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Tablel Comparison of the properties between medical magnesium alloy and human bone and its practical application in clinic
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uman | - 1.197-1228 Mot 10-30
one i
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. P Bone repair for
[12-13] o _ -
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Fig.1 SEM images (a-d), mechanical properties (¢) and mass loss rate (f) of as-cast Mg-2Sr-XZn magnesium alloys with different Zn

contents: (a) Mg-2Sr, (b) Mg-2Sr-1Zn, (c) Mg-2Sr-2Zn, and (d) Mg-2Sr-4Znl?%
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Fig.3 Schematic of corrosion mechanism (a) and XPS analysis results of corrosion products (b-¢) of alloys in SBF solution
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Fig.4 Micro-CT images at 4 w (a), 8 w (b), 12 w (c) and 48 w (d) postoperatively (showing tissue slices of implanted magnesium screws

in red); levels of BN/TV and trabecular number TN around the screws (e-f) and levels of BV/TV and trabecular number TN around

the fracture line (g-h) B34
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Fig.5 Schematic representation of the corrosion process of Mg-Zn-Sr alloy in SBF solution: (a) SBF reacts with the surface oxide layer; (b) the

external oxide layer is completely dissolved; (c) corrosion reaction products accumulate on the surface to form a protective layer!>l
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Ca(POy), Mg3(PO,),2Ca®O;MICO3 H,0 Iv;g OH), |

Complexity

A

Ko AEIAF T R U™ 0 T AN A L B A 27

Fig.6 Formation of corrosion products under physiological conditions and corresponding chemical reactions[37-38]
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Fig.7 Equipment setup diagram for PEO process[“®!
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Fig.8 Simulation of gas formation in the screw and PEO groups in the artificial bone block (a); 3D images obtained by micro-CT after the

immersion test (b): (bl, b2, b4) head defects, (b5) neck defects, (b10) bottom defects, and (b3, b6-b9, bl1-b12) no defects;

volumetric changes of the screw after the immersion experiment (c)
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Fig.9 Schematic diagram of the coating formation process>4!
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Table2 Comparison of process, composition and corrosion resistance of different surface coatings on medical magnesium alloys

Corrosion resistance from

high to low Coating type Preparation process Ingredient Areas of application Refs.
Inorganic Chemical deposition Phosphate compounds Orthopaedic
Phosphate coating non-metallic method, ion plating such as ammonium  medical equipment, [55]
coatings method dihydrogen phosphate etc.
. . Biofunctional Physical a‘dsorptlo‘n Proteins, polysaccharides,Cardiovascular stent
Biomolecule coating . method, biomimetic . [56-58]
coatings etc. materials, etc.
method
Inorganic Fluoride solution method, Fluoride salts such as .
. . . . " - . Orthopaedic
Fluoride coating non-metallic  fluoride vapour deposition  silicon fluoride and . [59]
. . . implants, etc.
coatings method potassium fluoride
Calcium-phosphorus based Bioceramic Biomineralization, ion Phosphate comppunds Artificial joints,
coatings coating beam deposition .such as potassium dental implants, etc [60]
dihydrogen phosphate >
. . Inorgamcl Thermal spraying method,  Zinc oxide, titanium Qrthopat?dlc
Mineral coating non-metallic . o medical equipment, [61]
. sputtering method dioxide, etc.
coatings etc.

Mg-1.44Nd Fl Mg-1.43Ce(Jii & 73 ¥ & 47 0.9%NaCl
WP H ARG AT N . SR ER, SR
AN )G 4 RO JE e ek B R AR 21 T iR, JF ARG
S e E i T RS G . ARIEERM,
5 Mg-1.44Nd &4 (6156 Q-em?) ML, #kb B (K
Mg-1.43Ce (26890 Q-cm?) & 4 ELA 5 I M & ik v
RE, AT DU AL b uy i S sk, AR A S
Tl ik J IR R S N4 AT

AL, RE XA et vt th B B A S . {H 2
WEERENZ, NMEREEOREAMLITR, BN
IINFR T LASRE 1 = B A St ki, SR = A4
Bh, B X E AR . nds (AD JTE,
SHEEA SR 52— M AN A ST, (B2 Al
RN BERE S RFEE Mg, SRR L.
A RELERESS . F4, S RER T CRINE S
X N Rl RS RIE R . Rk, EHESEEENE S
AR 2RI FH LA ey e A PE VAR I R VR e 3R
223 #HIEIAERNESE

