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Ǭ� Ȕ

ƯâɧVTvŭŕ+ɧ¤=�ƀŷǀƩĲɧƴ�ȷÎĲ&:.'ǵǺɝĲ&%*

ƩĲ�:ɧŒģñǐəç7ƄǐƶCvhqv[ŭŕ$�"ė��ƶ�="�< 1-

3)�ǠVTv+ɧƴ�ȷÎĲ'¤=<�ġęɥĞĠġ�ɮǟ 340~510 MPaɦ�½

<�$�ǈ:="�;ɧ�*�5ɧVTvÎɂ*ɇƿ�ȱ5:="���Ti-6Al-

4V7 Ti-6Al-7Nb+ɧǠVTv'Ƈ0ƀŷǀƩĲ�¤="�<�5ɥĞĠġ�ɮ

ǟ 860~1000 MPaɦɧ�'ƴ�ÁǐƶVTvÎɂ$�"�ƶ�="�< 1-4)���

�VTvÎɂ+ɧŦƆ&Îɂ¥Ǣ?Ñ@#�< 5)��
,ɧb]PDl+ǣǷ 

āĲƨȤ#
;ɧƿƾĲƨȤ$�"ǈ:="�;ɧAsk^Dl+ǏǦƆĲ�9

.AsXaCjwƽ&%*ǏǦðĲƼĳ�éÔ�="�;ɧƴ�ȷÎĲ#Úɚ

�
< 6, 7)� 

 ţ'ɧVTvÎɂ+ɧĢĲƭ'6Úɚ�
<�ǂȤɠ*ĢĲƭ+ǟ 10~30 GPa

#
<�ɧTi-6Al-4VVTvÎɂ*ĢĲƭ+ǟ 110 GPa#
<$éÔ�="�<

8)��=:*đƺ+ɧ	İºȸȁ�$Õ,=<Cvhqv[ŭŕ/*}äx&İº

�ȴ?Ğ�Ȧ��ɧ�*}äx&ȢǾ�Cvhqv[*ğǮ7ɠŁǘ?Ğ�Ȧ

���$�ǈ:="�< 9, 10)�Sumitomo :+ 11)ɧ 3 !*ƺ&<ɠhtw[

ɥSUS316LɧTi-6Al-4V�9. Ti-29Nb-13Ta-4.6ZrɥTNTZɦɦ?DNI*ǹɠ'à

þ�ɠ/*ĥɗ?ŹȖ���!3;ɧSUS316LɥQYvtQɃɦ*ĢĲƭ+ 3!

*ɂČ*�#Ť6ɡ�ɥǟ 160 GPaɦɧTNTZ*ĢĲƭɥǟ 60 GPaɦ+ Ti-6Al-4V

*ĢĲƭɥǟ 110 GPaɦ*ǟÃ²$����* 3!*ɂČ*�# TNTZ#+Ǽö

&ɠİǙ�Ī:=ɧɠ*ĢĲƭ�ɠǥǯËİ'ĥɗ?É2��?éÔ�"�<�
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���ɧTNTZ+ǥĻƨ�'ƆĲ¥Ǣ?Ŧ�&��ɧTNTZ*ĞĠġ�+ Ti-6Al-

4V9;��ɧƨĲ'Úɚ�ǳ
:=����� "ɧ9;ɡ�ġęɧ�9.ɠ

$Ïǘ*��ĢĲƭ?Ŧ�<ƴ�ȷÎĲ'¤=<ŗ�&ǠVTv*Cvhqv

[ŭŕ*ɇƿ�Ũ3="�<� 

ȬĕɧɂČŭŕ²ɀ#+ Hall-Petch*ɉ×�:ɧɂČŭŕ*ġę+ǜħ*ƗĊ

$¬'î¼�<�$�ƿȍ�="�: 12-14)ɧǜħ� 100 nmūƚ*ȧĬǣǧŠǜ

ɂČ*ɇƿ�ƋǄ�="�<� 

ǧŠǜĬǣÀ+ɧÎɂÀ¥Ǣ?ƕ¼�<�$&�ɡġęÀ�<�$�#��ľŨ

*ġę?Ī:=<�$�éÔ�="�; 15)ɧȧĬǣǧŠǜɂČŭŕ+ɧǝǜ&

ĩů*6*$+ǿ��ƺ&<ȇɕĲƪƩĲ?ǎ��$�ǈ:="�<�ȧĬǣ

ǜǧŠżȰ?Ȱ;±��5*ŘƊ$�"ɧĐó-�4¼ď (Severe Plastic 

Deformation/SPD)Ɗ�ǈ:="�;ɧSPD�9.ȧĬǣǜǧŠżȰ'ɉ�<ò�

*ǉǖ�Ȅ>="�<��*�#6ɧǰ;ȭ�ȿ)ņÎáĝɥAccumulative Roll-

Bonding/ARBɦƊ 16)ɧɡá)�;¼ďɥHigh Pressure Torsion/HPTɦƊ 17)ɧ�Řł

±�ɥEqual Channel Angular Pressing/ECAPɦƊ 18)ɧòȩɄȰɥMulti-

Directional-Forging/MDFɦƊ 19, 20) �xǻǀ'ƶ�:="�<�Ʃ' MDF Ɗ+ɧ

óɁ*Șŕ�Ȋ*�5'Ť6ȷ��ŘƊ* 1 !$�"ǈ:="�<�Miura :

