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Effect of Surface Character on Proliferation and Adhesion of L929 Fibroblast
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In this study, the effects of Fine Particle Peening (FPP) treatment on adhesion and proliferation in L929 fibroblast
were investigated. FPP treatments were performed on the Ti-6Al-4V alloy specimen by using TiO, (T series) , glass
beads (G series) and Alumina (Al series) shot particle. The polished specimen (P series) was also prepared. Cell
culture tests on the specimen were carried out with L929 fibroblast after 6 hours, 1, 3 and 5 days culture. Cell
proliferation was evaluated by counting the number of cells by MTT assay. Cell adhesion strength was also measured
by counting the number of cells detached by fluid-induced shear stress. The FPP treated surface by using shot particle
of varied materials, which have different surface character. The TiO, series showed good cell proliferation. This was
because the protein adsorption of TiO, series encourage cell adhesion. The detachment cells on the specimen were
observed after share stress loading. The FPP treated series showed good cell adhesion. This was because the

microscopically surface topography encourage cell adhesion.
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AHFZE CIEMEIEE BN A RE AR 2 Z L 2 BRI E LT, TiO,, HT7 A, ALOyRi+% HAV7=fhi+ &
—=>7" (FPP) MBI XV Ti-6Al-4 B4OFEDHEFMIMIREZ 2L 38, ZORE B2 B st
BEVEDFMM AT o 7=, F7-, HMRREGENE, HEE M MIE T B OB YR OB - SN TR 2 I
7.

2. RBAE

2-1 EHOEHR

HIREEA 24T 0 HAHTIE, AR S L TR STV D Ti-6A14V 4% . [kt %, H#EER (415 mm
x4 mm) ([TEEWIN T L7214, MitKke A U —H#k #320-#1200) %AW C— Oz L=, w2, —btF¥
Yo ORI 50 um FREE), AT A —X (hif: 50 um #2EE), 703 (Kifg: 30 um F2EE) Z# W T, B—=7
WERZ T2 UAF, TYU—X, GV U—X, Al YU —XEIER). £/, RO OITEIRIRICHTEE L 725k
BRAGEER L P2 —X). B == WSR2 X 1127

ok 7B —=2 7 L B S - BR R L, EEAE TIAMSE (SEM) ZHWTHEIZR Lz, £, Wk
RREROT 07 7 A VB LOREMHIIL, FEEL 3 ocRmBk - M SRERIC L0 HE L

2 -2 RRSEETETE O ETi

AWFFETIE, K 2 (ORI~ U AHNGEES I (L929 Mile) ZMWCHix OfHliZ To72. £7°, &b %
99.5 VW% / —/u (SA)) % MW THE RGeS L7214, 180 C, 2h O CHzERE Z it L7-. WIZHER A %
24 7 )L L— MMCEGE L, BEUCERE L2 1 X 10* cells 0 L929 Mz 3 BR T ICFEFE L7-. 7o, B,
Eagle's MEM 1A% 100 ml (ZxF L, » 3 BRIEIMIE (FBS) 10ml, L-Z/L% 2> 0.03 mg, KEEKFET U TAL07g
WLz bozERA L. £72, B#iE37 C, S%CO,A{ »FaX—XNTITo/z.

T3, MO D BFEMEIC OWCEHMIEIT 572, 1, 3, 5 HZIZE T 2 #iE%%a MTT assay (CellTiter96
Non-Radioactive Cell Proliferation Assay, Promega) & F\WCHIE L7=. 72, WIS EOEI, 6 h
(R HMIREATET 52 LIk VITo7z. 72k, AWFZE TR L1929 MilalZd51F 2 MTT assay fEOfE M
MY 572012, THIROEEET « v ¥ = THEEE STz 1929 Ml % VT assay fif & MRt O EHRROVER 24T

27,

23 HAEGHZERV-HKEEREOE

HIRL O FEA N9~ 2 MRS IR 2D 7212, KOFEIUT L 0 A4 U DEER S AMS ) 23kt R oA 54
HZEMMTEHBEEAMEE L2, X2 ([ZEEEWm ORI 2R3, AREE Y, ERSICHEE LA —27 /0 MEM
B&dh (FBS A7) 50 ml Z 08 20 mm, /& X 0.5 mm ORI —EOHE THLHTZ & T, MADLD 120 mm
TUCHBIZ R E SN2 B SR BRI B R AW N 2 A S D Z LN TE 5. AT, %
BAESEDZ LT, BEAMIEE LT 175 Pa, B AMNGE LC2.61 Pad 380 DX AWIG S & /laEEE
Z 5% 72, 70k, vk & URHER m OBEm - A WL T OxHNE, Mo R4 T3IT L7=pEH 2 — K (Fluent Ver
6.3) \Z XD 3 WTHEABEMAHT OFE RIS T, BRI OB ARSI OFHIEO S & L CRkoiz, R
IR NS FAE T D 2 & D, FRHEEFMIROBEE T/ HBW T, BEICITARO b 7= 98 AW 3R
BNCEAET D, L L2ady s, AEERCIHRAIC K 2 BEm -t AW 73BT Ic X - TRE S =5l T —8kic
G255 EE L.