FHAR T B FH B & 4 () 2R T 50k AN & & (A 2
il 2B AL G 4 B oM B RE SR m ORI A
RA B4 m R HEE G &M ARIETERE . MR iB &5 %
BEA & — Ml E R R &8RO R AR
S LA, Jhh, EHIEREE . PR, BT
R T T B B G S R i 4%

Kubések %5 0813 i 4y K16 & H A 4 T Mg-4Y-
3RE-Zr (WE43) &4 (WE43-PM), JF5Him& MR
SEEAERE R 5 (WE43-IM) TR T8 ot ek 4 B AN LA
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BCIA1 50, USRI Re 43 2030 20 4 e« 170 72 i Jo T P e U T
RIPCRE %, 5 WE43-IM AL, WE43-PM fJ& il

Fig.10
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Fig.11 Simulation of the degradation process of MAS: (a) in the first quarter of degradation (t*=0.25), the damage is concentrated in the

corners and edges; (b) when t*=0.5, the degradation proceeds showing structural weakening; (c) when t*=1, the scaffold loses its

scaffolding effect on the vessel completely®!
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Fig.12 Cloud plot of corrosion rate distribution of 6L vascular stent!!?): (a) 0.2's, (b) 0.4 s, (c) 0.5 s, (d) 0.6 s, (€) 0.8 s, and (f) 1.0 s
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Fig.13  Distribution of equivalent stress (a) and strain (b), and profile equivalent stress (c) and strain (d) for Magnesium alloy bone

screw!!?]

L S 157% A 5 NP o N ol R 1B 8%y NPT <32
IR oA, HARAURAR R 52 180K . BT LA H IR
BT [ SL 77 53 A5 52 S5 W B S WA 35K, AT DLSE it e st g 4 11
SE MR G MR AT I B 1 A A D

Shirurkar 5 U2R] A BR 76 4 B T E XF 6 FLAT 10
L zZM21 B & BERI T Hh tEse AT 170 (B 14
Fion) o TERBAUAT 7o R I, BEE FLEM 6 A48 in 2
10 A, 25 i B AT NI 2 25 BRI s {HLI 7 . 77 B
FRRIPERE RAF, P UAH B A, (RiEE s &
AR dhAh, 2R I B AL o
o R A Gl ORI B T ) S PR R AR A AT TR

T o RS T E AR AT AR W R . T
W, BESEY 3 A BRI AIERA . KB B
ZLIN SYIAN B A AR AR S RN A7 3 O3 A AE R TR
Wb, d RGN I T 56 2 FLAL B AL, BT B R AE AL
2 IESE 2 AT T AL B A A B AR SE RN ) 3 2
PALEH 1 ALANEE 4 SLh AL B, HOR SR RN I+
4 FLAL, E T RRORSE RN A E AR 4 ET T AL .
it 3o S 4 5 BB AR AU A A B R B,
MR AT W DX, P — RO S 4, A — A
i BB EEIZAT A, B OB 32 80 B K
‘s, T BAMUAT N R



* 2402 -

Wi @RS TRE

53 3%

000 60,00 (mm) 0o 70,00 (mem)
L Se—

30.00

14 6 LA 10 FLIR B L4 R E
Fig.14 Deformation result graphs of 6-well plate (a) and 10-well
plate (b) [12]
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Research Progress on Corrosion Resistance of Medical Magnesium Alloy

Guo Chuanping', Gao Dongfang?, Li Xian?, QiaoYang'
(1. School of Mechanical Engineering, University of Jinan, Jinan 250022, China)
(2. Institute of Medical Sciences, The Second Hospital of Shandong University, Jinan 250033, China)
(3. Department of Hand and Foot Surgery, The Second Hospital of Shandong University, Jinan 250031, China)

Abstract: In recent years, medical magnesium alloy, as “the third-generation biomedical material”, has attracted the attention of many
scholars due to its excellent biocompatibility and degradability, and has demonstrated its unique potential in the context of the difficulty of
degradation of traditional medical implants. However, due to its poor corrosion resistance, it is difficult to meet the needs of clinical
applications of medical implants, so the study of the corrosion resistance of medical magnesium alloys has a pivotal role. In this paper,
based on the corrosion resistance of three typical medical magnesium alloys, the latest research progress of the corrosion resistance of
medical magnesium alloys with different elemental contents in clinical applications and the corrosion protection technologies such as
surface coating and alloying was reviewed, and the results of the application of computer simulation technology in the corrosion study of
medical magnesium alloys were introduced. Accordingly, the future development trend of the medical magnesium alloys materials was
prospected.
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