+ɧ«ŘŤăǧŠżȰ?Ŧ�<ëĲðģÌǸ&ǠVTvÉ.jK_ODlÎɂ

?ɧMDFƊ?ƶ�<�$#ɧȧĬǣǜǧŠżȰ*ƬĪ�9.ɡġęÀ?ȴĻ�

"�; 19, 20) Grade 2ǠVTv*êÎ#+ɧ1 GPa?ȧ
<ĞĠġ��Ī:=�$

éÔ�"�; 20)ɧƀŷǀƩĲ?Mv[uws±ů<ÌǸĲ�ǎÙ�="�<� 
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xŘ#ɧCvhqv[�/*ɠǽǣǷ*ņǆɧîƅɧ²À?��Ʊí?�<�$

+ɧFWSFCvYKtwOpv?Ļ»��<ȿȌ&Þù*x!#
<��='

+ɧȇɕģƪ7ȇɕĲƪ�ĥɗ�<�$�ǈ:="�;ɧgqQ[¼ďɧȾ3�

+AsGr°ưɧUV ƣć�9.aC\uHOAcTC[MwYBvK&%*

Ž�&ȇɕōȤĿȅ�ɧƯâ#6ŹȖ�="�< 21-24)�Ʃ'ɧó�&ǝǜ*gq

Q[$ȾEWVvK*ǥ4Î>�#ǈ:="�< SLA°ư+ɧCvhqv['

ƶ�:=<Ŧ¾&ȇɕōȤĿȅ$�"ė�ǈ:="�< 25)�SLA °ư+ɧȾE

WVvK'9 "ǝȰ'& �ȇɕ{'ɧgqQ[?Ȅ��$#jCJueW

[?Ŧ�<jJuǝɕ?Ȱ;±���ÌǸ&°ư#
<�ÏŽ'ƠȾ?ƶ��

VTv*EWVvKƊ6ɧȇɕ?ǝɕÀ�<�5'Ŧǃ&ŘƊ#
< 26)� 

Ȭĕ#+ɧǊȾEWVvK$ UV ƣć$*ǥ4Î>�*Ŧ¾Ĳ�éÔ�="

�<� 27)ɧ%*¦Ȅǉǖ#6VTv*ȇɕĲƪɧȇɕģķ�ɠǽǣǷ?��$

��ƴ�'ĥɗ�<$éÔ�="�< 28)� 

� ��#Ŭǉǖ#+ɧƀŷǀƩĲ?Mv[uws±ů<MDFƊ?ƶ��ȧĬǣ

ǧŠǜǠVTv*Cvhqv[�$�"ȷ³&ƀŷǀƩĲ$ɧ�*ĬǣǜÀ'

