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Effects of Surface Roughness and Cell
Culture on the Corrosion Resistance of Ti
Alloy for Dental Use

Yun, In-Han, D.D.S., M.S.D.
Director : Prof. Ko, Yeong—-Mu, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Effects of surface roughness and cell culture on the corrosion resistance of
Ti alloy for dental use was studied. This study investigated the corrosion
resistance and surface roughness of surface modified and MC3T3 E-1 cell
cultured Ti-6Al1-4V  substrates. Samples with four different surface
preparations were used: 0.3 um polished, 25 um, 50 pgm and 125 um sandblasted.
Cell culture was performed with MC3T3 E-1 mouse osteoblasts for 2 days.
Average surface roughness and surface morphology was observed using
roughness tester(DSF-1000, kosaka, Japan). The corrosion resistance was
measured using Electrochemical impedance spectroscopy(1000kz ~  IMk:
M-1025, Potentiostat, Model 263, EG&G, USA)) and Potentiodynamic(-1000 mV

~ 1600 mV) test in the artificial saliva solution.
The results were as follows.:

1. The surface roughness of polished Ti alloy were smoother than that of 25,

50 and 125 um sandblasted Ti alloy.

2. Morphology of MC3T3 E-1 cell cultured on the Ti-6Al-4V alloy have a
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quite round form. In the case of polished sample, Cell was cultured well on
the surface of Ti-6Al-4V alloy. Growth and size of cell increased and

cytoplasmic prolongations observed at rough surface.

3. From corrosion test of sandblasted and cell cultured Ti-6Al-4V alloy,
corrosion resistance decreased as surface roughness increased. Corrosion
resistance of cell cultured Ti-6Al-4V alloy increased predominantly in
compared with non cell cultured Ti-6Al-4V alloy due to inhibition of the

dissolution of metal ion by covered cell.
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7l A3 AR

B AF A= Ti-6Al1-4V F52 FHste] A% 10 mm, 77 1 me YFHo=

Aol Aol A3

=
T ) wor vFo ZHAYE AdsEAT Al 1952 SiC(silicone carbide)?d
ul2] & o] 8-3}o] #100, #400, #3800, # 120002 Awld & 1.0 wm 2 0.3 m AlO;
Eog s o] &3le] polishing® gl (A 1+, PO) sttt Yy x +& 143 2
FHAY ABE AR F, 1037 25T AH st AA| gl 22 25 m (A 2
T, 25-SB), 50 m(A 33, 50-SB) % 125 m(A 47, 125-SB) YA =279 Ef F
3 ALO; &¢=E sandblasting M8 & F3ATh e WAL 8 A]JHL o}
!

3R
n

ol

AE 2 FR5EE 47 1024 289 AR

2. A=A B B

MC3T3 E-1 AlZ= 774 W FAZdA F2& §F wjdste] Agsid. =2
3 AEE 10% FBS(fetal bovine serum) 7} A 7}® alpha modified Eagle's
minimum essential medium< Wl A 2 A&3ko] 37Tl A 4x10" em’® 48 A

oF wjorel gl k3 Fol= PBSE A3 T 70% ethanol®= 20& 7+ ¢HA

L

ATt kAIFA 7 T ¢dte] 25% glutaldehyde® 459 Y E F A of A

LA F 22 G AANA AFHE AT Al H o] 2 Fel= 1% 004 7F H7b
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HgCl, ¥3E3}t8 Ao A FaAHA 7] L(post fixed), ethanolZ B4 AlZ T E&
$4o] 2y AADE @ F wFoz mYshe] FE-SEMOZ 24L& Bada

Y} (Anselme %, 2000; Bigerelle 5, 2002; Linez-Bataillon %, 2002).

EHEAS ZAEH7] Heto] AlEE vty del ZF oA Y= AEE 5
MA Aeste] FAA 7] A@ 7] (DSF-1000, kosaka, Japan)® H3 ZH 7] 2 7

=43ttt 3, FE-SEM(field emission scanning electron microscopy)<

Agstel ARsle We AR EWAdHE BE9

A]

1=
4. F4 54

J[m

Ti-6A1-4V 59 HAEANS dolrwr] & Ad7|3tsrz el =99 (Potentiostat,

Model 263, EG&G, USA)E ol &3t o, -1000 mV ~ 1600 mV7IA 549

£ =2 9 (potentiodynamic)S 3% 1L, 1000 KHz ~ 1 MHz7FA] F T34 =
A A¥Y(A.C. impedance)s AT AgLANoRE= 37Ce  AFEI
(Fusayama-Meyer type)o] A& % Q+=d Table 19 = 333 z2A4S Yeuld

S

o Aggde Aol AlztE 7] 308 A HEH EY ] 71A o2t AE S
Wy 271" BH971E FAAA Ao, 713 A F(reference electrode) & 2+ X3}

7+& A = (satured calomel electrode, SCE)S X %7 = (counter electrode)® &=



Table 1. Composition of artificial saliva(Fusayama-Meyer type)

Component Composition
NaCl 0.4g

KCl 0.4g

CaClz + 2H20 0.906¢g
NaH2PO4 - 2H20 0.690g
NazS - 9H20 0.005¢g
Urea lg

Distilled Water 1000me
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Fig. 1 & Ti-6A1-4V &35 03 m7hA Avk A& x93 2b2F 25 m, 50 sm,
125 mPA 2719 ALOsE M=Bo2dg A3 FWS FE-SEMOo® HoF1
Atk 0.3 m= AvkA gk Al BW-E vl wjig A vER

