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 ϋLn�R�ŗÔ<ω̌ʜˈ,=?ʌ�!ΛˍωƋřωȶǩ.çƟɌʝ/ϒȬ:'

Ŀδ(�?ϒ=?˒È(�%Ȃȍ.ȵ́ĽƳ)ωçʌ�Ʊ>A@Ǽ!+Ɍʝɍ�Ɉ:>A

'�@ϓ�A>.ωȶǩ,ŷ�ϒȯ
+^��eS\˗�=1ΐƁ˗qIN~g�G��

Ξʟ�A'�@ϓ^��eS\˗qIN~g�G�Ϗ©Ɖωϐ)�'/ϒpIj�QZG

rbIi<��Ί�O�ZJ�ϏTCPϐ.ʰ˂�ʤE(�@ϓ̤ ˹>.T��x/ϒ�TCP

˓Ȑ�>ŹíǉƦ�A!ϒŗƬ 1 mm.gi�}ejņπ˔ʂ©ƉωϏTBϐDΞʟ�!ϓ

TB /ΰˀ,=?̫ˍÇàƽ,��A!άΟϏͷʹŤϐDƦǉ�@ʀƶDǜ%ϓ�ǽϒω

ǓɌʞ,/ϒ̫ˍnei��S.Ʀǉ,=@Ƞφ<Ί˜.Äˢ�ƹν(�@ϓ�.!:ϒ

̫ˍǼʌDÊ��@ʥʡ(ϒưȕ�>ȯ
+œȾľţ�Âʎ�A'�!ϓ�.�(;ϒ

Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐ/ϒ=?Ȃȍ

,ƣþ,̫ˍD͍ź�@ͣō)�'Ξʟ�A!ϓbFGF-IC gel/ϒW��V�)SL�Ί͍

ź½�>ǉ@̫ˍÇàƽ<Ìǜƽ,��A!ͣōϏIC gelϐ,ϒ̫ˍǼʌ͍źľţ(�@

bFGFDεɆʡ,ˡĥ��!pIj�V�(�@ϓ 

 ���+�>ϒΛˍω,ʌ�!Ƌř+ωȶǩDçƟ�@,/ϒ�A>.ωǼʌ<̫

ˍǼʌ.ͣō)�'��A!TB)bFGF-IC gel"�(+�ϒ�A>Dωȶǩ΅,ȹʴ,Ì

ǜ�ϒ�%ωȶǩDƣł,ŧūć�@!:.ΐƁI�x��i�ƹ̸(�@ϓ 

 ��(ϒ̤ ˹>.T��x/ϒΐƁ˗qIN~g�G�)�'ϒωȶǩ΅.ƦǄ,

Ũá,�̗�@db��eZ�U�[)ω̯κ,Ũá,+@x��i��½ć�!ϒg
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����Ijdb��eZ�U�[�½ņx��iϏtTMCPϐDΞʟ�!ϓtTMCP/ϒƾ

˹. CTh�b)Ǖʡ��Y�ɦ̪ˀƂͶƦɍ,=?ϒʮȇΟ(ȹʴ+ͶƦ�ğ́(�

?ϒ7!ϒU�[)x��i��½)+$!Ʀʂ(�@!:ϒωȶǩ.̳ő)ωǓǻˆ.

łū.ęǽDűȆ,Ŭʇ�@I�x��i(�@ϓ 

 ȑʰ˂.ȉ˞ʥȰ/ϒΛˍωƋřωȶǩ,ŷ�'ϒǼ��Ξʟ�A!�A>3%.

qIN~g�G�D˟8ĥC�ϒ=?Ȃȍ.ȵ́ĽƳ)ωçʌDͿǉ�@�),�@ϓ  

 ��(ˇ1˅(/ϒ7�TB)bFGF-IC gel.Áʎ,=@ωȶǩ΅.̫ˍǼʌ)ω

Ǽʌ.ÊĂț,%�'ϒJXRř̏ωωƗ΅΅îȶǩ�h�Dʎ�'ȫ̈́�!ϓŬψă

ɿ,/Ȁȑʠ̚Űß40˷Dʎ�ϒόΈ�,'Ɗř̏ωωƗ΅�Ŝ,10 mm.ωȶǩD¿

ǉ�ϒ\g��\x��iDʎ�'łū�!ϓȑ�h�,/ϒTB Dωȶǩå΅,Ìǜ�

@ʥʡ(ϒ}�x�u���eZ�U�[ϏPMCϐDÂʎ�!ϓŬψ˶/ϒωȶǩ΅,PMC

.8Dʼȩ�!pm˶ϒTBDÚő�!PMCDʼȩ�!pm/TB˶ϒTB)bFGFɦəϏPBS

,'100 ng/ml,͑Ǹ�!ɦəD0.5 mlϐDÚő�!PMCDʼȩ�!pm/TB/f˶ϒTB)

IC gelDÚő�!PMCDʼȩ�!pm/TB/ICgel˶Ϗ0.5 mlϐϒTB)bFGF-IC gelϏ100 ng/ml

ɦəD0.5 mlϐDÚő�!PMCDʼȩ�!pm/TB/f-ICgel˶.5˶ϏĤn=8ϐ)�!ϓă

ɿ/̭Ʈ2ϒ4ʥϏĤn=4ϐ,ŧȭɀ�ϒď˚X˫ȫȟϒ�CTȫȟ+>1,˟˳ƦǄŦ

ʡȫȟD̬$!ϓ˟˳ƦǄŦʡȫȟ,/ϒǼʌω¸ΛͥγϒǼʌωΏϒ̫ˍǷ.̓3μʥ

Dʎ�!ϓ 

 ď˚X˫èʩ�=1�CTʑ×(/ϒá˶(ωȶǩ΅īŀ,ȃʤ+±ωƦǉD͌:

!ϓ˟˳ƦǄŦʡȫȟ(/ϒ pm/TB/f-ICgel ˶/ϒ2 ʥ.Ǽʌω¸ΛͥγDΨ�ϒ2ϒ4
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ʥ);,áμʥ,��'¬. 4 ˶=?;ȋǂ,ϋ�ÑDʸ�!ϓbFGF Dʎ�'�+�

pm/TB/ICgel˶.4ʥ(/ϒǼʌωΏ)̫ˍǷ� IC gelDʎ�'�+�¬.3˶=?;ȋ

ǂ,ϋ�$!ϓ�. IC gelDʎ�'�+�3˶.Ο,/ϒ��A.̿ŵȍΟ(;áμʥ,

��'ȋǂƌ/͌:>A+�$!ϓ°�=?ϒJXR�h�,��@ TB ) bFGF-IC gel

.Áʎ/ϒ̫ˍǼʌ)ωǼʌDÊ�@�)�ȅ>�)+$!ϓ���ϒ�.JXR�h

�(/ωȶǩå΅.ωǼʌ=?;ωȶǩ΅īŀ.±ωƦǉ.ǽ�ȃʤ(�?ϒ7!ϒTB

Dʎ�+�$!ωȶǩ΅,;Ř�.ωƦǉ�͌:>A!�)�>ϒ�.�h�/�A>.

μʥ.͉Æ,/ƹ��;ï(+�)˸�>A!ϓ 

 ��(ϒˇ 2˅(/ImȳωωƗ΅΅îȶǩ�h�Dʎ�'ϒˇ 1˅)Ħȯ,TB

)bFGF-IC gel.Áʎ,=@ωçʌĂț,%�'=?͋˝+ȫ̈́D̬$!ϓt�T�ǉʁ5

οDʎ�ϒόΈ�,'�ÓȳωωƗ΅�Ŝ,20 mm.ωȶǩD¿ǉ�ϒPMCDʎ�'Ĥ

ȒǺDʼȩ�ϒ\g��\x��iDʎ�'łū�!ϓŬψ˶/ϒpm/TB˶ϒpm/TB/f˶ϒ

pm/TB/f-ICgel˶.3˶ϏĤn=3ϐ)�!ϓ+�ϒbFGFɦə+>1,bFGF-IC gel/ˇ1˅

)Ħȯ,͑Ǹ�ϒʎΏ/1.0 ml)�!ϓăɿ/̭Ʈ4ʥ(ŧȭɀ��ď˚X˫ȫȟϒ�

CT ȫȟ+>1,˟˳ƦǄŦʡȫȟD̬$!ϓ˟˳ƦǄŦʡȫȟ,/ϒgi�XIS��

)O�^I�,=?̩ÝȰ͖D̬$!ι̇ɱʰʶ˟˳ïɾDʎ�ϒˇ1˅(ʎ�!3μʥ

,Ā�ϒω®͕Ľͨ.ǝȰ)+@ƂȘʂωΏ�=1ʯɱć͵ƜD̓ɡ�!ϓ 

 ď˚X˫èʩ�=1�CTʑ×(/ϒá˶(ωȶǩ΅�ˆ,C��+±ωƦǉD͌

:!ϓ˟˳ƦǄŦʡ͉Æ(/ϒpm/TB/f-ICgel˶/ϒǼʌω¸ΛͥγϒǼʌωΏϒ̫ˍǷ,

��'¬.2˶,Ʉ4'ȋǂ,ϋ�ÑDʸ�ϒbFGFDʎ�'�+�pm/TB/ICgel˶(/ȋ
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ǂ+ωǼʌ.œĀD͌:+�$!ϓ7!ϒω®͕Ľͨ.ǝȰ(�@ƂȘʂωΏ�=1ʯɱ

ć͵Ɯ,%�'/3˶Ο,ȋǂ+ƌ/͌:>A+�$!ϓ�A>.ˡț�>ϒIm�h�

,��'/ϒTB)bFGF-IC gel.Áʎ,=?ϒ̭ ƮȂȍ,̫ˍǼʌ�͍ź�AωǼʌ�ɐ

ƽć�A@�)�ȅ>�)+$!ϓbFGF-IC gel�ω®͕Ľͨ,ʦǣƩλ�'�+��)�

>ϒ�.ωǼʌ/ϒbFGF-IC gel�̫ˍǼʌD͍ź�!ˡț)�'ơ�͠��A!;.)˸

�>A!ϓ 

 ��(ϒ̌ 3˅(/ϒ=?űȆ�%Ȃȍ,ωȶǩ΅.ŧūćDͿǉ�@!:ϒg�

���IjI�x��i(�@ tTMCPD¿̴�ϒˇ 2˅)Ħȯ.Im�h�Dʎ�'ϒ

TB�=1bFGF-IC gel).Áʎ,=@ȵ́ĽƳ+>1,ωçʌĂțDϒ=?Λȍʡ,ȫ̈́

�!ϓŬψăɿ)�'t�T�ǉʁ18οDʎ�ϒÎ½ɂ,Ɗȳω.CTh�bD3ȷÙ�

h�ć�ϒȳω�Ŝ΅,20 mm.ωȶǩDhYI��!ϓȷ�(ϒCAD/CAMZ\g�,

' tTMCP .͆̓)ĀƉx�T��.¿ǉD̬�ϒΐƁÝͶƦ̵ĥĀƉȵDʎ�'db�

ĥΐ˓ȐϏTi-6Al-7Nbϐ�> tTMCPD��Y�ɦ̪ˀƂͶƦ�!ϓǍ̭/όΈ�,'Ɗȳ

ω�Ŝ, 20 mm.ωȶǩD¿̴�ϒtTMCP�=1 6ȑ.˚db�\S���,'ǸƳ�

!ϓŬψ˶/ϒTBDÚő�! tTMCPDʼȩ�! tm/TB˶)ϒTB)bFGF-IC gelDÚő�

! tTMCPDʼȩ�! tm/TB/f-ICgel Ϗ˶100 ng/mlɦəD1.0 mlϐ.2 Ϗ˶Ĥn=9ϐ)�!ϓ

̭Ʈ4, 8, 24ʥϏĤn=3ϐ(ŧȭɀ�ϒď˚X˫ȫȟϒ˻ ʪʡ͉Æϒ˟ ˳ƦǄŦʡȫȟD

̬$!ϓ˟˳ƦǄŦʡȫȟ,/ϒˇ2˅)Ħȯ,5μʥDʎ�!ϓ 

 á'. tTMCP/ωȶǩ΅�=1ǿťω.ƦǄ)ȹʴ,�̗�ϒωȶǩ΅.çƟ�

Ȭ:'űȆ(�$!ϓ7!ϒ̭ Ʈ3Ȁʥ,/áÃƾ˽3.͚DΞŠ�ϒ̭ Ʈ10Ȁʥ,/



 
 

6 

̬ͤ/56ɘŝ�'�!ϓď˚X˫èʩ(/ϒá˶(ωȶǩ΅�ˆ,C��+±ωƦǉD

͌:!ϓ˻ʪʡ,/ 4,��'ϒtm/TB˶,Ʉ4ϒtm/TB/f-ICgel˶(ȅ>�,Ř�.̫

ˍ��eZ�Ť�>U�[å΅,Çà�'�!ϓ˟˳ƦǄŦʡȫȟ(/ϒǼʌω¸Λͥγ

/ 4ϒ24,��' tm/TB/f-ICgel˶�ȋǂ,ϋ�ϒ24(/ tm/TB˶(/ 1Ã;ωʞĥ

�'�+�.,ŷ�ϒtm/TB/f-ICgel˶/ 3Ã� 2Ã,ωʞĥ�͌:>A!ϓǼʌωΏ/ 4

.8tm/TB/f-ICgel˶�ȋǂ,ϋ�$!�ϒ�A°Υ/�˶,ȋǂƌ/͌:>A+�$!ϓ

7!ϒ̫ ˍǷ/á'.̿ŵȍΟ,��' tm/TB/f-ICgel˶�ȋǂ,ϋ�$!ϓƂȘʂωΏ�

=1ʯɱć͵Ɯ/ϒ��A.̿ŵȍΟ,��';�˶,ȋǂ+ƌ/͌:>A+�$!ϓ 

 ̔ ƚʡ̿ɵ�>/ϒtTMCP .ʼȩ,=?ϒωȶǩ΅/̕ɸ,̀øŦʡǸƳ�Ϳǉ

�AϒǍ̭/Ȭ:'űȆ,ŬǾ(�!ϓ�>,ϒȂȍ,ȹƒȺ̬Dʸ�+*.��A!ȵ

́ĽƳ�͌:>A!�)�>ϒtTMCP,=?ωȶǩ΅�ƣł,ŧūć�!)˸�>Aϒ�

.ȋʎƽ�ʴ͌�A!ϓ�ǽϒ˟˳ƦǄŦʡ,/ϒ tm/TB/f-ICgel˶. 24,��'ϒȋ

ǂ,ϋ�̫ˍǷ)ωʞĥȍΟ.ʮ˰�͌:>A!�)�>ϒTB)bFGF-IC gel.Áʎ,=

@Λȍʡ+̫ˍǼʌ�=1ωǼʌĂț�ʸ�A!ϓ�>,ˇ2˅.ˡț)Ʉͪ�@)ϒTB

DÚő�! tTMCP.ǼʌωΏ/ϒTBDÚő�!PMC=?;»�$!�ϒbFGF-IC gel.

Áʎ,=?̫ˍǼʌ)ωǼʌ�Ê�AϒǼʌωΏ/PMC)ĦʽƜ7(œĀ�'�!ϓ 

 °�.ǉ˱�>ϒΛˍωƋřωȶǩ,ŷ�@ tTMCPϒTB+>1,bFGF-IC gel.

Áʎʝɍ/ϒȂȍ.ȵ́ĽƳ)ωʞĥDͿǉ(�@ʉǁʡ+Ɍʝɍ)+@ğ́ƽ�ʸĵ�

A!ϓtTMCP/*.=+ωȶǩƦǄ,;ͶƦ(�@�)�>ϒçƟĿδ+ΛˍωωƗˆ
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΅.Ƌřωȶǩ,;ƺʎ(�@ğ́ƽ�ϋ�ϒ̔ƚ�Ȭ:'ȋʎ+Ɍʝɍ,+@)˸�>

A!ϓ 
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 Λˍω,ʌ�!Ƌřωȶǩ.çƟ/ϒsi�=1ʅĊǸƦŗʻŦξŉ,��'ȉ;

Ŀδ+Ɍʝ.�%(�@ϓΛˍω,��@Ƌřωȶǩ.Ř�/ϋLn�R�ŗÔϒωʞĥ

�á, ��'ƿƽω̌ʜ.Ɍʝ,=@ƙˏïΨ+*,͠ľ�@ϓsiǸƦŗʻŦξŉ(/ϒ

�A>.Ɍʝɍ)�'̕Űω�Ħʾωʼȩϒ̫ˍȜ�̕Űωʼȩϒ±ωƞΛ̭+*��

̘ʡ,̬CA'�@ϓ���ϒ��A;Λȍ,Ę2̞õΦ<̭Ʈˍʉ�ƹ̸)+@!:ϒ

ȵ́ĽƳ<ʹµƳƑ.ͼA�ķρ)+$'�@ϓÃ�0ϒ̕Űωʼȩ,/ǢĜ΅º.Ǎ̭

Ç̶<ǢĜΏ.õΦ�ķρ)+@[1]ϓĦʾωʼȩ/ǃȝʆ�ϋ�,;ΠC>�ʞĥʆ/»

�ϒǃȝʚ.¶Ǫ<ǚˤĚƺ.�\S;ǈƻ�A@[2, 3]ϓ̫ˍȜ�̕Ű̉�̍ωʼȩ/

ωʞĥȍΟ�ȉ;ʮ�ǽɍ)�A'�@�ϒǢĜ΅º.Ǎ̭Ç̶/;#BEϒʼȩω�̞

ğ́+ś�,+@7(.ΛȍΟ.Ʒƛ�!̞õΦϒ��'̭˹.ϋ�Ǐ̭)ˠψ�ƹ

̸)�A@[4-7]ϓ±ωƞΛ̭/ωƞΛ�Ũ �@7(ϒΛȍ,Ę2üŗłūĺ.̱ʫ�ƹ

̸(�@[8-10]ϓ�ǽϒʅĊǸƦŗʻŦξŉ(/ϒĕų+̞õΦ<̭Ʈˍʉ�Ŀδ(�@

�)�>ϒ<9DƱ�ωʮ˰̭<ǻ̭̅�Ǖ�A@�);ż+�+�ϓ�!�$'ϒs

i�=1ʅĊǸƦŗʻŦξŉ,��'ϒ=?űȆ,Ȃȍ.ȵ́ĽƳ)ωçʌ�Ʊ>A@Λ

ˍωƋřȶǩɌʝɍ�Ȍ7A'�@ϓ 

 ȉͰ(/Ƌřωȶǩ,ŷ�'ϒ̂ ��eS\˗;��/ΐƁ˗qIN~g�G�D

ʎ�!Ɍʝɍ�ʤE,ʰ˂�A'�@ϓ^��eS\˗qIN~g�G�.#ϒωÍƳ

ʎ^��eS\Ϗ©Ɖωϐ)�'ƙ�ʎ�>A'�@.�pIj�QZGrbIi

Ϗhydroxyapatite: HAϐ<��Ί�O�ZJ�Ϗtricalcium phosphate: TCPϐ(�@ϓ�A>.

©Ɖω/��A!ω¶ź́Dǜ#ϒȯ
+Ʀ<XI],ǉƦ(�ϒÄˢΏ,õΦ�+�)
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�ôɵ�>̕Űω,®C@˜Ȓ)�'Ɏʥ�A'�@[11]ϓΛˍω΅îȶǩăɿ�h�

Dʎ�!ʰ˂(/ϒ©Ɖω,=@̙Ş+ωçʌ�ŌĪ�A'�@[12-15]ϓʀ,TCP/HA

)ʖ+?ʌ½åĩěƽDȋ�@)�ʀƶDǜ#ϒ=?ʌ½ɐƽ.ϋ�©Ɖω)�A'�

@ϓTCP /ĥǉȇ.ɹˡɠƜ<éĒ.ȋɷ,=?ϒ�,�ʧϏ�TCPϐ)�ʧϏ�TCPϐ

,î�>A@ϓʇńƏ͛�A'�@w�eSʂ�=1π˔ʂ©Ɖω.5)E*/ĀƉƽ.

ɵ�>�TCP�ʎ�>A'�?ϒ�TCP/�,{�\iʂ©Ɖω,ʎ�>A'�@ϓ�TCP

/�TCP,Ʉ4ɇ,ŷ�@ɦ̀Ɯ�ϋ�!:ϒʌ½å(=?Ȃȍ,ĩě�A@)˸�>A

'�@ϓ 

 ̤ ˹>.T��x/ϒǼ��©Ɖω˜Ȓ)�'�TCPD�ǉî)�!ŗƬ1 mm.

ūņŅ͝+gi�}ejƦʂ.π˔ʂ©ƉωϏTetrabones®, NEXT21, Tokyo, Japanϒ°�

TB)̯ͅ�@ϓϐDΞʟ�!ϏFig.1-1ϐϓ©Ɖω���A!ω¶ź́Dʟǧ�@!:,/ϒ

Ȓ͝"�(+�ϒǼʌω�©Ɖωå,¸Λ��½ć�@!:.ï+Οά�ƹ̸(�@ϓ

TB �ΰˀ�!ōĥϒ�.ʀƶʡ+Ʀʂ�>˝̀�=1̫ˍ.Çàƽ,�!ΟάϏͷʹ

Ťϐ�Ʀǉ�Aϒ��A!ω¶ź́Dʟǧ�@�)�ʴ͌�A'�@Ϗunpublished dataϐϓ 

 ωǓɌʝá̘,��'/ϒ̫ɑ.ťń;̸+ƪûDț!��)�ʭ>A'�@

[16, 17]ϓΛˍω3.̫əÄˢ/ϒȠφẵϒωˆ΅�ωƗˆ΅�ω̒.ẵ,=@̫ˍn

ei��S,Åť�'�?ϒΊ˜<Ƞφ˜ϒğɦƽľţ�=1ȯ
+˝̀DÄˢ�'�@. 

