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ɥɨɭɕɫɝɥɯʃɫɪʅɞʈSSʉȻKÿȼȖǮť]LzʈROMʉɊāǍÇȖŢ=G�NȸȷɒÚČȹƳ*Ȩ

ɏȖɥɺʇɬşÔɊƑ­ȸȷŚȘȻĳ~ɁǤ8ȨɏȴȜɎȗ�éȖɴɯĵ$ůżȹȟȤɎŏ¯�NȻƳ*

ȹǉǾěůż¶ÇɖɽʇɤʅɞÔƚʈultrasound elastography: UEʉȡĶȜɌɏȖȦȻÔƚȼȈąŢȻ

Ƴ*ȹɉÄĶȨɏɎɋȝȹȸȲȯȗȩȠȩȸȡɌȖSS ȹɋɎŢŏ¯�NȻř¯ȟɋȿȮȻŰïŅ�Nȹȳ

ȜȴȼùȰíŐȹȸȲȴȜȸȜȗ�oȖɥɯʃɖʅɨɖɸȻ UEʈReal-time Tissue Elastographyʉɒ'Ķ

ȩȴȖSSȹɋɎŢŏ¯�Nɒ�ǩŅȹƳ*ȩȯȗ4©Ï�ĺÇ 20bʈ19-25ĔʉȻƉƋŢȹ 5>ǭȻ SS

ɒ�êȩȖSS Ů�» 30 >ǭȻŢŏ¯ȟɋȿ ROM Ȼ�NɒǖǋȩȯȗŢŏ¯Ƴ*ȼȖUE Ȼ�Ķɸʄ

ʇɷȹ 22.6kPaȻǾǿɚɸʀʇɒ[ɍ�ȤȖstrain ratio(SR)ďƇȹȴ½ɌɏɎƉƋŢȶǾǿɚɸʀʇȻ

Ė(muscle / coupler ratio)ɒĶȜȯȗȮȻűÿȖSS�ê
Ȼ SRȻ0ȼ�ǻïȶĖɂó�ȵū 20%#

�ȩʈŏȣȸɎʉȖ�êň»ȠɌ 15 >»ɅȵȻ0ȼ 13-16%ř¯ȻõÊȸ�ìɒŒȩȯʈɊɑɌȠȣȸɎʉȗ

ȸȟȖROM ȼ SR ȻYÄȶȼĽȸɍȖ30 >»ȵɉõÊȸØ�ɒŒȩȯȗŢāǍÇȻ�NȹȼȖű`ůż

ȡ¹ǿɒ�ȞɎȶ}eȨɏȴȟɍȖSS ȹɋȲȴ�NȫɎŢŏ¯Ȼ0ȶǮ-ȫɎ]ƇÇȡțɎȗɅȯȖSR ȶ

ROMȻŰïŅ�NȻɳɨʇʅȹǟȜȡƷɈɌɏȯȦȶȠɌȖROMȻŰï�NȼŢŏ¯��Ȼơpȹ¹

ǿȫɎ]ƇÇȡŒkȨɏȯȗ 

 
�ƛƂÑ�ʐ 1.School of Exercise and Health Sciences, Edith Cowan University (Australia)  
ȍ ȍ ȍ ȍ ȍ ȍ ȍ    2.
�����ǲ$ƅ�ōŜŖ 



