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Ŕ�$)ôŌ®Ōȹ$�;�Ⱥ�)ȑ¼*ĈŔ�ĉ$�;�5ȺȒ·'ôŌ®Ōȑ¼*ǒ.

)ǵĵ(';%ǅ�9<;Ȼ�<9)�%
9ȺǈȡƳ�8,ǒȡƳ) Kinematics�8,

Kinetics)Ƅģ(ȡ�#Ⱥ2ũª±ŝ��$'� 3ũª±ŝ>Ǘ
�%$ȺSQ'&) CKC-

Ex(��;ǫƸ'¹ûƗƄģ>Ő9
(�;�%�$�;%ǅ�9<;Ȼ 
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ȿȹSQ)[y~^|K»Ş(ȡ�;«ǗƢƪ 

� Matthew et alȻȸ2016ȹ*ȺSQ(��;ų3Ȇ3)Ź�� SQ¼�(��; 1RM)ș

ȚȺGC|T~o~fp|[Pr|gȺ40 s~\Ǹ)ǥȝ(É1�ĝȭ("	#ïÚ�#

�:ȺāǴǆ>�<�< 3ǂ(±�ȸex SQǂȺ`~e SQǂȺJCE~T~SQǂȹȺȎ

2á)Ȱĕ$ 16ȎȠDJNNBR>þŋ��ƺŞȺex SQǂ*ex SQ(��; 1RMȺ

`~e SQǂ*`~e SQ(��; 1RMȺJCE~T~SQǂ*JCE~T~SQ(��;

1RM �Õ��;%%6(Ⱥ­#)ǂ$GC|T~o~fp|[Pr|g�8, 40 s~\

Ǹ)ǥȝ�Õ���%ȉ/#	;Ȼ�ŊHartmann et alȻȸ2012ȹ*ȺSQ(��;ų3Ȇ

3)Ź��GC|T~o~fp|[Pr|g%QJ{W[Pr|g(��;ȶ�(É1�

ĝȭ("	#ȺȎ 2á)Ȱĕ$ 10ȎȠex SQ>þŋ��ǂ*GC|T~o~fp|[P

r|g�8,QJ{W[Pr|gȶ%6(Ŗĩ(ñ¿��)(ā�#ȺJCE~T~SQ>

þŋ��ǂ*GC|T~o~fp|[Pr|g�8, SQ Pr|gȶ)ȶ�(ó¿*ǝ9

<'
!�%ïÚ�#	;ȻHartmann et alȻ*Ⱥex SQ(#Pr|gȶ�ñº��ǜ

â>ȺŹ�ų3Ȇ4�%(8!#8:õ�)Ʊ>ö�'Î¼í$[y~^|K��ƺŞȺP

r|g¼�(ȡ��;Ʊǂ(Á±'´ž�º=!��5$�;%ȉ/#�:Ⱥex SQ (

ů/�ǉȡƳ)Î¼í�Ą�	JCE~T~SQ$*ȺPr|g¼�(ȡ��;Ʊǂ(Á±

'´ž�º=9'
!�Îǌħ��;%ǅĀ�#	;Ȼ 

� ��)8
( SQ)[y~^|K»Ş(ȡ�;ïÚ* 1RM)șȚȺPr|gǌ¹ȺQg

w|[ǌ¹'&
9ţǤ��6)�õ�ȺȡƳÎ¼íȺǈȡƳ)Ʊ¹'&)Ⱥ8:ǫƸ'�

¹ǜƷ(É1�ĝȭ("	#ţǤ�<�ïÚ*ą'	Ȼ2�ȺSQ)[y~^|K»Ş(ȡ

�;ïÚ*Ⱥa~ix'&)șȚǵǕ>º��ƅī$)ţǤ�õ�ȺǓ�șǵǕ(#ţǤ�

<�6)6ą'	ȻbeE~m|QÕ�>ƚƗ%��[y~^|KgzKvo)ă¬�8

,@QyYAWJw`cwY~Ou|$*ȺǓ�șǵǕ$) SQ 6þŋ�<#	;�%


9ȺșȚǵǕ>º��ƅī$)ţǤ%%6(ȺǓ�șǵǕ$) SQ'&>�Ĥ%�� CKC- 
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Ex(ȡ�;ţǨ6ĥǜ$�;%ǅ�9<;Ȼ 

 

ɀȹ�ǉ)ô¨}Ȩÿ%�)Ɩƌǜâ(ȡ�;«ǗƢƪ 

� ȶŧ9ȸ2017ȹ*ȺGroin pain)Ɩƌǜâ(ȡ�#ǈȡƳÛãƱ)ƱƤĕȺƱŷ¼Ț�

8,ǈȡƳ) Kinematicsbvp~T~
9±ŝ�#�:ȺGroin painōğŭǂ* Control

ǂ%ůȄ�#ȟ®ȂƱ)ƱƤĕ��ŏ�#	��%>ïÚ�#	;Ȼȶŧ9*ȺGroin pain

)Ɩƌ�8,¯Ɩ>�Ȣ�;�5(*ȟ®ȂƱ)ƱƤĕ>����;@gz~V>�;�

%ȺǈȡƳÛãƱ)Ʊ¹Ě¿(8;ǈȡƳȗ)üýħƈġ>Ǘ
�%�șǜ$�;%ȉ/

#	;Ȼ 

� Mascal et alȻȸ2010ȹ*ȺǈȡƳ�8,ǒȡƳ) Kinematics�8, Kineticsbvp~

T~
9ȺACL ľ¨'&)ǏȵöǑȡƳ(Ɩƌ�;ô¨7ȺPr|b~ǒ'&)ǒǖöǑ

ȡƳ(Ɩƌ�;ǒȡƳ�ĉŨŤȨÿ'&(ȡȍ�;ǜâ("	#ïÚ�#�:ȺǒȡƳ)

ȇ�(úé�;ǈȡƳ)¼��ǒȡƳ)¼�(ö��ĝȭ�;�5Ⱥť	'¼�$ǈȡƳ

>ū��¼
��%�ǒȡƳ)ô¨7Ȩÿ>�Ȣ�;�$șǜ$�;%ȉ/#	;Ȼ2�Ⱥ

Pollard et alȻȸ2010ȹ*ƞê¼�>ǈȡƳ�8,ǒȡƳ) Kineticsbvp~T~�8,Ʊ

ŷ¼Ț
9±ŝ�#�:Ⱥƞê¼�(�	#öŮƱ)Ʊŷ¼Ț>ñº��;�%�Ⱥƞê(

�	#ǒȗ)üýħ>ȶ5;%ȉ/#	;ȻPollard et alȻ*Ⱥƞê¼�(�	#öŮƱ)

Ʊŷ¼Ț�ñº�;�%(8:ȺƟƅȬ�(��;ǈȡƳ)ǶƇĕ�ȶ2;�%$ȺǘŁ>

ØË�;ƚƗ$DHS|[wWJ(ƱËǀ�;öǑàȯƱ)ŷ¼Ț�źą�ȺǈȡƳ%ǒ

ȡƳ$źȌ¼�(��;ǶƇĕ>±�Ò
ƺŞȺƞê¼�(�	#ǒȗ)üýħ�ȶ2;

%ȉ/#	;Ȼ 

� ��)�%
9Ⱥ�ǉ)ô¨}Ȩÿ)�ȢȺ¯Ɩ�Ȣ)gzKvo>þŋ�;�$Ⱥǈȡ

Ƴ®ȂƱǂ)şȁħ>Õ���;�%7ȺöŮƱ)Ʊŷ¼Ț>ñº��ȺǈȡƳ>ū��¼

���;�%�șǜ$�;%ǅ�;�%�$�;Ȼ 
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Ɂȹ�ǉ)ô¨}Ȩÿ�Ȣ>ƚƗ%��gzKvo)»Ş(ȡ�;«ǗƢƪ 

� Tyler et alȻȸ2002ȹ*ȺNational Hockey League(įĊ�;gz@BQjWL~Ȗİ

)�$Ⱥ®ȂƱǂ)ƱĹ¨)wQJ�ȶ	%ķĿ�<�Ȗİ(ā�#ȺgyO~R|[y~

^|KgzKvo%�#®ȂƱǂ)ƱĹ¨�ȢgzKvo>þŋ��ƺŞ>ïÚ�#	;Ȼ

Tyler et alȻ*ȺSumo squat>×4®ȂƱǂ)Ě¿>�ƚƗ%���ȢgzKvo>þŋ

��ƺŞȺ®ȂƱǂ)ƱĹ¨ƖƌƉ>����;�%�$��%ïÚ�#	;Ȼ 

� Tyler et alȻȸ2010ȹ*ȺUS Major League Soccer(įĊ�;gzNWG~Ȗİ(ā�#

Groin Injury)Ɩƌ�ȢgzKvo>þŋ��ƺŞ>±ŝ�#	;ȻTyler et alȻ*āǴǆ

>ȺǈȡƳÛãƱ(ā�;UB]nWJCE~o@Wg>�Ĥ%���ȢgzKvo>þ

ŋ�;ǂ%Ⱥ�<9>þŋ�'	M|[z~xǂ(±�ȺȎ 3áȺƶ 20±�"Ǘ
gz[

Mx>þŋ�ȺO~R|�) Groin Injury)ƖƌƉ>ǰš��ƺŞȺ�ȢgzKvoþŋ

ǂ*M|[z~xǂ(ů/ȨÿƖƌƉ� 28%źą��%ïÚ�#	;Ȼ 

� Masclal et alȻȸ2003ȹ*ȺŮƱǂ>�%�;ǈȡƳÛãƱǂ)Ě¿gzKvo�ȺƂǎ

$Ǘ
�ǉ)¼Ɨ@vBp|[ǩ�(��; Kinematics bvp~T~(É1�ĝȭ("

	#ïÚ�#�:ȺgzKvoþŋµ(Ǘ!�ǩ�$ǈȡƳ®ȂȺǒôÊȺ�ǑôŌ�)m

x@vBp|[>Ù�#	�āǴǆ�ȺŮƱǂ>�%�;ǈȡƳÛãƱǂ)Ě¿gzKv

o> 14 ȎȠ(=�:þŋ��ƺŞȺmx@vBp|[�Ńß�<�%ȉ/#	;Ȼ2�

Masclal et alȻ*ȺǈȡƳ®ȂȺǒôÊȺ�ǑôŌ�)mx@vBp|[* ACLľ¨'&

)ǏȵöǑȡƳ(Ɩƌ�;ô¨7Pr|b~ǒ'&)ǒǖöǑȡƳ(Ɩƌ�;Ȩÿ)Ɩƌ

ǜâ%';�5ȺŮƱǂ>�%�;ǈȡƳÛãƱǂ)Ě¿gzKvo>þŋ�;�%*Ⱥǒ

ȡƳ(Ɩƌ�;ô¨�8,Ȩÿ)Ɩƌ>�Ȣ�;�$șǜ$�;%ȉ/#	;Ȼ 

� ��)�%
9ȺǈȡƳÛãƱ(ā�;UB]nWJQ[yWV>CE~o@Wg(ƹ

3Ȇ4�%7®ȂƱǂ>Ě¿�;�%��ǉ)ô¨}Ȩÿ)�Ȣ�8,¯Ɩ�Ȣ(Ŗ»$

�;%ǅ�;�%�$�;Ȼ2��ŮƱǂ>�%�;ǈȡƳÛãƱǂ)Ě¿gzKvo>þ
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ŋ�;�%*Ⱥǒȗ)ô¨�8,Ȩÿ)�ȢȺ̄ Ɩ�Ȣ(Ŗ»$�;%ǅ�9<;�Ⱥ«Ǘ

Ƣƪ(��;�¬*ť	'DJNNBR>ƹ3Ò=�#Ǘ!�ïÚ�õ	�5ȺDJNN

BR�%)[y~^|K»Ş(ȡ�;±ŝ>Ǘ
'&Ⱥ8:ǫƸ'ţǤ�ĥǜ$�;%ǅ

�9<;Ȼ 

 

� ��)8
(ȺCKC-Ex (��; SQ )ȑ¼ûƗ±ŝ�8,[y~^|K»Ş(ȡ�#

ǰ/9<�Ƣƪ*õ�ǝ9<;�Ⱥǐ¸:)ȑ¼ûƗ±ŝ�8,[y~^|K»Ş(ȡ�

#ǰ/9<�Ƣƪ*Ƙƀ(ư�	Ȼ2�ŇƇƢƪ
9Ⱥƫ�$Ǘ
 CKC-Ex (ȡ�#

Kinematics �8, Kinetics bvp~T~>ƍ	# 3 ũª±ŝ>Ǘ
�%ȺǓ�șǵǕ(

��; CKC-Ex )[y~^|K»Ş%�#ȡƳÎ¼íȺƱ¹Ⱥȑ¼ǌ¹Ⱥav|Qǌ¹'

&)ǫƸ'�¹ǜƷ.É1�ĝȭ>Ő9
(�;�%�ĥǜ$�;%ǅ�9<;Ȼ 
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ȾȻśƢƪ)ƚƗ 

� śƢƪ*Ⱥǐ¸:)ȑ¼ûƗƄģ�8,[y~^|K»Ş>Ő9
(�;�%>ƚƗ%

�Ⱥǐ¸:% SQ(��;ƱȪä�8, KinematicsȺKineticsbvp~T~>ůȄ}ţǤ

�;%%6(Ⱥǐ¸:% SQ(��;ǈȡƳÎ¼íȺ�ǉƱ¹Ⱥȑ¼ǌ¹Ⱥ¼Ɨav|Qǌ

¹)ÅŒƗ»Ş%ȟŘƗ[y~^|K»Ş("	#ůȄ}ţǤ�;�%%��Ȼ 

� �<9>Ő9
(�;�%*ȺƚƗ(Ò=��»ŞƗ'eAPGx[y~^|KȺCE~

o@Wg7@QyYAWJw`cwY~Ou|)[y~^|KgzKvo>ƫ#;�$Ⱥ

ǐ¸:>Ŗ»(ŷƍ�;�5)șǜ'Ƿň(':ġ;%ǅ�;Ȼ 
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ȿȻśƢƪ)ǯȱ 

 

śƢƪ)ƚƗ>ȓĭ�;�5(Ⱥ��) 3")Ƣƪǯȱ>Ǧý��Ȼ 

 

�Ƣƪǯȱ 1� ǐ¸:)Ʊŷ¼¼ī�8, KinematicsȺKinetics±ŝ 

Ƣƪǯȱ 1-1Ȼǐ¸:(��;�ĒȺ�ǉ)Ʊŷ¼¼ī�8,ǒȡƳ) Kinetics±ŝ 

Ƣƪǯȱ 1-2Ȼǐ¸:(��;ǈȡƳ) Kinematics�8, Kinetics±ŝ 

� ǐ¸:% SQ)ȑ¼ûƗƄģ("	#Ʊŷ¼ȚZ~T�8, KinematicsȺKineticsbv

p~T~>ƍ	#ůȄ}ţǤ��Ȼ 

 

�Ƣƪǯȱ 2�ǐ¸:)ÅŒƗ»Ş(ȡ�;Ƣƪ 

� ǐ¸:�8, SQ�ǈȡƳÎ¼íȺ�ǉƱ¹Ⱥȑ¼ǌ¹Ⱥ¼Ɨav|Qǌ¹(É1�ÅŒ

Ɨ»Ş("	#ůȄ}ţǤ��Ȼ 

 

�Ƣƪǯȱ 3�ǐ¸:)ȟŘƗ[y~^|K»Ş(ȡ�;Ƣƪ 

� ȟŘȠ)ǐ¸:�8, SQ�ǈȡƳÎ¼íȺ�ǉƱ¹Ⱥȑ¼ǌ¹Ⱥ¼Ɨav|Qǌ¹(É

1�ȟŘƗ[y~^|K»Ş("	#ůȄ}ţǤ��Ȼ 
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ƯȽƬ�Ƣƪǯȱȼ�ǐ¸:)Ʊŷ¼¼ī�8, KinematicsȺKinetics±ŝ 

Ƣƪǯȱȼ−ȼȻǐ¸:(��;�ĒȺ�ǉ)Ʊŷ¼¼ī�8,ǒȡƳ) Kinetics±ŝ 

ȼȻǋœ}ƚƗ 

� Ɯł(��;îśDJNNBR*ǈȡƳ>ē	Î¼ƴã$¼
��%�Ƅģ$�:Ⱥ�

)�$6ǐ¸:*ȺŸô(�	# Sumo squat%Ü+<ȺǈȡƳÛãƱ)Ʊ¹Ě¿�8,ş

ȁħÕ�>ƚƗ%�#Ql~XƊð7ÀƕƊð$Ì:¬<9<;8
('!#�#	;Ȼ

ǈȡƳÛãƱ)�$6ŮƱǂ*ȺǈȡƳ)üýħ>Õ���ȺǈȡƳ�8,ǒȡƳ)ū�	

@vBp|[�Ķ(ǶƇ�#�:ȺŮƱǂ)Ę¿*ǒȗ)ô¨}Ȩÿ7ǐƔ'&>Ė�ǹ�

�Îǌħ��;%ïÚ�<#	;ȸMacadam et al., 2015ȹȻŮƱǂ)Ě¿>ƚƗ%��D

JNNBR("	#*ȺSQ��ǔƗ(Ǘ=<#�:Ⱥ�)�$6ǐ¸:(ȳ���{B\

QT|Q SQ)«ǗƢƪ(8;%Ⱥ{B\QT|Q SQ*öŮƱ�8,®ȂƱǂ)Ʊŷ¼Ț

�]z~QT|Q SQ(ů/ȶ£>Ʀ��%ïÚ�<#	;Ȼ2�Ⱥǒȗ)ô¨}Ȩÿ�8

,ǐƔ)�Ȣ%�#ŮƱǂ)Ě¿�șǜ$�;�ŊȺSQ(8!#ǒȗ�8,ǐȗ(ǵǕ�



:Ⱥô¨7Ȩÿ>Ė�ǹ��Îǌħ��;%	
«ǗƢƪ6úé�;ȸGarrett et al., 

2010ȹȻ'�ȺSQ Œ)ÑȡƳ.)ǵǕ'&("	#ţǤ��6)$*Ⱥ�ǉȡƳ)

Kinematics �8, Kinetics bvp~T~>ƍ	#ȺǏȵöǑȡƳ.)¶ŉ¹�8,èȈ

¹Ⱥ2�ǒǖöǑȡƳ.)èȈ¹(ȡ�#±ŝ�<#	;6)�úé�;ȸEscamilla, 

2001aȹȻ�<9)ïÚ*ȺƟƅȬ�(��; 2 ũª$)±ŝ�õ�ȺµȲȬ�)ôÊ®Ê

ŊÕ�8,ŰĐȬ�)ôŌ®ŌŊÕ'&6×5� 3 ũª$)±ŝ�Ǘ=<�«ǗƢƪ*�

�	Ȼ2�Ⱥ�<9*a~ix'&)șȚǵǕ>º��ƅī$Ǘ!�ǪĲ$)±ŝ�õ�Ⱥ

Ǔ�șǵǕ(�	#ţǤ�<�6)6ą'	Ȼ��)�%
9ȺǓ�șǵǕ$) SQ>�Ĥ

%�� CKC-Ex *Ⱥ@QyYAWJw`cwY~Ou|7eAPGx[y~^|K)ă¬

%�#ē�þŋ�<#	;(6ȡ=9�ȺǓ�șǵǕ$)Ʊŷ¼Ț�8,ǒȡƳ(��; 3

ũª$)aBFpG^JQƗţǤ��<�6)*ą'�Ⱥǐ¸:%ůȄ}ţǤ�<�6)*
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úé�'	�5ȺţǤ�ĥǜ$�;%ǅ�9<;Ȼ��$śƢƪ*Ⱥǐ¸:(��;�ĒȺ

�ǉ)Ʊŷ¼¼ī�8,ǒȡƳ)ȑ¼¹ûƗƄģ>Ő9
(�;�%>ƚƗ%�Ⱥǐ¸:

�8, SQ >ǈȡƳÛãƱ)Ʊŷ¼Ț�8,ǒȡƳ) Kinetics bvp~T~>ƍ	ůȄ}

ţǤ�;�%%��Ȼ 
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ȽȻƢƪŊŴ 

 

ȼȹāǴ 

�ǔ¦ĎƎħ 5Ô>āǴ%�#Ǘ!�ȻāǴǆ)đȷȺȀȟȺ�ș)Đë£�8,ŦŽ¥

Č*Ⱥ�<�< 24.4 ± 0.6ŬȺ179.4 ± 5.2cmȺ69.4 ± 4.7kg$�!�Ȼ2�Ⱥ³�ǻ*k~

x>ǿ;ǻ%ýǃ�Ⱥ­#)āǴǆ)³�ǻ*Ïǎ$�!�Ȼ'�ȺāǴǆ*ȒÇȼđ�®

(�ǉ(ô¨}Ȩÿ>Ɩƌ�#�9�ȺƊéƓƔ7ȔÝĪ'&)ǧ��'	6)%��Ȼā

Ǵǆ(*�µ(śƢƪ)ƚƗ�8,ŊŴȺþȴ(8:ǹ�:
;ÄȦħ(ȡ�#Á±'Ǯ

Ő>Ǘ	Ⱥś�)Óĩ>ġ#þŋ��Ȼ'�ȺśƢƪ*ƲŵöûƢƪ¤Ƌ÷Þ�)ıǬ>ġ

#	;ȻıǬƑÐȸ22-359ȹ 

 

ȽȹżýȮƚ�8,żýŊŴ 

AȻþȴǪĲ 

� þȴǪĲ*Ⱥǐ¸: 3Ʃȳ�8, SQ 2Ʃȳ%��Ȼū�	ǐ¸:(º�Ⱥǐ¸:>ķă

�;ȧ(��ȕ²'eE~o�%ķă�;�%)õ	Ⱥ¼�Œ(�Ē>µ©��;ǐ¸:

ȸ��Ⱥµ©ǐ¸:ȹȺ�8,¼�Œ(ǒȗ�®§(ó�� Knee-in toe-out )mx@vB

p|[>ƌ�;ǐ¸:ȸ��ȺKIǐ¸:ȹ>Ļƍ��ȻSQ*ȺQT|Qď�8,ǻĆ)Ŋ

Õ)ƒ'; 2Ʃȳ)yItv~QT|Q SQȸ��ȺRSQȹȺ�8,{B\QT|Q SQȸ�

�ȺWSQȹ>Ļƍ��Ȼ��ȺǣɀǪĲ>¼�ǯȱ%��Ȼ­#)ǪĲ(�	#ċÏ)İ

*Ġȯȗ(ě#ȺǈȡƳȺȵƙÛãƱ)ƱȪä(_BR�¬9'	8
(ȘĬ��Ȼ��(Ⱥ

ÑǪĲ)Ŷĩſ>Ʀ�Ȼ 
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}ǐ¸:ɂ ǐ¸:*Ⱥțř9ȸ2005ȹ)ŊŴ(Ž�ȺQT|Qď*ǒȡƳ 90 ĕĈŔ�2

$�ȣ��ȧ(öǑȗ)�Ȭ�Ĕ%ĐǗ%';�ĩ)QT|Q$Ǘ	ȺǻǼ)ŊÕȸǈȡƳ

ôŌǠĕȹ*Ⱥ�ǥ)¼��ūƥ(Ǘ�;Ñǚȴǆ)ŕöǠĕ%��Ȼ2�ȺǈȡƳŕöô

Ō�>�Ķ��ƅī$Ⱥ�Ē}�Ǒ>°Ŝ;��ìƛ(ƼĶ�Ⱥǒȗ%ǻĆ)Õ�>ļ�ǈ

ȡƳ}ǒȡƳ)ĈŔ�ĉȑ¼>Ǘ
ť(ķƦ>��ȸFigure 2-1ȹȻ  

 

}µ©ǐ¸:ɂ QT|QȺǻǼ)ŊÕ*ǐ¸:%Óť%��Ȼ§Ȭ
9ǝ#Ⱥŕ�ȣ�(

#�Ē>êȬ(ā� 45ĕµ©��Ⱥǒȗ%ǻĆ)Õ�>ļ�ǈȡƳ}ǒȡƳ)ĈŔ�ĉȑ

¼>Ǘ
ť(ķƦ>��ȸFigure 2-2ȹȻ  

 

}KIǐ¸:ɂ QT|QȺǻǼ)Õ��8,�Ē)ǉ�*ǐ¸:%Óť%��ȻQT~[Œ

*ǐ¸:%Óť)ø¾
9ȺǈȡƳ�8,ǒȡƳ)ĈŔ%%6(öǑ>®Ō��ȺKnee-in 

toe-outǉ�>Ì;ť(ǈȡƳ}ǒȡƳ)ĈŔ�ĉȑ¼>Ǘ
ť(ķƦ>��ȸFigure 2-3ȹȻ  

 

}RSQɂ RSQ*McCAW et al.ȸ1999ȹ)ŊŴ(Ž�ȺQT|Q*Ǌď%�ȺǻǼ*µŊ

(Õ�ċÏ)ǻȗ*ĐǗ%��Ȼ§Ȭ
9ǝ#ǒȗ�ǻǼ8:µŊ.°'	8
(ĩǳ�

;%%6(Ⱥŕ�ȣ�(#�Ēȗ> 45ĕµ©��Ⱥȵƙ)µ©>ĩǳ��ƅī$Ⱥǒȗ%

ǻĆ)Õ�>ļ�ǈȡƳ}ǒȡƳ)ĈŔ�ĉȑ¼>Ǘ
ť(ķƦ>��ȸFigure 2-4ȹȻ  

 

}WSQɂ WSQ*McCAW et al.ȸ1999ȹ)ŊŴ(Ž�ȺQT|Q*Ǌď) 140%%�Ⱥǻ

Ǽ)ŊÕ* 15 ĕôŊȸǈȡƳ 15 ĕôŌ�ȹ%��Ȼ§Ȭ
9ǝ#ǒ�ǻǼ8:µ(°'
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ý�;Ǜǁ>Ǧǁ�Ⱥŕ�ȣ�(#ǒȡƳĈŔǠĕ� 90ĕ%';8
(a~)ȶ�>ǰƳ

�ȺŮȗ�a~(ǡ<;2$ǈȡƳ�8,ǒȡƳ>ĈŔ�;ť(ķƦ�;�%$¼�Ǡĕ

>Ǟý��ȸFigure 2-6ȹȻÑ¼�*Ⱥ60bpm (Ǧý��Ȫùp[z_~o(Ò=�#Ⱥ1

¼���ȣćȬ 2ƨȺŕ�ȣ�(# 1ƨ�ĶȺ�ŏćȬ 2ƨ)ǣ 5ƨ%';8
(Ǧý�

�Ȼżý*ȺÑǪĲ%6 1ƨ)�Ū>*�?�ȍƻȾá>þŋ��Ȼ'�ȺÑǚȴǆ(*Ñ
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Figure 2-1 KOSHIWARI. 

