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FALAf 5 455 5 £ H AT 1R N 2T 4 3% 4% 5 1 (fibronectin, Fn)
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AT 0 A A A A 1 2B 4 4 P

1 % I

IR AR, BN 1.5 mm, FARA 15
mm, i AR T00O#K CHT IS 48 10004, R J5 444K
JRAE W TG7K I AR UGB 7535 U6 20 min, 2 5 H
KELE RN BHERAETEE T AR T,
S IL N 4 A

K BRL W P B2 Bl 41 ( sand-blasted, large grit,
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AJWEHE 30 s, BHJE AR B, oK SRERI 2 51
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40 min, RJFFFEAE T2 87 /KT AEYE 15 min,
iR, BOGORAE 2 FERE 1 4.
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SLA-Ca™"4l: #5551 41— 2 BUHR A 1%
TREE I G pH b 7.4) HhaE/b 48 h VE 458 3 41,

SLA-Ca®*-NaCl 41: K58 3 4L —3 o0 BRI
T KT R 48 h E R EE 4 41,

K 3 k5 i H8% (FE-SEM, 1530VP, LEO,
Germany ) 0 AR B 3 F 3 11 76 28 ORI 8¢ K&
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¥ 4 ALEK 43 BN 24 FUBRG, AEFLIN 300 pL & E T
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Jii 43 PR K R e B BT 24 FLART, H PBS B
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AT BT AR L K38 7K HE A XU 2=0.05 .
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Fig.l Typical FE-SEM images of four different groups: (a) SLA, (b) SLA-NaCl, (¢) SLA-Ca*", and (d) SLA-Ca**-NaCl
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1A 4 HEARIM TR ARG - IR 1R,
4 AFEARR MR SLA 412 4b, 54 3 AR AEA )
WAkt BTSN TR, MRS EIAEE D, B
W2 AN KA EA Ti oEk, JiAMRE I EIAEL T 17
REABEAH CILHE
2.3 FHEEMEE

F AR AR ERRS BEAS I R, &5 R 2 Fiow,
SLA % (2.92+0.14) pm, SLA-NaCl 21 %(2.85+0.09)
pum, SLA-Ca®*#1 % (3.03£0.09) pm, SLA-Ca**-NaCl
4 4(2.91£0.19) pm, KA [AIF LW EZER.
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Zeta FUARTIE #E 5 AREAR R HLAT IO 22 5.
K3 s, 2 pHAE N 7.4 041F T, SLA-Ca” 41 Hi%
T far B 4 Xl B/, W T34 3 A T
SLA-NaCl 415 SLA-Ca®"-NaCl 41 2 8] G i % %
s, AR HAOE ) B 25/ SLA 41,
2.5 FHHMARIKE Fn M EE

AWEFEH AT BCA 8 s &k I 77 Sk AT )
W, SR UK 4 o & AR A BE 7 6 I IR 1 4 B
W B 3 BB gA, JL SLA-Ca™ 41 7E % AN ]

R 4EBERETERUFERS

Table 1 Chemical compositions of all invested groups (at%)

Group Ti C Na Cl Ca

SLA 97.99 2.01 - - -
SLA-NaCl 96.32 2.04 0.97 0.67 -
SLA-Ca™ 97.51 2.02 - 0.26 0.21

