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ơ 1ƠȺăƠ 
1.1ȺƓƜ(ǈŀ 
sǆ(ƅƈƇ�ƿ<Ņ�9ŵğ)ȹ~�(Żūȹ�ŁȹKboRū®<¦Ƞ�ȹŻū

(ǹ&/"čȯ<¸.��sǆ(ƅƈƇ�ƿ(w"3ǐǜâǏȜƧƈ(ƊŻŸ)ȷ�ȹ 

!(ǐȜƧİ�( 25 - 40ȸ<µ29 1,2�/�ǘÿãě&ƊƇ�4��ȹƊŻŸ)ƀě68

3 2.2�ȷ�ȹĠě°�4�� 3��:5
&ȹǐǜâǏȜƧƈ&í�9zȞȹ�6+Ņ

%ŦƉķŨ<ƕƟ�9�#)ŕ2!ȖǤ%ǳȳ"�8ȹá�(ƓƜǃ(ǕË(íǷ#%�

!��� 

ǐǜâǏȜƧƈ(ƊŻ4ȍǝ&)ȹ����(ǤÒǣȧ&Ȝu�9�Ŵ&ȹǐǜâ

ǏȜƧ&¬;9eCXCiKUjK(Þ¬)ȹǐǜâǏȜƧƈ(ƊƇ&Ȝ��9ȖǤ%Ǥ

Ò"�9 4-6�ǐǜâǏȜƧ&¬;9eCXCiKUjK)ȹĿț<��!Ǜƛ��ƴŌȹ

ƲƼ(ĕƯ%İ�</'�ȹńƱƋ&)ƅƈ4ƲƼİ�&�%9¾ǉě�9 7-10� 

ǐǜâǏȜƧƈ(ƊŻŸ&ě÷Ż�9ťéƋ%źž&��!);��!�%�ȹ

ŚǉƋū®w(ƀãț(sǆȎ®\Oom(Ȑ�)ȹǐǜâǏȜƧƈ(ƊŻŸ(ě÷&Ȝ

��!�9¾ǉě�9 11�ǩ¨æƋ&ǐȜƧ)ǅȜƧ#ǽȜƧ(ț&�ƽ��ȜƧ"�

8ȹȥĬ�9ȜƧ�7(čȯ<¼�4���ǐǜâǏȜƧ,Ż�9eCXCiKUjK<

HmUkoi�9°" Powers )ȹ[?BeCXEKƋǧŰ�7ǅȜƧ&69Ȏ®¦Ĕ

ȖǤ"�9#xĈ�� 6��ǝƓƜ)ǅȜƧ(Ȏ®&Ɛƍ�ȹǐǜâǏȜƧ,Ż�9eC

XCiKUjK(čȯ&��!Ǵŏ�:� 7-9�Liao7 7)ȹŅȠǤƮfTi<�Ž�!â

Ǐȶ(§ȴȭ�6+ţþȭ(®�<Þ¬��9#ȹǐǜȶ,¬;9eCXCiKUjK

Þ¬��#ÜÉ���/�ȹâǏȶ(;�� 5�(¡Ĺǐǜȶ,(eCXCiKUjK

<Þ¬���#ÜÉ�� 8�ȏĄ&Þ¬��ǅȜƧ¡ȃ#¡ĹȎ®)ȹǐǜâǏȜƧƈ<

Ņ�9Ĝǃ(Ȏ®æƋŴĖ#�!ǱǶ�:!�9 12,13��üǘÿǃ&��!ȹŞǝȹgm

XmFȹ��!´ǊKElQU%$(ŚǉƋū®w&ãě)ƀě683ǅȜƧ(¡ȃȹ¡

ĹȎ®â����9�#ÜÉ�:� 14-17��:7(�#�7ȹȏĄ%ǅȜƧȎ®ǐ

ǜâǏȜƧ(eCXCiKUjKÞ¬<3�7��#<ǂ
9# 6ȹŚǉƋū®w(§ȴ

ȭ#ţþȭ&��9ƀãț(ǅȜƧȎ®(â��(Ȑ�)ȹǐǜâǏȜƧƈƊŻŸ(ě÷

&Ȝ��9¾ǉěȷ��#ĭŮ"�9� 

wšƣ4âšƣ)ȹ§ȴȭ#ţþȭ(ǅȜƧ(çéě&Ȝu�9ƣ"�9 18��(�

2ȹȏ¶(ƓƜ")ǅȜƧÊÔƣª#ŚǉƋū®w(sǆȜƧȎ®#(Ȝ�&űŰċ!

7:!�� 12,19-21����ȹǅȜƧƣª#ŚǉƋū®w(ǅȜƧȎ®#(Ȝ�&��!)

pǔ��ǥǩē7:!�%� 19,20��7&ȹ����(ƓƜ")ȹǅȜƧƣªÞĉ)Ś

ǉƋū®w(ǅȜƧȎ®æ<ß°��%�#ÜÉ�� 12,21��/8ȹŚǉƋū®w(ǅȜ

ƧȎ®(�ŝ&)ńâƣª��")%�ȹȎ®¦Ĕ(�ȭ3ǂġ�9ĘǤ�9� 

 

1.2Ⱥ§ȴȭ(®ƋǅȜƧKS>^YK(ǯ�#ǅȜƧȎ®#(Ȝ� 
[?BeCXEK�6+Ȏ®¦Ĕ(ǧŰ�7ȹȜƧKS>^YK)ȜƧ(çéě4Ȏ

®OKE&ę��ȜƧ(Ɣ�(ǴĴ&��!Ǵ-9(&Ȭü&ŅŽ"�9 22-26�ȜƧKS

>^YK#)ȹȜƧàª&6�!®��:�Ŀ&Ź:9ŚŒƋŴě#éǀ�:9 23,27�
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�(ŚŒƋŴě)ȹǓ®Ƌ%ǤƮ#¼®Ƌ%ǤƮ(vķ&6�!čȯ<¼�9 22,23�Ǔ®

