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Fig.1 TEM image of large plastic deformed titanium
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Fig.2 SEM images of MAO coatings on conventional titanium and large plastic deformed titanium after hydrothermal treatment for 7 d:

(a, b) Ti-MH™ and (c, d) LPD Ti-MH

MBI R DU SR, 2R 52 W BB E (Ti-MH)
AT KB G BB 2% RIR B Rk, 3R
78T R ZEMRHIVAMILT . KB4 M 26 1
BMEZ(LPD Ti-MH)ER A KE4 MM ER. A
REHFRBRL, fEKBPAEHE ) mREET, WMolEll
JEZ NS Cas P G E B0 #L B IR 2 R 1 5 &K
(R)-OH e H SN, 45 B R e IR . R iR S R Bk
KR NANE Y GRS HE D1, 3 B0 A AE AL I
B UL S R ) R, R R A TR AR I
FLUA &R 4y RAL. SaiEkd 56 B &M= R 3 AH
tb, BAE—EMER, SREEZERRTEADN, B
N EARE HA IR 3, 30T B2 IR D gk A4
KA 5 2345 BN 404k, 5 55 00 5 5 dn AR R 3 2,
R e S TN R AR I E e o T B 1 1)
TR ARG, 6 7 SR ARK, BARGHRA
FarE P . Shao ZEHIF T SE R AR T 4l A A 4H 234040 B AT
BRI “ kil FIAZ RN 7 K« s B, A
IR AR T Al BRI 2 6 W 88 JE )2 3 TH 45 A TR A% K HA
$i R T8/ . Wennerberg 8048 H & g HA 0,
HHENER AR E . R R hr i om B SO 57 Pt
JIAH Ry, A BT B AR T R PR RE

Bl 3 Fros A aiEk it 5 R TR 405K B & W & =
F M K45 EDS 43 Hrith

250

N
o
o

=
a1
o

Intensity/cps

[N
o
o

Intensity/cps

Energy/keV

B3 ZRERM R R TR AR kM 2 A B B2 i EDS 70 BT itk

Fig.3 EDS spectra of MAO coatings on conventional titanium
and large plastic deformed titanium after hydrothermal
treatment for 7 d: (a) Ti-MH and (b) LPD Ti-MH
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Fig.4 Three-dimensional images of MAO coatings on
conventional titanium and large plastic deformed
titanium after hydrothermal treatment for 7 d:
() Ti-MH and (b) LPD Ti-MH
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Fig.5 Optical density of osteoblasts cultured with leaching

liquor from samples for 3 d
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Fig.6 Relative growth rate of osteoblasts cultured with leaching
liquor from samples for 3 d
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Fig.7 Optical density of osteoblasts on the surface of samples
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Fig.8 Osteoblasts proliferation rate on the surfaces of samples
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Fig.9 SEM images of osteoblasts cultured on the surfaces of samples for 1 d: (a, b) Ti, (c, d) Ti-MH, and (e, f) LPD Ti-MH
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Fig.10 SEM images of osteoblasts cultured on the surfaces of samples for 3 d: (a, b) Ti; (c, d) Ti-MH; (e, f) LPD Ti-MH

AR, RMK. M EAWERZERT
P T O A R 4E L, R 4 R LT 58 A R T,
I W 78 55 A 0 S R T AR BT R, R A AR BT R
FEARKEN, thEBHEEZ, mEBRLRBAN, 5
L J2 3 T T 1 2 T 8 s A . 5 Al ER M 2 6 B i I
ERLG, KAR T Ak i 516 e I 2 3% T R 4 i ()
Dy EMERMIR, WEESEKEWENNE, 5 2
ERCEAREH E 2 I AR T 2R S8CR 2, A
B RIFFPRIRES, R KB 54 P& T
J2 T R A A T R 0 Y 28 P R A R, R A
H T