 2 

ȕ�ŵƩ  

ȍ ŢȻŏ¯ȼȖǁƗɊľJȸȷĵĴŅBħȹɋȲȴ�Nȩ 1ȖŕŰŢĿÈ 2ɊŢà6 3ȸȷŢȹǮǜ

ȫɎċȘȸĮÍȻƱèȟɋȿćĂȻȯɈȹǧơȸÉ}ȵțɍȖɥɺʇɬşÔȹȟȤɎŢŏ¯Ȼ�ì

ȼ~`ȹɋȲȴɳɶəʇɻʅɥȻ#�ɒ±ȢǈȦȫȗŚȘȻĳ~ȵȼȖȦɏɒƨƱɊǢÒȻưȞȸȷ

ȠɌŐƷȩȖ�ǯʆãmɒŇŅȶȩȴɥɯʃɫɪʅɞȸȷȡƙɑɏɎȗŢŏ¯ʈmuscle hardnessʉȼȖ

“yňuGȹ�ȩŢȹɋȲȴÞ)ȨɏɎÖÕG”ȶȩȴ�ſȫɎȦȶȡȵȢȖǫǎécȹ ´ȨɏɎǶȻ

ÖÕȖȫȸɑȱŢ stiffness ȶȼíŐȹOAȨɏȴȜɎ 4,5ȗȩȠȩȸȡɌȖŢŏ¯ʈmuscle hardnessʉ

ȶŢ stiffness Ȼǭȹȼ��ȻǮ-Çȡ�vȫɎ 6ȗŢŏ¯Ȼ�ƥŅȸĢ�ɒƴɆɎǶȖ¼ýȵȼH

uïȻG−�"Ǯ-ɒƳ*ȫɎ×uĚ 5Ɋďnɒ$ƛȠɌ×ȩǑɇŢŏ¯ƪ 7ȸȷȹȴćƫȡƙɑɏ

ȴȢȯȗȩȠȩȸȡɌȖņ�ƈƄȶŢȻXéȻŏȨȶŴ`ŅȹYîȫɎƳ*ĚȵțɎȦȶɊȖğǥɊİ

�ȸȂzɒƳ*ȩȹȣȜʈƵŭȸ"žÉ}ɒŐƷȵȢȸȜʉȦȶȡlȅƣȨɏ 8ȖȨɌȹȼĢ�ƂȻƀĪ

¯ȹɋɎƹ¤ɊĢ�ƂǭȻƹ¤ȼȨȤɌɏȸȜȦȶȡ}eȨɏȴȜɎȗWang Ɍ 9ȼȖŢŏ¯ƪTįȻ

ƧþȹƛǽŢǹsȻÛªɊǉǾěȹɋɎŢüñĲ�NȻƧþɒHȞɎȦȶȵȖĒŐȹ0ɒĢ�ȫɎ

Ȧȶȡ]ƇȵțɎȦȶɒǕɂȴȜɎȡȖ�¯ȹƟåȻďnɒâ&ȫɎÃơȡțɎȦȶɊņƎɁȻǹĉ

ǅ�ȹɋɍĢ�ŦrȡȨɌȹǱ�ȨɏɎĨɒƁÎȫɎȶȖɋɍŨ,ȸƳ*ĚȡöɅɏɎȗ 

ȍ ǒ¬Ȗ�ƌɊĸĮƌȸȷȻȂzȹȟȜȴȖǉǾěůůż¶ÇɖɽʇɤʅɞÔƚʈǉǾěɘʀɥɯɞʀ

ɶɕʐUltrasound Elastographyʐ�� UEʉȡŃȸȷȻĥŁƱèȹĝĶȨɏȴȜɎȗȮȻÔƚȼȖů

żȻȾȬɆɊ¶ÇĲȻ>¦ȡʁɔʂɨɖɼȵ]ƣNȨɏȖ¼ýȻǉǾě B ɾʇɰȖɰɫɸʀȸȷȡÞ

)ȫɎÉ}ȶȼįŞȩȯȖůżȻŏȨȹǮȫɎÉ}ɒÞ)ȫɎɉȻȵțɎȗ¶ÇĭÇȹǮȫɎǫ¬Ȼ

ōŜÏÿȶȩȴȖůż�"ȠɌĻ7ɒĊŧȫɎéĚȹÄȪȴȜȣȳȠȻUEÒĚȡǬńȨɏȯȡȖUE

ȶȩȴ�ƖŅ 10ȹ'ĶȨɏɎɥɯʃɖʅɨɖɸȻ UEȖReal-time Tissue Elastography (RTE)ȼȖ$

ƛȠɌȻÀ³ȸ×uâ&ȹ�ȫɎůż�"ɒȾȬɆĻ7ȶȩȴƛŒȩȖůżȻ¶Ç>¦ɒYîȫɎ

ÔƚȵțɍȖB ɾʇɰĻ7�ȹǧȺɎȦȶȹɋɍƵŭȸ"žÉ}ɒ½ɎȦȶɉȵȢɎȗĢ�ȼȖǼ+ƠŅ

Ƞȳ�ƥŅȹƙɑɏȖɊɑɌȠȜůżȼǇȣȖŏȜůżȼǺȣĻǽȹƛŒȨɏɎʈsʋʉȗɅȯȖĻ7;

ȹ 2ȳȻĢ�ŦrʈRange Of Interest: ROIʉɒƮ�ȩȖ�ƂȻȾȬɆĖɒŤ=ȫɎȦȶȵůżŏ¯ 
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sʋʐƉƋŢȹȟȤɎ UEĻ7Ȼ�( 

 

Ȼ�ǩŅȸƳ*ȡ]ƇȶȸɎȡȖ½ɌɏȯȾȬɆĖȼ2ȳȻůżȹȟȤɎROIȻŉ�0ȵțɎȯɈȖ

ĽȸɎǥ"ɊĽȸɎï÷ȖĽȸɎƜȇƂǭȵȻɮʇɨɒĖǏȫɎ~`ȹȼ�ĒŐȵțɎȶƁȞɌɏȴ

ȜȯȗȩȠȩȖǒ¬ȖȦȻƻȅɒƧĘȫɎȯɈȹǾǿɚɸʀʇȡǬńȨɏȖǾǿɚɸʀʇɒá7Ȃz;