ŗÔ+*(ωǓ�ʌ�@)̫ˍnei��S�ήů�Aϒīŀ.˟˳,ƼƽŔȽ<»Ί˜

ʚ�ơ�͠��A@[18]ϓ�.ήů�ǜ˥�@)ϒ±ω3.̫əÄˢ.»��͠�?ϒ�

.ˡț)�'ωŔȽDơ�͠��!?ǃȝ3.ǖǒƽ�»��@�)�ϒωʞĥͼƞ<ω
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ʞĥ�á.ř�+Ĕľ.�%)˸�>A'�@ϓʀ,̡˰ƽʞĥ�á.Ĕľ,/ϒ̫əÄ

ˢ.�ͣ�̸̼�A'�@[19, 20]ϓ�!�$'ϒ(�@"�Ȃȍ,̫ˍnei��SD

çȮː��@�)�ωʞĥ3.Ε(�@ϓ 

 ωǓɌʝ,��@̫ˍǼʌɍ)�'ϒŐŋƽ˫˦̜˝̀œȾľţϏbasic fibroblast 

growth factor: bFGFϐϒ̫ˍåʣ˝̀œȾľţϏvascular endothelial growth factor: VEGFϐϒ̫

ŻȘʐȕœȾľţϏplatelet-derived growth factor: PDGFϐ+*.ǉΛľţ�ʎ�>A'�@

[17]ϓ�.�(;bFGF/ϒ̫ ˍǼʌľţ)�'.ȼĠ�ȉ;Ğ�ϒȉͰ(/VEGF<PDGF

.ʟʇ͍źDõƲ�@�);ȅ>�)+$'�![21-24]ϓ�>,ϒbFGF /̫ˍǼʌDÊ

�@[25-27]"�(+�ϒΟ̣˗˝̀.œȾ;Ê�@[28]!:ωǓɌʞ;ʽ,��'ʉ

ǁʡ+ǉΛľţ(�@)͂�@ϓ7!ϒʇń(/΄¶ţ˟8Ǧ�sibFGF�̴ıć�Aϒ

=?»ÆȤ(àǍ�<��+$!�);�A>.ʰ˂DƮǗ��@̸ľ(�@ϓ���+

�>ϒbFGF /ʌ½å(.Čɞȍ�ιƒ,ʮ�ϒűȆ,ĩě�A̫ɑ,=$'Ǜǵ�A@

!:ϒſǌ�>.ɘŝ;Ȃ�ϓ��( bFGF.ĂțDſǌ(˭<�,ʟʇ��@!:,ϒ

W��V��>ǉ@pIj�V�<Z�i+>1,{�ei+*DǙ½)�'ʎ�@ωç

ʌʰ˂�Ɏʥ�A'�@[29-31]ϓ�A>.Ǚ½/ bFGF.ʌʉɐƽDÌ$!77Ìǜ�@

�)�ğ́(ϒʌ½å(Ǚ½�ɦ̀�ĩě�A@,%A'bFGF�ͽγ�A@ϓ  

 IN��W�x�eS\V�Ϗion complex gel: IC gelϐ/ϒ̫ˍçʌĊʝîΎ,�

�'ϒʼȩ�!Ŋφ˝̀+*,ŷ�'Ɂ½�>.̫ˍǼʌD͍ź�ϒȂȍ,ūʫ��@�

)Dʥʡ)�'Ξʟ�A![32]ϓIC gel/W��V�D�ǉî)�!pIj�V�(�?ϒ

V�å3.̫ˍÇàƽ�=1ϒȮː�A!̫ˍnei��S.Ìǜƽ,��A'�@"�
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(+�ϒbFGFDV��,εɆʡ,ˡĥ��@�)�ğ́(�@ϓbFGF�ˡĥ�! IC gel

ϏbFGF-IC gelϐ/ϒIC gelďʃ=?;�>,ƣþ,̫ˍD͍ź�@�)�ʴ͌�A'�@ϓ  

 ���+�>ϒ�A>.ωǼʌ<̫ˍǼʌ.ͣō)�'��A!gi�}ejņπ

˔ʂ©ƉωϏTBϐ)bFGFˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐDÁʎ�';ϒ

Ƌř+ωȶǩDçƟ�@,/ϒπ˔ʂ©Ɖω,ʀȋ+£%.ķρɵD̀ɉ�@ƹ̸��@ϓ

�%/©ƉωƦʂ�π˔ʂ(�@!:,ϒωȶǩ΅,ď˚,Úő�!"�(/©Ɖωπ˔

Dſǌ,ʔ:'���)/Ŀδ(�?ϒ̭Ʈ,©Ɖωπ˔�ωȶǩ΅.ŗ3ɫí�'�7

�)(�@ϓ�.!:ϒʌ½ĥƽ.ϋ�}�x�u��<kI��+*.ćŦĥǉ˲

˦̴;��/db�<\g��\+*.ΐƁ̴�eZ�Z�i(ωȶǩ΅īŀDĆ8ϒ©

Ɖωπ˔.ɫíDȸ�@ƹ̸��@ϓ£%ʥ/ϒ©Ɖωďʃ(/͚Dǯ�@"�.ƣ

ƜDƱ@�)�(�+�!:ϒωȶǩ΅.ŧūć,/x��i<ϊåu�ϒüŗłūĺ+

*.¬.ƣł+łṷ̄DÁʎ�@ƹ̸��@ϓ  

 �ǽϒΐƁ˗qIN~g�G�Dʎ�!ωȶǩçƟɍ,/ϒdb��eZ�U�[

Ϗtitanium mesh cage: TMCϐDωȶǩ΅,ʼȩ�@ǽɍ��@ϓTMC/æˊƦ.�eZ�

U�[(�?ϒΛȍňȩDʥʡ)�'�@!:��A!ʌ½ĥƽDȋ�@db��=1

db�ĥΐ�>¿̴�A'�@ϓTMC/1990ƕ,ωȶǩ΅.ƣćʎI�x��i)�'

G��OυıÇ̇ıſϏFood and Drug Administration: FDAϐ,͌ğ�A'�@ϓ̕Űω<

©Ɖω+*DÚő�! TMC ,=@Ȫ½˴Ǧ̭<Ȫ½łṷ̄/ϒ̄ȪŗʻîΎ(/�(,

�̘ʡ+Ǎɍ)�'̬CA'�@[33-36]ϓ7!ϒTMC/ Cobos>,=?ϒ2000ƕ,/�

:'Λˍω,ƺʎ�A!ϓCobos>/ϒ̆ωωƗ΅Ƌřωȶǩ. 2ʚÃ,ŷ�'ϒĦʾɖ
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˨ω)̇ɱωŋ͝DÚő�!TMC)�eSņϊåu�DÁʎ�'çƟ,ǉÿ�![37]ϓ�

.ƮϒTMC/�̋ω<ř̏ωωƗ΅.ωȶǩçƟ̭<ͣȣΠˎłṷ̄+*,;ʎ�Aϒ

̙Ş+ȵ́ĽƳ�Ʊ>A'�@[38-41]ϓ7!ϒTMC.ʌ½þŦʡʀƽ)�'ϒLindsey>

/Imř̏ωωƗ΅ȶǩ�h�,ŷ�' TMC DÂʎ�@)ϒÂʎ�+�ōĥ,Ʉ4'̭

Ʈ18(-�?ùƽ/˙5Ïϒ-�AƣƜ/˙2Ï,œĀ�!)ŌĪ�'�@[42]ϓ�.

¬,;ϒTMC ̕½,ʌɿɐƽD��@͊8<ϒTMC )ωƦǉƽb�rS͝Ϗbone 

morphogenetic protein: BMPϐ.Áʎ+*ϒŘ�.ʟƀʡ+ʰ˂�̬CA'�@[43, 44]ϓ 

 ���ϒTMC .Λˍω3.ƺʎ,/£%.ķρɵ��@ϓ�.�%/ TMC .Ʀ

<XI](�@ϓ͚Dǯ�@!:,/ωȶǩ΅.ƦǄ,ĥ�! TMC DÂʎ�@�)

�Ȍ7���ϒʇńƏ͛�A'�@ TMC .5)E*/æˊƦ(�?ϒƦ<XI].q�

L�Z��,���ϓ�!�$'ϒŘȯ+ωȶǩ΅.ƦǄ,ϒTMC.ƦǄDŨá,�̗�

�@./Ŀδ(�@ϓ£%ʥ/ǿťω).łūɍ(�@ϓʇń.)�B TMC )ǿťωD

ʦǣłū�@ǽɍ/+�ϒωȶǩ΅, TMC D˴�!ʂǄ(ǿťωDx��i<ϊåu�

(çƟ�@.��̘ʡ(�@ϓ�.!:ϒȉͰ(/ TMC ʼȩƮ.ωʞĥ�á,=@ŝǳ

Ã�ŌĪ�A'�@[45, 46]ϓCarlsson/ϒ3Ã.ͣȣΠˎá˴Ǧ̭.ŝǳÃ,ŷ�'ϒ̕

ŰωDÚő�! TMC )ϊåu�.Áʎ,=?Πˎłṷ̄DǾ�!ϓ���ϒ̵ǷĽ.Ǎ

̭(ƾ΅īͭ.̫ɑ�ɞż�'�!�)ϒƣł+ŧūƽ�Ʊ>A+�$!�)+*�Ĕľ

)+?ϒωʞĥ�Ʊ>A+�$!)ŌĪ�'�@[46]ϓ  

 �!�$'ϒΛˍω,ʎ(�@ TMC .Ξʟ,/ϒ�.Ʀ<XI]ϒłūǽɍϒ

+>1,īŀ˟˳�>.̫ɑ.ʴÌ+*ȯ
+ķρD̀ɉ�@ƹ̸��@ϓ��(̤˹>
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.T��x/ϒTMC.ƦǄ<łūɍ.̀ɉˋ)�'ϒĤωȶǩƦǄ,�̗�!Ʀʂ.TMC

)ϒǿťω̯κ.ƦǄ,�̗�!x��i)D�½ć��!ϒg����Ij TMC �½

ņx��iϏtailor-made titanium mesh cage with plate: tTMCPϐD˸ȥ�!ϏFig. 3-1 A-Eϐϓ

tTMCP/ϒƾ˹.CTh�b)�uej�x�ibIu�T�Z\g�Ϗrapid prototyping 

system: RPϐ.�%(�@��Y�ɦ̪ˀƂͶƦɍϏthe selective laser melting: SLMϐ,=?ϒ

db�ĥΐ˓Ȑ�>ʦǣʡ,ʮȍΟ(ͶƦ�@�)�ğ́(�@ϓωȶǩ΅<ǿťω.Ʀ

Ǆ,Ũá,�̗�! tTMCPD̴¿�A0ϒtTMCPďʃ(űȆ+ǸƳ)ƣł+ŧūƽ�Ħ

ȇ,Ʊ>Aϒ=?Ȃȍ.��A!ȵ́ĽƳ�ȍƭ�A@ϓ  

 ȑʰ˂.ȉ˞ʥȰ/ϒǼ��Ξʟ�A!�A>3%.qIN~g�G�D˟ĥC�

@�),=@ȵ́ĽƳĂț)ωçʌĂțDȫ̈́�@�)(�@ϓΛˍωƋřωȶǩăɿ�

h�,ŷ�'ϒg����Ij TMC�½ņx��iϏtTMCPϐD¿̴�ϒ�.U�[å

,ω¶ź́,��A!gi�}ejņπ˔ʂ©ƉωϏTBϐ)ϒ̫ ˍ͍ź́,��A!bFGF

ˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐDÚő�@�),=?, Ȃȍ.ȵ́ĽƳ

)ωʞĥDĦȇ,Ϳǉ(�@ğ́ƽ�ϋ�ϓȑʰ˂(/ϒ�.Ǽ!+Ɍʝɍ.ȋĂƽDȫ

̈́�@!:,3%.ŬψD̬$!ϓ�+C#ϒˇ1˅)�'JXRɾÓř̏ωωƗ΅ȶǩ

�h�Dʎ�'ϒTB)bFGF-IC gel.Áʎ,=@ωçʌĂțDȫ̈́�!ϓ˥ �'ˇ2˅(

/ϒ=?si,Ͱ�ωƦǉ́Dʸ�ϒ=?ř�+ăɿ(�@Im.�ÓȳωωƗ΅΅îȶ

ǩ�h�Dʎ�'ϒTB)bFGF-IC gel.Áʎ,=@ωçʌĂțD=?͋˝,ȫ̈́�!ϓȉ

Ʈ,ˇ 3 ˅)�'ϒImɾÓȳωωƗ΅΅îȶǩ�h�Dʎ�'ϒtTMCPϒTB +>1,
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bFGF-IC gel.Áʎ,=@ȵ́ĽƳĂț)ωçʌĂțDϒ=?Λȍʡ+̿ŵȍΟD͆�'ȫ

̈́D̬$!ϓ  
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ˇ1˅� JXRɾÓř̏ωωƗ΅΅îȶǩ�h�,��@gi�}e

jņπ˔ʂ©Ɖω+>1,Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W

�x�eS\V�.Áʎ,=@ωçʌĂț 
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ˇ1ˎ�˪͂ 

 

 siFGFvF���/ϒʇńż+�);FGF-1�>237(.22ʾτϏFGF-15/

ȶʕϐ�ťń�ϒ7ʾτ. FGF�^xb�ϏFGFRϐ).˟8ĥC�,=?Řȯ+ȵ́�

ʟǧ�A'�@[47-49]ϓ�.#FGF-2ϏbFGFϐ/154Î.G�oΊ�>ǉ@îţΏ18 kD

.1ȑΘ}�{xdj(�?ϒFGFR-1D«�'¿ʎ�@[47-49]ϓbFGF/ʾ
.˝̀�>

ǲí�A!Ʈϒ̋ ̀ŗ~i�eS\Ϗextracellular matrix: ECMϐ,͘Ŵ,ťń�@yr��

ʳΊx�gNT�O�,ˡĥ�ŧūć�A@ϓ��'~i�eS\�b�x�gG�_

Ϗmatrix metalloproteinase: MMPsϐ<x�\�o�V�ɐƽćľţϏplasminogen activator: PAsϐ

+*.b�rSî̀Ή˜,=?ϒ�A>DĨ9 ECM�î̀�A@) bFGF�ͽγ�ϒȰ

ʡ˝̀,¿ʎ�@ϓbFGF /ʾ
.˝̀.œȾDÊ�@!:ϒçʌĊʝ.ʰ˂îΎ,�

�'�,ωçʌ)̫ˍçʌ.£%.Óκ�>Ɏʥ�A'�@ϓbFGF.ωǼʌ͍źĂț/ϒ

ωƦǉĔ˝̀.ω̜˝̀3.îć͍ź<ω̜˝̀.œȾÊ,=?ơ�͠��A@)˸�

>A@[28, 50]ϓŬέϒ�eiϒJXRϒImϒζΛτ.ωȶǩ΅,100-200 µg.bFGFD

ʦǣďĽǑ��@)ωǼʌ�Ê�A@�)�ʴ͌�A'�@[51-54]ϓ  

 7!ϒbFGF.̫ˍǼʌ͍źĂț/ϒ̫ˍåʣ˝̀,ʟʇ�'�@ FGFR-1D«�

!˝̀åZTk�,=@̫ˍåʣ˝̀.œȾϒͽ͟ϒˍ̊Ʀǉ,=$'ơ�͠��A@ϓ

Ħ�̫ˍǼʌ͍źľţ(�@VEGF;ϒ�^xb�D«�'̫ˍåʣ˝̀.œȾDÊ�

@�ϒVEGF /̫ˍåʣ˝̀,Ʉͪʡʀć�!œȾľţ(�@ϓ�A,ŷ�'ϒFGFR-1

/̫ˍåʣ˝̀,Ā�ϒ̫ˍƔɨˉ˝̀<Ο̣˗˝̀+*.̫ˍDȮǉ�@˝̀.5)E
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*,ʟʇ�'�@!:ϒbFGF /=?ǉɻ�!ȵ̫́ˍ.ƦǉDÊ�@)˸�>A'�

@[55]ϓ�.¬,; bFGF/ϒåľƽ. VEGF.ʟʇDõƲ�@¿ʎ;ȋ�ϒ̫ˍǼʌ,

��'ģ¯ŏ.ƪûDǙ$'�@)˸�>A'�@[21-23]ϓªĽʎ�! bFGF-IC gel.̫

ˍǼʌ͍źĂț/�ei,��'ʴ͌�A'�?ϒ4%.bFGFɯƜϏ0ϒ10ϒ100ϒ1000 ng/mlϐ

(ȫ̈́�!ˡțϒ100 ng/ml �ċî+Ăț.Ʊ>A@̖ʎΏ(�$!)ŌĪ�A'�@

[32]ϓ 

 �.=,bFGF/�.ŘƧ+˝̀œȾĂț,=?ϒçʌĊʝîΎ,��'ʤE,

ʰ˂�A'�@ϓʀ,ω.Ɍʞȵͨ,/̫ˍǼʌ)ωǼʌ.�ǽ�ιƒ,̸(�@�)

�>�bFGF /ωçʌ,��'ȉ;Ɏʥ�A'�@ǉΛľţ.�%(�@ϓ̫ˍçʌĊʝ

îΎ(Ξʟ�A!Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS\V�ϏbFGF-IC 

gelϐ/ϒ�A7(,�ei,��@��A!̫ˍǼʌ͍źĂț�ʴ͌�A'�@�ϒωç

ʌ,��@ȋʎƽ/ȫ̈́�A'�+�ϓbFGF-IC gel)gi�}ejņπ˔ʂ©ƉωϏTBϐ

DÁʎ�@�),=?ϒTB.ͷʹŤá½,̫ˍǼʌ<ωǼʌD͍ź�@�)�(�A0ϒ

��A!ωçʌĂț�Ʊ>A@�;�A+�ϓ 

 ��(ȑ˅(/ϒbFGF-IC gel.ωȶǩ΅,��@̫ˍǼʌĂț)ωǼʌĂț,%

�'ϒŋʷʡ+ȫ̈́D̬!:,ϒJXRɾÓř̏ωωƗ΅΅îȶǩ�h�Dʎ�' TB

).Áʎ,=@ωçʌĂțDȫ̈́�!ϓ7!ϒ�.JXR�h�,/ϒωȶǩ΅,π˔ʂ

©ƉωDÌǜ�@ʥʡ(}�x�u��̴�eZ�Z�iDÂʎ�!ϓ}�x�u��̴

�eZ�Z�i/ϒΐƁ̴�eZ�Z�i,Ʉ4'ĀƉƽ<¸˰ƽ,��A'�@!:ϒ

ωȶǩ.XI],ĥC�<��ϒTB .Ìǜ�űȆ(�@)˸�>A!ϓ�>,}�x�
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u���eZ�Z�i/ϒωȶǩ΅,��@Ǽʌω.X˫Ŧʡ͉Æ.ş�)+>�ϒ7!

̫ˍÇà.Σů;ȉŻΦ(�@�)�>ϒTB)bFGF-IC gel.ÁʎĂț.ȫ̈́,ï+Ȓ

Ǻ(�@)˸�>A@ϓ   
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ˇ2ˎ�ȒǺ�=1ǽɍ 

  

 gi�}ejņπ˔ʂ©ƉωϏTBϐ 

 ȑʰ˂,Âʎ�!©Ɖω/ϒŗƬ1 mm.ūņŅ͝+gi�}ejņπ˔ʂ©Ɖω

ϏTetrabones®, NEXT21 K.K., Tokyo, Japanϐ(�@ϏFig.1-1ϐϓ¿ǉǽɍ/ϒ/�:,60/40 

wt%.�TCP˓ȐϏTaihei Chemical Industrial Co., Tokyo, Japanϐ)ˡĥúϏ55 %.N�vH

�Ȳ̂ϒ30 %.�eS\ϒ15 %.ğŎúDĨ9ϐDb�w���QX�ϏNeo Tecs K03Pϐ

,=?ɛį�!ϓȷ,ϒĽͨj���QX�,=?Ůɠ�(300îΟċî,ɛĥ��!ϓ

�.ɛĥ½DŗƬ1 mm.gi�}ejņ.ŹíǉƦΐņDʎ�'ϒŹíǉƦȵϏJ34AD, 

Japan Steel Works, Tokyo, Japanϐ,=?ǉƦ�!ϓȷ�(ϒ�.ǉƦɿḊ̂�ϒ�ɹ�!

Ʈϒ0.2 mol/L.WpSΊ, 24ȇΟɗɬ�!ϓ�.Ʈϒ̥ʔɇ,'£Ɯ���ϒɞŃ�(

�ɽ��ϒ25 kGy .εţ˫ɺŹ,=?ɧ̠�!ϓȑʰ˂,��'/�.ȉ˞ʍɿD

Tetrabones®ϏTBϐ)ĭ2ϓ 

 

 Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐ 

 IN��W�x�eS\V�ϏIC gelϐ.͑Ǹɍ,%�'/�(,ŌĪ�A'�@

[32, 56-58]ϓIC gel/W��V�)SL�Ί͍ź½�>ǉ@ŧū�!V�(�?ϒSL�Ί

͍ź½�G�O�ìʉW��V�Ϗalkali-treated collagen modified with a citritic acid derivative: 

AlCol-CADϐ,Gg�W��V�Ϗatelocollagen: AtColϐDɛĥ�@�),=?V�ć�@ϓ

AlCol)AtCol.W��V�ǉî/ϒã,͙˟˳ʐȕW��V�ϏNitta Gelatin Inc., Osaka, 

Japanϐ(�?ϒ�A A1% (w/v),+@=,͑Ǹ�!ϓȑʰ˂(/�.V�ć�!ʂǄ
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D IC gel )ĭ2ϓ7!ϒŐŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS\V�

ϏbFGF-IC gelϐ)�'ϒbFGFϏRecombinant Human FGF basic; R&D Systems, Inc., Minneapolis, 

MNϐD�>��:AlCol-CAD,Ā�ϒAtCol)ɛĥ�!έ,bFGFɯƜ�100 ng/ml,+

@=,͑Ǹ�!ϓ�ǽϒIC gelDĨ7+�bFGFɦə/ϒ��Ί˭̮əϏphosphate buffer 

solution: PBSϐ,=?100 ng/ml,͑Ǹ�!ϓW��V�ɯƜϏ1%(w/v)ϐ�=1bFGFɯƜ

Ϗ100 ng/mlϐ/ϒTakayama>.�ei̎ʦˉˉ̒�ʼȩ�h�,��'ȉ;̫ˍD͍ź�

@ȉŻɯƜDʎ�![32]ϓ 

 �A>. IC gelϒbFGF-IC gel�=1bFGFɦə/ϒȖ§řŦřŦΧĊŦ˗ʰ˂ʻ̫

ˍçʌĊʝ͔ƝϒŻƃĐ�êǴǡ=?Ä��A!ϓ 

 

 ăɿ+>1,Ǎ̭ǽɍ 

 Ŭψăɿ)�'ϒ½ 3.0-3.4 kgϒ17-21 ώ.ί.Ȁȑʠ̚Űß 40 ˷ϏSaitama 

Experimental Animals Supply Co.,Ltd.ϐDʎ�!ϓăɿ/ŐΊUb��Ϗ10 mg/kgϐ)ŐΊ�

hi�[�Ϗ0.2 mg/kgϐ.ɛĥə.ˉ˻åǑ�,=?�ăć�ϒI`v���ĩàόΈ,

'˦ǜ�!ϓ̭÷̭Ʈ,Ιʛú)�'wx�o�vH�Ϗ30 µg/kgϐDˉ˻åǑ��ϒĦ

ȯ,ǒʌú)�'L��v�QXZ�Ϗ10 mg/kgϐDʣ�Ǒ��!ϓ̭�/�Si��V

�əϏ10 ml/kg/hrϐDǜ˥ɵɩ�!ϓǍ̭/ɷ̠ì˴ƮϒġÓ̓º,'Ɗř̏΅ŗÓ=?