9<ȇɕƩĲ�:ɧ¤=�ƴ�ȷÎĲ?��Ń!ÌǸĲ'!�"ŹȖ?Ȅ ��

3�ɧVTvȇɕ*�:&<ȇɕōȤ$�"*ŗ�&Ⱦ°ưƊ*ɇƿ$�*Ŧ

¾Ĳ?ɧɠǽǣǷŽǣǷ?ƶ��ǣǷÿɟ'9;ŹȖ�ɧƄǐCvhqv[�ŭ

ŕ$�"ȧĬǣǜǠVTv$�='ȷ��ȇɕȾ°ưƊ�Ŧ¾Ĳ'!�"6Ź

Ȗ?Ȅ �� 
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ŭŕ�9.ŘƊ 

Șŕ�Ȋ$ȇɕģķ 

Ŭǉǖ#+ɧi) ǜħ�ǟ 20 µm*ĩů*ǠVTvɥ�| CCG-TiɧŰȹVT^

DlɧǏõĎɧřŬɦ$ iiɦMDF¼ď'9 "ȊȰ�=�ȧĬǣǜǠVTvɥ�

| UFG-TiɧĎŬȿďɧ­ěɧřŬɦ* 2ǔɜɥGrade 2ɦ*Șŕ?ƶĵ��� 

´5'ȇɕģķ$�"ɧ§ýɛĬɅɥPME3ɧFrvcQɧŰ�ɧřŬɦ?ƶ

�"ɧ�Șŕ*ȇɕǥǯ?ȑĄ���3�ɧɓƹŎ±æȮȳɓùɛĬɅɥTEMɧ

JEM-2100F Jeolɧ¼ȯɓá 200 kVɧřŬɓùɧŰ�ɧřŬɦ?ƶ�"ɧUFG-

Ti*®ȻĬǣżȰ?ȑĄ��� 

Ƃ'�Șŕ'9< 33.0�15.0�0.4 mm3*ȘɟƦ?ɧĞĠġ�$ĢĲƭƙþ*�

5'�Ȋ��ɥß 1aɦ�3�ɧȇɕĲƪ$ǣǷÿɟ*�5'ɧ�Șŕ$6ǅħ 20.0 

mmɧÇ� 1.0 mm *ZBQJ?qWevKȈǱ$ Al2O3ĺƟƓ?ƶ�"Ʌɕǉ

Ǎ��ɥß 1bɦ� 

ɪɩƀŷǀƩĲ 

ĞĠġ�É.ĢĲƭ+ɧǞăyǸȘɟƀɥAG-X plusɧčƍȊ�ľɧ�ȼɧř

Ŭɦ#ɧ´ũ-�4ȯę 1 mm / s#Ȅ ��(n=10) 

� dWGwQǋę+ɧjCJudWGwQǋęȕɥHMV-G20ɧčƍȊ�ľɧ�

ȼɧřŬɦ#ɧ9.8 N*Ǿȿ�9. 10Ǒ*�ŃşɈ'9 "ƙþ�� �(n=10) 

ɫɩǊȾ°ưĨ*ȇɕģķ$ņȓȒ 

ŗ�'ǌǗ��Ⱦ°ư+ɧȳÈ*ǉǖéÔ*ŘƊ?ōð�ɧ�|*ŘƊ�9.

Ů�*|#Ȅ � 27)�3�ɧYfuvdwGw®* 68 ɤǊȾɥǊȾɧ×§ǠȂ
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ďźɧóɋɧřŬɦ? 120 �'¼Ƥ�ɧVTvZBQJ?ƒƝ�" 40ǑɈ�9

. 75ǑɈ°ư��ɩȾ°ưĨɧȧǠƈ# 30ǑɈƌƏ�ɫÝȄ�ɧ�*ĨmT`

wsɥmT`wsɧƩǡɧ×§ǠȂďźɧóɋɧřŬɦ# 30ǑɈƌƏ� 2ÝȄ

�ɧ�ƥ?Ȅ ��ȇ 1'ǎ�9�'ɧ40ǑɈ�9. 75ǑɈ'ƒƝ��Șŕ?

A-1�9. A-2$�<�ƇȪĆȡ$�"ɧmT`wsƌƏ?Ȅ>&�ĩů*Ⱦ°

ưŘƊ?ɧCCG-Ti�9. UFG-TiȘŕɥȇ 1� A-2Bɦ'Ć�" 75ǑɈ°ư��� 

Ⱦ°ư��VTvZBQJ'ɂȀǆɥQUICK AUTO COATER / SC-701ATɧ

NvowɓùɧŰ�ɧřŬɦ?Ȅ �ĨɧȥŵæɓùɛĬɅɥSEMɧJEOL JSM-

5600LVɧ¼áɓáɮ10ɧ15 kVɧřŬɓùɧŰ�ɧřŬɦ'"ȇɕǥǯȑĄ?

Ȅ ��Șŕȇɕ*ǚȅĔäǝ�ɥRaɦ+ɧƙþɆ� 5 mmɧGW[Ff� 0.8 

µm#ɧȇɕǝ�ȘɟƀɥHandy Surf E-40AɧŰ�ǞăɧŰ�ɦ?ƶ�"ƙþ�

�� (n=6) 

Ⱦ°ưǅĨ'ɧ¿ǀņȓȒȕɥDCA-VZ, Ä×ƹɕǐý, Ű�, řŬɦ?ƶ�"ɧ

ƓƜɥ1.5 µlɦ?ƶ�"Í°ưȇɕ*Ǡƈ'Ć�<ơ=ĲɥņȓȒɦ?ƙþ���

(n=6) 

ɬɩǣǷèɞ 

èɞǣǷ$�"ɧɠǽǣǷŽǣǷMC3T3-E1ɥDS Pharma BiomedicalɧOsakaɧ

Japanɦ?ƶ���èã+ɧMEM-aɥwith L-Glutamin, Sodium Pyruvate and Nucleosidesɦ

ɥ×§ǠȂďźɧóɋɧřŬɦ'ƧǶ©ȃƖɥFBSɧHyCloneɧThermo Fisher Scientific, 

Waltham, Massachusettsɦ? 15 ɤɧ50 µg/ml ascorbic acidɥSigma Aldrich Corp., Saint 

Louis, MOɦɧ10 mM Na-β-glycerophosphateɥSigma Aldrich Corp., Saint Louis, MOɦɧ
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10−8 M dexamethasoneɥSigma Aldrich Corp., Saint Louis, MOɧŀƴƨȤɥantibiotic/ 

antimycotic solutionɧgibcoɧThermo Fisher ScientificɧWaltham, Massachusettsɦ?