AH I 7T 2% B AR BB 2 T ) oW T 35 . A RS
FE A2 R R IR SRR S T A B AR LR
(RO PR . 3 0E 5 8 SRR SRS L alidkdt B Al
BILZAHLL, KRR ARM S G W ER =BG E TR
A A VER R AE T (1) KRARTB AR 2 A
- KIME B RS, 530 H A 2 1 Ll ERR LR A1
D ) AOCAR A B R R TH 4 R T A% R B A RS HE A 1Y
R FOIR S HDIR BTHA SR, U1 AN 10 158 2 2 10T 19
FLIF B ok, R T BCE A0 B 5 . e S
N, B SRR AR RS BB 40 B B AL kA s
TR B A1, (2) Wennerberg s A i A A& R HL
B FERL AT 20 N B AR (0.5~1 pm). T EEHLRE (1~2
pm) FHRE(2~3 pm). — I ANEM BHIR,>1 pm
g R 2 T T8, KR TR Al kb B A W A ) 2 T
FHRE B2 91.82 pm, 9 BERHRE R 10, BUEKEEM 1R
INES .. 5 RMA L, RS AR\ R 2 1 5
BSR40 ST B A RS, (ER, IR S
T PR AR N R 3R T B R T B A B B B, SRS AT b
FELRE 3£ (1) RN AR 2 T A2 B 0 ‘L ol 1 ) PR 1) P o 5 AR K
WA 4ri . Schwartz 2T 78 % B 5 ORLRE B . ekl
i R T A EE , BT 1~2 pm AR RS B AN AR AT A /2
HAHSRHEREAGNRIFIER. 3) KBRS ME
G ENEE A E & YA TE TG E Cas PIHAITIONN &1
B, T RN R A A S5, Bk
G T BCE IR B, Tk T A R B 182,
(4) ZMANE- KA E G, 52 Lh R ARG K,
RHRMIEMEA A 2, RGE 985075
BRI, R As S . 2 BE v ke
NAEA B T3 S CE 40 B B . B AP, ok
2220 SE ST T R A0 L AR S AR M TIOLHAE 45 e % 2
A 5 B 2R B B T AR S A IR AL

JEJZ, HIFRE T4k TIO/HAR & W& 2 R 1H A
BREMRIAE . LT W, SR - KR & A 2R
1 R T L7 M 3E RO A M BB S AR K. (B) H4ligk
MEGVERZAE, KAR Y AL B 5 BRI A & A4 6k B
W%, HHAENSE, S T HASE & PILE B A ) a6
TERZE, KAR T Ak M I A Ak 7K 3G 1 5 6 B T
JZ T 25 fh AR I SR RSB/ 45 T T HA SR R
MBS 51.68/f1Ca/PLL B2 N B HA, 45 &R,
HATEIE E MBS, 45 KRR ARk M 5 & & i
J2 S THT (1 RSB 240 6 1) 386 PR 5 8 5 B 4, AR P TR AR

3 & it

1) SaikM N E & M G2 A L, KA FE 4l gk
MR & P B2 R MRS & B, &5 B AL
HA K TR 12 1.68 (1) CalP EL B 53 N HA, iX VA [
T RABRAEM AL b, SRREEZ, AH
REm, N4 RV RME T EZ R, AT
KB = Cay PG I i A G 38T 45 d U H AR AL 2
SR BE, (R i S AL A S PR, (1S IS
BRI

2) SiERM 5 KR T Al BM I S A B & T 1
YL FEVE S N 0 90, A R AR A e A K

3) SAEkM IR & MR M L, RRCE A TE
KAR TR Al KA IR B W 6 )2 2 T 25 1 T) 5 P IR ¥
FEAR 35 v T HAR SRR R T IR OG FE AL, LPD Ti-MH Xf
FSC B 200 PRI A0 U R B % i 48 LA R I (R A
FH 2 38 5 2 e s o

4) KA T Al IR 5 A PR 5 2 3% TH R R
AR 3R R AT A B B R, AN A S R . B
FEYIM, REAsEEE, BANREMRC TS
Bl ONFLIR A= K 5 15 2 3R T BT SR N R I A
o BEAE B IR I AE K, BRI & A K A
N, 2 ZREMBEEEL M T4
KRG BCR D A2