ïʣ�ϒř̏£οˉ)ŗÓƙˉ.ΟDGx��d�'ř̏ωDηí�!ϓX[b�`�

ϏOsada Electronics, Tokyo, JapanϐDʎ�'ϒř̏ωωƗ΅�Ŝ,10 mm.ωȶǩD¿ǉ�

!ϓTB.ωȶǩ΅3.ʼȩ,/ϒ̓ ȩƮ.TB.ŖºDȸ�@!:ϒʌ½ʼȩʎ}�x
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�u��̴�eZ�Z�iϏ15 cm × 15 cm, Bard* Mesh, Davol inc., USAϐDÂʎ�!ϓ�e

Z�Z�iD24 mm × 17 mm,ï?Ĝ?�Ċʝʎɹɲĺ(ʦƬ7 mmϒϋ�17 mm.æˊ

Ʀ,ĀƉ�ϒ}�x�u���eZ�U�[ϏPMCϐD¿̴�!ϏFig. 1-2 AϐϓPMC.ʦ

Ƭ/ϒÌť�'�!ĦȔ².Ȁȑʠ̚Űß.ř̏ωȰȑD̓ɡ�ɉū�!ϓTB/PMC.

�Ƹ,ωȶǩXI],ĥ=,Úő�ϒǮ¿ȇ.ɫíD�!:ϒ2.5 mlZ��[.å

ˊDPMC�ǽ=?Ǡà�'ʼȩD̬$!ϏFig. 1-2 BϐϓPMC.�ˆ.¾?΅îϏɾÓ3.5 

mmϐD�Ó.ř̏ωǻˆ.áī,̰�@ȯ,̱ʫ�ϒ8ˁ\g��\x��iϏT: 1.5 mm, 

W: 7 mm, D: 6 mm, VCP, SYNTHES Vet, Japanϐ)6ȑ.ʦƬ2.0 mmʣ͝ωʎ\g��\\

S���,'łū�!ϓƹ̸,ƺ�'x��i)ω.łūƽDϋ:@!:ϒĤ\S���

ΟDʹ@ȯ,ĥ̓4ȑ.ʦƬ0.6 mmͧ\g��\�I��Dˬˡ�!ϓ̭ ü/3-0}�[

NQXo�,'ˉ˯ĥϒʣå˯ĥD̬�Νü�!ϓ  

 ăɿ/2Ο;��/4Ο.̿ŵȍΟ˞ Ʈ,ϒŐΊUb��Ϗ20 mg/kgϐ.ˉ

˻åǑ�,=?�ăć�ϒn�wb��Ϗoverdoseϐ.θ̃åǑ�Ʈ,ŐćO�J�ɦə

Ϗ2 mEq/kgϐDθ̃åǑ��ŧȭɀ�!ϓ  

 ȑʰ˂/Ȗ§řŦřŦΧͬŦʌĮʻŦʰ˂ʻăɿŬψšĳµ.ǎ͌.�,̬$!ϓ 

  

 Ŭψ̓ʑ 

 40˷.JXRDTBϒbFGFϒIC gelϒbFGF-IC gel.˟8ĥC�,=?5%.˶,î

τ�!ϓ�+C#ϒωȶǩ΅,PMC.8Dʼȩ�@pm˶Ϗn = 8ϐϒTBDÚő�!PMC

Dʼȩ�@pm/TB˶Ϗn = 8ϐϒTB)bFGFɦəϏ100 ng/mlɦəD0.5 mlϒbFGF)�'50 
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ngϐDÚő�!PMCDʼȩ�@pm/TB/f Ϗ˶n = 8ϐϒTB) IC gelϏ0.5 mlϐDÚő�!PMC

Dʼȩ�@pm/TB/ICgel˶ϒ�=1TB)bFGF-IC gelϏ100 ng/mlɦəD0.5 mlϒbFGF)

�'50 ngϐDÚő�!PMCDʼȩ�@pm/TB/f-ICgel˶Ϗn = 8ϐD¿ǉ�!ϓ 

 5˶.# pm/TB/f˶(/ϒΝüʦ÷, PMCå<�.īŀ.̫ə+*.ə½ǉî

D�Ŷ,ĩě�!Ʈ,ϒbFGFɦəD25 GɎŹΑ)Z��[(PMCå,Ɏà�!ϓ7!ϒ

pm/TB/ICgel˶ϒpm/TB/f-ICgel˶(/ϒIC gel�=1bFGF-IC gel/�>��:TB)ɛĥ

�!ʂǄ(PMCå,Úő�!ϓĤ˶ʼȩƮ2Ο;��/4Ο.̿ŵȍΟD͆�!ϓ 

 

 ̔ ƚʡ͉Æ+>1,˻ʪʡ͉Æ 

 ĤÎ½.̭ü<áͦʂǄDɂȀ̿ŵ�!ϓŧȭɀƮ,øȫ�ϒPMC .īŀ˟˳ϒ

ʀ, PMC å3.̫ˍÇà.ȋɷ,%�'͉Æ�!ϓȷ�(ϒá'.ΐƁI�x��iD

ǔĖ�ϒX[b�`�Dʎ�'ȶǩ΅DĨ9˙20 mm.Ɗř̏ωDĽě�!ϓ 

 

 ď˚ X˫Ŧʡȫȟ 

 ŧȭɀƮ,ƾ˽(�@Ɗř̏ω.ď˚X˫Óκ×DǭƩ�!ϓƱ>A!X˫èʩ

�>ωȶǩ΅.ωǼʌ<±ωƦǉϒI�x��i.�äĥ.ȋɷ,%�'͉Æ�!ϓ 

 

 µCTȫȟ 

 ƾ˽�>ΐƁI�x��iDΨĖ�!Ʈ, µCT ǭƩϏSMX-90CT, Shimadzu Co., 

Kyoto, JapanϐD̬�ϒµCT̀ș`viϏTRI/3D-VIE, Ratoc, Tokyo, JapanϐDʎ�ȶǩ΅.

ωǼʌD͉Æ�!ϓ  



 
 

26 

  

 ˟ ˳ƦǄŦʡȫȟ 

 ωȶǩ΅DĨ9ȫ½Dϒ10 %�ƽ˭̮|�~��əϏWako, Tokyo, Japanϐ(5Ȁ

Οłū�!Ʈϒx��S���S�əϏWako, Tokyo, Japanϐ,'2Ľ.əǦ�D̬�+

�>40ȀΟ̇ɱ�!ϓ̇ ɱŨ Ʈr�vH�,Ćň�ϒ�Ó,ǿť.ř̏ωDĨ9=,

ȹ�ʬʂǻ( 7 µm,̦ï�!ϓïɾ/~e`�i�S���ȝ̚D̬$!ϓ�A>.ï

ɾDʎ�'ωȶǩ΅,��@Ǽʌω¸ΛͥγϒǼʌωΏϒ̫ˍǷD̓ɡ�!ϓ 

 Ǽʌω¸Λͥγ/ϒǼʌω�ǿťωǻˆ�>ωȶǩ΅�Ŝ,ħ�$'*A"�¸Λ

�!�Dʸ�ϒá˟˳Λ,ŷ�@ωȶǩ΅.ȹ�˫�.ǼʌωΛ.ûĥϏthe distance of new 

bone tissue per distance of total tissue: BD/TD, %ϐ)�'�Ơ,=?ˌí�!ϏFig. 1-3 Aϐϓ 

 BD/TD (%) = ǼʌωΛϔá˟˳Λ�100 

 ǼʌωΏ.̓ɡ/ϒωȶǩ΅=?5%.ĉʑDɷ¿ɶ,ǘí�'̬$!ϓ1ĉʑ/

�ͭ�2 mm.ȹǽƦ)�ϒĉʑå,/ˮȱ,5ȑ.ʦ˫�>ǉ@Ȥţ(25Î.¦ɵD͆

ū�!ϓĉʑå.Ǽʌω�,ťń�@¦ɵǷD̓ɡ�ϒá¦ɵǷϏ125 Îϐ,ŷ�@ûĥ

D�Ơ,=?ˌí�ϒ̓ ɡξŉá˟˳Ώ,ŷ�@ǼʌωΏϏthe volume of new bone tissue per 

volume of total tissue: BV/TV, %ϐ)�!ϏFig. 1-3 Bϐϓ 

 BV/TV (%) = 5ĉʑ.Ǽʌω�+@˩¦ɵǷϔ5ĉʑ.˩¦ɵǷ�100 

 ̫ ˍǷ.̓ɡ/ϒĦȯ,ωȶǩ΅=?5%.ĉʑDɷ¿ɶ,ǘí�'̬$!ϓ1ĉ

ʑ/15 mm2)�ĉʑå,ťń�@̫ˍǷD1 mm2�!?.̫ˍǷϏthe number of vessels per 
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square millimeterϕN.Ve/mm2ϐ)�'�Ơ,=?ˌí�!ϓ�.έϒ̫ˍ)/ˍ̊ȮͶDǜ

#ϒå̊,̫͞ʈDĨ9;.D̫ˍ)�!ϏFig. 1-3Bϐϓ 

 N.Ve/mm2 = 5ĉʑ.˩̫ˍǷϔ5ĉʑ.˩κ  ˀ

 ȑǹ+>1,Ł(Âʎ�!ωƦǄ̓ɡ,Π�@ʎ͎ϒͅĢϒďº/ ASBMR 

Histomorphometry Nomenclature Committee.ŌĪ,+>$'Âʎ�![59]ϓ 

  

 x ̓̀ș 

 �4'.ˡț/ƔŅÑ�ȰɤÒƌ)�'̯ͅ�!ϓ7!ϒˣ̓̀ș,/ StatView 

Version 5.01 software (SAS Institute Inc. Cary, NC, USA)Dʎ�!ϓîǵîș,/�Ù·˴îǵ

îșϏOne-way Factorial ANOVAϐDʎ�ϒȋǂƌ�͌:>A!ōĥ,/ϒŘɄͪɍ)�

'Tukey-kramerɍDʎ�'˶Ο.ɄͪD̬$!ϓpÑ�0.05ȏɢ.ōĥ,ˣ̓Ŧʡ,ȋǂ

ƌ�?)òǻ�!ϓ 
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ˇ3ˎ�ˡț 

 

 ī̭ȍ.̔ƚǌ̺ 

 PMC,Úő�!TBDωȶǩ΅,Ǡà�@έ,/ϒTBďʃ(/ PMC�>ɫí�

@�)��$!�ϒTBD IC gel<bFGF-IC gel)ɛĥ�!ōĥ,/ɫí�@�)/+�$

!ϓ¿̴�!PMC.ʦƬ/áÃř̏ωǻˆ)56�̗�!ϓ7!ϒPMC.�ǻˆDȳω

)x��i.Ο,ǟ8ͮ9�),=?ωȶǩ΅, PMC D�$�?)łū��@�)�ğ

́(�$!ϏFig. 1-4ϐϓʼȩǍ̭Ʈ.üκγΞ<ǃȝÛÐ/͌:>A�ϒ̭Ʈ10Ȁʥ,/

üκ/Ũá,Ɍʞ�!ϓ7!ϒüκ.ɌʞƮ/ϒ̿ŵȍΟ�,��'Ǎ̭΅º.̌̈<ʘ

ʛ/͌:>A+�$!ϓ 

 

 ˻ ʪʡȫȟǌ̺ 

 øȫȇ.˻ʪǌ̺(/ϒPMC īŀ/ͧ΅˟˳(̹CA'�?ϒ�eZ�)īŀ˟

˳.ŒʒDòó(�+�$!!:ϒPMC,Çà�@̫ˍ.͉Æ/�ğ́(�$!ϓFig. 1-5

/ϒωȶǩ΅DĨ920 mm.Λ�(ïǻ�!ř̏ω.x��iǣʫκ(�@ϓωȶǩ΅)

ǿťω/îγ�@�)+�ͷ˥ƽD˦ǜ�ϒ̯κ/ͧ΅˟˳(̹CA'�!ϓ  

 

 ď˚ X˫Ŧʡȫȟǌ̺ 

 Fig. 1-6,ŧȭɀƮ.Ĥ˶.ď˚X˫èʩDʸ�!ϓX˫èʩ�/ϒTB.Ŗº<ɫ

í�͌:>A+�$!�)�>ϒTB/PMCå,Ìǜ�A'�!)˸�>A!ϓωȶǩ΅

.žÓ,/ř�+±ωƦǉ�͌:>Aϒ�A/ǿťω.�ǻˆ�>íʇ�!;.)˸�>
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A!ϓʀ,ºˆžÓ�>.±ωƦǉ�ȃʤ(�$!�ϒ5 %.˶Ο,ȅʴ+ƌ/͌:>

A+�$!ϓ�ǽϒωȶǩå΅.Ǽʌω,%�'/ϒTB.X˫�Ͳ;ƽ�ϋ�!:òó

(�+�$!ϓTBDʎ�'�+�pm˶/ϒ2.ȇɵ(/ωȶǩå΅,5)E*Ǽʌω

/͌:>A�ϒ4ȇ,/ωǼʌ�͌:>A!;..áÃ(ʞĥ,/̖$'�+�$!ϓ 

  

 µCTȫȟǌ̺ 

 Fig. 1-7,µCTʑ×Dʸ�!ϓʑ×/ǿťωDĨ9ωȶǩ΅.ȹ�ʬʂǻ×(�@ϓ

ď˚X˫Ŧʡȫȟǌ̺)Ħȯ,ϒTB.Ŗº/͌:>A�ϒωȶǩ΅ŗÓ.±ωƦǉ/ʴ

͌(�!�ϒTB.X˫�Ͳ;ƽ�ϋ�!:ωȶǩå΅.Ǽʌω.òó+>1,�.͉Æ

/�ğ́(�$!ϓ 
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 ˟ ˳ƦǄŦʡȫȟǌ̺ 

 Fig. 1-8 A-J,˟˳ïɾá½×Dʸ�!ϓPMC/ɳʚĚƺD͍ʟ�@�)+�TB

D�$�?)Ìǜ�'�!ϓ7!ϒTB/PMCå,ř�+Ƚ̊+�Ņ�,Úő�A'�!ϓ

TBDʎ�!�A>.˶(/ϒωǼʌ/�ˆ.ǿťωīŀ�>͠�$'�!ϓ�ǽϒTBD

ʎ�'�+� pm˶/ 2.ȇɵ(/5)E*ωǼʌ�͠�>�ϒ4ȇ,/ωǼʌ/͌

:>A!;..áÃ(ωʞĥ,/̖$'�+�$!ϓ  

 Fig. 1-8,Ǽʌω¸ΛͥγϏBD/TDϐϒǼʌωΏϏBV/TVϐϒ�=1̫ˍǷϏN.Ve/mm2ϐ

.ˌí,ʎ�!˟˳×Dʸ�ϒ�A>.ÑDFig. 1-9,ʸ�!ϓ 

 BD/TD (%)ϏFig. 1-8 A-J, Fig. 1-9 Aϐ/ϒpm˶ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/ICgel

˶ϒpm/TB/f-ICgel˶,��'�A Aϒ2ϕ1.0 ± 2.0ϒ5.5 ± 7.8ϒ7.0 ± 8.1ϒ10.4 ± 8.6ϒ21.9 

± 8.1 %ϒ4ϕ36.9 ± 11.3ϒ22.1 ± 7.7ϒ21.9 ± 11.5ϒ37.8 ± 10.4ϒ60.0 ± 8.3 %(�$!ϓ

pm/TB/f-ICgel˶(/ 2.ȇɵ( pm/TB/f˶ϒpm/TB/ICgel˶).Ο,ȋǂƌ/͌:>A

+�$!�ϒ4(/¬. 4˶�4',Ʉ4'ȋǂ,ϋ�ÑDʸ�!ϓ�.¬. 4˶,�

�'/2ϒ4);,��A.˶Ο,;ȋǂƌ/͌:>A+�$!ϓ  

 BV/TV (%)ϏFig. 1-8 a-j, Fig. 1-9 Bϐ/ϒpm˶ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/ICgel

˶ϒpm/TB/f-ICgel˶,��'�A Aϒ2ϕ0.8 ± 1.6ϒ8.0 ± 5.6ϒ9.0 ± 3.3ϒ7.4 ± 3.3ϒ24.8 

± 1.5 %ϒ 4ϕ23.4 ± 2.8ϒ16.0 ± 0.7ϒ17.0 ± 2.1ϒ36.8 ± 5.2ϒ55.6 ± 5.6 %(�$!ϓpm/TB/f-ICgel

˶/ 2ϒ4);,¬˶,Ʉ4'ȋǂ,ϋ�Ñ(�$!ϓpm/TB/ICgel˶/ 2(/¬. 4

˶).ȋǂƌD͌:+�$!;..ϒ4(/pm/TB/f-ICgel˶,ȷ�(¬˶=?;ȋǂ,

ϋ�Ñ(�$!ϓ�ǽϒpm/TB/f˶/pm/TB˶)Ʉͪ�'��A.̿ŵȍΟ,��';ƌ
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/͌:>A+�$!ϓ7!ϒ�.2˶/2(/pm˶=?;ȋǂ,ϋ�Ñ(�$!�ϒ4

(/ȋǂƌ/͌:>A+�$!ϓ 

 N.Ve/mm2 ϏFig. 1-8 k-t, Fig. 1-9 Cϐ/ϒpm˶ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/ICgel

˶ϒpm/TB/f-ICgel˶,��'�A Aϒ2ϕ0.9 ± 0.3ϒ1.2 ± 0.3ϒ1.1 ± 0.1ϒ1.3 ± 0.2ϒ2.3 

± 0.2ϒ4ϕ1.2 ± 0.1ϒ1.1 ± 0.2ϒ1.0 ± 0.1ϒ1.7 ± 0.2ϒ2.7 ± 0.3(�$!ϓpm/TB/f-ICgel˶(

/2ϒ4);,¬˶,Ʉ4'ȋǂ,ϋ�Ñ(�$!ϓpm/TB/ICgel˶/2(/¬˶).

ȋǂƌD͌:�ϒ4(/pm/TB/f-ICgel˶,ȷ�(¬˶=?;ȋǂ,ϋ�Ñ(�$!ϓ�

.¬.3˶,��'/2ϒ4);,��A.˶Ο,;ȋǂƌ/͌:>A+�$!ϓ 
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ˇ4ˎ�˸ŵ 

  

 ȑʰ˂,ʎ�!JXRɾÓř̏ωωƗ΅΅îȶǩ�h�/ϒ6.ȇɵ7(ωʞĥ

�+�ωȶǩXI]ϏCritical defect sizeϐ(�@�)�ʴ͌�A'�@[29, 60]ϓȑʰ˂.ˡ

ț,��';ϒpm ˶(/ 4 .ȇɵ(ωʞĥ/͌:>A�ϒċî+ωȶǩXI](�@

�)�ʴ͌�A!ϓ  

 ȑʰ˂(/�.JXRωȶǩ�h�,ŷ�'ϒπ˔ʂ©Ɖω(�@TBDωȶǩ΅

,ȹʴ,Ìǜ�@!:,PMCDÂʎ�!ϓπ˔ʂ©Ɖω/ϒωĻ̀<\S���|��ϒ

ωǓǸƳȇ,ʌ�!C��+ΟάDň:@ʎͳ)�'/�'�@�ϒΛˍωáīȶǩ(

/ʼȩƮ,Ɋ�<ɫí+*.Ŗº�ʌ�@ğ́ƽ��@ϓʀ,Ŭψăɿ�h�(�A>.

Ŗº�ʌ�@)ϒȹʴ+ωçʌ͉Æ.ş�)+?Ʊ@ϓ��(ϒTB DÌǜ�̫ˍÇàƽ

3.Ʃλ�ȉŻΦ)+@=,ϒĊʝʎ}�x�u���eZ�Z�iDæˊƦ,ĀƉ�

PMCD¿̴�!ϓ�.ˡțϒǿťω)56ĦƦʂ,π˔ʂ©ƉωDʼȩ(�ϒ̓ ȩƮ.Ɋ

�<ɫíDȸ�@�)�ğ́(�$!ϓ7!ϒTB ďʃ(/Ǎ̭ȇ.Ǯ¿ƽ�ƿ�ϒω

ȶǩ΅3.Ǡàȇ,/ TB π˔� PMC .ŗ3ɫí�@�)�ż+�+�$!�ϒTB )

bFGF-IC gelDɛĥ��@�)(V�ʂ.ɛĥ½)+?ϒɫí�@�)+�Ʀʂ�Ìǜ�Aϒ

Ȭ:'��A!Ǯ¿ƽDʸ�!ϓ 

 ȑʰ˂,��'ϒTB) IC gelDÁʎ�! pm/TB/ICgel˶/ϒ4,��' pm/TB

˶ϒpm/TB/f˶=?;ȋǂ,ϋ�̫ˍǷ)ǼʌωΏDʸ�!ϓ�+C#ϒTB) IC gel.8

(̫ˍǼʌ)ωǼʌDȋǂ,Ê�@�)�ȅ>�)+$!ϓIC gel̕½�̫ˍǼʌ.�
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�A!ͣō(�?ϒ̫ ˍǼʌDÊ��@¿ʎ[32]��@�)�>ϒIC gel,=?Ʀǉ�A

!Ǽʌ̫ˍ,=?ωǼʌ�Ê�A!;.)˸�>A@ϓ 

 �.=,ϒω<̫ˍ.çʌ,/ǉΛľţ+*,=@˝̀.œȾÊ"�(/+�ϒ

˝̀.œȾ<�.îćDǯǜ�@!:.ͣō�̸+ƪûDț!�[11, 32, 61]ϓωǼʌ.