Ƌ%ǤƮ#)ȹwōƘƳƬ(¦Ĕs&�9ƣ(��&693("�9 27�¼®Ƌ%ǤƮ&

)ȹƣ(ºƻ<ȡ�ȹȶ4ȮúȹƣȹǍȹȜƧ¯ȹȂȶ%$ȜƧ¡à&�9�-!(ŗȋ

ų(ƫĊƋŴěÈ/:9 22,27��/8ȹȜƧKS>^YK)ƣ(ºƻ&69Ǔ®ƋǤƮ

#ȜƧ<»8ø�ƲƼŅ�9¼®ƋǤƮ&6�!Ż�9ȜƧ(Ɣ�#ǟ��#"�ȹ

ǤŤ�:9Ȏ®OKE&ę�!ȹ�(ȜƧ(Ɣ�4Ŏ7��<ǴĴ�!�9� 

Ż�&��!Ȏ®OKEw(ȜƧKS>^YK<êȤ&ǫŮ�9�#)ȹÓȩ<ŕ2

9���"ȹ[?BeCXEK(¤ȗ&��!ȹqś�®�ǩŊŚÐ�6+Ă¹ªǫ<Ž

�!ƪĽƋ&ȜƧKS>^YK<éȘ°�9ķŨư��:���:)®ƋȜƧKS>^

YK#Ì*:ȹȜƧfoemU#ȜƧǨĄ(Ȝ�(��&6�!ǟ��#"�9 22,23�

®ƋȜƧKS>^YK&Ȝ�9ƓƜ)ȹŞǝȹgmXmFȹaQ]mFȹ��!θŠ®�

(6	%ŚǉƋū®w(Ƒŵȭ(ǅȜƧȹǐȜƧȹǽȜƧ"āƨ&ǝ;:ȹ�(Ď©4®

�w(ȜƧȎ®¦Ĕ&í�9eCXLdÜÉ�:!�9 22,24-26,28,29-32�ȁ�&¬
7:9

ªâ��%9#ȹ¦Ĕ�:�®�<Ż0£��2&ȹ68â�%®ƋȜƧKS>^YK

ĘǤ&%9 23�ȜƧ(çéě<ē9�2&)ȹ�9ƚĄ(®ƋȜƧKS>^YKĘǤ

#�:9ȹGranata 7 33)ȹŞǝw(®ƋȜƧKS>^YK��#ȜƧ(çéě�

s�ȹȏĄ%ȜƧȎ®<ć�ǻ��¾ǉě�9#ƖÏ�!�9� 

ŚǉƋū®w(ǅȜƧ(®ƋȜƧKS>^YK<ǯ��9�#)ȹtǗ%ǅȜƧȎ®

<�ŝ�9�2(Ūëē7:9¾ǉě�9�Şǝ&��!ȹwšƣ4âšƣ%$(ǅ

ȜƧƣ)ȹâǏȶ&í�!§ȴȭ°"(ȶƌ(�ƽ#®�<¦Ĕ�9 18�ŞǝƟǊƏ(ǚ

ȖęƤŇ&ƊŻ�9àª&í�!ȹǅȜƧ(ƫĊƋŴě4âšƣ4wšƣ%$(ǅȜƧÊ

Ô(ƣū®<ȉ�!ȜƧKS>^YK(â��<ǴĴ�9 6,23,34��(Ŀ&ǴĴ�:�§ȴ

ȭ(®ƋǅȜƧKS>^YKt³¤"�9ÝÃȹƴŌ#�!ȏĄ%ǅȜƧȎ®<ć�ǻ

��¾ǉě�9�wšƣ4âšƣŚǉƋū®w(ǅȜƧ¡ȃ4¡ĹȎ®<¦Ĕ�9�

#<ǂ
9# 6ȹ§ȴȭ(®ƋǅȜƧKS>^YK(ǯ�)ȹ§ȴȭ#ţþȭ&��9t

Ǘ%ȜƧȎ®¦Ĕ<¹ľ�!�9¾ǉě�9��ǝƓƜ&69#ȹãě)ƀě#Ţȅ�

!ƣ&69Ɣ�<żŻ�9ǉª�� 35,36����%7ȹŬŶ�9ƨÔ&��!ȹŞǝ

w(§ȴȭ(®ƋǅȜƧKS>^YK<éȘ°�ȹƀãț"Ƅ%9�$	�ŔǬ�:!�

%��/�ȹŞǝw(§ȴȭ(®ƋǅȜƧKS>^YK#ǐǜâǏȜƧƈ&ȜȌ�9§ȴ

ȭnţþȭ(ǅȜƧȎ®#(Ȝ�ěƀãț"Ƅ%9�Ç�3ÜÉ�:!�%�� 

 

1.3Ⱥ§ȴȭ(®ƋǅȜƧKS>^YK&čȯ�9ǤÒ 
�(ŚǉƋū®w(ȏĄ%ǅȜƧ¡ȃ#¡ĹȎ®(Þ¬)ȹãě&��!ƾĜŸȷ

�ǐǜâǏȜƧƈ<Ņ�9Ĝǃ(Ȏ®æƋ%ŴĖ#�!ǱǶ�:!�9 13��ǝƓƜ")

âǏȶ(¡ȃ#¡Ĺ(Þ¬)ȹǐǜȂȶKUjK<Þ¬���#ÜÉ�:!�8ȹǐǜâ

ǏȜƧƈ(ƊƇ4ȍǝ&Ȝ;9#īı�:!�9 4,6,7��(�2ȹǘÿãě&��!ȹŚǉ

Ƌū®w(ȏĄ%ǅȜƧ¡ȃ#¡ĹȎ®<Ȟ��#)ȖǤ"�9�§ȴȭ(®ƋǅȜƧK

S>^YK(ǯ�)ȹ�(ǅȜƧȎ®<�ŝ�9�2(ƒǥē7:9¾ǉě�9ȹ

§ȴȭ(®ƋǅȜƧKS>^YK&čȯ�9ǤÒ)ļƕ&%�!�%�� 



 

 5 

®ƋȜƧKS>^YK<ŗĢ�9ǤƮ&)ȹƣū®&69Ǔ®ƋǤƮ#ȜƧ<ŗĢ�

9ƲƼ(ƫĊƋŴě&69¼®ƋǤƮÈ/:ȹ�:7)Ə{&ǡè�Ã	Ȝ�&�9
22,23,27�¼®Ƌ%ǤƮ)ȹ¾ǉ%Ƞ8ï%�ƣū®"®�w(ȜƧ(Ȏ®&ħĦ�9�2&

ĘǤ"�9ȹ®ƋȜƧKS>^YK<ȷ29�2&)Ǔ®Ƌ%ǤƮ"�9ƣ(ºƻĘ

Ǥ#�:9 23�wšƣ4âšƣ)ŞǝƟǊƏ&��9ǚȖęƤŇ&ȑėě&�Ž�ȹ§ȴ

ȭ°"âǏȶ&í�9ȶƌ(�ƽ4®�<¦Ĕ�9 6,18��ǝƓƜ")ǅȜƧÊÔƣ(ƣ

ū®#sǆȎ®æ#(Ȝ�ě<Ɩ�!�8ȹâšƣ4wšƣ(ƣū®Ș(ŭï)ǅȜƧ¡

ȃȎ®4í�,(ȶƌs¦(â��#ȜȌ�9 37,38�âšƣ4wšƣ<È1ǅȜƧÊÔƣ

§ȴȭ°(ǅȜƧȎ®<¦Ĕ�!�9�#<ǂ
9# 18ȹ�:7(ƣū®(ŭï)ȹŞ

ǝw(§ȴȭ(ǅȜƧKS>^YK(��#ȜȌ�9¾ǉě�9����ȹ�(Ȝ�ě

)tļ"�9� 

ȶƌ4âǏȶ(ǩ¨æƋŗȋ)ȹsǆ=g?emU(ß°&6�!sǆ(Ȏ®æ&č

ȯ<u
9#ƖÏ�:!�9 20,39�pǖƋ&ȹãě)ƀě683ȶƌýā�ȹ�7&ȶ

ƌý#âǏȚ(ŢŸâ�� 39,40��(ÝÃȹȉü(Şȣ<ƷĪ�9&)âǏȶ<68Ķ

2(�ƽ&Ȕƽ�9ĘǤ�9�2ȹźǵƋ&)68ǅȜƧ<¡ȃ��9�®ƋȜƧKS

>^YK)®�w(ȜƧǨĄ(ß°#ȜƧfoemU(ß°(Ȝ��7Ʀ£�:9�2ȹ

ȶƌý#âǏȚ(ŢŸ(6	%ǩ¨æƋŴĖ)Şǝw(§ȴȭ(®ƋǅȜƧKS>^Y

K&čȯ<u
9¾ǉě�9� 

ãě&��9Şǝw(§ȴȭ(®ƋǅȜƧKS>^YK&čȯ�9ǤÒ<ļƕ&�9

�#&6�!ȹ§ȴȭ(®ƋǅȜƧKS>^YK(â��<ǴĴ�9�2(ƒǥē7:

9¾ǉě�9��:7ļ7�&%9�#&6�!ȹãě&��!ƾĜŸȷ�ǐǜâ

ǏȜƧƈ&ȜȌ�9ǅȜƧȎ®¦Ĕ&Ɛƍ��ǯ�4ŦƉ��Ɵő&�%9ƒǥē

7:9¾ǉě�9� 
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1.4ȺňƓƜ(ƍƋ 
ňƓƜ(ƍƋ)ȹ�s( 2�<ļ7�&�9�#"���� 

1) Şǝw(§ȴȭ(®ƋǅȜƧKS>^YK<éȘ°�ȹƀãț(Ȑ�<Ǵ-ȹ§ȴȭ
(®ƋǅȜƧKS>^YK#ǅȜƧ¡ȃȎ®ȹ¡ĹȎ®(Ȝ�<Ǵ-9�# 

2) �üǘÿãě&��!ŞǝƟǊƏ&��9ǚȖęƤŇ(§ȴȭ(®ƋǅȜƧKS>^
YK&čȯ<u
9ǤÒ<ŔǬ�9�# 

 