Frontal plane 

Sagittal plane 
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 Figure 2-2 Zenkei KOSHIWARI� 

Frontal plane 

Sagittal plane 
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 Figure 2-3 Knee in KOSHIWARI� 

Frontal plane 

Sagittal plane 
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 Figure 2-4 Regular stance SQ� 

Frontal plane 

Sagittal plane 
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Figure 2-5 Wide stance SQ� 

Frontal plane 

Sagittal plane 
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Figure 2-6 Equipment for regulating motionM 
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Figure 2-7 Phase setting� 
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CȿƚȤÙ+ǡŮ 

Ǖȴƚ),Ƚ�Č�Ăƚ&�$ǀŔǱƖƚȹErector spinaeɅ�yȽESȺȽ�Čāŉƚ&

�$ǇƈƚȹRectus abdominisɅ�yȽRAȺȽǋȖƝ�Ăƚ&�$éǈƈƚȹRectus femorisɅ

�yȽRFȺȽǋȖƝāŉƚ&�$éǈ�ȮƚȹBiceps femorisɅ�yȽBFȺȽƺȖƝ�Ăƚ

&�$éţƚȹGluteus maximusɅ�yȽGMȺȽ+ǡɄƚ=ȍī��ȹFigure 2-8ȺȿȤř

+ǯ��ư,ȽBasmajian and De Lucaȹ1985Ⱥ+ƌƕ=¾ƴ)�$ȽƚǇ}ê794Ǳ

ëǆ1�,�şǆ�)�8�$Ȥř=ȏư��ȿƚŭ¶+û¨),XANgȤřȹF-150SȽ

ŃŎ£ȤƏǙȺ=Ż�ȽȤřȕǴȢ= 1.0cmȹéţƚ)"�$, 2.0cmȺ&�ȽǞǰȚ½=

Ǔ!�ƅǉǔȧ)ǯ���ȿƚȤXvR,ȽhqTWrjvRvLNWiȹWEB-5000ȽŃ

Ŏ£ȤƏǙȺ=Ż�$ŇóĻ 0.03secȽȶàȌľÐŬĻ 450Hz�x)$û¨�ȽMP100WS

ȹBIOPACƏǙȺ=��$ȽKtdptIÐŬĻ 1,000Hz% A/Dæĵ=Ǔ!�ȿæĵĘ+

ƚȤXvR,`vQ[qJtbmvRv)Â9Ǽ2ȽǟŐQcYȹAcqknowledge 3.5Ƚ

BIOPACƏǙȺ=ȁ�$žȧx)k\RptI��ȹFigure 2-9Ⱥȿ 

A/Dæĵ=Ǔ!�ƚȤXvR,Ƚ3Hz-500Hz+_tZ`NcAqRv=��$@vTc

?HY+Ț½=Ǔ!�ȿ�;�;+ƚ+È phase)��:ƚŭ¶ȒȹRoot Mean SquareɅ

�yȽRMSȺ=Ɯ¨�ȽManual Muscle TestingȹMMTɅTable 2-1Ⱥ)7: 1Ɛȕ+Ȝġ

ƙÿĠŊéÁƭŇ+ŭ¶Ȓ%Ɖø�¸ȹ%MVCȺ��4+=ÈǕȴƵ+XvR&��ȿ�

;8+Ŀū)7!$ę8;�ǕȴƵ 5 Ë+ÈǦĩ)��:Èƚ+%MVC +ĊÝ�=á)Ƚ

Ǧĩȕ+Ŧǻ=Ǔ!�ȿ  
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Muscle Position Motion 

Elector 

spinae 

Abdominal position, Trunk mild extensionȽ

Knee extension 

Trunk 

Extention 

Rectus 

abdominis 

Supine position, Hip 90° flexion, 

Knee 90° flexion 

Trunk 

Flexion 

Gluteus 

maximus 

Abdominal position, Hip mild extension, 

Knee 90° flexion 

Hip 

Extension 

Rectus 

femoris 

Sitting position, Hip 90° flexionȽ 

Knee 45° flexion 

Knee 

Extension 

Biceps 

femoris 

Abdominal position, Knee 45° flexion, 

External rotation of lower leg 

Knee 

Flexion 

Table 2-1 Position and motion in MMT (Manual muscle testing). 
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Figure 2-8 Electrodes pasting placeȿ 

Rectus abdominis�

Rectus femoris�

Erector spinae�

Gluteus maximus�

Biceps femoris�

Front side� Back side�
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MP100WS 

Figure 2-9 Overall experimental chartȿ 

Acqknowledge 3.5 

EMG 

Multitelemeter 

transmitter 

receiver 

A/D translator 

Digital video camera 

metronome 

60bpm 

Digital video camera 

Force plate 

A/D translator 

Synchronize switch 

Synchronize lamp 

Personal Computer 

Personal Computer 
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DȿKinetics data+Ůó 

� Ǧĩ+ķĖ), 2Å+XMRq VTRGjoȹSONYƏǙȺ=Ż�ķĖȂĐťƐ 60JhȽ

LlURvNbvZ 1/1000 Ɛ%ķĖ��ȿGjo,Ǖ¦�+ĄÆĽ3¯Ŀ 15m ÜŲ)Ǥ

ư��ȹFigure 2-10Ⱥȿõȴ)$ę8;�ž �8ȽǲǳþƗȽŤǳŸȽǵȽǲȖƝ}ĝȽ

ǋȖƝ}ĝȽƺȖƝ}ĝȽƸȵyƗȽƼȖƝ}ĝȽƹȖƝ}ĝȽħȖƝ}ĝȽħȽƾȵxƬȽ

ƶŶŲȽȮȪȎ+ǡ 26ŲȹFigure 2-11Ⱥ+ 2Ş¡đŜ�= 60Hz%Ůó��ȿGjo 2Å

©+ 2Ş¡đŜ&GjoóĻ=Ż�$ Direct linear transformation ūȹDLT ūȺ)79

3Ş¡đŜ=ŚƟ��ȿ3Ş¡đŜ�)"�$,ȽWells and Winterȹ1980Ⱥ+Ŀū)79

ŮóŲť)ȽŊȋȌľÐŬĻȹ0.6-6.0HzȺ=Ūó�ȽButterworth digital filter=Ż�$

ĊŰ¸��ȿĊŰĘ+đŜ�= Body Segment ParameterȹȗũȽ1996Ⱥ)79ÈǕȴƵ

=ǲȎPIjtYȽyǈPIjtYȽéǈPIjtYȽ�ČyȎPIjtYȽ�ČxȎPI

jtYȽxǄPIjtYȽ¯ǄPIjtYȽħȎPIjtYȽȮȎPIjtY)©±�ȽÈ

PIjtY+ǰȒȽĤĠkvjtY¿-Ȑĝ�ư=Ĳó��ȿ 

� Ǧĩ}+Æǲ)�Ż�:ÜȧÀ²=Ůó�:�3)Ƚ1 Å+cEvNdoUYcEvi

ȹKistlerƏǙȺ=Ż��ȿcEvNdrvY�8+¨²�Ç,ùŻ@tdȹKistlerƏǙȺ

=��$ A/Dæĵ�ȽKtdptIÐŬĻ 1000Hz%`vQ[qJtbmvRv)Â9Ǽ

> ȿ1�ȽÜȧÀ²XvR& VTRž ¿-ƚȤ��Ç=ÊŌ��:ų)ÊŌǗưȹDKH

ƏȺ=ž )ņ�Ǽ2ȽÊŌ�Ç=cEvNdrvY&ƚŭ¶Ȥ�ŮóǗư+ A/D æĵf

vZ/Â9Ǽ>  ȹFigure 2-9Ⱥȿ 

� JtbmvRv)Â9Ǽ> ÜȧÀ²XvR&ž �8ę8;�ȖƝǞĐȽȖƝǞȂĐȽ

PIjtY+Ȑĝ�ưȽȐĝ³ȂĐȽǞȂĐ�7-ĤĠkvjtY)4&#�Ƚ�y+Ȁ¶

²ñǡƜ)7!$ǋȖƝ+ȖƝYqH=Ɯ¨��ȿƜ¨��ȖƝYqH=Ƚphaseť)Ɣ©

�:�&%Ǟ²Ɣ=Ɯ¨�ȽÈǕȴƵ+XvR&��ȿ�;8+Ŀū)7!$ę8;�Ǖȴ

Ƶ 5Ë+ÈǦĩ)��:ÈǞ²Ɣ+ĊÝ�=á)ȽǦĩȕ+Ŧǻ=Ǔ!�ȿ 
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Figure 2-12,ȽǷ�Ȏ©+cpvfXAvSB@Ioi=Ǝ��4+%
:ȿȎ© i�

ǽ�Ɨ)��$Ƞı�:Ȏ© i+1�8Ã�:ȖƝ² Fi¿-ȖƝYqH Ti=Ƚ�y+ȇ¶Ŀ

ƒĒ=Ȋ�Ȏ©�8ǽ�/ȬŞǟ��&)79Ɯ¨��ȿ 

 

 

��%ȽriȽriȽi-1,ȽȎ© i +Ȑĝ�8ǽ�Ɨ�7-Ȋ�Ɨ/Ì��eHYqȽ ,Ȏ

© i+Ȑĝ1<9+Ǟȇ¶Ȓ+ě©%
:ȿ 

ǲȎ+ ZǺ1<9)"�$,ȽǲȎ�8Üȧ)�Ż�:cpvkvjtYM=cEvN

doUYcEvi)79Ůó�Ƚ�y+ȇ¶ĿƒĒ=Ż��ȿ 

 

��%+y��ļï+ f,ǲȎȽg,Üȧ=Ǝ�ȽFfȽTf,ǲȎ�yǈ�8Ã�:ȖƝ²

¿-ȖƝYqH=Ƚrf,ǲ+Ȑĝ�8ǲȖƝ/Ì��eHYq=ȽFg,ǲȎ�8Üȧ)�Ż

�:²=ȽrfȽg,ǲ+Ȑĝ�8ÜȧÀ²+�ŻŲ/Ì��eHYq=�;�;Ǝ�ȿ 

 

� ȖƝǞĐóƲ 

1ȺƺȖƝ�ĂāŉǞĐɅƺȖƝ�ĂĿÌ=ŠȽāŉĿÌ=Ǯ&��ȿ 

2ȺƺȖƝçǹ¥ǹǞĐɅƺȖƝçǹĿÌ=ŠȽ¥ǹĿÌ=Ǯ&��ȿ 

3ȺƺȖƝçŁ¥ŁǞĐɅƺȖƝçŁĿÌ=ŠȽ¥ŁĿÌ=Ǯ&��ȿ 

4ȺǋȖƝ�ĂāŉǞĐɅǋȖƝ�ĂĿÌ=ŠȽāŉĿÌ=Ǯ&��ȿ 

5ȺǋȖƝçÀ¥ÀǞĐɅǋȖƝçÀĿÌ=ŠȽ¥ÀĿÌ=Ǯ&��ȿ 

6ȺǋȖƝçŁ¥ŁǞĐɅǋȖƝçŁĿÌ=ŠȽ¥ŁĿÌ=Ǯ&��ȿ 

7ȺǲȖƝ�ĂāŉǞĐɅǲȖƝ�ĂĿÌ=ŠȽāŉĿÌ=Ǯ&��ȿ 

8ȺǲȖƝçǹ¥ǹǞĐɅǲȖƝçǹĿÌ=ŠȽ¥ǹĿÌ=Ǯ&��ȿ 

 

€ 

Fi −Fi−1 −migk = mia i

€ 

Ti −Ti−1 + ri ×Fi − ri,i−1 ×Fi−1 = ˙ H i

iH!

€ 

Tf + r f ×F f − r f ,g ×Fg −M = ˙ H f
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Digital video camera 1�

Force plate�

1m�

0.5m�

0.5m�

0.5m�

0.5m�

0.5m�
1m�

1m� 1m�

Digital video camera 2�

Figure 2-10 Shooting range and rest frame for calibrationȿ 
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1: Right hand;  2: Right wrist;   3: Right elbow;  4: Right shoulder;  5: Left hand;  

6: Left wrist;  7: Left elbow;  8: Left shoulder;  9: Right toe;  10. Right thenar;  

11: Right heel;  12:Right ankle;  13: Right knee;  14: Right hip;  15: Left toe;  

16: Left thenar;  17: Left heel;  18: Left ankle;  19: Left knee;  20: Left hip;  

21: Top of head;  22: Right tragion;  23: Left tragion;  24: Upper margin of sternum; 

25: Right costal margin;  26: Left costal margin 

Figure 2-11 Target pointȿ 
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Figure 2-12 Free body diagramȿ 
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ɂȺƧǡ§Ź 

� õȴXvR,ĊÝ�±Ŝů�ą%Ǝ�ȽƧǡ§Ź,ȽƧǡǟŐVvq SPSS for mac 19 

ȹSPSS, SPSS Inc. Chicago IL, USAȺ=Ż�$Ǔ!�ȿÈ phase)��:Ǧĩȕ+%MVCȽ

Ǟ²Ɣ+Ŧǻ),w¡ȏư+©ĺ©Ő=Ż�ȽŋġĠ�Ǩ38;�ãÉ),Tukey-Kramer

ū)7:èȐŦǻŘó=Ǔ!�ȿ(�ȽƧǡ§Ź)��:ŋġŧů, 5ȸ&��ȿ 
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ɂȿƦŒ 

ɀȺƚŭ¶ȒȹÈ phase)��:ȸMVC+ŦǻȺ 

AȿǀŔǱƖƚ ȹFigure 2-13Ⱥ 

� yȘ¯Ō)��$Ƚǅ±9ȹ7.9 ± 7.3%Ⱥ, RSQȹ20.4 ± 4.7%Ⱥ)Ŧ0ŋġ)��=Ǝ

��ȿ  

� yȘĘŌ)��$Ƚǅ±9ȹ8.3 ± 8.2%Ⱥ, RSQȹ20.5 ± 3.8%Ⱥ¿-WSQȹ21.8 ± 4.9%Ⱥ

)Ŧ0ŋġ)��=Ǝ��ȿ 

� HoldȽxń¯Ō¿-xńĘŌ)��$,ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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ȹȻ:p<0.05Ⱥ 
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Figure 2-13 Muscle activity of the elector spinaeȿ 

�: %MVCȹAll phasesȺof erector spinae in each exercise. 

	: Comparison among exercise for each phase.�
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Bȿéţƚ ȹFigure 2-14Ⱥ 

� yȘĘŌ�7-Hold)��$Ƚǅ±9ȹ13.5 ± 8.8%Ƚ14.1 ± 8.5%Ⱥ, KIǅ±9ȹ4.4 

± 2.9%Ƚ3.4 ± 2.5%ȺȽRSQȹ3.1 ± 2.2%Ƚ3.3 ± 2.5%ȺȽWSQȹ3.2 ± 2.5%Ƚ3.3 ± 2.5%Ⱥ)

Ŧ0ŋġ)ȶ�=Ǝ��ȿ  

� yȘ¯ŌȽxń¯ŌȽxńĘŌ)��$,ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-14 Muscle activity of the gluteus maximusȿ 

ȹ%MVCȺ 

	 

* 

�: %MVCȹAll phasesȺof gluteus maximus in each exercise. 

	: Comparison among exercise for each phase.�
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Cȿéǈƈƚ ȹFigure 2-15Ⱥ 

� yȘ¯Ō)��$ȽKIǅ±9ȹ12.1 ± 6.1%Ⱥ,¯�ǅ±9ȹ4.7 ± 2.4%Ⱥ)Ŧ0ŋġ)

ȶ�=Ǝ��ȿ 

� yȘĘŌ�7-Hold)��$ȽKIǅ±9ȹ18.9 ± 7.0%Ƚ26.9 ± 16.0%Ⱥ,ǅ±9ȹ8.1 

± 4.6%Ƚ9.8 ± 5.4%Ⱥ¿-¯�ǅ±9ȹ5.2 ± 2.3%Ƚ6.0 ± 2.8%Ⱥ)Ŧ0ŋġ)ȶ�=Ǝ�

�ȿ  

� xń¯Ō¿-xńĘŌ)��$,ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-15 Muscle activity of the rectus femorisȿ 

* 

�: %MVCȹAll phasesȺof rectus femoris in each exercise. 

	: Comparison among exercise for each phase. 
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Dȿéǈ�Ȯƚ ȹFigure 2-16Ⱥ 

� ¤$+ phase)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-16 Muscle activity of the biceps femorisȿ 
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�: %MVCȹAll phasesȺof biceps femoris in each exercise. 

	: Comparison among exercise for each phase. 
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EȿǇƈƚ ȹFigure 2-17Ⱥ 

� ¤$+ phase)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-17 Muscle activity of the rectus abdominisȿ 

�: %MVCȹAll phasesȺof rectus abdominis in each exercise. 

	: Comparison among exercise for each phase. 
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ɁȺǋȖƝ+ Kinetics`ojvRvȹÈ Phase)��:Ǟ²Ɣ+ŦǻȺ 

AȿǋȖƝ�ĂǞ²Ɣ ȹFigure 2-18Ⱥ 

� yȘĘŌ¿- Hold)��$ȽKIǅ±9ȹ12.8 ± 2.0NmsȽ14.3 ± 1.6NmsȺ,¯�ǅ±

9ȹ7.6 ± 3.1NmsȽ7.7 ± 2.8NmsȺ)Ŧ0ŋġ)ȶ�=Ǝ��ȿ  

� Hold)��$ȽKIǅ±9ȹ14.3 ± 1.6NmsȺ, RSQȹ9.7 ± 1.0NmsȺ¿-WSQȹ10.2 

± 1.1NmsȺ)Ŧ0ŋġ)ȶ�=Ǝ��ȿ  

yȘ¯ŌȽxń¯Ō¿-xńĘŌ)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-18 Angular impulse of knee extensionȿ 

* 

�: Angular impulseȹAll phasesȺof knee extension in each exercise. 

	: Comparison among exercise for each phase. 
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BȿǋȖƝāŉǞ²Ɣ ȹFigure 2-19Ⱥ 

� ¤$+ phase)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-19 Angular impulse of knee flexionȿ 

�: Angular impulseȹAll phasesȺof knee flexion in each exercise. 

	: Comparison among exercise for each phase. 
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CȿǋȖƝçÀǞ²Ɣ ȹFigure 2-20Ⱥ 

� ¤$+ phase)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-20 Angular impulse of knee eversionȿ 

�: Angular impulseȹAll phasesȺof knee eversion in each exercise. 

	: Comparison among exercise for each phase. 
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DȿǋȖƝ¥ÀǞ²Ɣ ȹFigure 2-21Ⱥ 

� yȘ¯Ō�8Hold1%+ɂ"+ phase)��$ȽKIǅ±9ȹ2.2 ± 0.9NmsȽ3.7 ± 1.1NmsȽ

3.8 ± 1.3NmsȺ,ǅ±9ȹ0.1 ± 0.1NmsȽ0.1 ± 0.1NmsȽ0.1 ± 0.2NmsȺ¿- RSQȹ0.3 ± 

0.5NmsȽ0.4 ± 0.6NmsȽ0.7 ± 0.8NmsȺ)Ŧ0ŋġ)ȶ�=Ǝ��ȿ 

xń¯Ō¿-xńĘŌ)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ   
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ȹȻ:p<0.05Ⱥ 
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Figure 2-21 Angular impulse of knee inversionȿ 

�: Angular impulseȹAll phasesȺof knee inversion in each exercise. 

	: Comparison among exercise for each phase. 
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EȿǋȖƝçŁǞ²Ɣ ȹFigure 2-22Ⱥ 

� yȘ¯ŌȽyȘĘŌ¿-xń¯Ō+ phase)��$Ƚǅ±9ȹ0.2 ± 0.3NmsȽ0.1 ± 0.2NmsȽ

0.1 ± 0.2NmsȺ¿- KIǅ±9ȹ0.1 ± 0.1NmsȽ0.2 ± 0.3NmsȽ0.1 ± 0.2NmsȺ,WSQȹ1.1 

± 0.6NmsȽ1.3 ± 0.6Ƚ1.1 ± 0.6NmsȺ)Ŧ0ŋġ)��=Ǝ��ȿ 

� yȘ¯Ō¿-yȘĘŌ)��$Ƚ̄ �ǅ±9ȹ0.2 ± 0.2NmsȽ0.3 ± 0.4NmsȺ,WSQȹ1.1 

± 0.6NmsȽ1.3 ± 0.6 NmsȺ)Ŧ0ŋġ)��=Ǝ��ȿ  

Hold¿-xńĘŌ)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-22 Angular impulse of knee external rotationȿ 

�: Angular impulseȹAll phasesȺof knee external rotation in each exercise. 

	: Comparison among exercise for each phase.�
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FȿǋȖƝ¥ŁǞ²Ɣ ȹFigure 2-23Ⱥ 

� ¤$+ phase)��$ȽǦĩȕ%ŋġą,Ǩ38;(�!�ȿ  
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Figure 2-23 Angular impulse of knee internal rotationȿ 

�: Angular impulseȹAll phasesȺof knee internal rotation in each exercise. 

	: Comparison among exercise for each phase.�
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Ƀȿƴ÷ 

Aȿƚŭ¶Ȓ 

� ǀŔǱƖƚ+ƚŭ¶Ȓ=Āȧ�&)Ŧǻ�:&ȽyȘ¯Ō�7-yȘĘŌ+Āȧ)��

$ǅ±9, RSQ &Ŧǻ�ŋġ)��=Ǝ��ȿ1�ȽyȘĘŌ+Āȧ)��$ǅ±9,

WSQ)Ŧ0ŋġ)��=Ǝ��ȿƊȓ8ȹ2004Ⱥ,ȽSQ=ƺȖƝ~ûßȽǋȖƝ~ûß

�7-]vhqß)©�Ƚƚŭ¶Ȓ�7-ȖƝYqH�8�;�;+ SQ )��:ȇ¶ñ

ƄŴĜ+ȉ�)"�$ŘǢ�$�9ȽƺȖƝ~ûß+ SQ ,�ČȎ+¯�ǞĐ��+Ǧĩ

)Ŧ0é���&�8Ƚ�Č+¯�í·�Ĭ=ƇƄ&�$ǀŔǱƖƚ+ƚŭ¶Ȓ�å³�

�&âÏ�$�:ȿŎƌƕ)��$4ȽRSQ �7- WSQ ,ŊyȘ�)$�Č=Üȧ)ø

� 45Đ¯���í·=Â!$�:+)ø�Ƚǅ±9,�ČȎ=Äƿ(ƞØ%Üȧ)ø�Þ

ƈ�=�"7�)ĭƎ�$�:ȿ�x+�&�8Ƚǅ±9)��$ǀŔǱƖƚ+ƚŭ¶Ȓ�

SQ 794��=Ǝ��+,ȽSQ ¶�})��:�ČȎ+¯�í·�Ĭ�Ėȩ�$�:&

ƴ
8;:ȿ 

� éţƚ+ƚŭ¶Ȓ=Āȧ�&)Ŧǻ�:&ȽyȘĘŌ�7-Hold+Āȧ)��$ǅ±9

, KIǅ±9ȽRSQ�7-WSQ)Ŧ0ŋġ)ȶ�=Ǝ��ȿéţƚ,ȽƺȖƝĘȧǔă)

ðÛ�:ţƚƱ+}%Ŋ4é��ƚ%
9Ƚ~(�Ż,ƺȖƝ�Ăȇ¶�7-ƺȖƝçŁ

ȇ¶%
:ȿPaoli et al.ȹ2009Ⱥ,ȽSQ+NRtNĈ=ƼĈȽƼĈ+ 150%�7-ƼĈ+

200%+ 3 Ʊ)©�Ƚ�;�;+¶�Ň)��:ƚŭ¶Ȓ�8ȽSQ Ň)��:NRtNĈ

=æ¸���Ȟ+ƚŭ¶Ȓ+ŴĜ+ȉ�)"�$ŘǢ�$�9ȽƼĈ+ 200%+ SQ)$é

ţƚ+ƚŭ¶Ȓ�å³��&ǿ0$�:ȿ1�ȽMcCAW et al.ȹ1999Ⱥ4 Paoli et al.&Ê

ś)ȽSQ)��$NRtNĈ=č�:�&)79éţƚ+ƚŭ¶Ȓ�å³�:�&=âÏ

�$�9Ƚéţƚ+ƚ�Ż�ƺȖƝ�ĂĿÌ)��³
ƺȖƝçŁĿÌ/����&�Ė

ȩ�$�:&ǿ0$�:ȿ6
)Ŏƌƕ)��$ȽƺȖƝ=çŁ�)�Ĭ�(� KIǅ±9

)Ŧ0ȽƺȖƝ=çŁ�)�Ĭ�:ȁć+ǅ±9+éţƚŭ¶Ȓ�ȶ�=Ǝ���&,Ƚ
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McCAW et al.+ƴ÷=ĸĬ�$�:&ƴ
8;:ȿ�;8+�&,ȽSQ+7�(Ɩ�%Ǔ

� CKC-Ex )��$ȽNRtNĈ=č�:�&�éţƚ+ƚŭ¶Ȓ=å³��:x%Ȑǚ

(ǚƣ%
:�&=ƎÓ�$�:ȿ�x+�&�8Ƚǅ±9)��$éţƚ+ƚŭ¶� RSQȽ

WSQ�7- KIǅ±9794ȶ�=Ǝ��+,Ƚč�NRtN%ƺȖƝŊéçŁ�=�Ĭ

��¶�%
:�&�Ėȩ�$�:&ƴ
8;:ȿ 

 

BȿǋȖƝ+ Kinetics`ojvRv 

� ǋȖƝ¥ÀǞ²Ɣ=Ŧǻ�:&ȽyȘ¯ŌȽyȘĘŌ�7- Hold+Āȧ)��$ KIǅ

±9,ǅ±9�7- RSQ)Ŧ0ŋġ)ȶ�=Ǝ��ȿǋȖƝ¥ÀǞ²Ɣ,ȽǋȖƝ¥ÀY

qH+Ɣ©�%
9¯Ȳȧ)��$yǈPIjtY�¥ÀĿÌ)Õǹ�7�&�:²=Ǝ

�$�:ȿKIǅ±9,ȽƺȖƝ�7-ǋȖƝāŉ�Ăȇ¶Ň) Knee iní·=&:¶�%


9Ƚ̄ Ȳȧ�8Ǜ$ǋȖƝçÀ�+í·=Î�$�:ȿǋȖƝçÀ�%+ǋȖƝāŉ�Ă

¶�)��$ȽǋȖƝ¥ÀYqH=ƃĶ�:�&%źŹƄƞØ=Ȇǃ��ǋȖƝçÀȇ¶

=®Ě�$�:&ƴ
8;:�ȽǋȖƝ¥ÀĿÌ)�Ż�:ƚƷ,ðÛ�(��3ȽǋȖƝ

çÀĿÌ/+®¶ƥƮȹ¥��°ȨĆ5ǋǒĸĆ¥�ƪƩ('Ⱥ)7:®Ě�ǋȖƝ¥ÀY

qH=ƃĶ�$�:&ƴ
8;:ȿ�x+�&�8ȽKIǅ±9=Ư9Ǿ��&)79Ƚǋ

ȖƝçÀ®¶ƥƮ)ø�NYrN={
:ÄƿĠ�
:&ƴ
8;:ȿ 

� ǋȖƝçŁǞ²Ɣ=Ŧǻ�:&ȽyȘ¯ŌȽyȘĘŌ�7-xń¯Ō+Āȧ)��$ǅ±

9�7- KIǅ±9,WSQ)Ŧ0ŋġ)��=Ǝ��ȿǋȖƝçŁǞ²Ɣ,ȽǋȖƝçŁ

YqH+Ɣ©�%
9ŧĊȧ)��$yǈPIjtY�çŁĿÌ)Õǹ�7�&�:²=

Ǝ�$�:ȿǋȖƝçŁ)�Ż�:ƚ,éǈ�Ȯƚ%
:�ȽŎƌƕ%,WSQ)��$ǋ

ȖƝçŁYqH�ȶ�=Ǝ��)4��<8�ȽWSQ)��:éǈ�Ȯƚ+ƚŭ¶Ȓ,ǅ

±9�7- KIǅ±9794��=Ǝ��ȿ�+�&�8ȽWSQ)��:ǋȖƝçŁYq

H,ƚ+�Ż)7:4+&,ƴ
)��ȿ(�ȽǋȖƝ,Ƌŵȧ+ȇ¶%
:āŉ�Ăȇ¶
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=~&�Ƚǋāŉ�%,ŧĊȧ+ȇ¶%
:¥Ł�7-çŁ+ȇ¶�Äƿ%
:ȹDonald, 

