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A HF 4HE ) Mg-RE &4 HA B gk 2 7L
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Table 1 Mechanical properties of biomedical metals for stents

Metal Young’s modulus/GPa Density/g €m®  YS/MPa UTS/MPa Elongation/% FDA approval Biodegradability
Stainless steel 193 8 190 490 40 Yes Biostable
Co-Cr alloys 210 9.2 310 860 20 Yes Biostable
Tantalum 185 16.6 138 207 No Biostable
Pure iron 200 7.87 150 210 40 No Biodegradable
Mg alloy 44 1.84 170 220 2 No Biodegradable
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KA TRACERIE AL, R TR R 0 2 LR TR A 2
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(B 1 Fi7R). Hahn ZE24R] 7 2 T RrR & T2
H& T RBE S B EIS 20% M B EBK A - RBEE
Bk, SR RESBIRIBUEE AZ3L BA & RE
RIhH % T8 SRR ERK A - B SRE . R
FE Il 7 9 ) 6 P % 2 55 R A P RS B, R B 5
1F 24.6~27.7 MPa 2 ], ¥2IEME K A - 7o B WER 2 B %
R TSN, R tssE TESESNED
A NS Mg-Zn-Ca & & 78 N\ iR JE vl i

Bai 225126 % F W44k (MAO) #1777 VE7E Mg-Zn-Ca
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WEIRESGRE. AR, ZRERES S
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MR BT AR B T 5 7 RAE R S A7 A 2 R
X B T R S M S R RE 2 M PR AR R B
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TEWE 9K 2T Y 5 # H  2 BOR IR TEAE Mg-Zn-Ca &
SR MRGEREY, BHBRERER (AgSD)
ZREFRYIKAE (MWCNTS) 155 BN K 4 4 G 72 1R
KFEFE EH KA B A &3 i AR E A K, [
AR T A 4 i ik e AN A AR 2

Chitoan coating

Kl 1 Mg-6%Zn-10%Cas(PO.), & &+ K 30
Fig.1 Surface morphologies of Mg-6%2Zn-10%Caz(PO4):
composite: (a) composite before chitosan coating;
(b) composite with pretreatment of 40%H3;PO4+H,0

solution; (c) composite with

[23]

chitosan coating;

(d) thickness of chitosan coating
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MgA-MAO(PEI) MgA/MAO/SA-Van MgA/MAO/cross-linked SA-Van

V) & A &
MAO PEI SA

MgA Cross-linked SA ~ Van

K2 MgA/MAO/ZZHk SA-Van il & T 2R =K
Fig.2 Schematic diagram of the preparation process of

MgA/MAO/cross-linked SA-Van %
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B . il & B A AGEI TR IR B & ik )= BoA R IAF i #
B A, A8 KA 5 ORI R A AR E
TR FE S I R R Al B S SRR B R
{FL 2 B B 7K 3R T 114K ST 73 5 12 e AN LR s A 12 3 ﬁ\
BB
1.4 1R

IR (PA) MR IR — P BRI RS
Vi, R—FE LSRN . BT EAKER “BREM
BEREL”, HREATUE 2 E&RE TEE MR,
Bt CLHAE R R A iR 2 I 0] DURIVEE & & i 3L 1 4
EE%%%[N’SB]O

Gao % Mg-Li & &R TR IhH & 7 — 252
MFE R AL AN, B E 2l Mg, Al O 4Rk, 1

Electrodeposition coating

AZS]B Mg substrate Electrodeposition,
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Superhydrophobic coating
Cerium oxides

——— Stearic acid

Kl 3 AZ31B BALE K IRZH & LERE
Fig.3 Schematic diagram of preparation process of the
superhydrophobic coating formed on the AZ31B Mg

substrate®®
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x 2 WSS EMRAES FIRIZHESREMN
AL MR . PTULEH, RIS FIRET LA
REEE S ME MR P PR ZR . BT LR
LI R ARTT B AR R A1, WA G PR R i 7 B
G Bl TSR A4k 3 (CA) )=, it
AVIHBEMNAR T BERE. THRMBHIRAREYE
NEGEWERA —ERNNSY, —HTHRAS D4

£ 0 Oy ’,.;g—uu

My
OH ()II ()-;! 0 Mg (r vl y

OH 0_""