1.5Ⱥňǵĵ(ŗĢ 
ơ 1 Ơ")ȹňƓƜ(ǈŀȹ§ȴȭ(®ƋǅȜƧKS>^YK(Ď©ȹ�:ǅȜƧ

Ȏ®&¸.�čȯ#ňƓƜ(�ƽ �ȹƍƋ<Ȉ-��ơ 2Ơ")ȹŞǝw(§ȴȭ(®

ƋǅȜƧKS>^YK<éȘ°�ȹƀãț(Ȑ�<Ǵ-ȹǅȜƧ¡ȃȎ®ȹ¡ĹȎ®(Ȝ

�ě&��!ŔǬ���ơ 3Ơ")ȹ�üǘÿãě&��9ǚȖęƤŇ(§ȴȭ(®Ƌǅ

ȜƧKS>^YK&čȯ<u
9ǤÒ<ŔǬ���ơ 4Ơ")ȹƸĩ#�!ňǵĵ(/#

2ȹƓƜ(ȠƁȹ�đ(óņ#ǒĂĮǪ&��!Ȉ-�� 

 

1.6Ⱥ�źƋ�ȭ 
ƓƜ&�Ɵ�ȹňƓƜ)ȹāõ×Ȥâæ(~<íǷ#�9²æƬƓƜ�źäÎ�(ì

ŏ<¼�ȹĥǱ<ē� (ĥǱƃÁ : C17 - 009ȹC18 - 019)� !(Ǡȵǃ&ƓƜ(ƍƋ#Ǽ

Ļ<³¤&ǲļ�ȹĵŃ&69Äĝ<ē�°"ǫŮ<ǝ��� 
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ơ 2ƠȺ�üǘÿǃ&��9Şǝw(§ȴȭ(®ƋǅȜƧKS>^YK#§ȴȭnţþȭ
(ǅȜƧȎ®#(Ȝ�Ⱥƀã÷&��! 
 

2.1ȺƓƜƍƋ 
ňƠ(x%ƍƋ)ȹŞǝw(§ȴȭ(®ƋǅȜƧKS>^YK<éȘ°�ȹƀãț(

Ȑ�<Ǵ-9�#"����2 �ƍ(ƍƋ)ȹŞǝw(§ȴȭ(®ƋǅȜƧKS>^YK

#ǅȜƧ¡ȃȎ®ȹ¡ĹȎ®(Ȝ�ě<Ǵ-9�#"�����7&ȹǅȜƧƣŚǉ(�

ǟƋ%īŘ#�!6��Ž�:!�9ƢðěǅȜƧàȃƣª#Şǝw(§ȴȭ(®Ƌǅ

ȜƧKS>^YK#(Ȝ�ě3Ǵ-��ňƠ(�ǲ)ȹãě)ƀě#Ţȅ�!Şǝw(§

ȴȭ(®ƋǅȜƧKS>^YK���/�ȹŞǝw(§ȴȭ(®ƋǅȜƧKS>^YK

)ǅȜƧ¡ȃȹ¡ĹȎ®�6+ƢðěǅȜƧàȃƣª#ȜȌ�9#�ǲ<Ɵ!�� 

 

2.2ȺķŨ 
2.2.1ȺíǷ 
�üǘÿƀě 40Åȹǘÿãě 40ÅňƠ(Ǡȵǃ#�!·¬���̄ ÈÛů) 18ş

�7 30ş/"(�üǘÿǃ#���ȡàÛů)sǆ�6+�Ā&ƅƈȹȐÍĞȹ�;*8

%$Ƈŵ�9ǃȹȏ¶&sǆn�Ā(à�/�)ĤǞ(ĺď�9ǃȹwōƘƳƬƆĜ

4ŦƉ%$(ĺď�9ǃȹǳȳ®�w&ǌȓnsǆ&ƅƈŻ�9ǃ#��� 

 

2.2.2ȺƢðěǅȜƧàȃƣª(ǫŮ 
ƢðěǅȜƧàȃƣª(ǫŮ)ȹZmV`iVP?WfeoOoMobie MT - 110 (ȕ|

²ƉŐĆ�Ɨ, ŉ}) <�Ž�!�Ǒ�&!ǝ�� 41�ǫŮǆ)ȹö#�ȹǠȵǃ(ǫŮǆ

�)�s&Ɩ���ǅȜƧàȃƣª(ǫŮǆ�)À�Ǒ�&!ȹÀǅ#ǐȜƧ) 90�òł

���öǅȜƧ)òł�ón¡àȃn¡àĹwț�#�ȹǐȜƧ)�ó�#�� (Õ 2 - 1)�

Ǡȵǃ)ĳÑƺǁ<ǝ��đȹȎ®ķÆ&í�! 3ƙț(ńâƢðěºƻ< 3Ñêĸ���

3Ñ(þÙ(�<Ǡȵǃ(�ǟ�#���Âƣª(þÙ�)ȹj[o=odȚ (m) <y�ȹ

UiE&ßį� (Nm)ȹ�Ȗ"ŝǦ°�� (Nm / kg)� 

z�ƓƜ#�!ȹ�üǘÿƀě 5Å#ãě 5Å<íǷ&ȹƣªǫŮ�(Ŕǃ¡�ȱě

<ƭ¡ƏȜ�ĳ (Intraclass correlation coefficientsȹ�sȹICC) (1.1) <Ž�!ŔǬ���ǫ

Ů)ȹÄp(Ŕŏǃ&6�!ǝ;:ȹŔŏǃ¡�ȱě [ICC (1.1)] ) 0.9"�8ȹǅȜƧƣ

ªǫŮ(�ȱě)�Ǯ�:�� 
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Õ 2 - 1 ƢðěǅȜƧàȃƣª(ǫŮ 
ǅȜƧàȃƣª(ǫŮǆ�)À�Ǒ�&!ȹÀǅȜƧ#ǐȜƧ) 90�òł���ǫŮǆ(

ösǆ)öǅȜƧòł�ón¡àȃn¡àĹwț�ȹǐȜƧ�ó�(ŵğ<Ŕŏǃ�

Ī���/�Ŕŏǃ)Ǡȵǃ(ȶƌ<ĒĤ&!Öé���_iMmIo\QU(�ƽ)â

Ǐȑ� 1 / 3(à�ȭ&Ȕƽ��� 

 

 

 

 

 

 

 

 

 

 

 

 

�����	���
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2.2.3ȺŞǝǯ� 
Õ 2 - 2&ǫŮJKSd(ŖƂÕ<Ɩ���ǳȳ®�)Şǝ#�� (Õ 2 - 3)�Ȏ®æƋ

ToO) 8¿(Ceg�7%9qś�®�ǩŊŚÐ Vicon MX (Vicon Motion SystemsƗȹ

Oxford) <Ž�! 120 Hz"ºȦ���Ȏ®ªæƋToO)Ă&Ú2ȇ/:� 10ŋ(Ă¹

ªǫ (AMTIƗȹWatertown) <Ž�! 1200 Hz"ºȦ���ƎĐ 14 mm(Ǻàƹ¹îco

Co)ǩ¨æƋgmVcoE&í�!Ãǫ 40ƥģ&Ǹ���ȺöÀǇôȹǄȰȹřȶǙŵ

ƞǻȹ°§ǎȶœȹ°đǎȶœȹâȃåȹâǏȶà�ȭȹâǏȶà�°ȲȹâǏȶ¡�°

Ȳȹǋȶà�Ȳȹǋȶ¡�ȲȹsǏà�ȭȹàŌȹ¡ŌȹȀȶà�ȭȹȀȶȆǾƞǻȹȀ

ȶ=DjKǍ�ƐȓȹȀȶȢǻȹơ 1n5wǽȶȰ��7&ȹöÀ<±¥�9�2&À(Ǉ

ſȶ&´p(coCo<Ǹ��� (Õ 2 - 4)��:7(coCo)�ĀȹȶƌȹâǏȹsǏȹ

ǽȓMFemU&Ȝ�9ąŘƬ<ŗƩ�9�2&�Ž�� 42�ȫƋƟ�ToO)ñģąŘ

Ƭ#ȜƧȄ<éǀ�9�2&ǫŮ���Ǡȵǃ)Şǝ&��!(ǲļ#ǫŮ§&³¤%ƺ

ǁ<ǝ��đȹǳȳ®�<êĸ���ȫŜƟ�ǫŮđȹǠȵǃ) 7 m(ƎƹŞǝǿ<ĚȒ

ŞǝȊĄ"ǓžŞǝ<ǝ����(đ(ǩŊ(�2&ȹǫŮï%�#3 3ÑĢ«�9/

"ǝ��� 
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Õ 2 - 2 ǫŮJKSd(ŖƂÕ 
ǺàƹCeg 8 ¿�7%9qś�®�ǩŊŚÐ Vicon MX (Vicon Motion Systems Ɨȹ