SLA-Ca’-NaCl  96.44 2.02 0.79 0.53 0.22

Mean Roughness, R,/um

SLA SLA-NaCl SLA-Ca>®  SLA-Ca**-NaCl

Group

Bl 2 4 HFEARRIARE S Ry (1 B
Fig.2 Quantitative measurement of surface roughness

parameters R, for different groups
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Fig.3 Comparison of Zeta-potential at pH=7.4 for different
groups (**P<<0.01 compared to the group of SLA-Ca";
##P<<0.01 compared to the group of SLA-NaCl; &&P<<
0.01 compared to the group of SLA-Ca*"-NaCl)
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Fig.4 Protein adsorptive capacity of four groups assessed using
fibronectin: (**P < 0.01 compared to the group of
SLA-Ca*"; ##P < 0.01 compared to the group of
SLA-NaCl; &&P << 0.01 compared to the group of
SLA-Ca*"-NaCl)
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MR R FR 3 3 L A L R AN T 7, 0 P JL4E
HLRAE 5.8 Zida s A B CH B2 AL H B
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SHREA T A AT I 0, XA AR OCHIE T b i I I
I 4 T P A7 2 25 Al D) 385 Wi 1) o A 22 R R, A
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WFEH K pH A BOE AL IEH AR B T B, BUE
I R EL S DL, AR 2 i AT SO I 20 Bk F) 55
WAy 4.2, PIIEAE pH AR 7.4 B SE T I 3R R 45
B LA, A A A I A A 2
B 1 1, e I R A S Bl A7 e i (9 BRI
I3 AN IE B A AT BLES [R)RE 385 75 A s P AR S B L
B 5D, i skl 2 R R W, 2ead A 1 Ak B

Z )i SLA-Ca” AR M A #5405 fe A i fofiger, DR
LA F W B RE ) 2 S 3R 1¥), 170 SLA-NaCl ZH A 24
B A0 AR B R K TR 2 5 FERR T IR A0 e — a2
5 Na MR, fr LLICSR T A7 H A AR /s B 22 8Bl
[l SLA-Ca®*-NaCl 41, Z5d 4 3 1 Ab B 2 Jm He g
T AR I 12 485 7Y de 20 1) B HLAT , AL IR 220 A 3 2 K
WE, HRMERIERATEY CUFrh AL, ik, 2 408
AL I S SLA AR LAY B 59, M
SLA 4R AA B 2 i hifT . 1IX—45 0445 Fn
W B R T RS U T R T OB IE 3T AR H A R D 1
SLA-Ca> 41 3L Fn WLt 8 J7 4 3%, SLA-NaCl 415
SLA-Ca>-NaCl 41 # 45 MUK Fn WERAE ST, 398
F T SLA 41, 1fi SLA 4L kK #5785 1) f by i 2
55 Fn 2 [0 e e 7R VR b dpeitt, DR abb 386 T 2 1y W
RE T 5559 -
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Ti

K5 pHAEA 7.4 FPREE TRl W 4% 3 SO SRR 0 B A 5 F
T EEL I A A PR D TR R

Fig.5  Schematic description of the mechanism underlying

electrostatic interactions between fibronectin molecules

and titanium surfaces bridging by different ions
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Effect of Regulation of Surface Charge on Titanium Surfaces for Fibronectin
Adsorption

Ding Xianglong L Li Shaobing ' Guo Zehong', Lu Haibin', Lai Chunhua', Wu Jinyil, Gao Yan',
Wang Jingxu®, Xu Shulan'
(1. Center of Oral Implantology, Stomatological Hospital, Southern Medical University, Guangzhou 510280, China)
(2. Stomatology Department of the First Affiliated Hospital of Guangzhou Medical University, Guangzhou 510120, China)

Abstract: The fibronectin adsorptive capacity of pure titanium surfaces was investigated to improve its biological properties by regulating
its surface charge. The different surfaces of titanium sheet were obtained by sandblasting with large grit and acid-etching (SLA), and then
immersing in different solutions. Surface morphology, elemental composition, roughness, and surface charge status were studied, and
fibronectin adsorption assay was performed for comparative analysis. The results show that the surface morphology of each group is
similar, but the surface elements of the different groups are different because of immersion in different liquids. There is no significant
difference in the surface roughness of each group. Titanium sheets immersed in calcium chloride solution have the highest protein
adsorption capacity (P < 0.01), whereas the control group has the lowest adsorption capacity. Immersion of titanium sheets in calcium
chloride solution containing divalent calcium ions can change their surface charge, enhance their protein adsorption capacity, and thus
improve their biological properties.

Key words: surface charge; protein; implant; cell AC loss
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