K ~OH O} Mg
ur “OH ¢ )u(ru)" oM e & o

OH Mg 'h-< 0
H 9 W o H O\ Mg
o PA molecular ﬁ\ Me o ’To 1‘;

)uq

S 2

M,
Alternating () —() «
dip-coati 02 'f‘ P‘P
pcnnllng My A \
Mgh Mg® Mg Mg Mg L0
Mg ion Mi "'( O ~o, S 0= 4)"' 1m
1 1 C
- A!L)IH ﬁ",t( )
v H o 0"
g My Mg Mg My s o-p—o Mg O /) O=h-
Mgt Mgt Mg g 0 fk' Mig 'L" (m Mg €
} v (r(,ll 0_l)n Mg FA\F qQ ’ \
“ "" oM ¢ 4 ) on Mg o )‘h 0 ,‘ *0-p=0 '"""
( o & ¢ l;r" R of M €
! ;
0 :l‘((;_w HEQ M ‘}3 P
omrl"n"'q*l" € l"oy ""(n\( nmrfqg-nm “”{u
Mg substrate Mg substrat

Kl 4 BRI B E R iR B s B
Fig.4  Schematic diagram of establishment of a covalently
immobilized Mg ion-integrated phytic acid coating on Mg
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(O3 J2 e, LR S ekt B 0 R Th R K At IR S R —
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2.1 BL-AE

®L-AR (PLLA) Z—FIEd. YA,
VA T 8 O R A B A R A% 0T AR ) B R I
A TECREY), O Z N TS MAL TR, BE
B A5 W0I% RS AR 2 . BT 2 A e

Nafi Z5U7VRF 72 7 3@ it 0 477 22 5 R 76 g Sl A
AZ91 BEA 4 BIE AR PLLA IR )2 Font AR o m o 45 11
R, KA PLLA XF8E S B A S idh A7 e e e b 3
AT DA e R PO S o, (EDR R R T AR I 5
FIARFEREHI58 . Alabbasi 21815 i fik i fE 9 92 S E 4l
BERM M % T RER 3L PEO )2, AN T H M PEO 2
HEIFLBR, KA 2 b eiRikat PLLA A7 (55 1
BIEARE NMERAEMBIERMALY, F 2 BmE TE
PEO FKIHTZHHIE ), PEO 14218 15 4l &5 1 JiE b e 07
WP EAK T 65%, 1 PEO-PLLA 424 J& b v i 8 i
BEAR T3 100%, 1B PLLA MM  $2 5 7 MR
e . N TR EE G &P 1, Bakhsheshi-Rad
VORI # i g7 22 AR BE S SR T 4 T R IR/
1 B - AR 40 KRBT (PLLA/GO-AgNP). BT 58 K I,
XMEEREREEREES X &0 G & B M
K FF B Al £ T, BRI B 1R A 38 045 - R 4 oK R 1
TN e 4% (12 34t 200 Jf 186 408 R0 A, it v R R D) 2 o
WEWR S T A S I ik .

PLLA RJZ 1T LATE— & R F A s & & 1t g
P, A ET DL B2 B B R T R D RE AL B A 4
M, a8 K R AR 2 20 i 14 5 A AR G
B B N0 1 B T M SR B o JOE IR R A
2.2 RBIAR-BECE

EAM-FIL T (PLGA) & —Fhidid B m
(PLA) FIREZRE LR (PGA) T I & 1 & 7 1
MEL, LR RS TR TR R,
WY T2 AR 2 5 BT N U

Johnson Z&100{ LA 2 2K 45 #4132 STl 2 A 1R 3L
fR-¥25E 2,18 (nHA/PLGA) R A MELIE R BB A
& b, BRSO AR B T PR, (H AR R BLE A
WA 2 2 J5 nHA/PLGA 122 PLGA & E 14
54k 2. Agarwal SPUEEEA & AZ31 KHiHI & T
PLGA/RESE &Rk )2, W& T B A S M ik 1 R A=
PRI . R EBEMPIREE, Li 02585 0 i dk
PRK B RAKEID RN PLGA REALILEEL, KK
B FAUK VD B R R, S I T 3 R 4 BR R A 4
00U % BR T 1 0 T RS B AN AR B TR R, L 204
S RAREFZU (ALD) RS S &HE L&
T ZrO, YK, SRJ5 K iE iR T 2T AL B g K
& EEERE PLGA, B ZrO./PLGA E &2, &%
25 R R A A R R, R R R S R
Chen Z5BSI7E 51 1 Mg-4Zn-0.6Zr-0.4Sr 44 4 2 T 1] 4%
T PLGA HEZMMIEL (MAO) MEERE, B
PEm T B A BT b AN BTN 8 o 2P R
2.3 BRI