Oxford) #Ă¹ªǫ (AMTI ƗȹWatertown) 10 Û<ÄŇ�ȹ�:�:Im_hmFÊũĳ

120 Hz, 1200 Hz&!Ȏ®æ�6+Ȏ®ªæƋToO<ºȦ��� 
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Õ 2 - 3 Şǝ 
Ǣǽ&! 7 m(ƎƹŞǝǿ<ĚȒŞǝȊĄ"Şǝ<ǝ��� 
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Õ 2 - 4 Ǻàƹ¹îcoCoǸ��ƽ 
Ǻàƹ¹îcoCo(Ǹ��ƽ)ȹöÀ(ǇôȹǄȰȹřȶǙŵƞǻȹ°§ǎȶœȹ°đ

ǎȶœȹâȃåȹâǏȶà�ȭȹâǏȶà�°ȲȹâǏȶ¡�°Ȳȹǋȶà�Ȳȹǋȶ¡

�ȲȹsǏà�ȭȹàŌȹ¡ŌȹȀȶà�ȭȹȀȶȆǾƞǻȹȀȶ=DjKǍ�ƐȓȹȀ

ȶȢǻȹơ 1n5wǽȶȰȹÀǇſȶ"���� 
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2.2.4ȺToOǩŊ 
 !(Ȏ®æ�6+Ȏ®ªæƋToO(ǩŊ&)ȹVisual3D N^U@A= Ver. 5 (C-

MotionƗ, Germantown) <�Ž���coCoąŘToO#Ă¹ªToO) 4śButterworth 

filter<Ž�!ȹ�:�: 6 Hz# 18 Hz&!ko\K^>iOhmF¢ź���ȫƋƟ�

ToO)ȹVisual3DN^U@A=&!�ĀȹȶƌȹâǏȹsǏȹǽȓ�7%9 8MFem

UȎ®æƋfTi<�Ģ�9�2&�Ž���MFemU(ąŘƬ)�ǝƓƜ&ǭȈ�:

�ķŨ&ŧ�!�Ģ�� 42��:�:(MFemU&��9ąŘƬ)ȹÕ 2 - 5ȹǟ 2 - 1&
Ɩ�6	&éǀ���ǅȜƧwėŰ(ĭé)ȹCODA model <�Ž�� 43,44 (ǟ 2 - 1)�Ȝ

ƧąŘ)¡��à�ȹ§ķ�đķȹ°ķ�sķ"ǟ�:9 X-Y-Z (CiPmJoGmK<Ž

���ǅȜƧǨĄ)ȶƌMFemU&í�9âǏMFemU#�!·Ų�:ȹŝ(�)ò

łȹ¡ȃȹ¡Ĺ<ǟ�� 

� Ȏ®æȹĂ¹ªȹ~�ǫŮToO) Visual3DN^U@A=<Ž�!§ȴȭ&��9

àȓǅȜƧfoemU<ǫƦ�9�2&�Ž���§ȴȭ&��9àȓǅȜƧfoemU

)�Ȗ&6�!ŝǦ°���ȜƧǨĄ�6+foemU)Şǝw(öƟǊŇ"ǫƦ���

ƟǊŇ<ťé�9�2&ȹȀĬØ#�/�ȨØ 20 N (ªȝ�<�Ž�ȹÄé���%

�ȹàȓǅȜƧ¡ȃfoemU<ŝ#��� 

Ȏ®æƋßĳ#�!ȹȀĬØ�6+Ă¹ªșƎĢ¤]oEĿ(ǅȜƧ¡ȃȹ¡ĹǨĄ

<È2��ǅȜƧ¡ȃ�6+¡ĹȎ®(ǩŊĿț)ȹȀĬØ�7Ă¹ªșƎĢ¤(]oE

�/"#�ȹǅȜƧ¡ȃȹ¡ĹȎ®Ș)]oEĿ�7ȀĬØĿ(�:�:(ǨĄ<ŭ�9

�#"Ʀ£�� 45�ȀĬØĿ�6+Ă¹ªșƎĢ¤]oEĿ(ǅȜƧ¡ȃȹ¡ĹǨĄȹ�

6+¡ȃȹ¡ĹȎ®)�:�:(Ug?=i"Ʀ£�:ȹ3 Ñ(þÙ�<�ǟ�#�!�

Ž��� 

� Şǝw(§ȴȭ(®ƋǅȜƧKS>^YK)Ƒŵȭ(®ƋȜƧKS>^YK(Ʀ£

ķŨ<ęŽ�!Ʀ£�� 23,26,27�§ȴȭ&��9ǅȜƧ(®ƋȜƧKS>^YK)ȹȜƧf

oemU(ß° (M) <ȜƧǨĄ(ß° ( ) "©��3(#�!éǀ�:ȹÂǠȵǃ"Ʀ

£��� 

 

®ƋȜƧKS>^YK =	#$#%	               (1) 

 

ŞǝƟǊƏ&��9ǚȖęƤŇ(§ȴȭ(®ƋǅȜƧKS>^YK)ȹȀĬØĿ(Ă

¹ªșƎĢ¤(£Ź�7Ä�sǆ(Ă¹ªșƎĢ¤(]oE�/"(Ŀț&��9àȓ

ǅȜƧ¡ȃfoemU#ǅȜƧ¡ȃǨĄ<ĲùÕ&_kQU�ȹÑûƎƹ(��<Ť29

�#&6�!Ʀ£�� (Õ 2 - 6)�ȜƧǨĄ) X Ȅ&_kQU�ȹȜƧǨĄ(Þ¬)ǅȜ

Ƨ¡ȃ(Þ¬<Ɩ��ȜƧfoemU) YȄ&_kQU�ȹȜƧfoemU(Þ¬)àȓ

ǅȜƧ¡ȃfoemU(Þ¬<Ɩ��68â�%ŝ(��)§ȴȭ&��9ǅȜƧ(®Ƌ

ǅȜƧKS>^YK(Þ¬<ĝË�9�ǫŮ) 5ǰǝêĸ�ȹ�(w�7�ĝ& 3ǰǝ<

Ĩ£�ȹǩŊ&�Ž��� 
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Õ 2 - 5 ƶíƝțąŘƬ#ñģąŘƬ 
ƶíƝțąŘƬ)ÀĤƬ&ů�ȹöÀķÆ< XȄ (ÀķȺ+)ȹ§đķÆ< YȄ (§ķȺ+)ȹ

șƎķÆ< ZȄ (°ķȺ+) #�ȹñģąŘƬ&��!3ƶíƝțąŘƬ#ÄķÆ& xȄȹ

yȄȹzȄ#éǀ��� 
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S 2 - 1 Visual3D���/���!��4<8AH�3K 

 
 
 

���!� 3K 

_C���!� 
 
 
(7���!� 
 
 
 
2P���!� 
 
 
%P���!� 
 
 
 
U[���!� 

6.�$,O_@�#�#�I�J�&:B�-B
�`-B��.$,O_@�#�#�0����� � xX`6
.�$9O_@�#�#�I�J�&:B��6.�$,O_@�#�#�I�	J�&:B�0����� 
 xX
�DR����� � zX`-B�Z�`xX
 zX�D'����� � yX
3K�� 
.$,O_@��.$9O_@�#�#�I�&:B
6$,O_@��6$9O_@�#�#�I�&:B�I

�	J����_C&:B�-B
�`6M5�#�#��.M5�#�#�0����� � xX`-B��6.M
5�#�#�&:B�0����� 
 xX�D'����� � yX`xX
 yX�D'����� � zX
3K
��  
CODA pelvis���!�);>�=3���L\G&:B�-B
�`2P_+"1*$^�#�#�I�J�&:B
��-B�0����� � zX`-B�Z�`2P_1*$^��2P_+*$^�#�#�I���� 
 zX
�D'����� � yX`-B�Z�`zX
 yX�D'����� � xX
3K�� 
2P_1*$^��N_1*^�#�#�I�J�&:B
2P_+*$^
N_+*^�#�#�I�J�&:B

