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�ΗΎ͟͝w���6HKƼ1�8̧˲ɥƥ8Ȟ̋ 

Fig. 4
1 Definition of turn phases. 

Fig. 4
2 Maximum centrifugal force during turn phases. 

Fig. 4
3 Average centrifugal force during turn phases. 

Fig. 4
4 Averaged patterns for sixteen subjects of the centrifugal force and vertical 

displacement of the hammer’s head from R
1off through to release. 

Fig. 4
5 The relationship between personal best and increment of centrifugal force. 

�  

	ΗΎ͟͝w���6HKƼ1�8[u�oR]fʀɥƥ8Ȟ̋ 

Fig. 5
1 Definition of circle angle and azimuthal angle. 

Fig. 5
2 Reference frame on upper/lower torso and angle definitions.  

Fig. 5
3 Hammer head velocity and vertical displacement of the hammer head from 

R
1off through to release. 

Fig. 5
4 Start angles of acceleration, deceleration and duration of acceleration. 

Fig. 5
5 Azimuthal angles of hammer head in each event. 

Fig. 5
6 Displacement of the Y coordinate of CG during DSP. 
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Fig. 6
1 Comparison of the velocity increment. 

Fig. 6
2 Comparison of the duration of acceleration in each turn. 

Fig. 6
3 Comparison of maximum centrifugal force in each group.  

Fig. 6
4 Comparison of untwisting angle in each group.  
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Table 4
1 Characteristics of subjects. 

Table 4
2 Radius of curvature and hammer head velocity in each event. 

Table 4
3 Maximum centrifugal force and increment of centrifugal force. 
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Table 5
1 Release parameters and throwing record. 

Table 5
2 Duration time and time ratio of turn. 

Table 5
3 Joint motions in each event.�  

Table 5
4 Wind angle and unwind angle of the trunk in the turns. 
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Table 6
1 Subject characteristics in each group. 

Table 6
2 Comparison of throwing distance, start velocity, release parameters and 

total time of turn. 

Table 6
3 Comparison of joint motions in the TR group.   

Table 6
4 Comparison of joint motions in the CT group.  
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Ļȋ?�Ε2006ΟȺ�?�Ε1994ΟIsele and NixdorfΕ2010Οŷȅ?�Ε1993ΟȔľ�

ȷ̤Ε1997Δ6��1E���fy���kΓì͇ƈ�Ƽū̇�ƼūΎΔ8¢2w�

��8Έ̳͸OȻŠ&KǻE͝˿5˿ĳ9w����m°8ì͇ƈ2�K 3�łĦ

"L1�KΗ 

 

»�¼4@:A8-1�O«�²�#���

� w����m°͇ƈ8ŅŌ9Ε¤6k��űͽ2˷NLKΓDapenaΕ1984ΔΗŢ»

?�Γ1982Δ9w����m°8ø͇9Ƽ1�˘8̷ÄʡýΓtranslationΔ3Ĳ̸͎
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ýΓrotationΔ6H.1ɱBè"LK 3OłĦ$1�KΗěï�8ʫƻ˘9đǲ̊Ĳ