ƕ¼�"ƶ���ǣǷ? 37 �ɧ5 ɤCO 2 *Ʊí|'"CvHniwTw®#

èɞ���ǣǷ+ 100 mmZBWOnɥFalconɧBecton-Dickinson LabwareɧFranklin 

LakesɧNJɧUSAɦ#èɞ���èã+ 2	3ř�$'�ň���80 ɤMvfs

Ev[ş'ɧ0.25 ɤ[rhOv-1mM EDTA-4Naɥ×§ǠȂďźɧóɋɧřŬɦ

?ƶ�"ǣǷ?²ɒ�ɧ1500 rpm # 5 ²Ɉȶį²ɒ�ɧǩ�?Ȅ �ɩƂ'Í

VTvȘŕ'ɧǣǷ? 1.6�10 5 cells / cm 2#ŋǔ�ɧ 35 mmZBWOnɥFalconɧ

Becton-Dickinson LabwareɧFranklin LakesɧNJɧUSAɦ{#ɧ37 �ɧ5 ɤCO 2*

Ʊí|'"CvHniwTw®#èɞ����*ĨɧǣǷ? 3 şɈ#*ǣǷņ

ǆ�9. 3 řɧ7 ř#*îƅ?ȗ��<�5'ǣǷő?ƙþ��� ɔņǆĲǣ

Ƿ?ɎÈ�<�5'rvȾǮȆƴưɝìƈɥpH = 7.4ɦ#ƌƏ��Ĩɧ100 µl*

WST-1ɥRoche�Basel�Switzerlandɦ?¼
ɧǣǷ? 37 �ɧ5 ɤCO 2*Ʊí|

# 1 şɈCvHniw[�ɧƂ�#ɧjCJuhtw[rwUw?ƶ�" 450 

nm#Ò§ę?ƙþ���(n=4)  

ɭɩǨȕ²Ų 

Ǩȕǀ²Ų+ SPSSɥGraphPad Prism, GraphPad Software Inc., San Diego, CA, USAɦ

?�ƶ�"Ȅ ��ĞĠġ�ɧĢĲƭ�9.dWGwQǋ�+ Non-paired tŹþ

?ƶ��� ȇɕǝ�ɧņȓȒɧǣǷņǆ�9.îƅ+�¥ȽǱ²Ő²ŲɥANOVAɦ

�9.òȿƇȪ*�5* Tukey-KramerƊ?ƶ�"ȗ����Ŧĵƈƛ+ 5 %$

��� 
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ǧ� ų 

CCG-Ti�9. UFG-Ti*ȇɕģķ 

CCG-Ti�9. UFG-Ti*§ýɛĬɅȑĄ*ǧų?ß 2'ǎ��CFG-Ti�*ǝ

´ũǜù+ɧMDF¼ď�'ƀŷǀÊŠģĻ'9 "ŖƦÀ�=ɧUFG-Ti�#9

;Ĭǣ&ǜƪżȰ?Ŧ�<9�'ȑĄ�=���:' UFG-Ti*®ȻżȰ?ȑĄ

�<�5'ɧTEMȑĄ?Ȅ �ǧų?¶ɌȏɀɓùÝŁ$$6'ß 3'ǎ�� 

UFG-Ti#+ǥǯ�äx&ȧĬǣǜǧŠ'9 "żĻ�="�<�$�ŝ:�$

& ��Ĕäǜħ+ 100 nm�|#
 ��3�ɧɡġęÀ'Ă~�<Ȩ�ăę

6ɡ��$�²� ����� "ɧCCG-Ti $ UFG-Ti *ǜħ*ó�&đ�ǌ

ș�=�� 

 

ɪɩƀŷǀƩĲ 

� CCG-Ti�9. UFG-Ti*ĞĠȘɟ'9<İº-�4Ţǭ?ß 4'ǎ��UFG-

Ti*ĞĠ;ġ�+ CCG-Ti9;6Ŧĵ'ɡ�ɧĝĲ+�|�"���3�ɧUFG-

Ti*ĢĲç*¡�� CCG-Ti9;6��ɧUFG-Ti*ĢĲƭ*�|?ǎ��� 

ĞĠ;ġ�ɧĢĲƭ�9.dWGwQǋę*ǧų?ȇ 2'ǎ�� UFG-Ti*Ğ

Ġġ�+ CCG-Ti9;6Ŧĵ'ɡ�ɥp <0.01ɦɧǟ 2.1�'{Ŝ���UFG-Ti+ɧ

�*9�&ɡ�ĞĠġ�'6��>:�ɧĔäǟ 6 ɤ*�Ǔę*ĝĲ?ǎ���

UFG-Ti *ĢĲƭ+ɧCCG-Ti *ĢĲƭ9;6Ŧĵ'�� �ɥp<0.01ɦ�3�ɧ

UFG-Ti *dWGwQǋę+ɧCCG-Ti *dWGwQǋę9;6Ŧĵ'ɡ� �

ɥp <0.01ɦ�UFG-Ti*dWGwQǋę+ Ti-6Al-4VÎɂ$Ïǘ#
<�$�²�
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 �� 

