article/1532359
https://daneshyari.com