ROWBE (PCL) 22 —MEi/KI . 455 H 4
JE B 3 431 5 (0 38 g BEAG 1R & o T k. PCL
BA R A TR w2 4
JCILIRMIA M, Rk, BSR4
A% iR 1) A1 R N 55 2 A 5 2 AT 92 B9

Wang ZE0E B & &R H1 46 T KR4S/
X C.WNEE (DCPD/PCL) E&WE. MFREMH,
DCPD-PCL & & iR JZ 1 58 % 1t Fif b M b B — (1)
DCPD iRZ 4. iTerpREisLkiE IR 2SS &
MM EIPCL B AR JZ MBI TT, 9] Qi A2 4 i 1 3 38
IPCL & HEPY, gkabir/PCL EABREDL. &
ERHIREIPCL AR 8 4 I K-
AIPCL H&%ZEC, Mg a/PCcL B &% 209, Xk

R2 BEELMBMRASH FRETIRE LR

Table 2 Comparison of corrosion resistance of various natural polymer coatings on Mg alloys

Substrate Coating Method Electrolyte icore /A €M™ Ecorr IV Ref.
AZ31 MMT-BSA sy:%‘:;‘i’stﬂgri?;i'ng Hank’s 9.65 <107 ~1.40 [11]
AZ31 Col Electrospinning Hank’s 2.23%107° —-1.48 [12]
Mg-Ca Gel Electrospinning SBF 4.15%1077 -1.57 [18]
AZ31 HA-5% chi Aerosol deposition SBF 1.52x10°° -1.60 [24]
AZ31D MAO/alginate-Van Dipping SBF 3.34 <1077 -0.31 [30]

Mg Mg(OH)2/SA Immersion SBF 0.12 x10°° —1.49 [32]
Mg-Li PA Immersion 3.5% NaCl 2.633x10°° -0.90 [39]
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BT LL AT AR« M A & JEIPCL E&IRIZR
9t : Bakhsheshi-Rad L% f 4 # S AHYTAR (PVD)
AN IR BARALE RS 55 EHl & 7T WE41K AllPCL
HEWE, EERENPURRE R & TRk
AL ERES, BER S TS &M i . Tian 204
£ AZ31 BEA &R INH % T PEO/PCL HAREZ
(PCL JZHl k& %8s Tk A iR E (PEO)),
RIG R 2 Bt — bR mIhAgth, B R 2 BRI
HOMER, BRNTHREXIN (PHMB) #— 5 [ &
TERERM, R8T RIGHPUE e .
2.4 BB

Z B (DA &)L 2K 2 Kk A LAk
EW, FET NMEME R RG24+, NP REHEE
BE 2 DR R BRAAERM K ER RS R L
ELf% (PDA), PDA T/ i B TR Wy 2 4 %),

Chen 255912630 PDA DL H i 1 2K ] 22 7 v i 5
b, )@ RAHTIBVEE R RTEIN TiO, I K
PDAITIO, E &2, W 7t K I FL it il o bL 22— 1) TiO,
TRIEFE SRR SRR TR AT, X R RUR AR T PDA 2
O TR A ok b (1 LA SR, TR T BRI
JE b A, g HRE TS I TR A S SR L I
Rl B 7E S 440 b DAVE R SRR I i CPED WU 1 3 FH A5
W, FAE AZ31 B:A &R Y s ® A 1Y PEI/PDA
BEWZE, e SR T 59— PDA 5 PEI
WEBEA 4. (B TiO, A1 PEI 78 NAK N A W] B Mg, it
PAIX 2 FibARIE Dy T B Al 45 A 4 0 J2 00 1S i e A
Ko NTIE Mg SCHM RN A, 5065 R 40
(ECs) MRERT A K AIEAE, Liu 208020 1 A g e xt
B Mg-Zn-Y-Nd & &7 R AR, 285 R
WIRERRE R 2 BE, HAEHZRERS
RL 4T (40 4 FR R B A0 2 5 B ) LB R v T ko .
Zhou %5178 58-TCP/Mg-3Zn KRR SEHI % B2 1
i FE, SR J5 FEAE PDA 5 A B S5 (0 AE RS R T B — 2
LY AEER NS Y = ki Ea g P U CE il gt
MER. R EMEELRE B0 B SR,
Al LS IS HA AR A B A A, W R R R A
5 A RR 2 0 2, AR A AR IR .

