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Abstract: Mg alloys have been extensively studied in the last decade in the fields of bone implants, bone tissue
engineering scaffolds and cardiovascular stents due to their excellent properties, such as close density and elastic modulus
to those of nature bone, high specific strength and rigidity, biodegradation and biocompatibility. However, most of the Mg
alloys studied for biodegradable materials are aluminium-containing alloys, such as AZ31 and AZ91 and some heavy rare
earth elements-containing alloys such as WE43. These alloys were originally developed for structural materials which did
not consider the bio-safety as biomaterials. In this work, the advantages, challenges and strategies of the Mg alloys as
biomedical materials are briefly introduced. The work on biomedical Mg alloys of the National Engineering Research
Center of Light Alloy Net Forming, Shanghai Jiao Tong University, is highlighted. Finally, the application prospects and
direction of the biodegradable biomedical Mg alloys are prospected.
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Table 1 Summary of physical and mechanical properties of various implant materials in comparison to natural bone

Material Densigx/ Elastic modulus/ Compressive yield Fracture tou%lzmess/
(gem ™) GPa strength/MPa (MPam™)

Natural bone 1.8-2.1 3-20 130-180 3-6

Magnesium 1.74-2.0 41-45 65-100 15-40

Ti alloy 4.4-45 110-117 758—1 117 55-115
Co-Cr alloy 8.3-9.2 230 450—1 000 N/A

Stainless steel 7.9-8.1 189-205 170-310 50—200
Synthetic hydroxyapatite 3.1 73-117 600 0.7
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Fig.2 Mechanical properties tensile curves of biomedical
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Tong University: (a) JDBM—1 with high strength and moderate
ductility for bone implants application; (b) JDBM—2 with high

ductility and moderate strength for vascular stent application
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Fig.3 Optical images showing typical microstructures of
as-cast JDBM (a) and as-extruded JDBM extruded at 450 C
with extrusion ratio of 9 (b)
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5 w4l Mg. AZ91D 1 JDBM 7ERTUARTRIE 10 d YE 22 bl 4 ¢ i AR T ) SEM {319
Fig.5 SEM images of surfaces ((a), (b), (c)) and sections ((d), (€), (f)) of high pure Mg((a), (d)), AZ91D((b), (¢)) and JDBM((c), (f))

immersed in SBF for 10 d after cleaning corrosion productst'®
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Fig.6 Schematic diagrams of corrosion evolution for AZ91D and JDBM alloysm]: (a) Initial corrosion, AZ91D; (b) After corrosion
for long time, AZ91D; (c) Initial corrosion, JDBM; (d) After corrosion for long time, JDBM
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Fig.9 Surface (a) and side (b) wall morphologies of JDBM alloy after electrochemical deposition
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Fig.11 Photo with EDS results (a) and SEM image (b) of
JDBM alloy with Ca-P coating
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Table 2 Results of hemolysis test
Alloy Standard Judgement basis Result Conclusion
Mg GB/T16886.4—2003 Hemolysis rate<<5% 87.3% Unqualified
AZ91D GB/T16886.4—2003 Hemolysis rate<<5% 72.4% Unqualified
JDBM GB/T16886.4—2003 Hemolysis rate<<5% 55.2% Unqualified
Ca-P coating JDBM GB/T16886.4—2003 Hemolysis rate<<5% 0.6% Qualified

AP MR RN A RE ST . B R B IR
PSRRI/ NARCRE B fE S H AT At AL i AN T P A s
< @RI A& XS B SRR R R I
HH B AT G DAL AR AR S Aoy 2 W R E A R R
L BT AL RS SRR PR LN R HE SR 2808, AT B
YOS B e R IRAN TSR 98¢5 S R a RiE T )
BB RXHURH BT Sl SR e S8, KA ) 1
e L URAN Ao = PR TTE Ul 1 A RN TR S ST
RSB PRI R 2

2.5 JDBM & &M TaiARxE

K HFF A IDBM -1 #4: J8 A B4 22K (1 etk
W, FEHRE AZ31 Aa T, Jgi RulE 15
flizke ATLAEH, AZ31 ZEARIN 90 d I 4> B A,
1M 180 d I 54234 2%; 1ff JDBM ZEARN 90 d I FEASE
Uf, 180 d WIR#fRIE/NT 40%, BhPARN SEIAIESE T
JDBM #1468 B AT BAR R il e e, AT AR AR N AT AL
JRABETAE 180d LA L.

