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+TU�VW.01XABC

�	
�OPYZ�[����\]^�_+.�`

a�bcd�3efghgiN-2.37 VjSCEk�lm

nopq�ghgirs�.�2U.tNuh#�

g`a*�v�wx�.X���]^yz�K^

[2]

+

.01��BC{|}~�BC�v��w*��"

#�n pH ���s��!����=>�����

�!#���7��������VW3X����

[+�}��01pqF/�.01����X3�

��M ¡�¢`£���	c�¤£AF�¥¦§

.01����¨BC�¦©�n�wª pH«���

¬UAF�­3�	���+®¨�¯°�ª���

_��������	
�U±²��³�´��T

U.01¯°�ª���_��³QRµ¶·¸�¹

º+2U»¼µ¶½ABC.01¯°�ª���_

�QR¾¿��ÀÁÂ¶½, 5 -���ÃÄ01p

qF/.01�����­ABC.01�	���

�ÅÆÇÈ�ÈÉ½Ê[ABC.01Ë��QRy

ÌªÍÎ+ 

���������	
���

¬ÏÐ�¼Ñ¹º�Ò�ÓsABC.01¯°

�_�yÔ'´��.01ÇÕÃÄ�����X3

���M ¡�¢`	¤£��`aÖ£�;×°×

ØÙ�Út[�Û3×ØÙ��Ü�ÓsÝ°¥Þ+

1ßàáâãä=

[3]

X AZ31 .01���}å`æ

çèérêëì�å¤£��í1ßå`	_B6m

îï°ª1ðñòó°�ôc��¬U�­3¯°�

_+;×°õö÷ 24 h��å`æç� AZ31.01

�ø°|N 99.9%�ùúH� 316L ûü�ý=��

å`æçÐ� AZ31 .01��|mmB6+®¨�

þ���[��¢`ÔX�.F/ AZ31 .01��

W� Si ¤£

[4]

+�1�J

[5,6]

�[	��õ
`ÔX

ZK60.01����
£���/�������/�

�������0	�¤£+QR�ù��í�0	

�¤£����¾������U����/����

��¤£����/���¤£�ø°|s� 2X�

����������G�!"�#$�AFª��

%&g'�1(ðñòó°�M�0	�¬U�Û×

ØÙ��Ü��Ós¯°�_+ 

Ryu J
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�[) AZ31 .01*� KF+Na

2

SiO

3
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AgNO

3

gCõ+�Xg, 450 Vª-| 100 Hzt[.

�[��¢`/0æç AZ31.01 30 min��èé

12� Mg

2

SiO

4

7MgO¢`	£+�í¢`	£31

"456£F/�n�4£�U Ag 7Ì89X¢`

	£��+; 1 Ag¢`	£�.01���1 Ag

¢`	£�.01¯°�_mmÓs�ø°|:}

99.9%+L�a;<= Ag HI�¯°�_>#?AB

C� Mg-Ag01tN¯°�	Ê[
�

[8]

+ZengJ

[9]

@[A=BCD)EF2GHjAgNPsk;#I$J

K¢$LMj APTMSkNgO0P3QRX.01�

��M�0¯°¤£�AgNPs/APTMS/Mg�STUï

°�ø°VN 22.10 mm�s� APTMS/Mg � 14.68 

nm�U Mg �ý=���Mø°V���ù

AgNPs/APTMS/Mg �STUï°�Ý°¥ÞH� Mg

ª APTMS/Mg+ 

ÏÐ ,�­.$1ß�¯°�QR'´�X.0

1����Ý°1ßWXjCu7Ag7Zr JkF/�

}
`�A=BCDW��0	�0¤£+�YyÔ

 Z[5�rÓs½.01�¯°��\]½3X�

^/_`aD��[+ 
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[10]

+��ABC.01s�t

uv�
����wx3�õ�����´ye+z

��|<5%,
ù��
�{0��|´|A���

[

[11]

+TU�.ªmno.01���|}s� 5%�

3'´ 2�.01BC{|}~"~���� PH

«Û`�q�����+2U�.01����X3

���M ¡�¢`£���	c�¤£n�N��

­ABC.01���_��¥��+ 

Chen J

[12]

�[S�æçÔX�.���xQR

��¤£���2�0�Óõ+� Mg

2+

P�Óõ��

|�N 0.78%�U)�.X 773 K.�S 10 h�¤�

<���Ù������#�+Gu J

[13]

