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Abstract: As the demand for biomaterials and medical devices increases due to advancements in medical technology and
the rising average lifespan of the population, the importance of surface treatment technology for biometallic materials used
in orthopedic implants is highlighted. Achieving stable mechanical attachment between the implant and human bone,
specifically bone cell adhesion, is crucial. Without proper adhesion, issues such as inflammation and reduced load-bearing
capacity can occur, leading to the need for implant reimplantation. Therefore, this paper focuses on creating a micro-groove
pattern using a pulsed nanosecond laser on the surface of a titanium alloy (Ti6Al4V), a biometallic material, to promote
cell adhesion. To evaluate the effectiveness of the pattern in enhancing cell adhesion, MG-63 osteoblasts were cultured on
the micro-groove patterned surface, and their adhesion and morphological changes were analyzed. This study confirms the
potential of laser processing as a surface treatment method for biometallic materials.
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(a) Micro groove pattern width=30um

(b) Micro groove pattern width=60um

(c) Micro groove pattern width=90um
Fig. 2 Concept image of micro groove pattern with
different width for cell culture
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Table 1 Experimental conditions of line scanning.

Pulse repetition Scmmng Pulse duration Laser average
velocity power
_ SOkHz |
_ 100kHz | 500 mms
150kHz 1,000 mms 200 ns 10 ~ 20 W
200kHz

B = ulo|g 82 1FH el A2l A
e Z(width) A4S 2t 7F8 |55 2 (pulse)
HHEE, glo]A] Wl o]F £EE Al #HelA
P &8 14ste] AFS 331tk Table 1
2 mlola g FH WY E AFE §% 7ty
S Yehdt) Fig. 34+ dlo]A 7y WSl ujE
vlo] AR 1FH FEle] £ gl Zlo]e] HiglE o
A o]E& e wt BFe 1 2E YERith

Fig. 3%} o] #o|#| W9 o]F& et F7lshd
nlo]|382 IFH Z F7)E 7hAasit) @GS glo]A]
o]F& LT H It FHEO] AR Tk
ol A e @ UA7E FA o] o He
Zo] 7}3EE= Ao It Fig. 491 #Zo] v}
o7 IFH JE JhgolMi= oA FAE]
A& T3l 7FEE7] witel olF &£&vt SUts)
A2 7 FH o] A Ha o= wHel HE
= dolluA o] FHAR ojojA | AnHom vhe
Jole] 151 diglo] Aol H= AS ERIEH
wpebAd mlo]l A2 1FH 9 'l 30um, 60um, 90

OO R oy

m 7FE3E7] 1ske] HolA W o1& 500 mmss,
Ao wHEE 100 kHz = A4 8H AL, 2
He 10 WE 7 218 ARSIt

(b) VeIociT‘y:l ,000 mm/s

(a) Velocity:500 mm/s
Fig. 3 3D graph of line width for laser machining parameters
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(a) Velocity:500 mm/s (b) Velocity:1,000 mm/s
Fig. 4 3D graph of line depth for laser machining parameters
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Fig. 5 Surface profile image of single laser path interval
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Fig. 6 Schematic image of laser path interval and count
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Table 2 Experimental conditions of line scanning.
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Laser average power 10 W
Fixed Pulse repetition 100 kHz
parameters Scanning velocity 500 mmv/s
Pulse duration 200 ns
Varied Path interval 5~ 10 um
parameters Path count 1,35 ' n

(c) Numberof path count: 5
Fig. 7 Surface profile image of laser beam overlap(Path
interval: 5um)
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Fig. 8 Surface profile image of laser beam overlap(Path
interval: 10xm)
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(o) Pattern width: 30um
Fig. 9 Image of cell morphology according to laser
pattern size

Fig. 10(@)= vlo]a 2 %8 ¥l Z 60umz 7}
SE Al 27) o)) = AETF AR AR
A7 =izl FHE I 5 ATk Fig 10()=
plolaz 278 A & oom= 7heE Gl =
AEZF WAL gk fﬂﬂﬁ o e I R |

o H#Eo] = A& AT 4 AT

Fig. 10(b)2} 2ol '53, 2 158 9El

Aol H2kEo] Q= AlEe] vla) el T} A

=t

ks
o]
El

M rlo > o

(a) Pattern width: 60um

(b) Pattern width: 90um
Fig. 10 Image of cell morphology according to laser
pattern size
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