J8Ĳ̸ýÅO˷.1�J, k��űͽ¢ΕŻ̲9Ƃ6Ǒĺ$1�K�Ǧ2Εě̲9Ǒ

ĺ3͸ĺOˑJ́$1�KΗ 8k��űͽ6��KΕ ̲�ĺͽ6Ǒĺ$1�Kűͽ

O ̲ǘǄűͽΓ·�Ξ�DSP�3ɺ&ΔΕě̲�͸ĺ$1�KűͽOɢ̲ǘǄűͽΓ·

�Ξ�SSP�3ɺ&Δ6éΆ&K 3�2�KΗw����m°͇ƈ9 DSP 6ŅŌ$Ε

SSP 6ɎŮ&K+DΕDSP Oͤ�&KƼȿ�ǒŒ"L1�KΓBlackΕ1980ΟŢ»Ε

1994ΟSimonyiΕ1980ΟWoicikΕ1980ΔΗDSP 6��KÄƅ8ǌJƷ$9Εw���

�m°8ø͇6Ɣ;Oď@&͝˿5ƻ˸2�K3"L1�JΓ˶®?�Ε2010ΟŢ»Ε

1994ΟŰˎΕ1990ΔΕIsele and NixdorfΓ2010Δ9 2009Ƅ�����ɸ͘ƹȥ8Ȼþ

͋è˘8ýÅéȍO˷.+ˀȎΕDSP 6��1w���Ƽʫƻ˘9Äƅ8ǌJƷ$ý

ÅO˷.1�+ 3OłĦ$1�KΗ˶®?�Γ2008aΔ9k��ýÅ¢6��K̷Ä

8͎̇ý͟3w����m°8ȿˉø͇ƈ9 DSP2Ņø&K 3OłĦ$1�KΗA

+ΕŢ»Γ1994Δ9Εw����ěőΓƼ1�ǦĤÔΔ�IȬͽΓƼ1�ǦĤ6ũ$

1đũÔΔ6ʡý&Kăͧ6��1ΕƼ1�ǦĤ6̷ÄOʡý"(K�ÏL̿B�Oï

ɲ&K 32w����m°Oûɪʀ6ø͇"(K 3�2�K3͂>1�KΗ 

� Ŏɳ�Ţ»Γ2010Δ9w����m°8͎ýOú̯&K�Ytg�O|�|�~Ľ

ǈJŘ�p�2˗ŧ$ΕwS�S�qΓw����m°8͡ʆƉȤÑ�ǻŌÑOʙ&ǲ

ɜΔ�I���S�qΓw����m°8͡ʆƉȤÑ�ǻŭÑOʙ&ǲɜΔA28űͽ

6ΕǻEŌ�5đũǦĤ=8ø͇÷Oø�K 3�Εw����m°8ûȎʀ5ø͇O

Ê&˿ĳ2�K 3OłĦ$1�KΗA+ΕŎɳ�Ţ»Γ2014Δ9Εk��űͽ6�



  
- 6 - 

�Kw����m°8øɎ͇O÷ŜʀVu�\�Èˁ͟8ŉā3B5$ΕDSP 8��

�S�qµ̀6��1Εw���O̷ÄÜÄ2ƍ.ƎK 3�w���=8Vu�\�

ÈˁOÊ& 3OłĦ$1�KΗ 8w����m°8ø͇Ǧȿ9y���kúǈ3ĩ

:LΕʆǑĲ̸΋ý÷Oø�IL5�}��`8H�5ʴ8ø͇Ǧȿ3ĢȢ8�Ytg

�2�K3"L1�KΗ  

� w����m°8ø͇�Ytg�6ͨ$1ΕĻȋ?�Γ2006Δ9Ŝɱ���8ʫƻ

˘�I�ɸ���8w���Ƽʫƻ˘ 26ģ8 3ȪØéȍO˷.+ˀȎΕw���Ƽʫ

ƻ˘9Ĳ̸8¢ƞǦĤ6�m°Oƍ� 36H.1ȿˉø͇ƈOΎDΕ)8ˀȎǸɪą

Ɩ�ɎŮ$5�Iw����m°�ø͇"LK 3OłĦ$1�KΗ 

� ˶®?�Γ2008bΔ9`�{��kd����d��6H.1w����m°8ø͇

˿ĳOȞ̋$Εw�°��w���8ʍͧ¢ƞOˀ<ˉéHJÚ˷$+ɧư2�S��

6Ǝ÷Oø�K 36H.1w����m°Oø͇&KûȎ�ɱ%K 3OłĦ$1

�KΗ 

� ˶®?�Γ2010Δ9w����m°8ø͇ƻ˸6ͨ$1Εk��űͽ28w���

�m°ø͇͟OŌ��&K69w�°�OÚ˷"(K 3�͝˿2�JΕ˥ 8ȷƃŊ̸

͎ý3Äƅ8ǌJƷ$͎ýOĢǲ6˷� 3Ε�H;Ż˟�Iě˟6Ĥ��ǦĤŦJ

Γ̷ÄěƘǦΔ6ʡý"(KH�5÷Oɽǔ&K 36H.1w�°�OŌ��Ú˷"

(K 3�2�K3łĦ$1�KΗ·��IΕw���Ƽʫƻ˘9k��űͽ6��1Ε

�͂8ýÅO˷�w����m°8ø͇O͌˷$1�K3˗�ILKΗ 
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»�¼4@:A8-1�I~�#N�²�#���

� w���Ƽ9w����m°Ok��ýÅ6H.1ø͇"(Ε͔ ƞ÷Oïɲ$1Ƽ1

�O˷� 3�IΕ)8͔ƞ÷6ũƽ&Kɦƍ÷Oɽǔ&KƟ˿��K3"L1�K

ΓŷȅΕ2007ΔΗw����m°6Åɲ&K÷Γŷȅ?�Ε1993Δ8˹ɭǦȿ9ΕCable 

forceΓBrice et al.Ε2008ΟDapena and FeltnerΕ1989ΔΕƎ÷E$�9 Tensile force

Γ͔˶?�Ε2009aΕ2009bΟMurofushi et al.Ε2005ΔΕ͔ ƞ÷E$�9ɦƍ÷ΓŷȅΕ

2007ΟȔľ�ȷ̤Ε1997ΟɒɅ?�Ε1985Δ3ŋǟřĸ$1�KΗw���3w�°

�9�S��O´$1Ǒ˅"L1�JΕw�°�9ƹ6ʆǑÌǄ"L1�K 3�IΕ

w����m°6Åɲ&K÷9̷Ä6��Ķ˲3ȳÇͨÉ6�K3˗�ILKΗw�

��Ƽ8ŃĠΕƎ÷9͔ƞ÷Ođǰ$ΓŎɳ�Ţ»Ε2010ΔΕɦƍ÷9͔ƞ÷3Åɲ�

đÅɲ8ͨÉ6�JΕ?@Ģʮ8Ō�"Oʙ&ΓŷȅΕ2007Δ 3�łĦ"L1�KΗ

w����m°6Åɲ&K÷6ͨ$1Ε͔˶?�Γ2009aΕ2009bΔ�H;Murofushi 

et al.Γ2007Δ9Εw���8Ǒ˅͚é2�K�S��6h�b�OʆǑēJµ�ΕƎ

÷8̊ɑO&K 32Ȟ̋$1�KΗA+Εǰ×p�kOŀ6w����m°6Åɲ&

K÷Oʱè&KǦȿ6ͨ&KʒʦEǟŋ�˷NL1�KΓDapena and FeltnerΕ1989Ο

ŷȅΕ2007ΟȔľ�ȷ̤Ε1997ΟɒɅ?�Ε1985ΔΗ  

� ɒɅ?�Γ1985Δ9Εk��űͽ6��K͔ƞ÷9ŅŌ3ɎŮOˑJĲ$5�Iƙ�

6ΎA.1��ΕǻʽĲ̸űͽ2ǻŌÑOʙ& 3OłĦ$1�KΗw���OƼ1�

&Kͳ8w����m°6Åɲ&K÷8Ō�"6ͨ$1ΕDapenaΓ1982Δ9 67.50m

8Ƽ1�6��1 2750 N 8÷�w����m°6Åɲ&K 3OłĦ$1�KΗ
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Murofushi et al.Γ2005Δ9�Ʉʫƻ˘Oũ̥6Εw���8�S��6Åɲ&K÷O

Ǝ÷̊Oɲ�1ɑŠ$+ˀȎΕ3000N O̰�K÷Oʙ$+ 3OłĦ$1�KΗŷȅ

Γ2007Δ9�ɸ�Ʉʫƻ˘ 2ģ8ǖƔ"L+ǰ×�I͔ƞ÷Oʱè$+ˀȎΕ76.37m

8Ƽ1�6��1 324kgwOʙ$Ε76.67m8Ƽ1�6��1 307kgwOʙ$+ 3O

łĦ$1�KΗ·��IΕw���Ƽʫƻ˘69k��űͽ¢Εw����m°6Åɲ

&Ķ˲6˙�Ε"I6w���Oø͇"(K,�8ʯ÷Εʍɽ÷�Ɵ˿�Ęȩ2�K

3˗�ILKΗ 

 

�¾?*+.%-10?A2@)�²�#���

� �efoRm°q��t�^9Ε̐ Ġ͎ý6̀ˍʀ5͎ý6ũ$1ΕŊʀ̧˲OŅŌ

"(͎ýO͌˷&Kq��t�^Ǧȿ2�JΕ)8ʫƻ6˿ȸ"LKŪͥʀ5y��G

ʯ÷OƏā&K 3O¤+Kʅʀ3$1�KΓEscamilla et al.Ε2000Ο�q�USV

|Ε1985ΟȈȂΕ1994ΔΗ)8+DΕƼ1�ʫƻΓʓ£Ƽ�âʄƼ�w���Ƽ�GJ

ƼΔ8B5I'Ε͞ɮ8Ƽɮ͎ý�xmqfS�^�H;f~��q̮6��1Eïɲ

"L1�KΗ·�6)L6ͨ&KÚ˷ʒʦ6/�1ȡ̙&KΗ 

 

» ¼j�3�i�14#?*+.%-10?A2@)�

� Ƽ1�ʫƻ6��K�efoRm°q��t�^9Ɛ̓ʣʅ8ɲßΓʓ£�âʄ�w�

���GJΔ8͟͝OŅŌ&KǦȿ6H.1šǧ"L1�KΗ 
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1Δʓ£Ƽ6��K�efoRm°q��t�^ 