2005; Kapandji, 1992ȺȿǋȖƝ=ŚĦ�:éǈȵ�7-ǂȵ,ȵŖƄ)ŴĜ�
9

ȹMichael et al., 2008ȺȽǽ�+éǈȵȭǺ&Ȋ�+ȰǺȹç�Ȱ�7-¥�Ȱ=Ʀ.ƪȺ

% 12Đ+ĮǹǞ=�:�&)79ȽƺȖƝ}ȕ�%,ǋǒȵ,55¥�=Ì�ȿ1�Ƚǂ

ȵxȎ&ǂȵyȎ+ŝľǺ=Ȑ*:&ơ 23Đ+ǞĐ=�:�&)79ȽǂȵxȎ�¯Ŀ=

Ì�Ȟ),ǲǳ,ç�=Ì�ȿ�x+�&�8ȽwǎƄ)éǈȵ�7-ǂȵ,ȵČȎ%Śȃ

ƄÕŁ�Ǜ8;Ƚéǈȵ,¥Ŀ)Įǹ�$�9Ƚǂȵ,çĿ)Įǹ�$�:�&�Ņ8�)

(!$�:ȿ�+ś(ŚȃƄŴĜ=ƴĥ�:&ȽSQ+ś)ǲȎ=Üȧ)Úó��ŵģ%ǋ

ȖƝ+āŉ�Ă¶�=Ǔ!�ãÉȽǲþ+Ì�ĿÌ)ø�$ǋȎ,¥Ŀ=Ì�&ƴ
8;

:ȹSahrmann, 2007Ⱥȿ���ȽŎƌƕ)��:WSQ,¶�})ǲþ&ǋȎ+ĿÌ=ĳ


:�&=ĭƎ�$�:�3Ƚǂȵ+ŚȃƄĮǹ�ǋȖƝ+āŉ�Ăȇ¶)Ėȩ�ȽǋȖƝç

ŁĿÌ/Õǹ�:²�ƃź��&ƴ
8;:ȿwĿ%Ƚǅ±9)"�$,ƺȖƝ�7-ǋȖ

Ɲ+ȇ¶�Ǔ
:ƞØ%Ŋéș)ǲþ=ç�/Ì�ȹƺȖƝ=çŁ��Ⱥǲþ&ǋȎ+ĿÌ

=ĳ
:ś)ĭƎ�$��4++Ƚǲþ�7-ǋȎ�ǝȑç%
:�3ȽWSQ)Ŧ0�;

�;+ĿÌ=ĳ
:�&�×ȣ%
:&ƴ
:�&�%�:ȿ�+�3Ƚǲþ+Ì�ĿÌ)

ø�$ǋȎ+ĿÌ�Ǐĉ¥�=Ì�$��ÄƿĠ�
:�&�8Ƚǅ±9,ǋȖƝçŁǞ

²Ɣ�WSQ)Ŧ0��=Ǝ��4+&ƴ
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CȿYrv\tI�7-p^apWvLnt/+ğŻ)"�$ 

� Ŏƌƕ)79ǅ±9,éţƚ+ƚŭ¶Ȓ� SQ)Ŧ0é��ȽǀŔǱƖƚ+ŭ¶Ȓ� SQ

)Ŧ0ü���&�Ņ8�&(!�ȿ�Č=¯���$Ǔ� SQ,Ƚ�Č=Þƈ�)�!$

Ǔ�ǅ±9794�Č+¯�í·�Ĭ=ƇƄ&�$�Č�Ăƚ+ŭ¶Ȓ�å
:ȿǅƂ)

Ȗ�:¢Ǔƌƕ)7:&ȽǅƂłėƵ,ȦǅƂƵ)Ŧ0�ČsvGqƚ%
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+ƚǑƭ�Ǩ38;:&âÏ�;$�:ȹLee et al., 2006Ⱥȿ�ČsvGqƚ+Ǒƭ)79
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©ƝƄ(ƚ+ƚŭ¶Ȓ���ŵģ%ȽǀŔ+Isv_qƚ%
:ǀŔǱƖƚ('+ƚŭ¶

Ȓ�ȶ�(:&Ƚ¶�})ǅŗ+òóĠ,�y�ȽŗȕȖƝ)ƃź�: Shear force 5
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ɄȿƦǬ 

� Ŏƌƕ,Ƚǅ±9+ƚŭ¶¶ģ�7-ǋȖƝ)��:ȇ¶ñƄŴĜ=Ņ8�)�:�&
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ƌƕǪȱɀ−Ɂ. ǅ±9)��:ƺȖƝ+ Kinematics�7- Kinetics©Ő 

ɀȿƽňuƇƄ 
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:�3ȽƺȖƝ+ Kinematics �7- Kinetics `ojvRv4 SQ &,

ƀ(!�ŴĜ�ðÛ�:&ƴ
8;:ȿƌƕǪȱ 1-1%4ǿ0�7�)ȽSQ=}ĝ&��

CKC-Ex )��: Kinematics �7- Kinetics `ojvRv=Ż��©Ő,ȽƋŵȧx%

+ 2 Ş¡©Ő�è�Ƚ¯Ȳȧx+çǹ¥ǹĿÌ�7-ŧĊȧ+çŁ¥ŁĿÌ=Í3� 3 Ş

¡©Ő+âÏ,ý(�ȿ��%ƌƕǪȱ 1-2%,Ƚǅ±9)��:ƺȖƝ+ȇ¶ñƄŴĜ=

Ņ8�)�:�&=ƇƄ&�Ƚǅ±9& SQ =ƺȖƝ+ Kinematics �7- Kinetics `o

jvRv=Ż�$ 3Ş¡%ŦǻuŘǢ�:�&&��ȿ 
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ɁȿƌƕĿū 

 

ɀȺøǭ 

wǎ�ćŽĠ 11Ë=øǭ&�$Ǔ!�ȿøǭƵ+ċȷȽǷȔȽ�Ȑ+ĊÝ��7-Ŝů

�ą,Ƚ�;�; 20.2 ± 0.6ŢȽ172.1 ± 2.5 cmȽ64.3 ± 4.0kg%
!�ȿ1�Ƚ­�ǲ,

fvq=Ƕ:ǲ&óƲ�Ƚ¤$+øǭƵ+­�ǲ,Æǁ%
!�ȿ(�ȽøǭƵ,Ȉ½ɀċ

�¥)yƻ)ç�uȟö=ƃź�$�8�ȽŷÛƁƂ5ȉÑĢ('+ǥ
�(�4+&�

�ȿøǭƵ),�¯)Ŏƌƕ+ƇƄ�7-ĿūȽõȴ)79Ǳ�9�:»țĠ)Ȗ�$¹©

(ǩŅ=Ǔ�ȽŎ�+Êġ=ę$õŀ��ȿ(�ȽŎƌƕ,ƛŬéñƌƕ�ŹìÒ�+ĨǨ

=ę$�:ȿĨǨſÇȹ� 26-70Ⱥ 

 

ɁȺŮóȫƇ�7-ŮóĿū 

AȿõȴǦĩ 

� õȴǦĩ,ȽƌƕǪȱ 1-1 )$õŀ��ǅ±9& WSQ +ǡ 2 Ɠȳ=İŻ��ȿǅ±9

,Ƚŕ¼8ȹ2014Ⱥ+Ŀū)ů�ȽNRtNĈ,ǋȖƝ 90Đāŉ�1%yȘ��Ȟ)éǈ

Ȏ+yȧ�Ď&ĊǓ&(:�ġ+NRtN%Ǔ�Ƚǲǳ+ĿÌȹƺȖƝçŁǞĐȺ,Ƚxǣ

+¶��Šƍ)Ǔ
:ÈǕȴƵ+ŊéǞĐ&��.1�ȽƺȖƝŊéçŁ�=�Ĭ��ŵģ

%Ƚ�Čuyǈ=¨ŏ: �Þƈ)ƩĬ�ȽǋȎ&ǲþ+Ì�=ĳ
ƺȖƝuǋȖƝ+āŉ

�Ăȇ¶=Ǔ�ś)ĭƎ��ȿWSQ,ȽMcCAW et al.ȹ1999Ⱥ+Ŀū)ů�ȽNRtN,

ƼĈ+ 140%&�Ƚǲǳ+ĿÌ, 15ĐçĿȹƺȖƝ 15ĐçŁ�Ⱥ&��ȿ1�Ƚǲǳ+Ŀ

Ì&ǋȎ+ĿÌ=ĳ
�Č+¯�ǞĐ,Üȧ)ø� 45Đ¯��ȽƋŵȧx�8Ǜ$ǋȎ�

ǲǳ79¯Ŀ/¨(�7�)ȽƺȖƝuǋȖƝ+āŉ�Ăȇ¶=Ǔ�ś)ĭƎ��. (�Ƚ

ÈǦĩ&4ĄÆ+ħ+�ư,ȵƆ&�Ƚƾ=Ĕ!�ŵģ%ĘȮȎ&�ȵ=Ʀ.oBt�Ä

ƿ(ș9ƈƪ)(:7�)ĭƎ=��ȹFigure 2-24Ⱥȿ 
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� ÈǦĩ&4Ǯǐ,ǍȐ&�Ƚ|ǁ=�;�;cEvNdrvY+x)���ŵģ%Ǔ!

�ȿÈǕȴƵ+ĘĿ)¶�=ǜó�:Ǘư=Ǥư�ȽŊyȘ�)$ǋȖƝāŉǞĐ� 90Đ

&(:7�)_v+ȶ�=ǫƝ�ȽţȎ�_v)Ǡ;:1%ƺȖƝ�7-ǋȖƝ=āŉ�

:ś)ĭƎ�:�&%¶�ǞĐ=ǜó��ȿÈ¶�,Ƚ60 bpm)Ǥó��ȤîjYs]v

i)É<�$Ƚ1¶��yȘĀȧ 2 ƐȽŊyŲ% 1Ɛ�ĬȽxńĀȧ 2 Ɛ+ǡ 5 Ɛ&(:

7�)Ǥó��ȿŮó,ȽÈǦĩ&4 1 Ɛ+�ş=,�> Ȅƨ 3 Õ=õŀ��ȿ(�Ƚ

ÈǕȴƵ),È¶�=wó+ȂĐ%Šƍ)Ǔ
:7�Ƚ�¯) 2 ȅȕ+ƫƳ=Ǔ!�x%

Ůó=õŀ��ȿ 
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KOSHIWARI�

Time ȹ%Ⱥ 

WSQ�

Early�
descending�

Early�
ascending�

Late�
ascending�

Late�
descending�

Hold� Ascending�Descending�

Figure 2-24 Temporal sequence in a KOSHIWARIȹSumo SquatȺ
exercise and Squat exercise with wide stanceȹWSQȺ. 
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Bȿ¶�+Āȧ©� 

� ÈǦĩ)��: 3 Õ©+Ǧĩ¶��8Ƚȇ¶ȂĐȽ¶�ǞĐ�79wó%
:4+=ȍ

ī�ȽÈǕȴƵ+XvR&��ȿ©Ő+øǭ,Ƚ1Õ+Ǧĩ¶�+ 5Ɛȕ&��ȿyȘĀȧ

2Ɛȕ= 1Ɛť)yȘ¯ŌȹEarly descendingȺȽyȘĘŌȹLate descendingȺȽǋȖƝā

ŉ 90°%ƩĬ�: 1Ɛȕȹ�yȽHold&�:ȺȽxńĀȧ 2Ɛȕ= 1Ɛť)xń¯ŌȹEarly 

ascendingȺȽxńĘŌȹLate ascendingȺ&ǡ 5"+ phase)©��ȿ(�Ƚ¶�+Āȧ

©�,¤$+Ǧĩ%Êś)Ǔ!�ȿ 

 

CȿXvRÁȡ¿-XvR§Ź 

Ǧĩ+ǡŮ),Ƚ£ñĒ 3Ş¡Ǎ¶¶�©ŐǗưȹVicon Motion SystemsƏǙȽVICON-

MXȽGjo 12ÅȽ250 HzȽ�y VICONȺ=Ż�$ȽǕȴƵ+Ƿ� 39Ų)ÀúhvGv

+ 3Ş¡đŜ=ǡŮ��ȹFigure 2-25Ⱥȿ1�ȽÜȧÀ²+ǡŮ),ȽcEvNdoUYc

Evi=ĄÆ+ǁ�;�;)Ż��ȹKistlerƏǙȽ9827BȽ1000 HzȺȿVICON)79Â

ę��Ƿ�+È�ǔŲ+ 3Ş¡đŜ)"�$,ȽWells and Winter ȹ1980Ⱥ+Ŀū=Ż�

$Ūó�;�ŊȋȌľÐŬĻȹ2.5-12.5 HzȺ=ŋ�:�Ɖ�;+(� Butterworth digital 

filter=Ż�$ĊŰ¸§Ź=Ǔ!�ȿÜȧÀ²XvR)"�$,ȽŎƌƕ+Ǧĩ,Ƚ¶�Ȃ

Đ�ŦǻƄ6!�9%
:�&�8Ƚ3Ş+NdoBtȖĻ=Ż�$ 250 Hz+XvR)S

CtKtdptI�:�&)79ȽǷ�+ 3 Ş¡đŜ�+KtdptIÐŬĻ&Ê�Kt

dptIȕȝ+XvR&��ȿ 

 

DȿƜ¨ȫƇ�7-Ɯ¨Ŀū 

� ȖƝđŜƠ+Ǥó)Ȟ�$ȽƺȖƝ}ĝ)"�$,ȽǌĎšǓ©Őƌƕ�+ĴÔ�:Ĳó

Ŀū�8Ɯ¨��ȹ�ő8, 2003Ⱥȿǋ�7-ǲȖƝ}ĝ)"�$,ȽÈȖƝ+¥�&ç�

+ÀúhvGv+}Ų=ȖƝ}ĝ&��ȿ��%,Ƚ�&�$Æyƻ 3 ȖƝ)��:Ƒ¶
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đŜƠȹÆħƠȺ+Ǥóū)"�$ǿ0:�&&�:ȿ(�ȽĄyƻ)"�$,ȽÆyƻ&

Êś+ħȬ)79đŜƠȹĄħƠȺ=Ǥó��ȿ 

ƺȖƝđŜƠ)"�$ȽĄƺȖƝ}ĝȹhipLȺ�8ÆƺȖƝ}ĝȹhipRȺ/&Ì��ǘ

´eHYq= shipǺȽÆǋȖƝ}ĝȹknRȺ�8ÆƺȖƝ}ĝ/&Ì��º�eHYq= zhip

Ǻ&�$ȽzhipǺ& shipǺ&+çƔ)79º�eHYq yhipǺ=ȽyhipǺ& zhipǺ&+çƔ

)79º�eHYq xhipǺ=Ũ3�ȹFigure 2-26ȹaȺȺȿ(�ȽxhipǺ=āŉ�ĂǺȹ�Ă

ȹȼȺȽāŉȹȾȺȺȽyhipǺ=¥çǹǺȹçǹȹȼȺȽ¥ǹȹȾȺȺȽ�7- zhipǺ=¥çŁǺ

ȹçŁȹȼȺȽ¥ŁȹȾȺȺ&óƲ��ȿ 

� yƻ 3ȖƝ)��:ȖƝǞĐ)"�$ȽRoy et al.ȹ1991Ⱥ+Ŀū=¾ƴ)�$ȽFBo

vǞ)øğ��ȖƝǞĐ=Ż��ȿÈȖƝ&4)�+ÕǹȬď, x-y-z&�$ȽƺȖƝ%,Ƚ

āŉ�ĂȽ¥çǹȽ�7-¥çŁ+ 3ǍżĐ&��ȿ 

� �Č+ǞĐ)"�$,ȽȥşđŜƠ+ zǺ&ȽĄÆ+ƺȖƝ}ĝ+}Ų�8ƾȵxƬȹclavȺ

&Ƙ 7 ȯŗȹc7Ⱥ+}ŲȹclavCȺ/&Ì���ưeHYq+(�Ǟ&��ȹ¯āȹȼȺȺ

ȹFigure 2-26 ȹbȺȺȿ 

XvR+ǜŖ¸)"�$,Ƚ¤©ŐƞØ+Ňȕ= 100%&�$ǜŖ¸�Ƚ10ȸŇŲ=yȘ

¯ŌȽ30ȸŇŲ=yȘĘŌȽ50ȸŇŲ= HoldȽ70ȸŇŲ=xń¯ŌȽ90ȸŇŲ=xńĘŌ

&��ȿ1�Ƚ¶�})��:ȖƝǞĐ+ĲƑ=Ŧǻ�:�&=ƇƄ&�$ȽƜ¨�;�Ȗ

ƝǞĐ�8 1%ŇŲ%+ȖƝǞĐ=ē��&)79Ƚ¬Ōí·)��:ȖƝǞĐ)7:ą=

ǘŠ��ǘŠȖƝǞĐ=ȽǘŠ¯+ȖƝǞĐ&&4)©Ő+øǭ&��ȿ(�Ƚ�;�;È

ǕȴƵ+ĊÝ�=©Ő+øǭ&��ȿ 
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1: Right hand;  2: Right wrist of radial;  3: Right wrist of ulnar;   

4: Right elbow of radial;  5: Right elbow of ulnar;  6: Right shoulder;  7: Left hand;   

8: Left wrist of radial;  9: Left wrist of ulnar;  10: Left elbow of radial;   

11: Left elbow of ulnar;  12: Left shoulder;  13: Right toe;  14: Right heel;  

15: Right ankle;  16: Right ankle medial;  17: Right shank;  18: Right knee;  

19: Right knee medial;  20: Right thigh;  21: Left toe;  22: Left heel;  23: Left ankle;  

24: Left ankle medial;  25: Left shank;  26: Left knee;  27: Left knee medial;  

28: Left thigh;  29: Front head;  30: Top of head;  31: Rear head;   

32: Upper margin of sternum;  33: Vertebra prominens;  34: Xiphoid process;  

35: Right scapula;  36: Tenth thoracic vertebra;  37: Right anterior superior iliac spine;  

38: Left anterior superior iliac spine;  39: Sacrum 
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Figure 2-25  Location of reflective markers on the body. 
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ȹaȺ Hip joint�

yhip�

zhip�

xhip�

hipR�

knR�

hipL�

ship�

knRm�

knRl�

hipR�

hipC�

clavC�

hipL�

clav�
c7�

ȹbȺ Vector of the trunk segment�

Figure 2-26 Definition of hip joint coordinate system and vector 

of the longitudinal axis for the trunk segment. 
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Eȿyƻ+ȖƝ²�7-YqH 

� ĄÆ+yƻ 3PIjtYȹǲȽyǈȽéǈȺ)Ƒ¶đŜƠ=Ǥó�$ȽÈđŜƠ)��:

ÈǺ1<9+º�eHYq=Ňȕě©�:�&)79PIjtYǞȂĐ=Ɯ¨��ȿ1�Ƚ

ÈPIjtY+Ȏ©ǰȒȽȐĝ�ư�7-ĤĠkvjtY=ȗũȹ1996Ⱥ+Ƿ�Ȏ©ĤĠ

�Ļ=Ż�$Ɯ¨��ȿǷ�ÈȎ+ 3 Ş¡đŜ�&ȽĄÆǁ+ÜȧÀ²XvR=Ż�$Ȁ

¶²ñűƜ=Ǔ�ȽĄÆyƻ 3ȖƝ+�Ż²�7-�ŻkvjtY=Ɯ¨��ȿ��$Ƚ̄

ǿ��yƻ 3 ȖƝ+ȖƝđŜƠ)ȖƝ�ŻkvjtY=ĪĖ�:�&)79ȽÈȖƝ+Y

qH/&æĵ��ȿ1�ȽƜ¨�;�YqH=ÈǕȴƵ+�Ȑ%Ț��&)79�Ŗ)7:

ą=įȚ��ȿ�8)ȽÈĀȧȹyȘ¯ŌȽyȘĘŌȽHoldȽxń¯ŌȽxńĘŌȺ+Yq

H=Ɣ©�:�&)79Ǟ²Ɣ=Ɯ¨��ȿ(�Ƚ�;�;ÈǕȴƵ+ĊÝ�=©Ő+øǭ

&��ȿ 

 

ɂȺƧǡ§Ź 

� õȴXvR,ĊÝ�±Ŝů�ą%Ǝ�ȽƧǡ§Ź,ȽƧǡǟŐVvq SPSS for mac 20.0 

ȹSPSS, SPSS Inc. Chicago IL, USAȺ=Ż�$Ǔ!�ȿÈ phase)��:Ǧĩȕ+ȖƝǞ

ĐȽǘŠȖƝǞĐȽǞ²Ɣ+Ŧǻ),øğ+
: tŘó=Ż��ȿ(�ȽƧǡ§Ź)��:

ŋġŧů, 5ȸ&��ȿ 
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ɂȿƦŒ 

ɀȺKinematics`ojvRv 

�y)ȽƺȖƝ+Èȇ¶ĿÌ)��:ȖƝǞĐȹTable 2-2Ⱥ�7-ǘŠȖƝǞĐȹTable 

2-3Ⱥ=«ǣ�:ȿ 

 

a. ƺȖƝāŉ�ĂǞĐȹ�ĂȹȼȺ, āŉȹ−ȺȺ 

� ȖƝǞĐ)��:ƺȖƝ�ĂāŉǞĐ)"�$Ŧǻ�:&ȽyȘĘŌ�8xńĘŌ1%

+Āȧ%ǅ±9+ƺȖƝāŉǞĐ,WSQ)Ŧ0ŋġ)��=Ǝ��ȹFigure 2-27Ⱥȿ 

� ǘŠȖƝǞĐ)��:ƺȖƝ�ĂāŉǞĐ)"�$Ŧǻ�:&ȽyȘĘŌ�8xńĘŌ

1%+Āȧ%ǅ±9+ƺȖƝāŉǞĐ, WSQ)Ŧ0ŋġ)��=Ǝ��ȹFigure 2-28Ⱥȿ 

� 1�ȽFigure 2-27�7- Figure 2-28)��:ƺȖƝāŉǞĐ+�,ŎŏhB[N%


:�Ƚ�ôxdoN)$Ǝ��ȿ 

 

b. ƺȖƝçǹ¥ǹǞĐȹçǹȹȼȺ, ¥ǹȹ−ȺȺ 

� ȖƝǞĐ)��:ƺȖƝçǹ¥ǹǞĐ)"�$Ŧǻ�:&Ƚ¤$+Āȧ%ǅ±9+ƺȖ

ƝçǹǞĐ,WSQ)Ŧ0ŋġ)ȶ�=Ǝ��ȹFigure 2-29Ⱥȿ 

� ǘŠȖƝǞĐ)��:ƺȖƝçǹ¥ǹǞĐ)"�$Ŧǻ�:&ȽyȘ¯Ō�8xń¯Ō

1%+Āȧ%ǅ±9+ƺȖƝçǹǞĐ, WSQ)Ŧ0ŋġ)ȶ�=Ǝ��ȹFigure 2-30Ⱥȿ 

 

c. ƺȖƝçŁ¥ŁǞĐȹçŁȹȼȺ, ¥Łȹ−ȺȺ 

� ȖƝǞĐ)��:ƺȖƝçŁ¥ŁǞĐ)"�$Ŧǻ�:&Ƚ¤$+Āȧ%ǅ±9+ƺȖ

ƝçŁǞĐ,WSQ)Ŧ0ŋġ)ȶ�=Ǝ��ȹFigure 2-31Ⱥȿ 

� ǘŠȖƝǞĐ)��:ƺȖƝçŁ¥ŁǞĐ)"�$ǅ±9& WSQ =Ŧǻ���Ƚŋġ

ą,Ǩ38;(�!�ȹFigure 2-32Ⱥȿ 
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� 1�ȽFigure 2-32)��:ƺȖƝ¥ŁǞĐ+�,ŎŏhB[N%
:�Ƚ�ôxdoN

)$Ǝ��ȿ 

 

d. �Č¯Ę�ǞĐȹ¯�ȹȼȺ, Ę�ȹ−ȺȺ 

� ȖƝǞĐ)��:�Č¯Ę�ǞĐ)"�$Ŧǻ�:&ȽHold�8xńĘŌ1%+Āȧ%

ǅ±9+�Č¯�ǞĐ,WSQ)Ŧ0ŋġ)��=Ǝ��ȹFigure 2-33Ⱥȿ 

� ǘŠȖƝǞĐ)��:�Č¯�Ę�ǞĐ)"�$Ŧǻ�:&ȽyȘĘŌ�8xńĘŌ1

%+Āȧ%ǅ±9+¯�ǞĐ,WSQ)Ŧ0ŋġ)��=Ǝ��ȹFigure 2-34Ⱥȿ
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�deg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext + , Flex - 
KOSHIWARI -18.6 ± 9.4 -41.4 ± 8.5 -50.0 ± 10.4 -46.9 ± 11.6 -25.4 ± 11.4 

WSQ -18.1 ± 11.2 -61.7 ± 14.1** -84.0 ± 12.9** -83.8 ± 12.6** -56.4 ± 13.7** 

Abd + , Add - 
KOSHIWARI 31.8 ± 6.6* 46.7 ± 8.3* 49.3 ± 8.0* 48.2 ± 8.3* 34.3 ± 7.8* 

WSQ 16.6 ± 3.4 25.6 ± 5.1 28.9 ± 6.1 28.9 ± 6.4 22.7 ± 5.6 

Ext ro + , Int ro - 
KOSHIWARI 38.8 ± 11.1* 33.5 ± 12.6* 29.9 ± 13.9* 31.5 ± 13.8* 38.1 ± 11.1* 