£330k

[1] Kawanabe K, Ise K, Goto K et al. J Biomed Mater Res BJ[J],
2009, 90(1): 476

[2] zaffer D, Bertoldi C, Consolo U. Biomaterials[J], 2003, 24(6):
1093

[3] Ng B S, Annergren |, Soutar A M et al. Biomaterials[J], 2005,
26(10): 1087

References



- 554 -

WA & RS TR

46 %

[4] LiY, Ng H P, Jung H-D et al. Mater Lett[J], 2014, 114: 144

[5] Medvedev A, Ng H P, Lapovok R et al. Mater Lett[J], 2015,
145: 308

[6] Xu Xiaojing(¥Fé#), Sheng Xinlan(##72%), Zhang Tifeng
(3k141%) et al. Rare Metal Materials and Engineering (Fi 5 4=
J&# K5 TFE)[J], 2013, 42(10): 2053

[7] Valiev R Z, Langdon T G. Prog Mater Sci [J], 2006, 51(7): 881

[8] Shao H H, Yu C H, Xu X J et al. Appl Surf Sci[J],2010, 257(5):

1649
[9] Xu Lin(#4: #f), Ding Jianning(T % ). Rare Metal Materials
and Engineering (% < J& #4 £ 5 L1£)[J], 2016, 45(8): 2080
[10] Pidaparti R M V, Chandran A,Takano Y et al. J Biomech[J],
1996, 29(7): 909
[11] Wennerberg A, Hallgren C, Johansson C et al. Clin Oral
Implan Res[J], 1998, 9: 11
[12] Schwartz Z, Nasazky E, Boyan B D. Alpha Omegan[J], 2005,
98(2): 9
[13] Lossd&rfer S, Schwartz Z, Wang L et al. J Biomed Mater Res
A[J], 2004, 70(3): 361

[14] Rausch-Fan X, Qu Z,Wieland M et al. Dent Mater[J], 2008,
24(1): 102

[15] Wang Y J, Wang L, Zheng H D et al. Appl Surf Sci[J], 2010,
256(7): 2018

[16] Lange R, Lithen F, Beck U et al. Biomol Eng[J], 2002,
19(2-6): 255

[17] Han C M, Kim H E, Kim Y S et al. J Biomed Mater Res B[J],
2009, 90(1): 165

[18] Lang N P, Jepsen S. Clin Oral Implan Res[J], 2009, 20: 228

[19] EI-Ghannam A, Ducheyne P, Shapiro | M. J Orthop Res[J],
1999, 17(3): 340

[20] Loty C, Sautier J M, Boulekbache H et al. J Biomed Mater
Res[J], 2000, 49(4): 423

[21] Zhao G, Schwartz Z, Wieland M et al. J Biomed Mater Res
A[J], 2005, 74(1): 49

[22] Zhang Yumei(ik ), Zhao Yimin (X £k E), Huang Ping(#
“F) et al. Rare Metal Materials and Engineering (% 5 4 J&#4
#l5 THE)[J], 2004, 33(5): 518

Cytocompatibility of Composite Ceramic Coating on Titanium and Large Plastic
Deformed Titanium by Micro-arc Oxidization-Hydrothermal Synthesis

Xu Lin*?, Ding Jianning? Xu Xiaojing®, He Yuanqging®, Lei Xiaochun®
(1. Jiangsu University, Zhenjiang 212013, China)

(2. Jiangsu Collaborative Innovation Center of Photovoltaic Science and Engineering, Changzhou 213164, China)

Abstract: Micro-arc oxidation (MAO) and hydrothermal synthesis (HS) methods were used to prepare hydroxyapatite (HA) and anatase
TiO, composite ceramic coatings on the surface of conventional titanium and large plastic deformed titanium. The cellular compatibility of
the modified coatings was evaluated by a cytotoxicity experiment, cell proliferation assay and adhesion behavior of osteoblasts. The
results demonstrate that all samples are noncytotoxic. Compared with the composite ceramic coating of conventional titanium, needle-like
HA crystallization, which is closer to the Ca/P ratio of natural human bone, appears on the composite ceramic coating surface on large
plastic deformed titanium. The composite ceramic coating of large plastic deformed titanium shows smoother and more level surface and
could better promote adhesion and spreading of osteoblasts. Optical density of osteoblasts cultured on the composite ceramic coating of
large plastic deformed titanium is also significantly higher, and the two-tier growing structure of osteoblasts is more obvious with the
progression of cultural time, which implies better optimal cytocompatibility.

Key words: large plastic deformed titanium; micro-arc oxidation (MAO); hydrothermal synthesis (HS); osteoblast; cytocompatibility
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