 

ɫɩȾ°ưĨ*ȇɕģķ 

� Ⱦ°ưĨ'Ī:=� SEMƸ£?ß 5'ǎ�� SEMȑĄ*ǧųɧCCG-Ti*ȇ

ɕ'Ư=<ZBvhs+ɧ}Ȏ·&ȽÐ?ǎ��*'Ć�ɥß 5 g~iɦɧUFG-Ti*

ɪ!ɪ!*ZBvhs+ɧȎ·Ĳ�
;Ĭǣ#äx&ȽÐ?ǎ�ɧȇɕ'fqJ

TsżȰ�Ȏ·ǀ�!äx'üâ�"�<�$�ǌș�=�ɥß 5 m~oɦ�9;

ɡ�ƭ#ȑĄ�"4<$ɧUFG-Ti*jCJuQLwsZBvhs*�'�:'

Ĭǣ&]`QLwsZBvhs*üâ?ǌș��ɥß 5 p~rɦ�CCG-Ti*ZBv

hsɥß 5a�dɦ+ɧ UFG-Tiɥß 5 j, mɦ*ZBvhs9;6Ɛ�ɧ9;Ĕå'

ȍ
<�9;ȋɑ#Ȏ·ǀ&ZBvhsżȰ� UFG-Ti*ȇɕ'äx'ǌș�=

�� 

� Ⱦ°ưşɈ'9<¾ų+ɧA-1 $ A-2 ?ƇȪ�<$ɧȾ°ưşɈ*î¼'�

�ɧZBvhs$ĉú�9;ɢŝ'ȑĄ�=�ɥß 5 d, e, m, nɦ�3�ɧA-2$

A-2Bɥß 5 e, f, n, oɦ�:Ⱦ°ưƊ*ȵ�'9<ȇɕģķ?ƇȪ�<$ɧA-2*

°ưƊ*Ř�ȇɕ®Ȼ'EWPżȰ?Ŧ�<ŝǇ&ú�ș5:=�� 

� ū°ưɧȾ°ưĨ*ȇɕǝ�*ǧų?ß 6'ǎ��ū°ư#+ɧCCG-TiɧUFG-

Ti¬'Ż5"��ǝ�?Ŧ�<Ʌɕƪ*ȇɕ?ǎ���Ⱦ°ưĨ#+ɧA-2B°

ư* UFG-Ti?Ɏ�"ɧȇɕǝ�?Ŧĵ'î¼���ɥp <0.05ɦ�EWVvKş

Ɉ� 40ǑɥA-1ɦ�: 75ǑɥA-2ɦɥp<0.05ɦ3#î¼�<'��ɧCCG-Ti*ǝ

�+Ŧĵ'î¼���ɧUFG-Ti#+Ŧĵ'ƗĊ��ɥp <0.05ɦ�Ⱦ°ưĨ* UFG-
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Ti*ȇɕǝ�+ɧCCG-Ti*ȇɕǝ�'Ƈ0"Ŧĵ'ĉ��& �ɥp <0.05ɦ� 

� ÍȾ°ưɕ*Ǡƈ'Ć�<ņȓȒƙþǧų?ß 7'ǎ��Ⱦ°ư¸* CCG-Ti

�9. UFG-Ti*ņȓȒ+ƻƈĲ?ǎ�ɧȾ°ư��ªȘŕ+ȧȐƈĲ?ǎ���

Ⱦ°ưĨɧȾ°ưŮ�7VTv*ǔɜ'��>:�ņȓȒ�ıƞ'�|���A-

1*Ⱦ°ư?�� UFG-Ti *ņȓȒ+ɧÏȾ°ư* CCG-Ti *ņȓȒ9;6Ŧĵ

'ĉ�� �ɥp <0.05ɦ�ȾEWVvKşɈ'��ɧCCG-Ti*ņȓȒ+Ŧĵ'�

�& �ɥp<0.05ɦ�ɧȾEWVvKşɈ*ĝɆ#+ UFG-Ti*ņȓȒ'+Ŧĵ

đ?ƴ�&� �ɥp>0.05ɦ�CCG-Ti�9. UFG-Ti%�:6ɧmT`wsƌƏ

*ŦƢ'��>:�ɧɥA-2Ć A-2B*Ɉ'ɦŦĵđ+&� ��ɥp> 0.05ɦ 

 