HIFIEEABR OFEHTIZ 10 X 10% cells © 1929 #2278 LICHERE L 72 556 2 IV /2. 24 h 5538 2475 =
&, MR EICEEE SR, BT A EEICERE L, MRS RS AU T A TN U 2 I S
7= FAWIS AR OFER T EORMIBEENT MTT assay (2 X - CRIE L7z, ZHUZ X 0 O RIBER & AW
IO BEEMEIZ OV TRRET AR I A 72,
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(b) Glass beads
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Fig.2 1929 fibroblast.
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Fig.3 Shear stress loading system.

3. RBRERBLUEE

3.1 HRAREOHRE

412P, T, G, Al U —RFEHED SEM I X HBILERA "3, F2, K52, RBARmnO7 e 774
NERE LR E, £ 1SR EEHOHR S 20E LR E2RT. BB REOH ST, &S HRoMEo
RFH 7RI L U CHITTEEM S (Ra), BTHOFE L L Clsl i ERZOFHRE S Rsm) 2HELEZ. G
VU —ARMENT, D Do tiiiE AT A E e o TWD Z ENbD. ZHUE, BERITERIRTH
L1280, FNDER LTHENT 4 T WRORIEPIREER LT- B2 6N5. £z, G U —XEHgL,
TELIOAl V) —XOFRAL, BHERMNMBIERSHTWD Z Enbnd. 2k, &Eki+TH o kT %
VEBLOTAITFTRZABR THLZEICER L TWDHI LD EEXLNS. £, TV —XBLVOAI VY —X
DOMIPFEIRIT AL L T D Z &R0 s. LILARNG, TV U —XH Al ¥ U — X & il LR &
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Ra)lIRE L, WEHBERO RS Rm) bHER-TEY, MHWA 7 — NV nNRRD5RHER>TNDHI L
Nhons.

DL EDOFERIL, H7p APHRI 1% VTR - & — = VAR A i3 = L2 L0, BEEp M ORI e
REIL I =T B ENTEDLZIEEZRETHHEDOTHD.
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(c) G series
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Fig.4 Typical features of the surfaces of specimen; (a) polished series, FPP treated with (b) TiO,, (c) Glass.
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Fig.5 Profile of specimen surface.

Table 1 Surface roughness of specimen.

P series T series G series Al series
Ra (nm) 5 843 652 281
Rsm (nm) - 700 520 213

3 -2 HERAIRTE O FFHE

6 (2 1929 a4 H 7= MTT assay Of &R A R L, BEMEGHMIATT > 72fR 2w, FKE D, etk
& MTT assay fEIZEEBIBIRICH D Z LoD, LR -> T, [A—0HEE L 72MilEic3s 0 Tix, MTT assay
EZREST 22 LICLD, M o NIl OB EZ E T2 2 ENAREE § R 5.
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X712, #Eb ETo s HREOMEREEIC L0 BIEFEEOFHI 21T 72 /R 2777, FKEY, Miixd<T
DY —ZADOFH ECRAFITHIEL TWD I ERnbnd.

LML G, Y=L~ T, TOEIIRZ->TWDZ Enbnd. LI, T YU —X I 54
UL E IZEWVMENC S . £, G U —XEiZRBiFaat P vV —X L LML TWNA. —F, P
=X LWL, Al U — X EOMIBEIIENZ ERN D, 2, T OO/, B S HEORR BT,
EOEFHMICBNTHRDO LD, INHD I Enh, EEEZOMEEN T Y — AL - TERER D ERIZ,
FIZP RSB O AR T A LD LB 55,

Z 2RISR S E ORI 21T~ 72, X 8 12 6 h B5#E141Z MTT assay % FiV CHERE O FAbH 12542 w14
A AT L R 2R, ALY, B 6 hBICBIF 2o mHiEEEL, TV —XBIXUOG Y I —X
NP U—XEiigL, FRED LAIEWVERICH D Z ER0n5b. LrLaenb, Al —XiE, P U—
XL, MROPEIBEEIME T L TWA Z ERNbnd. 202 b, 7R LT B % O fila s o fE
W21, MIEOWIEIEEE O I T AR RKRE W LB LM E o7,

IBIZ, VU =R & o> THIROPIEE BB B2 2 ERIZOW TRt e iz 2. B, £V —X
2T D X R B ORENEE TR T ) —RITBW T4 WD & LR 7 B G E 2 Rl L7k 2 7
. FD, TV =BT L4 X7 BNERTRbELS, ALV ) —XZBIT 5% "7 BlEETRD
BNz Eons. K8ITR Lz & ) Il asEE M, TV —XTidkxkbm<, Al v U —XThireb Ky MEH
MZRLIZZEMND, X7 EWRAEM IS B e KT D e B2 550, 10 [ZZ2 X8
W B & AT A B OBk Z R~ . FXE Y, OISaEaE L 2 o7 ERAE BIFIEOMBRRICH 5 =
ENRDND.

