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发现：植入6周及18周后，与可降解聚乳酸（SR-PLA96）相比，镁合金具有更高的矿化速度，周围骨密度增加，镁合金表面有生物活性磷酸钙形成；高的镁离子浓度可增加骨细胞的活性，促进新生骨组织。镁合金对动物体没有致敏作用。
聚合物(a)和镁棒(b)动物体内植入处的新形成骨进行钙黄绿素绿染色后的断面透视图(18周).棒径=1.5mm. I=植入残留物;P=骨膜;E=骨内膜. 
镁合金降解周期内，表面形成了一层主要由Ca、P元素组成的矿物相，这些矿物与周围的骨组织相互接触，起到了诱导和促进骨组织生长的作用


SNy Y F LA 4K
L,/ - - o T
SHANGHAI JIAO TONG UNIVERSITY

3.
.-“. \" " ;
:

Al B RIE BT RHa R FHE X

National Engineering Research Center for Light Alloy Net-Forming l

NS AR S
“ Rz J1 R4S

[—
-~
—
\\
~

—— FRSMEMLZ

S BASEEER
N mEMZ

\

\\h*ﬁﬂ‘%ﬁﬂ%
\ BEEREE
' L X vp s 3

i [8]
BiEEMBEREX

ey

N
1 2

I




B LI (D) fe MBS R R R B

R B ST FE48 [ 45
) o e ) — Qi
R HK

AR, REGENERN, 5% RE
S IMEHK, ﬂn#ﬂﬁﬁeﬁéﬁ.—,(zo‘y)

[ A, FTLEERARM/NMMEZE ] x%ﬁ%ﬁé

i
[MME&EF*MMM%%### fﬁfmaa] AR
S it 2 2 P Hﬂ<28i}‘ AR
Fik Ak i % &, B
a4 | BEfg e RIENmE T ERR
%E{';sz,,u | LGSR ERS WD ER R — |
ahedauddl | | mampER, A5 REENNAT] g

National Engineering Research Center for Light Alloy Net-Forming |4


演示者
演示文稿备注
血管内植入支架后一般6个月完成血管重构，支架完成抗再狭窄的使命后就需要消失：优势在于：支架降解后可恢复血管正常收缩性，重建金属支架置入后消失的血管动力；减少支架永久存留血管导致的炎症反应；可在同一病变处多次介入治疗。

镁合金支架较低的再狭窄率是因为镁合金降解过程中产生负电荷、支架表面不易粘附血小板，不易导致血栓发生。
镁在体内降解反应机制： Mg＝Mg2＋＋2e-  （阳极反应）
                                     2H2O+2e-=H2+2OH-(阴极反应)
                                     Mg2++2OH-=Mg(OH)2 (生成腐蚀产物) 
                                       总的反应：Mg＋2H2O＝Mg(HO)2+H2
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1. SEFIIER 6
X FEABEEMR —8K “SEERFEML”
0, ,>300MPa,5>10%
Q)M F L MESIR R —FK “FEEMEPFRE”
0, ,>200MPa,5>20%
(Erinc M, et al. Magnesium Technology 2009.209-214)

2. FRER IR, FENBHMBEM, PFEBITARTE
oK RABURRBHEE: <0.5mm/E, BBARTHAS~61NH, HEEM.
(Erinc M, et al. Magnesium Technology 2009.209-214)
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为203所提供的轻型反坦克导弹壳体，原为铸件。为该所研制挤压管替代。


e 4 JDBME T P 1T A
Pure Mg-395J &% AZOLD-R#R[4ME  JDBM-35J[&AE

SEM surface micrographs after acid cleaning of the three kinds of materials after
immersion in SBF at 37°C for 240 h.
(a, b) Mg(99.99%); (c, d) AZ91D; (e, ) IDBM

National Engineering Research Center for Light Alloy Net-Forming mﬂlfé{
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Pure Mo JDBM
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Corrosion rate(mm/year)
o -
a1 (6)]

0.0
Pure Mg AZ91D JDBM
Corrosion rate:
Corrosion Section Morphologies of 3 alloys after V=86.7W/pAT
immersion in SBF at 37°C for 240 h. Mg 0.20mm/year
(a) Mg (b)AZ91D (c) JDBM JDBM 0.25mm/year

AZ91D 2.64mm/year
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Localized & Uniform Corrosion

Potential/V/SCE

13- a,)Initial corrosion stage of Az91D (by) Initial corrosion stage of JDBM
JDBM. i . .
1.4- —e—AZ91D Non-corroded region Corroded region Non-corroded region Corroded region
1 Er E,*=-152V E,=-1.73V E.*+=-1.75V E-=-1.72V
1 5'!(.?—9—41-&@598—6—0-90 ' ‘/ . i / 2
164E,, direction Corrosion Corrosion
"""" direction direction
E o
Tt L Ul E,>E, e
E,"<E,
T e e el g,) Long time corrosion on AZ91D bp) Long time corrosion on JDBM
Current/A cm* Narrow & deep Broad & shallow
Cyclic Polarization Corrosion Pit Corrosion region

7777777\ 7772727277

L.Mao, G.Yuan, Mater Letters, in press AZO1D /\v\/ JDEM

) Uniform Corr.
Localized Corr.