Ȼ|ĤĬǆȶȩȯůżŏ¯Ȼ�ƥŅȠȳ�ǩŅƳ*ȡȵȢɎɋȝȹȸȲȯȗRTEĢ�ȹȟȤɎǾǿɚ

ɸʀʇȶŢȻȾȬɆĖ strain ratio (SR)ȵ½Ɍɏȯ0ȼȖ¼ýȻŢŏ¯ƪɋɍ<ĳÇȖ�·ÇȡȉȜ

Ȧȶȡ}eȨɏȴȜɎ 7,11,12ȗ 

ȍ UE ȻÔƚɒĶȜȴɥɨɭɕɫɝɥɯʃɫɪʅɞ(SS)Ȼ¹ǿɒƼĂȩȯōŜȼ 3 ȳȩȠȸȜȗAkagi Ɍ

13ȼ shearȍ wave ɘʀɥɯɞʀɶɕɒĶȜȴȖƉƋŢȹ 2 >ǭȻ SS ɒʍɧɫɯ�êȩÆÇKÿɒćƫ

ȩȯȗȮȻűÿȖ15%ř¯ȻŢŏ¯Ȼ#�ʈɊɑɌȠȣȸɎʉɒƷɈȴȜɎȗaċȹAkagiɌ 14ȼȖƉƋ

Ţȹ�ȩȴʎǝǭȻ SS ɸʄɞʀɼɒ�êȩȯűÿȖ8-12%ř¯ȻŢŏ¯Ȼ#�ʈɊɑɌȠȣȸɎʉɒ}

eȩȴȜɎȗ�éȖNordezɌ 15ȼ transientɘʀɥɯɞʀɶɕɒĶȜȴȖ2.5>Ȼ SSɒʌo�êȩȯȡȖ

õÊȸŢŏ¯�NȹȼƓɌȸȠȲȯȗȦȻɋȝȹȖōŜǭȹȟȜȴ'ĶďnȻǟȜɊ SS �êïǭȻ
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��Ɣȡțɍ SS ȹɋɎŢŏ¯�NȼíŐȵȼȸȜȗɅȯȖSS ȡŢŏ¯ȹȟɋɄȫŰïŅȸ�Nȹ

ȳȜȴɉ�íȵțɎȗȩȠȩȸȡɌȖSSȹɋɎƟ`$ʈmuscle tendon unit: MTUʉɊŢ stiffnessȸ

ȷȻ�Nɒćƫȩȯ9ƙōŜȹɋɎȶ 16,17Ȗ`ƪ 5 >ǭȻ SS ȼŢ stiffness Ȼġ�ȹǈpȩȴȜɎ

MTU stiffnessɒ#�ȨȭɎȹȼQ>ȸïǭȵțɎȦȶȡíɌȠȶȸȲȴȜɎȯɈȖSSȹɋȲȴŢŏ¯

ȡ�NȫɎ]ƇÇȼȉȜȗ��ɋɍÐȘȼȖSSȹɋɍŢŏ¯ȼ�NȩȖRTEȹɋɍ�ǩŅȹ�NȻř

¯ȶŰï�NɒƳ*ȵȢɎȶȻ�ƺɒŞȴȯȗ 

ȍ úōŜȻŇŅȼȖRTE ȶǾǿɚɸʀʇɒĶȜȴ SSȡŢŏ¯ȹȟɋɄȫ�NȻř¯ɒíŐȹȫɎȶ

ȶɉȹȖȮȻKÿɒǖǋȩȖȦɏɌɒ�ǩŅȹƳ*ȫɎȦȶȵțɎȗ 

 

 

ȕ��ǀȶéĚ  

ȍ úōŜȼȖÐȘȻêƮȻ1Ĵ�j�ȹɋȲȴÓƷȨɏȖɹʂɣʅɜ�Ʃɒǡ�ȩȴ{ɍƙȲȯȗɅȯ

úōŜȻŇŅɊÒȁȖǮǜȫɎʁɥɝɒƺíȩȖ:ȴȻƜȇƂȠɌòǽȹɋɎɖʅɶəʇɼɰɠʅɧʅɯ

ɒ½ȯȗ�ƃȹæ¸�ŖŅȸĿÈɒõȨȸȜ4©Ï�ĺÇ 20 bȡVHȩȖSS ȼ£ƉƋŢȹ�êȩ

ȯȗƜȇƂȻ«xʈ±ČĤ2¤ʉ¬ȌȼȖ20.3±1.8 ĔȖǌǫ 176.9±6.0cmȖ$ǧ 72.6±4.3kg ȵțȲ

ȯȗ 

 