WSQ 24.8 ± 7.6 20.1 ± 8.0 17.3 ± 6.9 18.8 ± 6.5 25.6 ± 9.4 

Forw tilt + ,  
Back tilt - 

KOSHIWARI 14.3 ± 2.0 16.7 ± 2.3 17.5 ± 2.4 17.2 ± 2.5 14.8 ± 2.5 

WSQ 12.5 ± 1.6 18.8 ± 3.8 22.3 ± 4.3** 21.9 ± 4.2** 17.9 ± 3.6** 
      

* indicates that KOSHIWARI is greater than WSQ �p<0.05� 
      

** indicates that WSQ is greater than KOSHIWARI �p<0.05� 

Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 
Forw tilt + , Back tilt -�Torso forward tilt + , Torso backward tilt - 

Table 2-2 Comparison of the hip joint and torso angle between KOSHIWARI and WSQ. 
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�deg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext +�Flex - 
KOSHIWARI -13.1 ± 3.4 -35.9 ± 4.4 -44.6 ± 7.5 -41.4 ± 10.2 -19.9 ± 12.5 

WSQ -17.9 ± 7.4 -61.5 ± 10.7** -83.9 ± 10.5** -83.7 ± 10.0** -56.3 ± 16.6** 

Abd +�Add - 
KOSHIWARI 8.5 ± 3.3* 23.3 ± 7.2* 25.9 ± 7.1* 24.9 ± 8.3* 11.0 ± 9.5 

WSQ 5.1 ± 1.8 14.0 ± 3.8 16.3 ± 4.6 16.4 ± 4.7 10.6 ± 4.3 

Ext ro +�Int ro - 
KOSHIWARI -0.5 ± 4.4 -5.8 ± 7.2 -9.4 ± 8.7 -7.8 ± 9.4 -1.2 ± 4.8 

WSQ -0.2 ± 2.4 -6.4 ± 4.1 -10.6 ± 4.0 -10.8 ± 3.8 -4.9 ± 5.6 

Forw tilt +� 
Back tilt - 

KOSHIWARI 1.0 ± 0.6 3.4 ± 1.4 4.2 ± 1.4 3.9 ± 1.5 1.4 ± 1.1 

WSQ 1.4 ± 1.1 7.7 ± 3.8** 11.2 ± 4.2** 10.8 ± 4.3** 6.7 ± 3.8** 

 *indicates that KOSHIWARI is greater than WSQ �p<0.05� 

  **indicates that WSQ is greater than KOSHIWARI �p<0.05� 
Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 
Forw tilt + , Back tilt -�Torso forward tilt + , Torso backward tilt - 

Table 2-3 Comparison of the corrected joint angle of hip joint and torso between KOSHIWARI and WSQ. 
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Figure 2-27 Comparison of the joint angle of hip flexion between 
KOSHIWARI and WSQ. 
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Figure 2-28 Comparison of the corrected joint angle of hip flexion between 

KOSHIWARI and WSQ. 
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Figure 2-29 Comparison of the joint angle of hip abduction between 
KOSHIWARI and WSQ. 
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Figure 2-30 Comparison of the corrected joint angle of hip abduction between 

KOSHIWARI and WSQ. 
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Figure 2-31 Comparison of the joint angle of hip external rotation between 
KOSHIWARI and WSQ. 
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Figure 2-32 Comparison of the corrected joint angle of hip internal rotation between 
KOSHIWARI and WSQ. 
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Figure 2-34 Comparison of the corrected joint angle of torso forward tilt between 

KOSHIWARI and WSQ. 
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KOSHIWARI and WSQ. 
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TOKinetics������ 

"!
RBJA�-I,6.
	��D+@�(E��SNTable 2-4OS 

 

a. BJA29#3D+@N#3NQO, 29N−OO 

� #329G�D+@�>H���R&
�1L�C*��BJA29D+@� WSQ 


>�:5
M%�?�	NFigure 2-35OS 

� �	RFigure 2-35
	��BJA29D+@�%�<=��������R$0 ��

�

?�	S 

 

b. BJA/F'FD+@N/FNQO, 'FN−OO 

� /F'FG�D+@�>H���R!K4;��Hold�1L�C*��BJA'FD+

@�WSQ
>�:5
M%�?�	NFigure 2-36OS 

�	RFigure 2-36 
	��BJA'FD+@�%�<=��������R$0 ��

�

?�	S 

 

c. BJA/7'7D+@N/7NQO, '7N−OO 

� /7'7G�D+@�>H���R!K);�� 8);���1L�C*��/7D

+@�WSQ
>�:5
M%�?�	NFigure 2-37OS 
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�Nms/kg� 

Direction Exercise Early 
descending 

Late 
descending Hold Early 

ascending 
Late 

ascending 

Ext + , Flex - 
KOSHIWARI -0.4 ± 0.1* -0.3 ± 0.1* -0.2 ± 0.1* -0.2 ± 0.1* -0.4 ± 0.1* 

WSQ -0.2 ± 0.1 -0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 -0.2 ± 0.1 

Abd + , Add - 
KOSHIWARI -0.1 ± 0.2 -0.4 ± 0.2* -0.5 ± 0.2* -0.4 ± 0.2 -0.1 ± 0.2 

WSQ -0.1 ± 0.1 -0.2 ± 0.2 -0.3 ± 0.1 -0.3 ± 0.2 -0.1 ± 0.1 

Ext ro + , 
Int ro - 

KOSHIWARI 0.3 ± 0.2* 0.7 ± 0.1* 0.8 ± 0.2* 0.8 ± 0.1* 0.3 ± 0.2 

WSQ 0.2 ± 0.1 0.5 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.3 ± 0.2 

 *indicates that KOSHIWARI is greater than WSQ �p<0.05� 

Ext + , Flex -�Extension + , Flexion - 
Abd + , Add -�Abduction + , Adduction -  
Ext ro + , Int ro -�External rotation + , Internal rotation - 

Table 2-4 Comparison of the angular impulse of hip joint between KOSHIWARI and WSQ. 
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Figure 2-35 Comparison of the angular impulse of hip joint flexion between 
KOSHIWARI and WSQ. 

Figure 2-36 Comparison of the angular impulse of hip joint adduction between 

KOSHIWARI and WSQ. 
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Figure 2-37 Comparison of the angular impulse of hip joint external rotation between 

KOSHIWARI and WSQ. 
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ɆɂƼø 

A. Kinematics�6* Kinetics_pjxQx 

� ƿȣƥþŎ�6*�ć¸¥'ȣƥǡĊɁǘŤȣƥǡĊ&�	!Ɂǉ¹8(WSQ&ŧ-Ő

Ġ&��<Ɨ��ɂ�'�#
7Ɂǉ¹8(ƿȣƥþŎ�6*�ć¸¥ȑ¾�WSQ684

û�	#Ƽ�7:9ɂ0�Ɂƿȣƥ�ÿþŎȆ'ǡºƝ&�	!Ɂǉ¹8({ȥ¸ő
7z

ŊĔő0"'ª!'ýȯ" WSQ &ŧ-ƿȣƥþŎŃÑ,ŐĠ&Ȼ�<Ɨ�Ɂ¾�<Ȍ�

!ă&ƿȣƥþŎǡºƝ<ƈĸ�!	�ɂNeumann et al.Ⱦ2005ȿ(ȮţƟ�í¿&��

9ƿȣƥ'ºðƉŸĘ& 	!ȋ-!�8ɁƟ�í¿"(ȃ�țę�ƿȣƥ�ęŲ&ù�

!;�
&ĔŃ&�Ƹ�94''ɁƿȣƥþŎX°G'ƈĸ&68Ɵ�í¿<�İ�!	

9#ȋ-!	9ɂ�:<Ȁ0�9#Ɂœƕƞ&�	!ǉ¹8({ȥ¸ő&!ƿȣƥþŎǡº

Ɲ'ŏé�<Ɨ�ɁHold&!ŏû�<Ɨ���#
7ɁƟ�í¿<�İ�9�3&ƿȣƥ

þŎǡºƝ<ƈĸ�!	9#Ƽ�7:9ɂyŃ"ɁWSQ({ȥýȯ"(ƿȣƥþŎǡºƝ

�ƈĸ�:ɁHold
7zŊ¸ő&
�!(ƿȣƥ�ÿǡºƝ�ƈĸ�:�ɂƑȟ7Ⱦ2004ȿ

( SQ&�	!¾�đĢ<æÀ���äÎ' Kinetics 'Ȕ	& 	!ãÔ<�!�8Ɂ�

ć'¸¥ǡĊ�é�	.$ƿȣƥ�ÿX°G�é��%9�#<ãÔ�!	9ɂœƕƞ&

�	!4ɁWSQ( Hold
7zŊĔő'ýȯ"�ć'¸¥ǡĊ�ǉ¹8&ŧ-é��Ɂƿ

ȣƥ�ÿǡºƝ�ƈĸ�:�ýȯ#��6�yǐ�!	9ɂ�'�#
7ɁWSQ&�	!

ƿȣƥ�ÿǡºƝ�ƈĸ�:�'(Ɂ�ć'¸¥ǡĊ'åé�ĒȲ<Ç/��#Ƽ�7:

9ɂ 

� ƿȣƥçȅŃÑ'ȣƥǡĊɁǘŤȣƥǡĊ&�	!Ɂǉ¹8(WSQ&ŧ-ŐĠ&Ȼ�<

Ɨ��ɂ�'�#
7Ɂǉ¹8(ƿȣƥçȅȑ¾�WSQ684é�	#Ƽ�7:9ɂ0�Ɂ

ƿȣƥçȅ«ȅȆ'ǡºƝ&�	!Ɂǉ¹8({ȥĔő
7Hold'ýȯ"WSQ&ŧ-ƿ

ȣƥ«ȅŃÑ,ŐĠ&Ȼ�<Ɨ��ɂ6�!Ɂǉ¹8(yȎ'¾�&�	!ƿȣƥ<«ȅ�

�9X°G�WSQ&ŧ-é��ɁŸ&{ȥĔő
7Hold'ýȯ"'ā�é�	#Ƽ�9
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�#�"�9ɂ0�Ɂƿȣƥ«ȅX°G'Ɲ°�"�9ƿȣƥ«ȅǡºƝ<ƈĸ�!	9&

4

;7�ɁȣƥǡĊ�6*ǘŤȣƥǡĊ'ŌƧ²WxQ"(Ɂ~Ǭĩ#4{ȥýȯ
7

Holdýȯ&
�!ƿȣƥçȅǡĊ�å»�!	9�#
7ɁȠ«ȅƣ%$'ƿȣƥ«ȅƣ

ƹ�ȕęĝƣÉƵ<�!	9#Ƽ�9�#�"�9ɂ�
�ɁDelmore et al.Ⱦ2014ȿ(Ɂ

Sumo squat <Ò2yǑƉ%ƿȣƥCGJJ@O&��9Ƞ«ȅƣ'ƣū¾Ȝ<ŧȈ��

ƯŘɁSumo squat'ƣū¾Ȝ( 13%MVC"�8ɁyǑƉ%ƿȣƥ«ȅƣƹCGJJ@O

'�"ŏ4Ƞ«ȅƣ'ū¾Ȝ��	�#<ãÔ�!	9ɂ0�ɁȝŒ7Ⱦ2005ȿ(ǉ¹8#

SQ'ƣū¾Ȝ<ŧȈ�!�8ɁȠ«ȅƣ'ƣū¾Ȝ(~ƹŧȈ�!ŐĠā�%	�<ãÔ

�!	9ɂ�:7'�#
7Ɂœƕƞ&�	!ǉ¹8'ƿȣƥ«ȅǡºƝ�WSQ684Ȼ

�<Ɨ��'(Ɂƿȣƥ«ȅƣƹ'ƣū¾�ç'ǜÚ4�9#Ƽ�7:9ɂRobertson et al.

Ⱦ2008ȿ(ȣƥX°G'ƈĸ(ȣƥ<ŞĦ�9�-!'ƭƶ'�ž'ƲÖ"�9#ȋ-!

�8Ɂ°ŗ�9¾��ȣƥË¾â'ȦƂȉ�"�9äÎɁ·Ȧ#%9ƣƾ'�ĎȾNXsT

Sȿ�ȣƥX°G'ƈĸ&Ƿź�9#ȋ-!	9ɂ%�Ɂǉ¹8'ƿȣƥ«ȅǡºƝ�ŏé

�<Ɨ� Hold 'ýȯ"(ɁƿȣƥçȅǡĊ�ƨ 50�<Ɨ�!	9�3ɁƿȣƥçȅË¾

â&��9ŏƬË¾â�ȉ"���#Ƽ�7:9ɂ�7&ɁNeumann et al.Ⱦ2005ȿ(ƿ

ȣƥçȅȑ¾'ŏƬË¾â&�	!Ɂƿȣƥ«ȅƣƹ(ƿȣƥçȅȑ¾'·Ȧ#%9ƭƶ

"�9#ãÔ�!	9�#
7Ɂǉ¹8&��9ƿȣƥ«ȅǡºƝ'ƈĸ(«ȅƣƹ'ƣ

ū¾&»�Ɂ«ȅƣƹ'�ĎȾNXsTSȿ�ȣ}�!	9ËǄĝ��9ɂ 

� ƿȣƥçŅŃÑ'ȣƥǡĊ&�	!Ɂǉ¹8(WSQ&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ�'�

#
7Ɂǉ¹8(ƿȣƥçŅȑ¾�WSQ684é�	#Ƽ�7:9ɂ0�ɁƿȣƥçŅ«

ŅȆ'ǡºƝ&�	!Ɂǉ¹8({ȥ¸ő
7zŊ¸ő0"'ýȯ&
�! WSQ &ŧ-

ƿȣƥçŅŃÑ,ŐĠ&Ȼ�<Ɨ��ɂ�'�#
7Ɂǉ¹8(ƿȣƥ<çŅ��9X°G

� WSQ &ŧ-é��ɁŸ&{ȥýȯ
7zŊ¸ő0"'ýȯ"'ā�é�	#Ƽ�9�

#�"�9ɂ0�ɁƿȣƥçŅX°G'Ɲ°�"�9ƿȣƥçŅǡºƝ<ƈĸ�!	9&4
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;7�ɁȣƥǡĊ�6*ǘŤȣƥǡĊ'ŌƧ²WxQ"(Ɂ~Ǭĩ#4{ȥýȯ
7

Holdýȯ&
�!ƿȣƥçŅǡĊ��{�!	9�3ɁéŦƣ%$'ƿȣƥçŅƣƹ�ȕ

ęĝƣÉƵ<�!	9#Ƽ�9�#�"�9ɂ�7&Ɂƕƞǰȷ 1-1&!éŦƣ'ƣū¾Ȝ

� SQ &ŧ-Ȼ�<Ɨ�!	��#4Ɂ�'ƯŘ<ĺİ�!	9#Ƽ�7:9ɂ0�Ɂ

Neumann et al.Ⱦ2005ȿ(ɁƿȣƥçŅË¾â(ƿȣƥþŎǡĊ'åé##4&Ůü�9
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ǉ¹8

(Ɂƿȣƥ'þŎ�ÿȑ¾<Ǖ
Ȫ&ɁƿȣƥþŎ&�
çŅǡĊ'Ůü<Ī·�9�3&

ƿȣƥçŅǡºƝ<ƈĸ�!	9#Ƽ�7:9ɂ 
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7Ɂǉ¹8"(ƿ
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ȾTFRValȿ�Ĳ�7:9ɂTFRVal (ɁƟ�'_xLl° SQ &!ƿȣƥ'«ȅw«Ņ�

�6*Ǎȣƥ'çÈ�<Ó�9ɂ�:7(ƿȣƥçŅƣƹ�6*ƿȣƥçȅƣƹ'ƣū¾

Ȝ'�{�ÅÚ"�8Ɂ»�! ACLĹ¤ȾHewett, 2005ȿ%$'Ĝĝç¤5ɁPatellofemoral 

pain syndromeȾDierks, 2008ȿ�6*ǊǇȱĂűȾNoehren, 2007ȿ%$'Ex^xnx

NƆ�ƹ'ÅÚ&%9#ȋ-7:!	9ɂ����!ɁTFRVal 'ĻØ<ƍƉ#��äÎɁ

ǉ¹8<ž	!éŦƣ<�#��ƿȣƥçŅƣƹ'ƣºďÀ<óń�9�#�ɁTFRVal'

ĻØ&÷}�9#Ƽ�9�#�"�ɁTFRVal 'ĻØ&68ɁACL Ĺ¤'qNG�{5Ɂ
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Ǆĝ��9#Ƽ�7:9ɂ 
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ơɅƠ�ƕƞǰȷɄ�ǉ¹8'ÄŌƉ½Ř&ȣ�9ƕƞ 

ɃɂǂōwƍƉ 

� ƕƞǰȷ 1&�	!Ɂǉ¹8# SQ<ƣū¾Ȝ�6* KinematicsɁKinetics_pjxQ
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$
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Figure 3-1 Experimental protocol for short-term effect. 
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Aɂǉ¹8 
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BɂSQ 
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Ɇȿůòȳƍ 

AɂȣƥË¾âůò 

� ŖéČȣƥǡĊǥ<ž	ɁñȮŌ'µ�Ǽ'ƿȣƥþŎɁ�ÿɁçȅɁ«ȅɁçŅɁ«

ŅɁǋǎ�çŅɁǋǎ�«ŅɁǍȣƥ�ÿ�"'ƿȣƥþŎǡĊȾStraight Leg Raise: 

SLRȿ'�¾Ë¾â<ůò��ɂůò&(ņœĿđçƙð�Ɂq]`qVxLovð�·

ò'ȣƥË¾âǖƗ%7*&ůòŪȾ�ſ, 1974ȿ<ȀǛ��ɂ 

 

Bɂƣºůò 

� BIODEX SYSTEM 3ȾBIODEX ƘǙȿ<ž	Ɂµ�Ǽ'ƿȣƥþŎɁ�ÿɁçȅɁ«

ȅɁǍȣƥþŎɁ�ÿƣº'Ƣȍĝȑ¾&69ƣºůò<óń��ɂ�:�:'ǡȍĊ<

60, 180deg/sec&Ǩò�ɁůòȢ& 60ƚ'�ğ<(�1ªº&!ńǕ��ɂÍǡȍĊ#

4 3Ù'ńǕ'�"ƈĸ�:�ůò�<axGX°G�ȾNmȿɁ�țŧƣºȾNm/kgȿ#

�!ĵž��ɂ 

 

a. ƿȣƥþŎw�ÿƣº 

� ƿȣƥþŎw�ÿƣºůò'Ȫ(ɁǗȹƽ<LxX'z"�ǎ�#�Ɂ�ć<e°X"

Ýò��ɂR@ZkjxQx'�ęȆ<éȅî�Î
6
&>xi'Ƞ�<ǱĿ�ɁǍ'

¸zș&_TY<Ýò��ɂƿȣƥ'ȑ¾ƦÛ(ɁÍǗȹƽ'ȨĠ&69ƿȣƥŏéþŎ

�
7ŏé�ÿ�&Ýò��ɂ 

 

b. ƿȣƥçȅw«ȅƣº 

� ƿȣƥçȅw«ȅƣºůò'Ȫ(ɁǗȹƽ<LxX'z"£ǎ�#�Ɂ�ć<e°X"

Ýò��ɂR@ZkjxQx'�ęȆ#éȅî�Î
6
&>xi'Ƞ�<ǱĿ�Ɂéǌ

ș{ș&_TY<Ýò��ɂƿȣƥ'ȑ¾ƦÛ(ɁÍǗȹƽ'ȨĠ&69ŏéçȅ�
7
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ŏé«ȅ�&Ǩò��ɂ 

 

c. ǍȣƥþŎw�ÿƣº 

� Ǎȣƥ�ÿwþŎƣº'Ȫ(ɁǗȹƽ'Ǎ'Ĕȯ�LxX&ȇ�Đ�96
&ċ7�Ɂ

�ćÇ*ůò£éǌș<e°X"Ýò��ɂR@ZkjxQx'�ęȆ#Ǎ'ÙȅȆ�y

ǐ�96
&ǱĿ�Ɂ>xi'Ƞ�<Î;�ɁÌǼȣƥ'¸zș&_TY<Ýò��ɂǍ

ȣƥ'ȑ¾ƦÛ(ÍǗȹƽ'ŏé�ÿ�
7 90ĊþŎ�&Ǩò��ɂ 

 

Cɂȑ¾Ǆºůò 

� ŀșƙðƐł�ºVNXóńǜȳȾ20ť�29ťùǵȿ'
�ɁƟ�Ąǿ*ɁÈėš#

*& 	!ůò<Ǖ��ɂ0�ɁŀșƙðƐŇ�ºVNX68áƎǿ*'ůò<Ǖ��ɂ

�-!'ȳƍ& 	!Ɂ«öɁŃŪƢ<óń¸&Ǘȹƽ&Á°&ǯŋ��ɂ0�ɁĚǜŏ

�Ȧ'ADxhvH>Tc<Ǖ	ɁĚǜ&ě�!�¸ƴƻ<Ǖ�!
7ůò��ɂ 

 

a. Ɵ�Ąǿ* 

� Ɵ�Ąǿ*&(gTX<ž	ɁȀ±Ƴ
7~ǆÏŌ&ªº"¸Ń,ǿȂ�ɁgTX&ǣ

:��Ƹ'
�ŏ4Ȁ±Ƴ&ȉ	�Ƹ#ɁȀ±Ƴ<Ư+ǾȬ<ůò��ɂǥů( 2Ùóń

�Ɂǒ	Ń'ǧȞ<ůò�#��ɂ 

 

b. áƎǿ* 

� áƎǿ*&(MlvcjxQxȾTOEI LIGHTƘǙɁT-2290ȿ<ž	ɁƎƟí¿
7

ǈĴ8#ǆ'È¾¾�<ž	�ǿȂ<Ǖ��Ȫ'ǿȂȻ<ůò��ɂǥů( 2Ùóń�Ɂ

ǒ	Ń'ǧȞ<ůò�#��ɂ 
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c. Èėš#* 

� Èėš#*(�-8&�	JxbBxNz"óń��ɂ1mȢȩ"ąǕ% 3œ'ƎƳ<

č�Ɂ�'Ƴ<J@YNVTc"0��Ǻ�
ǣ:9�#" 1Ù#ůò��ɂ	ì3�'

ÎÜ"$�7
'Ƴ&NVTc<ȡì�Ɂ�êwç£#ȴƃ&Ƴ<0��Ɂ20ƚȢ'
�

Ƴ<0��Ǻ��Ɂ0�(ǣ:�Ùľ<ǥů��ɂǥů( 2Ùóń�Ɂǒ	Ń'ǧȞ<ů

ò�#��ɂ 
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Figure 3-2 Star Excursion Balance Test. 

Dɂ¾Ɖ^pvNǄºůò 

Star Excursion Balance Test 

� ůòóń¸&ɁPliskyȾ2006ȿ'ķ×�9ĻŤŶ SEBT'ŃŪ& 	!Êȵ&69ǯŋ

�6*WkvNXsxLov<Ǖ��ɂùǵƽ( SEBT'Ʈȹ�%
���3Ɂŏ³'ů

òņ0"& 2Ù'�¸ƴƻ<óń��ɂ 

� ùǵƽ(Ɂ 0¨'ŏ4¯�ș°�HqTYƳ'�ê&ŕ96
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œVNX< 3Ùóń��ɂœVNX(Ɂ�-!'ůò&�	!Ïy'Ŝƽ�ǫ��ɁǞǟ

Ɖ&¶ȓǾȬ<ůò�!ǧȞ��ɂ%�ɁŵǆƟ�<Ʊİ"�%
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ɇȿưǥ®ż 

� óȹWxQ(ąà�±ŠŰ¡ā"Ɨ�Ɂưǥ®ż(ɁưǥǢŗUx° SPSS for mac 20 

ȾSPSS, SPSS Inc. Chicago IL, USAȿ<ž	!Ǖ��ɂŜò&(y§ȚƸ°Ľ°ŗ<ž

	! 3Ŕ�Ȣ'ŧȈ<�ɁŐĠā�Ǯ37:�äÎ&( BonferroniŪ&69èțŧȈŜ

ò<Ǖ��ɂ%�Ɂưǥ®ż&��9ŐĠŨŰ( 5%#��ɂ 
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Figure 3-4 ROM of hip extension 

ɅɂƯŘ 

ɃȿȣƥË¾â 

AɂƿȣƥþŎË¾âȾFigure 3-3ȿ 

� ǉ¹8( 138.0 ± 6.7�ɁControl( 136.0 ± 5.7�ɁSQ( 132.5 ± 5.9�"���ɂ 

ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

 

 

 

 

Bɂƿȣƥ�ÿË¾âȾFigure 3-4ȿ 

� ǉ¹8( 24.5 ± 2.8°ɁControl( 20.0 ± 4.1�ɁSQ( 21.0 ± 2.1°"���ɂ  

� ǉ¹8(ɁSQ&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 

�  

 

 

 

 

 

 

Ⱦɀ:p<0.05ȿ 
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Figure 3-3 ROM of hip flexion. 
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CɂƿȣƥçȅË¾âȾFigure 3-5ȿ 

� ǉ¹8( 60.0 ± 5.8°ɁControl( 53.5 ± 6.7°ɁSQ( 54.0 ± 4.6�"���ɂ 

� ǉ¹8(ɁControl&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 

 

 

 

 

 

 

 

Ⱦɀ:p<0.05ȿ 

 

 

 

Dɂƿȣƥ«ȅǡĊȾFigure 3-6ȿ 

� ǉ¹8( 12.0 ± 2.6�ɁControl( 14.0 ± 5.2�ɁSQ( 11.5 ± 2.4�"���ɂ 

ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ
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Figure 3-5 ROM of hip abduction. 
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Figure 3-6 ROM of hip adduction. 
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Ⱦdegȿ 
 
Ⱦdegȿ 
 
Ⱦdegȿ 
 
Ⱦdegȿ 

EɂƿȣƥçŅË¾âȾFigure 3-7ȿ 

� ǉ¹8( 69.0 ± 12.0�ɁControl( 61.5 ± 14.2�ɁSQ( 65.0 ± 8.8�"���ɂ 

ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

 

 

Fɂƿȣƥ«ŅË¾âȾFigure 3-8ȿ 

� ǉ¹8( 38.5 ± 13.3�ɁControl( 34.0 ± 13.5�Ɂ SQ( 36.5 ± 11.6�"���ɂ 

� ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-7 ROM of hip external rotation. 

Figure 3-8 ROM of hip internal rotation. 
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Gɂǋǎ�ƿȣƥçŅË¾âȾFigure 3-9ȿ 

� ǉ¹8( 50.0 ± 8.5�ɁControl( 49.5 ± 6.9�Ɂ SQ( 54.5 ± 5.0�"���ɂ 

� ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

 

 

 

Hɂǋǎ�ƿȣƥ«ŅË¾âȾFigure 3-10ȿ 

� ǉ¹8( 32.5 ± 12.5�ɁControl( 38.0 ± 11.8�Ɂ SQ( 36.5 ± 12.3�"���ɂ 

� ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-9 ROM of hip external rotation (Abdominal position). 