ɬɩǣǷņǆ�9.îƅ 

� ɠǽǣǷŽǣǷ*ņǆ�9.îƅ*ǧų?ß 8'ǎ�� 

3 şɈĨ#+ɧCCG-Ti +ɧū°ư*êÎ?Ñ5"ɧª"*Ⱦ°ưŮ�#ņǆǣ

Ƿ*ő�Ŧĵ'ɡ� �ɥp<0.05ɦ�xŘɧUFG-Ti{+ɧū°ư?Ñ5ɧª"*

Ⱦ°ưŮ�'��" 3 ř�9. 7 ř# CCG-Ti {*ǣǷő9;6Ŧĵ'ɡ� 

�ɥp<0.05ɦ�3�ɧA-2B+ɧA-29;6 UFG-Ti ɥp<0.05ɦ'��"�ǆǣǷ

ő�Ŧĵ'Ċ&� ��ɧCCG-Ti #+Ŧĵđ+ș5&� �ɥp>0.05ɦ�CCG-

TiɧUFG-Ti %�:6ǣǷîƅ+ɧ3 řɈ$ƇȪ�" 7 řɈ#Ŧĵ'î¼�"�

�ɥp <0.05ɦ� 
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ǳ� Ą 

MDFƊ?ƶ�"�Ȋ�=�ɧUFG-Ti*ƀŷǀƩĲ�9. in vitroƴ�ȷÎĲ

?ɧCCG-Ti$ƇȪ�ŹȖ����*ǧųɧUFG-Ti+ɧCCG-Ti$ƇȪ�"ɧĞ

Ġġ�ɧdWGwQǋę#ɡ�ġę?ǎ�ɧ�:'�ĢĲƭ?Ŧ�<�$�ŝ:

�'& ��3�ɧǠƈ�9.mT`wsƌƏ'9<ŗ�&ǊȾ°ư+ɧɠǽǣ

ǷŽǣǷ*îƅ?�ȱ���� 

�Ýļ�+ɧɄȰcQƃ4?¶ī�<�$'9 "ĀƘ#Đó-�4?ƴ4

±�ɧǠɂČ�'ȧĬǣǜǧŠżȰ?ƴĻ����*ǧų�ȇ 2'ǎ�Ž' CCG-

Ti*ĞĠġ�+MDF¼ď'9<äx&ȧĬǣǜÀ'9;ɥ=UFG-Tiɦî¼��

12-14)�UFG-Ti*ĞĠ;ġ��9.dWGwQǋę+ɧTi-6Al-4V$Ïǘ$ɡ�6

*#
 ��xǻ'ɧɡ�ġę?Ŧ�<ŭŕ+ɧɡ�ĢĲƭ?ǎ�����ɧUFG-

Ti*ĢĲƭ+�|�ɧCCG-Ti*ĢĲƭ*12Ã²#
 ���=+ɧUFG-Ti*

Ʃĭǀ&ƩĲ#ɧɥȧĬǣǜǧŠżȰ��ĢĲƭ?ǎ��'6��>:�ɧɡ�

ĞĠ;ġ�?ǎ��ɦ�*mG^Rl+ƯâɂČŭŕ²ɀ#6ū�ŝ:�'&

 "�:��Ĩ*ǉǖțɚ$�="�<� 

� Ƃ' UFG-Ti +Ⱦ°ưĨ'fqJTsżȰ?ǎ����=+ɧUFG-Ti *ȧĬ

ǣǜǧŠżȰ'9<6*#
<�SEMƸ£+ɧCCG-Ti�}Ȏ·&żȰ?Ŧ�<

*'Ć�ɧUFG-Ti+äx#Ȏ·ǀ&ĉú?Ŧ�<ĬǣżȰ?Ŧ�<�$?ǎ�

�ɥß 5 nɦ��:'ɧUFG-Ti*Íĉú*�'ɧ9;ȋɑ&ĬǣżȰ�ȑĄ�=

�ɥß 5 qɦ�UFG-Ti*ɥfqJTsżȰ?Ŧ�<ɦȾ°ưȇɕ+ɧCCG-Ti9;

6��ȇɕǝ�?ǎ���ɧUFG-Ti*ZBvhsżȰ�ǣ��äx'&<�5
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'ȇɕǝ��xȍĉ��& �$Ňƙ�=<ɥß 6ɦ� 

� Miura: 29) +ɧ�ĢĲƭ#ġę*ɡ� Ti-Nb-SnÎɂ*ƴ�ȷÎĲ?éÔ�"

�<��='Ć�"ɧMDFƊ+ɧ
:8<ǔɜ*¥Ǣ?ƕ¼�<�$&�ɧǠ

VTv*ĢĲƭ?�|��ɧƀŷǀġę?Ð{��<�$�#�<��*�5

MDF¼ďĨ*ǠVTv*ÀýǥĻ'ðÀ+&����� "ɧVTv*ƴ�ȷ

ÎĲ+ǪŃ�=ɧ¥Ǣ?ƕ¼�<�$'9<ƴƨýǀ&rQJ+&�$ǳ
:

=<� 

� xŘ Iwaya: 30) '9<$ɧǊȾ?ƶ��Ⱦ°ư+ɧɠǽǣǷŽǣǷ*îƅ'

Ĵĥɗ?~
&��?éÔ�"�<��*��:ɧļ�+Ⱦ°ưƊ'9;VTv

*ƴ�ȷÎĲ?Ŋ&��&�ţ&<ȇɕōȤ?ÌǸ'±ů<*#+&��ǳ


��ȳÈ*éÔ'9<$ɧȾ°ư'9<ɠǽǣǷ*îƅ*îġ+ɧ�'ȇɕǝ�

*î¼'9 "6�:�=<$Ȕ>="�< 31)����ɧUFG-Ti +ɧCCG-Ti$

ƇȪ�" A-2 °ư'9<ȇɕǝ�*ƗĊ'6��>:�ɧǣǷîƅ+Ŧĵ'î

¼����:'ɧ(=Ĳ+ȇɕǝ��ñ*ƴ�ŭŕ*ǥǯİǙ?¶ī�<ȌÞ*

1!#
<�$+9�ǈ:="�< 32)����ɧCCG-Ti+ɧA-1°ư?Ɏ�"ɧ

UFG-Ti$12Ï�ȧȐƈĲ*ņȓȒ#
<*'ɧǣǷîƅ'ɛǿ&¾ų?ǎ�

&� ���=+ɧUFG-Ti*ȧĬǣżȰ'9<fqJTsżȰ�ĥɗ�"�<

$ǳ
:=ɧɪ! 1 !*ú*�'�:'ȋɑ&ĬǣżȰ?Ó�"�;ɧCCG-Ti

$ƺ&<ɧUFG-Tiȇɕ* 3Ƃ¥ǀfqJTsżȰ�ɧȐƈĲÉ.ɠǽǣǷŽǣ

Ƿ*îƅ'ĥɗ��$ǳ
:=<� 

Park: 33) + ECAPɥEqual Channel Angular PressingɦƊ?ƶ��ǠVTv
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?�Ȋ�ɧin vitro#*ƴ�ȷÎĲ?éÔ�"�<�ECAP°ư��ǠVTv+ɧ

