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Abstract In an effort to resolve the biocompatibility problems of Zr-based bulk metallic glasses in biomedical
applications as implant materials, a nanosecond laser was employed to produce dimple and groove textures on a Zr
sample surface. The biocompatibility characteristics of the sample surface were evaluated by a cell viability test, cell
alignment, and morphology observation. Moreover, the surface modifications induced biocompatibility enhancement
mechanism were discussed from the perspective of the surface morphology evolution. The results show that,
compared with an untreated sample, the laser-induced groove pattern could significantly enhance osteoblast adhesion
on the sample surface and cell viability, which is mainly attributed to the remarkably improved surface roughness.
However, the modification effect of the laser-induced dimple pattern on cell viability was undesirable. In addition,
the laser-induced grooves and the micro-nanostructures attached in the grooves are the main reasons why the
osteoblasts are distributed along the groove direction in or around the grooves.
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Table 1

Main chemical composition of Vitreloy

105 Zr-based bulk metallic glasses

Element Zr Cu Ni Al Ti
Volume fraction /% 52.8 17.6 14.8 9.9 4.9
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Fig. 1 Nanosecond laser system and schematic of surface textures (dimple and groove)

1102007-2



th i

i ot

22 T A A RV A PO A 2 TR AR N 45 R SR RO S 8
Table 2 Laser parameters for the fabrication of two

surface micro-nano structures

Parameter Value
Wavelength /nm 1064
Spot diameter /pm 32
Pulse duration /ns 220
Frequency /kHz 20
Laser fluence /(Jscm %) 30
Track distance /pm 90

0 (dimples)

Scanning speed /(mmes ')

200 (grooves)

SR8 H - o B R RO R A B B LR
WO AL B TS R Y R E R A, R T B
ek i X G 2k g i 4 A AL (XRD) % 18R 2 1 1Y)
b2 B3 HEAT 43807
2.2 Bt FRFGE NI

AR S R R 40 M MG-63 F 4T 41 it 3%
030 48 T S L5

LES 32 AE 37 °C.CO, RFA KR 5% i A
A M. oMEM + 10% FBS + 100 units/mL
penicillin %R X MG-63 40 g f7 85 %%, & 2~3 d
B — R IG IR W . 7 BG5S 58 00 P 1) 200 i 2% 132 36 %)
Toe T ALY 80 96 ~ 90 Y6 B, X 40 i i#E AT 1Kk SR IS
AT B4 K5 575 o (55 25 200 6k V37 5 VI 1) 400 i 7% 3K
F| 7.5X10° cell/mL,

TP - 1 X BT A 48 4 0 1R 2E A7 v T
JEIHBE s 2 TH S RS B IR A JC TR 96 L N
M R 5 H5 & MG-63 20 i 1) 2 77 8422 b 21 4% 3
BEZ I CREAN IR R A3 R0 1500 4D L i RE7E 07
TRAR P 1 b 0 20 B S AR IR R T 5 3) W
o7 A FLBE P00 2 2% i A 8% 3% T RE AR A R N RS
7 24 h;4) H PBS WM v PR FE R 10 3 K. LI BR
T S 5 A5 8% B A X RE 2 TR A 2 0 A0 5 5) 1) B
A 4 JE 3B R 1Y ) AR AL m A 10w CCK-8
0 RG] T FE AR IR AR R 3R 3 b 6) K g b
AXAE 450 nm Y%K AL 3 BOW O BE A (5 40 i T P
EMHXXR).

BEAh A SCR R T B JEZH (G 4 i) F1BH
PEXT HR AL (1500 A0, FfF 520 FL D SE 56 . R il
PRAHE 1 ] S BT A IR S AT 3 IR R S8 L L
A L IR ¢ A g E AN [ G 22 TR) Y A 3
PERGEABENZER,P<<0.05 £mBEELES
(FHH * £,

2.3 HRESHAEERER
20 3 P 3 5 R =2 S B 4 B R L

PBS i E Pe iR R 3 WUa R R A 10 %0 48
IR MR T 4 C R E 24 h, 885 A TBS %W
FRRIEVERRE, i J5 1% Triton X-100 R IZ 5
Y, 2= IR N #E 30 min J5 H TBS & b vE iR 3
o R T BH IR 4 A A R 3R T A AR R E 4 A L
S 1 Y0 /N A I P VR0 A U RE 2 T, OB R 7
FF#E 1 h, Ff)5 . A phalloidin 357 X5 20 §d A9
Msh & A s fr e b B, A E =R T R
30 min, fF ] TBS # W vh PEIXFE 3 WK, BT 5. R
FH DAPT 350 X 40 i 2 A7 et feJim - AR 6 B
BB T L R 2 THT ) A0 B 43 AT RO 35

3 SEEREZERGIE

3.1 REER

SRR AR R RSN 2 Bros . A
A DL BIHOGTE S 7 A 1 be hlu b R e 1 £ R 3R 1
S JE M A3 A, I ELAE 58 Tl A BT R I A R 3 A e il
I R P OB A A 5, 3k 2 3R TR I AR AR R B
e T RRRE Y 2R TDREDRS B L 2 T e L 3R 1w AR )
AE

= PR 11 2 TRLRE JE D) SO S A
i AR RS a2 3 FR , R LR R SRR R
T 6 R ORE I e THMLBE B S, 4 il A 0. 065, 0. 21,
3.54 pm, VARG IR RE (1) 3R THDRLRE BE 29 JE 4R 3 RE 1Y
54455 o5 P BRI 2 THLRE B 29 S JRAR KRR Y 3
f. WOCHES AN RMPTHY EAAR 32, 23 pm, IR
JEON 2. 44 pms OGS T A 09V RS 1Y TE N
28.6 pm, WRIE N 10. 2 pm, P Flt 3 10 45 44 76 K F
J5 ] b ELAR /G B AR AH 2 AR ) 1 22 PR
Ko Al 2 TERLRE 1) A S 25 R R A R A R
1) 0 2 S X R 1 2 TR RS R R o s R
ST A 1) 8 R 11 2 Th0AEUARE 5 R s I R A D
e,

223 NI RE A 2 T 45 4 RS R TEDHURS

Table 3 Dimensions of surface textures and surface

roughness of different samples

Surface Diameter or
Sample Depth /pm ]
roughness /pm width /pm
Dimple-textured 0.21 2. 44 32.23
Groove-textured 3.54 10. 2 28.6
Original 0. 065 — —
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Fig. 2 Surface 3D morphologies of different Zr-based bulk metallic glasses. (a) Original sample;

(b) dimple-textured sample; (c¢) groove-textured sample
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Fig. 3 Scanning electron microscope images of different Zr-based bulk metallic glasses surfaces.

(a) (b) Original sample; (c¢)(d) dimple-textured sample; (e)(f) groove-textured sample
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Table 4 Chemical composition of different Zr-based bulk metallic glasses surfaces

Atomic fraction /%

Sample - -
C (@] Cu Ni Al Ti
Original 58. 89 28.58 4.77 0.76 0. 44 5.69 0. 87
Dimple-textured 72.87 18. 23 1. 33 0. 83 0. 36 5.69 0. 70
Groove-textured 75.46 17.12 1. 08 0.73 0. 38 4.58 0. 66
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Fig. 4 Cell viability of MG-63 cells cultured on different
Zr-based bulk metallic glasses surfaces for 24 h
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Fig. 5 Distribution and morphology of MG-63 cells on different Zr-based bulk metallic glasses samples surfaces.

(a) Original sample; (b) groove-textured sample; (c¢) dimple-textured sample
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