3 LBRBARFEVERESERK
RPN 2 TRk

3.1 BREEW

DL “ i rp S5 9EPE” (1) IDBM—-1 itk 248
PERTE I, s TR R e B B AROR]
AT, W 16Ga). H A AT S A
Hr9cs. B 16(b)FT 4 RA IDBM-1 Hi4 K414
TRSEAE, T LU R R T

3.2 LmEXLE

DL “w sk 4557 1) JDBM—2 A ArkL, R
BE I L L2180 M SRR M (S 3 mm, B
JE 0.2 mm). FHBOCYIFI. BRUE K& Al s 5T
B 25 O AR SR, i 17 s, 1SR4
SCHEJIIRASE R, SR 2 IE W NI K

B 14 BRE RIS G bl O /MR P S50 45 2R
Fig.14 Platelet adhesion test results of Ti alloy and Mg alloys:
(a) Ti6A14V; (b) AZ91D; (c) IDBM—2
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Implant samples
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degraded after 180d
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was degraded after 90d R

Lesé tﬁan 40% JDBM (d3 mm X 7.5 mm) was
degraded after 180d
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Fig.15 Medical images of as-extruded AZ31 ((a), (b)) and JDBM—1 ((c), (d)) implanted in rabbit after 90 d ((a), (c)) and

180 d ((b), (d))
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Fig.16 Bone plates and screws (a) and bone tissue engineering scaffold (b) made of JDBM—1 with high strength and moderate

ductility
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Fig.17 Images of tubes (a) and cardiovascular stent (b) made
of JDBM—2
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Fig.18 Micrographs of AZ31 (a) and JDBM—2 (b) stents after

the same electrochemical polishing process

4 REE

] BRI B AR TR e s R AR
K, BATIERLE ot it & ke, w1

AT 20 G AN, I R S TR R T
AREINARIPR A s A O SRR,
P 203 L P9 SR A L PR WSO A A 1
Dk, 8N “Fatk i@ Y e sz 245k
e H

R H AT CATS AR A S NARIR R S5, AR T
RPN SE G, etk 4R
HIRERL, AEBCTE I 20055 FEM R B 24 9 )
PE TR P CRE 2 SR ABL T8 2] S ik B T 50). DA,
i BB A A el . e R i R R
BRI A B 5 < 7 200 HesmPIE Bt
A BRI AR A R B AR AU BTL TR B A A Bk it A )
A BEARAT O B AT RS TT HEA T RETRA
(IR, i 2 mT Bt R B £ < PR I AR s 2 B
AR BERE I AT SE R A ARG . BeAh, BEA AN LY
PEHIRPRE, AT S AR I B 2, nsefs
figp el R ORI A LA R IU R W, S A3 R BOx
NARZARHE A R B S HRAT B2 i A
BERAR ML PR A S DR AT R 1 <R 8 B
R X TR P Lo B BAL SRR AE EaR At T 17—
LTI IRE, PR T2 NBRIEEE . Mifiaid
FHIT T AR B AN SS R, al e 85 4
—ERA IR T AT, S B NS R T 2
B AEYIREL

REFERENCES

[1] WITTE F, KAESE V, HAFERKAMP H, SWITZER E,
MEYER-LINDENBERG A, WIRTH C J, WINDHAGEN H. In
vivo corrosion of four magnesium alloys and the associated bone
response[J]. Biomaterials, 2005, 26: 3557-3563.

[2] WITTE F, HORT N, VOGT C, COHEN S, KAINER K,
WILLUEIT R, FEYERABEND F. Degradable biomaterials
based on magnesium corrosion[J]. Current Opinion in Solid
State and Materials Science, 2008, 12: 63—72.

[3] SARIS NE, MERVAALA E, KARPPANEN H, KHAWAJA J A,
LEWENSTAM A. Magnesium: An update on physiological,
clinical and analytical aspects[J]. Clinica Chimica Acta, 2000,
294: 1-26.

[4] VORMANN J. Magnesium: nutrition and metabolism[J].
Molecular Aspects of Medicine, 2003, 24: 27-37.

[S] AKIKO Y. Biomedical application of magnesium alloys[J].
Journal of Japan Institute of Light Metals, 2008, 58: 570—576.

[6] STAIGER M P, PIETAK A M, HUADMAI J, DIAS G.
Magnesium and its alloys as orthopedic biomaterials: A
review[J]. Biomaterials, 2006, 27: 1728—1734.

[7]7 KANNAN M B, RAMAN R K. In vitro degradation and

mechanical integrity of calcium-containing magnesium alloy in



2488 P EA SRR 2011 4E 10 J

modified-simulated body fluid[J]. Biomaterials, 2008, 29: body fluid[J]. The Chinese Journal of Nonferrous Metals, 2010,
2306-2314. 20(10): 1989-1997.

[8] SANKAR J. NSF engineering research center for revolutionizing [17] T3CIL, W, & T, S5, Mg-Al ZF Mg-RE &%
metallic biomaterials{EB/OL]. http://erc.ncat.edu. 2011-07-04. 76 NaCl %0 i 8 il oAb 2447 A AR R,

[9] DUYGULU O, KAYAR A, OKTAY G, KAYA A A. Investigation 2009, 19(10): 1713—1719.
on the potential of magnesium alloy AZ31 as a bone implant[J]. DING Wen-jiang, XIANG Ya-zhen, CHANG Jian-wei, PENG
Mater Sci Forum, 2007, 546/549: 421-424. Ying-hong. Corrosion and electrochemical behaviour of Mg-Al