� KanishevskyΓ1984Δ9ʓ£8͟͝8ŅŌʳĵ9ýÅG͎ý8�g�6ƫƔ;Oď

@"5�ŭ"5ʳĵá2ŉý"(K>�2�K3͂>1�KΗA+ΕBartonietzΓ2003Δ

9ʓ£8͟͝OŅŌ$+ͳ8Ƽ1�̳͸9Ε͝ ͟ŅŌ8ʢƈ6¾�Â�&K 3OłĦ

$1�KΗ  

� ʓ£Ƽ6��K�efoRm°q��t�^8ČǲûȎ6ͨ&Kʒʦ6��1Ε

JudgeΓ2009Δ9�ɸ���8œŘʓ£Ƽʫƻ˘Oũ̥6ΕÚ˷͎ý6͟͝OŅŌ$+

ʓ£OƼ1�&K 32Ȭ́͟͝8ʓ£6HKƼ1�8y|W���fOĤ�"(K

q��t�^ǦȿOʼ´$1�KΗ 8Ǧȿ9ʯ÷Ζy��ŅƏ`�~�m]fq��

t�^ΓSPPCΔ3ĩ:L1�JΕ͆Ƃ8q��t�^,�25�̐Ġǲ8TW���

^Qm~6ïɲ&K 36H.1Εʯ8ɃƥāOÊ$Εʯ÷�H;÷8ʨ-��J͇ƈ

OΎDK 3�2�K3͂>1�KΗÙ®?�Γ2014Δ9Ú˷͎ý6ŀɖ͟͝8 4.0kg

HJE͝� 5.0kg�H; 6.0kgʓ£OÚ˷͎ý3$1Ƽ1�$+ƘΕƘ˅͎ý6 4.0kg

ʓ£OƼ1�$+ͳ8Έ̳͸9ǾƮ6¿;+ 3OłĦ$1�KΗ˾˶Γ1975Δ9̺

�ʓ£Γ12lbΔ6HKƼ1�OÚ˷͎ý3$+˔3Ε͝�ʓ£Γ20lbΔ6HKƼ1�O

Ú˷͎ý3$1šǧ$+˔6ũ$1ΕƘ˅͎ý6Ȭ́͟͝6HKʓ£Γ16lbΔOƼ1�

$+ͳΕ ˔8Ƽ1�̌͢6ǾƮż9̗DIL5�.+ 3OłĦ$1�KΗJudge et 

al.Γ2012Δ9 8ģ8œŘʓ£Ƽʫƻ˘Oũ̥6Ε4.0kgΓȬ́͟͝ΔΕ4.5kg�H; 5.0kg

8ʓ£OTW���^Qm~2Ƽ1�$+Ƙ6Ε4.0kgʓ£8Ƽ1�̳͸Oȳ̻$+ˀ

ȎΕ�'L8˔6EǾƮż9̗DIL5�.+ 3OłĦ$1�KΗ 
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� 2ΔâʄƼ6��K�efoRm°q��t�^ 

� ΎȌ�ȓ®Γ2013Δ9âʄƼ6��Kâʄ8͟͝Oŉā"(+ȉ¹8�Εfk�p

R�^f��8éȍO˷.+ˀȎΕâʄ͟͝8ŅŌ6¾.1ì͇ƈ3Ƽū̇9Â�&K

ÖĤ��JΕâʄ6Åɲ&K÷9ŅŌ&KÖĤ�BIL+ 3OłĦ$1�KΗ 

� âʄƼ6��K�efoRm°q��t�^8ČǲûȎ6ͨ&Kʒʦ6��1Ε˾ ˶

Γ1975Δ9̺�âʄΓ1.5kgΔ6HKƼ1�OÚ˷͎ý3$+˔3Ε͝�âʄΓ2.5kgΔ

6HKƼ1�OÚ˷͎ý3$+˔6ũ$1ΕƘ˅͎ý6Ȭ́͟͝Γ2.0kgΔ6HKâʄ

8Ƽ1�Ošǧ$+ͳΕ ˔8Ƽ1�̌͢6ǾƮż9̗DIL5�.+ 3OłĦ$1

�KΗ  

� Trancred and TrancredΓ1977Δ9âʄƼ8�efoRm°q��t�^8ʺʥûȎ

OȞ̋$+ˀȎΕĠ̊ 10Ĳ8q��t�^6H.1Ε͆Ƃ͟͝Γ1.25kgΔHJGG͝

�âʄΓ1.5kgΔ2q��t�^$+˔�ǻĚ͢�Ĥ�$+�Ε͝ &�KâʄΓ1.75kgΔ

6HKq��t�^O˷.+˔9̌͢8Ĥ��̗DIL5�.+ 3OłĦ$1�KΗ 

� � �  

3Δw���Ƽ6��K�efoRm°q��t�^ 

� Ȭ́͟͝w���3Ύ͟͝w���6HKƼ1�Oȳ̻$+ʒʦ6��1Ε

BartonietzΓ1994Δ9w���8͟͝OŅŌ"(+ŃĠΕ͟͝8Ņø6¾��S��

Ǝ÷8ǻŌÑ�ŅŌ&K 3OłĦ$1�KΗ 

� w���Ƽ6��K�efoRm°q��t�^8ČǲûȎ6ͨ&Kʒʦ6��1Ε

˾˶Γ1975Δ9̺�w���Γ12lbΔ6HKƼ1�OÚ˷͎ý3$+˔3Ε͝�w�
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��Γ20lbΔ6HKƼ1�OÚ˷͎ý3$+˔6ũ$1ΕƘ˅͎ý6Ȭ́͟͝6HKw

