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pq�¬®pq���������fibronectin, Fn�

U���WÉ�XÁc������µp��"#�

~�c��ª���� �ky?$ 

1  �  � 

�� !��ª��"D� 1.5 mm�#$� 15 

mm��#%&~ 100#'()*� 1000#�/«±ª�

+�,-O�x./�'(0123 20 min��«#

�]4�nx53$6±ª���78ót/¾9$

��:H� 4TH;<óô 

�=>?%@AT� sand-blasted, large grit, 

acid-etched, SLA�ô� 4.5 kPaBCó�?DE�ª�

1 cm�##$ 120 µm� Al
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=>F#	É¡��G

H?% 30 s�â«6'(#,-��x./I4�n

xH;0123 15 min�78t/¾9ú±É¡J�

49% H

2

SO

4

/18% HCl (1:1)K�@��60 LxMêN@A

40 min�/«±É¡J�4�nx�0123 15 min�

78¾9�íRÙÐ 2O"�P 1T$ 

SLA-NaCl Tô±P 1 T�A�H0>��� 

ÈQx��\ 48 h"�P 2T$ 

SLA-Ca

2+

Tô±P 1T�A�H0>��� 1%�

I�	
�RS pH� 7.4���\ 48 h"�P 3T$ 

SLA-Ca

2+

-NaCl Tô±P 3 T�A�H0>��

� ÈQx��\ 48 h"�P 4T$ 

T#U�©VWpX�FE-SEM, 1530VP, LEO, 

Germany�	É¡��ijÂ��lmYU�Z[Â

�����)*D³´Rk¾\]^_F{��

�Wyko NT9300, Veeco, USA��É¡��pq��³

´`��� Zetapa_�Anton Paar, Graz, Austria�

F{���bB pHc� 7.4$Ád��eTG0 5Ñ

fgF{��$ 

��������Fn��¡���"�hi���

�# BCA ��fjk����·N?¶$# PBS l

JG 5 µg/mL�pH 7.4����f
`mLnop§$

± 4Tª�H;+q 24rs�trê 300 µL��u
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�� 37 L�vwgóH;xy 0.5O1O2 h��

«H;±ª�z{�Å� 24 rs��# PBS |}~
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�ª�trêq 500 µLO1%����@�	


�sodium dodecyl sulfate, SDS��+J�Hý��d�
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  1  4fOP8 SEM56^_ 

Fig.1  Typical FE-SEM images of four different groups: (a) SLA, (b) SLA-NaCl, (c) SLA-Ca

2+

, and (d) SLA-Ca

2+

-NaCl 

a b c 

d 
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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

2+

 97.51 2.02 - 0.26 0.21 

SLA-Ca

2+

-NaCl 96.44 2.02 0.79 0.53 0.22 
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Fig.2  Quantitative measurement of surface roughness  

parameters R

a 

for different groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

  3  4fOP56 Zeta*¨8¦§ 

Fig.3  Comparison of Zeta-potential at pH=7.4 for different 

groups (**P�0.01 compared to the group of SLA-Ca

2+

; 

##P�0.01 compared to the group of SLA-NaCl; &&P�

0.01 compared to the group of SLA-Ca

2+

-NaCl) 

 

 

 

 

 

 

 

 

 

 

 

  4  4fOP56VW©ª«?@A.BC8¦§ 

Fig.4  Protein adsorptive capacity of four groups assessed using 

fibronectin: (**P� 0.01 compared to the group of 

SLA-Ca

2+

; ##P � 0.01 compared to the group of 

SLA-NaCl; &&P � 0.01 compared to the group of 

SLA-Ca

2+

-NaCl) 
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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 
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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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