Figure 3-10 ROM of hip internal rotation (Abdominal position). 
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IɂSLRȾFigure 3-11ȿ 

� ǉ¹8( 81.5 ± 7.1�ɁControl( 72.0 ± 16.4�Ɂ SQ( 79.5 ± 9.3�"���ɂ 

� ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-11 ROM of SLR. 
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Ʉȿƣº 

AɂƿȣƥþŎƣºȾFigure 3-12, Figure 3-13ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 214.4 ± 52.1NmɁControl(

196.7 ± 45.1NmɁSQ( 246.5 ± 46.6Nm"�8ɁSQ( Control&ŧ-ŐĠ&Ȼ�<Ɨ�

�ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 189.7 ± 49.4NmɁControl(

134.6 ± 41.8NmɁSQ( 192.2 ± 37.6Nm"�8ɁSQ( Control&ŧ-ŐĠ&Ȼ�<Ɨ�

�ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 302.3 ± 84.1Nm/kgɁControl(

275.9 ± 69.2Nm/kgɁSQ( 345.0 ± 69.8Nm/kg"�8ɁSQ( Control&ŧ-ŐĠ&Ȼ�

<Ɨ��ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 266.9 ± 73.6Nm/kgɁControl(

212.2 ± 75.7Nm/kgɁSQ( 268.8 ± 53.8Nm/kg"�8ɁǬĩȢ&ŐĠā(Ǯ37:%


��ɂ 
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Ⱦɀ:p<0.05ȿ 

 

 

Ⱦɀ:p<0.05ȿ 
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Figure 3-12 Joint torque of hip flexion (Peak torque). 

Figure 3-13 Joint torque of hip flexion (Peak torque / BW). 
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Bɂƿȣƥ�ÿƣºȾFigure 3-14, Figure 3-15ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 115.4 ± 55.6NmɁControl(

97.7 ± 22.2NmɁSQ( 101.2 ± 16.6Nm"���ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 84.6 ± 46.6NmɁControl(

63.3 ± 23.3NmɁSQ( 68.8 ± 19.8Nm"���ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 158.4 ± 64.0Nm/kgɁControl(

136.4 ± 30.0Nm/kgɁSQ( 141.7 ± 24.4Nm/kg"���ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 115.5 ± 53.9Nm/kgɁControl(

90.2 ± 35.0Nm/kgɁSQ( 96.1 ± 25.9Nm/kg"���ɂ 

	�:4ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-14 Joint torque of hip extension (Peak torque). 

Figure 3-15 Joint torque of hip extension (Peak torque / BW). 
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CɂƿȣƥçȅƣºȾFigure 3-16, Figure 3-17ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 101.6 ± 17.0NmɁControl(

97.2 ± 28.4NmɁSQ( 93.4 ± 15.5Nm"���ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 72.2 ± 16.0NmɁControl(

69.3 ± 54.1NmɁSQ( 60.7 ± 18.8Nm"���ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 141.8 ± 21.9Nm/kgɁControl(

135.2 ± 36.6Nm/kgɁSQ( 130.4 ± 20.9Nm/kg"���ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 101.0 ± 23.5Nm/kgɁControl(

81.4 ± 39.1Nm/kgɁSQ( 84.7 ± 24.2Nm/kg"���ɂ 

	�:4ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-16 Joint torque of hip abduction (Peak torque). 
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Figure 3-17 Joint torque of hip abduction (Peak torque / BW). 
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Dɂƿȣƥ«ȅƣºȾFigure 3-18, Figure 3-19ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 115.9 ± 31.3NmɁControl(

95.9 ± 19.6NmɁSQ( 113.5 ± 20.8Nm"�8ɁǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 99.0 ± 31.6NmɁControl(

72.8 ± 33.7NmɁSQ( 107.1 ± 30.5Nm"�8ɁSQ( Control&ŧ-ŐĠ&Ȼ�<Ɨ�

�ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 164.0 ± 53.4Nm/kgɁControl(

134.2 ± 29.1Nm/kgɁSQ( 158.8 ± 31.5Nm/kg"�8ɁǬĩȢ&ŐĠā(Ǯ37:%


��ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 139.3 ± 48.7Nm/kgɁControl(

100.3 ± 48.5Nm/kgɁSQ( 148.6 ± 37.7Nm/kg"�8ɁSQ( Control&ŧ-ŐĠ&Ȼ�

<Ɨ��ɂ 
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Figure 3-18 Joint torque of hip adduction (Peak torque). 
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Figure 3-19 Joint torque of hip adduction (Peak torque / BW). 
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EɂǍȣƥ�ÿƣºȾFigure 3-20, Figure 3-21ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 204.3 ± 29.9NmɁControl(

160.0 ± 52.6NmɁSQ( 200.2 ± 19.5Nm"���ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 134.1 ± 19.0NmɁControl(

109.9 ± 24.8NmɁSQ( 130.6 ± 20.6Nm"���ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 285.6 ± 43.5Nm/kgɁControl(

224.6 ± 77.8Nm/kgɁSQ( 273.6 ± 42.7Nm/kg"���ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 188.1 ± 30.3Nm/kgɁControl(

154.1 ± 38.6Nm/kgɁSQ( 181.3 ± 31.1Nm/kg"���ɂ 

	�:4ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-20 Joint torque of knee extention (Peak torque). 

Figure 3-21 Joint torque of knee extension (Peak torque / BW). 
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FɂǍȣƥþŎƣºȾFigure 3-22, Figure 3-23ȿ 

� ǡȍĊ 60deg/sec&��9axGX°G�(Ɂǉ¹8( 118.5 ± 20.6NmɁControl(

131.5 ± 48.2NmɁSQ( 115.1 ± 19.4Nm"���ɂ 

ǡȍĊ 180deg/sec&��9axGX°G�(Ɂǉ¹8( 94.0 ± 17.5NmɁControl(

88.5 ± 45.8NmɁSQ( 87.4 ± 14.6Nm"���ɂ 

ǡȍĊ 60deg/sec&��9�țŧƣº(Ɂǉ¹8( 165.1 ± 28.7Nm/kgɁControl(

183.2 ± 64.8Nm/kgɁSQ( 167.1 ± 37.8Nm/kg"���ɂ 

ǡȍĊ 180deg/sec&��9�țŧƣº(Ɂǉ¹8( 131.3 ± 23.4Nm/kgɁControl(

123.1 ± 61.7Nm/kgɁSQ( 181.3 ± 31.1Nm/kg"���ɂ 

	�:4ǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 
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Figure 3-22 Joint torque of knee flexion (Peak torque). 
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Figure 3-23 Joint torque of knee flexion (Peak torque / BW). 
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Ʌȿȑ¾Ǆº 

AɂƟ�Ąǿ*ȾFigure 3-24ȿ 

� ǉ¹8( 227.2 ± 19.4cmɁControl( 222.8 ± 15.9cmɁ SQ( 221.4 ± 19.0cm"��

�ɂǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

 

 

BɂáƎǿ*ȾFigure 3-25ȿ 

� ǉ¹8( 55.6 ± 5.5cmɁControl( 53.5 ± 5.7cmɁ SQ( 52.3 ± 6.7cm"���ɂ 

ǉ¹8( SQ&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ
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Figure 3-24 Broad jump. 

Figure 3-25 Vertical jump. 
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CɂÈėš#*ȾFigure 3-26ȿ 

ǉ¹8( 60.5 ± 4.3timesɁControl( 56.6 ± 4.2timesɁ SQ( 59.8 ± 5.1times"��

�ɂǉ¹8�6* SQ( Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 
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Figure 3-26 Side step. 
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Ɇȿ¾Ɖ^pvNǄºůò 

SEBT 

AɂǚÎNI>ȾFigure 3-27ȿ 

� ǉ¹8( 271.5 ± 15.3cmɁControl( 255.4 ± 13.1cmɁ SQ( 264.1 ± 13.2cm"��

�ɂǉ¹8( Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 
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Figure 3-27 Total score of SEBT. 
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BɂŃÑ´NI> ȾFigure 3-28, Figure 3-29, Figure 3-30ȿ 

� Anterior&�	!Ɂǉ¹8( 62.6 ± 5.1cmɁControl( 60.7 ± 5.9cmɁ SQ( 62.5 ± 

4.6cm"�8ɁǬĩȢ&ŐĠā(Ǯ37:%
��ɂ 

Posterolateral&�	!Ɂǉ¹8( 102.7 ± 7.6cmɁControl( 96.4 ± 4.8cmɁ SQ(

99.9 ± 7.1cm"�8Ɂǉ¹8( Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 

� Posteromedial&�	!Ɂǉ¹8( 106.2 ± 6.0cmɁControl( 98.3 ± 5.9cmɁ SQ(

101.7 ± 5.8cm"�8Ɂǉ¹8( SQ�6* Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 
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Figure 3-28 Anterior of SEBT. 
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Figure 3-29 Posterolateral of SEBT. 
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Figure 3-30 Posteromedial of SEBT. 
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ɆɂƼø 

AɂȣƥË¾â 

� ƿȣƥçȅË¾â&�	!Ɂǉ¹8( Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂDonald

Ⱦ2005ȿ(Ɂƿȣƥ'ŏƬçȅË¾â&�	!·Ȧ#%9ȰĂ�6*ƣƭƶ(ɁĞȺéǌ

ȰĂɁƿȣƥ«ȅƣƹ�6*]iNXqvHN"�9#ãÔ�!	9ɂ0�ɁGayle et al.

Ⱦ2011ȿ(Ɂ]iNXqvHN&ù�9R@ZhTGNXsTS'ÄŌƉ½Ř& 	!Ŝ

Ǧ�!�8ɁȮƉřȄĝ�6*¾ƉřȄĝ<R@ZhTGNXsTS'¸Ĕ&ůò��Ư

ŘɁȮƉřȄĝɁ¾ƉřȄĝ#4&Ñz�17:�#ãÔ�!	9ɂ�7&ɁGayl et al.

7�ž	�CGJJ@O(ƿȣƥþŎ<ďǱ��4'"�9�3Ɂƣƾ&ù�!ȖĊ%�

ĎNXsN<»�9##4&Ɂįīƣ"�9]iNXqvHN&ƏÈĪ·<ǹ�����

#�řȄĝÑz&÷}��#Ƽ�7:9ɂ0�Ɂƕƞǰȷ 1-2&�	!ǉ¹8'ƿȣƥ«

ȅǡºƝ( SQ&ŧ-Ȼ�<Ɨ�!	��#
7Ɂ«ȅƣƹ'ū¾##4&ƣƾ'�Ď

ȾNXsTSȿ�X°GƈŽ&ȣ}�!	9ËǄĝ��9ɂ����!Ɂƿȣƥ'çȅɁ

çŅȑ¾<ďǱ��ǉ¹8(Ɂ«ȅƣƹ&ù�ȖĊ%�ĎNXsN<»�9�#�ËǄ"

�9#Ƽ�7:9ɂ�7&ɁéŦƣ(«ȅƣƹ'įīƣ"4�9�#
7Ɂǉ¹8&69

éŦƣ'ƣū¾&6�!Ɂ«ȅƣƹ&ù�ƏÈĪ·�¦�%$'R@ZhTGNXsTS

ǜƪ<Ò="	9#Ƽ�9�#�"�9ɂ�z'�#
7Ɂǉ¹8&69«ȅƣƹ,'R

@ZhTGNXsTS½Ř�Ɂƿȣƥ«ȅƣƹ'řȄĝÑz&÷}��ƯŘɁControl6

84ƿȣƥçȅË¾â�Ñz��#Ƽ�9�#�"�9ɂ 

 

Bɂƣº 

� ƿȣƥþŎƣº' 60deg/sec�6* 180deg/sec&��9axGX°G�&�	! SQ(

Control&ŧ-ŐĠ&Ȼ�<Ɨ�Ɂ�țŧƣº"4 60deg/sec&�	!ŐĠ&Ȼ�<Ɨ�

�ɂyǑƉ& SQ(ƿȣƥ�ÿ�6*Ǎȣƥ�ÿ'ƣºďÀ<CGJJ@O'�ƍƉ#�
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!	9ȾManabe, 2007; McCaw, 1999ȿ&4

;7�Ɂœƕƞ"(ƿȣƥ�ÿ�6*Ǎ

ȣƥ�ÿX°G&(æÀ�17:�ɁƿȣƥþŎX°G�Ñz��ɂ�'ƯŘ&(Ɂ¨Ǖ

ƕƞ#'Ǭĩ'Ȕ	�ĒȲ�!	9#Ƽ�7:9ɂ¨Ǖƕƞ"(Ɂ^xe°%$'țȜǶ

Ǔŷ<ž	!ƿȣƥ�6*Ǎȣƥ'�ÿ<ĠǴ��ȍ	ȑ¾ȍĊ" SQ<óń�Ɂ�'Ä

ŌƉ½Ř<ŜǪ�!	94'�è	'&ù�Ɂœƕƞ"(ɁǏ�țǶǓ&! 1¾�& 5ƚ

Ȣ
�9�ȍĊ&!ɁƿȣƥþŎ�6*Ⱥƌ'¸¥<ĠǴ�96
 SQ<óń��ɂ�z

'�#
7Ɂœƕƞ&!óń�� SQ(ɁƿȣƥþŎ<ďǱ��CGJJ@O"�9#Ƽ

�9�#�"�ɁCGJJ@O&�
ƿȣƥþŎȑ¾'Ʒ8Ȋ��ƿȣƥþŎƣƹ'ƣǸ

ū<��ɁControl684ƿȣƥþŎX°G�Ñz��#Ƽ�7:9ɂ 

� ƿȣƥ«ȅƣº' 180deg/sec&��9axGX°G�6*�țŧƣº&�	!ɁSQ(

Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂDonald et al.Ⱦ2005ȿ(ɁƿȣƥþŎ�ÿȑ¾&�

�9ƿȣƥ«ȅƣƹ'ǷźĊ& 	!ãÔ�!�8Ɂƿȣƥ«ȅƣƹ'�"4Ƞ«ȅƣ(

ƔŹȯz&�	!ɁƿȣƥþŎ 60°�z"(ƿȣƥ�ÿƣɁƿȣƥþŎ 60°�{"(ƿȣ

ƥþŎƣ#�! 2 '�ž<İ �#
7ɁSQ'ş%ƔŹȯz'ƿȣƥȑ¾<�#�9

CGJJ@O"(Ƞ«ȅƣ�¾�ȐǕ&�	!é�%ē¹<ĭ
#ȋ-!	9ɂ0�Ɂ

McCaw et al.Ⱦ1999ȿ&69#ɁSQŌ'ǼĄ<ǁĄ' 140%"Ǖ
u@YNQvN SQ

(Ɂ�'ǼĄ&ŧ-!Ƞ«ȅƣ'ƣū¾Ȝ�é�
��#ãÔ�!	9ɂœƕƞ"(Ɂ

McCaw et al.'ãÔ&��9u@YNQvN SQ'ǼĄ<ĵž�!�8Ɂ«ȅƣƹ�68

ū¾�5�	Ǭĩ"���#Ƽ�7:9ɂ�z'�#
7ɁSQ&!Ƞ«ȅƣ<�ę#�

�«ȅƣƹ�ū¾���#&68ƣŢǄ�Ǹū�:ɁControl684ƿȣƥ«ȅX°G�

Ñz��#Ƽ�7:9ɂ 

 

Cɂȑ¾Ǆº 

� áƎǿ*&�	!Ɂǉ¹8( SQ&ŧ-ŐĠ&Ȼ�<Ɨ��ɂȤũ7Ⱦ1994ȿ(ɁáƎ
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ǿ*'Ȁ±¾�Ō&��9¼ºĊ<æÀ���Ȫ'{ǀȣƥkxjvX&69_uxɁº

ðƉ���6*{ǀȣƥ'ǷźĊ'æÀ& 	!ãÔ�!	9ɂȤũ7(ɁǿȂȻ 60% / 

MAX0"(Ǽȣƥ5Ǎȣƥ'ǷźĊ�Ȼ�ɁǿȂȻ 60% / MAX�z"ƿȣƥ'ºðƉ�

�5ǷźĊ�ŐĠ&åé��#ãÔ�!	9ɂ0�Ɂȼŭ7Ⱦ1988ȿ(ɁáƎǿ*Ȁ±Ō

&��9Íȣƥ"'_uxƈĸ'ŸĘ& 	!ãÔ�!�8ɁáƎǿ*Ȁ±Ō&��9ƿ

ȣƥ�ÿȑ¾'ǷźĊ( 52.3%"�8Ɂª!'ȣƥ'�"ŏ4é�
��#ȋ-!	9ɂ

�z'�#
7Ɂǉ¹8&69éŦƣ'ū¾�ƣǸū<��Ɂƿȣƥ�ÿƣº�yŌƉ&

Ñz��ƯŘɁSQ684áƎǿ*'Ȼ��Ñz��#Ƽ�7:9ɂ 

� ¨Ǖƕƞ&�	!ɁSQ&68áƎǿ*'ÄŌƉÑz�17:9#	
ãÔ��9&4



;7�Ɂœƕƞ&�	!(ůò�&Ñz(Ǯ37:%
��ɂ�'ǜÚ#�!Ɂ¨Ǖ

ƕƞ#'Ǭĩ'Ȕ	�ĒȲ�!	9#Ƽ�7:9ɂ¨Ǖƕƞ"(Ɂ^xe°%$'țȜǶ

Ǔ<»��ŹĢ"ɁMlvc¾�'ȑ¾ŸƄĝ<ƼĤ�Ɂƿȣƥ�6*Ǎȣƥ'�ÿ¾�

<ďǱ��ŉ	ȑ¾ȍĊ"Ǭĩ<óń�!	9ãÔ�è	'&ù�!Ɂœƕƞ&��9Ǭ

ĩ(Ǐ�țǶǓ&!ɁȺƌ'¸¥�6*ƿȣƥ'þŎ<ďǱ�� 1¾�< 5ƚȢ"Ǖ
�

ȍĊ'Ǭĩ"óń�!	9ɂMlvc¾�(Ɂƿȣƥ'�ÿ¾�<ďÀ�9�#�ǧȞ<

Ñz��9�#& %�9#Ƽ�7:9�Ɂœƕƞ&!óń�� SQ(ƿȣƥ'þŎ¾�

<ďǱ��¾�"����3Ɂƿȣƥ'�ÿ¾�(ďÀ�:�ɁáƎǿ*'ǧȞ�Ñz�

%
��#Ƽ�7:9ɂ 

� Èėš#*&�	!Ɂǉ¹8�6* SQ(ɁControl&ŧ-ŐĠ&Ȼ�<Ɨ��ɂȭŒ

7Ⱦ2011ȿ(ɁÈėš#*Ō'{ǀ�6*�ćș'ƣū¾Ȝ& 	!°ŗ�!�8ɁÈė

š#*�&��9«ȅƣƹ'ƣū¾Ȝ'å»�ɁÈėÙľ<Ñz��9ǜÚ&%9#ãÔ

�!	9ɂȭŒ7&69#Ɂ«ȅƣƹ'ƣū¾Ȝ'å»(ɁÈėš#*¾�Ō'£Ń,'

ȺƌĲ¾<ñò��9�#& %�9#�!	9ɂœƕƞ&�	!ɁSQ(ƿȣƥ«ȅƣ

'ƣº� Control&ŧ-Ȼ�<Ɨ�Ɂǉ¹84ŐĠā(Ǯ37:%	4'' Control&ŧ
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-Ȼ�<Ɨ��ɂ�z'�#
7Ɂǉ¹8�6* SQ&69«ȅƣƹ'ū¾�ƣǸū<�

�Ɂƿȣƥ«ȅƣº�yŌƉ&Ñz��ƯŘɁControl684Èėš#*'Ùľ�Ñz�

�#Ƽ�7:9ɂ 

 

Dɂ¾Ɖ^pvNǄº 

� SEBT' Total&�	!Ɂǉ¹8( Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ0�ɁŃÑ´

NI>& 	!ŜǦ�9#ɁPosterolateral&�	!ǉ¹8( Control684ŐĠ&Ȼ�

<Ɨ�ɁPosteromedial&�	!ǉ¹8( SQ�6* Control684ŐĠ&Ȼ�<Ɨ�

�ɂSEBT(¾Ɖ^pvN'ǫ�#�!Ǖ;:!�8ɁI>'ñòĝÑzɁ{ǀ'ƣºÑ

z5^pvNXsx[vH'�©%$&68ɁƯŘ�Ñz�9�#�ŋ7
#%�!	9

ȾAlyson et al., 2010; Gribble et al., 2012ȿɂFarzaneh et al.Ⱦ2012ȿ(ɁSEBT&��

9qxSǾȬ#ƿȣƥƣº'ȣ�ĝ& 	!ãÔ�!�8ɁPosterolateral �6*

Posteromedial%$'ĔŃ,'qxSǾȬ#ĺİǆ'ƿȣƥ�ÿƣº#'Ȣ&Əȣ�Ǯ3

7:�#ãÔ�!	9ɂœƕƞ&��9ƿȣƥ�ÿƣº<ŧȈ�9#ɁŐĠā(Ǯ37:

%	4''Ɂǉ¹8( 60deg/sɁ180deg/s#4& SQ�6* Control&ŧ-Ȼ�<Ɨ�!

	9ɂ0�ƕƞǰȷ 1-1&!Ɂǉ¹8(ƿȣƥ�ÿƣ"�9éŦƣ'ƣū¾Ȝ� SQ68

4Ȼ�<Ɨ�!	9�#
7Ɂǉ¹8&69éŦƣ'ū¾�ƣǸū<��Ɂƿȣƥ�ÿƣ

º�yŌƉ&Ñz��ƯŘɁSQ�6* Control684 SEBTNI>�Ñz��#Ƽ�7

:9ɂ0�ɁAnterior,'qxSǾȬ&ȣ�!(æÀ�Ǯ37:%
��ɂ�'żƀ#�

!Ɂ¸Ń,'qxS¾�(Ǎȣƥ�ÿƣº�6*ǼȣƥǂþË¾ĝ�ĒȲ�9�3

ȾGribble et al., 2012ȿɁǉ¹85 SQ%$'CGJJ@O"(�:�:'ǜÚ&ĒȲ<Ç

/�%
���#�Ƽ�7:9ɂ 
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ɇɂƯǲ 

� œƕƞ(Ɂǉ¹8'ÄŌƉ½Ř<ŋ7
&�9�#<ƍƉ#�!Ɂǉ¹8�6*WSQ'

ÄŌƉ½Ř<ƿȣƥË¾âɁ{ǀƣºɁȑ¾ǄºɁ¾Ɖ^pvNǄº& 	!ŧȈwŜǦ�

�ɂƯŘ(�{'Ȍ8"�9ɂ  

 

ɃɂȣƥË¾âůò&��9ƿȣƥçȅË¾â(Ɂǉ¹8� Control&ŧ-ŐĠ&Ȼ�<Ɨ

��ɂ 

 

Ʉɂȑ¾Ǆºůò&��9Èėš#*(Ɂǉ¹8� Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ 

 

Ʌɂ¾Ɖ^pvNǄºůò&��9 SEBT NI>(Ɂǉ¹8� Control &ŧ-ŐĠ&Ȼ�

<Ɨ��ɂ  

 

Ɇɂƣºůò&��9ƿȣƥþŎƣº' 60deg/sec 'axGX°G�Ɂ�țŧƣº�6*

180deg/sec 'axGX°G�(ɁSQ� Control&ŧ-ŐĠ&Ȼ�<Ɨ��ɂ0�Ɂƿ

ȣƥ«ȅƣº' 180deg/sec'axGX°G��6*�țŧƣº(ɁSQ� Control&ŧ

-ŐĠ&Ȼ�<Ɨ��ɂ 
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ơɆƠ�ƕƞǰȷɅ�ǉ¹8'ȠőƉXsx[vH½Ř&ȣ�9ƕƞ 

ɃɂǂōwƍƉ 

� ƕƞǰȷ 2"(Ɂǉ¹8'ÄŌƉ½Ř& 	!ŜǦ�ɁƿȣƥË¾âɁȑ¾ǄºɁ¾Ɖ^

pvNǄº'ĻØ�Ǯ37:�ɂǉ¹8'Xsx[vH½Ř<ŋ7
&�9z"ɁÄŌƉ½

Ř& 	!ŜǦ�9##4&ȠőƉ½Ř& 	!4ŜǦ�9Ěǜ��9ɂSQ'Xsx[v

H½Ř&ȣ�9ãÔ( 1RM'țȜɁMlvcǄºɁNcqvXǄº%$
7ŜǦ��4'

�è	�ȾMatthew et al., 2016; Hartmann et al., 2012ȿɁȣƥË¾âɁƿȣƥ5ǍȣƥÕ

Ûƣ'ƣº%$'ǭƫ%�ºǜƪ&Ç/�ĒȲ& 	!ŜǦ�:�ãÔ(ü%	ɂ0�Ɂ

SQ'½Ř&ȣ�9ãÔ(Ɂ^xe°%$'țȜǶǓ<»��ŹĢ"'ŜǦ�è�ɁǏ�ț

ǶǓ&!ŜǦ�:�4'(ü%	ɂ_bDxgvNÑz<ƍƉ#��Xsx[vHctH

pi'ú©Ɂ�6*>NsV?TGq]`qVxLov"(ɁǏ�țǶǓ"' SQ%$<�

ę#�� CKC-Ex 4óń�:!	9�3ɁțȜǶǓ<»��ŹĢ"'ŜǦ##4&ɁǏ�

țǶǓ"' CKC-Ex 'Xsx[vH½Ř&ȣ�9ŜǦ4Ěǜ"�9#Ƽ�7:9�Ɂǉ¹

8&ȣ�!Xsx[vH½Ř<ŜǪ��ƕƞ(ƊŴ&Ƣ�	ɂ��"ƕƞǰȷ 3 "(Ɂǉ

¹8&��9ȠőƉXsx[vH½Ř'ŸĘ<ŋ7
&�9�#<ƍƉ#�Ɂǉ¹8�6

* SQ< 8ȏȢóń�Ɂƿȣƥ'ȣƥË¾âɁ{ǀƣºɁȑ¾ǄºɁ¾Ɖ^pvNǄº&Ç

/�ĒȲ<ŧȈwŜǦ�9�##��ɂ 
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ɄɂƕƞŃŪ 

 

Ƀȿùǵ 

� yǑ¢ăƁĝ 11Ð<ùǵ#�ɁpvRi&ǉ¹8ƹ 6 Ð# SQƹ 5 Ð&°�ŜǦ��ɂ

0�Ɂµ�Ǽ(fx°<ȁ9Ǽ#òƺ�Ɂª!'ùǵƽ'µ�Ǽ(Ìǆ"���ɂ%�Ɂù

ǵƽ(ȒÆ 1 Ć�«&{ǀ&ç¤wȫõ<ƈŽ�!�7�ɁŻÞƅƇ5ȔÖġ%$'ǩ�

�%	4'#��ɂùǵƽ&(�¸&œƕƞ'ƍƉ�6*ŃŪɁóȹ&68ǹ�8
9Ãȧ

ĝ&ȣ�!Á°%ǯŋ<Ǖ	Ɂœ�'ÏĠ<Ė!óń��ɂ%�Ɂœƕƞ(d°LvFôǤ

'ǻň&ŰĮ�! żƉȚĤ'4#Ǖ;:�ɂ 
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ɄȿƕƞctXI° 

� ª!'ùǵƽ(ɁPreůò#�!ƿȣƥ'ȣƥË¾âɁ{ǀƣºɁȑ¾Ǆº�6*¾Ɖ^

pvNǄº<ůò��ɂ�'ĔɁȏ 3Ù'ȶĊ" 8ȏȢȾÎǥ 24PTLovȿ'CGJJ

@O<óń��ɂ4ȏȢĔ�6* 8ȏȢĔ&�:�:MidůòɁPostůò#�!¬Ċª!