1. ōŜɮɢɖʅ 

ȍ ƜȇƂȼȖ�ȸȣȶɉ 48 ïǭ��ǭǵɒȟȜȯAȻëȻaȪïǭ§ȹ 2 oōŜ�ɒƭlȩȖɖ

ʅɶəʇɼɰɠʅɧʅɯȟɋȿŸƀʆƀĪɧɫɣɿʅȖ�ȇɧɫɣɿʅȻȁȵĢ�ȹVHȩȯȗĢ�Ȁ

ŇȶȩȴȖRTEȹɋɎŢŏ¯Ģ�ȼ SSǬ� 30>DȠɌ 30>»Ʌȵ 1>ĕȹƙȜȖROMȻĢ

�ȼ SSǬ� 30>DȖ15>DȖňDȖň»Ȗ15>»Ȗ30>»ȻƪʏoƙȲȯȗŢŏ¯Ģ�
Ȼ

ǊǮťƦ¯ȼ®Ɔ� 0°ȶȩȯȗɅȯȖ�ȇ
ŢǹsʈEMGʉɒĢ�ȩȖǴÊZźȻõĩɒŐƷȩ

ȯȗ�ȇɣɥɭɼɒs 2ȹŒȫȗ 

 



 5 

 

 

 

 

 

 

 

 

sʌʐ�ȇɣɥɭɼ 

 

2. ɥɯʃɫɪʅɞɸʄɯɠʂ 

ȍ SS ȼȖ9ƙōŜȵÜĶȨɏȯéĚȶaċȻÒĚɒĶȜȴƙȲȯ 18ȗƐǮťȼ�: �"ȶȩȖ

£Ǌɒ�ĶǘŢGĢ�nʈBiodex system 3, NY, USAʉȵt�ȩȯȗƉƋŢȼȖƯ�]Ƈȸó

� ´ɯʂɝȻ 90%ȹŉ·ȫɎ\LÖÕʈŸƀʆƀĪɧɫɣɿʅ
ȹƳ*ʉȡǞÏȨɏɎɅȵȖ®�

30°ȠɌšǚ 1°/sȻɥɵʇɰȵǊǮťɒƆ�ȨȭȖ5>ǭ ´ȩȯ 18ȗŢɁȻɥɯʃɫɪȼǮť"ž

ȡ��ȹ.ÙȨɏɎǶȹ ´µ¯ȻÆǚȸġ�ɒĵȪȖũ¶ÇÄGȻŷiÄţȡƸńȫɎ 19ȗȦ

ȻÄţɒoǣȫɎȯɈȹȖ©ȹ 5Nm ��ȻɯʂɝȡHɑɎɋȝǮťƦ¯ɒǜųŅȹƼæȩȯȗȦ

ȻÒĚȼȖȒconstant torque designȓȹȆ!ȩȴȜɎȡȖ�ĶŅȹÊſțɎɥɯʃɫɪʅɞéĚȶ

ȩȴ}eȨɏȴȜɎ 17ȗ 

 

3. ROM ȶ RTEȹɋɎŢŏ¯ʈSRʐstrain ratioʉĢ� 

ȍ ROMȼȖSSȶaȪďnɒĶȜȴĢ�ȩȯȗƜȇƂȼȖƐǮť �"ȵǊǮťɒɻɣʅȻɀȲȶ

ɸʃʇɯȹt�ȩȖ�ÿɒɩɖɱɾɽʇɨȻǎȶ�ƔȨȭȯȗĢ�éĚȼ Morse Ɍ 16ȻéĚȶaċ

ȻéĚɒĶȜȯȗȦȻéĚȵȼȖ®�ʍʊ°ȠɌšǚ 1°/s ȵǊǮťɒƆ�ȩȖƜȇƂƒǌȡ�ÅÌ

ɒÌȪ�:ɯʁɛʇȹȴLGƪɒ3đȨȭȯƦ¯ɒ ROM Ģ�Ȼ0ȶȩȴÜĶȩȯȗȦȻ0ȼȖ
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1.5kHzȻɡʅɸʁʅɞʃʇɯȵɔɱʄɞȠɌɮɤɨʂȹ�ßȩȯ(TEACŔƞ LX-10Ȗëú)ȗ 