ÀÁ��½

Mg-1 (b:o�, %) X01jX=Al, Ag, In, Mn, Si, Sn, Y, 

Zn, Zrk��ª�W�����_+Mg-1 X01jX= 

In, Mn, Si, Sn, Yk��|6���J� 5%��é�	


���|ef�����=01�
���01p

qPè�.��jkgh�¿¦©�Mg-1Mn� 

Mg-1Si�Mg-1Y ª Mg-1Zn 01��jkghÅ©�

;������=01����W� Mg-1In� Mg-1Sn 

ª Mg-1Zr 01��jkgh¦©+Wang J

[14]

�×

QR½ Mg-Nd-Zn-Zr (JDBM)01��õ���+QR

�ù�Mg-Nd-Zn-Zr01 !"~ùú��×Ø�l7

�jkgh7efbDhJ�¿+LuJ

[15]

¹ºXs�

t.01uvjAZ81 .01k��W����$�

���	jPLGAk /���jPTXkª�����

jPLLAk��0��¢`¤£+�í¤£ �_Ós

$�01�\]�_�W3BC{|�U��}�Û

��ª�$�����A�W�	 ¡|+;$�0

1F/ 316L  ûü���1��0��¢`¤£�

.01uv���©��jkghª¢�+WangJ

[16]

y?���¢`æçAFú£¤¥�dm�ô �¦

ªm�ô�¦�§�c`nom�cô�¦��­.

01���_+��¢`/0æç./.01��L

n¨©�
í�¥�­�./Ê[.01���_�

�¥aª

[17]
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���������	������

��ÃÄ01pqF/.01��æçX3��

�M ¡�¢`£��89�	c�¤£AF�¥¦

§.01����¨BC�¦©�n�wª pH «�

��¬UAF�­3�	���+ÏÐ�W.01B

C���æçCD'´�`a«`Ô7�¤Ô7g`

a897�¬m¬Ô7��¢`F/JWXæçJ+

»¼¬��01pqF/F�­í��æçCDJy

�µ¶½­íyÔ�.01�	������+ 

���������	
�

Zn7Ca7Srpq���X Z[5��­½.0

1��	���+Zhang J

[18,19]

y?�Mg-Zn 01�

@� MC3T3-E1M�×Øghª
`�Ós col1α1ª

OC ef� mRNA ��+Yan J

[20]

��½ Mg-6Zn .

01�®¯;°¯��j±²î��¿+QR�ù�

.01BCv��wxnîº~{DE !v�x³

��+Mg-6Zn .01��HI��	���F/�

~îº�´µ��2UAF�[X¶îº�´aD+

Erdmann J

[21]

) MgCa0.8 01ª S316  ûü¯o·

��¸¹�� 27476ª 8 w�º»3���	��

��¿+�Þ�ù�i¼���¦�½� MgCa0.80

1BC§¾�� Mg-Ca 01�¿ÀÁ«ÂÃ.BU

S316L �¿ÀÁ«·2�Ä0�ÅÆÇ0t[ÂÃ�

�+LiJ

[22]

¹º Mg-xCa01+Ä Ca1:6� 1.0%

�01��ÈÉ��	���76]^|F/ÃÊ�

$5ª9:�Upq Y���!B6 Mg-Ca01�\

^�7�	���F/Áa$5+Ë ChouJ

[23]

y?�

pq Y ����@��­ Mg-Ca-Zr 01�\^��

�� Y ��� Mg-Ca-Zr 01�×Ø��F/��&
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'v��Ì��+��ùwx��01pq�.01

�	������ÞÍXÎ"ÏÐ���!?� 


���Ñ�01��ÒÓ57×ØÔÕF/��9;

�9�JrA_!��3�	���wx�Þ+ 

������
����

`a«`Ô�y@[`a�g`ayÔX.01

���M¢`./w¢`.7���7Ö��7å`	

F/3þ`0	+àW�¤£×5�Øj� 10 µm�3

\]^�_ÙÚ�`a«`�õ=oª$�.01�

Mo+UÏÐQR�"�����¤£ªå`	¤£+ 

3.2.1  ����� 

���¤£XÛ+ ��XsÜ. Ý`aÞR

���ß_�¥ ¡$�.01]^+®¨��¤£

`a��Ôà��=>��ÅMo��á��­.0

1��	���+GengJ

[24]

QR½�[`a«`W�

� β-��J�jβ-TCPk/Mg¤£� MG63×Ø���

×ØX β-TCP/Mg��âã 10 d�ä��ÈÉ� 80%

×ØG�c�+åæJ

[25]

QR½��J�¤£

Mg-Al-Zn01��m±¹�çè��=>���+�

� 1~4 w01���m:ghef�M��� 8 w�

1���J�¤£�Mg-Al-Zn01�� Caª Ppq

1:ùús�$�01��� 12 w�1���J�¤

£�.01BC|�N 17%+ 

3.2.2  ����� 

å`æç�y).01��
Ré5�wå��

õ+P3���M MgF

2

å`	£+êëìJ

[26,27]