�I�	J����Q\G&:B�-B
�`+"1?�#�#�I�J�U\G&:B��-B�I���� � z
X`-B�Z�`+?
1?�#�#�I���� 
 zX�D'����� � yX`-B�Z�`zX
 yX�D
'����� � xX
3K�� 
W_1*]��W_YVET�#�#�I�J�&:B�-B
�`-B�Z�`W_1*]��W_YVET�

#�#�I���� � xX`F 1"5&U_�#�#�I�J�&:B
W_1*]��W_YVET�#�#�I
�J�&:B�I���� 
 xX�D'����� � zX`-B�Z�`xX
 zX�D'����� � yX

3K�� 
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\ 2 - 6 �¨?�QÅÂ�T�¤Á�'*#1.'��{À 
&71 A��¨{�i�¦}��� a»¤Á�M¶6<5:,"��Ë&71 B��¨{
�i�¦}��� ¤Á�M¶¬p"���&71 C��¨{�§¼r�}��� i´w
^ (line a) ���¦J>¥�oVR¾�vO�0<%I (line b) ���{À��� ¤Á�
M¶¬p�f� a»¤Á�M¶6<5:,"29),��xk\"����¨��� Q

ÅÂ�T�¤Á�'*#1.'�[l�¡�K�"�N� 	�����e½U��� 
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2.2.5Ì ®� 
 ®��� IBM SPSS Statistics Ver. 22 (z� IBM�Ë�@) "F����+<(��«

s� Shapiro - Wilk�e"F���±G���ªÆ£�AW ®d��sË�¨�{�À�/
75<(Ë�hs¤Á�a¶�R��cÀ��·��Ë�«Ok��� _Y����� t
�e"Ë�«Ok�����_Y�4:;3$),-<� U�e"F������Ë�¨¸
p��]��qÃ"¢u��ËL`½��¨¸p"Z��LOxO� (ANCOVA) "F��
�Ë&8<2À�¤Á�ºTd�QÅÂ�T�¤Á�'*#1.'"�·���sPÀ�j

�b�
"e½U� ���ËCohen’s d"���X/75<(����S�½"�N���
0.5 ~��S�½�g
�j"©�Ë0.5 - 0.8 �?À�j"Ë0.8 B=�b��j"©���
Pearson����ÁHy��� Spearman�ÄC�ÁHy�QÅÂ�T�¤Á�'*#1.'
�¤Á�ºTdË�hs¤Á�a¶�R�À�ÁH"³� ���F����QÅÂ�T�

¤Á�'*#1.'��cÀ�|tj"²��_YËQÅÂ�T�¤Á�'*#1.'�

!�!�`y��ÁHs"�cO���¯���|t��� 5Ê�°e��� 
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2.3Ì�� 
2.3.1ÌªÆ£�AW ®d��s��¨{�À/75<(��· 
ªÆ£�AW ®d`yË{�À�`yË�hs¤Á�a¶�R"© 2 - 2������

s�cs��·��ËnÉËµ¿ËE¼�ÈI�����ËBMI��cÀ�|tj"²��
����µ¿��«U��Ç��cs���b�������Ë�¨¸p��s���cs

�|t�¹�����m�Á���&8<2À�|tj"²������cs��s���

�hs¤Á�a¶�R�|t�D���� 
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6 2 - 2 7C2�
�18��!G&5�#-@*�!G.� 3A0�:/��)�@�'; 

 
�  

(n = 40) 

)  

(n = 40) 

Mean difference  

(95% CI) 

P d 

�E (year)* 20.52 ± 1.10 21.20 ± 1.04 −0.67 (−1.15–−0.19 )  0.01 −0.64 

9? (m)** 1.56 ± 0.04 1.71 ± 0.04 −0.14 (−0.16–−0.12) <0.01 −3.75 

�= (kg)** 51.00 ± 5.51 63.61 ± 7.81 −12.61 (−15.62–−9.59) <0.01 −1.87 

BMI 20.72 ± 1.83 21.64 ± 2.59 −0.92 (−1.92–0.07) 0.06 −0.41 

D+� / �4?'** 0.16 ± 0.01 0.14 ± 0.009 0.01 (0.009–0.017) <0.01 1.40 

&5<� (m / s)** 1.20 ± 0.11 1.28 ± 0.15 −0.07 (−0.13–−0.01) <0.01 −0.61 

&� (%BH) 79.03 ± 6.36 78.52 ± 6.30 −2.90 (−2.64– 2.56) 0.82 0.02 

.� 3A0�:/� (Nm / kg)** 0.88 ± 0.21 1.20 ± 0.39 −0.32 (−0.46–−0.17) <0.01 −1.02 

%BH, %body height; 95%CI, 95%�B�@H3A0�:��"�F�,�H�	���� ± %(�� (SD)G�$> (d)�,�H 

Mean difference, � �) H*P <0.05, **P <0.01 
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2.3.2Y@I'�HUFP.5�,WV�.CHUF�!�%#��B4T�AN 
HUFP.5X,WV�.CHUF�!�%#��B4T�Q��J 2 - 3�E
��4

8�B8���@I=�L;1=���6/-SD:+$&�=�HUF*MK7X��=

T����*MP.�>9�3����48�B8���@I=�L;1=���6/-

SD:+$&�=�HUF*<K7X��=T����*<P.�>9�3����	�

�X,WV�.CHUF�!�%#��>9�(����)2R�
�@IO7�0��

�XHUFP.5C"& �,WV�.CHUF�!�%#��G?�2������ 
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1 2 - 3 (0�/:.7��?�=;��,/:.�
����+�9�)5 

 

�" 

(n = 40) 

+" 

(n = 40) 

Mean difference  

(95% CI) 

P� d 

IC%�/:.�42! (degrees)** 

VGRF%�/:.�42! (degrees)** 

/:.�47�8 (degrees)** 

IC%�/:.�$2! (degrees)** 

VGRF%�/:.�$2!� (degrees)** 

0.43 ± 2.10 

7.91 ± 2.18 

7.47 ± 1.60 

5.82 ± 6.33 

10.10 ± 6.94 

−2.02 ± 2.70 

4.20 ± 2.65 

6.22 ± 1.45 

−3.13 ± 5.41 

−0.37 ± 5.47 

2.46 (1.38–3.54) 

3.71 (2.63–4.79) 

1.24 (0.56–1.93) 

8.96 (6.34–11.59) 

10.47 (7.69–13.25) 

<0.01 a 

<0.01 a 

<0.01 a 

<0.01 a 

<0.01 a 

1.01 

1.52 

0.82 

0.58 

1.67 

/:.�$7�8 (degrees)** 4.27 ± 1.86 2.76 ± 1.50 1.51 (0.75–2.26) <0.01 a 0.89 

�=;��,/:.�
��� (Nm / kg / degrees)** 0.14 ± 0.02 0.16 ± 0.04 −0.02 (−0.04–−0.007) <0.01 a −0.63 

%BH, %body height; 95%CI, 95%�<�9@/:.�4��$�>	-�@���� �� ± '*�� (SD)	-�@�&8 (d) -�@ 

Mean difference, �"�+"@ a (06!	��8� �3#@*P <0.05, **P <0.01 
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2.3.3I1<��!GF�#4:E9�������!GF�2(F�:E9B#�E� 
!GF�#4:E9�������H3%D�.+'�?���������HE�*

�H3% �
0>���3%���H;C)8/�!GF�#4:E9�������:

E9�AB#��D�.+@�5EE��?���� (%*I r = �0.85, P <0.001, 3*I 
r = �0.74, P <0.001) (= 2 - 4)�%*��;C)8/�!GF�#4:E9�������:
E9�-B#��D�.+@�5EE��?���� (r = �0.48, P <0.001) (= 2 - 4)��,
�H3*��!GF�#4:E9�������:E9�-B#��D�.+5EE��

?��	� (r = 0.278, P = 0.28)�3%���!GF�#4:E9�������6&*:
E9$A7"��D�.+5EE��?��	� (= 2 - 4)� 
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� 2 - 4 
������������������	��	������������������ (r) 

 �� (n = 40) �� (n = 40) 

 

�������������� 

 (Nm / kg / degrees) 


�������������� 

 (Nm / kg / degrees) 

 r P r P 

���	��� (degrees) −0.85 <0.001** −0.13 <0.001** 

���	��� (degrees) −0.48 <0.001** 0.17 0.28 

��������� (Nm / kg) 0.14 0.37 0.08 0.60 

*P <0.05, **P <0.01 
 
 
 
 
 
 
 



 

 24 

2.4ǋŲÌ 
čŚ ŉņ!ǉĝƈk �Ǆƿ �ņŵƶŠ?H5RN?2ÉƱ��ǉľÅƵ ƭ�2

ƚ%ǉ�-�ŵƶŠ�ƥǉ�Ąƫ�� ƶ�î2ƚ%/������ čŚ l�ōƎ!ǉ

�Ø�ƅÛÅî!ľî�ĠƦ��ĝƈk �Ǆƿ �ņŵƶŠ?H5RN?
z�ǉ���

�Ǆƿ �ņŵƶŠ?H5RN?!ĝƈřŸ�Č��/ŵƶŠ�ƥƫ�ǉŵƶŠ�Ąƫ�

 Ä���Ĝ ŋƶƶ�
Ɨ)-0/��2ő�� čŚ ŨĐ!ǉÅî��/ĝƈĉ 

�Ǆƿ �ņŵƶŠ?H5RN? z�!ǉŵƶŠ�ƥƫ��ŵƶŠ�Ąƫ� Á����


.ǉ�0!ſƇÄżƶŠ$ W9M9^?J_? Á����
/¤ŷî
�/��2ő

²�/  
čŚ ŨĐǉĝƈƧß
ľÅƵ�Ŀ�.ǉÅî!ľî,.*ĝƈƧß
ċñ�ƪ	�� 

ĝƈƧß ƭ�!ƶŠƑß�XdWbJ� ƶ��Ɗ�0/�Ǆƿ �ņŵƶŠ?H5RN

? ŨĐ�äǀ2i�/¤ŷî
��� ���ǉ�ÂƱ���ĝƈƧß2¬)ǉ;^dT

Ƶ �Ǆƿ �ņŵƶŠ?H5RN? ŨĐ
Â������2ŐƗ�� Ardestani- 46!ǉ

ĝƈƧß
Ƨ��/�ŌĴƿ ƶŠXdWbJ�äǀ2�&�
ǉ�Ǆƿ ƶŠXdWbJ

�äǀ2�&����¿�� �'.ǉĝƈƧß ċñ�Õ!ǉ�Ǆƿ �ņŵƶŠ?H

5RN? ��äǀ�����
ő�0ǉArdestani- 46 ŎŗŨĐ	-*þø�0�  
čŚ uƘ�eƂ�ǉÅî!ľî�ĠƦ��ǉƆưíŞČ �Ǆƿ �ņŵƶŠ?H5

RN?
ċñ�z	�� īĶ�/š¶����ǉčŎŗ!ĝƈk �Ǆƿ �ņŵƶŠ?

H5RN?2ÉƱ��ǉľÅ�ĠƦĔƔ���)� ¿��/ Wojtys- 35,36!ǉÅî!

ľî,.*ŝ�,/ƶŠƫ� �ê�m��ǉŨĐ���ƶŠ2�Ɯ�/ŷ�
z��¿

�� æ-!ŝ�,/ƶŠ ŏ�2Ļĺ��/ŷ� zh!ǉî��ĳċ�* ��/�Ũ

ƛs� 35,36 ĚŷņĨ�k�kğŝ+Äğŝ�� ŵƶŠŝ!ǉÍ�$ Ƭß�ǆňh�

�Äżǆ �ƥ2�ê�/�)�ǉƮëî�|ļ�/ìƍ
�/ 6,47 '�ǉÅî!ľî�Ġ

Ʀ��ǉŵƶŠ®¶ŝ ęĂƿŖ
Î�� 48,49 � �)ǉÅî!ǉľî,.*ŝ  ŭ��

�ƶŠƫ��÷ö�/¢�ņ�ƍť Ëi
Ï��¤ŷî
�/ 50 �0- ��	-ǉk

ğŝ+Äğŝ�� ŝ ���,/Ɓ�ņƍť�ŵƶŠ®¶ ţãņĳî�,/¢�ņƍť

 jă
ǉ�Ǆƿ �ņŵƶŠ?H5RN? îÕ�Ëi��¤ŷî
�/  
ŵƶŠ®¶ŝ�,/�Ļĺ�ŵƶŠg�yŰ�/�%� Ėƨ�,/ţãņĳî�,�

�|.��0/�Ǆƿ �ņŵƶŠ?H5RN?!ǉƆưíŞČ� ŵƶŠ�ƥ2�ê�/

�)�ìƍ��/ čŎŗ ŨĐǉľÅ�*�ƆưíŞČ� �Ǆƿ �ņŵƶŠ?H5R

N?�ŵƶŠ�ƥƫ�� Ƶ�ċñ�ƞ ŋƶƶ�
Ɨ)-0� �0!�Ǆƿ ŵƶŠ?

H5RN?
z��ŵƶŠ�ƥƫ�
Ä���/��2ñ¯�/ Chaudhari- 51!ǉ�Ǆƿ

 3]b: - �ņ=ZV_d=[bXI^2|ó�ǉÞ��ƲŊó��Í��ŵƶŠ�Ơƶ
Š ƶŠ?H5RN?
�ņ4\6WbJ��&�äǀ����ĔƔ�� � ŨĐǉŵƶ

ŠÃƥŝ��ƥŝ ŝĨ� ĬÏ!ǉ�Ǆƿ ŵƶŠ?H5RN?2zh��ǉ�Ǆƿ ŵ

ƶŠǉſƶŠ ��2Á�����¿�� 51 čŎŗ!ǉ=ZV_d=[b�!��ǉÊ

ƻ ĝƈĉ �Ǆƿ �ņŵƶŠ?H5RN?�ŵƶŠ�ƥƫ�� ƶ�î2ő���
�

�ǉ�ƈŎŗ ŨĐ 51	-*þø�0� ƆưíŞČ�|-0/�Ǆƿ �ņŵƶŠ?H5
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RN?!ǉ� ĉƵ�ĺ�/ŵƶŠ�ƥƫ�2�ê�/g�ưƍ�å�2Đ��ǉ�Ǆƿ�

�/ŵƶŠƫ��ê2�Ĉ�/P\WdC��/  
ƃ¯Ī����ǉÅî!ƆưíŞČ� �Ǆƿ �ņŵƶŠ?H5RN?�ŵƶŠ�Ą

ƫ�� Ƶ�ċñ�ƞ ŋƶƶ�
Ɨ)-0� � ��!ǉ�Ǆƿ �ņŵƶŠ?H5R

N? zh!ǉĝƈřŸ�Č Ä��ŵƶŠ�Ąƫ��ƶƩ�/��2ñ¯�/ eă�ǉ

ľî�!�Ǆƿ �ņŵƶŠ?H5RN?�ŵƶŠ�Ąƫ�� Ƶ�ċñ�ŋƶƶ�2Ɨ)