3 HEREG G LA MBS TG WRE R
SEIRUTERE . TTOLE A AR TR e 85 IR B
B4 AT, T LA LRI T R 8 4 T
V%E%Eﬁ}ﬁgmg 55, 64, 68]o
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Table 3 Comparison of corrosion resistance of various synthetic polymer coatings on Mg or Mg alloys

Substrate Coating Methods Electrolyte icorr! A €M Ecorr IV Ref.

Mg PEO/PLLA PEO + spinning SBF 3.00 x10°® -1.54 [48]
Mg-4Zn-0.6Zr-0.4Sr  MAO/PLGA MAO + dipping m-SBF 1.39 %1077 -1.54 [55]
AZ31 PEO/PCL PEO + immersion SBF 3.26 <107 -1.34 [64]
Mg-Zn-Y-Nd HF./PDA Immersion DMEM+40g/L 1.60 <1077 —-1.45 [68]
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Table 4 Magnesium (alloy) and its biomedical application

Magnesium (alloy) Application Ref.

AZ31, Mg Screws for craniofacial bone  [69]
Magnesium alloys Plate for femoral shaft fracture [70]
AZ31 Wires for regeneration of nerve [71]

axons
Mg-2.5Nd-0.21Zn-0.44Zr Vascular stent [72]

Mg-6Zn Common bile duct (CBD) stents [73]

Troitskii and
Tritrin: Mg-Cd

Verbrugge: Mg-Al-
Zn based screws

based plates
and screwsto

and plates to treat perform

a trans diaphyseal surgeriesin 34
humerus fracture of patients with

a child psendarthtosis

Zhao etal: Pure
Mg screws to treat
osteonecrosis of
the femoral head
Mg based orthopaedic | in 24 patients
Implants

PayrFirst
reported the use
of pure Mg in
musculoskeletal
surgery

No clinic reports on

1948~2010

\

Lambott: Pure
Mg nails to treat | Mg palte with

Lambott: Pure MocBride: Mg~ Leeetal: Chen et al: Pure Mg

Mn alloy based |~ MgCaZn screws | screwsto treated

supracondylar six steel screws screws to treat to treat distal avascular necrosis

fracturesin 4 to stabilize the fracture radius fracturein | of the femoral head

patients fracture at the in a 17 years old
tibia 93 patients

KI5 I T SR BE A [ E S ) o 2 N ) S 41
Fig.5 Typical application cases of magnesium bone fixation
devices in recent 100 years!’”
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Progress on Development and Application of Degradable Polymer Modified Coating on
Magnesium Alloy Surface
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(1. Institute of Advanced Wear & Corrosion Resistant and Functional Materials, Jinan University, Guangzhou 510632, China)
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Abstract: Compared with traditional biomedical metal materials such as titanium alloys, stainless steels, cobalt-base alloys, magnesium alloys
not only possess biodegradable properties, but also have a elastic modulus which is close to human bone, so it is hard to induce the effect of
stress shielding, and is known as new generation of advanced biomaterials. However, the degradation rate of magnesium alloy in human body is
too fast, resulting in mechanical instability and metabolic absorption of excessive degradation products in vivo, which limits its application in
the field of surgical implant and intervention. Biodegradable or absorbable natural and synthetic polymers are a kind of biomedical materials
with light mass, multi-function and good biological safety. If they are used as special protective coating on the surface of degradable magnesium
alloys and the biological function and mechanical compatibility of surfaces between them are dealt well with, it will be important direction to
develop advanced magnesium alloys materials and their applications. This article reviews the latest research progress of biodegradable natural
and synthetic polymer coatings on magnesium based alloys, and the development trend of its research and development and application in the
future is put forward.
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