ȍ SRĢ�~ÑȶȩȴȖƐŝņŶȶǊǮť�ÿɒűɓȰŶȻǒ" 30%Ȼ"ž 20ȹȴƉƋŢ;5ȃ

ɒa�ȩȖǉǾěĻ7ƱèƝžʈëŞɔʄɚɽɮɕɚʂŔƞ Hi-vision AscendusȖëúʉȹ�Ķ

ȻǾǿɚɸʀʇʈëŞɔʄɚɽɮɕɚʂŔƞEZU-TECPL1Ȗëúʉɒ[ɍ�Ȥȯʁɲɔɸʄʇɷʈë

ŞɔʄɚɽɮɕɚʂŔƞ EUP-L65, 6-14MHzȖëúʉɒ�ȩȴĢ�ɒƙȲȯȗǾǿɚɸʀʇȼɘʀ

ɥɯɻʇĎƈȵȵȢȴȟɍȖ¶ÇĲȼ 22.6kPaȵ��ȵțɎȗSRȻ0ȼʈmuscle / couplerʉȶȩ

ȴŤ=ȩȯȯɈȖɊɑɌȠȜ~`ȼ0ȡ�ȢȣȖŏȜ~`ȼ0ȡ�ȨȣȸɎȗɸʄʇɷȵHȞɎÀ

�ȸuǔȼȖǉǾěƝžȹůɆǑɅɏȯ strain graph ȹȴŐƷȩȖ ”the rhythmical 

compression-relaxation cycle”ȡ-0.7�0.7ȻŦr;ȹǱɍɒǠ?ȶƢȸȩȯ 21ȗSRƧþȻȯɈ

Ȼ ROI Ʈ�ȼȖÐȘȻ9ƙōŜ 22ȠɌǾǿɚɸʀʇʈŹ 4mmȐč 30mmʉȖaċȹƉƋŢȼ

ʈ18mmȐ30mmʉȶȸɎɋȝƮ�ȩȯȗȸȟȖĢ�
ȹɸʄʇɷȡŘLȫɎȦȶȻȸȜɋȝī]�Ç

ĎƈńŎ$ȵȵȢȯŏNɥɺʅɤɒH¢ȩȯɸʄʇɷt�ĀʈEVA formʐŠ�N�Ȗëúʐ�

�ʑŹ 70mmȐč 130mmȐȉ 30mmȖ;�ʑ35mmȐ70mmȐ30mmʉɒĶȜȴt�ȩȯȗɸʄ

ʇɷȶǾǿɚɸʀʇȻǭȖǾǿɚɸʀʇȶņƎȻǭȹǉǾěĢ�ĶȻɟʂɒǠ¯ȹ�¦ȩȴĻ7

ȡȊíȹȸɎɋȝļÊȩȯȗ 

 

4. ŢǹsĢ� 

ȍ ROM ȟɋȿ SR Ģ�ȡ\LŅȵțȲȯȠɒ.ƲȫɎȯɈȹȖƛǽŢǹsʈbipolar 13mmȖ

S&ME; BiologȖëúʉɒĶȜȴƉƋŢ;5ȃȖɴʀɽŢȖDȄȈŢȻŢĝLɒĢ�ȩȯȗEMGȻ

ĝLȼ 5�2000Hz ȵƬǪȩȖ/^ȼ 1.5kHz ȻɡʅɸʁʅɞʃʇɯȵɮɤɨʂʃɠʇɩɁǗ/ȩ

ȯȗȸȟȖEMGȻ0ȼ�ĶǘŢGĢ�nȟɋȿǉǾěĻ7ƱèƝžȶa÷ȩȯȗŢĝLǩȼŢ

ǹÛª0Ȼʌ
«x«éĄ(Root Mean Squeare: RMS)ɒŤ=ȩȯȗ 

 

5. ŲƪƧþ 

SRȟɋȿROMɒƧþ�ǀȶȩȯȡȖSS�êD 30>ǭȻ SRȟɋȿ 30>Dȶ 15>DȻROM
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Ȼ0ȹȼŲƪ�Ņȸ¤"ȡƷɈɌɏȸȠȲȯȯɈȖSS ňDȻ0ɒ SS �êDȹȟȤɎ pre Ȼ�

ƛ0ȶȩȴÜĶȩȯȗóŮŅȹ SR ȟɋȿ ROM Ȼ0ȼȖ�8Ǧž>ä>þȶȮȻ»Ȼ�ǧĖǏ

ʈBonferroniĚʉɒĶȜȴƧþȩȯȗŲƪƪŤȹȼ SPSS 12.0 J for windows ɒĶȜȖŲƪ�Ņ

õÊėĤȼ 5%ùģȶȩȯȗ 

 

 

ȕ�űÿ  

1. EMG 

ȍ _Ģ�ŢȹȟȤɎ«xȻŢĝLȼȖƉƋŢ;5ȃȵ 7.6ȏ2.8ȑVȖaċȹȩȴ�5ȃȵ 9.1ȏ

3.2ȑVȖɴʀɽŢȵ 5.8ȏ2.6ȑVȖDȄȈŢȵ 8.7ȏ2.9ȑV ɒŒȩȖ:ȴȻɧɝɣɿʅȹȟȜȴ\

LŅȵțȲȯȗ 

 

2. ROM 

ȍ s 3 ȹŒȫɋȝȹȖSS �ê
ȟɋȿŮ�»Ȼ ROM ȼ pre ȶĖǏȩȴõÊȹØ�ȩȯȗSS ň

»ȹȼ 28%Ȗ15>»ȹȼ 17%Ȗ30>»ȹȼ 13%ȻõÊȸØ�ȡŐƷȨɏȯʈP<0.01ʉȗ 

 