�	�� �ƈŎŗ!ǉÄżǆ �Ą Á�!ſƇǆƤǆƿ$ W9M9^?J_?2Á�

��/�¿�� 7 �'.ǉčŎŗ��/ľÅƵ ŨĐ ƭ�!ǉÅî
ľî,.*ſƇ

ÄżƶŠŃ Ņĺķ
Ǉ�ĹĽ2Ƙć�/¤ŷî
�/  
� ,��ľÅĿ�/ƶ�!ǆĖƨǉŝŴƱǉ���ŵƶŠ ŝĚŷ ƭ��,��e

ƯƘć��/¤ŷî
�/ eƄņ�ǉÅî!ǆň
Ý�ǉÄżǆ �ûƑ
Ä�� 40,52 Ä

żǆ�ûƑ Ä��!ǉĝƈk ,.Ä��ŵƶŠ�Ą�ƶƩ�/ 53 �0!ŵƶŠèăǂ

½Ŧů ƴ� Á�2��ǉŨĐ����Ąăª$ ,.z�÷ö2*�-�¤ŷî
�/ 

'�ǉÅî!ľî�ĠƦ��ǉŵƶŠ®¶ŝ ęĂƿŖ
Î�� 48,49 ŝŴƱ!ŝ  ŭ�

��ƶŠƫ��÷ö�/¢�ņ�ƍť�äǀ2i�/ 50 �'.ǉÅî!ľî,.*�ņŵ

ƶŠ?H5RN?$ ¢�ņ�ƍť�,/Ëi
Ï��¤ŷî
�/ �-�ǉƁ�ņƍť

��/Äğŝ�kğŝ!ŵƶŠ�´Ą2�ê�ǉǆň2ÈÉ��/�)�ŋnņ�|ļ�/ 

Souza - 54!ǉŵƶŠÃƥŝ Ěŷ
\bMb;k ŵƶŠ�Ą�ƶƩ���/�¿�� 

'�ǉPreece- 55!ǉĝƈĉ Źǆ�Ąƫ��Äğŝ ŝĨ� ƶ�2ĔƔ�ǉĝƈřŸŋ

20%'� Äğŝ ŝĨ�!Źǆ�ĄƑß Qd:ĉƵ�ƶ��/��2¿�� æ-!
Äğŝ ŝĨ�!ÄżǆÃĄƫ�2r��ǉŹǆ�Ąƫ�Qd:ƑßĉƵ�äǀ2i���

/��2ő�� 55 �-�ǉHollman - 37!ǉƅÛÅî����ŵƶŠ�Ąǉ�ƥ Á��

Äğŝ �±ĬÏ!ſƶŠÃ��ƶƩ�/��2¿�� '�)/�ǉĝƈk �Ǆƿ 

�ņŵƶŠ?H5RN?�ŵƶŠ�Ąƫ� ƶ���/îÕ!ǉŝĨ� Ä��+C6V

b; ,��Ɓ�ņ�ƍť�ŵƶŠg�yŰ�/ĖƨĲ�,/¢�ņ�ƍť ŋo|ļ Ũ

Đ��/�ýĭ�0/  
čŚ uƘ�!Íıņ�ǉľÅ�*��Ǆƿ �ņŵƶŠ?H5RN?�ŜÐîŵƶŠ

Ãƥŝ�� Ƶ�ċñ�ŋƶƶ�2ő��	�� ŜÐîŝ�!ŝĚŷ2�Ĉ�/ùĘ��

�,�ļ�-0/
ǉŜÐîŵƶŠÃƥŝ�!ƆưíŞČ��/�Ǆƿ �ņŵƶŠ?H

5RN?2Ɩ~�/ùĘ�!�-��¤ŷî
�/ �ƈŎŗ����*ŜÐîſƶŠxÒ

ŝ�!ĝƈk ŌĴƿ �ņſƶŠ?H5RN?�ƶƩ����¿�0��/ 25 �-�ǉ

Wojtys- 35,36!ǉĊÄŝ�
ƶŠ?H5RN? Á� l�ƍµ�!����2ő�� �

�
��ǉčŚ ŨĐ	-ŜÐîŵƶŠÃƥŝ (2â���*ǉƆưíŞČ �Ǆƿ �

ņŵƶŠ?H5RN?2ŊüǇ)/���!Ů
-��¤ŷî
�/  
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2.5ǋś 2Ś '�) 
Åî!ǉľî,.*ĝƈřŸŋ��/ƆưíŞČ �Ǆƿ �ņŵƶŠ?H5RN?


z�ǉŵƶŠ �ƥǉ�Ąƫ� Á��ƶƩ�/��2ő�� eăǉľî�!�Ǆƿ 

�ņŵƶŠ?H5RN? z�!ŵƶŠ�ƥƫ� Á��!ƶƩ��
ǉ�Ąƫ��!ƶƩ

����	��  
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ś 3Śǋ�ØÅî��/ĝƈk �Ǆƿ �ņŵƶŠ?H5RN?�ŵƶŠ®¶ ŝĨ�
� ƶ� 
 
3.1ǋŎŗŉņ 
čŚ l�ŉņ!ǉ�ØƅÛÅî��/ƆưíŞČ �Ǆƿ �ņŵƶŠ?H5RN

?�äǀ2i�/ƍµ2ĔƔ�/������ čŚ uƘ!ǉƅÛÅî����ĝƈřŸ

ŋ��/ƆưíŞČ �Ǆƿ �ņŵƶŠ?H5RN?�Äğŝǉkğŝ ŝĨ�ǉǆň

Ù / ÄżƴĠ
äǀ�/���  
 
3.2ǋăĦ 
3.2.1ǋÍƝ 
ÝÓ¸ƻÄÇ�¹Ţ�/�ØƅÛÅî 30©
čŚ Ƌǅų������� �¬¾Į!

18 Ğ	- 30 Ğ'� �ØƅÛÅî��� ƸÃ¾Į!hŶ�,#{Ü�ŀŃǉƭ°òǉ�
1".��łĴ
�/ųǉƬ��hŶc{Ü Ã�'�!õƉ ąç
�/ųǉkđœŧŤ

Łð+ĥń�� ąç
�/ųǉƙǃ�|k�źƯchŶ�ŀŃ
ĺ�/ų���  
 
3.2.2ǋƒ�ÇņƖ~ 
ǆňÙ / ÄżƴĠ!ǉǆňÙ2Äżƴ��/���,��ş��� 20,56 ǆňÙ!Ô¦

 g�Żǆē ƵǉÄżƴ!ÄƥÆ	-ſÃ�ƶŠƌƺ'� Ƶ�Éű�ǉ�0�0W>Y

d2}ļ��vƀy��Ɠĭ�� (· 3 - 1)  
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· 3 - 1 ǆňÙ / ÄżƴĠ ş�ăĦ 
ǆňÙ!Ô¦ g�Żǆē ƵǉÄżƴ!ÄƥÆ	-ſÃ�ƶŠƌƺ'� Ƶ�Éű�ǉ�

0�0W>Yd2}ļ��vƀy��Ɠĭ�� ǆňÙ / ÄżƴĠ!ǆňÙ2Äżƴ��/
���,��ş���  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ǆňÙ�

Äżƴ�
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3.2.3ǋĝƈƖ~ 
ƙǃ�|!ś 2Ś�¨ė�ǉ7 m Ŋūĝƈơ� ĝƈ2ƈ�� ĝƈk ƫ�Çņcƫ

��ÇņIdC! 10 ¥ 9W\	-�/fě��|ƒďĚ³ VICON VERO (Vicon Motion 
SystemsŒ, Oxford) �Þ��Ɠ (AMTIŒ, Watertown) 10¾2}ļ�ǉ�0�0<bT]b;
®ħĀ 150 Hzǉ1500 Hz�� Ƽ��  
Ɠĭ�}ļ��Ud9d+XI^ǉIdC�Ĺ����!ś 2Ś�¨ė ăĦ�ƈ�� 

ƫ�ÇǉÞ��ǉq{ƓĭIdC!ǉVisual3DBRJ7842ļ���Ǆƿ��/ÃƯŵ
ƶŠXdWbJ2Ɠş�/�)�}ļ�� �Ǆƿ��/ÃƯŵƶŠXdWbJ!{ư�

,��ĜƏ��0ǉÃƯŵƶŠ�ƥXdWbJ2Ĝ��� ƶŠƑß�,#XdWbJ!ĝ

ƈk ÔřŸČ�Ɠş�� řŸČ2ĤÉ�/�)�ǉƢüº��'�ƽº
 20 N �Ʒ�
2}ļ��¨É�0� ƶŠXdWbJ!ÃƯƶŠXdWbJ�Ɗ�ǉ{ư�ĜƏ���� 
(Nm / kg) 2ļ��  
ĝƈk �Ǆƿ �ņŵƶŠ?H5RN?!ś 2 Ś� ş�ăĦ�¨ė�ǉřŸ�Č�

�/Ƣüºĉ Þ��ƲŊó� �ĸ	-¨�hŶ Þ��ƲŊó� Qd:�'���

� � ƒďĉƵ��/ÃƯŵƶŠ�ƥXdWbJ�ŵƶŠ�ƥƑß2ÿÖ·�T`FJ

�ǉ´×Ŋū ��2ģ)ǉ�Ǆƿ �ņŵƶŠ?H5RN?���ş���  
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3.2.4ǋŝƾ·Ɩ~ 
Ɗƿŝƾ·IdC! TeleMyo 2400 G2 (NORAXONǉArizona) 2}ļ�ǉ<bT]b;®

ħĀ 1500 Hz��ƕƳ�� ŝƾƓĭĚ³�é-0�Ɗƿŝƾ·IdC!ǉVICON 4L`
;EYbN^�üŪ�ǉƾġņ�¨Č�� Ƌǅŝ!ÄğŝǉkğŝǉÄżŝžáŝǉƴ�

ƥŝ��� ƾĕ!Î¼ĺ{ļƊƿƾĕS^dAb<dM-00-S (ĒàwŒWFGǉĎp) 2}
ļ�ǉƟs�������Ĺè (ŇŽ6bQdDb? 5 k�th) �Ɵs�� ƾĕƟsÀô
����!ǉÄğŝ!gèŻǆē�Ñǆ kİ�ÄƥÆ2Ũ3�kİ�ǉkğŝ!Żǆŕ 

ĊgŬ	- 2ęùh�ǉÄżŝžáŝƴ!ÄƥÆ,. 2ęù�ă�ǉƴ�ƥŝ!ïǆŨŠ	
- 4ęùƮyƯ��0�0Ɵs�� 57 (· 3 - 2) ¡é��Ɗƿŝƾ·IdC!ǉVisual3D B
RJ784 (C-MotionŒ, Germantown) 2}ļ��ǉ50 - 500 Hz�ObKP?R5^C]b
;�Ĺǉ�ħāĩÚį��Ĺ2ƈ�� ƆưíŞČ §ŝ Ú»úÙ2Ǌĝƈ®Č Ú»ú

Ù�ĜƏ��� 31,58 ƆưíŞČ��/§ŝ ŝĨ�ƾyƱ!ǉƢüºĉ Þ��ƲŊó

� �ĸ	-¨�hŶ Þ��ƲŊó� Qd:�'�2Þ��IdC�,.¨É�ǉÚ»

�/���ş���  
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· 3 - 2 ƾĕƟsÀô 
Äğŝ!gèŻǆē�Ñǆ kİ�ÄƥÆ2Ũ3�kİ�ǉkğŝ!Żǆŕ ĊgŬ	- 2
ęùh�ǉÄżŝžáŝƴ!ÄƥÆ,. 2ęù�ă�ǉƴ�ƥŝ!ïǆŨŠ	- 4ęùƮy
Ư��0�0ƾĕ2Ɵs�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

���

���

������


�	�
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3.2.5ǋũƓƒď 
ũƓƒď�! IBM SPSS Statistics Ver. 22 (Ćč IBMŒǉĎp) 2}ļ�� Shapiro - Wilk

ĔÉ!ǉÂĀ
ĜƏ�Ö	«	2ƚ%/�)�ļ�� ƆưíŞČ �Ǆƿ �ņŵƶŠ?

H5RN?�ŵƶŠ®¶ ŝĨ�ƾyƱǉǆňÙ / ÄżƴĠǉĝƈƧßǉĝÙǉĝƹ� ƶ
�î! Pearson Ŗķŋƶ�Ā'�! Spearman ǁyŋƶ�Ā2ļ��ƚ%� ě�ǉ§ĵ
řµÆ (ŵƶŠ®¶ ŝĨ�ƾyƱǉǆňÙ / ÄżƴĠǉĝƈƧßǉĝÙǉĝƹǉBMI) 
ǉ
�Ǆƿ �ņŵƶŠ?H5RN?�äǀ2�&�Ŕß2ƚ%/�)�ǉ?HFTa6@ ư

´×�ď2ƈ�� ċñĢĮ! 5ǈ���  
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3.3ǋŨĐ 
3.3.1ǋƋǅų q£ũƓÇņĳî 
Ɗ 3 - 1�Ƌǅų ƣ{ņĳîǉĝƈ ĉŘƵņP\WdCǉĝƈk �Ǆƿ �ņŵƶ

Š?H5RN?ǉ�,#ƆưíŞČ��/ŵƶŠ®¶ ŝĨ�ƾyƱ2ő�� §ŝ!�

0�0ƆưíŞČ�ŝĨ� Ǉ'.
ƐÌ�0� (· 3 - 3)  
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6 3 - 1 7C0�8�+*"F%5
���F1>/���-(�@�<���� 

 Mean ± SD 

�E (y) 
8= (m) 
�; (kg) 
Body mass index 
D,� (m) 
�2= (m) 
D,� / �2=' 
 
%5:� (m / s) 
%� (m) 
%? (m) 
 
4;!.#��&-�-(�@�< 
4;!.#��&-�-(�@�< 
4;!.#��2-3 -�-(�@�< 
4;!.#�=�9-�-(�@�< 
 
�BA��+1>/����	� (Nm / kg / degrees) 

21.3 ± 0.87 
1.58 ± 0.04 
52.9 ± 5.82 
20.94 ± 2.09 
0.24 ± 0.01 
0.37 ± 0.03 
0.66 ± 0.05 

 
1.22 ± 0.09 
1.25 ± 0.07 
0.15 ± 0.02 

 
2.48 ± 0.46 
2.65 ± 0.56 
2.12 ± 0.48 
1.48 ± 0.35 

 
0.13 ± 0.02 

Mean; ���FSD; $)�� 
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9 3 - 3 5k� 1\v6W����.;c�k`3�_K 
=]k�(]k�=rksJk��/|k�k`3�g	�Z}��\v6W�U��g	�

oj�}�H42�eQ0�oj 2}�k`3�g	������"& �bL�	��
{R:��H42�eQ0j�$&����u�MlW�k`3�����x@��� 
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3.3.2�\v(�1���3cp�m�!�%#��p�m68�k`3�*��\vUh�
c<S�KP?c<S���, 
\viqf����u�MlW�1���3cp�m�!�%#���=]k�k`3

�*�����VO�[�f��,�y� (r = 0.41�P = 0.02)�'T����)�(]k�
=rksJk��/|k�k`3�*��\viqf����u�MlW�1���3cp

�m�!�%#�����VO�f��,�y���� (w 3 - 2)� 
-DtF>N����\v(�1���3cp�m�!�%#����dE / =r�^

����VO�z�f��,�y� (r = �0.46�P = 0.01)�\v~I�\��\v(�1�
��3cp�m�!�%#�����VO�f��,�y���� (w 3 - 2)� 
�7C0X�nY�\viqf����u�MlW�=]k�k`3�*��aB�=

r��A
��d�G���\vU�1���3cp�m�!�%#��+����	 
(w 3 - 3)� 
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6 3 - 2 �B@��+1=0�	��
��1=0.)�?:D1=0� D&5�"-<+�!��=� (r) 

 �B@��+1=0�	��
� (Nm / kg / degrees) 
 r P 

49�/#��'.�.)�?: 
49�/#��'.�.)�?: 
49�/#��2.3�.�.)�?: 
49�/#�;�7.�.)�?: 
C,� / �2;( 
&58� (m / s) 
&� (m) 
&> (m) 
BMI 

0.41 
0.22 
0.23 
0.10 

−0.46 
0.30 
0.02 
0.05 
0.08 

0.02* 
0.22 
0.21 
0.58 
0.01* 
0.10 
0.91 
0.78 
0.61 

*P <0.05 
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6 3 - 3 �B@��+1=0�	��
�����1=0.)��1=0� ��A 

 9���$   

 %*����! βDP� R2 Adjusted R2 

�B@��+1=0�	��
� 
(Nm / kg / degrees) 

49�/#��'.�.)�?:**Eβ = 0.51, P = 0.001 
C,� / �2;(**Eβ = −0.40, P = 0.008 

0.46 0.42 

**P <0.01    
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