ͣō)+@qIN~g�G�.�%�ϒω¶ź́<ʌ½åɐƽ,��A! TCP (�@ϓ 

TCPå,ω�¸Λ��½ć�@!:,/ϒTCP,ŘǷ.Οά�Ʀǉ�A'�@ƹ̸��@ϓ

si.N\gN�.XI]�˙223 µm(�@�)�>ϒ200-400 µm.ΟάDǜ%�)�

˝̀<̫ˍ.Çà,̸(�@)�A'�@[11, 62]ϓʇńƏ͛�A'�@TCP.ƦǄ/w

�eSʂϒ{�\iʂϒπ˔ʂ��̘ʡ(�@ϓw�eSʂTCP.å΅,/�ū.Οά�

ťń�@�ϒωȶǩ΅.̵β+ƦǄ,ĥC�'ǉƦ�@./Ŀδ(�@ϓ�ǽϒ{�\i

ʂ TCP)π˔ʂ TCP/ȯ
+ωȶǩƦǄ,ƺ(�Ǯ¿ƽ,��A'�@ϓ���ϒ{

�\iʂ TCP/ϒ¢Ŭ�å΅.Οά/ʢɷ(�?ϒ7!π˔ʂ TCP.Ř�/w�eSʂ

TCPDʲʱ�'¿̴�A'�@!:ϒ�˔�!?.Ʀʂ<XI]��Ņ�(�@ϓ�.!

:ϒÚő�@έ,Ƚ̊�ʌ�!?Οά�ɘŝ�@ğ́ƽ��?ϒΰˀƮ.ΟάXI]/¡

ǁ(�+�ϓ�!�$'ʉǁʡ+TCP.ƦǄ/ϒωȶǩ΅3.Úő�ğ́+π˔ʂ(�?ϒ

�%ūņŅ͝(ΰˀ,=?π˔Ο,200-400 µm.Οά�Ʀǉ�A@�)�Ȍ7��ϓȑʰ

˂(ʎ�!TB/ϒ�A>.Ȕ²DĄȥ�'hYI��A!ϓ%7?ϒTB/ϒ�TCP˓Ȑ

�>ŹíǉƦ�A!ŗƬ1 mm.ūņŅ͝+gi�}ejņπ˔ʂ©Ɖω(�?ϒΰˀ,

=?π˔Ο,Ņ�,600 µmȏɢ.ͷʹŤ�Ʀǉ�A@Ϗunpublished dataϐ�)�>ϒʉǁ

ʡ+ωǼʌ.ͣō(�@)¡ǁ�A!ϓŬέ,ϒJXR)Im.ř̏ωºˆæȞʂȶǩ
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�h�,��@TB.ʰ˂(/ϒƏ͛.�TCPπ˔ʂ©Ɖω)Ʉ4'ȋǂ,ϋ�ǼʌωΏ

�Ʊ>Aϒ��A!ω¶ź́�ʴ͌�A'�@Ϗunpublished dataϐϓ 

 ���+�>ϒȑʰ˂,��'/ϒpm˶)pm/TB˶).Ο,ȋǂ+ƌ/͌:>A

+�$!ϓȑ�h�(/ď˚X˫ŦʡȫȟϒµCTȫȟ=?ϒá˶,��'ωȶǩ΅.īŀ

D̹=,ȃʤ+±ω�Ʀǉ�A'�!ϓωƦǉ́þ.ϋ�JXR(/©Ɖω/��$

'Ǽʌω.¸Λ.ş�)+@.�;�A+�ϓ 

 �ǽϒʌ½å.̫ˍ/ECM,=?�.ȮͶ�Ìǜ�A����>ȯ
+ZTk�

.ĝ�ɟ��̬CA@[61, 63-65]ϓ�.!:ϒ̫ˍǼʌ.ͣō)�'ECM,®C@qIN

~g�G��Ξʟ�A'�@[61, 66]ϓ�.�(; IC gel/=?ECM,Ͱ�qIN~g�

G�)�'Ɏʥ�A'�@[32]ϓIC gel.�̸ǉî(�@SL�Ί͍ź½�G�O�ìʉW

��V�ϏAlCol-CADϐ/ϒin vitro,��'̫ˍåʣ˝̀,ŷ�ϒɃƽ+�ϋ�̾įƽD

ʟǧ�@[56-58]ϓ�>,ϒIC gel/̫ˍ.Ìǜ,̸+ŧū�!�ȷÙ~i�eS\ȮͶ

Dǜ%ϓ7!ϒIC gel/̫ˍåʣ˝̀<̫ˍȮǉ˝̀�ǲí�@~i�eS\�b�x�

gG�_ϏMMPsϐ<x�\�o�V�ɐƽćľţϏPAsϐ+*.b�rSî̀Ή˜,=?

űȆ,î̀�A@!:ϒ̫ˍ.Çàƽ,��A'�@ϓ�ei̎ʦˉˉ̒�ʼȩ�h�(

/ϒIC gel/ĦɯƜ.W��V�<Matrigel®ϏBD Biosciences, Bedford, MAϐ,Ʉ4'ϒ̫

ˍ,ŴE"˻̜˟˳�ȋǂ,œĀ�@�)�ʴ͌�A'�@[32]ϓ  

 7!ϒͣō)�'��A!ʀƽD;%TB) IC gelDɛĥ�@�)/ϒǍ̭ȇ.Ǯ

¿ƽDħ���@"�(+�ϒTBπ˔Ο.ͷʹŤá½,űȆ, IC gelD̬�ɟ>�@�)

�(�ϒ̫ˍǼʌ.Ê,ȋʎ(�@)ȍƭ�A!ϓʌ½å,��'ϒ˝̀�̫ˍ�>Ǜ
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ǵ,=?Ί˜<Ƞφ˜DƱ@!:,/ϒ̫ˍ�> 200 µm°å,ťń�@�)�ƹ̸(�

@[67]ϓ�+C#ϒTBΟ.ͷʹŤϏ600 µmȏɢϐå,̫ˍ�Çà�@)ϒ˝̀.ʌť,

)$'ȉ;�!̫ˍ).ͥγ)+?Ʊ@ϓ�.�)�>ϒTB) IC gel.Áʎ,=@ωç

ʌĂț/ϒωȶǩ΅,ωǼʌ)̫ˍǼʌ,��A!ͣōDǥÄ�@�),=?Ʊ>A!;

.)˸�>A@ϓ  

 TB)bFGF-IC gelDÁʎ�!pm/TB/f-ICgel˶(/ϒpm/TB/f˶+>1,pm/TB/ICgel

˶,Ʉ4'Ǽʌω¸ΛͥγϒǼʌωΏϒ̫ ˍǷ�4',��'ȋǂ,ϋ�ÑDʸ�!ϓIC gel

/ϒÂʎʦ÷,Ůɠ�(AlCol-CAD)AtColDĦΏɛĥ�@)ϒIN��W�x�eS\

pIj�V�~i�eS\�Ʀǉ�A@ϓ�A/͚,̞ε�!AtCol-CAD)ϒȹ,̞ε�

!AtCol�εɆʡ,ˡĥ�@!:(�@[32]ϓ7!ϒIC gel.CAD΅î,/bFGFDÌǜ

�@ƪû��@ϓ�A/ϒbFGF/ȹ,̞ε�'�@!:ϒ͚ ,̞ε�!CAD΅î)εɆ

ʡ,ˡĥ�@!:(�@[32]ϓ��'bFGF/ϒIC gel�,ʔ7@�),=?ſǌ(.Ǜ

ǵDÞAϒIC gel.î̀,·$'ͽγ�Aϒ=?Ăʆʡ,Ȱʡ˝̀,¿ʎ�@�)�(�

@ϓ�eiDʎ�!ʰ˂(/ϒbFGF-IC gel/ IC gelďʃ=?;ȋǂ,̫ˍǼʌD͍ź�@

));,ϒǉɻ�!̫ˍƦǉ;͌:>A'�@[32]ϓ�.�)�>ϒbFGF-IC gel/ bFGF

ďʃ;��/ IC gel ďʃ,Ʉ4'ϒ=?Ăʆʡ,Ř�.̫ˍD͍ź�!�),=?ϒ

pm/TB/f-ICgel˶,��'ȉ;ωǼʌ�Ê�A!)˸�>A@ϓ 

 ȑʰ˂(ʎ�!bFGF-IC gel.ʎΏ/ϒTakayama>.h�b�>ϒ̫ ˍǼʌ.͍ź

,��'/ċî+ĂțDʟǧ�@ʎΏϏ100 ng/ml, 1.0 ml, bFGF)�'50 ngϐDʎ�!ϓ

�.ʎΏ/ϒωǼʌ͍źDȍƭ�@,/Ȭ:'ż+�Ώ(�@)˸�>A@ϓÃ�0ϒInui
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>/JXRř̏ω10 mmȶǩ�h�,ŷ�'ϒωȶǩ΅,2.0 µg.bFGFDʦǣǑ��'

;ωǼʌ͍źĂț�͌:>A�ϒbFGF .Ưǲć.!:,W��V��l{�eiDǙ½

)�'ʎ�!)�Bϒ1.4 µg(�.Ăț�͌:>A!)ŌĪ�'�@[29]ϓ�ǽϒ�.=

+Ǚ½Dʎ�+�ōĥϒωǼʌ,ƹ̸+ bFGF.Ώ/�>,ϋʎΏ)+?ϒ�eiϒJX

RϒImϒζΛτ.ωȶǩ�h�,ŷ�@ bFGF.ωǼʌ.͍ź,/ϒʦǣďĽǑ�(ʹ

ƒ100-200 µg.bFGF�ƹ̸)�A'�@[51-54]ϓ�.�)/ϒʦǣǑ��A!bFGF.

ř΅î�Ǜǵ+*,=?ŝCAĂțDʟǧ�'�+��)Dʸĵ�'�@ϓInui >.ʰ˂

(/ϒW��V��l{�eiDǙ½)�!1.4 µg.bFGFǑ�˶(/ϒʼȩƮ4.ď

˚X˫èʩ,��'ϒωȶǩ΅,ŷ�@Ǽʌωđȋʆ/62.4 %(�$!ϓ�A,ŷ�'ȑ

ʰ˂.pm/TB/f-ICgel˶4.ǼʌωΏ/55.6 %)56Ħˈ.ˡț(�$!ϓ���ϒbFGF

.ΏDɄͪ�@)ϒInui>.�h�/ȑʰ˂.20Ï°�.bFGFDÂʎ�'�@ϓ�!�

$'ϒȑʰ˂.ˡț/Ȭ:'»ʎΏ. bFGF(�$';ϒIC gel)Áʎ�@�)(̫ˍǼ

ʌ͍źĂțDȉřΦ,ʟǧ��@�)�ğ́(�?ϒ�.ˡț��A!ωçʌĂț�Ʊ>

A!;.)˸�>A!ϓIC gel�. bFGF.ΏDœ<��)(ϒ�>+@ωçʌĂț�Ʊ

>A@�*�/ªƮ.ȫ̈́͐ρ(�@ϓ 

 ȉͰ,+$'ϒȑʰ˂,τ¹�!ωǼʌ)̫ˍǼʌ.ΠÉƽDʸ�ʰ˂�ŌĪ�A

!ϓWang>/JXRř̏ω15 mmȶǩ�h�,��'ϒw�eSʂ�TCP.Óɥ,ř̏

ăθ̃Dͨº�ǣ́��@�),=?ϒ̫ˍǼʌ)ωǼʌ�Ê�A!)ŌĪ�'�@

[68]ϓ�.ʰ˂(/ϒř̏ăθ̃.ͨºD̬$'�+�ŷɺ˶,ŷ�'ϒʼȩƮ 2 .ȇ

ɵ(/ǼʌωΏ,ƌ�͌:>A�ϒ4 (/�:'ȋǂ+ƌ�͌:>A'�@ϓ7!ϒ̫
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ˍǷ,��'/2ϒ4�A A0.4�=11.4 /mm2Ϗ͒ǹ�.ÑDωȶǩκˀ(Ψ�!Ñϐ

(�?ϒ);,ȋǂƌ�͌:>A'�@ϓ�A,ŷ�'ϒȑʰ˂.pm/TB/f-ICgel˶/pm/TB

˶,ŷ�'ϒ2.ȇɵ(ǼʌωΏ,ȋǂƌ�͌:>A'�?ϒ̫ ˍǷ/2ϒ4�A A

2.3�=12.7 /mm2)ϒ2.ȇɵ(�(,Wang>.ŌĪD�Ľ@ϋÑDʸ�!ϓωȶǩ

XI]<͉Æǽɍ�ʖ+@!:ϒǷÑ.ʦǣʡ+Ʉͪ/Ŀδ(�@�ϒ�.ř̏ăθ̃ͨ

ʼɍ,Ʉ4';ϒbFGF-IC gel/ʼȩƮȂȍ,̫ˍD͍ź�ϒωǼʌ�Ê�A!;.)˸

�>A@ϓ�ei.ʰ˂(/ϒbFGF-IC gel/ʼȩƮ5Ȁ(͘Ŵ+̫ˍDĨ9˻̜˟˳DƦ

ǉ�@�)�ʴ͌�A'�?[32]ϒȑʰ˂,��';bFGF-IC gel/ϒ̓ ȩƮȂȍ.̫ˍǼ

ʌ�͍ź�A!ğ́ƽ�ϋ�ϓ 

  



Fig. 1-1. Tetrabones® (TB) are tetrapod-shaped granular artificial bones made of αTCP 

with the size of 1 mm. Scale bar = 1 mm.�



Fig. 1-2. (A) The polypropylene mesh cage (PMC) was fabricated from a polypropylene 

mesh sheet using medical low-temperature cautery. (B) TB within the PMC for a rabbit 

femoral segmental defect model. �Scale bar = 500µm.�

A� B�



Fig. 1-3. (A) The schematic drawing represents the bone defect area at the 

median sagittal plane to calculate BD/TD. (B) The schematic drawing of 

magnified the rectangle (C) to calculate the parameters of BV/TV and N.Ve/mm2.  

iB: intact bone; MC: medullary cavity; dBD: distal new bone distance; pBD: 

proximal new bone distance; TD: total tissue distance; BM: bone marrow; NB: 

new bone; TB: Tetrabone; Ve: vessel; Asterisks (*) represent the surface of new 

bone area. "
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Fig. 1-4. An eight-hole stainless-steel bone plate with six cortical screws, four cerclage 

wires and PMC containing TB was implanted into the femoral segmental defect in a rabbit 

(dF: distal femur; pF: proximal femur). Asterisks (*) indicate both ends of the PMC tucked 

between the plate and intact bone ends. Scale bar = 5 mm."

dF� pF�
*� *�



Fig. 1-5. Gross findings of the specimens in each group at 2 and 4 weeks after surgery. "

(A, F) the pm group; (B, G) the pm/TB group; (C, H) the pm/TB/f group; "

(D, I) the pm/TB/ICgel group; and (E, J) the pm/TB/f-ICgel group. There were no 

differences in macroscopic findings between the five groups.�
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Fig. 1-6. Radiographs of the femoral segmental defect in each treatment group at 2 and 4 

weeks after surgery. (A, F) the pm group; (B, G) the pm/TB group; (C, H) the pm/TB/f 

group; (D, I) the pm/TB/ICgel group; and (E, J) the pm/TB/f-ICgel group. Newly formed 

bone within the intergranular pores was not distinguishable from TB. The large osseous 

callus formation was observed caudally, however, there was no obvious difference 

between the groups. �
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Fig. 1-7. µCT images of each treatment group at the median sagittal plane. (A, F) the pm 

group; (B, G) the pm/TB group; (C, H) the pm/TB/f group; (D, I) the pm/TB/ICgel group; 

and (E, J) the pm/TB/f-ICgel group. Newly formed bone within the intergranular pores was 

not distinguishable from TB.�
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Fig. 1-9. Histomorphometric analyses for the newly formed bone tissues at 2 and 4 weeks 

after implantation. (A) The distance of proximal and distal new bone tissues per total tissue 

distance (BD/TD), (B) the volume of bone tissue per volume of total tissue "

(BV/TV) and (C) the number of vessels per square millimeter (N.Ve/mm2). Values are 

shown as mean ± standard deviation (n = 4). Different letters indicate significant difference 

in each group at the same week. (one-way ANOVA followed by Tukey-kramer test for 

multiple comparison, p value < 0.05). �
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ˇ2˅� Im�ÓȳωωƗ΅΅îȶǩ�h�,��@gi�}ejņ

π˔ʂ©Ɖω+>1,Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x

�eS\V�.Áʎ,=@ωçʌĂț 
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ˇ1ˎ�˪͂ 

 

 ÷˅.JXRř̏ωωƗ΅΅îȶǩ�h�,��'ϒgi�}ejņπ˔ʂ©Ɖω

ϏTBϐ)Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐDÁ

ʎ�@)̫ˍǼʌ)ωǼʌ�Ê�Aϒ̙Ş+ωçʌ�Ʊ>A@�)�ȅ>�)+$!ϓ

���+�>ϒ�.ˡț�>/ bFGF-IC gel�̫ˍǼʌD͍ź�!�),=?ωǼʌ�Ê

�A!.�ϒbFGF �̫ˍǼʌ"�(+�ωǼʌ;Ê�!.�òǻ�@�)/(�+

�$!ϓ�ADȅ>�)�@!:,/ϒ=?͋˝+ωƦǄ̓ɡD̬�ϒǼʌω.ω®͕Ľ

ͨ,ƌ�͌:>A@�Dȫ̈́�@ƹ̸��@ϓ 

 7!ϒ÷˅.JXR�h�(/ϒ5˶Ο.ωçʌĂț,ȅ>�+ƌ�͌:>A!;

..ϒáÃ(ωȶǩ΅īŀ,ȃʤ+±ωƦǉ�͌:>A!ϓ�̘,JXR/ϒĴ�τ<s

i,Ʉ4'ωƦǉ́�ϋ��)�ʭ>A'�@!:ϒ̔ƚƺʎD̼Ύ,àA!ʰ˂,/ϒ

=?si,Ͱ�ωƦǉ́Dʸ�ŬψăɿDʎ�'ϒ�.ĂțDȫ͈�@ƹ̸��@ϓ 

 ��(ȑ˅(/Im�ÓȳωωƗ΅΅îȶǩ�h�Dʎ�ϒTB )bFGF-IC gelD

Áʎ�@�),=@ωçʌĂț�=1ϒbFGF-IC gel�̫ˍǼʌ"�(+�ωǼʌDʦǣ͍

ź�@�,%�'͋˝+ȫ̈́D̬$!ϓ  
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ˇ2ˎ�ȒǺ�=1ǽɍ 

 

 gi�}ejņπ˔ʂ©ƉωϏTBϐ�=1Őŋƽ˫˦̜˝̀œȾľţˡĥIN��

W�x�eS\V�ϏbFGF-IC gelϐ 

 �A>.ȒǺ/ˇ1˅)á�Ħȯ(�@ϓ 

  

 ăɿ+>1,Ǎ̭ǽɍ 

 Ŭψăɿ)�'ϒ½ 10.5-11.3 kgϒ13-19�Ȋώϒί.t�T�ʁ 5οDʎ�!ϓ

ăɿ/x�}vM��Ϗ8 mg/kgϐ.θ̃åǑ�,=?όΈźà�ϒI`v���ĩàόΈ

,'˦ǜ�!ϓǒʌú/ϒ̭÷,^vF�[�Ϗ20 mg/kgϐDθ̃åǑ��ϒ̭�/^v

F�[�Ϗ20 mg/kgϐD2ȇΟɂ,θ̃åǑ��!ϓ7!ϒ̭�.̳ə)�'�Si��

V�əϏ10 ml/kg/hrϐDǜ˥ɵɩ�ϒʘʛˍʉ)�'vK�bl�Ϗ10-20 µg/kg/hrϐDǜ

˥Ǒ��!ϓǍ̭/ɷ̠ì˴ƮϒÓ̓º,'�Ó÷̋.οŗÓ=?ïʣ�!ƮϒȳÓǍȣ

¸ˉ)˩ǝ¸ˉ.ΟDGx��d�ȳωDηí�!ϓX[b�`�Dʎ�'ϒ�Ó.ȳω

ωƗ΅�Ŝ,20 mm.ωȶǩD¿ǉ�!ϓTB.ωȶǩ΅3.ʼȩ,/ϒˇ1˅)Ħȯ.