�

[��ç¦íbî×Øwï½��å`æç�

AZ31B01�×Ø����åæç�.01��ç¦

íbî×Ø$»����×Ø_X3��gh��+

Zhao J

[28]

�[å`æçª`a«`ÔX MgYZrRE 

ª MgZnYZrRE01��o·W�1å¤£ª¬ ¤

£+1å¤£�.012BC{|§¾7pH«Û`j7

H

2

 ¡:©ª��EF4¾��Jµ02qP3ð

¾ñò�ó×Øghª½ô¥ÞH�¬ ¤£+

Drynda J

[29]

)��tõìö×Øª�ó×Ø*�å

`æç�� Mg-Ca01��âã��÷í×Ør��

ÈÉ�) MgF

2

-Mg-Ca01��m±ó. 3ª 6 m�

;Ëæç�$�01��BC{|¦§���ùú�

øù*�?�+Schilling J

[30]

y?�)1� MgF

2

¤

£� LA63 .01uvQRXú�sû�s¨Ù�a

D 1�3�6 m�Ë#� Mg

2+

Xú­üý�v���þ

9+aD 1 m�.01uvnÆ���ö=>j��

��=>kà���X��uv��Ë#�x���

�ù�å`æç� LA63 .01uv�
íG��X

�[�s¨Ù��
�+ 

�������
����

g`a89Ô�y)gCõ+j�Ø�1 Ca7P 

`0	�Û�õk�1ßWX� �X.01���

89�Å	¤£j'´� Ca-P ¤£k+¤£×5ªM

o;gCõ­=o1:ª89/0	��³+NiuJ

[31]

X Mg-Nd-Zn-ZrjJDBMk01��89 10~30 µm×

���
¤£jCaHPO

4

·2H

2

Ok�¤£; JDBM 01

���$5:} 10 MPa�1 Ca-P¤£�$�01�

MC3T3-E1 ×Ø�������Æ�
f¸�� 4 w

�XaDVP���m:���M+JoJ

[32,33]

X�.

���¤ PCL¤£�i�@[x�¬89CDX PCL

�89 HA¤£�HA�� PCL�£�M PCL/HA�

0¤£+����
� HA ¤£U±��í�0¤£

 ��M�×Øgh��Çt[��­½¤£�ÞR

�U�X�ÁÛ�� !?�¤£�����+

Abdalla J

[34]

y?�EF HA GH�� PCL ¤£�Ç

M�×Øgh7½ô7��F/�=>Æ�+ 

�����������

�¬m¬Ô�)�Å	�1ß��tÐ���X

õ�+;��v�ÛC��C*��MÞR��¬�

À ,�î�Q`«ÛNm¬U èrê¤£

[1]

+

AmaravathyJ

[35]

�[�¬m¬ÔX AZ31.01��

W�½ TiO

2

¤£��¤£_�¥!¦§.01�Óõ

+ Mg

2+

 ¡�;$�01���!"� MG63M�×

ØghX TiO

2

¤£+®¨þ��M"W�½ HA/TiO

2

�0¤£�;�
 HA ¤£���1� HA/TiO

2

�0

¤£�.01��!É�#Û�F/�$q�+

MG63 M�×ØX�0¤£��ghª½ô¥ÞÅ

É+þ���[�¬m¬ÔX AZ31 ��89½EF

%� Nb

2

O

5

�Ù��Ç×Ø;$�01���ÅÆÇ

0��{�Ä0}[

[36]

+ 

����������

��¢`�).01tN&h��gCõ+�X

¨�g't[.<(��¡gX.01���M1ß

¢`	¤£+�Û¨�g'ªg,AF�W¤£�Ò

Ó5ª×5+W��¤£"N"4���_)ú£�

­$�.01�\^�+GuanJ

[37-39]

�[��¢`æ

çjMAOkMg-Zn-Ca 01P3��o·�M*¾E

F HAª+¾EF HA¤£+�Þ�ù�*¾EF HA

¤£!�@�,-¬¦íbî×ØjWJCsk½ôªM

�×Øo`+Pan J

[40,41]

��¢`æç ZK60 ª

Mg–Zn–Zr01èé Ca-P¤£�Ca-P¤£¦§ ZK60

ª Mg–Zn–Zr01�]^{|�� L929×Ø���+

Ca-P¤£�×5ª½�|�WX��yÌ7WX./

|J2q��+LinJ

[42-44]

X ZK60.01��@[�
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�¢`/0891 Sr� Ca-P¤£�pq Sr����

