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Abstract: Metallic biomaterials such as stainless steels and titanium alloys are widely used in medical areas including
orthopedics, dentistry and coronary stents. Biodegradable magnesium alloys are a new class of metallic biomaterials that
are being studied and developed with attractive future of clinical applications. In order to solve the currently existed bacte-
rial infections caused by implants, it is great significance to study and develop novel metallic biomaterials with antibacterial
functions, which is also a new exploration to realize the structural/functional integrity for metallic materials. This paper
briefly introduces the recent research progresses on antibacterial functions of stainless steels, titanium alloys and biode-
gradable magnesium-based materials, and proposes the future applications for antibacterial metallic biomaterials.

Key words: metallic biomaterial; antibacterial function; Cu-bearing stainless steel; magnesium alloy; Cu-bearing
titaium alloy
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Fig. 1  Antibacterial rates of 317L-Cu SS against S. aureus and

E. coli after co-cultured with bacteria at 37 C for2, 6,

12 and 24 h, respectively
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% 24 h 50 SEM MR JG W SEM BE J
Fig. 2 SEM images of S. aureus on surfaces of 317L SS (a) and Fig. 3 SEM images of E. coli on surfaces of 317L SS (a) and
317L-Cu SS (b) after incubation at 37 °C for 24 h 317L-Cu SS (b) after incubation at 37 °C for 24 h
317L SS 317L-Cu SS

S.aureus

E.coli

Bl 4 4 A BRE (S. aureus) FI KB FF & (E. coli) 43I 7E 317L A4 (a, ) F1 317L-Cu
AR (b, d)FRM -FEFF 24 h(37 C)FMPOCRAER T, (a, o) PRERK AR
MW G @A, (b, d) PRBER ORI TR G a8 R

Fig. 4  Fluorescent images of S. aureus on surfaces of 317L SS (a) and 317L-Cu SS (b), and E. coli

on surfaces of 317L SS (¢) and 317L-Cu SS (d), respectively, after incubation at 37 °C for
24 h with live bacteria stained light grey (a, c¢) and dead bacteria stained dark grey (b, d)
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after co-cultured for different time
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Table 1 RGR and cytotoxicit level of the extracts of
experimental materials at different time
24 h 48 h 72 h
Sampls
RGR/% Level RGR/% Level RGR/%  Level

Culture  100. 00 0 100. 00 0 100. 00 0

316L 91.01 0 86. 87 0 88.74 0

316L-Cu  80.72 0 86.27 0 85.25 0
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Table 2 Antibacterial rate of Cu-bearing Ti based metal (% )

- Ti-6Al- Ti-6Al- Ti-6Al-
Materials Ti-10 Cu Ti-20 Cu Ti-30 Cu AV-1Cu 4V3Cu 4V-5Cu

E coli 99.99 99.99 99.99 95  99.99  99.99
S.aureus 99.99  99.99  99.99  99.99  99.99 99,99
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Table 3 RGR and cytotoxicity level of L929 after cultured in
Ti-6Al-4V and Ti-6Al-4V-3Cu extracts for 2, 4, 7 days

/]

2d 4d 7d
Materials Cytotoxicity
RGR/% level RGR/% Level RGR/% Level
Ti-6 Al-
AV 3Cu 111.61 0 101.78 0 120.35 0
Ti-6Al4V 117.49 0 98.78 1 142.99 0
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Fig. 6 Morphology of 1.929 after cultured in Ti-6Al14V (b, e, h) and Ti-6Al4V-3Cu (a, d, g) extraction liquid for

2, 4, 7 days, and normal bacteriums contrasted (c, f, i)

x4 Ti-6Al4V 5 Ti-6A14V-3Cu B 1 FHEREEL
Table 4 Comparison of mechanical properties between Ti-6Al-4V
and Ti-6Al-4V-3Cu

Materials R .,/ MPa R,,/MPa A% 7/ %
Ti-6 Al4V 877 959 13.2  47.9
Ti-6Al-4V-3Cu 1145 1224 7.6 17.3
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Fig. 7 Antibacterial property of Mg based metal against E. coli (a,
b, ¢) and S. aureus (d, e, f): (a, d) for 317L, (b,
e) for Mg, and (c, f) for AZ31
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Fig. 8 S. aureus suspension injected in tibia of rabbit for 4 weeks,
then the bone marrow was extracted and cultured which
shown great number of live bacteria (a); implanted Mg
particle in the tibia which infected by S. aureus for 1 week,
then the bone marrow was extracted and cultured which

have non live bacteria (b)
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