 

 

 

 

 

 

 

 

 

s 3ʐSSȹɋɎ ROMȻ�N 
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3. SR (strain ratio) 

ȍ s 4ȹƉƋŢ ´ȹȶɉȸȝ RTEĻ7ȟɋȿ SR0�NȻ�(ɒŒȫȗs 5ȹŒȫɋȝȹȖSS

�ê
Ȼ SRȼõÊȹ#�ʈŏȣȸɎʉȩȯȡȖSS�ê»�ìȩȖ15>Ʌȵ 11�16%ȻõÊȸ�

ìʈɊɑɌȠȣȸɎʉɒƷɈȯʈP<0.01ʉȗȩȠȩȸȡɌȖ15>�ǰȹõÊ¤ȼƷɈɌɏȸȠȲȯȗ 

 

 

 

 

 

 

 

 

s 4ʐRTEĻ7ȟɋȿ SR0�NȻ�( 

 

 

 

 

 

 

 

 

 

 

 

s 5ʐSSȹɋɎ SRȻŰïŅ�N 
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ȕ�Ɓ�  

ȍ úōŜȵȼȖŢŏ¯ɒƛȫSRȻ0ȡSSȹɋȲȴȷȻř¯�NȩȖȮȻKÿɒ�ǩŅȹǖǋȫɎȦ

ȶȵțȲȯȗȮȻűÿȖ�ƺȻǙɍ ROMȟɋȿ SRȻõÊȸ�NȡŐƷȨɏȖAkagiɌ 13,14Ȼűÿɒ

ÚŒȩȯȗȩȠȩȸȡɌȖROM ȶ SRȹȟȤɎŰïŅ�NȻɳɨʇʅȹȼ¤ĽȡɆɌɏȯȗ 

ȍ SSȹɋɎÆÇȻROM�NȻơpȻȾȶȳȹÌƤȻ�NȡƁȞɌɏȴȜɎ 23ȗROMȻóŮzȼ�

ȣȻ~`ȖƜȇƂȻ�ƥȹɋȲȴĘ�ȨɏɎȗȮȻȯɈȖƜȇƂȻŀɆÌɊƯ�ȵȢɎ ´ÌȻ�N

ȡ ROMȹ¹ǿɒ�ȞɎȦȶȡƁȞɌɏȖȦȝȩȯ�NȼȒstretch toleranceȓȻ�NȶhȽɏȴȜɎ 23ȗ

SS »Ȼ ROM �NȼȖMTU ȹĬĴŅȸ�Nȡ�ɑȸȣȴɉĵȪɎ~`ȡțɎȦȶȠɌ stretch 

toleranceȻ�Nȡ�ȯɎơpȵțɎȶȫɎ}eɉ�Ȝ 24ȗúōŜȵŐƷȩȯ SSȹɋɎ ROMØ�Ȼ

ř¯ȶÙųKÿȼȖúōŜȶaȪȣ 5>ǭ SS ɒ�êȩȯ9ƙōŜȻŋƢȶ�Ɣȩȴȟɍ 25ȖROM Ƞ

ɌɆɎ SS ȻKÿȼ�·ȵțȲȯȦȶȡȜȞɎȗ�éȖSR Ȼ�Nȼ 11�16%ř¯ȵțɍȖȦɏȼ

Akagi Ɍ 13,14ȡ}eȩȯ�NĲȶař¯ȵțȲȯȗAkagi Ɍ 13,14Ȼ}eȹɋɏȽȖ�ǻïȹȟȤɎƉ

ƋŢȻ;5ȃȶ�5ȃȻŏ¯ȹ¤ȼțɎɉȻȻȖSS ȹɋɎ�Nǩȹȼ¤ȡƷɈɌɏȴȜȸȜȗSS Ȼ

�êïǭȶȩȴȖ(ȞȽ90ŗ 26Ɋ45ŗɒ3oŽɍǓȫɋȝȸŌȜ~` 27ȹȟȜȴȼȖMTU stiffness

Ȼ�Nɋɍɉɇȩɐ stretch tolerance ȹǈpȩȯ ROM Ȼ�HȡǈȦɎȡȖúōŜȻɋȝȹ SS Ȼ�

êïǭȡĖǏŅǫȜ~`ȼ ROM ȶ MTU stiffness Ȼ�éȡ�NȫɎ 16,17ȗȦɏɅȵȻōŜɒɅȶ

ɈɎȶ 16,17,28ȖSS ȹɋȲȴƸńȨɏɎ MTU stiffness ġ�ȼȖŢ stiffness ȹɋȲȴɉ¹ǿȨɏȖ

Murayama Ɍ 5,6Ȼ}eȹɋɎȶȖŢ stiffness ȶŢŏ¯ʈmuscle hardnessʉȹȼǮ-ÇȡțɎȗŢĊ

ǛȻĭÁȶȩȴȖŢ;ƏɊŢ�ƏȖŢfƏȸȷȻŢ;ű`ůżȼȖ\LŅȸ´Gɒ±ȢǈȦȫ	@

¶ÇĊÏơŬȠɌÏȲȴȜɎȦȶȡŒkȨɏȴȟɍ 29ȖPurslow30 ȹɋɏȽű`ůżȖȶȣȹ�fƏȼ

\LŅȸŏȨȹǮǜȫɎ�ơȸơpȵțɎȦȶȡ}eȨɏȴȜɎȗȩȯȡȲȴȖSR�NȻɽɚɲɦɼȻ

ȾȶȳȶȩȴȖ\LŅȸ´Gɒ±ȢǈȦȫű`ůżȻÇǆȻ�Nȹ¹ǿȨɏȯȦȶȡÝ�ȵȢɎȗȩȠ

ȩȸȡɌȖROM ȶ SR ȻŰï�NȻɳɨʇʅȹȼ¤ĽȡƷɈɌɏȴȜɎȦȶȼ��ƕgğȜȗǮťɒ

[ɍ¥ȣǍǥůżȻāǍÇɒǱ�ȫɎF`ȼȖǮťMȡ 47%ȖŢȟɋȿŢƏȡ 41%ȖƊȡ 10%Ȗņ

Ǝȡ 2%ȶ}eȨɏȴȟɍ 31ȖROMȹǮȩȴȼŢɊŢƏ��Ȼơpȡ ROMØ�»ȻKÿȻÙųȹ
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ǃıȩȴȜɎ]ƇÇȡțɍȖŢŏ¯ȹǮǜȫɎ]ƇÇȻțɎű`ůżȹǮȩȴȼ 5>ǭȻ SS ɒ�ê