'ůò<Ǖ��ɂ%�őȢ�Ɂœƕƞ"óń��CGJJ@O�ç'�ºXsx[vH(Ǖ

�!	%	 ȾFigure 4-1ȿɂ 
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Figure 4-1 Experimental protocol for long-term effect. 
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Ʌȿ�©ŃŪȾǬĩ«öȿ 

� ǉ¹8ƹ# SQƹ(�:�:ȏ 3Ù'CGJJ@O<ǥ 8ȏȢóń��ɂǉ¹8ƹɁSQ

ƹ#4& 1Ù'PTLov<Ɂ30ÙȾ60bpm&Ǩò��jXt\xi<�ž�Ɂ{ȥ 2ƚɁ

ŏ{ȥ��İ 1ƚɁzŊ 2ƚ' 1¾� 5ƚȢȿ< 1PTX#�Ɂǥ 3PTX#Ǩò��ɂ

0�ɁPTXȢ'@vQx^°< 1°ȢǨ��ɂǬĩ&¨Ɵ�ɁŤƖ%bDxi"Ǭĩ<ó

ń"�96
&ıú<óń��ɂÍǬĩ'ǭƫ(�{'Ȍ8"�9ɂ 

 

Aɂǉ¹8 

� ǉ¹8(ɁśÅ7Ⱦ2014ȿ'ŃŪ&­�ɁNQvN(Ǎ 90 degþŎ�0"{ȥ��Ȫ

&éǌ�Ĉ#ąǕ&%9�Ġ'NQvN"ɁƿȣƥŏéçŅ�<�İ�Ɂ�ć(áƎ&Ʊ

İ��ŹĢ"Ǎ�«£&©7%	6
&ƿȣƥwǍȣƥ'þŎw�ÿȑ¾<Ǖ��ɂǼǽ

'ŃÑ ȾƿȣƥçŅǡĊȿ(ɁǍȣƥ#Ǽǽ�ÏyƎƳz&%96
&�Ɂzǧ'¾�

�ŤƖ&"�9ÍǗȹƽ'ŏéǡĊ#��ɂĀÌ'Ĩ'�Ƹ(Ⱥƌ#�Ɂǃ<Ď��ŹĢ

"Ĕȵș#�Ⱥ<Ư+p@v�ËǄ%Ȧ8ƎƳ&%96
&ıƗ<��ɂ0�ɁŦƣƹ<

ÉƵ��9ġǟ#Ɂéǌ«£ș��Ď�:9ġǟ<ġ�9ş&ıƗ<��ɂ 

 

BɂSQ 

� SQ(ɁWSQ<ž	�ɂMcCAW et al.Ⱦ1999ȿ'ŃŪ&­�ɁNQvN(ǁĄ'

140%#�ɁǼǽ'ŃÑ( 15ĊçŃȾƿȣƥ 15ĊçŅ�ȿ#��ɂ0�ɁǼǽ'ŃÑ#

ǍǔȺ'ŃÑ<Ķ��ć'¸¥ǡĊ(ßȯ&ù� 45Ċ¸¥�ɁƔŹȯz
7ǝ!Ǎș�

Ǽǽ68¸Ń,¯%	6
&ɁƿȣƥwǍȣƥ'þŎ�ÿȑ¾<Ǖ
ş&ıƗ��. ĀÌ

'Ĩ'�Ƹ(Ⱥƌ#�Ɂǃ<Ď��ŹĢ"Ĕȵș#�Ⱥ<Ư+p@v�ËǄ%Ȧ8ƎƳ&

%96
&ıƗ<��ɂ0�Ɂ{ȥ�!	�&ĕ�!ƿȣƥ'þŎ<ĠǴ�ɁȖ±&Ⱥƌ

�¸¥�9ş&¾�<óń�9ş&ıƗ<��ɂ 
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Ɇȿůòȳƍ 

AɂȣƥË¾âůò 

� ŖéČȣƥǡĊǥ<ž	ɁñȮŌ'µ�Ǽ'ƿȣƥþŎɁ�ÿɁçȅɁ«ȅɁçŅɁ«

ŅɁǋǎ�çŅɁǋǎ�«ŅɁǍȣƥ�ÿ�"'ƿȣƥþŎǡĊȾStraight Leg Raise: 

SLRȿ'�¾Ë¾â<ůò��ɂůò&(ņœĿđçƙð�Ɂq]`qVxLovð�·

ò'ȣƥË¾âǖƗ%7*&ůòŪȾ�ſ, 1974ȿ<ȀǛ��ɂ 

 

Bɂƣºůò 

� BIODEX SYSTEM 3ȾBIODEX ƘǙȿ<ž	Ɂµ�Ǽ'ƿȣƥþŎɁ�ÿɁçȅɁ«

ȅɁǍȣƥþŎɁ�ÿƣº'Ƣȍĝȑ¾&69ƣºůò<óń��ɂ�:�:'ǡȍĊ<

60, 180deg/sec&Ǩò�ɁůòȢ& 60ƚ'�ğ<(�1ªº&!ńǕ��ɂÍǡȍĊ#

4 3Ù'ńǕ'�"ƈĸ�:�ůò�<axGX°G�ȾNmȿɁ�țŧƣºȾNm/kgȿ#

�!ĵž��ɂ 

 

a. ƿȣƥþŎw�ÿƣº 

� ƿȣƥþŎw�ÿƣºůò'Ȫ(ɁǗȹƽ<LxX'z"�ǎ�#�Ɂ�ć<e°X"

Ýò��ɂR@ZkjxQx'�ęȆ<éȅî�Î
6
&>xi'Ƞ�<ǱĿ�ɁǍ'

¸zș&_TY<Ýò��ɂƿȣƥ'ȑ¾ƦÛ(ɁÍǗȹƽ'ȨĠ&69ƿȣƥŏéþŎ

�
7ŏé�ÿ�&Ýò��ɂ 

 

b. ƿȣƥçȅw«ȅƣº 

� ƿȣƥçȅw«ȅƣºůò'Ȫ(ɁǗȹƽ<LxX'z"£ǎ�#�Ɂ�ć<e°X"

Ýò��ɂR@ZkjxQx'�ęȆ#éȅî�Î
6
&>xi'Ƞ�<ǱĿ�Ɂéǌ

ș{ș&_TY<Ýò��ɂƿȣƥ'ȑ¾ƦÛ(ɁÍǗȹƽ'ȨĠ&69ŏéçȅ�
7
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ŏé«ȅ�&Ǩò��ɂ 

 

c. ǍȣƥþŎw�ÿƣº 

� Ǎȣƥ�ÿwþŎƣº'Ȫ(ɁǗȹƽ'Ǎ'Ĕȯ�LxX&ȇ�Đ�96
&ċ7�Ɂ

�ćÇ*ůò£éǌș<e°X"Ýò��ɂR@ZkjxQx'�ęȆ#Ǎ'ÙȅȆ�y

ǐ�96
&ǱĿ�Ɂ>xi'Ƞ�<Î;�ɁÌǼȣƥ'¸zș&_TY<Ýò��ɂǍ

ȣƥ'ȑ¾ƦÛ(ÍǗȹƽ'ŏé�ÿ�
7 90 deg þŎ�&Ǩò��ɂ 

 

Cɂȑ¾Ǆºůò 

� ŀșƙðƐł�ºVNXóńǜȳȾ20ť�29ťùǵȿ'
�ɁƟ�Ąǿ*ɁÈėš#

*& 	!ůò<Ǖ��ɂ0�ɁŀșƙðƐŇ�ºVNX68áƎǿ*'ůò<Ǖ��ɂ

�-!'ȳƍ& 	!Ɂ«öɁŃŪƢ<óń¸&Ǘȹƽ&Á°&ǯŋ��ɂ0�ɁÁ°%

ADxhvH>Tc<Ǖ	ɁĚǜ&ě�!�¸ƴƻ<Ǖ�!
7ůò��ɂ 

 

a. Ɵ�Ąǿ* 

� Ɵ�Ąǿ*&(gTX<ž	ɁȀ±Ƴ
7~ǆÏŌ&ªº"¸Ń,ǿȂ�ɁgTX&ǣ

:��Ƹ'
�ŏ4Ȁ±Ƴ&ȉ	�Ƹ#ɁȀ±Ƴ<Ư+ǾȬ<ůò��ɂǥů( 2Ùóń

�Ɂǒ	Ń'ǧȞ<ůò�#��ɂ 

 

b. áƎǿ* 

� áƎǿ*&(MlvcjxQxȾTOEI LIGHTƘǙɁT-2290ȿ<�ž�ɁƎƟí¿


7ǈĴ8#ǆ'È¾¾�<ž	�ǿȂ<Ǖ��Ȫ'ǿȂȻ<ǥů��ɂǥů( 2Ùóń

�Ɂǒ	Ń'ǧȞ<ůò�#��ɂ 
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c. Èėš#* 

� Èėš#*(�-8&�	JxbBxNz"óń��ɂ1mȢȩ"ąǕ% 3œ'ƎƳ<

č�Ɂ�'Ƴ<J@YNVTc"0��Ǻ�
ǣ:9�#" 1Ù#ůò��ɂ	ì3�'

ÎÜ"$�7
'Ƴ&NVTc<ȡì�Ɂ�êwç£#ȴƃ&Ƴ<0��Ɂ20ƚȢ'
�

Ƴ<0��Ǻ��Ɂ0�(ǣ:�Ùľ<ǥů��ɂǥů( 2Ùóń�Ɂǒ	Ń'ǧȞ<ů

ò�#��ɂ 

 

Dɂ¾Ɖ^pvNǄºůò 

Star Excursion Balance Test 

� ůòóń¸&ɁPliskyȾ2006ȿ'ķ×�9ĻŤŶ SEBT'ŃŪ& 	!Êȵ&69ǯŋ

�6*WkvNXsxLov<Ǖ��ɂùǵƽ( SEBT'Ʈȹ�%
���3Ɂŏ³'ů

òņ0"& 2Ù'�¸ƴƻ<óń��ɂ 

ùǵƽ(Ɂ 0¨'ŏ4¯�ș°�HqTYƳ'�ê&ŕ96
&ŵǼ"Ɵ�ɁÈù'

ǆ<¸ŃȾAnteriorȿɁŁ3Ĕç£ȾPosterolateralȿɁŁ3Ĕ«£ȾPosteromedialȿ' 3

ŃÑ&�)�Ɂ�'¶ȓǾȬ<ůò��ɂÍùǵ(�:�: 6Ù'ƴƻ<Ǖ	Ɂ�'Ĕ&

œVNX< 3Ùóń��ɂœVNX(Ɂ�-!'ůò&�	!Ïy'Ŝƽ�ǫ��ɁǞǟ

Ɖ&¶ȓǾȬ<ůò�!ǧȞ��ɂ%�ɁŵǆƟ�<Ʊİ"�%
��ŌɁȆǆ�Ŭ	�

8¾	�8��ŌɁ�)��ǆ�Ĉ&ƒ	�ŌɁ�)��ǆ<§&ħ�%
��Ō(ëļ

Ǭĩ#�ɁÁ°%�ĥ<ĳ="¬Ċůò<Ǖ��ɂ�z'Ȓƛ< 3ŃÑɁµ�Ǽ"Ʒ8Ȋ

��ɂ�'Ȫ'ǆ'ĀÌ5ŃÑ'ȴĉ(ùǵƽ�Ŵ�ų&ȗĬ�!Ǖ��ɂSEBT'ůò

�#�!Ɂ3 'ÍŃÑ,'qxSǾȬ�6* 3ŃÑ,'qxSǾȬ'Îǥ"ǥƤ�:9

SEBTǚÎNI><ž	�ɂ0�Ɂůò(µ�Ǽ'1óń��ɂ  
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ɇȿưǥ®ż 

� óȹWxQ(ąà�±ŠŰ¡ā"Ɨ�Ɂưǥ®ż(ưǥǢŗUx° SPSS for mac 20 

ȾSPSS, SPSS Inc. Chicago IL, USAȿ<ž	!Ǖ��ɂÍƹ' Pre�'ŧȈ&(Ɂùě'

%	 t Ŝò<ž	�ɂǉ¹8ƹ�6* SQƹ&69ǬĩŔ�#ɁPreɁMid�6* Post '

ŌȢŔ�' 2Ŕ�<ŧȈ�9�3ɁƷ8Ȋ�'�9�§ȚƸ°Ľ°ŗ<Ǖ��ɂ�'ƯŘɁ

�ǜÚ'���ž��9äÎ(Ɂƹ«'ŌȢŔ�&ù� BonferroniŪ&69ÂƩ�½Ř'

Ŝò<Ǖ��ɂ���ž�Ǯ37:%	#�(ƹ«'ŌȢŔ�&ù� BonferroniŪ&69

èțŧȈŜò<Ǖ��ɂ%�Ɂưǥ®ż&��9ŐĠŨŰ( 5%#��ɂ 
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ɅɂƯŘ 

Ƀȿùǵƽ' Preůò� 

� ùǵƽ'ĆȽɁȃȠɁ�ț'ąà��6*ŠŰ¡ā(Ɂ�:�:ǉ¹8ƹ 28.7 ± 4.6ťɁ

170.2 ± 5.9cmɁ71.3 ± 10.9kg"�8ɁSQƹ 27.8 ± 5.4ťɁ172.2 ± 4.3cmɁ73.6 ± 7.1kg

"���ɂǉ¹8ƹ# SQƹ'ĆȽɁȃȠɁ�ț�6* Pre�'ŧȈ"(ɁƿȣƥçŅË¾

âȾTable 4-1ȿ�6*ǡȍĊ 180deg/sec"'ƿȣƥ�țŧþŎƣºȾTable 4-3ȿ&�	!

ŐĠ%ā�Ǯ37:�ɂ�:�ç'ůòȳƍ"(~ƹ&ŐĠ%ā(Ǯ37:%
��ɂ 
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ɄȿȣƥË¾â 

� ȣƥË¾âůòƯŘ< Table 4-1 &Ɨ��ɂǬĩ#ŌȢ'ǜÚȢ&ŐĠ%���ž(Ǯ

37:%
��ɂǉ¹8ƹ(ɁƿȣƥçȅË¾âȾPost: 66.7 ± 6.1°, Pre: 58.3 ± 5.2°ȿ�

6*ƿȣƥçŅË¾âȾPost: 63.3 ± 5.2°, Pre: 52.5 ± 8.2°ȿ&�½Ř�Ǯ37:Ɂèțŧ

Ȉ'ƯŘ&�	! Post�( Pre�&ŧ-ŐĠ&Ȼ�<Ɨ��ȾFigure 4-2ȿɂ �'�'ȳ

ƍ&ŐĠ%æÀ(Ǯ37:%
��ɂ 
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�deg	 

Test Exercise Pre Mid �4week	 Post �8week	 

Hip Flexion KOSHIWARI 135.8 ± 4.9 139.2 ± 2.0 135.8 ± 3.8 

 Squat 136.0 ± 6.5 136.0 ± 2.2 134.0 ± 4.2 

Hip Extension KOSHIWARI 23.3 ± 5.2 23.3 ± 2.6 25.0 ± 3.2 

 Squat 18.0 ± 2.7 21.0 ± 2.2 24.0 ± 4.2 

Hip Abduction KOSHIWARI 58.3 ± 5.2 68.3 ± 7.5 66.7 ± 6.1* 

 Squat 51.0 ± 7.4 59.0 ± 6.5 61.0 ± 7.4 

Hip Adduction KOSHIWARI 15.8 ± 8.0 15.0 ± 5.5 15.8 ± 3.8 

 Squat 13.0 ± 5.7 15.0 ± 0.0 15.0 ± 3.5 

Hip External Rotation KOSHIWARI 52.5 ± 8.2 62.5 ± 8.2 63.3 ± 5.2* 

 Squat 70.0 ± 10.6 # 68.0 ± 10.4 68.0 ± 17.9 

Hip Internal Rotation KOSHIWARI 40.8 ± 8.0 40.8 ± 6.7 42.5 ± 5.2 

 Squat 28.0 ± 14.8 29.0 ± 2.2 33.0 ± 10.4 

Hip External Rotation KOSHIWARI 51.7 ± 9.8 55.8 ± 6.6 54.2 ± 5.8 

(Abdominal Position) Squat 48.0 ± 9.1 58.0 ± 2.7 46.0 ± 14.8 

Hip Internal Rotation KOSHIWARI 40.0 ± 8.4 36.7 ± 5.2 46.7 ± 8.2 

(Abdominal Position) Squat 41.0 ± 11.9 58.0 ± 2.7 46.0 ± 14.8 

Strait Leg Raising KOSHIWARI 69.2 ± 23.5 80.8 ± 8.6 78.3 ± 12.1 

�  Squat 65.0 ± 10.0 70.0 ± 12.8 70.0 ± 10.0 

   
            * Comparing of ROM test between Pre and 8 week �p<0.05	 

# Comparing of pre test between KOSHIWARI and Squat �p<0.05	 
 

Table 4-1 ROM of hip joint. 
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* Comparing of ROM test between Pre and 8 week �p<0.05	 
# Comparing of pre test between KOSHIWARI and Squat �p<0.05	 

�   deg
	 
 
�   deg
	 
 
�   deg
	 
 
�   deg
	 

Figure 4-2 The difference between the ROM of hip joint. 
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SP=( 

� =(9.�?6� Table 4-2 	�� Table 4-3 �<��RDI0 60deg/sec��AL>

&G������	��AL>&G#J8=(�	�
QE2�3K�C+K�51
!

 $:�F��R��"�M;�51
! $:�F���
�	�R 

� B'�@�QDI0 60deg/sec��AL>&G������OPost: 140.6 ± 31.7Nm, 

Pre: 99.4 ± 20.0NmP	��AL>&G#J8=(OPost: 204.8 ± 40.6Nm/kg, Pre: 144.2 

± 21.0 Nm/kgP��)6�F���Q-J8H7.�?6�	�
 Post%� Pre%�8

�51�N%�<��R��QDI0 180deg/sec��AL>/4������OPost: 

232.4 ± 49.6 Nm, Pre: 151.9 ± 40.7NmP	��AL>/4#J8=(OPost: 354.3 ± 

56.5Nm/kg, Pre: 262.3 ± 56.6Nm/kgP��)6�F���Q-J8H7.�?6�	�


Post%� Pre%�8�51�N%�<��RSQ@�QDI0 180deg/sec��AL>/

4������OPost: 173.2 ± 12.4Nm, Pre: 113.6 ± 29.4NmP	��AL>/4#J8

=(OPost: 244.4 ± 26.0Nm/kg, Pre: 161.3 ± 49.2Nm/kgP��)6�F���Q-J8

H�?6�	�
 Post%� Pre%�8�51�N%�<��OFigure 4-3, Figure 4-4PR

��"�M;�51
,*�F���
�	�R 
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�Nm� 

Test Exercise Pre Mid �4week� Post �8week� 
Hip Flexion KOSHIWARI 206.7 ± 44.1 212.0 ± 70.1 248.9 ± 57.2 
�Peak Torque, 60deg/s� Squat 173.0 ± 54.0 159.6 ± 46.4 219.6 ± 64.4 
Hip Extension  KOSHIWARI 93.1 ± 28.0 105.5 ± 17.4 88.8 ± 15.3 
�Peak Torque, 60deg/s� Squat 93.2 ± 21.4 114.9 ± 19.6 111.3 ± 19.8 
Hip Abduction  KOSHIWARI 101.9 ± 21.4 98.1 ± 15.0 100.0 ± 7.9 
�Peak Torque, 60deg/s� Squat 87.9 ± 34.0 78.7 ± 24.4 93.8 ± 29.7 
Hip Adduction KOSHIWARI 99.4 ± 20.0 111.2 ± 27.1 140.6 ± 31.7* 
�Peak Torque, 60deg/s� Squat 91.3 ± 26.1 124.1 ± 14.2 100.5 ± 18.4 
Hip Flexion  KOSHIWARI 151.9 ± 40.7 167.2 ± 58.5 232.4 ± 49.6* 
�Peak Torque, 180deg/s� Squat 113.6 ± 29.4 135.3 ± 31.4 173.2 ± 12.4* 
Hip Extension KOSHIWARI 72.2 ± 24.1 83.4 ± 17.8 64.0 ± 15.1 
�Peak Torque, 180deg/s� Squat 50.2 ± 13.5 59.6 ± 32.3 69.0 ± 22.6 
Hip Abduction KOSHIWARI 85.6 ± 61.2 68.8 ± 17.4 77.9 ± 9.5 
�Peak Torque, 180deg/s� Squat 44.5 ± 29.2 36.0 ± 21.1 60.6 ± 22.9 
Hip Adduction KOSHIWARI 85.2 ± 25.2 103.5 ± 25.1 118.4 ± 38.5 
�Peak Torque, 180deg/s� Squat 62.7 ± 36.0 77.2 ± 20.4 85.5 ± 24.2 
Knee Flexion KOSHIWARI 119.3 ± 50.6 100.7 ± 18.2 97.7 ± 24.2 
�Peak Torque, 60deg/s� Squat 115.1 ± 41.9 111.7 ± 17.6 115.3 ± 20.7 
Knee Extension KOSHIWARI 167.6 ± 33.9 194.2 ± 32.7 190.9 ± 27.6 
�Peak Torque, 60deg/s� Squat 160.4 ± 62.7 206.6 ± 31.5 208.1 ± 32.2 
Knee Flexion KOSHIWARI 90.3 ± 46.6 79.6 ± 14.7 80.0 ± 15.0 
�Peak Torque, 180deg/s� Squat 64.5 ± 32.1 83.6 ± 11.9 88.1 ± 13.9 
Knee Extension KOSHIWARI 113.2 ± 14.5 127.7 ± 26.6 126.3 ± 26.3 
�Peak Torque, 180deg/s� Squat 108.4 ± 31.3 131.7 ± 11.6 137.6 ± 3.7 
  * Comparing of muscle strength test between Pre and 8 week �p<0.05� 

Table 4-2 Muscle strength of around hip and knee muscle (Peak torque). 
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*Comparing of muscle strength test between Pre and 8 week�p<0.05� 
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Figure 4-3 The difference between muscle strength of around hip muscle (Peak torque). 
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�Nm/kg� 

Test Exercise Pre Mid �4week� Post �8week� 
Hip Flexion KOSHIWARI 299.7 ± 52.0 304.7 ± 89.6 380.8 ± 76.6 
 �Peak Torque/BW, 60deg� Squat 244.1 ± 79.7 223.5 ± 57.3 312.6 ± 111.8 
Hip Extension  KOSHIWARI 134.9 ± 33.0 152.3 ± 14.4 136.2 ± 19.2 
�Peak Torque/BW, 60deg� Squat 131.1 ± 29.1 162.8 ± 33.7 156.7 ± 27.6 
Hip Abduction KOSHIWARI 147.5 ± 16.2 143.0 ± 13.4 147.8 ± 24.3 
 �Peak Torque/BW, 60deg� Squat 124.0 ± 49.1 110.7 ± 33.6 132.6 ± 43.8 
Hip Addution KOSHIWARI 144.2 ± 21.0 161.5 ± 33.2 204.8 ±  40.6* 
 �Peak Torque/BW, 60deg� Squat 128.7 ± 38.9 176.5 ± 34.0 142.2 ± 31.9 
Hip Flexion KOSHIWARI 262.3 ± 56.6 239.6 ± 65.2 354.3 ±   56. 8* 
 �Peak Torque/BW, 180deg�  Squat 161.3 ± 49.2 # 191.7 ± 38.1 244.4 ±  26.0* 
Hip Extension KOSHIWARI 108.4 ± 35.8 115.1 ± 21.7 98.1 ± 21.2 
 �Peak Torque/BW, 180deg� Squat 70.2 ± 16.3 110.1 ± 30.5 96.1 ± 27.1 
Hip Abduction  KOSHIWARI 98.2 ± 26.7 99.9 ± 20.7 114.2 ± 14.8 
�Peak Torque/BW, 180deg� Squat 63.5 ± 45.2 50.3 ± 28.2 85.2 ± 31.9 
Hip Addution KOSHIWARI 120.1 ± 26.5 148.8 ± 26.3 170.7 ± 47.9 
 �Peak Torque/BW, 180deg� Squat 90.5 ± 60.2 108.7 ± 28.6 120.8 ± 36.8 
Knee Flexion KOSHIWARI 170.6 ± 55.7 147.1 ± 24.5 142.6 ± 33.0 
 �Peak Torque/BW, 60deg� Squat 162.0 ± 59.6 157.0 ± 22.3 161.5 ± 22.8 
Knee Extension KOSHIWARI 246.5 ± 51.5 282.5 ± 35.4 278.1 ± 27.4 
 �Peak Torque/BW, 60deg� Squat 226.1 ± 90.6 291.0 ± 45.0 291.8 ± 36.2 
Knee Flexion KOSHIWARI 128.8 ± 53.2 115.9 ± 18.4 116.6 ± 19.0 
 �Peak Torque/BW, 180deg� Squat 91.3 ± 49.3 118.2 ± 19.8 124.1 ± 20.2 
Knee Extension  KOSHIWARI 166.1 ± 22.8 184.9 ± 23.2 149.8 ± 74.9 
�Peak Torque/BW, 180deg� Squat 152.9 ± 47.6 186.3 ± 26.1 194.3 ± 17.1 

 
*Comparing of muscle strength test between Pre and 8 week �p<0.05� 

# Comparing of pre test between KOSHIWARI and Squat �p<0.05� 

Table 4-3 Muscle strength of around hip and knee muscle (Peak torque / BW). 
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Figure 4-4 The difference between muscle strengh of around hip muscle (Peak torque / BW). 
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Test Exercise Pre Mid %4week& Post %8week& 

Broad Jump 
%cm& 

KOSHIWARI 215.5 ± 16.0 231.5 ± 26.9 222.0 ± 23.1 

Squat 229.8 ± 9.6 233.0 ± 12.3 231.4 ± 7.3 

Vertical Jump 
%cm& 

KOSHIWARI 53.5 ± 6.0 56.5 ± 3.4 55.5 ± 4.0 

Squat 57.0 ± 4.7 61.8 ± 2.6 60.8 ± 4.0 

Side Step 
%times& 

KOSHIWARI 58.3 ± 5.2 61.7 ± 5.2 61.5 ± 5.4 

Squat 57.0 ± 4.7 61.8 ± 2.6 60.8 ± 4.0 

Table 4-4 Athletic performance. 
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� &6����;$4+��
,/�� SEBT�92� Table 4-5 
8��H

Posteromedial
	�
G>.�0B�=(B
1-���!5�?��H�� �C7


1-���!5�?�����	�H<#�:�GPosterolateralEPost: 102.2 ± 

4.9cm, Pre: 94.5 ± 4.9cmFGPosteromedialEPost: 105.0 ± 3.6cm, Pre: 98.2 ± 4.1cmF	

�� TotalEPost: 271.7 ± 11.1cm, Pre: 255.5 ± 10.5cmF
�%2�?���G*A3@

�92
	�
 Post"� Pre"
3�1-
D"�8��H��GSQ:�G

PosteromedialEPost: 106.2 ± 6.8 cm, Pre: 95.0 ± 5.8cmF
�%2�?���G*A3@

�92
	�
 Post"� Pre"
3�1-
D"�8��EFigure 4-6FH�� �C7
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    � �cm	 
Test Exercise Pre Mid �4week	 Post �8week	 

Anterior 
KOSHIWARI 62.8 ± 5.4 63.8 ± 4.5 64.5 ± 4.4 

Squat 59.0 ± 5.8 59.0 ± 3.8 58.2 ± 5.1 

Posterolateral 
KOSHIWARI 94.5 ± 4.9 98.5 ± 4.8 102.2 ± 4.9* 

Squat 95.6 ± 5.1 101.2 ± 6.0 100.6 ± 7.3 

Posteromedial 
KOSHIWARI 98.2 ± 4.1 99.8 ± 4.5 105.0 ± 3.6* 

Squat 95.0 ± 5.8 104.0 ± 5.6 106.2 ± 6.8* 

Total 
KOSHIWARI 255.5 ± 10.5 262.2 ± 11.6 271.7 ± 11.1* 

Squat 249.6 ± 13.7 264.2 ± 12.6 265.0 ± 16.5     
* Comparing of SEBT between Pre and 8 week �p<0.05	 

Table 4-5 Score of SEBT. 
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* Comparing of SEBT between Pre and 8 week �p<0.05	 
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Figure 4-6 The difference between SEBT score. 



