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Latest Research Progress of Biodegradable Magnesium

Alloys in Clinical Applications
YIN Lin, HUANG Hua, YUAN Guangyin, DING Wenjiang

(National Engineering Research Center of Light Alloy Net Forming, School of Materials Science and
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Magnesium (Mg) alloys have excellent properties such as good mechanical property, biodegradation and bio-
compatibility, as a new generation of biodegradable metal materials. Mg alloys can avoid the stress shielding effect and pro-
mote the healing of bone for bone implants application. Mg alloys can also reduce the risk of restenosis by self-degradation af-
ter a period of positive remodeling with stent support and drug treatment in the stenosis vessels for cardiovascular stent appli-
cation. Therefore, Mg alloys have broad prospects for these applications. In this paper, the advantages and major challenges
of Mg alloys as biodegradable materials are introduced firstly. Then, the latest research progress of biodegradable magnesium
alloys in bone implants and stent applications are introduced respectively, with emphasis on the latest development of biode-
gradable medical magnesium alloys in Shanghai Jiao Tong University. Finally, the clinical application prospects of the biode-
gradable Mg alloys are discussed.

Key words: biodegradable magnesium alloys; bone implants; cardiovascular stents; biocompatibility; clinical application
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Table 1 Physical and mechanical properties of various implant materials and natural bone!*!

Properties Natural bone Magnesium alloy Ti alloy Co-Cr alloy Stainless steel
Density/ (g - em™) 1.8~2.1 1.74~2.0 4.4~4.5 8.3~9.2 7.9~8.1
Elastic modulus/ ( GPa) 3~20 41~45 110~117 230 189~205
Compressive yield strength/ ( MPa) 130~ 180 65~ 100 758~1117 450~ 1000 170~310
Fracture toughness/ ( MPa - m"?) 3~6 15~40 55~115 N/A 50~200
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Fig. 1 Mechanical properties of JDBM-1 with high strength and moder-

ate ductility for bone implants application (a) and JDBM-2
with high ductility and moderate strength for vascular stent ap-

plication (b) [
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B 4 1B o AR A 4SS 20 B A 4 I R O, P A B R
BYSEIE . — PR O0 T, R0 A ol % 5 ok ek R b, uf LA
SEIR AR A . LT ARAE T b R FH <R R B A
i sCBL T JDBM B A AR SIS L 2 R
T JDBM, =SB RN HIEE G 4 AZ91D TEREAAME (sim-
ulated body fiuid, SBF) HEJJEMIESR ., WTLIE H, 7F SBF
PRI 10 d 5, T4 75 JDBM A I 50 S Al BE L,
AR ST T 2 T4 25 AZ9ID F L T
F SRR Bk, X UAB JDBM BB IhAT kb AZ91D BE ] %,
AT R R P K

B2 waigE(a, d) . AZIID(b, e) Fl IDBM(c, f)7E SBF H1i2ifl
10 d PEEE MY IE MR (a~ ) FIEE (d~f) SEM
Wi (18

Fig.2 SEM images of the surface (a~c) and section (d~f) of high
pure Mg (a, d), AZ9ID (b, e) and JDBM (c, f) immersed

[18]

in SBF for 10 d after cleaning corrosion products
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Fig. 3 Micro-CT scans of JDBM screw after 18 months’ implantation in
NZ rabbit mandible: (a) optical image, (b) screw via 3D

construction, (c) vertical section of the screw!?!)
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Fig.4 The residual volumes of JDBM-DCPD screws at different time points'!!
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Fig. 5 The proportion of the residual volume and the fitted degradation
curve (a) and the degradation rates (b) of JDBM-DCPD

screws after 1 month, 4 months, 7 months and 18 months?'!

Pl Sh 2 RET5R AR B F H ASF 2 J s o
HIEIT] AL, B 4 S 3 BRET 9 S 47 B4 A 3 3R Ay (0,097 +
0.013) mm/y, A 7 HBEHIRE](0. 218 + 0.030) mm/y,
BEJS AL 18 A H S 2y e fige 1 % R 3] (0. 122+0. 042)
mm/y, SRR R T BE R ELH B DCPD IR )2 %t
JDBM JEMRIG LRI/ L BB IR 2 R R, kS
VTR B, R R N B TS BT R R
WA HLUEWIE 2 fE— e B e TIRET IR ik,
T, ARWEE R )E WS R A SRk,
ik, PR A BB MR i T R A0 5 BT A Y
FREEAHVCRC, FSCh BBy E kA E3~6 1,
TEXIIA], WRET 5 B4R Fp AR AY B fg 2, JDBM-DCPD
BRETTERT 4 A F F 00 ALK A R et B, [ e Lo 4 e
ff i i A i
2.1.4.3 HHLURHEK A