�6Ȅ>&�ǠVTv�9. Ti-6Al-4V$ƇȪ�"ɧŦĵ&ǣǷ*ė�;ɧņǆ

Ĳɧƴüƭ�9. ALP ƎĲ?ǎ��$éÔ�"�<�Ħ:+ɧECPA °ư'9

<ȐƈĲ*ōÛ�ɧǠVTv�9.VTvÎɂȇɕ$ƇȪ�"ıȯ&ɠǽǣǷ

ŽǣǷ*ė�;'Ă~�ɧECPA°ư�=�ǠVTv*ȇɕ*ǧŠǜƹ*î¼�ɧ

ǣǷȇɕ/*ņǆ?9;Ťȷ'±ů<ÌǸĲ�
<�$?ǎÙ����Ýļ�

�ƶ��mT`wsƌƏ+ɧɂČƵź'��"xǻǀ&Ŀȅ#
<�ȇɕ'ƈ²

�ò��<$ɧȇɕ?�ƥ��<*'şɈ���;ɧȇɕƉŴ*ÆɏĲ�
<�

mT`wsƌƏ+ɧ�*ŉƿĲ*�5'ƈ²?9;ɎÈ�ɧ9;ȯ��ƥ��<

�$�#�ɧȇɕ?ƖƏÀ�<�$�±ů<��*ǧųɧMDFƊ'9<ȧĬǣ

À��ȇɕżȰ'mT`wsƌƏ?Ȅ�ȇɕ?ƖƏÀ�<�#ɧǣǷîƅ'Ŧ

¾'¢��$ǳ
:=<�ɧɠ²À*ĥɗ'ɉ�"+�Ĩ*țɚ#
<� 

� �Ýƶ�� MDF Ɗ*¦Ȅǉǖ#+ɧSuzuki : 34) +ɧDNI*ǹɠ*ɠƁŊ

/*ǒŸÿɟ'9<UFG-Ti*ǂȤɠİǙ?ȗ��"�;ɧ UFG-Ti�9.CCG-

Ti*ȇɕ?ƀŷǉǍ�ɧNv\gqQ[°ư?Ȅ �ǧųɧUFG-Ti+ɧCCG-Ti

$Ïǘ*ǂȤɠİǙ?ǎ���$�éÔ�="�<� 

�{*��:ɧMDFƊ?ƶ�<�# UFG-Ti+ CCG-Ti*ƴ�ȷÎĲ?Ŋ&>�

'ɡġęɧ�ĢĲƭ$��ƀŷǀƩĲ�Ī:=ɧ�:'Ʃƺǀ&ȧĬǣǜǧŠż

Ȱ'ŗ�&Ⱦ°ư?Ȅ��$#ɧǣǷîƅ'Ŧ¾#
<ÌǸĲ�ǎÙ�=���

Ĩ+ɧȾ°ưĨ* UFG-Ti* in vitro|*²À$ in vivo#*ɠİǙ*ŹȖ�Ũ3

=<� 
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ǧ� ȝ 

� ȧĬǣǜǧŠɥUFGedɦżȰ?Ŧ�< Grade 2 ǠVTv+ɧ9;ɡ�ĞĠġ

��9.�ĢĲƭ&%*¤=�ƀŷǀƩĲ?Ŧ�<�$�ŝ:�'& ���

:'ɧŗȎ'ɇƿ��Ⱦ°ư'9;ɧfqJTsżȰ�:&<ZBvhs'Ȏ·

Ĳ�;ɧĬǣ#ȋɑ&ȇɕģķ�ǌș�=ɧ�=+¾ųǀ'ǣǷîƅ?�ȱ��

<�$�ŝ:�'& �� 

�{*ǧų�:ɧ¤=�ƴ�ȷÎĲ?Ń!Cvhqv[�ŭŕ$�"* UFG-

Ti*ɡ�ÌǸĲ�ǎÙ�=�� 
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ȟ� ȫ 

ŬǕ?Ǥ
<'
�;ɧǤ÷īĹǛ&<īńĈ$īŶɊ?ȣ;3��ÖÜƀ

Ǹ¶īȉǫýȞĚ� ŪŬ¨ĤŏŅ'ƔƳ&<Ķȟ*ĵ?ȇ�3���

3�Ŭǉǖ'Ć�ò�*īŏŅɘ��ɧɣȍóýƄýȻ� ƄǐưďýȞĚ� ś

ĎĮŏŅɧɣȍóýƄýȻ� ŦĘǲƄȉǫýȞĚ� ó��ºĜŏŅɧȠſĿȅǐ

ýóýóýɍ� ďýǉǖǐ� zƑÅĒŏŅ'Ɣ�Ķȟ*ĵ?ǎ�3��&:.

'Ŭǉǖ*ȲȄ'Ć�ɧīńĈ$īɖŌ?Ľ��ÖÜƀǸ¶īȉǫýȞĚ� Ş

ĸĖ¯ŏŅɧÖÜƀǸ¶īȉǫýȞĚ*ǁŽ'Ķȟ���3�� 
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�ßȚŝ 

ß 1.� ȘɟȘŕ 

a) VTvȘŕƦɮÇ� 0.4mmɧa-1:ē 15.0mmɧa-2:Ɇ� 33.0mm 

b) VTvZBQJȘŕɮÇ� 1.0mmɧǅħ 20.0mm 

 

ß 2.� §ýɛĬɅȑĄ 

a) CCG-Tiɧb) UFG-Ti 

UFG-Ti+ɧCCG-Ti?MDF¼ď��Ȋ��� 

 

ß 3. ɓƹŎ±æȮȳɓùɛĬɅ (TEM)ȑĄ 

CCG-Ti?ɧMDF¼ď��Ȋ��UFG-Ti* TEMȑĄ$¶ɌȏɀÝŲ (SAD) 

£� 

 

ß 4.  CCG-Ti�9.UFG-Ti*ĞĠȘɟ'9 "Ī:=�İºɨ-�4Ţǭ 

 

ß 5.� Í�ƭ#*Ⱦ°ưĨ*ɓƹŎ±ģȥŵɓùɛĬɅ (SEM)ȑĄ 

CCG-Tiɥa~iɦ$UFG-Tiɥj~rɦ*ȇɕģķ*ðÀ?ǎ�� 

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

 

ß 6.� CCG-Ti�9.UFG-Ti*ȇɕǝ� 

ƺ&<œû+Ŧĵđ?ș5<ɥTukey-KramerƊɮp <0.05ɦ� 
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ß 7.�  CCG-Ti�9.UFG-Ti*ņȓȒ 

ƺ&<œû+Ŧĵđ?ș5<ɥTukey-KramerƊɮp <0.05ɦ� 

 

ßɩ8�  CCG-Ti�9.UFG-Ti*ǣǷņǆ�9.îƅ 

a) 3şɈɧb) 3ř�9. c) 7řĨ*ǣǷņǆɧîƅ*Ò§ę�ƺ&<œû+Ŧ

ĵđ?ș5<ɥTukey-KramerƊɮp <0.05ɦ� 
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ȇ 1. Ⱦ°ưŮ� 

 

ȇ 2. CCG-Ti�9.UFG-Ti*ĞĠ;ġ�ɧĢĲƭ�9.dWGwQǋę 

ƺ&<œû+Ŧĵđ?ș5<ɥtŹþɮp <0.05ɦ�ZwT+Ĕä�?ǎ��ɥɦ®

*�+žƛ�đ#
<� 
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