Fig. 2 & #¥A g3 Ti-6Al1-4V @59 Hd ZWUAH7IE el gz ot}
03 m= dAvpA g Ade] Agols ARV Fo] gifiE 02 ~ - 02 T3+
AoAskd A, 25 mE ME=Bgag A AlEe] Afos 1.0 ~ -0k

A

A, 50 m= A AlHELS 20 ~ -2077 125 m= AT AHfol= 40 ~
40772 ARV Fo] FTUFATE o] & ulo]E 3}t ste] Table 20| WER A
o Avpx g Ao Hy AR g 7 w2 01127 mola 125 m =719

AT MErHaE A AHe A7 Fe 1.2724 mz 7 =9k}

2. Oseteo-blast MC3T3 E-1 A ¥Xuj%

Ti-6A1-4VE o xHo| MC3T3 E-1 AIXE wjst ¢ FE-SEMOo=Z 3 WH-S
e A, Alxre EE AAdA EqrA T FEHE Agsda g AlEy
ol 5% 9H sl lamellipode= 79 #2HZA vk (Fig. 3). dAnbA e gt AlH 9
Ag-olE oe Wakel A v A2 A% (cytoplasmic prolongation) ¥} T
g AlEd =7 (microvill) 7} #& = Atk 3 2} A X AZWFY A28 B
o =1 A} (Bigerelle 5, 2002; Linez-Bataillon 5, 2002). M= H 2} ~8 = 2] 3 A]
Aol Afole F& JAFAAAES dArlst= 7Ivhe 9 vk(evagination)s 7FZ - & H
2 Yeuor Axd dFdE A9 BEEA ZFAH(Bigerelle T, 2002;



Linez-Bataillon %, 2002).

Table 2. Surface roughness values of various surface modified Ti-6Al-4V

alloys
Sample Values Ra (ym) R, (ym) Rmax (m)
PO 0.1127 0.5439 0.8710
25-SB 0.3979 2.1406 3.2610
50-SB 0.7285 3.7143 6.6540
125-SB 1.2724 6.0543 8.8840

AEE wiget7l A3 F9 Ti-6A1-4V §59 w49 £5 342 Fig. 49 2

om AEE Wiyl Ao EE AldEelAM= FEEH o] dAHNoH

4



of A %% al, sandblasting* & ¥ A+ UEFA % tH(Fig. 5~6).

3-2. EIS(Electrochemical Impedance Spectroscopy)
AC impedance test® Ti-6A1-4V &2 Bode plot¥ Bode phase plotg YEU

1 Qth(Fig. 7(a~b). AEE MFsA e AART ALS MFH Ane 3
$ AAYoR BIAF ol A FARA AL MRHA FS % 25 m
2 As=ngegAed Ane] FEeuuTcie 44 24 dehgn AxE )

dEWelt. Fig 7& Ed FABFel EIAGS AT WP @S A5



Table 3. EIS parameters of surface modified Ti-6Al-4V alloys

Sample R, (Rcr) R (Rcrf')
PO 864,940 60.3
Non cell 25-SB 1,318,205 43.1
cultured 50-SB 1,284,847 51.0
125-SB 473,895 54.8
PO 5,259,953 47 .3
MC3T3 E-1
1 25-SB 1,819,949 51.4
ce 50-SB 1,309,948 52.4
cultured
125-SB 936,940 59.9
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71t A2 Al & (cytoplasmic prolongation)®} tokdk A X2 & 7] (microvilli) 7}
BAEJ =Y ole VE AFAEY R oW wjiiele THdAE AE
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of o] A uwjE W Aot} EI WL frequencyd Hol Z X phase angleo] 90°
of 7FA YA phase’t EAst=H, ol EE Al A capacity B8-S Y E
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50.0um

Fig. 1. FE-SEM micrographs showing non-cell cultured Ti-6Al-4V surface.
(a) PO, (b) 25-SB, (c¢) 50-SB, (d) 125-SB.
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Fig. 2. Surface roughness graphs showing the surface roughness of Ti-6A1-4V
alloys. (a) PO, (b) 25-SB, (c¢) 50-SB, (d) 125-SB.
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WD 9.3mm 20.0kV x2.0k 20um

Fig. 3. FE-SEM micrographs showing MC3T3 E-1 cell cultured Ti-6Al-4V
surface. (a) PO, (b) 25-SB, (c) 50-SB, (d) 125-SB.
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. 4. Potentiodynamic polarization curves of surface modified Ti-6A1-4V

alloys after potentiodynamic test in the artificial saliva solution at

36.5+1C. (a) non—cell cultured, (b) MC3T3 E-1 cell cultured.
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Fig. 5. FE-SEM micrographs of surface with non cell cultured Ti-6Al1-4V
alloys after potentiodynamic test in the artificial saliva solution. (a)

PO, (b) 25-SB, (c¢) 50-SB, (d) 125-SB.
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Fig. 6. FE-SEM micrographs of surface with MC3T3 E-1 cell cultured
Ti-6Al-4V alloys after potentiodynamic test in the artificial saliva

solution. (a) PO, (b) 25-SB, (c) 50-SB, (d) 125-SB.
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Fig. 7. EIS spectra of surface modified Ti-6A1-4V alloys after AC
impedance test in the artificial saliva solution at 36.5+1°C. (a), (b)

Bode plot ,(c), (d) Bode-Phase plot, (e), (f) Nyquist plot.
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