ǽɍ(¿̴�!ʦƬ9 mmϒϋ�28 mm.}�x�u���eZ�U�[ϏPMCϐDÂʎ

�ϒ�.�Ŝ΅î,TBDωȶǩXI],ĥ=,Úő�!ϏFig. 2-1ϐϓPMC.ʦƬ/ϒ

ëˡÌť�'�!ĦȔ².t�T�ʁ.ȳωȰȑD̓ɡ�ɉū�!ϓPMC.�ˆ¾?΅î

ϏɾÓ4 mmϐDȳωǻˆáī,̰�@ȯ,̱ʫ�ϒ8ˁ\g��\x��iϏT: 1.8 mm, W: 

8 mm, D: 6 mm, Mizuho Co., Ltd., Tokyo, Japanϐ)8ȑ.ʦƬ2.7 mmʣ͝ωʎ\g��\\
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S���,'łū�!ϓ̭ü/ 3-0 }�[NQXo�,'ˉ˯ĥϒʣå˯ĥD̬�ϒ3-0

kI��,'ʣ̑˯ĥD̬$!ϓ̭ Ʈ/ʘʛˍʉ)�'vK�bl�Ϗ5 µg/kg/hrϐD12-24

ȇΟǜ˥Ǒ��ϒ�.Ʈ/wx�o�vH�Ϗ15 µg/kg, TIDϐD3ȀΟˉ˻åǑ��!ϓ

7!ϒ̭Ʈ3ȀΟ^vF�[�Ϗ20 mg/kg, BIDϐ.ʣ�Ǒ�D̬�ϒɕ̌ͩɞ.!:̭Ʈ

1-2ȀΟ/ǝˆ�>˾Πˎ7(q�g�[DƎ�!ϓʣ̑.kI��˖/̭Ʈ14Ȁ(üκ

.γ̀�+��)Dʴ͌�'ǔ˖�!ϓ 

 ăɿ/̿ŵȍΟ˞ Ʈ,ϒdN{�b��ki�J�Ϗ25 mg/kgϐ.θ̃åǑ�,

=?όΈźà�ϒI`v���ĩàόΈ̧,'ɚόΈDƱ!Ʈ,ϒŐćO�J�ɦəϏ2 

mEq/kgϐDθ̃åǑ��ŧȭɀ�!ϓ  

 ȑʰ˂/Ȗ§řŦřŦΧͬŦʌĮʻŦʰ˂ʻăɿŬψšĳµ.ǎ͌.�,̬$!ϓ 

  

 Ŭψ̓ʑ 

 5ο.Im.�Óȳω,%�'TBϒbFGFϒbFGF-IC gel.˟8ĥC�,=?3˶,

îτ�!ϓ�+C#ϒωȶǩ΅,TBDÚő�!PMCDʼȩ�@pm/TB˶Ϗn = 3ϐϒTB

)bFGFɦəϏ100 ng/mlɦəD1.0 mlϒbFGF)�'100 ngϐDÚő�!PMCDʼȩ�@

pm/TB/f Ϗ˶n = 3ϐϒ�=1TB)bFGF-IC gelϏ100 ng/mlɦəD1.0 mlϒbFGF)�'100 ngϐ

DÚő�!PMCDʼȩ�@pm/TB/f-ICgel˶Ϗn = 3ϐD¿ǉ�!ϓ 

 3˶.# pm/TB/f˶(/ϒΝüʦ÷, PMCå<�.īŀ.̫ə+*.ə½ǉî

D�Ŷ,ĩě�!Ʈ,ϒbFGF ɦəD 25G ɎŹΑ)Z��[( PMC å,Ɏà�!ϓ
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pm/TB/f-ICgel˶(/ϒbFGF-IC gel/�>��:TB)ɛĥ�!ʂǄ(PMCå,Úő�!ϓ

Ĥ˶ʼȩƮ4Ο.̿ŵȍΟD͆�!ϓ  

  

 ̔ ƚʡ͉Æ+>1,˻ʪʡ͉Æ 

 ĤÎ½.̭ü<áͦʂǄDɂȀ̿ŵ�!ϓŧȭɀƮ/ʼȩ΅Døȫ�ϒPMC .ī

ŀ˟˳ϒʀ, PMC å3.̫ˍÇà.ȋɷ,%�'͉Æ�!ϓ�>,ϒá'.ΐƁI�x

��iDǔĖ�ϒX[b�`�Dʎ�'ωȶǩ΅DĨ9˙30 mm.�ÓȳωDĽě�!ϓ 

  

 ď˚ X˫Ŧʡȫȟ 

 ̓ ȩʦƮϒ2ƮϒŧȭɀƮ,�Óȳω.ď˚X˫Óκ×DǭƩ�!ϓ��'ϒƱ

>A!X˫èʩ�>ωȶǩ΅.ωǼʌ<±ωƦǉϒI�x��i.�äĥ.ȋɷ,%�'

͉Æ�!ϓ 

  

 µCTȫȟ 

 ̌ 1˅)á�Ħ�ǽɍ(µCTȫȟD̬$!ϓ 

  

 ˟ ˳ƦǄŦʡȫȟ 

 ωȶǩ΅DĨ9ωȫ½D 70 %Lbo��( 3ȀΟłū�!ϓȷ�(ϒt�mLq

ωȝ̚,'ȝ̚�!Ʈ�d��bS���i,Ćň�!ϓ�.ι̇ɱ˟˳ȰȑD�Ó,ǿ

ťȳωDĨ9=,ȹ�ʬʂǻ(40 µm.ē8,+@7(ʰʶ�ϒι̇ɱʰʶïɾD¿̴
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�!ϓ�.ïɾ,ŷ�ϒÝŦσƴΚϏBX-53, Olympus Co., Tokyo, Japanϐ�(ωƦǄ̓ɡŸ

ʎZ\g�ϏSystem Supply, Nagano, JapanϐDʎ�ϒωȶǩ΅,Ĩ7A@Ǽʌω¸Λͥγϒ

ǼʌωΏϒƂȘʂωΏϒ̫ˍǷ.4μʥD̓ɡ�!ϓƂȘʂωΏ.̿ŵ,/ÒÝvH�b

�DÂʎ�ϒ�.¬.μʥ/̕ɸÝ(̿ŵ�!ϓ 

 Ǽʌω¸Λͥγ/ϒǼʌω�ǿťωǻˆ�>ωȶǩ΅�Ŝ,ħ�$'*A"�¸Λ

�!�Dʸ�ϒá˟˳Λ,ŷ�@ωȶǩ΅.ȹ�˫�.ǼʌωΛ.ûĥϏthe distance of new 

bone tissue per distance of total tissue: BD/TD, %ϐ)�'�Ơ,=?ˌí�!ϏFig. 1-3Aϐϓ 

 BD/TD (%) = ǼʌωΛϔá˟˳Λ�100 

 ǼʌωΏ/ϒωȶǩ΅,��@Ǽʌω.˩κˀD̓ɡ��á˟˳Ώ,��@ûĥ

Ϗthe volume of new bone tissue per volume of total tissue: BV/TVϐ)�'�Ơ,=?ˌí�!

ϏFig. 1-3 Bϐϓ 

 BV/TV (%) = ǼʌωΏϔá˟˳Ώ�100 

 ƂȘʂωΏ/ϒǼʌω˩κˀ,��@ƂȘʂω.˩κˀ.ûĥϏthe volume of 

lamellar bone tissue per volume of new bone tissue: LBV/BV, %ϐ)�'�Ơ,=?ˌí�!ϓ

ωȶǩ΅,ȉñ,ʌ�@Ǽʌω/˫˦ʂωϏwoven boneϐ)ĭ0Aϒ�Ɯ;��h��T

Dĝ�'�+�·ð.�A!ƘƢ+ω(�@ϓ�.˫˦ʂω���h��TDĝ�'Ǽ�

�ω�Ʀǉ�A@)ϒƂʂ,·ð�!ǉɻω(�@ƂȘʂωϏlamellar boneϐ,˴�ǦC@

[69]ϓ�A>/̕ɸÝ(;̿ŵğ́(�@�ϒ=?͋˝+͉Æ,/ÒÝσƴΚDʎ�@ƹ

̸��@ϓÒÝ,=?˫˦ʂω/�YISʂ,ϒƂȘʂω/Ƃʂ,̿ŵ�A@ϓ��h�

�T,=?ʌ�!ƂȘʂω.ξŉ/ϒʲω˝̀,=$'ĩě�A!ω.�I�(�@^�
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�i�I�Ϗcement lineϐ(ĉʑ�A!ωȦďºϏbasic multicellular unit: BMUϐ)�'ĉó

�A@[59]ϓ�!�$'ϒȑʰ˂,��'/BMUDȫí�@�),=?ϒǼʌω,��@

ƂȘʂω.ûĥϏLBV/BVϐD̓ɡ�!ϏFig. 2-2ϐϓ 

 LBV/BV (%) = ƂȘʂωΏϔǼʌωΏ�100 

 ̫ ˍǷ/ωȶǩ΅.οžÓ)ȹ�.3ð.̓60̼ΎϏ1̼Ύϖ1 mm2ϐ.̫ˍǷD

̓ɡ�ϒ1 mm2�!?.̫ˍǷϏthe number of vessels per square millimeterϕN.Ve/mm2ϐ)�

'�Ơ,=?ˌí�!ϏFig. 1-3 Bϐϓ̫ ˍ)/ˍ̊ȮͶDǜ#ϒå̊,̫͞ʈDĨ9;.)

�!ϓ 

 N.Ve/mm2 = ̫ˍǷϔ̓ɡξŉ 

 ȑǹ+>1,Ł(Âʎ�!ωƦǄ̓ɡ,Π�@ʎ͎ϒͅĢϒďº/ ASBMR 

Histomorphometry Nomenclature Committee.ŌĪ,+>$'Âʎ�![59]	 

  

 ̩ ÝȰ͖)̩ÝσƴΚ̿ŵ 

 ̭ Ʈ,2ʾτ.̩Ý̚˜D1 Ľ�%Ǒ��!ϓ̭Ʈ14Ȁʥ,/ϒO�^I�Ϗ20 

mg/kg, Calcein, Sigma-Aldrich Co., Tokyo, Japanϒ°�CL)̯ͅ�@ϓϐDθ̃åǑ��!ϓ

O�^I�/ɴΊɇ˜ki�J�( pH7.0,͑Ǹ�ϒ0.22 µm.vH�b�Dʹ�'ɰ;

ɧ̠�Âʎ�!ϓ̭Ʈ 21 Ȁʥ,/ϒNQZgi�XIS��Ϗ20 mg/kg, oxytetracycline, 

Terramycin/LA Injectable solution, Pfizer Japan Inc., Tokyo, Japanϒ°�TC)̯ͅ�@ϓϐDθ

̃åǑ��!ϓ  
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 Ʊ>A!˟˳ïɾ=?, ̩ÝσƴΚ,'ʯɱć͵ƜϏmineral apposition rate: MARϐ

D̓ɡ�!ϏFig. 2-2 BϐϓMAR/ϒČ̕ăʑ×̀ș`viϏSystem Supply, Nagano, Japanϐ

Dʎ�' CL-TCΟϏ̭Ʈ 14Ȁ�> 21Ȁ7(. 7ȀΟϐϒTC-τωΟϏ̭Ʈ 21Ȁ�> 28

Ȁ.7ȀΟϐ.ͥγD̓ɡ�ϒȀǷ(Ψ�!ÑD1Ȁ�!?.MARϏµm/dayϐ)�!ϓ 

  

 x ̓̀ș 

 ̌ 1˅)á�Ħ�ǽɍ(ˣ̓̀șDŬǾ�!ϓ 
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ˇ3ˎ�ˡț 

 

ī̭ȍ.̔ƚǌ̺ 

 PMC,Úő�!TBDωȶǩ΅,Ǡà�@έ,/ϒTBďʃ(/ PMC�>ɫí�

@�)��$!�ϒTBDbFGF-IC gel)ɛĥ�!ōĥ,/ɫí�@�)/+�$!ϓ¿̴

�!PMC.ʦƬ/áÃȳωǻˆʦƬ)56�̗�!ϓ7!ϒPMC.�ǻˆDȳω)x�

�i.Ο,ǟ8ͮ9�),=?ωȶǩ΅, PMC D�$�?)łū��@�)�ğ́(�

$!ϏFig. 2-3ϐϓáÃ̭Ʈ3Ȁ°å,/͠˄�ğ́)+?ϒ̭Ʈ10Ȁ°å,/C��,ͤ

̬�͌:>A@;..Ⱥ̬/ğ́(�$!	ʼȩǍ̭Ʈ.üκγΞ<ǃȝÛÐ/͌:>A

�ϒ̭ Ʈ14Ȁʥ,/üκ/Ũá,Ɍʞ�!ϓ7!ϒüκ.ɌʞƮ/ϒ̿ ŵȍΟ�,��'

Ǎ̭΅º.̌̈<ʘʛ/͌:>A+�$!ϓ  

  

 ˻ ʪʡȫȟǌ̺ 

 øȫȇ.˻ʪǌ̺(/ϒPMC īŀ/ͧ΅˟˳(̹CA'�?ϒ�eZ�)īŀ˟

˳.ŒʒDòó(�+�$!!:ϒPMC,Çà�@̫ˍ.͉Æ/�ğ́(�$!ϓFig. 2-4

/ϒωȶǩ΅DĨ930 mm.Λ�(ïǻ�!ȳω.x��iǣʫκ(�@ϓωȶǩ΅)ǿ

ťω/îγ�@�)+�ͷ˥ƽD˦ǜ�ϒ̯κ/ͧ΅˟˳(̹CA'�!ϓ  

  

 ď˚ X˫Ŧʡȫȟǌ̺ 
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 Fig. 2-5,ŧȭɀƮ.Ĥ˶.ď˚X˫èʩDʸ�!ϓX˫èʩ�/ϒTB.Ŗº<ɫ

í�͌:>A+�$!�)�>ϒTB/PMCå,Ìǜ�A'�@)˸�>A!ϓ7!ϒx

��i<\S���.�äĥ/͌:>A+�$!ϓωȶǩ�ˆ.ǿťωžÓ,/á˶(C

��+±ωƦǉ�͌:>A!�3˶Ο,ȅʴ+ƌ/͌:>A+�$!ϓ���ϒωȶǩå

΅.ωǼʌ,%�'/ϒTB.X˫�Ͳ;ƽ�ϋ�!:òó(�+�$!ϓ  

  

 µCTȫȟǌ̺ 

 Fig.2-6,µCTʑ×Dʸ�!ϓʑ×/ǿťωDĨ9ωȶǩ΅.ȹ�ʬʂǻ×(�@ϓ

ď˚X˫Ŧʡȫȟǌ̺)Ħȯ,ϒTB.Ŗº/͌:>A�ϒǿťωǻˆ.C��+±ωƦ

ǉ/ʴ͌(�!�ϒTB.X˫�Ͳ;ƽ�ϋ�!:ωȶǩå΅.Ǽʌω.òó+>1,�

.͉Æ/�ğ́(�$!ϓ 

  

 ˟ ˳ƦǄŦʡȫȟǌ̺ 

 Fig. 2-7,˟˳ïɾá½×Dʸ�!ϓPMC/ɳʚĚƺD͍ʟ�@�)+�TBD�

$�?)Ìǜ�'�!ϓ7!ϒTB/PMCå,ř�+Ƚ̊+�Ņ�,Úő�A'�!ϓPMC

.�΅�ϒωȶǩå΅,Ωà�'�@ÃϏFig. 2-7 B, CϒPMCºžÓˆ.ωȶǩå΅3

.Ωàǌ̺ϐ�͌:>A!�ϒǼʌω/Ωà�!�eZ�D͡�'¸Λ�'�!!:ϒΩ

à.͌:>A!Î½;ˣ̓̀ș,Âʎ�!ϓωǼʌ/�ˆ.ǿťωīŀ�>ωȶǩ΅.�

Ŝ,ħ�$'͠�$'�!ϓ 
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 Fig. 2-7.˟˳×�>ˌí�!Ǽʌω¸ΛͥγϏBD/TDϐ.ÑDFig. 2-10,ʸ�!ϓ 

BD/TD (%)ϏFig. 2-7, 2-10 Aϐ/ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/f-ICgel˶,��'�A 

A36.9 ± 2.6ϒ44.1 ± 2.9ϒ61.6 ± 7.0 %(�$!ϓpm/TB/f-ICgel˶/ϒpm/TB/f˶ϒpm/TB˶

,ŷ�'ȋǂ,ϋ�ÑDʸ�ϒpm/TB/f˶) pm/TB˶.Ο,ȋǂƌ/͌:>A+�$!ϓ 

 Fig.2-8 ,ǼʌωΏϏBV/TVϐϒƂȘʂωΏϏLBV/BVϐ�=1̫ˍǷϏN.Ve/mm2ϐ

.ˌí,ʎ�!˟˳×Dʸ�ϒ�A>.ÑDFig. 2-10,ʸ�!ϓ 

 BV/TV (%)ϏFig. 2-8 A-C, 2-10 Bϐ/ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/f-ICgel˶,�

�'�A A10.1 ± 0.3ϒ9.5 ± 1.3ϒ17.9 ± 2.0 %(�$!ϓpm/TB/f-ICgel˶/ϒpm/TB/f˶ϒ

pm/TB˶,ŷ�'ȋǂ,ϋ�ÑDʸ�ϒpm/TB/f˶)pm/TB˶.Ο,ȋǂƌ/͌:>A+

�$!ϓ 

 LBV/BV (%)ϏFig. 2-8 D-F, 2-10 Cϐ/ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/f-ICgel˶,

��'�A A3.6 ± 1.3ϒ4.2 ± 0.8ϒ4.5 ± 3.3 %(�?ϒ��A.˶Ο,;ȋǂƌ/͌:>

A+�$!ϓ 

 N.Ve/mm2ϏFig. 2-8 G-I, 2-10 Dϐ/ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/f-ICgel˶,�

�'�A A3.7 ± 0.3ϒ4.5 ± 0.8ϒ7.3 ± 0.4 %(�$!ϓpm/TB/f-ICgel˶/ϒpm/TB/f˶ϒ

pm/TB˶,ŷ�'ȋǂ,ϋ�ÑDʸ�ϒpm/TB/f˶)pm/TB˶.Ο,ȋǂƌ/͌:>A+

�$!ϓ 

 Fig. 2-9,ʯɱć͵ƜϏMARϐ.ˌí,ʎ�!ϒgi�XIS���=1O�^I

�,=@ωȰ͖D̬$!˟˳×Dʸ�ϒ�.ÑDFig. 2-10,ʸ�!ϓ 



 
 

59 

 MARϏµm/dayϐϏFig.2-9, 2-10 Eϐ/ϒpm/TB˶ϒpm/TB/f˶ϒpm/TB/f-ICgel˶,�

�'�A A̭Ʈ14�21Ȁ(/ϕ4.2 ± 0.4ϒ4.5 ± 0.5ϒ4.1 ± 0.3 µm/dayϒ̭ Ʈ21�28Ȁ(/ϕ

3.1 ± 0.3ϒ3.6 ± 0.4ϒ3.1 ± 0.3 µm/day(�?ϒ��A.̓ɡȍΟ,��';3˶Ο,ȋǂƌ

/͌:>A+�$!ϓ  
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ˇ4ˎ�˸ŵ 

  

 ÷˅.JXR�h�(/x��iǸƳ.űȆ+ř̏ωDǕ�!�ϒř̏ω/¬.

Λˍω,Ʉ4'īŀ.ͧ΅˟˳�͘Ŵ(�@!:ϒ;);)̫ɑ,Ŵ9΅º(�$!)˸

�>A@ϓ�.�)�>ϒȑʰ˂(/ȉ;ωīŀ.ͧ΅˟˳.ż+�̞ω(�@ȳωD

Ǖ�ϒ=?ĕ��Ȕ²�(ωçʌ.͉ÆD̬$!ϓÂʎ�!ωȶǩ�h�/ϒ�Óȳω

ωƗ΅, critical defect size(�@20 mmȶǩ[60]D¿ǉ�ϒ\g��\x��i)\S��

�(łū�!ϓ7!ϒTB.Ìǜ,/JXR�h�)Ħȯ, PMCDÂʎ�!ϓPMC.ǻ

ˆ.�΅�ωȶǩ΅,Ωà�'�7Ã�͌:>A!;..ϒTB/PMCå,ȹʴ,Ìǜ

�A'�?ϒɊ�<ɫí/͌:>A+�$!ϓPMCǻˆ.Ωà/ϒPMC)ǿťω).

+?΅îDœ<��),=?ǰĸğ́+ķρ(�@)˸�>A@ϓ7!ϒJXR�h�,

Ʉ4'PMC.XI]�ř��+$!!:ϒTBďʃ(/ωȶǩ΅3Ǡà�@έ,TB�ɫ

í�<��$!�ϒTB) bFGF-IC gel.ɛĥ½/ɫí�@�)+�ƦʂDÌǜ�'�?ϒ

Ǯ¿ƽ,��A'�!ϓ  

 ȑʰ˂,��'ϒbFGF-IC gelDʎ�! pm/TB/f-ICgel˶(/ϒpm/TB˶+>1,

pm/TB/f ˶,Ʉ4'Ǽʌω¸ΛͥγϏBD/TDϐϒǼʌωΏϏBV/TVϐϒ̫ˍǷϏN.Ve/mm2ϐ

�4',��'ȋǂ,ϋ�ÑDʸ�!ϓbFGF-IC gel.ʎΏ/ϒωȶǩXI]<TB.Âʎ

Ώ�œ�!!:JXR�h�.2ÏΏϏ100 ng/ml, 1 mlϒbFGF)�'100 ngϐDʎ�!�ϒ

Im.̆ωȱωǓ�h�(ωçʌĂț�͌:>A! bFGF.ďĽǑ�ΏϏ200 µgϐ,Ʉ4

@)ϒȬ:'ż+�Ώ(�@)͂�@[53]ϓIC gelDʎ�'�+�bFGFďʃ.pm/TB/f˶
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/ϒpm/TB˶)á͉Æμʥ,��'ȋǂƌ/͌:>A+�$!�)�>ϒ�.ʎΏ.bFGF

(/ďʃ(̫ˍǼʌ<ωǼʌD͍ź�@�)/(��ϒIC gel)ˡĥ��'/�:'��

A!ωçʌĂț�Ʊ>A!)˸�>A@ϓ���+�>ϒJXR�h�)Ħȯ,ϒ�A>

3%.͉Æμʥ"�(/bFGF-IC gel�̫ˍǼʌ"�(+�ϒωǼʌ,��';ʦǣ¿ʎ�

'�@.�,%�'/�ȅ+77(�@ϓ�eiϒJXRϒImϒζΛτ.ωȶǩ΅,

100-200 µg. bFGFDʦǣďĽǑ��@)ωǼʌ�Ê�A@�)�>[51-54]ϒȑʰ˂(

ʎ�!100 ng)�Ȭ:'ƴΏ+bFGF(/ϒʦǣωǼʌD͍ź�@"�.Ăț/Ʊ>A

+�ğ́ƽ�ϋ�ϓ��(ȑʰ˂(/ϒbFGF-IC gel.ωǼʌ͍źĂț,%�'͉Æ�@!

:ϒƂȘʂωΏϏLBV/BVϐ)ʯɱć͵ƜϏMARϐ.̓ɡD̬$!ϓ 

 ƂȘʂωΏ/ϒǼʌωΏ,��@ƂȘʂωΏ.ûĥ)�'ˌí�!ϓƂȘʂω/ϒ

ωȶǩ΅,ȉñ,ʌ�@ƘƢ+˫˦ʂω���h��TDĝ�!ˡț)�'Ʀǉ�A@ϒ

Ƃʂ,·ð�!ǉɻω(�@[69]ϓ�.!:ϒǼʌω,��@ƂȘʂω.ûĥD̓ɡ�@

�),=?ϒǼʌω.ǉɻƜDɄͪ�@�)�(�@ϓȑʰ˂,��'ϒƂȘʂω/Ĥ˶

);,áǼʌωΏ.˙ 4%)C��,͌:>A@ʽƜ(�?ϒ˶Ο,ȋǂ+ƌ/͌:>A

+�$!ϓ�.�)�>ϒ̓ ȩƮ4ʥ(/Åɸ)�'ƘƢ+Ǽʌω.Ʀǉ�Øº(�?ϒ

bFGF-IC gel�=1bFGFďʃ(/ω��h��TDÊ�+��)�ʸĵ�A!ϓ 

 ʯɱć͵Ɯ[59]/ϒO�^I�)gi�XIS��+*.̩Ý̚˜DǑ��@)ϒ

Ǒ�ȇ.ʯɱć÷˫�Ȱ͖�AϒǑ�ΟΫD��'£Ȱ͖D�@�),=?�.ȍΟ.