Fig. Schematic of the corrosion progress
on JDBM and AZ91D
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Element Wt% At% 8 CaHPO, 2H,0(Brushite)
oK 44.66 64.32 I e
PK 22.85 17.00 %
CakK 32.50 18.68 ~

r!atrix Correction | ZAF |

2thera/degree

Fig.3. SEM images of (a) Ca-P coating, (b) cross-section of Ca-P coating
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YeFracture occurred inside the coating,

HEBE-RAN N KEER coating bonding strength with substrate >10MPa
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The general morphology of Mg alloy plates and screws.
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MC3T3小鼠成骨前体细胞


YHERXIAE o .
o offmie i Quantitative realtime PCR

W Negative OC-JDBM 0OJDBM @EWE43
l;l
30 - # #
g 25 -
n )
g 20 -
2
< 5 T
£ : -
2 10 -
E %
Q g N # #
D:l.A}in |
Col Il mRNA Aggrecan mRNA

Fig. The relative expression content of chondrocytes’ Aggrecan and Col |1 mRNA after 7 days
incubation with JDBM, C-JDBM, and WE43 extracts and DMEM/F12 (Negative control).

P AN B " A 2B EE A mMRNAR R S BRI Ca-PRER
FRRERAHERKRE, B3RS T IDBMEAEYAHEE.
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the relative expression content of Aggrecan（蛋白多糖） and Collagen types II(Col II) mRNA of chondrocyte after 7 days incubation with JDBM, C-JDBM, and WE43 extracts and DMEM/F12, is consistent with the previous results, which indicates the cytocompatibility of JDBM is compatible with WE43; Furthermore, CaHPO4.2H2O coating could further improve the cytocompatibility of JDBM alloy. Type II collagen and aggrecan are specific genes in artilage(软骨), which is transcription factor for type II collagen and aggrecan synthesis [29]（II型胶原蛋白和蛋白聚糖mRNA是软骨的特异性基因，是II型胶原蛋白和蛋白聚糖合成的转录因子）. So the significantly high relative expression content of Aggrecan and Col II mRNA indicated CaHPO4.2H2O coating could upregulate the expression of cartilage-specfic genes to improve the cytocompatibility of JDBM alloy.
mRNA：即messenger RNA 信使RNA是由DNA经由转录而来，带着相应的遗传讯息，为下一步转译成蛋白质提供所需的讯息


Y H X AAE S T .
o i Blood compatibility- Hemolysis assay

Sample Standard Evaluation criteria | Test results Conclusion

Mg | GB/T16886.4-2003 | HR should be <5% 60.2 Not meet
requirement

AZ91D | GB/T16886.4-2003 | HR should be <5% | 72.4% Not meet
requirement

0 Not Meet

JDBM | GB/T16886.4-2003 | HR should be<5% 47.9% :
requirement
Meet

C-JDBM | GB/T16886.4-2003 | HR should be<<5% 0.8% requirement

HR(%)=[(Dt— Dn)/(Dp—Dn)] X 100%

where Dt is the absorbance of the testing sample, and Dn and Dp are the negative control
(5ml normal saline+0.1ml diluted anticoagulant-whole blood) and the absorbance of the
positive control (5ml pure water—+0.1ml diluted anticoagulant-whole blood), respectively.

National Engineering Research Center for Light Alloy Net-Forming |g
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材料的血液相容性评价：
1.溶血性能：溶血率是评价生物材料血液相容性的一项重要指标，溶血率高表明材料对血细胞（特别是红细胞）的破坏程度大，而红细胞的破裂也易诱导血小板变形而引起凝血。2材料对血浆蛋白的吸附 －－－     3.材料对血小板的黏附：血小板的黏附和变性可激活凝血因子，进而形成血栓发生凝血。因此，材料表明黏附的血小板数量及其形状改变的程度是判断材料抗凝血性能的重要指标之一。 There is a report that surface treatment, such as oxidation and organic film coating significantly reduced the hemolysis rate to 2% or 0% by decreasing the corrosion rate of pure Mg.
It was reported that surface treatment, such as oxidation and organic film coating significantly reduced the hemolysis rate of pure Mg to 2% or 0 (by decreasing the corrosion rate of Pure Mg.)
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NI FEVT JDBM3 & 15 {5 12 & RITIUIE# 53t