 140 

ɼɸǲĂ 

AɸɘǙÌ¸æ 

� ǶɘǙðȺÌ¸æ�3(ǶɘǙðśÌ¸æ$���ɷǾ²5ǯ% Post�
 Pre�$Ɗ

*ŧļ$ɲ�9Ǆ��ɸŬǁǎ &ǁǎȨɭ 2$�
6ÄšƷ·ų%žȡǣų!Ðƀ$ɷ

Ǿ²5$�ǶɘǙðȺÌ¸æ%Ñu
ȥ047�ɸ-�ɷǁǎȨɭ 2$�
6ÄšƷ·ų

%žȡ$�Ì¸æ%î¼
.47#	��ǶɘǙðśÌ¸æ$1Ñu
ȥ047�ɸǶɘ

Ǚ%ŦǠðśÌ¸æ$���®ɛ!#6ɧĘ�3(ǖǡǬ&ɷǿɱòȀɧĘ9Ò/°řɘ

Ǚ»ɷĺɱòȀɧĘɷyƉǖ°ɍǨǦɷĉƉǖɷò§Ⱥǖ�3(ɕ§Ⱥǖ#" �6

ɵDonald, 2005ɶɸWinters et al.ɵ2004ɶ&ɷǶɘǙčŤǖǯ$ą�6O=WeQEKU

nQP%·ų9žȝ���5ɷ6ɂɗ$8���@EHH=L9üŚ��ǣųɷǶɘǙč

Ťǖǯ%ŴȹĹ
Ñu��!éÔ���6ɸWinters et al.&ɷǶɘǙ�Ďǖǯ%Éǫ9{

!��O=WeQEKUnQP9ȣł!��ɋņ���5ɷƼÈń®9ļȫ��@EHH

=L
ŴȹĹÑu$ŧ· ���!ȿ*��6ɸ�7435ɷǾ²51ǶɘǙ§Ⱥǖǯ$

ą��ƼÈń®9ļȫ��O=WeQEKUnQP �6!ǲ�476�!	4ɷǾ²5

9 8ɂɗ$8�5ǤǥƷ$üŚ���!$35§Ⱥǖǯ%®ɛȖǟ
ǩÖ�7ɷǶɘǙð

Ⱥ�3(ðśÌ¸æ
Ñu��!ǲ�476ɸ 

 

Bɸǖ³ 

� 60deg/sec %ǶɘǙ§Ⱥ^sEUmE�3(ǶɘǙ§Ⱥ�ɎƊǖ³$���ɷǾ²5

ǯ% Post�& Pre�$Ɗ*ŧļ$ɲ�9Ǆ��ɸ¡ȑǁǎ$35ɵɒū4, 2005; 

Delmore et al., 2014ɶɷǾ²5$�
6§Ⱥǖǯ%ǖƕ¸ɐ&���!
ş4	$#��

�6
ɷ��7%ǁǎ1ȓɦǖɤȜ9ƫ��«ű �6�0ɷÉǫȖǟ%ƕ¸Ƥľ%.%

«ű$!"-���5ɷǶɘǙ%ƵŎ�6³$ɘ�6«ű&�7��#�ɸǁǎȨɭ 1-2

$�
6Ǿ²5%Ʌ¸ùƷ«ű$35ɷǾ²5&ǶɘǙ§Ⱥș³Ǎ
 SQ$Ɗ*ɲ�9Ǆ



 141 

���6�!	4ɷǶɘǙ§ȺřÑ)%³ƵŎ
ò��¸�%ǭ5Ⱦ�$35ǶɘǙ§Ⱥ

ǖ³
Ñu��!ǲ�6�!
 �6ɸ  

� 180deg/sec %ǶɘǙčŤ^sEUmE�3(ǶɘǙčŤ�ɎƊǖ³$���ɷǾ²5

ǯ% Post�& Pre�$Ɗ*ŧļ$ɲ�9Ǆ��ɸǁǎȨɭ 1-2$�
6Ǿ²5%Ʌ¸ù

Ʒ«ű$35ɷǾ²5%ǶɘǙčŤș³Ǎ& SQ$Ɗ*ɲ�9Ǆ��ɸǾ²5&ę$ɱƹ

9âɦ$ą�äƻ�9��3�$ļȫ���6!!1$ɷ°ɮɦu%çĠɦ&ƥ�ɷSQ

$Ɗ*wúû#¸� �6�!	4ɷǶɘǙ�Ďǖ �6òƉǖ%ƕ¸!!1$ǶɘǙč

Ťǖǯ �6ǿǾǖ#"%ƕ¸
öº�ŉ$ȰƦ���6!ǲ�476ɸ�u%�!	

4ɷǾ²5$���ɱƹ9Ò/�ĝɍ9Ɔ��Ƿ�$�ŉ�6�!
ɷǿǾǖ#"%Ƕɘ

ǙčŤǖǯ)%UnsXqF·ų$�#
5ɷǾ²5ǯ$���ǶɘǙčŤǖ³9Ñu�

��!ǲ�476ɸ 

� 180deg/sec %ǶɘǙčŤ^sEUmE�3(ǶɘǙčŤ�ɎƊǖ³$���ɷSQǯ

% Post�& Pre�$Ɗ*ŧļ$ɲ�9Ǆ��ɸŬǁǎ$���ɷÄšƷ·ų%žȡ!Ð

ƀ$ SQǯ$���ǶɘǙčŤǖ³
Ñu���!$35ɷ�ÜŌƫ�� SQ&ÄšƷ$

1ɕŪƷ$1ǶɘǙčŤǖ³9Ñu��6ÌǻĹ
�6�!
ǄØ�7�ɸ 

� ¡ȑǁǎ$���ɷSQ$35òƉǖ2òȀÛɬǖ#"%ǖǸò2ǆǢǖ�ɀ
ȳ�

5ɷǶɘǙ�ĎUmE2ȁɘǙ�ĎUmE
Ñu�6!éÔ�7��6$1		84�ɷ

�Ü�7�7%ƛû�$Ñu&ȥ047#	��ɸǖǸò2ǆǢ�ɀ9ȳ���0$&ɷ

ɆȯȊ%Åƨ$¯5ɷtûnbm9ȴ�6ȯȊ9ȸ�$´�6ĶȖ
�6!ǲ�476


ɷŬǁǎ$�üŚ��ȣł&ȃ�ɎȯȊ ȣł9üŚ���5ɷǖǸò2ǆǢ�ɀ9ȳ

���0%ȯȊ!��&w¿« ���!ǲ�476ɸ��
��ɷǖǸò2ǆǢǖ�ɀ

9@EHH=L%ƺƷ!�� SQ9üŚ�6êÏɷȃ�ɎȯȊ$36@EHH=L &#

�ɷ[sbm#"%ɎɐȯȊƢ9ƫ�6ĶȖ
�6!ǲ�476ɸ 

 



 142 

CɸɅ¸ǻ³ 

� Ǐ�Ěȶ(ɷäƻȶ(ɷÈıƁ!(%¤�%ɪƺ$���ŧļ#î¼&ȗ47#	�

�ɸɑ|4ɵ1982ɶ&ɷUnsXqFš%Ʌ¸ɁĢ
UnsXqF·ų!��ɯȌ$Ƨ7

6�!9éÔ���5ɷUnsXqFš%Ʌ¸ɁĢ
ɲɁĢæ �7'ɲɁĢæ%ǖ³

$ɷ�ɁĢæ �7'�ɁĢæ%ǖ³!��Ƨ76!ȿ*��6ɸ�ÜɷɅ¸ǻ³ƛû!

��Ōƫ��Ǐ�Ěȶ(ɷäƻȶ(ɷÈıƁ!(&��71ɲɁĢæ%ƛû �6ɸŬǁ

ǎ$���üŚ��ȣł&ɷ1¸�9 5Ǌɗ ȑ��ɁĢæ%¸� �6�0ɷɁĢƣư

Ĺ$ąķ ��ɷɲɁĢæ ȑ�ƛû$���őÙ
ȗ47#	��1%!ǲ�476ɸ

-�ɷÄšƷ·ų%žȡ$�őÙ
ȗ47�$1		84�ɷŬǁǎ$�őÙ
ȗ47#

	��ȖÝ&�7�7%·ųžȡ$�üŚ��aoUGm$�6!ǲ�476ɸÄšƷ·

ų%žȡ$�üŚ��aoUGm&ɷ�7�7%@EHH=L9üŚ��Į$ƛû9üŚ

���!$35ɷǖƕ¸ɐ%Ȳƕ2ǖŴȹĹ
tšƷ$Ñu��Ƥľ ƛû9ȑ��!ǲ

�6�!
 �6ɸ�7$ą��ɷɕŪƷ·ų%žȡ$�üŚ��aoUGm&ɷƛûü

Ś°$Ȼ�>AseqF;Qa&ȑ���61%%ɷÄšƷ·ų%žȡš$üŚ��ao

UGm+"%@EHH=L&üŚ���#�ɸ�%�!	4ɷÄšƷ#·ųžȡ ƫ��

aoUGm &tšƷ#ǖƕ¸ɐ%Ȳƕ2ǖŴȹĹÑu$35ÈıƁ!(%�&Ñu�6

1%%ɷɕŪƷ#·ųžȡ ƫ��aoUGm &ɷɅ¸ǻ³%�&őÙ�7�ɷ�ɁĢ

æ üŚ��ȣł
ɁĢƣưĹ$ąķ �#	���!
ȖÝ �6!ǲ�476ɸ 

 

Dɸ¸Ʒ[kqKǻ³ƛû 

� SEBT$�
6 PosterolateralɷPosteromedial�3( Total$���ɷǾ²5ǯ%

Post�& Pre�$Ɗ*ŧļ$ɲ�9Ǆ��ɸGribble et al.ɵ2012ɶ&ɷ�ĝúûĹ!

SEBTKG;!%ɘ�Ĺ$���éÔ���5ɷ�ĝúûĹÑu$35 SEBTKG;%Ñ

u
ȥ0476�!9ş4	$���6ɸŬǁǎ$���ɷǾ²5$3��ǶɘǙčŤǖ



 143 

³
Ñu�6�!
ş4	!#���5ɷǶɘǙčŤǖ �6ǿǾǖ&ɷǾŽ$�ƿ��

ĝɍ%úûĹÑu$Āx���6ɸ�u%�!	4ɷǾ²5$35ǿǾǖ%ǖ³
Ñu

�ɷ�ĝɍ%úûĹÑu$Āx��ǣųɷSEBTKG;
Ñu��!ǲ�476ɸ-�ɷ

Ŭǁǎ$���ÄšƷ·ų%žȡ!Ðƀ$ɷǾ²5$35 SEBTKG;
Ñu���!	

4ɷ�ÜŌƫ��Ǿ²5&ÄšƷ$1ɕŪƷ$1¸Ʒ[kqKǻ³9Ñu��6ÌǻĹ


�6�!
ǄØ�7�ɸ 

� SEBT &ɷKcsRð�rɟÿlKE9Ȣ��6_:qEIjWmKElsXqFSK

U!��1ǲ�47��5ɵFilipa et al., 2010ɶɷSEBT %KG;
��ɋŁ&vǷ%Kc

sRð�rɟÿ%Ƶƪ
ñ�!éÔ�7��6ɵPlisky et al., 2006ɶɸ�%�0ɷSEBTK

G;%Ñu&ɷvǷ%KcsRð�rɟÿ%lKE9ƙĊ��6ÌǻĹ
�6!ǲ�47ɷ

_<JCmUnsXqF%tǋƺ!��Ǿ²59üŚ�6�!&ɷKcsRð�rɟÿ%~

ə!��ȘƠ	4·ųƷ �6ÌǻĹ
�6!ǲ�476ɸ 

 

  



 144 

ɽɸǣȩ 

� Ŭǁǎ&ɷǾ²5%ɕŪƷUnsXqF·ų9ş4	$�6�!9ƺƷ!��ɷǾ²5�

3(WSQ9 8ɂɗüŚ�ɷǶɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqKǻ³$��

�Ɗȼržȝ��ɸǣų&�v%ɀ5 �6ɸ  

 

ɹɸɘǙÌ¸æƛû$���&ɷǾ²5%ǶɘǙðȺÌ¸æ�3(ǶɘǙðśÌ¸æ% Post

�& Pre�$Ɗ*ŧļ$ɲ�9Ǆ��ɸ 

 

ɺɸǖ³ƛû$���&ɷǾ²5%ǶɘǙčŤǖ³�3(ǶɘǙ§Ⱥǖ³% Post�& Pre

�$Ɗ*ŧļ$ɲ�9Ǆ��ɸ 

 

ɻɸ̧ Ʒ[kqKǻ³ƛû$���&ɷǾ²5% SEBTKG;% Post�& Pre�$Ɗ*ŧ

ļ$ɲ�9Ǆ��ɸ 

  



 145 

ǕɽǑ� ǧÏȝȩ 

 

ɹɸŬǁǎ%ƺƷ 

� Ŭǁǎ%ƺƷ&ɷǾ²5%Ʌ¸ùƷƣĳ�3(UnsXqF·ų9ş4	$�6�! 

�5ɷǾ²5! SQ$�
6ǖɤß�3( KinematicsɷKinetics\kgsNs9Ɗȼrž

ȝ�6!!1$ɷǾ²5! SQ$�
6ǶɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqK

ǻ³%ÄšƷ·ų!ɕŪƷUnsXqF·ų$���Ɗȼržȝ9ȑ��ɸ 

 

ɺɸŬǁǎ%-!0 

� ǁǎȨɭ 1-1 $���ɷǾ²5ɷwɊ¬#_Asf ȑ�Ǿ²5�3( SQ $ɘ���

ĝɷvǷ%ǖƕ¸ɐɷȁɘǙ% Kinetics \kgsNs	4Ɗȼržȝ��ɸǖƕ¸ɐ$ɘ

��Ɗȼ�6!ɷǾ²5&ǼŵȳǏǖ%ǖƕ¸ɐ
 RSQ �3( WSQ $Ɗ*��9Ǆ�ɷ

òƉǖ%ǖƕ¸ɐ&ɲ�9Ǆ��ɸȁɘǙ% Kinetics \kgsNs$ɘ��Ɗȼ�6!ɷ

Ǿ²5&ȁɘǙðśș³Ǎ
 WSQ 351��9Ǆ��ɸ-�ɷwɊ¬#_Asf �6

KIǾ²5&òƉǖ%ǖƕ¸ɐ
Ǿ²5$Ɗ*��9Ǆ�ɷȁɘǙ§Èș³Ǎ
ɲ�9Ǆ�

�ɸ�u%�!	4ɷǾ²5&ȃ�ɎȯȊ %òƉǖ$ą�6ǖƄǻőÙ@EHH=L!�

� SQ351ŧ· �6!!1$ɷȁɍ2Ǿɍ$´86ȯŇ
 SQ$Ɗ*Ċ#��!	4ɷ

ȁɍ2Ǿɍ$ɟÿ9ŧ�6ąȮǳ)%_<JCmUnsXqFɷ�3(;KnS<QEl

Z]lSsIjq%gXis!��ŧ· �6ÌǻĹ
ǄØ�7�ɸ-� KIǾ²5&ɷò

Ɖǖ)%@EHH=L!��ŧ· &#��!$´�ɷȁɘǙ)%ȯŇ
ò��ɷǭ5Ⱦ�

%¸�$35ȁɍ%ɟÿ9Ƶƪ��6ÌǻĹ
ǄØ�7�ɸ 

� ǁǎȨɭ 1-2&ɷǁǎȨɭ 1-1$���ǼŵȳǏǖɷòƉǖ%ǖƕ¸ɐ�3(ȁɘǙðś

ș³Ǎ$Ė
ȗ47�Ǿ²5! WSQ 9ąȮ$ɷǶɘǙ% Kinematics �3( Kinetics \

kgsNs	4Ɗȼržȝ9ȑ��ɸKinematics\kgsNs$ɘ��Ɗȼ�6!ɷǾ²



 146 

5&ǶɘǙðȺșĢɷǶɘǙðśșĢ
WSQ$Ɗ*ɲ�9Ǆ��ɸ�%�!	4ɷǾ²5

& WSQ $Ɗ*ǶɘǙðȺɷðśřÑ)%Ì¸ǚÞ
ò��Ʌ¸ �6�!
ş4	!#

��ɸKinetics\kgsNs$ɘ��Ɗȼ�6!ɷǶɘǙčŤș³ǍɷǶɘǙ§Ⱥș³Ǎɷ

ǶɘǙðśș³Ǎ
WSQ$Ɗ*ɲ�9Ǆ��ɸ�u%�!	4ɷǾ²5&ǶɘǙðśřÑ

)�ƫ�6ǖǯ%ǖƄǻőÙɷ�3(ǶɘǙ§Ⱥǖǯ%ŴȹĹÑu$ŧ·#@EHH=L

 �6ÌǻĹ
ǄØ�7�ɸȁɘǙ%ð�rɟÿ&ɷǶɘǙ§Ⱥɷ§ś$��ȁɘǙðÈɷ

vȀðś�%dm;k=gqU
ȖÝ!#5ɷǶɘǙðśǖǯ%Ĩ¼
dm;k=gqU

9Ħ�ȳ���!
éÔ�7��5ɷǾ²5$36ǶɘǙðśǖǯ%ĩ¼&ɷȁɘǙ%ð�

�3(ɟÿ$ą�6~əUnsXqFɷ;KnS<QElZ]lSsIjq%gXis!

��ŧ· �6�!9ǄØ���6ɸ 

� ǁǎȨɭ 2&ɷǁǎȨɭ 1-2 Ōƫ��Ǿ²5�3(WSQ9ąȮ$ɷǾ²5%ÄšƷ·

ų$���ɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqKǻ³%ƛû�	4Ɗȼržȝ9

ȑ��ɸɘǙÌ¸æ &ɷǾ²5$35ǶɘǙðȺÌ¸æ
Ñu��ɸǾ²5$36O=W

eQEKUnQP%·ų!��ɷǶɘǙ§Ⱥǖǯ%ŴȹĹ
ÄšƷ$Ñu�Ì¸æ
Ñu

��!ǲ�476ɸɅ¸ǻ³ &ɷǾ²5$35ÈıƁ!(%ƛû�
Ñu��ɸÈıƁ!

(&ǶɘǙÕÞǖ%ǖƕ¸%Ñu
ƛû�%Ñu$Āx�6!�7��6�!	4ɵɥū

4, 2011ɶɷ@EHH=L$35ǶɘǙÕÞǖ%ǖǯ$�
6ǖȲƕ
ȳ��ǣųɷÈıƁ

!(%ƛû�
Ñu��!ǲ�476ɸ̧ Ʒ[kqKǻ³ &ɷSEBTKG;
Ñu��ɸ

SEBT &ǶɘǙÕÞǖ9yĵ!��vǷ%ǖ³#"!%ɘx
éÔ�7��6�!	4

ɵAlyson et al., 2010, Farzaneh et al., 2012ɶɷ@EHH=L$36òƉǖ9yĵ!��Ƕ

ɘǙÕÞǖ%ǖǯ$�
6ǖȲƕ
ɷSEBTKG;9Ñu���!ǲ�476ɸ-�ɷSEBT

KG;%Ñu&vǷ%KcsRð�rɟÿƵƪ%lKE9�v��6�!
éÔ�7��

6�!	4ɷǾ²59>AseqF;Qa%gXis%ǋƺ!��ƫ�6�!&ɷvǷ%K

csRð�rɟÿ~ə%ȘƠ	4·ųƷ �6!ǲ�476ɸ�u%�!&ɷǾ²59>A



 147 

seqF;Qa!��ƫ�6ɞ%ŧƫĹ9ǄØ���6ɸ 

� ǁǎȨɭ 3 &ɷǾ²5�3( WSQ 9ąȮ$�7�7 8 ɂɗ@EHH=L9üŚ�ɷǾ

²5%ɕŪƷUnsXqF·ų$���ɷɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqK

ǻ³%ƛû�	4Ɗȼržȝ9ȑ��ɸɘǙÌ¸æ &ɷǶɘǙðȺÌ¸æ�3(ǶɘǙð

śÌ¸æ
Ñu��ɸǾ²5$35ǶɘǙ§Ⱥǖǯ%ŴȹĹ
Ñu���!
ɷǶɘǙðȺ

Ì¸æ�3(ǶɘǙðśÌ¸æ%Ñu$Ĭɨ���6!ǲ�47ɷǾ²5&§Ⱥǖǯ$ą

�6O=WeQEKUnQP!��ŧ·#@EHH=L �6ÌǻĹ
ǄØ�7�ɸǖ³

 &ɷǶɘǙčŤǖ³�3(ǶɘǙ§Ⱥǖ³
Ñu��ɸǶɘǙčŤǖ³%Ñu&ɷǾ²5

$�
6öº�ŉ
ɘx���6!ǲ�47ɷǶɘǙ§Ⱥǖ³%Ñu&ɷǾ²5$�
6Ƕ

ɘǙ§ȺřÑ)%³ƵŎ%ǭ5Ⱦ�
ɘx���6!ǲ�476ɸ¸Ʒ[kqKǻ³ &ɷ

SEBT KG;
Ñu��ɸÄšƷ·ų!Ðƀ$ɕŪƷ$1 SEBT KG;
Ñu���!$

35ɷǾ²5&ÄšƷ$1ɕŪƷ$1¸Ʒ[kqKǻ³9Ñu��6u ŧ·#@EHH

=L �6!ǲ�6�!
 �6ɸ�u%�!&ɷǾ²5%ǶɘǙÕÞǖ9yĵ!��ǖƄ

ǻÑuɷŴȹĹÑu�3(¸Ʒ[kqKǻ³Ñu@EHH=L!��%ŧƫĹ9ǄØ��

�6!��6ɸ 

� Ǿ²5%Ʌ¸ùƷ«ű�3(UnsXqF·ų$ɘ�6ǁǎ&.47#��0ɷŬǁǎ

 į47�ǣų&Ř�#ǀȗ �5ɷ_<JCmUnsXqF�3(;KnS<QElZ

]lSsIjqaoFkfǏŻ%�0$ŧƫ#Ļé$#5į6!ǲ�476ɸ 

  



 148 

ɻɸŬǁǎ%ɛƯ 

 

Ŭǁǎ%ɛƯ!��ɷąȮǳ$36ɛƯɷƛûɪƺ�3(řƒ$36ɛƯ
øá�6ɸ 

 

AɸąȮǳ$36ɛƯ 

� Ŭǁǎ &¤�%ǁǎȨɭ9ɷtȅŀ�ƮĹ9ąȮ!��üŚ��ɸ�%�0ɷǾ²59

Ţƈ	4ȑ���6òƼŐ³íɷUnsXqFǱĿ%�6;KlsUɷƮĹ351ǖ³%Ĩ

�2vǷ%GqUosmwȵ
ƪ�6õĹɷ[kqKƄǻ2ǖ³�v%.476ɲɴǳɷƵ

ǹƵɈŪ$��6ĉùƪ	4ɲŸƪ%Ĝ�#"$Ŭǁǎ%ŀų9Ɋķ�6$&ɷ�4#6

žȝ
ĶȖ �6!ǲ�476ɸ 

 

Bɸƛûɪƺ�3(řƒ$36ɛƯ 

� Ŭǁǎ &Ǿ²5$�
6ǖƕ¸ɐ%«ű9ɷȓɦǖɤȜ9ƫ�ƛû���6ɸ�%�

0ɷǶɘǙÕÞǖ%y 1Ɨď$øá�ǶɘǙɅ¸$ò��ȰƦ���6ǶɘǙčǖǯ 

�6ǿǾǖ2ɷǶɘǙðśǖǯ%t� �6żƤǖ#"%ƕ¸ɐ$���&«ű ���

#�ɸǾ²5$�
6ǖƕ¸%ƣĳ935ş4	$�6�0$&ɷǶɘǙƗďǖ%ǖƕ¸$

ɘ�6�4#6žȝ
ĶȖ �6!ǲ�476ɸ 

� Ŭǁǎ &ɷɘǙÌ¸æ%ƛû9�¸ƷɘǙɅ¸%Ì¸æ%.9ƛû���5ɷȃ¸Ʒɘ

ǙɅ¸%Ì¸æ&ƛû��#�ɸO=WeQEKUnQP$36ɘǙÌ¸æ%Ñu
ȥ0

476êÏɷȃ¸ƷɘǙɅ¸%Ì¸æ)%Ĭɨ1žȝ�6ĶȖ
�6!ǲ�476ɸ 

� Ŭǁǎ &ɷǾ²5%UnsXqF·ų$ɘ�6Ʌ¸ǻ³)%Ĭɨ$���ɷǏ�Ěȶ

(ɷäƻȶ(ɷÈıƁ!(% 3ǋƺ9Ōƫ��ɸ�74%¸�īľ&ɷƊȼƷÂǝ#1% 

�5Ǔł\_AsdqKǻ³!Ķ��1tȄ�#�ɸ-�ɷǾ²5
ÄšƷ$�74%ƛû

�$Ĭɨ9Ç,���!$ɘ��ɷǖƕ¸%î¼ɷöº�3(¸�%î¼ɷâɦÈ³%î¼



 149 

#"%žȝ&ȑ���4�ɷƛû�Ñu%gCXLf$ɘ��&ş4	$�7��#��

0ɷǲĂ$���ōƛ%æ9ǽ�#�ɸ 

  



 150 

ɼɸ�Į%ĎŨ$��� 

� Ŭǁǎ &Ǿ²5$�
6ǖƕ¸ɐ%«ű9ɷȓɦǖɤȜ9ƫ�ƛû���6ɸ�%�

0ɷǶɘǙÕÞǖ%y 1Ɨď$øá�ǶɘǙɅ¸$ò��ȰƦ���6ǶɘǙčǖǯ 

�6ǿǾǖ2ɷǶɘǙðśǖǯ%y%t� �6żƤǖ#"%ƕ¸ɐ$���&«ű �

��#�ɸȓď$�6ò�#ǖǴ�
 #�ɷƗď$øá�6ǖǴ$ą�p=hɤſ9ƫ�

�«ű2ɷSIMM IKSf#"%Gq^isNsIeinsIjq9ƫ��«ű#"9ȑ

��!
ĶȖ �6!ǲ�6ɸ 

� Ŭǁǎ &¤�%ǁǎȨɭ9ɷtȅŀ�ƮĹ9ąȮ!��üŚ��ɸĜɴɷĹ­ɷ�ǡŀ

2UnsXqFǱĿ#"$35ɷǖƕ¸ɐ2 Kinematics �3( Kinetics \kgsNsɷ

UnsXqF·ų&î¼�6!ǲ�476�0ɷǾ²59Ţƈ	4ȑ���6òƼŐ³íɷ

UnsXqFǱĿ%�6;KlsUɷƮĹ351ǖ³%Ĩ�2vǷ%GqUosmwȵ


ƪ�6õĹɷ[kqKƄǻ2ǖ³�v%.476ɲɴǳɷƵǹƵɈŪ$��6ĉùƪ	4ɲ

Ÿƪ%Ĝ�ɷȁɍɟÿ2Ǿɍɟÿ9ŧ�6ǳ#"ƀ	#ąȮǳ$ą�6žȝ1ĶȖ �6

!ǲ�476ɸ 

  



 151 

ǕɾǑ� ǣȧ 

 

Ŭǁǎ&ɷǾ²5%Ʌ¸ùƷƣĳ�3(UnsXqF·ų9ş4	$�6�!9ƺƷ!