ʯɱć͵ƜDʭ@�)�(�@ϓt�T�ǉʁ.ύ̚ϊ΅î(�@�̋ωº<ŽωͰº

.ωȦω(/ϒȀƒ.��h��T,��@ʯɱć͵Ɯ/0.9 ± 0.2 µm/day(�$!)ŌĪ



 
 

62 

�A'�@[70]ϓ�A,ŷ�'ϒȑʰ˂(/ωǓɌʞ;ʽ.!:á˶,��' 3-4 µm/day

)ʯɱć͵Ɯ/¥�'�!�, ˶Ο,ȋǂ+ƌ/͌:>A+�$!ϓ�.�)�>ϒ

bFGF-IC gel�=1bFGFďʃ(/ʯɱć͵Ɯϒ%7?Ǽʌω.Ʀǉ͵Ɯ,/Ʃλ�+��

)�ʸĵ�A!ϓ 

 °�=?ϒ2%.ω®͕ĽͨDʸ�͉Æμʥ,��'˶Ο.ȋǂƌ�͌:>A+�

$!�)�>ϒbFGF-IC gel/��h��T.͠�!ξŉ<ω.ʯɱć͵Ɯ,/ʦǣƩλ�

+��)�ȅ>�)+$!ϓ%7?ϒbFGF-IC gel/ʦǣωǼʌD͍ź�@.(/+�ϒ̫

ˍǼʌD͍ź�@�),=?ωǼʌ,�!ʊŒϏΊ˜ϒȠφ˜+*ϐ�ǥÄ�Aϒʹƒ

ωǼʌ�͠�Ʊ@ξŉ=?;ƙˏŀ,ωǼʌ�ơ�͠��A!;.)˸�>A@ϓJXR

�h�(/ʼȩƮ2.ȇɵ(�(,̫ˍǷϒǼʌωΏ,ƌ�͌:>A'�!!:ϒIm

�h�,��';ϒ=?Ȃȍ.͘Ŵ+̫ˍǼʌ�ƙˏŀ.ωǼʌDğ́,�!)˸�>A

!ϓ  

  



Fig. 2-1. TB within the PMC for a dog radial segmental defect model. Scale bar = 500 µm.�
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BM�

WB�

LB�

Fig. 2-2. (A) Typical example of lamellar bone and woven bone on histological 

section under polarized light. (B) The schematic drawing for the parameter of 

LBV/BV and MAR. BM: bone marrow; TB: Tetrabone; LB: lamellar bone; 

WB: woven bone; Arrows: osteoid; Arrowheads: cement line. The yellow line 

and green line indicate the tetracycline and calcein signals, respectively."
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Fig. 2-3. An eight-hole stainless-steel bone plate with eight cortical screws and TB within 

the PMC was implanted into the radial segmental defect in a dog  (dR: distal radius; pR: 

proximal radius). Asterisks (*) indicate both ends of the PMC tucked between plate and 

intact bone."

dR� pR�
*� *�



Fig. 2-4. Gross findings of the specimens in each group at 4 weeks after surgery. (A) the 

pm/TB group; (B) the pm/TB/f group; and (C) the pm/TB/f-ICgel group. There was no 

difference in macroscopic findings between the five groups.�

A� B� C�
pm/TB/f pm/TB� pm/TB/f-ICgel�



Fig. 2-5. Lateral radiographs of the radial segmental defect in each treatment group at "

4 weeks after surgery. (A) the pm/TB group; (B) the pm/TB/f group; and (C) the pm/TB/f-

ICgel group. Newly formed bone within the intergranular pores was hardly distinguishable 

from TB. However the osseous callus was observed between the intact radius and PMC. 

There was no difference in these findings between three groups. �

A� B� C�

pm/TB/f pm/TB� pm/TB/f-ICgel�



A� B� C�
pm/TB/f�pm/TB� pm/TB/f-ICgel�

Fig. 2-6. µCT images of the defect at the median sagittal plane in each treatment group. 

(A) the pm/TB group; (B) the pm/TB/f group; and (C) the pm/TB/f-ICgel group. Newly 

formed bone within the intergranular pores was not distinguishable from TB.�



Fig. 2-7. Histological sections (Villanueva Bone stain) at the median sagittal plane. (A) the 

pm/TB group; (B) the pm/TB/f group; and (C) the pm/TB/f-ICgel group. "

(dR: distal radius; pR: proximal radius; Me: mesh). Horizontal lines indicate the distance 

of new bone tissues from the distal and proximal bone edges at the midline of the defect. 

More new bone tissues were observed in the pm/TB/f-ICgel group than in the other groups. 

Scale bar = 5 mm."
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Fig. 2-8. Histological findings of the regenerated bones (A-C: Natural light, "

D-F: Polarized light) and neovascuralization (G-I: Natural light) in the pm/TB group (A, 

D. G) ; the pm/TB/f group (B, E, H); and the pm/TB/f-ICgel group(C, F, I) at 4 weeks after 

surgery. (D-F) Almost all newly formed bones showed woven bones in each groups. TB: 

Tetrabone; NB: new bone; WB: woven bone; Arrowheads: the newly formed vessels. 

Scale bar = 100 µm. "
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Fig. 2-9.  Histological findings of fluorescent-labeled regenerated bones (Villanueva Bone 

stain). (A) the pm/TB group; (B) the pm/TB/f group; and (C) the pm/TB/f-ICgel group. The 

tetracycline (the yellow lines) and calcein (the green lines) signals at 4 weeks after surgery: 

(ⅰ) the distance of day 14 to 21; (ii) the distance of day 21 to 28 (osteoid). There was no 

difference in the distance between three groups. "

Scale bar = 50 µm. �

A� B� C�

(ii)�

(i)�
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Fig. 2-10. Histomorphometric analyses for the newly formed bone tissues at 4 weeks after 

implantation. (A) the distance of new bone tissue per distance of total tissue (BD/TD), (B) 

the volume of bone tissue per volume of total tissue (BV/TV), (C) the volume of lamellar 

bone tissue per volume of bone tissue (LBV/BV), (D) the number of vessels per square 

millimeter (N.Ve/mm2), and (E) mineral apposition rate (MAR).  Values are shown as mean 

± standard deviation (n = 3). Asterisks (*) indicates statistical significance with "

p value < 0.05 (one-way ANOVA followed by Tukey-kramer test for multiple comparison). �
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ˇ1ˎ�˪͂ 

  

 ÷˅7(.ˡț�>ϒJXR�=1Im.ΛˍωωƗ΅΅îȶǩ�h�,ŷ�@g

i�}ejņπ˔ʂ©ƉωϏTBϐ)Őŋƽ˫˦̜˝̀œȾľţˡĥIN��W�x�eS

\V�ϏbFGF-IC gelϐ.Áʎ/ϒ=?Ȃȍ,͘Ŵ+̫ˍǼʌD͍ź�@�),=?ϒƙˏ

ŀ+ωǼʌDơ�͠��ϒ��A!ωçʌĂț�Ʊ>A@�)�ȅ>�)+$!ϓ���ϒ

�A>.�h�/ϒ\g��\x��i�̞.á'Dǯǜ�'�@ϓωƗ΅�Ŝ.ωȶ

ǩ(�A0x��i(ŧūƽ,ķρ/ʌ�+�)˸�>A@�ϒωƗˆ+*,ʌ�!ωȶ

ǩ(/ϒx��iďʃ,=?ƣł+ŧūƽDƱ@./Ŀδ(�@ϓ�.̀ɉˋ.�%)�

'ϒωȶǩ΅Dʦǣǯǜ�@�)�ğ́+db��eZ�U�[ϏTMCϐDϒx��i<

ϊåu�)Áʎ�@ǽɍ�ǥĶ�A'�@[37-41]ϓ���ϒȯ
+΅º, TMC Dƺʎ�

@έ,/ϒƏ͛.æˊƦ TMC (/ȅ>�,�ċî(�?ϒʀ,�.Ʀ<XI]ϒłūǽ

ɍϒīŀ˟˳�>.̫ɑʴÌ+*.ķρD̀ɉ�@ƹ̸��@ϓ 

 ��(ϒĤÎ½.ωȶǩ΅.ƦǄ,Ũá,ĥ�@TMC)ϒǿťω̯κ,Ũá,

+@x��iD�½ć��!ϒg����Ijdb��eZ�U�[�½ņx��i

ϏtTMCPϐD˸ȥ�!ϓtTMCP .�eZ�U�[΅îϏtTMCϐ/�ˆ.ǿťωǻκ)Ʀ

Ǆ�Ũá,�̗�@!:ϒΛˍω.Ƌř+ωȶǩ(�$';̞Dʦǣǯǜ�@�)�(

�@ϓ�>,ϒtTMC/ǿťω̯κƦʂ)Ũá,�̗�!x��i)�½ć�'�@!:ϒ

ωȶǩ΅,Ǡà�@"�(ȹʴ+G�I��i.ǸƳ<ƣł+ŧūƽDƱ@�)�(�@ϓ  
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 ĊŦξŉ,��@ΐƁ˗qIN~g�G�.g����Ijć/ϒǼ��̴ıĀƉ

Ǐ̭(�@�uej�x�ibIu�T�Z\g�ϏRPϐ.Ⱥ,=?ʇŬ.;.)+$

'�'�@ϓRP)/̴ıΞʟ,��'ϒ͊¿ıϏprototypeϐD˜Ȃ�Ϗrapidϐ̴¿�@Ǐ

̭á̘Dʸ�ϒ3Dh�b�> STLϏstereo lithography interface formatϐh�b,ŖǦ�ϒ

computer-aided design/computer-aided manufacturingϏCAD/CAMϐZ\g�Dʎ�'ʦǣʡ,

̴¿�@ˀƂͶƦɍ.�)(�@ϓˀƂͶƦɍ)/ϒ˓½ϒȲ̂əϒ˛+*.ȒǺD̦�

̒ʂ,ˀƂ�'̴¿�@Ǐ̭(�?ϒͶƦɿ. 3D h�bDͶƦϋ�ǽħ,ˈΟΫϏʹƒ

0.05-0.18 mmϐ,\�I\�!h�bD;),̴¿�A@ϓ�.!:ϒưȕɍ(�@ïö

ɍ<ΔͶɍ,Ʉ4ϒΔņDƹ̸)��ʦǣʡ,̴¿(�@!:ϒřƓ+̴¿ȍΟ.ʮ˰)

̵β+Ʀʂ.ͶƦ�ğ́(�@ϓ 

 ˀ ƂͶƦɍ,/ə½ÝͶƦϒǕʡ��Y�ɦ̪ͶƦϏthe selective laser melting: 

SLMϐϒεţt��̪̀ͶƦϏthe electron beam melting: EBMϐϒI�S[KeiͶƦϒZ�

iˀƂͶƦϒǗ�í�ͶƦ+*��@ϓ�A7(ĊʝîΎ,��'/ϒCT \Q��h�

b�>ˀƂͶƦ�A!Ȳ̂<ʯ̐�h��ϒǍ̭ǽɍ.ȫ̈́<ωï?ʎPIj+*.Ǎ̭

̳āf��)�'Οǣʡ,ƺʎ�A'�![71-74]ϓȉͰ(/ϒpIj�QZGrbIiϏHAϐ

<��Ί�O�ZJ�ϏTCPϐDĔǺ)�@ϒωȶǩ΅,Ũá,�̗�@g����Ij

^��eS\DˀƂͶƦ�ϒωȶǩ΅̳őȒǺ)�'ʎ�@ŌĪ;ǵ̺�A@[75-77]ϓ�

A,ŷ�'ʦǣΐƁ̴ı.ͶƦDğ́,�@.�SLM)EBM.2ʾτ(�@[78]ϓSLM

/��Y�D³ǂ.˄½ǻκƦʂ,͟ȟ�ɺŹ�'ϒ�.ɼɣ,=?ΐƁ˓ȐDɦ̪ɹˡ

�ˀƂ�@ǽɍ(�?ϒEBM/ΐƁ˓Ȑ.̪̀,εţt��Dôʎ�'�@ϓSLM/Ũ
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á+ʩ˃ʂǄ(ē�˙30 µmϒEBM/�Ũáʩ˃ʂǄ(ē�˙100 µm.ˀƂͶƦ�ğ́

(�?ϒͶƦ˕Ɯ/ SLM.ǽ���A'�@ϓ7!ϒdb�ĥΐϏTi-6Al-4Vϐ(Ʉͪ�

!ōĥ.ȵȨʡʀƽ/ϒSLMϒEBM );,ΔͶɍ(̴¿�A!ōĥ)Ħˈ��A°�(

�@[78]ϓʇńϒSLM< EBM,=@g����IjΐƁ˗qIN~g�G�/©ƉΠˎ

,��'ƙ�ʎ�>Aϒ)�,©Ɖ˼Πˎ.\g�,Π�@ʰ˂<̔ƚƺʎ/1990ƕ®=

?ʤE,̬CAϒΛȍʡ+ŌĪ;ŘǷ͌:>A@[79-82]ϓωȶǩ΅,ŷ�@ƺʎ/ϒςω

.çƟɍ)�'ŌĪ�A'�@[83, 84]ϓ ���+�>ϒΛˍωωȶǩ΅,ŷ�@g��

��IjTMC,Π�@ŌĪ/+�ϓ 

 ��(ȑʰ˂(/ϒ=?ϋ˕Ɯ.ͶƦ�ğ́+ SLM(̴¿�! tTMCPDImɾ

ÓȳωωƗ΅΅îȶǩ�h�,Âʎ�!ϓĤÎ½.ωȶǩ΅ϒǿťωƦǄ,Ũá,�̗�

@�eZ�U�[)x��i��½ć�!�. tTMCP Dʎ�@�)(ϒ̭ƮȂȍ.ȵ́

ĽƳ�Ʊ>A@�Dȫ̈́�!ϓ�>,ϒTMC.;�%.ķρɵ(�@īŀ˟˳�>.̫

ɑʴÌ,Π�'/ϒ÷˅7(.ˡțDÙ,TB)bFGF-IC gelDÚő�@�),=? tTMC

å,̫ˍǼʌD͍ź�ϒ=?ƙˏŀ+ωǼʌDơ�͠���)�(�@�Dȫ̈́�!ϓ7

!ϒtTMC/PMC)Ʉ4@)�eZ�Ť/ż+�ϒē8;ř��!:ϒ̫ ˍÇàƽ,��

�ωçʌĂț/»��)�¡ǁ�A@ϓ�.=+ƿȔ²(�$'; TB ) bFGF-IC gel

.Áʎ,=$'̫ˍǼʌDÊ(�A0ϒȂȍ, tTMCP )ǿťω.ʞĥ�Ʊ>A@ğ́

ƽ�ϋ�ϓ�.!:ϒʼȩƮ 4,Ā�ϒ8ϒ24)�ϒ=?Λȍ,Ę2ˠ;̿ŵD̬

�ϒ̫ˍǼʌ)ωǼʌĂț,%�'ȫ̈́�!ϓ 
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ˇ2ˎ�ȒǺ�=1ǽɍ 

  

 gi�}ejņπ˔ʂ©ƉωϏTBϐ�=1Őŋƽ˫˦̜˝̀œȾľţˡĥIN��

W�x�eS\V�ϏbFGF-IC gelϐ 

 �A>.ȒǺ/ˇ1˅)á�Ħȯ(�@ϓ  

  

 g����Ijdb��eZ�U�[�½ņx��iϏtTMCPϐ 

 Î½ɂ,ȳωωƗ΅΅îȶǩ΅.ƦǄ)Ũá,�̗�@�eZ�U�[)ϒǿťω

̯κ,Ũá,+@x��i��½)+$! tTMCPD˸ȥ�Ξʟ�!ϓ 

 /�:,ϒŐΊ�hi�[�Ϗ20 µg/kgϐ)�ca��Ϗ30 µg/kgϐ.ɛĥˉ˻åǑ

�,=$'ΙθDƱ!ƮϒƊȳω.CTǭƩϏAsteion4, Toshiba Medical Systems Corp., Tochigi, 

JapanϐD̬�ϒ0.5 mm \�I\.\Q��h�bDƱ!ϓǭƩƮ/ŐΊGdr�a��

Ϗ8 µg/kgϐDˉ˻åǑ��̽��!ϓ 

 ȷ,ϒCTh�bD3ȷÙ�h�ć�ϒȳω�Ŝ,20 mm.ȶǩD͆̓�!ϓĦȇ

,ȳωͰºΠˎκ�>ωȶǩ7(.ͥγD̓ɡ�ϒ�.ÑDǍ̭ȇ.��j~�S)�!ϓ

˥�'ϒ3ȷÙCAD(\S���|��ϒ�eZ�Ť+*.͋˝͆̓D̬$!. °�.͆

̓,/`viJLG)�'Mimics ver. 12.1ϏMaterialise N.V., Leuven, Belgiumϐϒ3-matic ver. 

4.3ϏMaterialise N.V., Leuven, BelgiumϐϒNX I-deas 6ϏSiemens PLM Software inc., Texas, USAϐ

Dʎ�!ϓȉƮ,ϒCAM,=?ĀƉx�T��D¿ǉ�ϒΐƁÝͶƦ̵ĥĀƉȵϏLUMEX 
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Avance-25, Matsuura Machinery Corp., Fukui, Japanϐ,'db�ĥΐ˓ȐϏTi-6Al-7Nb, <45 µmϐ

�> tTMCPD¿̴�!ϓ  

 Ũǉ�!tTMCP/6ˁx��i΅î)�Ŝ.�eZ�U�[΅î�>ǉ@ϏFig. 3-1 

A-Eϐϓx��i΅î/áΛ75 mmϒƓ10 mmϒē82 mm(ϒ�.Ʀʂ/ʼȩĤÎ½.ȳ

ω̯κƦʂ)�̗�'�@ϓ7!ϒU�[΅î/áΛ20 mmϒē81 mmϒ�eZ�ŤƬ

0.5 × 0.5 mm(ϒU�[.Ʀʂ/ʼȩÎ½.ωȶǩ΅.ȳωƦʂ)�̗�'�@ϓĤÎ½

,%�2ȑ. tTMCPD¿̴�!ϓtTMCP/ϒϋŃ̥Ɇɧ̠,=?ɧ̠�ʼȩ,ʎ�!ϓ 

  

 ăɿ+>1,Ǎ̭ǽɍ 

 Ŭψăɿ)�'ϒ½ 10.0-12.0 kgϒ15-23�Ȋώ.t�T�ʁ 18οϏί 8οϒα

10οϐDʎ�!ϓ̭�ϒī̭ȍ.όΈʘʛˍʉ�=1ŧȭɀɍ/ˇ2˅)Ħȯ(�@ϓǍ

̭/ɷ̠ʂǄ(̬�ϒÓ̓º,'ƊÓ÷̋,Ǎ̭D̬$!ϓοŗÓ=?ϒȳÓǍȣ¸ˉ)

˩ǝ¸ˉ.ΟDGx��d�ȳωDηí�!ϓX[b�`�,'ȳωωƗ΅�Ŝ,20 mm

.ωȶǩD¿ǉ�!ϓωȶǩ.ȹʴ+º˴/ϒ�>��:̓ɡ�!ȳωͰºΠˎκ�>ȶ

ǩ7(.ͥγDʎ�'ɉū�!ϓ̭ΎD=�ɏɒ�!ƮϒtTMCP Dωȶǩ΅3Ǡà�ϒ6

ȑ.ʦƬ2.7 mmʣ͝ωʎ˚db�\S���,'łū�!ϓ̭ ü/3-0}�[NQXo�

,'ˉ˯ĥϒʣå˯ĥϒȷ�( 3-0kI��,'ʣ̑˯ĥD̬�Νü�!ϓăɿ/̿ŵȍ

Ο˞ Ʈ,ŧȭɀ�!ϓɕ̌ͩɞ.!:̭Ʈ 1-2ȀΟ/ǝˆ�>˾Πˎ7(q�g�[D

Ǝ�!ϓʣ̑.kI��˖/̭Ʈ14Ȁ(üκ.γ̀�+��)Dʴ͌�'ǔ˖�!ϓ  

 ȑʰ˂/Ȗ§řŦřŦΧͬŦʌĮʻŦʰ˂ʻăɿŬψšĳµ.ǎ͌.�,̬$!ϓ 
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 Ŭψ̓ʑ 

 18ο.ImD bFGF-IC gel.ȋɷ,=? 2˶,îτ�!ϓtm/TB˶)�'ϒtTMC

å, TB DÚő�ϒºˆ/ TB .ɫíDȸ�@!:vHw��V�ϏBOLHEAL, 

Kaketsuken, Kumamoto, JapanϐD30 µlɩ��!Ϗn = 9ϐϏFig. 3-1 Fϐϓ7!ϒtm/TB/f-ICgel

˶)�'ϒtTMCå,TB)bFGF-IC gelϏ100 ng/mlɦəD1.0 mlϒbFGF)�'100ngϐD

Úő�!Ϗn = 9ϐ(Fig. 3-1 G)ϓbFGF-IC gel/�>��:TB)ɛĥ�!ʂǄ( tTMCå,

Úő�!ϓĤ˶ʼȩƮ4ϒ8ϒ24.ȇɵ(3ο�%ŧȭɀ�ȳωDĽě�!ϓ 

  

 ̔ ƚʡ͉Æ+>1,˻ʪʡ͉Æ 

 ĤÎ½.̭ü<áͦʂǄDɂȀ̿ŵ�!ϓŧȭɀƮ/ʼȩ΅Døȫ�ϒtTMC.ī

ŀ˟˳ϒʀ, tTMCå3.̫ˍÇà.ȋɷ,%�'͉Æ�!ϓx��iˆ.ȳωDX[b

�`�,'ïǻ�ϒȶǩ΅DĨ9˙75 mm.ȳωDĽě�!ϒ 

  

 ď˚ X˫Ŧʡȫȟ 

 ̓ ȩʦƮ+>1,ʼȩƮ 4ɂ,Ɗȳω.ď˚ X˫Óκ×DǭƩ�ϒȶǩ΅.ω

Ǽʌ<īͭ.±ωƦǉϒI�x��i.�äĥ.ȋɷ,%�'͉Æ�!ϓ 
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 ˟ ˳ƦǄŦʡȫȟ 

 ˟ ˳ƦǄŦʡȫȟ)�'ι̇ɱʰʶïɾD¿ǉ�ϒ̌ 2˅)Ħȯ,�.4μʥ,%

�'̓ɡ�!ϓ  

 BD/TD (%) = Ǽʌω¸Λͥγϔá˟˳Λ�100 

 BV/TV (%) = ǼʌωΏϔá˟˳Ώ�100 

 LBV/BV (%) = ƂȘʂωΏϔǼʌωΏ�100 

 N.Ve/mm2 = ̫ˍǷϔ̓ɡξŉ 

  

 ̩ ÝȰ͖)̩ÝσƴΚ̿ŵ 

 ̓ ȩƮ14Ȁɂ,ϒ2ʾτ.̩ÝȰ͖D̓4ĽǑ��!ϓʼȩƮ14ϒ28Ȁʥ,gi

�XIS��ϏTCϐϒʼȩƮ42ϒ56Ȁʥ,O�^I�ϏCLϐDθ̃åǑ��!ϓ8ϒ24

˶.ωȰ͖\U[���/°�.ʹ?(�@ϓ 

 8˶ϕʼȩƮ14ϒ28Ȁʥ,TCϒʼȩƮ42Ȁʥ,CLDǑ�ϓ 

 24˶ϕʼȩƮ42ϒ56Ȁʥ,CLDǑ� 

 Ĥ˶ 8.ïɾDʎ�TC-TCΟϏʼȩƮ 14Ȁ�> 28Ȁ7(. 14ȀΟϐϒTC-CL

ΟϏʼȩƮ28Ȁ�>42Ȁ7(.14ȀΟϐϒ24.ïɾDʎ�CL-CLΟϏʼȩƮ42Ȁ�

> 56Ȁ7(. 14ȀΟϐϒCL-τωΟϏʼȩƮ 56Ȁ�> 168Ȁ7(. 112ȀΟϐ.ʯɱć

͵ƜϏMAR, µm/dayϐD̓ɡ�!ϓÂʎ�!̩Ý̚˜.͑Ǹɍ�ʎΏ+>1,MAR.̓

ɡɍ/ϒˇ2˅)Ħȯ(�@ϓ 
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 x ̓̀ș 

 �4'.ˡț/ƔŅÑ±ȰɤÒƌ)�'̯ͅ�!ϓ7!ϒˣ̓̀ș,/ StatView 

Version 5.01 software (SAS Institute Inc. Cary, NC, USA)Dʎ�!ϓ2˶.Ʉͪ,/unpaired 

Student’s t testDʎ�ϒpÑ�0.05ȏɢ.ōĥ,ˣ̓Ŧʡ,ȋǂƌ�?)òǻ�!ϓ 
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ˇ3ˎ�ˡț 

  

 ī̭ȍ.̔ƚǌ̺ 

 tTMCP .ωȶǩ΅3.Ǡàȇ,/ϒ�˶);, TB .ɫí/͌:>A+�$!ϓ

tTMCP/ĤÎ½.ωȶǩ+>1,ǿťω)ȹʴ,�̗�!ϏFig. 3-2ϐϓáÃ̭Ʈ3Ȁ°å

,/ƾ˽,͚�ļ˽,'Ⱥ̬�ğ́(�?ϒ̭ Ʈ10Ȁ,/̬ͤ+�Ⱥ̬�ğ́(�$!	