ȩȯ~`ȹȟȤɎ�Nȼ 15>ř¯ȶŌ÷ŅȵțɎȦȶɒŒkȩȴȜɎȗ 

ȍ SRȻõÊȸŰïŅ�NȼȖSS» 15>ɅȵȵȵțȲȯȗSS»Ȼ�ïŅȸŢ=G#�ȼùȰƽ�


ȵțɎȡȖúōŜȶaċȻ SSÒĚɒĶȜȯ TrajanoɌ 18Ȼ}eȹɋɏȽƉƋŢȹ$ȫɎ SS»Ȼ

peak torqueȻ#�ȼ 15>»ȹȼĞ�ȩȖúōŜȻ SRȻŰïŅ�Nȶ�ƔȫɎȗSSȼGȔǫȨǮ

-ʈmuscle strength – length relationshipʉɊɡʂɠɽɔŌźǚ¯ȹ¹ǿɒ�ȞɎȰȤȵȸȣȖ�ǻ

ïȻɡʂɠɽɔȻǫȨɒ�HȨȭɎȯɈȖMTU ȻďĆŅȟɋȿZźȻĭÇȼ”stretching-induced 

force deficit”ȶhȽɏɎ SSȹǈpȫɎMTU stiffnessȻ#�ȡó�ŢGȹ�ïŅȸġ�ɒǈȦȫ

ĴķȻȾȶȳȶȩȴƁȞɌɏȴȜɎ 32-34ȗ5>ǭȻ SS»ȖMTU stiffness�NɒƼĂȩȯōŜȵȼȖ

Ţ stiffness ȼ MTU stiffness ȶaċȹ#�ȩȖȮȻ#�Ĳȼū 20�30%ȵțɎȶ}eȨɏ 16ȖSS

Ů� 10>»ȹMTU stiffnessȻ#�ȡĞ�ȩȴȜɎ 35ȗȩȠȩȸȡɌȖȦɏɌȻ}eȵȼ��ȩȯƦ

¯ȵ SS ȡ�êȨɏȴȜɎȗ�ǕȩȯɋȝȹȖŢɁȻɥɯʃɫɪȼǮť"žȡ��ȹ.ÙȨɏɎǶȹȟ

Ȝȴ ´µ¯ȻÆǚȸġ�ȡĵȪũ¶ÇÄGȻŷiÄţȡƸńȨɏɎȯɈ 19SS ɒ�êȫɎǶȹȼ

ȦȻÄţɒoǣȩȸȤɏȽȸɌȸȜȡȖ9Ȼ}eȵȼȦȻÄţȻ¹ǿɒdɓȰűÿȻ]ƇÇȡțɎȗ

úōŜȵȼȖ©ȹƯ�]Ƈȸó�\LɯʂɝȻ90%ɒǁƗȩųȤȯȯɈȖŢŏ¯ɒƛȫSR0ȻYÄ

ȶȻǭȹ¤ĽȡĵȪȯȻȠɉȩɏȸȜȗ�»ȖSS Ȼ�êéĚɊ�êïǭȖɅȯŢŏ¯ȶ MTU 

stiffnessȟɋȿŢ stiffness ȶȻǮ-ȹȳȜȴȨɌȸɎƼĂȡÃơȵțɎȗ 

ȍ úōŜȻ limitation ȶȩȴȖȍ ��ȡƁȞɌɏɎȗŠ�ȹȖŢŏ¯Ģ�
ȻǊǮťƦ¯ɒ®Ɔ�

0ȎȹƮ�ȩȯȦȶȡțȥɌɏɎȗǊǮť®Ɔ� 0ȎȼƧE�Ņȸ 0 ȵȼțɎȡȖǊǮťȼ®� 30Ȏ

ȹȴ\LŅȸɯʂɝȡɃɄʊȹȸɎȨɏȴȜɎ 36ȗȫȸɑȱȖúōŜȻŢŏ¯Ȼ0ȼ�ƍ�ȃŢȡ®