ÇÐM�×Ø�½ôªÓs�ç$b×Ø�����

ôc�+®¨�þ��X ZK60 ����¢`æçè

é Mg

2

SiO

4

¤£��¤£�0Xâã$+ ¡� Si

2+

�@��ç¦íbî×Ø�gh7½ôªo`

[45]

+Park

J

[46]

�[JWX�&h¢`Xg'45 300 mA/cm

2

7

-| 50 Hz .æç Mg-35Zn-3Ca 01èé"4�1

MgO, Mg

2

SiO

4 

ª  SiO ¢ ` £ + ) Ë æ ç �

Mg-35Zn-3Ca01��m±�� 3 w�.0112B

C�Uæç��.01�� 2 w�¢`	£>3n4

5�4w�0112BC���	��?��t\6+

ZhangJ

[47]

)1 Mao¤£� ZK60.01ªÊ[Ö�

���ú7��õ89:æ 4 m�#�1Mao¤£�

ZK60.01��;0|´s�Ö���ý=+ 

��������� !�

JWXæçjJWXx�89F/JWX<�

Jk�X.01���c<�R:�WX�P.01

���`aMoª���J#�Û`�X3���M

 ¡�¤£+<�=5�V��N>?�F+Zhao

J

[48]

o·�[ Zr F/ Zr ª O @JWX��WX<

�jPIIIkCDæç Mg-Sr ª Mg-Ca 01���M

ZrO

2

 ¡�¢`£�¢`£�¥¦§½ Mg-Sr ª

Mg-Ca01X SBF7A`efmBâã$jTSBkF

/×Øâã$+�BC{|��@� MC3T3-E1M�

×Ø�ghª½ô+®¨�þ��@[ Alª O @J

WX��WX<�CDæç AZ91 01èé Al

2

O

3

 

¡�¢`£�)1 Al

2

O

3

 ¡�¢`£� AZ91 ªË

tæç� AZ9101�� SD±¹��+�� 2 m�

Al

2

O

3

äÍX�.01ª�=>�����Ëº»é

øù*�+Al

2

O

3

¢`£�¥¦§.01X SD ±�

��BC{|�©:MgWX ¡CoÆ�=>��

M�DE 1

[48]

 àF+ 

 

 

 

 

 

 

 

 

 

Ê 1  ÀËÌÍ` AZ91 I
µÎ Al

2

O

3

ÏÐÑ` AZ91 I
ÒÓÔ.Õ�Ö 8w × Giemsa ØÙS89ÚÛ`ÜÝÞÛ(ßÙàá

â 1 .89�ãÙàáâ ä�f.åæ) 

Fig.1  Giemsa-stained hard tissue sections of the implants after 8 w implantation in the lateral epicondyle. Black arrows represent the 

newly formed bone and red arrows represent the presence of osteoblast-like cells: (a, c) untreated and (b, d) Al

2

O

3

-treated 

implants

[48] 
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.01tNABC1ßuvLX����à�

[�z_�­3\]^�GX�^/¨_aD+G�

Hm��[�Á+Ë�ABC.01�#ÈyÌ�W

�Áa�_��7BCÕNA�7BCv	���F

/�	���HI�ÆÕ.01+́ I©��
Ïe�

��¼J"ÍÎKXF.>Ly�Ç
MQRNj1k

OP01pqMo��}QR0ç�Sæçª�//

0�é.01Áa�_���Ïe�j2k>È.01

����Áa�_S�Û`�$T�QR�j3k´U


V1Ä�wx.01���¨�	���ª�¨]

^QRef�j4kÀÁQR�0¤£;$�.01�

���0t[�j5kX�.01����W�¤£�

K2�wx¤£��_D]^{|7��`a_7×

ØghF/¤£����J�W��0¤£FW�é

¦§.01BCª�­�	����Ï�+ 
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Abstract: Biodegradable magnesium and magnesium alloys have received much attraction due to their light weight, suitable elastic modulus, 

biodegradability and excellent biocompatibility. However, the magnesium corrodes too fast in vivo, accompanied with hydrogen evolution and 

increase of pH value in local tissues around during degradation, which plays a detrimental role in the surrounding tissues and leads to hemolysis 

and bone tissue absorption sometimes. The poor corrosion resistance of Mg and Mg alloys restricts their clinical applications. Addition of proper 

alloying elements and surface modification of magnesium alloys are expected to be effective methods for retarding the corrosion rate and 

attaining controllable degradation behavior of Mg alloys. In this paper, investigations on antibacterial properties and hemolysis of biodegradable 

magnesium alloys are reviewed and research progresses of biocompatibility of biodegradable magnesium alloys in recent five years are 

systematically discussed. The development directions and challenges of biodegradable magnesium alloys in the future are presented. 

Key words: biodegradable magnesium alloys; antibacterial properties; hemolysis; biocompatibility 
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