���Γ16lbΔOƼ1�$+ˀȎΕ ˔8Ƽ1�̌͢6ǾƮż9̗DIL5�.+ 3

OłĦ$1�KΗJudge et al.Γ2010Δ9ΎȐɱ8ɶœOũ̥6Ε͟͝ƼΓw���Ƽ

2Æɲ&Kw���HJEÜͤ�ʐ�w���OƼ1�&KʫƻΕÜͤΞ40.6cmΕɶ

ŘΞ11.4kgΕœŘΞ9.1kgΔ8͟͝OŅŌ"(+ɲßΓɶœ3E6 1.37kgŅ�H; 2.27kg

Ņ8͟͝ΔOÚ˷͎ý3$1Ƽ1�$+ƘΕƘ˅͎ý3$1Ȭ́͟͝8͟͝ƼOƼ1�

$+ͳ8Ƽ1�̳͸9Ĥ�$+ 3OłĦ$1�KΗ 

 

4ΔGJƼ6��K�efoRm°q��t�^ 

� GJ8͟͝OŅŌ$+Ƽ1�6��1Ε͟͝8ŅŌ6¾�ΕGJ6Åɲ&K÷Ε[u

oRm]Vu�\�ΕǻŌ�H;ƃļy��ɽǔ�ΎA.1�+ 3�łĦ"L1�K

ΓBartonietzΕ2000ΔΗ�  

� GJƼ6��K�efoRm°q��t�^8ČǲûȎ6ͨ&Kʒʦ6��1Ε˾ ˶

Γ1975Δ9̺�GJΓ600gΔ6HKƼ1�OÚ˷͎ý3$+˔3Ε͝ �GJΓ1.25kgΔ

6HKƼ1�OÚ˷͎ý3$+˔6ũ$1ΕƘ˅͎ý6Ȭ́͟͝8GJΓ800gΔOƼ

1�$+ˀȎΕ ˔8Ƽ1�̌͢6ǾƮż9̗DIL5�.+ 3OłĦ$1�KΗ 

� KonstantinovΓ1979Δ9GJƼ8�efoRm°q��t�^6͝�otf���

GʑOƼ1�&KǦȿOǆ�1�JΕœŘʫƻ˘20.05
0.2kgΕɶŘʫƻ˘20.1
0.3kg

8ø͝ʳĵ2˷�3͂>1�KΗ�  
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� Ƽɮ͎ý6��K�efoRm°q��t�^9Ε���8͟͝OŅŌ&KǦȿ6H.

1šǧ"L1�KΗ͞ɮ6��KƼɮ͎ý8�efoRm°q��t�^6ͨ&Kʒʦ

6��1Εțȅ?�Γ2003Δ9ʕƌ͞ɮ͚6Ƹŵ&KŌŜɱ 7ģOũ̥6Ε145g8�

��Oŀɖɮ3$1 5%òB6	20%8ʳĵ2͟͝OŅɎ$+ 9ʣΆ8���OƼɮ$

+Η)8ˀȎΕ���͟͝�Ņø&K6¾�Ε���8ì͇ƈ9Â�$+ 3�ʖ̗"

