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1-

3) 340~510 MPa

Ti-6Al-

4V Ti-6Al-7Nb

860~1000 MPa 1-4)

5)

6, 7)  

 10~30 GPa

Ti-6Al-4V 110 GPa

8) 	

9, 10) Sumitomo 11)  3

SUS316L Ti-6Al-4V Ti-29Nb-13Ta-4.6Zr TNTZ

SUS316L 3

160 GPa TNTZ 60 GPa Ti-6Al-4V

110 GPa 3 TNTZ
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TNTZ TNTZ Ti-6Al-

4V

 

Hall-Petch ×

12-14) 100 nm

 

15)

(Severe Plastic 

Deformation/SPD) SPD

Accumulative Roll-

Bonding/ARB 16) High Pressure Torsion/HPT 17)

Equal Channel Angular Pressing/ECAP 18) Multi-

Directional-Forging/MDF 19, 20) MDF

1 Miura

MDF

19, 20) Grade 2 1 GPa

20)  
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UV

21-24)

SLA

25) SLA

26)  

UV

27)

28)  

MDF
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i) 20 µm CCG-Ti

ii MDF

UFG-Ti 2 Grade 2  

PME3

TEM

JEM-2100F Jeol  200 kV UFG-

Ti  

33.0 15.0 0.4 mm3

1a 20.0 

mm 1.0 mm Al2O3

1b  

 

AG-X plus

1 mm / s (n=10) 

HMV-G20

9.8 N 10  (n=10) 

 

27) 68 
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120 40

75 30

30 2

1 40 75

A-1 A-2

CCG-Ti UFG-Ti 1 A-2B 75  

QUICK AUTO COATER / SC-701AT

SEM JEOL JSM-

5600LV 10 15 kV

Ra 5 mm 0.8 

µm Handy Surf E-40A

 (n=6) 

DCA-VZ, , , 

1.5 µl

(n=6) 

 

MC3T3-E1 DS Pharma Biomedical Osaka

Japan MEM-a with L-Glutamin, Sodium Pyruvate and Nucleosides

FBS HyClone Thermo Fisher Scientific, 

Waltham, Massachusetts 15 50 µg/ml ascorbic acid Sigma Aldrich Corp., Saint 

Louis, MO 10 mM Na-β-glycerophosphate Sigma Aldrich Corp., Saint Louis, MO
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10−8 M dexamethasone Sigma Aldrich Corp., Saint Louis, MO antibiotic/ 

antimycotic solution gibco Thermo Fisher Scientific Waltham, Massachusetts

37 5 CO 2

100 mm Falcon Becton-Dickinson Labware Franklin 

Lakes NJ USA 2 3 80 

0.25 -1mM EDTA-4Na

1500 rpm 5

1.6 10 5 cells / cm 2  35 mm Falcon

Becton-Dickinson Labware Franklin Lakes NJ USA 37 5 CO 2

3

3 7  

pH = 7.4 100 µl

WST-1 Roche Basel Switzerland 37 5 CO 2

1 450 

nm (n=4)  

 

SPSS GraphPad Prism, GraphPad Software Inc., San Diego, CA, USA

Non-paired t

 ANOVA

Tukey-Kramer 5 %
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CCG-Ti UFG-Ti  

CCG-Ti UFG-Ti 2 CFG-Ti

MDF UFG-Ti

UFG-Ti

TEM 3  

UFG-Ti

100 nm

CCG-Ti UFG-Ti

 

 

 

CCG-Ti UFG-Ti 4 UFG-

Ti CCG-Ti UFG-

Ti CCG-Ti UFG-Ti  

2  UFG-Ti

CCG-Ti p <0.01 2.1 UFG-Ti

6 

UFG-Ti CCG-Ti p<0.01

UFG-Ti CCG-Ti

p <0.01 UFG-Ti Ti-6Al-4V
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SEM 5  SEM CCG-Ti

5 g~i UFG-Ti

5 m~o

UFG-Ti

5 p~r CCG-Ti

5a d  UFG-Ti 5 j, m

UFG-Ti

 

A-1 A-2

5 d, e, m, n A-2

A-2B 5 e, f, n, o A-2

 

6 CCG-Ti UFG-

Ti A-2B

UFG-Ti p <0.05

40 A-1 75 A-2 p<0.05 CCG-Ti

UFG-Ti p <0.05 UFG-



 
 

9 

Ti CCG-Ti p <0.05  

7 CCG-Ti

UFG-Ti

A-

1 UFG-Ti CCG-Ti

p <0.05 CCG-Ti

p<0.05 UFG-Ti

p>0.05 CCG-Ti UFG-Ti

A-2 A-2B p> 0.05  
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3 CCG-Ti

p<0.05 UFG-Ti

3 7 CCG-Ti

p<0.05 A-2B A-2 UFG-Ti p<0.05

CCG-Ti p>0.05 CCG-

Ti UFG-Ti 3 7

p <0.05  
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MDF UFG-Ti in vitro

CCG-Ti UFG-Ti CCG-Ti

 

2 CCG-

Ti MDF =UFG-Ti

12-14) UFG-Ti Ti-6Al-4V

UFG-

Ti CCG-Ti UFG-Ti

 

UFG-Ti UFG-Ti

SEM CCG-Ti

UFG-Ti

5 n UFG-Ti

5 q UFG-Ti CCG-Ti

UFG-Ti
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6  

Miura  29) Ti-Nb-Sn

MDF

MDF

 

Iwaya  30) 

31) UFG-Ti CCG-Ti

A-2

1 32) CCG-Ti A-1

UFG-Ti

UFG-Ti

1 CCG-Ti

UFG-Ti 3

 

Park  33) ECAP Equal Channel Angular Pressing
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in vitro ECAP

Ti-6Al-4V

ALP ECPA

ECPA

MDF

 

MDF Suzuki 34) 

UFG-Ti  UFG-Ti CCG-

Ti UFG-Ti CCG-Ti

 

MDF UFG-Ti CCG-Ti

UFG-Ti in vitro in vivo
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UFGed Grade 2

 

UFG-

Ti  
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1.  

a) 0.4mm a-1: 15.0mm a-2: 33.0mm 

b) 1.0mm 20.0mm 

 

2.  

a) CCG-Ti b) UFG-Ti 

UFG-Ti CCG-Ti MDF  

 

3.  (TEM)  

CCG-Ti MDF UFG-Ti TEM  (SAD) 

 

 

4.  CCG-Ti UFG-Ti  

 

5.  (SEM)  

CCG-Ti a~i UFG-Ti j~r  

a~c, j~l: 5000 d~f, m~o: 10000 g~i, p~r: 20000 

 

6. CCG-Ti UFG-Ti  

Tukey-Kramer p <0.05  
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7.  CCG-Ti UFG-Ti  

Tukey-Kramer p <0.05  

 

8  CCG-Ti UFG-Ti  

a) 3 b) 3 c) 7

Tukey-Kramer p <0.05  
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1.  

 

2. CCG-Ti UFG-Ti  

t p <0.05
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