&l 6 j& JDBM-DCPD $24THE A 18 4 H e LI i
O, AE 6a R, B (RSN IRET RIS, 41
{0 2R N R R MR X B, X SEZE R 5 Micro-CT 45 R AHH.
EPE , BRET R A Kt A, [R] s R84y DX e 3¢
MOFAIRLL A, AT REE ™ P X T &8 U2 & i,
&l 6b i 6c fZ U ET 2000 FIIER 20 J] L 0 0 A i 1 4L, 508
FIZEa 5%, ARG RYF, XU JDBM-DCPD #R%T 78
AR N B RAF A DA AEE

&6 JDBM-DCPD #2£THLA 18 M G MHLDI  EE: (a) ik
JES, (b) IBETSLIFEEIEAL, (o) BaFEE A2 (0B
BN, OC B4, NB AHiAH, DP KK,
HC R4 fag )

Fig. 6  Histological images of JDBM-DCPD screw implanted in mandible
bone for 18 months: (a) overview, (b) the peri-implant new
bone tissue at screw head, (c) the peri-implant new bone tissue
at screw thread( OB : osteoblast, OC: osteocyte, NB: new bone,

DP; degradation product, HC; Haversian canal) ']
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K17 JDBM-DCPD 8RETHIA 18 > H R LA MR- E 45 & S HIBY SEM IR KOG M « BRI BUR S, (b) PURBEMZERT, (c)dh
JEEMZ e S Nd BB B #R TR ), () AR EEHLL, (o) Kl Ta EPE’*JJE?%?E”Z]

Fig. 7 SEM images and element distribution of the bone-implant interface of JDBM-DCPD screw in rabbit mandible bone: (a) the two-layer structure

of the degradation layer, (b) the interface between outer and inner layers, (c) the nd enriched phases ( the white arrows) in the outer layer,

(d) the peri-implant new bone, (e) the element distribution of view in Fig. 7al??

T2 B TARFEBAIN EDS SR Y D BT R2 MAMUBHE.ERMEE AR KRMERE SN EDS 54T
58 Te M EREMZEES, BT LR, S b2 BwR
Ca Ml PJRF L (1.53) 5EIEBEIK A (HA 1.6) AEH
i, EHI, WA IR A RSN ME TR, Rl RR
FERAFA . O RETERA Y JE F A SR 40 i i it

Table 2 EDS results of the outer and inner corrosion layers, the
white particles in the corrosion layer, and the second

phases in the residual screw ]

Element Outer layer Inner layer White particles Second phases

AW At B AR S B BT RS DR @ BE R AR . 4 a1 B3 13,30 —
NS AN WA BUEE A Ak, A AW A B pH 0 32.21 42. 44 31.64 —
{8, Mﬁﬁfﬁ %%wibﬂﬁ{n Mg 0.59 3.22 0.67 86.76
Ca 32.91 5.39 24. 48 —
Kong %5 bl J5 %'WET?CKJJ%*%*”——UJ$H§ZE%%5‘?E I 0.27 0.00 5 03 -
iRl SR JDBM . JDBM-DCPD W24THEAT N & &, IFR Nd 2.95 2.15 11. 56 11.38

IR (PLA) MBATE R RTIA™ , FAR14HH. 3 Zr — — — 1. 86
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Fig. 8 Sagittal CT images of JDBM, JDBM-DCPD and PLA screws im-

planted in femoral condyle of goats for 1 month, 3 months and

6 months! %
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Fig. 9 Histological images of JDBM, JDBM-DCPD and PLA screws im-
planted in femoral condyle of goats for 1 month, 3 months and

6 months!?!
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Fig. 10 JDBM alloy tube: (a) from hollow billet to stent, (b) cross

section of extruded tube blank, (c¢) cross section of drawn

tube, (d) side surface of drawn tube!?']
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Fig. 11 JDBM stents; (a) after polishing, (b) pressto 1.3 mm, (c)

(a)Ot)E, (b) E#EF 1.3 mm, (c)

expand to 4.0 mm!®!
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Fig. 12 Deformation process of JDBM drug eluting stents( DESs) (3¢
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Fig. 13 Morphologies of smooth muscle cells A7r5 after co-culturing

with stents for 6 days with various coatings: (a) Control-6 d,

(b) HF-JDBM, (c¢) PLGA, (d)PLGA/RAPAL!

[ 14 PLGA/RAPA VRtJ2 HF-JDBM J:24 4k B S 4R R ACHT PG 22 K
1SR BR S IR Z) X H£RiE 5218 (a) Rl OCT FEl (b) 7
Fig. 14 X-ray image (a) and OCT image (b) of PLGA/RAPA coated

HF-JDBM DESs post implantation immediately to New Zeland
[37]
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Fig. 15 The interactions among the substrate, the drug and the polymer

coating on Mg-based DESs!*]
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Fig. 16 The evolution of in vivo degradation products of the JDBM vas-

cular stent!*"]
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