SHANGHAI JIAO TONG UNIVERSITY Evaluation of bone-injury repair of JDBM implant

WE43  Ti-6Al-4V

C-JDBM

¥
F

1 week

2 weeks

4 weeks

Forming a thick
layer of bone callus
in four weeks

YMg alloy promoted
the formation of bone
callus and Dbenefit to
bone recover. Ca-P
coating slow down its
degradation rate and
reduce release of H,

: . : : : N
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e o N VIVO degradation 18 weeks post-implantation

_ JDBM‘ a C-JDBM p
In VlVO ":‘::"".‘".-; g ? : T T
18weeks -
In Vitro
18weeks

Summary of remaining mechanical properties of Mg alloy plates.

Mg alloys plates  Remaining bending strength (%)

AZ31 55.29
Invitro  WE43 40.44
18weeks C-JDBM 77.31
JDBM 62.98
AZ31 47.06
In vivo WE43 37.38
18weeks C-JDBM 70.30
JDBM 51.72

National Engineering Research Center for Light Alloy Net-Forming
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Serum alanine transaminase (ALT) before and after implantation in each group.

ALT (UIL)

® Liver Function Evaluation--1
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In vivo test---biocompatibility
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JDBM alloy group
B Titanium alloy group
Bl Sham-operated group
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Time (days)
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血清谷丙转氨酶:    inner organ’function evaluation
To test its metabolizability 
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®Kidney Function evaluation--1E's
Serum creatinine (CREA) before and after implantation in each group
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血清谷丙转氨酶:    inner organ’function evaluation
To test its metabolizability 
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Tensile Strength (MPa)
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350°C-Ex
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(1) ) I 250°C/10h-
—— JDBM-540°C/4h-350°C extrusion (1) 7 350°C -EXx 282 260 21
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Semi-Continuous Casting; 毛坯Semifinished product （ Tube with machining ）
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Electropolishing surface of AZ31stents showed Electropolishing surtace of JDBM
stents showed smoothness

micro-pit. s
(RS0 A5 P ) (EyA ) |
JDBM stent (strut thickness:120um)

¥ Radial strength of JDBM stent reached 85KPa, meets the requirements.
¥ JDBM stent showed lower corrosion rate than that of WE43,

w JDBM stent showed favorable uniform degradation mode

National Engineering Research Center for Light Alloy Net-Forming


演示者
演示文稿备注
Semi-Continuous Casting; 毛坯Semifinished product （ Tube with machining ）
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JDBM stent was implanted into NZ rabbit’s abdominal artery
Adult NZ rabbit, weight: 3Kg.
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Carotid artery
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\
Implant site

Fluoroscopy immediately after implantation of JDBM Postinterventional angiographic and intrava_scular
stent. The implantation balloon is still in place, ultrasound(1VUS) showed complete expansion of

indicating the position of the implanted stent. JDBM stent and it was well apposed to the vessel
wall, without instant recoil and fracture.

RIS RENK: TERRBREERT IR K
STORBKIRAT SR, G. Yuan et al, unpublished work
National Engineering Research Center for Light Alloy Net-Forming .I;
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Fluoroscopy:荧光屏检查; X线透视(法), 透视检查
Note that the Mg alloy stent is completely radiolucent and cannot be visualized by X-ray
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16 weeks post-implantation

rabibity &l : )
1 Z0407002(2) 0120407 16:35:34 \ Post implantation

IHENGEHAN HOSRITAL ¥ = -
e

25 )

— ) 1mm
Stent implant site :

— Frames : :
rame e 16 Weeks post-implantation

(0L (LA
(LA B

Angiographic images of 16 weeks post-imlantation 1mm

showed good patency of vessels, without thrombosis and

restenosis. IVUS at 16w’s follow-up showed that stent kept
good apposition to the vessel wall and no elastic
recoil compared to post-implantation.

G. Yuan et al, unpublished work
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猪活体观察血管支架降解情况：OCT
The size of the lumen keep the similar size compared to post-implantation.
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smsf.u::ms unwznil‘n‘ B|Otr0n| K tent JDBM stent

A: WE43 Mg stent image before implantation

B : Mg stent image 3 days post-implantation indicating no Micro-CT of JDBM stent 16 weeks post-
signs of early degradation or early recoil implantation in rabbit coronary artery,
C: X-ray photographs of Mg stent 4 weeks post- indicating a basic mechanical integrity

implantation in porcine coronary artery

R.Waksman, Catheterization and
Cardiovascular Interventions 68:607(2006)

G. Yuan et al, unpublished Work
National Engineering Research Center for Light Alloy Net- Formlng - "‘i“
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演示文稿备注
JDBM支架在兔体内取出后经过福尔马林溶液浸泡10天后进行微-CT测试。
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