�ɷǾ²5! SQ$�
6ǖɤß�3( KinematicsɷKinetics\kgsNs9Ɗȼržȝ

�6!!1$ɷǾ²5! SQ$�
6ǶɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqKǻ

³%ÄšƷ·ų!ɕŪƷUnsXqF·ų$���Ɗȼržȝ9ȑ��ɸŬǁǎ į47�

ǣų9�v$Ǆ�ɸ 

 

ɹɸǾ²5! SQ9ǖƕ¸ɐ�3( KinematicsɷKinetics\kgsNs9ƫ�Ɗȼržȝ

��ɸǖƕ¸ɐ%Ɗȼ &Ǿ²5&òƉǖ%ǖƕ¸ɐ
 SQ$Ɗ*ɲ�9Ǆ�ɷǼŵȳǏǖ

%ǖƕ¸ɐ& SQ $Ɗ*��9Ǆ��ɸȁɘǙ% Kinetics \kgsNs%Ɗȼ &ɷǾ²

5&ȁɘǙðśș³Ǎ
 SQ $Ɗ*��9Ǆ��ɸǶɘǙ% Kinematics �3( Kinetics

\kgsNs%Ɗȼ &ɷǾ²5&ǶɘǙðȺșĢɷǶɘǙðśșĢɷǶɘǙčŤș³Ǎɷ

ǶɘǙ§Ⱥș³ǍɷǶɘǙðśș³Ǎ
 SQ$Ɗ*ɲ�9Ǆ��ɸ 

 

ɺɸǾ²5!wɊ¬#_Asf ȑ�Ǿ²59ɷǖƕ¸ɐ�3( KinematicsɷKinetics\

kgsNs9ƫ�Ɗȼržȝ��ɸKnee in Toe out%Ƿ�9Ó�6 KIǾ²5&Ǿ²5$

Ɗ*ɷòƉǖ%ǖƕ¸ɐ
��9Ǆ�ɷȁɘǙ§Èș³Ǎ&ɲ�9Ǆ��ɸ 

 

ɻɸǾ²5! SQ%ÄšƷ·ų$���ɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸Ʒ[kqKǻ

³%ƛû�	4Ɗȼržȝ��ɸǾ²5&ɷǶɘǙðȺÌ¸æɷÈıƁ!(�3( SEBTK

G;
 Control$Ɗ*ɲ�9Ǆ��ɸ 

 

ɼɸǾ²5! SQ%ɕŪƷUnsXqF·ų$���ɘǙÌ¸æɷvǷǖ³ɷɅ¸ǻ³ɷ¸

Ʒ[kqKǻ³%ƛû�	4Ɗȼržȝ��ɸɘǙÌ¸æƛû$���&ɷǾ²5%ǶɘǙ



 152 

ðȺÌ¸æ�3(ǶɘǙðśÌ¸æ% Post�& Pre�$Ɗ*ɲ�9Ǆ��ɸǖ³ƛû$�

��&ɷǾ²5%ǶɘǙčŤǖ³�3(ǶɘǙ§Ⱥǖ³% Post�& Pre�$Ɗ*ɲ�9Ǆ

��ɸ̧ Ʒ[kqKǻ³ƛû$���&ɷǾ²5% SEBTKG;% Post�& Pre�$Ɗ*

ɲ�9Ǆ��ɸ 

 

� �u%ǣų&ɷvǷ% CKC-Ex $�
6Ǿ²5%Ʌ¸ùƷƣĳ�3(UnsXqF·ų

9Ǆ�1% �5ɷƺƷ$35 SQ2�%@EHH=L!ǡ.Ï8�6�! ɷ35·ųƷ

#_<JCmUnsXqF�3(;KnS<QElZ]lSsIjq9üŚ �6ÌǻĹ


�6ɸ�7&ɷvǷ% CKC-Ex $ɘ�6Ř�#ǀȗ �5ɷɅ¸\_AsdqKÑu2

KcsRð�rɟÿ~ə%ȘƠ	4ȗ�ɷŧƸ#Ļé �6!ǲ�476ɸ 

  



 153 

ȪȽ 

 

� Ŭǁǎ9Ƀ06$��5ɷ¥ǈ$8�5ñò#6İŊĈ9ȱ5-��ǗƓòùòùɜ�

ɗǧÏǉùǁǎǉKcsR¾ùĆŒɷƶū�œŋ$ƗƩ#6Ȫļ9ȓ�-�ɸ-��ɗǧÏ

ǉùǁǎǉKcsR¾ùĆŒrþĕ�ěœŋ#4($Ñ�ƻƂ©œŋɷ�ǹǛrȵǏÖɝ©

œŋ$��-��&ɷĸ�ăŶ9�Ħ�Ê
ɩ���!ɷăŶ�$�
6ĤȞƷ#�ļȗ9

ɩ���!$òîĽȪƭ�u�-�ɸ 

� -�Ŕñ�%İµțɷİŊĈ9ȱ5-��ǗƓòùKcsR R&DG;rěĐò�Ƌɷȉ

åƽǏ¾ƴòùrɚƍŔɀƋɷy�òùrŀƼǮǜµœɷǗƓòùrȏǉ�ėƣ�µœɷK

csR¾ùǁǎýrÌȕƔ�Ƌ$ƗȪ���-�ɸ���ɷŬǁǎ9Ʉȑ�6$��5ɷñ

ò#6�À³9����-��ǗƓòùòùɜKcsR¾ùǁǎýɷKcsR[=BgC

XEKǁǎý#4($ùŸƒ�ŭŖùàů�ŴɇŕıĆɖùŸ%ř	ɷŬĪ$ŧɣ���

�-��ɸ 

� �À³9ȱ��ñ�%ř	)Ɨ�ĽȪ%ļ9ȓ�!!1$ɷ�� ù(į�1%9ǂ�

ɲ0ɷƕ	��!9Ȧ�-�ɸ 

  



 154 

ÆǲŖƦ 

 

-A- 

ɚƍ ɀȆ, òū ŠtɌ, ɲŰ ƞ�. ɵ1994ɶ äƻȶ�3(ƿâ¸�$�
6\psƵŎ

%ò��!vǷɘǙ%ȰƦĢ. [=BgCXLf. 12ɵ0ɶ: 97-108. 

ɚƍ ɀȆ. ɵ1996ɶ ŝŬ�ĞĊĜ�3(;KlsU%ȸ�ɍ«ĿĹ�Ŕ. Jpn J of Sports 

Sci.15: 155-162. 

Alyson F, Robyn B, Mark VP, Gregory DM, Timothy EH. ɵ2010ɶ Neuromuscular 

Training Improves Performance on the Star Excursion Balance Test in Young Female 

Athletes. J Orthop Sports Phys Ther. 40ɵ9ɶ: 551-558. 

ɥū �ô. ɵ2011ɶ H=VKSQa¸�š%vǷr�ĝǖƕ¸Țű. ŞǌƬòùù�ȩŖ 

ɵ�íɶ. 

Aspe RR, Swinton PA. ɵ2014ɶ Electromyographic and kinetic comparison of the back 

squat and overhead squat. J Strength Cond Res. 28ɵ10ɶ: 2827-2836. 

 

-B- 

Basmajian JV, De Luca CJ. ɵ1985ɶ Muscles Alive 5th ed. Williams & Wilkins, Baltimore. 

Boullosa DA, Abreu L, Beltrame LG, Behm DG. ɵ2013ɶ The acute effect of different 

half squat set configurations on jump potentiation. J Strength Cond Res. 27ɵ8ɶ: 

2059-2066. 

Bryanton MA, Kennedy MD, Carey JP, Chiu LZ. ɵ2012ɶ Effect of squat depth and 

barbell load on relative muscular effort in squatting. J Strength Cond Res. 26ɵ10ɶ: 

2820-2828. 

 

-C- 



 155 

Caterisano A, Moss RF, Pellinger TK, Woodruff K, Lewis VC, Booth W, Khadra T. ɵ2002ɶ 

The effect of back squat depth on the EMG activity of 4 superficial hip and thigh 

muscles. J Strength Cond Res. 16ɵ3ɶ: 428-432. 

Cotter JA, Chaudhari AM, Jamison ST, Devor ST. ɵ2013ɶ Knee joint kinetics in relation 

to commonly prescribed squat loads and depths. J Strength Cond Res. 27ɵ7ɶ: 1765-

1774. 

 

-D- 

Delmore R, Laudner K, Torry M. ɵ2014ɶ Adductor Longus Activation During Common 

Hip Exercises. J Sport Rehabil. 23ɵ2ɶ: 79-87. 

Dierks T, Manal K, Hamill J, Davis I. ɵ2008ɶ Proximal and distal influences on hip 

and knee kinematics in runners with patellofemoral pain during a prolonged run. J 

Orthop Sports Phys Ther. 38ɵ8ɶ: 448-456. 

Donald AN : ĔƬ ţş, ěƬ ǧtɌ ȟ. ɵ2005ɶ ǖɱźǛ%DYIBoJs. ¾ƇȎª

ơŹĥ�ǅ, ů�. 

 

-E- 

Escamilla RF. ɵ2001aɶ Knee biomechanics of the dynamic squat exercise. Medicine 

and science in sports and exercise. 33ɵ1ɶ: 127-141. 

Escamilla RF, Fleisig GS, Lowry TM, Barrentine SW, Andrews JR. ɵ2001bɶ A three-

dimensional biomechanical analysis of the squat during varying stance widths. 

Medicine and science in sports and exercise. 33ɵ6ɶ: 984-998. 

 

-F- 

Farzaneh HA, Golpaigani M, Mahdavi OS, Nodehi MA, Nikolaidis PT. ɵ2012ɶ The 



 156 

relationship between star excursion balance test and lower extremeity strength, 

range of motion and anthropometric characteristics. Med Sports. 16ɵ4ɶ: 99-103. 

Filipa A, Byrnes R, Paterno MV, Myer GD, Hewett TE. ɵ2010ɶ Neuromuscular training 

improves performance on the star excursion balance test in young female athletes. J 

Orthop Sports Phys Ther. 40:551-558. 

Fry AC, Smith JC, Schilling BK. ɵ2003ɶ Effect of knee position on hip and knee torques 

during the barbell squat. J Strength Cond Res. 17ɵ4ɶ: 629-633. 

 

-G- 

Garrett WE, Kirkendall DT : þƌ ȭ, ɚƍ ɀȆ, Ɛɏ tɌ, ɲŰ ȍ, ĲĐ ȍě ȟ. 

ɵ2010ɶ KcsRɅ¸ǉù―[=BgCXEK!ƪƨù. ȕŮťġ, ŘƝ, pp.73. 

Gayle S, Mark S, Gordon W. ɵ2011ɶ Effect of dynamic versus static stretching in the 

warm-up on hamstring flexibility. The Sport Journal. 14ɵ1ɶ. 

Gomes WA, Brown LE, Soares EG, Silva JJ, Silva FH, Serpa ÉP, Marchetti PH. ɵ2015ɶ 

Kinematic and sEMG analysis of the back squat at different intensities with and 

without knee wraps. J Strength Cond Res. 29ɵ9ɶ: 2482-2487. 

ĮȐ āÍ, đƬ ƨƏ, Ƭy țǮ. ɵ2014ɶ KEpQU¸�š$�
6ɱƹ°Į�%ɉ�


vǷɘǙ$Ç,�³ùƷĬɨ$���. ŝŬƨùƴƒùȒò�Ńɓɡ. 41ɵ2ɶ. 

Gribble PA, Hertel J, Pilsky P. ɵ2012ɶ Using the Star Excursion Balance Test to assess 

dynamic postural-control deficits and outcomes in lower extremity injury: a literature 

and systematic review. J Athl Train. 47ɵ3ɶ: 339-357. 

 

-H- 

Hartmann H, Wirth K, Klusemann M, Dalic J, Matuschek C, Schmidtbleicher D. ɵ2012ɶ 

Influence of squatting depth on jumping performance. J Strength Cond Res. 26ɵ12ɶ: 



 157 

3243-3261. 

Hewett T, Myer G, Ford K, Heidt R, Colosimo A, Mclean S, Bogert A, Paterno M, Succop 

P. ɵ2005ɶ Biomechanical measures of neuromuscular control and valgus loading of 

the knee predict anterior cruciate ligament injury risk in female athletes: a 

prospective study. Am J Sports Med. 33ɵ4ɶ: 492-501. 

 

-I- 

�Ƭ ň.  ɵ1974ɶ ɘǙÌ¸æȓǄ#4($ƛûƒ. ŝŬlZ]lSsIjq¾ù�Ȥ. 11

ɵ2ɶ: 127-132. 

Imai A, Kaneoka K, Okubo Y, Shiina I, Tatsumura M, Izumi S, Shiraki H. ɵ2010ɶ Trunk 

muscle activity during lumbar stabilization exercises on both a stable and unstable 

surface. J Orthop Sports Phys Ther. 40ɵ6ɶ: 369-375. 

 

-K- 

ɑ| ÃŠ, þv  Ɔ. ɵ1982ɶ ;=MDYS<QErUnsXqF –UnsXqFɁĢ

!UnsXqF·ų−. Jpn J Sports Sci. 1: 147-151. 

Kapandji AI : ȋēǇƮ ȟ. ɵ1992ɶ C\qT<ɘǙ%ƪƨù�vǷ ÅȌǕ 5 ơ. ¾Ƈ

ȎªơŹĥ�ǅ, ů�. 

ƐǒƆ}. ɵ1997ɶ ǾƳSDKU−Ɔ��ƨȚ!~ə%�0$−. Áƍè, ů�. 

ĕu ģɠ. ɵ2003ɶ Ʌ¸y%ǖǨǦÉǫ¸ľ. [=BgCXLfù�Ȥ. 27ɵ2ɶ: 67-71. 

ūë ũÃ, ìƬ Ɔ, ūǐ Ĵ, �ƚĐ �¦. ɵ2008ɶ [=BgCXLfrk=`kls ȓ

ɦǖɤß. ů�ɤƄòùªơČ, ů�. 

�Ų Ɯ, ŉz Ɔş, Ɛ§ -�÷. ɵ2003ɶ ǶɘǙyĵōûřƒ%Ɗȼržȝ. [=Bg

CXLfù�Ȥ. 27ɵ1ɶ: 29-36. 

 



 158 

-L- 

Lee SQ, Chan CK, Lam TS, Lam C, Lau NC, Law RW, Chan ST. ɵ2006ɶ Relationship 

between low back pain and lumbar multifidus size at different postures. Spine. 31

ɵ19ɶ: 2258-2262. 

Li Y, Cao C, Chen X. ɵ2013ɶ Similar electromyographic activities of lower limbs 

between squatting on a reebok core board and ground. J Strength Cond Res. 27ɵ5ɶ: 

1349-1353. 

Lorenzetti S, Gülay T, Stoop M, List R, Gerber H, Schellenberg F, Stüssi E. ɵ2012ɶ 

Comparison of the angles and corresponding moments in the knee and hip during 

restricted and unrestricted squats. J Strength Cond Res. 26ɵ10ɶ: 2829-2836. 

 

-M- 

Macadam P, Cronin J, Contreras B. ɵ2015ɶ AN EXAMINATION OF THE GLUTEAL 

MUSCLE ACTIVITY ASSOCIATED WITH DYNAMIC HIP ABDUCTION AND HIP 

EXTERNAL ROTATION EXERCISE: A SYSTEMATIC REVIEW. Int J Sports Phys 

Ther. 10ɵ5ɶ. 573-591. 

Manabe Y, Shimada K, Ogata M. ɵ2007ɶ  Effect of slow movement and stretch-

shortening cycle on lower extremity muscle activity and joint moments during squat. 

Journal of sports medicine and physical fitness. 47ɵ1ɶ: 1-12. 

ƾɔ ȇş, ƁƟ �Ƒ, ċǪ Ȱ. ɵ2004ɶ ¸�īľ%ư#6KEpQU
ǶɘǙ!ȁɘǙ

-85%ǖ%ƕ¸�3(ɘǙUmE$x�6Ĭɨ. �³ǉù. 53ɵ3ɶ: 321-336. 

Mascal CL, Landel R, Powers C. ɵ2003ɶ Management of patellofemoral pain targeting 

hip, pelvis, and trunk muscle function: 2 case reports. J Orthop Sports Phys Ther.  

33ɵ11ɶ: 647-660. 

Matthew RR, Joseph GK, Mark DP, Drew M, Roberto S, Pedro JM, Mike F, Diogo C, 



 159 

Darren K. ɵ 2016 ɶ  Joint-Angle Specific Strength Adaptations Influence 

Improvements in Power in Highly Trained Athletes. Human Movement. 17ɵ1ɶ: 43-

49. 

McCaw ST, Melrose DR. ɵ1999ɶ Stance width and bar load effects on leg muscle activity 

during the parallel squat. Med Sci Sports Exerc. 31ɵ3ɶ: 428-436 

McLaughlin TM, Lardner TJ, Dillman CJ. ɵ1978ɶ Kinetics of the parallel squat. 

Research Quarterly. American Alliance for Health, Physical Education and 

Recreation, 49ɵ2ɶ: 175-189. 

Michael S, Erik S, Udo S : ã� Ĥɠ, ŰŮ Ȭ£ ȟ. ɵ2008ɶ aogS>KȚ±ù;U

kK Ț±ùǧȩ/Ʌ¸ÚǛ. ¾ùťɜ, ů�. 

Á ÖŖ, ƶ� ģƆ, òê ��. ɵ1995ɶ ƵǹŪ%ǾŽ«ɢƲ!ąǘ. ȂğKcsR¾ù. 

12ɵ9ɶ: 1009-1015. 

 

-N- 

Noehren B, Davis I, Hamill J. ɵ2007ɶ ASB clinical biomechanics award winner 2006 

prospective study of the biomechanical factors associated with iliotibial band 

syndrome. Clin Biomech. 22ɵ9ɶ: 951-956. 

 

-O- 

Ogasawara I, Miyakawa S, Wakitani S. ɵ 2014ɶ  The external force model for 

determining the frontal plane knee loading pattern ‒Implication for the mechanism 

of non-contact anterior cruciate ligament injury-. MJHES. 4ɵ1ɶ: 13-22. 

òê ��. ɵ2002ɶ KcsR$�
6ǾɍƱ¶ɱŅ$ą�6gT<CmP?QE−ŞŪȠ

ŗ9Ìǻ!�6ɋŁ%ļȫÑu9ƺŊ��−. ȂğKcsR¾ù. 19ɵ12ɶ: 1417-1424.  

Orloff H, Veil G, Askins R. ɵ1997ɶ Forces on the lumbar spine during the parallel squat. 



 160 

In ISBS-Conference Proceedings Archive. 1ɵ1ɶ. 

 

-P- 

Paoli A, Marcolin G, Petrone N. ɵ 2009ɶ  The effect of stance width on the 

electromyographical activity of eight superficial thigh muscles during back squat with 

different bar loads. J Strength Cond Res. 23ɵ1ɶ: 246-250. 

Pereira GR, Leporace G, Chagas Dd, Furtado LF., Praxedes J, Batista LA. ɵ2010ɶ 

Influence of hip external rotation on hip adductor and rectus femoris myoelectric 

activity during a dynamic parallel squat. J Strength Cond Res. 24ɵ10ɶ: 2749-2754. 

Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. ɵ2006ɶ Star Excursion Balance 

Test as a predictor of lower extremity injury in high school basketball players. J 

Orthop Sports Phys Ther. 36:911-19. 

Pollard CD, Sigward SM, Powers CM. ɵ2010ɶ Limited hip and knee flexion during 

landing is associated with increased frontal plane knee motion and moments. Clin 

Biomech. 25ɵ2ɶ: 142-146. 

 

-R- 

Robertson G, Caldwell G, Hamill J, Kamen G, Whittlesey S : ɚƍ ɀȆ ȟ. ɵ2008ɶ ȸ

�Ʌ¸%[=BgCXEKǁǎƒ. ò�ɰťġ, ů�. 

 

-S- 

Sahrmann SA : ǔ� �, ɒū ¹ ȟ. ɵ2007ɶ Ʌ¸ƄǻɟÿƲ�ǯ%dYJgqU – ƨ

ùƴƒȢ�rMSI;aosPrADLŊĈ −. ¾ƇȎªơŹĥ�ǅ, ů�. 

Sahrmann SA : ǔ� �, ɒū ¹ ȟ. ɵ2013ɶ Ʌ¸ƄǻɟÿƲ�ǯ%dYJgqU –ɫ

ŽrǺŽrǵrŁrȁrȵ−. ¾ƇȎªơŹĥ�ǅ, ů�. 



 161 

Sharma SK, Raza S, Moiz JA, Verma S, Nagvi IH, Anwer S, Alghadir AH. ɵ2018ɶ 

Postactivation Potentiation Following Acute Bouts of Plyometric versus Heavy-

Resistance Exercise in Collegiate Soccer Players. Biomed Res Int. 2ɵ7ɶ: 1-8. 

Steindler A. ɵ1955ɶ Kinesiology of the human body under normal and pathological 

conditions. Springfield, IL: Charles C Thomas. 

ŷÅ ħÖ, ƶū �, þĕ �ě. ɵ2014ɶ Ǿ²5¸�%[=BgCXEKƷ«ű. ŝŬȂ

ğKcsR¾ù�. 22ɵ1ɶ: 128-137 

ɒū ţȔ. ɵ2005ɶ ƼŐ%Ǿ²5¸�$�
6vǷ%ǖƕ¸¸ľ. ǗƓòù�ǹǁǎǉ ǁ

ǎȩŖɡ. 27: 485-488 

 

-T- 

ɲƃ ć. ɵ2017ɶ òùƮ÷HQCsɋŁ$�
6 Groin pain Ŝĭǳ%ȸ�Ʒ�3(¸�

ƣĹ ~¨Ƶ~ə%�0%çǃƷǁǎ~. ŞǌƬòùù�ȩŖ ɵÃíɶ. 

Thomas RB, Roger WE : ɑ| ÃŠ ȟ. ɵ2010ɶ NSCAƎûơ KUnqFKUnsXq

F&GqT<IjXqF Ǖ 3ơ. ŧɛ�ǅ`QEZ>Kr@=PT<, ů�. 

ɳƖ ƘÍ, óɏ ǰȔ, ĄƟ �ƅ. ɵ1988ɶ Ǐ�Ěȶ(ȷ¬š$�
6ÎɘǙ %\ps

ƵŎ%ƣĳ −äƻȶ(!%Ɗȼ	4−. y�òù�ǹùȩË. 30: 23-33. 

Tyler TF, Nicholas SJ, Campbell RJ, Donellan S, McHugh MP. ɵ2002ɶ The effectiveness 

of a preseason exercise program to prevent adductor muscle strains in professional 

ice hockey players. Am J Sports Med. 30ɵ5ɶ: 680-685. 

Tyler TF, Silvers HJ, Gerhardt MB, Nicholas SJ. ɵ2010ɶ Groin injuries in sports 

medicine. Sports Health. 2ɵ3ɶ: 231-236. 

 

-W- 

Ȉɏ Ǟt, ɕƬ ï×. ɵ2002ɶ ŴɇɋŁ$�
6�ĝɍ%ŏ�!ąǘ. ȂğKcsR¾ù. 



 162 

19ɵ3ɶ: 247-253. 

ƚɍ �t, ɒū Ē, ½ĕ ɠt. ɵ2010ɶ _:qEIjWmUnsXqF ƄǻÑu!ɟÿ

~ə%�0%\_AsdqKUnsXqF. Ŗ¢è, ů�. 

Wells RPɷWinter DA. ɵ1980ɶ Assessment of signal and noise in kinematics of normalɷ 

pathological and sporting gaits. Proceedings of the special conference of the Canadian 

society for biomechanics-Hunan Locomotion. 92-93. 

Winters MV, Blake CG, Trost JS, Marcello-Brinker TB, Lowe LM, Garber MB, Wainner 

RS. ɵ2004ɶ Passive versus active stretching of hip flexor muscles in subjects with 

limited hip extension: a randomized clinical trial. Phys Ther. 84ɵ9ɶ: 800-807. 

Worrell TW, Smith TL, Winegardner J. ɵ1994ɶ Effect of hamstring stretching on 

hamstring muscle performance. J Orthop Sports Phys Ther. 20ɵ3ɶ: 154-159. 

 

 