̭Ʈ.üκγΞ<ǃȝÛÐ/͌:>A�ϒ̭Ʈ14Ȁʥ,/üκ/Ũá,Ɍʞ�!ϓ7!ϒ

üκ.ɌʞƮ/̿ŵȍΟ�,��'ƾ΅.̌̈<ʘʛ/͌:>A+�$!ϓ 

  

 ˻ ʪʡȫȟǌ̺ 

 øȫȇϒtTMCP.U�[΅îϏtTMCϐ.īŀ/ͧ΅˟˳(̹CA'�?ϒ�AD

ǅ,ïΞ�ϒīŀ˟˳�> tTMCå΅,Çà�@̫ˍD͉Æ�!ϓFig. 3-3, tTMC)ī

ŀ˟˳.Œʒ΅.˻ʪǌ̺Dʸ�!ϓtm/TB˶,ŷ�' tm/TB/f-ICgel˶.̫ˍÇà/ȅ>

�,Ř�ϒ4.tm/TB˶(/tTMC)īŀ˟˳.ͷ˥ƽ/á�͌:>A+�.,ŷ�'ϒ

Ħȇȍ.tm/TB/f-ICgel˶(/�(,Ř�.̫ˍ�tTMCå,Çà�'�!ϓ8,+@)ϒ

tm/TB˶,;̫ˍÇà�͌:>A!� tm/TB/f-ICgel˶(/�>,Ř�.̫ˍÇà�͌:>

Aϒīŀ˟˳).ͷ˥ƽ�ƣ�+$'�!ϓ24(/�˶);,̫ˍ/5)E*͌:>A

�ϒ56ˡĥ˟˳,˴�ǦC$'�!ϓ 
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 ď˚ X˫Ŧʡȫȟǌ̺ 

 Fig. 3-4,Ĥ˶.ď˚X˫èʩDʸ�!ϓtTMCP/̭ʦƮ.ď˚X˫èʩ,��'ϒ

ĤÎ½.ωȶǩ+>1,ǿťω)ȹʴ,�̗�'�@�)�ʴ͌�A!ϓ7!ϒˠ;̿ŵ

�TB.ɫí/͌:>A�ϒ1ÃDΨ�'ΐƁI�x��i,�äĥ/͌:>A+�$!ϓ

I�x��i,�äĥ.ʌ�!1Ã/ tm/TB˶(�?ϒ̓ ȩƮ4.ď˚X˫οžÓ×,

'º�>3ʕʥ.\S���|��,S�eS�ʌ�'�@.�ʴ͌�A!ϓ���ϒ

24.̿ŵȍΟ�ϒď˚X˫èʩ�(/ΐƁI�x��i.Ŗº/͌:>A+�$!!:

ȑh�bDˣ̓̀ș,Âʎ�!ϓáÃ,��'ϒď˚X˫èʩ�,͌:>A@±ω/ϒω

ȶǩ�ˆ.ǿťω�>C��,Ʀǉ�A!.8(ϒ˶ Ο,ȅ>�+ƌ/͌:>A+�$!ϓ

7!ϒU�[å΅(.ωǼʌ.ʽƜ/ϒtTMC΅î.ϋ�X˫�Ͳ;ƽ.!:͉Æ�́(

�$!ϓ  

  

 ˟ ˳ƦǄŦʡȫȟǌ̺ 

 Fig. 3-5,˟˳ïɾ.á½×Dʸ�!ϓtTMC/ɳʚĚƺD͍ʟ�@�)+�TBD

�$�?)Ìǜ�'�?ϒtTMCŗ3.TB.ɫí/͌:>A+�$!ϓ7!ϒTB/ϒtTMC

å,ř�+Ƚ̊+�Ņ�,Úő�A'�!ϓωǼʌ/�,�ˆ.ǿťω�>ωȶǩ�Ŝ,

ħ�$'¸Λ�'�!ϓ 

 Fig. 3-5.˟˳×�>ˌí�!Ǽʌω¸ΛͥγϏBD/TDϐ.ÑDFig. 3-8,ʸ�!ϓ

BD/TDϏ%ϐϏFig. 3-5, 3-8 Aϐ/ϒtm/TB˶ϒtm/TB/f-ICgel˶�A A4(20.8 ± 4.9ϒ47.0 

± 10.5 %ϒ8(23.9 ± 10.5ϒ37.9 ± 6.9 %ϒ24(/60.1 ± 12.7ϒ91.9 ± 14.0 %(�$!ϓ
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tm/TB/f-ICgel˶/ϒtm/TB˶,ŷ�'ϒ4+>1,24,��'ȋǂ,ϋ�ÑDʸ�!ϓ

24. tm/TB/f-ICgel˶.3Ã�2Ã(/�ˆ.ǿťω�>¸Λ�!Ǽʌω�ͷ˥ƽDͿǉ

ϏFig. 3-5 Fϐ�'�!.,ŷ�'ϒtm/TB˶(/1Ã;ʞĥ�'�+�$!ϓ 

 Fig.3-6 ,ǼʌωΏϏBV/TVϐϒƂȘʂωΏϏLBV/BVϐ�=1̫ˍǷϏN.Ve/mm2ϐ

.ˌí,ʎ�!˟˳×Dʸ�ϒ�A>.ÑDFig. 3-8,ʸ�!ϓ 

 BV/TVϏ%ϐϏFig. 3-6 A-F, 3-8 Bϐ/ϒtm/TB˶ϒtm/TB/f-ICgel˶�A A4(5.6 

± 2.2ϒ10.6 ± 0.8 %ϒ8(6.7 ± 3.4ϒ10.5 ± 1.5 %ϒ24(/28.2 ± 5.6ϒ30.3 ± 4.1 %(�$

!ϓtm/TB/f-ICgel˶.BV/TV/ϒ4(.8 tm/TB˶,ŷ�'ȋǂ,ϋ�ÑDʸ�!ϓ8ϒ

24(/2˶Ο,ȋǂƌ/͌:>A+�$!ϓ 

 LBV/BVϏ%ϐϏFig. 3-6 G-L, 3-8 Cϐ/ϒtm/TB˶ϒtm/TB/f-ICgel˶�A A4(

0.3 ± 0.5ϒ3.8 ± 2.9 %ϒ8(49.4 ± 5.0ϒ59.4 ± 5.5 %ϒ24(88.2 ± 5.1ϒ91.3 ± 0.7 %(�

�ϒ��A.̿ŵȍΟ,��';2˶Ο,ȋǂ+ƌ/͌:>A+�$!ϓ 

 N.Ve/mm2ϏFig. 3-6 M-R, 3-8 Dϐ/ϒtm/TB˶ϒtm/TB/f-ICgel˶�A A4(3.9 ± 

0.5ϒ5.4 ± 0.4 %ϒ8(5.8 ± 0.4ϒ8.2 ± 0.5 %ϒ24(/3.5 ± 1.1ϒ5.7 ± 0.4 %(�$!ϓ

tm/TB/f-ICgel˶.N.Ve/mm2/ϒtm/TB˶,ŷ�'á'.ȍΟ,��'ȋǂ,ϋ�ÑDʸ�

!ϓ 

 Fig. 3-7,ʯɱć͵ƜϏMARϐ.ˌí,ʎ�!ϒgi�XIS���=1O�^I

�,=@ωȰ͖D̬$!˟˳×Dʸ�ϒ�.ÑDFig. 3-8,ʸ�!ϓ 

 MARϏµm/dayϐϏFig.3-7, 3-8 Eϐ/ϒtm/TB˶ϒtm/TB/f-ICgel˶.�A A(̭Ʈ

14-28Ȁ/7.6 ± 0.9ϒ8.8 ± 0.7 µm/dayϒ̭ Ʈ28-42Ȁ/4.2 ± 0.8ϒ5.3 ± 0.8 µm/dayϒ̭ Ʈ42-56
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Ȁ/4.1 ± 0.8ϒ4.6 ± 0.6 µm/dayϒ̭Ʈ56-168Ȁ/1.0 ± 0.0ϒ1.1 ± 0.0 µm/day(�$!ϓ�

�A.̓ɡȍΟ,��';2˶Ο,ȋǂ+ƌ/͌:>A+�$!ϓ 
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ˇ4ˎ�˸ŵ 

  

 ȑʰ˂(ʎ�! tTMCP/ϒ˔Ƭ45 µmȏɢ.db�ĥΐ˓ȐϏTi-6Al-7Nbϐ�>

̴¿�A'�@ϓdb��=1db�ĥΐ/ͩΏϒιʵƽϒȵȨʡʀƽϒ˺υƽϒ»G�

�R�ƽ+*.��A!ʌ½ĥƽDȋ�@0�?(+�ϒÝŦσƴΚ�z�(ω˟˳)

Ũá,ųʫ�@Ϗosteointegrationϐ)�¬.ΐƁ˗qIN~g�G�,/+�ʀƽ;ȋ�

'�@[85]ϓdb��=1db�ĥΐ/�.=+��A!ʀƽD˿Ȉ,ϒǸƦŗʻϒȻ

ʻ+*,��'ϒ�,þŦʡ+ƣƜ�̸Ɉ�A@΅º<ϒω).ΛȍΟ.ųʫ�ǁū�A

@΅º3ƺʎ�A'�@ϓdb��=1db�ĥΐ/�.ȮͶ�>�ņϒ�ϑ�ņϒ�ņ

,îτ�A@ϓ˚db�/�ņ,îτ�Aϒ˺υƽ<ǉƦƽ,/��A'�@�ϒƣƜ�

»��)�ķρ)+$'�@ϓ�.!:ϒ�ŧūćÙ˜)�ŧūćÙ˜Ddb�ϏTiϐ,

Ĩȋ��!db�ĥΐ�Ξʟ�A!ϓ�.�(;G��lJ�ϏAlϐ)qk[J�ϏVϐ

D�A A6 %ϒ4 %Ĩȋ�!�ϑ�ņdb�ĥΐ(�@Ti-6Al-4V/ϒ��A!ƣƜ�ƞ

ƽq��\Dȋ�ϒϋƣƜ�̸Ɉ�A@΅º,ʎ�>A'�@ϓ���+�>ϒqk[J

�/ΛȍΟʌ½å,ňà�@έ,/ϒ˝̀Ƀƽ+*.ǈƻ�ǝǫ�A'�@ [86, 87]ϓ�

.!:ϒqk[J�DĨ7+��ϑ�ņdb�ĥΐ)�'ϒqk[J�D¬.�ŧūćÙ

˜(�@lNwϏNbϐ(˴�Ǧ�! Ti-6Al-7Nb �Ξʟ�Aϒ©ƉΠˎ<ȻʻI�x��

i,ʎ�>A'�@[88-90]ϓ�.=+˿Ȉ�>ϒȑʰ˂(/db�ĥΐ˓Ȑ)�'

Ti-6Al-7NbDǕ�!ϓ 
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 ȑʰ˂,��'¿̴�A! tTMCP/ϒáÎ½.ωȶǩ΅+>1,ǿťω.ƦǄ)

Ũá,�̗�!ϓʀ,ϒ̭�/ tTMCP Dωȶǩ΅,Ǡà�ωΓţ+*(ǿťω)łū�

@)ϒǿťω/̕ɸ,̀øŦʡ+º˴,ơ�Ų�>AϒűȆ,ȹ��G�I��iDƱ@

�)�(�!ϓ�A/ƾ˹ɂ.ωȶǩƦǄ,ĥC�'ͶƦ�A@g����IjI�x�

�iʀȋ.ôɵ(�?ϒŬέ.̔ƚƺʎ.ʇō(/Ȭ:'ȋʎ+ʀƶ(�@)˸�>A!ϓ 

 æˊƦdb��eZ�U�[ϏTMCϐ/�A7(Λˍω.ȯ
+ωȶǩʚÃ,ŷ

�'ʎ�>A'�?ϒ�ū.ȵ́ĽƳ�͌:>A'�@[37-41]ϓȑʰ˂(/Im.ȳωω

Ɨ΅ȶǩ�h�,ŷ�'ϒtTMCP,'ωȶǩ.çƟD̬$!ˡțϒ̭ Ʈ3Ȁ,/áÃ(ʼ

ȩ˽3.͚DΞŠ�ϒ̭ Ʈ10Ȁ,/̬ͤ/ɘŝ�ϒȹƒ+Ⱥ̬DΞŠ�!)���A

!ȵ́ĽƳDʟǧ�!ϓ�A,ŷ�'ϒTeixeira >/ϒg����Ij(/+���eZ

�U�[)x��iDɦǣ�!I�x��iD¿̴�ϒsf[ɾÓ̆ωωƗ΅35 mmȶǩ

�h�,ʼȩ�!)�Bϒ̭Ʈ 7-10Ȁ(͚DΞŠ�ϒ̬ͤ�ɘŝ�!./̭Ʈ 60Ȁ(

�$!)ŌĪ�'�@[44]ϓăɿʾϒʼȩ΅º.�/�@;..ϒ�.ȵ́ĽƳȍΟ.

�/ tTMCP.ȵȨʡ+ȋʎƽDʸ�'�@ϓ%7?ϒTMC)x��i)�½ć��@

"�(+�ϒ�eZ�U�[.ǻˆ)ǿťω.ǻˆƦʂDŨá,�̗��@�),=?ϒ

̞͚̞,˺�@�)�ğ́)+?ϒͯ͵+ȵ́ĽƳ�Ʊ>A!;.)˸�>A!ϓ 

 7!ϒĦ�ŌĪ.�(Teixeira>/ϒ̭ Ʈ15Ȁ(12Ã�5ÃϏ41.6 %ϐ,��'ϒ

TMC.�ˆ.x��i΅,ŖƦ�ʌ�!)ŌĪ�'�@ϓ�.ŖƦ.ʉʐ)�'ϒx��

i.ē8�̦�$!�)ϒTMCDx��i,ɦǣ�!�)(TMC)x��i.Œʒ΅î

(ȵȨʡƣƜ.��ťń�!�)DǞ�'�@ϓȑʰ˂,��';̭Ʈ4.X˫Ŧʡ
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ȫȟ,��'ϒ18Ã� 1ÃϏ5.6 %ϐ,º 3ʕʥ.\S���|��.S�eS�͌:

>A!ϓʟʌʆ�»�!:ϒ�.Ĕľ�ǁū°�.̮Ǭ,=@;.+.�ϒtTMCP.ȮͶ

ʡķρ+.�Dòǻ�@./Ŀδ(�@ϓ���ϒx��i) tTMC.ʼ̬΅,/ƺþ�

ΰ��ϒI�x��i.ʲǩ�ʌ�@ğ́ƽ�ʸĵ�A!ϓ̔ƚƺʎ,έ�'/S�eS

ʟʌʆD�>,»���@!:ϒI�x��iȒ͝+*.ǰ̙,Π�@ȫ̈́�ƹ̸(�@ϓ 

 tTMCå.Úőú)�'ʎ�! TB) bFGF-IC gel.ɛĥ½/ϒǮ¿ƽ,��Aϒ

tm/TB/f-ICgel˶(/á'. tTMCå,Ƚ̊+�Ņ�,Úő�@�)�ğ́(�?ϒǠàȇ

,TB�ɫí�@�)/+�$!ϓTBDďʃ(ʎ�! tm/TB˶(/ϒþǽħ.ºˆ.

8Ȭ:'ƴΏ.vHw��V�Ϗ˙ 30 µlϐ(̯κ.TBDǣʫ�@�),=?ϒTB.ͺ

̇Dȸ�@�)�ğ́(�$!ϓvHw��V�/ʌ½ĥƽ<ʌ½ĩěƽ�ϋ�ϒü

ÔɌʞ,�ğȶ(�@�)�>ϒqIN}�~�)�'Ɏʥ�A'�@[91]ϓ7!ϒvH

w��V�/Ο̣˗Ɨ˝ Ϗ̀mesenchymal stem cells: MSCsϐ+*ʾ
.˝̀.ǉΛ<ʼăϒ

îćDǯǜ�@!:ϒʼȩʎǙ½)�'.ƺʎ;E(�@[92-94]ϓ�A>.�)�>ϒ

vHw��V�.Âʎ,=?ϒωǼʌ�ǐõ�A@ğ́ƽ/»�)˸�>A@ϓ 

 ȑʰ˂,��'ϒbFGF-IC gelDʎ�! tm/TB/f-ICgel˶/ϒ4,��'pm/TB˶

,Ʉ4'Ǽʌω¸ΛͥγϏBD/TDϐϒǼʌωΏϏBV/TVϐϒ̫ˍǷϏN.Ve/mm2ϐ�4',�

�'ȋǂ,ϋ�ÑDʸ�!ϓbFGF-IC gel.̫ˍǼʌ͍źĂț/˻ʪʡ,;ȅ>�(�?ϒ

tm/TB˶(/ tTMC)īŀ˟˳.ͷ˥ƽ/á�͌:>A+�.,ŷ�'ϒtm/TB/f-ICgel˶

(/�(,Ř�.̫ˍ� tTMCå,Çà�'�!ϓ�A>.ˡț/ˇ 2˅.Im PMC�

h�.Ŭψˡț)Ħ�ÕħDʸ�'�?ϒPMC,Ʉ4@)ż+��eZ�Ť(/�@�ϒ
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bFGF-IC gel/ tTMCå,͘Ŵ+̫ˍǼʌD͍ź�@�)�ğ́(�?ϒ=?ƙˏŀ+ωǼ

ʌDơ�͠���)�ʸĵ�A!ϓ�ǽϒƂȘʂωΏϏLBV/BVϐ)ʯɱć͵ƜϏMARϐ

/ϒ4.ȇɵ(/2˶Ο,ȋǂ+ƌ/͌:>A�ϒ�A;ˇ2˅.ˡț)Ħȯ(�$!ϓ

%7?ϒbFGF) IC gel/ϒ�.ȇɵ,��@ω®͕Ľͨ,/ƩλD��'�+��)�

ʸĵ�A!ϓ��(ȑʰ˂/ 4.̿ŵȍΟ,Ā�ϒωʞĥȍΟ,%�'͑ȟ�@!: 8

+>1,24,��@̫ˍǼʌ�=1ωǼʌĂțDȫ̈́�!ϓ 

 bFGF-IC gelDʎ�! tm/TB/f-ICgel˶.̫ˍǷ/ϒ8ϒ24);, tm/TB˶=?;

ȋǂ,ϋ�ÑDʸ�ϒǼʌωΏ,/2˶Ο,ȋǂƌ/͌:>A+�;..ϒǼʌω¸Λͥ

γ(/ 24,��' tm/TB/f-ICgel˶�ȋǂ,ϋ�ÑDʸ�!ϓ�>,ϒȅ>�+ƌʖ)

�'ϒtm/TB ˶(/ 24 .ȇɵ( 1 Ã;ωʞĥ�Ʊ>A'�+�,;ΠC>�ϒ

tm/TB/f-ICgel˶(/ 2/3ÃϏ66.7 %ϐ,��'ωʞĥ�Ϳǉ�A'�!ϓ�.�)�>ϒ 

bFGF-IC gel/ďĽ.ſǌǑ�,;ΠC>�ϒȂȍ.̫ˍǼʌ)ωǼʌĂț,Ā�ϒΛȍʡ

+ĂțDʸ��)�ȅ>�)+$!ϓbFGF-IC gel̕½/ʼȩƮ5Ȁ°å,56˻̜˟˳,

˴�ǦC@�)�ʴ͌�A'�@!:[32]ϒωȶǩ΅å,Ȭ:'ñȍ.ȿΪ(��A!̫

ˍnei��SDƦǉ�@�)�ϒ=?Ȃȍ.ƙˏ+ωǼʌDğ́,�ϒ�A>.Ǽʌω

DȠφ�@!:.̫ˍ�ǉɻ�@,%A'�>+@ωǼʌ�Ê�Aϒ%�,/ͯ͵+ω

ʞĥDğ́,�!)˸�>A!ϓ 

 ̫ ˍǷ.ˠȇʡǤʼ,%�'/ϒtm/TB˶ϒtm/TB/f-ICgel˶);, 8�> 24

,��'ɞż�@ÕħDʸ�!�ϒ�A/ǼʌωΏ.œĀ,·�ωϊ.Äˢ�çΞ�Aϒ

�̸+̫ˍ�ͱ˰�'�$!;.)˸�>A@ϓ�ǽϒ˻ʪʡ+̫ˍÇàǌ̺/ϒ8 7
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(/œĀÕħDʸ�!�ϒ24(/�˶);, tTMCŗ�>.̫ˍÇà/5)E*͌:>

A�ϒ56á'�ˡĥ˟˳,˴�ǦC$'�!ϓ24.ȇɵ(/�˶);, tTMCŗ�>

.̫ˍÇà/ͱ˰Õħ,�@,;ΠC>�ϒtm/TB/ICgel˶(/ȋǂ,ϋ�̫ˍǷDʸ�!