L1�KΗ 

� țȅ�ȈȂΓ2001Δ9ʕƌ͞ɮ͚6Ƹŵ&KΎȐɱ 7 ģOũ̥6Ε�̌3ĢȢ8ɑ

ŠO˷.+ˀȎΕ���͟͝�Ņø&K6¾�Ε���8ì͇ƈ9Â�$+ 3�ʖ̗

"L1�KΗțȅΓ2004aΔ9͟͝8Ņøʳĵ�ŀɖɮ6ũ$1 20%·á8ŃĠ9Ε�

��͟͝8Ņø6¾.1Ƽɮ˥6��Kƹͨʲ8ǻŌf{�°8Â��̗DIL+�

Ǧ2ΕƼɮ˥8ğͨʲ̇ƈ�H;ğͨʲ͇̇ƈ69˂̊ʀ6ǾƮ5ŉā9̗DIL5�

.+ 3OłĦ$1�KΗ 

� ͞ɮ6��KƼɮ͎ý8�efoRm°q��t�^8ČǲûȎOȞ̋$+ʒʦ6

��1Εțȅ?�Γ2003Δ9Ú˷͎ý3$1 145g8���Oŀɖɮ3$1 5%òB6

20%8ʳĵá2͟͝OŅŌ$+���OƼɮ$+ƘΕŀɖɮOƼɮ$+ˀȎΕƼɮf{

�°9Ĥ�$5�.+ 3OłĦ$1�KΗVan Hass et al.Γ1962Δ9Ε50ģ8ŌŜ

͞ɮ͚īOũ̥6ΕÚ˷͎ý3$1 11X�f3 5X�f8���O 10ɮƼɮ$+ƘΕ

Ƙ˅͎ý3$1 5X�f8���OƼɮ$+ͳΕÚ˷͎ý3$1 11X�f8���O

Ƽɮ$+˔8Ǧ�Ƽɮf{�°8Ĥ��̗DIL+ 3OłĦ$1�KΗ 
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� ͞ɮ6��KƼɮ͎ý8ʺʥûȎOȞ̋$+ʒʦ6��1Εțȅ?�Γ2004bΔ9Ō

Ŝʕƌ͞ɮ͚6Ƹŵ&KɶŘ 28 ģOũ̥6Ε̺͟ɮ3ŀɖɮOƼɮ&K˔ΓAT ˔Ε

n=7ΔΕø͝ɮ3ŀɖɮOƼɮ&K˔ΓRT ˔Εn=7ΔΕø͝ɮΕ̺͟ɮ�H;ŀɖɮO

Ƽɮ&K˔ΓCT˔Εn=7ΔΕŀɖɮ8BOƼɮ&K˔ΓCON˔Εn=7Δ8 4˔6é�Ε

ŀɖɮ8Ƽɮf{�°̊ɑO˷.+ƘΕ͊ 2 ĲΕ3 ͊ͧ8q��t�^ȁͧƘO̍�Ε

q��t�^ʽ©Ƙ6ĢȢ8̊ɑO˷.+Η)8ˀȎΕAT˔ΕRT˔�H; CT˔6�

�1Ƽɮf{�°8Ĥ��̗DIL+ 3OłĦ$1�KΗDeRenne et al.Γ1990Δ9

ΎȐɱ8͞ɮ͚īOũ̥6ŀɖɮΓ5X�fΔ8BΕŀɖɮ3̺͟ɮΓ4 3/4 X�fΔ

2q��t�^&K˔Εŀɖɮ3ø͝ɮΓ5 1/4X�fΔ2q��t�^&K˔8 3˔

6é�Ε10͊ͧ8q��t�^Ošǧ$+Η)8ˀȎΕÜ18˔2ɮ͇9Ĥ�$+�Ε

ŀɖɮ8B2q��t�^O˷�˔HJEΕŀɖɮ3̺͟ɮ�H;ŀɖɮ3ø͝ɮ6H

Kq��t�^O˷.+˔8?��Ō�5¿;Oʙ$+ 3OłĦ$1�KΗ 

 

»�¼5-0+&@)�14#?*+.%-10?A2@)�

� ͞ɮ8xmqfS�^6��K�efoRm°q��t�^9xmq͟͝OŅŌ&

KǦȿ6H.1šǧ"L1�KΗ͞ɮ8xmqfS�^6��K�efoRm°q��

t�^8ČǲûȎOȞ̋$+ʒʦ6��1ΕDeRenne et al.Γ1992Δ9̐Ġɲ8xmq

Γ30 X�fΔ8	12Βʳĵá8͟͝8xmqOTW���^Qm~6ɲ�+ŃĠ�ǻ

E͇�fS�^͇ƈOʙ$+�Ε27X�fHJE̺�xmq3 34X�fHJE͝�x

mqOÚ˷͎ý3$+ŃĠ9͍�fS�^͇ƈOʙ$+ 3OłĦ$1�KΗ  
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� ͞ɮ8xmqfS�^6��K�efoRm°q��t�^6ͨ&KʺʥûȎOȞ