[10] WITTE F, KAESE V, HaAFERKAMP H, MEYER- alloys and Mg-RE alloys in NaCl solution[J]. The Chinese
LINDENBERG A, WIRTH C J, WINDHAGEN H. In vivo Journal of Nonferrous Metals, 2009, 19(10): 1713—-1719.
corrosion of four magnesium alloys and the associated bone [18] ZAHNG X B, YUANGY, MAO L,NIUJL, FUPH, DING W
response[J]. Biomaterials, 2005, 26: 3557-3563. J. Effects of extrusion and heat treatment on the mechanical

[11] HANZI A C, GUNDE P, SCHINHAMMER M, UGGOWITZER properties and biocorrosion behaviors of a Mg-Nd-Zn-Zr alloy[J].
P J. On the biodegradation performance of an Mg-Y-RE alloy Journal of the Mechanical Behavior of Biomedical Materials, In
with various surface conditions in simulated body fluid[J]. Acta press, 10.1016/j.jmbbm.2011.05.026.

Biomaterialia, 2009, 5: 162—-171. [19] RALSTON K D, BIRBILIS N. Effect of grain size on corrosion:

[12] ZHANG S X, ZHANG X N, ZHAO CL, LIJ N, SONG Y, XIE A review[J]. Corrosion, 2010, 66: 075015.1-075015.13.

CY, TAO HR, ZHANG Y, HE Y H, JIANG Y, BIAN Y J. [20] HAMU G B, ELIEZER D, WAGNER L. The relation between
Research on an Mg-Zn alloy as a degradable biomaterial[J]. Acta severe plastic deformation microstructure and corrosion behavior
Biomaterialia, 2010, 6: 626—640. of AZ31 magnesium alloy[J]. Journal of Alloys and Compounds,

[13] ERINC M, SILLEKENS W H, MANNENS G, WERKHOVEN 2009, 468: 222-229.

R. Applicability of existing magnesium alloys as biomedical implant [21] SONG G L, ATRENS A, DAEGUSCH M. Influence of
materials[C]//Magnesium Technology 2009. New York: TMS, microstructure on the corrosion of diecast AZ91D[J]. Corrosion
2009: 209-214. Science, 1999, 41: 249-273.

[14] FEYERABEND F, FISCHER J, HOLTZ J, WITTE F, [22] CHANGIJW,FUPH, GUO X W, PENG L M, DING W J. The
WILLEMEIT R, DRUCHER H, VOGT C, HORT N. Evaluation effects of heat treatment and Zirconium on the corrosion
of short-term effects of rare earth and other elements used in behavior of Mg-3Nd-0.2Zn-0.4Zr (wt.%) alloy[J]. Corrosion
magnesium alloys on primary cells and cell lines[J]. Acta Science, 2007, 49: 2612-2627.

Biomaterialia, 2010, 6: 1834-1842. (23] 2% B WTREMRE WAL R EUT BG4 JDBM ifis ik (T

[15] YE X Y, CHEN M F, YANG M, WEI J, LIU D B. In vitro F[D]. ki RigACE K%, 2011: 45-57.
corrosion resistance and cytocompatibility of nano- ZONG Yang. Investigation of surface modification on
hydroxyapatite reinforced Mg-Zn-Zr composites[J]. Journal of degradable magnesium alloy JDBM used as bone implants[D].
Materials Science: Materials in Medicine, 2010, 21: 1321-1328. Shanghai: Shanghai Jiao Tong University, 2011: 45-57.

[16] 7k A, %% M, Z7H, WAL, A28, 70D HrikE [24] 3K H BB Mg-Nd-Zn-Zr & SRR 0 FRARAT BT
i Mg-Nd-Zn-Zr 84 S BB P B IEAT 0], hIETE SUD]. L igAcil K2, 2010: 63-70.

04 Jm 244, 2010, 20(10): 1989-1997. ZHANG Jia. Research on the degradable behaviour of

ZHANG Jia, ZONG Yang, YUAN Guang-yin, CHANG Jian-wei, Mg-Nd-Zn-Zr magnesium alloy in SBF[D]. Shanghai: Shanghai

FU Peng-huai, DING Wen-jiang. Degradable behavior of Jiao Tong University, 2010: 63—70.

new-type medical Mg-Nd-Zn-Zr magnesium alloy in simulated (éﬁiﬁ B;EITJE)
RITIREIRE N

R, 1970 AR, iz, ARSI RIEACHEREEMRLERE B, 2002 AR AR RIS
FL& 0B, 2007 FENIEBCE HFHHE LT A A SCHFEV R, 2008 FEBE SR RIRASIE K 2 « SRR T A Wik RI”
SMC 75 HEHIN Y, FENFH AR S BRI AL S5 it . v B e 4 @ A Rk B L3 i e e
& YRR TS SEK ARRIEEES . “863” HATH . EZK “9737 WiH S 20 RIT; 3k 2007 4F Ll iR}
Ezﬁw*#;% 2008 4F BT RGOS LR SRS —I &3 (BERE SR HER) L35 18, REFEAR
W 60 4k, L SCI sk 40 &%, SCI Ll&c%i/emm%lmo R, Z RN PR AR S Bl 30,
HIE & B L) 13 (LG 2 TS LR, FZAL 8 T,