PLEDZ LD, MBaRIEIEEEYEL, & o X BRAEFHEKE L TS Z e LN E o7, ZDZ LI,
BRI DS R EWREEZ 2 ha—L3 52 & C, pIIaEEE I N i £ 2 1ERT % 2 L 2V AlEE
BT EETELTND.
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Fig.6 Relationship between value of MTT assay and cell number.
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Fig.7 Amount of cell proliferation on the specimens (mean * SD, n =3, *: p <0.05).
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Fig.8 Amount of cell proliferation on the specimens after 6 h culture (mean = SD, n=3).
0.056
O P serics
" 0052 BT series m
'é- G series
g .
% 0.048 |- O Al series
: D
- o
8 0.044 -
0.040 L L L
0.02 0.06 0.10 0.14 0.18
Al series Protein adsorption [abs.]

Pseries

T series

G series

Fig.9 Amount of protein adsorption on the specimens after 24h.  Fig.10 Relationships of cell adhesion and protein adsorption.
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Fig.11 Amount of cells adhesion on the specimens after shear stress loading (mean+SD, n = 4).
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WRWNZ LD, 1929 MiflE, #2E L COZRWREE CTITER 5~8 um DERIRTH L Z Lnd, Al Y —X
FoffIXIZFE A SHEL TN ENZ D, 612, K 12d IRT X I, Al v U —X EOMIEREEIZIL,
R DOMNMMAFEELTWD I ENDN5S. —FHT, os ) —X ORI TCIEZ O L 5 22 laEo M ML R S
otz ZOZEND, Al YU —XE, MEAMHERELSOWRETHL Z Enbnd. 2, K7 X0, Al
2 —RIZBT DA R MEZ R L2 2 & D, AR R EEE) & i ssiatt O BIRSHER Sz,

WRIT, S TR |2 AT A R OB AR IC O W THRETZ N Z 5728, #ilfE & B o fm ToRss
EALICAE B L CEEED SEM (2 X DafflieBlisz a7 o7, TORER, £ TORMBERIB W T3 Ekn2E
EZER L THAEL QWD Z ERbhoTe. S OIS M oEEE 28235 L, ¥ 12a IRT X9, P
U —X EOMIRE, B OISR LS & OMICZERP AR THEEICEE L, MELTWDLZERNb 5.
—77, B 12b, ®12¢, K 12d IZR7T X9, TYU—X, G U—X, Al ¥V —X FOMa SO
DRI Z L 0, M LS LTWA. 2D &, FPP AL L 7= b K m L oMBarE Tk, #
R EA& DI AMIEEE S AV O FRE 72 R DSERR SN Te b O L HEHI S 5.

F7o, MIEAEET DRI L2 SRICERT 5 E, VU —XBIZZEOMEMICENE L TND Z b
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Al Y —X EOMIKE, HEZIFEAEMIZL TN E3bn5.
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Fig.12 SEM observation of cells cultured on the specimens.
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AHFZECIL, MM ICEN 2 Em ARG 2 2 L2 A E LT, TiO,, HT A, ALO;KI+% V7= fhi+
v —=27 (FPP) ZLEIZ L ¥ Ti-6Al-4V 5O ORI R 2 2 b S8, 2 ORmE _EICIs 1T 2 Maigsw:,

HAEMEDFHE 21T > 7. TORRUL T OHEENH S E 7572,

(1) FPP ALERZ Jifi U 7= Hbt HI2I81) 5 1929 A IEAMia ot , $EmbfiE i L= b o &g L, 2L
7=. &<, TiO kiv-% FW T FPP AR A il U 7= 5664 L O RBEEFEMEY, OEND Z ERALNE 72
o7z ZhUE, F R EOWENENE L UEN D Z T, MROYIIBEEENE E o772 L HE

Hshs.

(2) HATT DA oBESE M A2 20 U7-f55E, FPP AR A L 7= & 1 E OISR I8 mE 2 e L= %
O EEL TR E L7, ZAuZ, FPPALEEIZ LV Ak S B 2RI, MinBs s o Es RiE+

ZLEETFTHLOTHD.

(3) flanHEE L7554 £ SEM Bl 21T o oAb iR, U — XN &K o THIROMEZFEENGENAET D Z
AL ME o7 LIS, TIOyRiF% AV T FPP AW 20 U 7- Fp oIl 3 e 2 28R S
HATHEE L TCWA Z BB LN E e o7, —J7, ALO KT FAW T FPP AU Z- i U 7= Epf Eooiilal,

R EITE A EHBEIELNWI ERHLNE o T,
£l i
niz.
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