̋$+ʒʦ6��1ΕSergo and BoatwrightΓ1993Δ9 24ģ8ŌŜɱ͞ɮ͘ƹOũ̥

6 64 X�f8xmq6HKq��t�^Γ5 ĲfS�^ 20 ʠ�fqΕ20 hmqΔO

͊ 3Ĳ 6͊ͧšǧ$+Η)8ˀȎΕfS�^͇ƈ8Ĥ��̗DIL+ 3�łĦ"L1

�KΗDeRenne and OkasakiΓ1983Δ9 10ģ8͞ɮ͘ƹOũ̥6Ε34X�f6Ņ͟

$+xmq6HK 7͊ͧ8q��t�^Ošǧ$+ˀȎΕ͆ Ƃ͟͝8xmq6HKfS

�^͇ƈ�Ĥ�$+ 3OłĦ$1�KΗ 

�  

»�¼+7=@0¦�14#?*+.%-10?A2@)�

� �JĻ̮�H;͟͝ɤ8ɦƍ̮9Εf~��q̮6��K�efoRm°q��t�

^3$1ɲ�IL1�KΗȆȅ�ôɳΓ2014Δ9ʐ̳͸̮ʣʅOŪͥ3&KɶŘŌŜ

ɱͯ�ʫƻ˘ 9ģOũ̥6Ε3ʣΆ8ÖǣΓ1.3ΒΕ7.4Β�H; 13.1ΒΔ8�JĻ�H

;ƃĺ2 40m8Ü÷ɼ̮O˷N(Εfk�q�I 30mĺɜµ̀8ɼ̮ýÅOȞ̋$+Η

)8ˀȎΕÖǣ�Ō��5K6¾�fq�S°�H;ɼ̮͇ƈ8Â��̗DIL+ 3

OłĦ$1�KΗŰˎ�ͨŷΓ1985Δ9ƃĺ3 3.1Β8�JĻ28ɼ̮ýÅOȳ̻$+

ˀȎΕ�JĻ̮9ɼ̮͇ƈΕ{ml�H;fq�S°8Â��ƍ�̯ "LKE88Ε

�Ä8ôÖ�ɉ��/Ǒĺ¢8˨8¿Ŵ�Ō��Εƃĺ8ɼ̮6��Kø͇űͽ8̮ý

Å6̀� 3�IΕ�JĻ̮9ø͇ɼ̮ˤ÷8ǙĮ6Ǿû2�K3łĦ$1�KΗ

Slawinski et al.Γ2008Δ9 9 ģ8 400m ̮OŪͥ3&Kʫƻ˘Oũ̥6Εƃĺ3

5.4±0.7%8�JÖǣ6��K 40
50m ĺɜ8ɼ̮ýÅ8ȳ̻O˷.+Η)8ˀȎΕɼ
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̮͇ƈΕfq�S°�H;{ml8Â��ʖ̗"L1�KΗ 8łĦ29Ε�JĻ̮9

ǑĺȁƘą8~md�X|ǲͧ�ŅŌ&K 3�IΕø͇űͽ28ǒ͋÷ɩƚOʅʀ3

$+q��t�^3$1Ǿû2�K3͂>IL1�KΗ 

� f~��q̮6��K�efoRm°q��t�^8ʺʥûȎOȞ̋$+ʒʦ6�

�1ΕHarrison and BourkeΓ2009Δ9 15ģ8ɶƥ�^z�͘ƹOũ̥6q��t�

^˔ 8ģΕ`�q���˔ 7ģ6é�Εq��t�^˔69Ä͝8 13Β8͟͝6̍Š

$+f�m°Oɦƍ&Kq��t�^O 12 ĲΕ6 ͊ͧšǧ$+Η)8ˀȎΕq��t

�^˔6��1 30m 8f~��qkS��H; 5m ĺɜ8kS�8ʐˏ�̗DIL1

�KΗA+ΕSpinks et al.Γ2007Δ9|mq���͘ƹOũ̥6Εf�m°Oɦƍ&K

f~��q̮O 16ĲΕ8͊ͧšǧ$+Η)8ˀȎΕ0
5mΕ5
10mΕ10
15m�H; 0


15m6��Kf~��qkS�8ʐˏ�ʖ̗"L1�KΗ 

� ·�ΕȢ�5͎ý8�efoRm°q��t�^6ͨ&KʒʦOȡ̆$1�+Η�e

foRm°q��t�^Oũ̥3$+ʒʦ9Ε͆ Ƃ8͎ý3Ŋʀ̧˲OŅŌ"(+͎ý

Oũȳ"(+ʒʦΕÚ˷͎ýŊʀ̧˲OŅŌ"(+͎ýOšǧ$ΕƘ˅͎ý6~�f8

Ɣ;O��K 3Oʅʀ3$+ČǲûȎOȞ̋$+ʒʦΕ�H;Ŋʀ̧˲OŅŌ"(+

͎ýO˄˅ʀ6šǧ$ΕʺʥûȎOȞ̋$+ʒʦ8 3/6Ōî&K 3�2�KΗ 

� ͆Ƃ8͎ý3Ŋʀ̧˲OŅŌ"(+͎ýOũȳ"(+ʒʦ6ͨ$1ΕƼ1�ʫƻ6�

�19Εì͇ƈ8Â�ΕƼ1�̳͸8Â�ΕƼ1�ɤ6Åɲ&K÷8ŅŌ�ʖ̗"L1

�KΗ͞ɮ8Ƽɮ͎ý6��19Ε���8ì͇ƈ8Â��ʖ̗"L1�K�ΕƼɮý

ÅΓƼɮ˥8ğͨʲ̇ƈ�H;ğͨʲ͇̇ƈΔ69Ɣ;Oď@"5�.+ 3�łĦ"
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L1�KΗ 