�"ȠɌʊȎɅȵ ´Ȩɏȯ»Ȼ0ȵțɎȦȶɒÊgȫɎȗŠ�ȹȖǉǾěɸʄʇɷȻâ&ɒǫǎâ&

ȵƙȲȯĨȡțȥɌɏɎȗUE ȹɋɎŢŏ¯Ȼ0ȼȖčécȻ�NɒYîȫɎȶɉȜɑɏȴȟɍ 13,14Ȗ

ǉǾěĽéÇȻlȅȡțɎȗúōŜȶȼĽȸɍ shear waveĚȻ UE ɒĶȜȯōŜȵȼ 37ȖZźȹɋ

ȲȴƸńȨɏȯŢŏ¯Ȼ�HȼȖŢȻĽéÇȹǈpȩȴčécɋɍɉŹécȻéȡ�ȢȠȲȯȦȶɒ

}eȩȴȜɎȗȦȻ}eȼȖǫǎȟɋȿŌǎâ&ȹɋȲȴűÿȡĽȸɎ]ƇÇȡțɎȦȶɒÊgȩȴȜ
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ɎȗȦȻlȅȼȖUEÒĚɒĶȜȯŢŏ¯Ģ�ȹȟȤɎ�»ȻćƫƻȅȻȾȶȳȶƁȞɌɏȴȜɎ 22ȗ

ó»ȹȖ�ƍ�ȃŢɒĊÏȫɎɴʀɽŢȟɋȿɔɜʃɥƊȻ�vȡțȥɌɏɎȗúōŜȵȼȖǊǮťɒ

Ɔ�ȨȭɎ¸ȵ SSɒ�êȩȯȡȖɴʀɽŢȹǮȫɎƵŭȸćƫɒƙȲȴȜȸȜȗɴʀɽŢȼƉƋŢȻğ

ǥȹ"žȫɎȯɈȖńǞȩȯƉƋŢɒõȫɎĺÇƜȇƂȻ
ȹȼ UE ȻǾěȡ�ǞȨɏȹȣȣȖȊí

ȸ~`ȡĊŧȨɏȸȜ~`ȡțȲȯȗȦȻĨɒƁÎȩȴȖúōŜȵȼƧþ�ǀȠɌǳ�ȩȯȡȖȨɌȸ

ɎďnŪ¯Ȼc�ȶ�»ȻōŜȵȼȦȻĨȡƧĘȨɏɎȦȶɒ÷ºȩȯȜȗɅȯɔɜʃɥƊȹǮȩȴȖ

SS ȹɋɍɴɥɭʁɣɥʈĵ$ůżȻG-ǫȨǮ-ȵƥ�ȨɏůżȻũÇɒŒȫɉȻʉȡ#�ȫɎȦȶȡ}

eȨɏȴȟɍ 38ȖȦɏȼƊůż;ȻũÇȡ SSȹɋɍġ�ȩȯȦȶɒŒȩȴȜɎȗƊɉǮťɒĊÏȫɎů

żȻ�ȳȵțɎȦȶȠɌȖŢŏ¯�Nȹ%ɌȠȻ¹ǿɒWɄȩȯȦȶȡƁȞɌɏȯȗ 

 

 

ȕ�ƾǐ 

ȍ úōŜȼȖ�ƖǂqĚ��ôǂqŠ 11 oɥɺʇɬōŜIÏ�ĈȻōŜIÏɒ\Ȥȴ�êȨɏȯȗ

ÂȠɌ¾œĹȩ�ȥɅȫȗ�ȇȻĢ�ʆƧþȹȧSGȣȰȨȜɅȩȯ
�����ǲȻ�ĦŊð�9

ĵȖēȋķǄ9ĵȖHITACHI ɔʄɚɽɮɕɚʂă°�ŔȻû ň�ċȖƘUĜ�ċȖŕƿǞęċȹ

¾œĹȩ�ȥɅȫȗ 
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