./ϒωʞĥ,=?ωϊ.çʗʹ�Ʊ>A̫ˍnei��S�ωȶǩ΅á½,Ȯː�A'

�!!:)˸�>A!ϓ 

 ω®͕Ľͨ.~�O�)�'ʎ�!ƂȘʂωΏ)ʯɱć͵Ɯ/ϒ4)Ħȯ, 8ϒ

24,��'; 2˶Ο,ȋǂƌ�͌:>A+�$!�)�>ϒbFGF-IC gel/Λȍʡ,;

��h��T.͠�!ξŉ<Ǽʌω.Ʀǉ͵Ɯ,/Ʃλ�+��)�ȅ>�)+$!ϓ%

7?ϒbFGF-IC gel/ʦǣωǼʌD͍ź�@.(/+�ϒ̫ ˍǼʌD͍ź�@�),=?ω

Ǽʌ,�!ʊŒϏΊ˜ϒȠφ˜+*ϐ�ǥÄ�AϒʹƒωǼʌ�͠�Ʊ@ξŉ=?;ƙ

ˏŀ,ωǼʌ�ơ�͠��A!;.)˸�>A@ϓƂȘʂωΏ.ˠȇʡǤʼ/ϒtm/TB˶ϒ

tm/TB/f-ICgel˶);,œĀÕħ,�?ϒ24(/ωȶǩå΅.Ǽʌω.5)E*�ƂȘʂ

ω,��h��T�A'�!ϓ�ǽϒʯɱć͵Ɯ.ˠȇʡǤʼ/ϒ�˶);,ɞżÕħD

ʸ�ϒʼȩƮ 56-168Ȁ.ȍΟ(/˙ 1 µm/day)ϒt�T�ǉʁ.Ȁƒ.��h��T,

��@ʯɱć͵ƜϏ0.9 ± 0.2 µm/dayϐ,7(»��'�![70]ϓ�.�)/ϒωǓɌʞ.̔

ƚʙǄϒ�+C#ϒωǓʦƮ.Ƽɮ+ωƦǉ�>Š7?ȷˇ,��h��T,Zvi�ω

�çʌ�'��ɑA)56�̗�'�@�)�>ϒƂȘʂωΏ)ʯɱć͵Ɯ/ω®͕Ľͨ

.~�O�)�'ȋʎ(�@)˸�>A!ϓ  

 7!ϒ8,��@Ǽʌω¸Λͥγ)ǼʌωΏ/ϒtm/TB/f-ICgel˶�ϋ�ÑDʸ�

Õħ�͌:>A!;..ϒ2 ˶Ο,ȋǂ+ƌ�͌:>A+�$!ϓ�.ʉʐ,%�'/�
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ȅ(�@�ϒ�˶);4�>8,��'ƂȘʂωΏ/Ƽɮ,�Ȅ�ϒʯɱć͵Ɯ/ɞ

ż�'�!�)�>ϒñȍ.ȃʤ+ωǼʌ�>ω��h��T,Zvi�'��ȇȍ"$

!!:,ϒȋǂ+ƌ,/̖>+�$!.�;�A+�ϓ�ǽϒ24,��@Ǽʌω¸Λͥ

γ/ tm/TB/f-ICgel˶,��'ȋǂ,ϋ�ÑDʸ�!�ϒǼʌωΏ,/2˶Ο,ȋǂƌ�͌

:>A+�$!ʉʐ)�'ϒωȶǩ΅,��@Ǽʌω.îƐųƜ.ƌ�˸�>A@ϓ�+

C#ϒtm/TB/f-ICgel ˶(/̫ˍǼʌ,·�ϒtTMC å,=?ƙˏŀ,Ņ�,Ǽʌω�Ʀǉ

�A'�!.,ŷ�ϒtm/TB ˶(/ϒǼʌω/ωϊ.͘Ŵ+ǿťω.ǻˆīŀ,.8ϋų

Ɯ,Ʀǉ�A'�!ϓtm/TB/f-ICgel˶(/24,��';TB˶=?;ȋǂ,Ř�.̫ˍ

�ťń�'�!�)�>ϒ�.̫ˍǼʌ�ωȶǩ΅�Ŝ΅î3.ωǼʌDɐƽć��ϒ=

?ͯ͵+ω¸Λ�=1ωʞĥ�Ʊ>A!)˸�>A@ϓ 
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F�

G�

Fig. 3-1.  (A-E) The tailor-made titanium mesh cage with plate (tTMCP) was 

manufactured in rapid prototyping machine. (F) the tm/TB group; TB within the tTMC. "

(G) the tm/TB/f-ICgel group; TB and bFGF-IC gel within the tTMC. Scale bar = 5 mm.�



Fig. 3-2. The tTMCP was implanted into the radial defect (dR: distal radius; pR: proximal 

radius). The tTMCP was completely fit to the radius and the defect. �

dR� pR�



Fig. 3-3. Gross observation at autopsy. Neovascularization around the implant and the 

surrounding tissue was shown in the tm/TB group (A-C) and the tm/TB/f-ICgel group (D-

F) at 4, 8 and 24 weeks after surgery. More vessels invading into the cage was observed in 

the tm/TB/f-ICgel group at 4 weeks than that in the tm/TB group. At 24 weeks, the mesh 

cage of both groups was fully surrounded by connective tissues. "

Scale bar = 5 mm.�
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Fig. 3-4. Lateral radiographs of the radial segmental defect in the tm/TB group "

(A, C, E, G) and the tm/TB/f-ICgel group (B, D, F, H) immediately after surgery and at "

4, 8 and 24 weeks after surgery. The osseous callus formation was observed from both 

proximal and distal cortical bone over the tTMC in each group at 4, 8 and 24 weeks after 

surgery. �

A� B� C� D� E� F� G� H�
4 weeks� 8 weeks� 24 weeks�0 weeks�



Fig. 3-5. Histological sections (Villanueva Bone stain) at the median sagittal plane of the 

tm/TB group (A-C) and the tm/TB/f-ICgel group (D-F) (dR: distal radius; pR: proximal 

radius; Me: mesh). Horizontal lines indicate the distance of distal and proximal new bone 

tissues at the midline of the defect. At 24 weeks, the defect was almost filled with newly 

formed bone in the tm/TB/f-ICgel group. Scale bar = 5 mm."
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Fig. 3-6. Histological findings of regenerated bones (A-F: Natural light, G-L: Polarized 
light) and neovascuralization (M-R: Natural light) in the tm/TB group (A-C, G-I, M-O) and 
the tm/TB/f-ICgel group (D-F, J-L, P-R) at 4, 8 and 24 weeks after surgery. There seemed to 
be massive newly formed bones at 4weeks and vessels at 4, 8 and 24 weeks in the tm/TB/f-
ICgel group compared to the tm/TB group. TB: Tetrabone; NB: new bone; Me: mesh; Fi: 
fibrous tissue; Arrowheads: the newly formed vessels. Scale bar = 200 µm.�
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Fig. 3-7.  Histological findings of fluorescent-labeled regenerated bones (Villanueva Bone 

stain). The tetracycline (the yellow lines) and calcein (the green lines) signals in the tm/TB 

group (A, B) and the tm/TB/f-ICgel group (C, D) at 8 and 24 weeks after surgery: "

(ⅰ) the distance of day 14 to 28; (ii) the distance of day 28 to 42; (iii) the distance of day 42 

to 56; (iv) the distance of day 56 to 128 (osteoid). There was no difference in the distance 

between the two groups. Scale bar = 50 µm. �
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Fig. 3-8. Histomorphometric analyses for the newly formed bone tissue at 4, 8 and 24 

weeks after implantation. (A) the distance of new bone tissue per distance of total tissue 

(BD/TD), (B) the volume of new bone tissue per volume of total tissue (BV/TV), "

(C) the volume of lamellar bone tissue per volume of bone tissue (LBV/BV), "

(D) the number of vessels per square millimeter (N.Ve/mm2) and (E) mineral apposition rate 

(MAR). Values are shown as mean ± standard deviation (n = 3). Asterisks (*) indicate 

statistical significance between the groups with p value < 0.05 (**: p < 0.01). �
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 ȑʰ˂/ 3 %.Ŭψ,=?ϒgi�}ejņπ˔ʂ©ƉωϏTBϐ)Őŋƽ˫˦̜

˝̀œȾľţˡĥIN��W�x�eS\V�ϏbFGF-IC gelϐ+>1,g����Ijd

b��eZ�U�[�½ņx��iϏtTMCPϐ.Áʎ,=@ȋʎƽDȫ̈́�!ϓ 

 ̌ 1˅(/JXRř̏ωωƗ΅΅îȶǩ�h�,��'ϒTB) bFGF-IC gelDÁ

ʎ�@�),=?ϒʼȩƮ2.ȇɵ(̫ˍǼʌ)ωǼʌ�ȋǂ,Ê�A@�)�ȅ>

�)+$!ϓ7!ϒπ˔ʂ.TB)pIj�V�ʂ.bFGF-IC gelDɛĥ�@�),=?Ǎ

̭ȇ.Ǯ¿ƽ�ħ��ϒTB.ͷʹŤ,bFGF-IC gel�Ņ�,ɢ!�A!77ϒωȶǩ΅á

½,űȆ,Úő�ğ́(�$!�);ϒ̔ƚ���A!ôɵ(�@)˸�>A!ϓ 

 ̌ 2˅(/ϒJXR)ʖ+@ωƦǉ́Dʸ�ImDʎ�'ȫ̈́�!�ϒJXR�h

�)Ħȯ,ϒImȳωωƗ΅΅îȶǩ�h�,��';TB)bFGF-IC gelDÁʎ�@�)

,=?��A!ωçʌĂț�Ʊ>A!ϓ7!ϒω®͕Ľͨ.~�O�)�'ʎ�!ƂȘʂ

ωΏϏLBV/BVϐ)ʯɱć͵ƜϏMARϐ/ϒbFGF < bFGF-IC gel.ȋɷ,ΠC>�ȋǂ

+ƌ�͌:>A+�$!�)�>ϒbFGF-IC gel/ωǼʌDʦǣÊ�@.(/+�̫ˍǼ

ʌD͍ź�@�),=?ϒ=?ƙˏŀ,ωǼʌ�ơ�͠��A@�)�ʸĵ�A!ϓ%7

?ϒTB.ͷʹŤ,Úő�A!bFGF-IC gel/ϒͷʹŤå,ƙˏŀ+̫ˍnei��SDƦ

ǉ�@�),=?ϒω̜˝̀+*ʾ
.ωȮǉ˝̀3Ƞφ<Ί˜DÄˢ�ϒ�%ω¶źƽ

,��A!TBDͣō)�'�@�)(=?ŧū�!ωçʌDğ́,�!)˸�>A@ϓ 

 �ǽϒΛˍω,ʌ�!Ƌř+ωȶǩ.Ɍʝ,/ϒȂȍ.ωçʌĂț"�(+�ϒż

+�Ǎ̭ĽǷ)Ȃȍ.ȵ́ĽƳĂț;7!̸+ǂĬDǜ%ϓʀ,ϒsiĊŦ,��'/

Λȍ.͚õΦ<̭Ʈˍʉ/ϒƾ˹.ʹµƳƑDͼ>�@ř�+Ĕľ)+@ϓ��(ˇ 3
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˅(/ϒĤÎ½.ωȶǩ΅.ƦǄ,Ũá,ĥ�@ TMC )ǿťω̯κ,Ũá,+@x

��i��½ć�!I�x��i(�@ tTMCPD˸ȥ�Ξʟ�ϒˇ 2˅)Ħ�Imȳω

ωƗ΅΅îȶǩ�h�Dʎ�'ϒtTMCP)TBϒ��'bFGF-IC gelDÁʎ�@�),=@

ȵ́ĽƳĂț)ωçʌĂț,%�'ȫ̈́�!ϓ�.ˡțϒtTMCP/̭Ʈ3Ȁ)�Ȃ�ȇ

ȍ�>͚DΞŠ�ϒ̭ Ʈ10Ȁ,/̬ͤ�ɘŝ�@�)�ȅ>�)+$!ϓ%7?ϒ�e

Z�U�[.ǻˆ)ǿťω.ǻˆƦʂDŨá,�̗��@�),=?ϒ̞͚̞,˺�@

�)�ğ́)+?ϒ��A!ȵ́ĽƳ�Ȭ:'Ȃȍ,Ʊ>A!;.)˸�>A!ϓ 

 bFGF-IC gelÁʎȇ.ωçʌĂț,Π�'ϒˇ2˅.}�x�u���eZ�U�

[ϏPMCϐ�h�)ˇ3˅. tTMCP�h�.ˡțDɄͪ�@)ϒ̓ ȩƮ4(/ϒpm/TB

˶ϏPMCϑTBϐϒtm/TB˶ϏtTMCPϑTBϐ�A Aϒ̫ˍǷϕ3.7�=1 3.9 /mm2ϒǼʌ

ωΏϕ10.1�=15.6 %(�$!ϓtTMCP.U�[΅îϏtTMCϐ/ϒPMC,Ʉ4'�e

Z�Ť.Ƿ�ż+�ē8;ř��!:ϒ̫ ˍÇàƽ,/�ô,Ö�)¡ǁ�A!�ϒpm/TB

˶ϒtm/TB ˶*#>;̫ˍǷ/56Ħ�Ñ(�$!ϓ�A,ŷ�'ϒtTMC �h�(�@

tm/TB˶.ǼʌωΏ/ϒPMC �h�(�@ pm/TB˶.˙Čî.Ñ(�$!ϓ���+�

>ϒtTMC,bFGF-IC gelDÁʎ�! tm/TB/f-ICgel˶ϏtTMCPϑTBϑbFGF-IC gelϐ(/ϒ

̫ˍǷ/5.4 /mm2ϒǼʌωΏ/10.6 %7(�Ȅ�ϒ56pm/TB˶ϏPMCϑTBϐ)Ħ��

z�7(�.ĂțDœƣ��@�)�ğ́(�$!ϓTakayama>.ŌĪ(/ϒbFGF-IC gel

/ʼȩƮ5Ȁ)�Ȃȍ.̫ˍǼʌ͍źĂț)ϒǼʌ̫ˍ.ǉɻ,;Π��@�)�ʴ͌

�A'�@[32]ϓ�!�$'ϒ4.ȇɵ( pm/TB˶ϒtm/TB˶.̫ˍǷ�56Ħ�Ñ(

;ϒtTMC / PMC ,Ʉ4'=?ȏɻ+Ǽʌ̫ˍ�Ř�$!.�;�A+�ϓ�.!:ϒ
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bFGF-IC gelDÁʎ�! tm/TB/f-ICgel˶(/ϒ=?Ȃȍ.̫ˍǼʌ)ǉɻ�!ȵ̫́ˍD

œĀ��!�),=?ϒωǼʌ,ƹ̸+Ƞφ<Ί˜ϒ˝̀.Äˢ�Ê�Aϒ=?ƙˏŀ

+ωǼʌDğ́,�!)˸�>A@ϓ 

 7!ϒbFGF-IC gelDʎ�! tm/TB/f-ICgel˶.̫ˍǷ/ 4"�(+�ϒ8�=

1 24,��'; tm/TB˶,Ʉ4'ȋǂ,ϋ�ÑDʸ�ϒ24(/ωʞĥʆ,��';

ȋǂƌ�͌:>A!�)�>ϒbFGF-IC gel/Ȃȍ.̫ˍǼʌ)ωǼʌĂț,Ā�ϒΛȍʡ

,;��A!Ăț��@�)�ʸĵ�A!ϓ%7?ϒȂȍ.̫ˍnei��S.Ʀǉ,=

?Ȃȍ.ƙˏ+ωǼʌDğ́,�ϒ�A>.ǼʌωDȠφ�@!:.̫ˍ�ǉɻ�@,%

A'�>+@ωǼʌ�Ê�Aϒȉ˞ʡ,/ͯ͵+ωʞĥDğ́,�!)˸�>A!ϓ  

 �ǽϒȑʰ˂,=? tTMCP.ǰĸ�4�ķρɵ;ȅ>�)+$!ϓ1Ã(/�@

�ϒtTMCP ,/x��i)U�[.Œʒ΅î,S�eS�ʌ�@ğ́ƽ�ʸĵ�A!ϓ

tTMCP .ʀƶ(�@U�[)x��i.�½ņȮͶD˦ǜ�!77S�eSDȸ�@

,/ϒdb�ĥΐ.˜ȒDŖ�@�),=?ƤƽʆD»���@�)�=?ʇŬʡ+ǰĸ

ˋ(�@ϓʣ͝ω.Ƥƽʆ/10-30 GPa(�@.,ŷ�'ϒtTMCP,ʎ�>A'�@�ϑ

�ņdb�ĥΐ.Ƥƽʆ/90-110 GPa)5ÏʽƜ.ƌ��@ϓȉͰ(/ϒƤƽʆD+@4

�ʣ͝ω.Ñ,Ͱ&�@!:ϒǼ��db�ĥΐ(�@�ņdb�ĥΐ.ʰ˂�̬CA'

�@ϓ�(;�ņdb�ĥΐ.�%(�@ Ti-35.3Nb-5.1Ta-7.1Zr< Ti-29Nb-13Ta-4.6Zr+

*ϒNb.ĨȋʆDϋ:!�,b�b�ϏTaϐ)[�WlJ�ϏZrϐDĀ�!db�ĥΐ(

/ϒ50-60 GPa.Ƥƽʆ�Ʊ>A'�@[95]ϓ�ņdb�ĥΐ/�ϑ�ņ,Ʉ4'ƣƜ�ϋ
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�ϒĀƉƽ,;��A'�@!:ϒ=?�äĥ.ż+�I�x��i.̴¿�ğ́)+@

�;�A+��ϒʇʂ(/¬.db�ĥΐ,Ʉ4'ϋÆ(�@�)�ķρ(�Bϓ  

 7!ϒȑʰ˂(ʎ�!bFGF-IC gel,Ĩ7A@bFGF.ʎΏ/ϒ̫ˍǼʌ,�!

ʎΏ(�?ϒωǼʌ,ŷ�@̖ʎΏ,%�'/ȫ̈́�'�+�!:ϒ=?ϋɯƜ.bFGF

Dʎ�A0ωǼʌĂț/�>,ħ��@�;�A+�ϓĦȯ.ʉʐ�>ϒBMP+*.bFGF

°ŗ.ωǼʌ͍źľţDÁʎ�@�);ȫ̈́�@ÆÑ��@ϓ�>,ϒbFGF-IC gel/̫ˍ

Ǽʌ.͍ź,=?ϒ˝̀á̘,)$'��A!ͣōDǥÄ�@!:ϒΟ̣˗Ɨ˝̀+*.

Ŋφ˝̀DÁʎ�@�)/ωȶǩ΅ǻˆ΅,��@ωǼʌ.͍źĂț"�(+�ϒωϊ�

>.˝̀Äˢ.+�ωȶǩ΅�Ŝ΅î(.ωǼʌ;ğ́)+@�;�A+�ϓ 

 °�.�)�>ϒΛˍωƋřωȶǩ,ŷ�@ tTMCPϒTB��'bFGF-IC gel.Á

ʎɍ/ϒ̭˹.ϋƜ+Ǐ̭Dƹ̸)��ϒȂȍ.ȵ́ĽƳ)ωʞĥDĦȇ,Ϳǉ(�@ʉ

ǁʡ+Ɍʝɍ)+@ğ́ƽ�ϋ�ϓ7!ϒtTMCP/*.=+ωȶǩƦǄ,;ͶƦ(�@

�)�>ϒçƟĿδ+ΛˍωωƗˆ΅.Ƌřωȶǩ,;ƺʎ(�@ğ́ƽ�ϋ�ϒ̔ƚ�

Ȭ:'ȋʎ+Ɍʝɍ,+@)˸�>A!ϓ   
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 ͕ ͫ 

 

 ȑʿD˞�@,�!?ϒ˞ ŠƲǇˑ+@Ʋǝź)ƲȡΡDǋ�!Ȗ§řŦřŦΧͬ

ŦʌĮʻŦʰ˂ �̒ ʅĊŗʻŦʰ˂Ů� ¼
Ȏ¸ίǴǡ,ɚʋ!@ǃ͕.ǂD̯�@ϓ 

 7!ϒȑʰ˂.ͻ̬,�!?˞ŠƲǝźϒƲā͂Dǋ�!Ħ� ϋƜĊʝʻŦʰ˂Ů�

̷ȓ¨ƔǴǡϒĦ� ʅĊŗʻŦʰ˂Ů� ȌȊŦêǴǡϒ�ƈ͜�āǴϒ͢ Ʈ̙«ʀ³āǴϒ

��'Ȗ§řŦřŦΧĊŦ˗ʰ˂ �̒ ̔ƚĊƉŦ΅Μ� Άί�Ǵǡϒ¤ƈį®Üʌϒ�ʓ

ŭ̬ÜʌϒƇǉʨÜʌϒĈȧũƵÜʌϒĦ� ̫ˍçʌĊʝ͔Ɲ� ŻƃĐ�êǴǡϒ�ȓɝ

āǴ,ɚ͕.ǂD̯�@ϓ  

 �>,ϒȑʰ˂,Řř+ƲčþϒƲǨāDǋ�!ȢƠµ �́ ȗɓȵȨ̴¿ǌ� ȗɓ

ąËɅϒŚ͗ɔ�ɅϒɪƆƖǆɅϒƏȓ͏ɅϒȢƠµʹnS\i21� ΒȎ̝ȲÜʌϒΗʏ

ɔ�ɅϒȢƠµʹ´̨ωƦǄ̓ɡʰ˂ǌ� ´̨ȅ˵Üʌϒ´̨ƨɅ,ǃ͕.ǂD̯�@ϓ 
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