� f~��q̮6��19Ε{mlΕfq�S°�H;ɼ̮͇ƈ8Â��̗DIL+ 

3�łĦ"L1�KΗA+Εø͇űͽ28ǒ͋÷ɩƚOʅʀ3$+ƻ˸q��t�^3

$1ïɲĘˤ2�K 3�ʖ̗"L1�KΗ·��IΕŊʀΓɲß�ɰńΔ̧˲8ŅŌ

6H.1Ε͎ý6Ȣ�5ŉāOď@& 3�ǮI�35.1�KΗA+Ε�efoRm

°q��t�^9)8ʫƻ6˿ȸ"LKŪͥʀ5y��Gʯ÷OƏā&K 3�¤+

Kʅʀ3"L1�K�ΕƟ'$Eʯ÷=8Q~��l2,�295�Εƻ˸q��t�

^ʀƹȱ3$1Eïɲ"L1�K 3�N�KΗ 

� �efoRm°q��t�^8ČǲûȎOȞ̋$+ʒʦ6ͨ$1ΕƼ1�ʫƻΕ͞ ɮ

8Ƽɮ͎ý�H;xmqfS�^6��19ΕƟ'$E~�f8ûȎOȁƗ2�5�ł

Ħ�̀Ĕ�IL+Ηw���Ƽ6��1EĢȢ6ΕČǲûȎ6/�19~�f8ûȎ�

̗DIL5�.+ 3�łĦ"L1�KΗ 

� ʺʥûȎOȞ̋$+ʒʦ9ΕƼ1�ʫƻ29âʄƼ8ʒʦ8B2�JΕ20%͟͝OŅ

Ō"(+âʄ6HKq��t�^6��19Ƽ1�̳͸8Ĥ�9̗DIL+�Ǧ2Ε

40Β͟͝OŅŌ"(+âʄ6HKq��t�^6��19Ƽ1�̳͸8Ĥ�9̗DI

L5�.+ 3�łĦ"L1�KΗ͞ ɮ8Ƽɮ͎ý6��1Ε͝ ͟OŅŌ$+���6

HK˄˅ʀ5q��t�^O˷� 32Εɮ͇8Ĥ��̗DIL+ 3�łĦ"L1�

KΗxmqfS�^6��1E͟͝OŅŌ$+xmq6HK˄˅ʀ5q��t�^6H

.1ΕfS�^͇ƈ8Ĥ��ʖ̗"L1�KΗf~��q̮6��1Ε͟͝ɤOɦƍ&

K˄˅ʀ5q��t�^6H.1Εf~��qkS��ʐˏ$Εɥ6ø͇ˤ÷8Ĥ��
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̗DIL+ 3�łĦ"L1�KΗ·�8Ȣ�5͎ý8�efoRm°q��t�^8

ʺʥûȎOȞ̋$+ʒʦ9Ε3 ͊ͧ�I 10 ͊ͧ8q��t�^ȁͧO̍�K 36H

.1Εʫƻy|W���f8Ĥ��ʖ̗"L1�KΗA+ΕxmqfS�^Oͮ�Ε͝

͟8ŅŌʳĵ9 20Β·á8ŭ"5ŉā΃Ŀ2šǧ"L1�+Η  

� ·�8H�6Ε͆Ƃ8͎ý3Ŋʀ̧˲OŅŌ"(+͎ýOũȳ"(+ʒʦ6ͨ$1Ε

ɲß8͟͝OŅŌ"(+ͳΕɲß6Åɲ&K÷9Ȭ́͟͝8ɲßHJEΎÑOʙ$+ 

3�łĦ"L1�KΓBartonietzΕ2000ΟΎȌ�ȓ®Ε2013ΔΗ$�$5�IΕΎ͟͝

w���OƼ1�$+ͳ8̧˲ɥƥ6/�19ΕN'�6 BartonietzΓ1994Δ�ǻŌ

Ǝ÷6/�18B̉ď$1�K�Ε̊ ɑȉ¹��Ǯʎ2�JΕk��űͽ¢8̔ʻ5é

ȍ9˷.1�5� 3�IΕš̴ʀ5ʙĬOƚKA269˫.1�5�Γĭ΅ɜ 1ΔΗ 

� A+ΕÚ˷ʒʦΓțȅ?�Ε2003Οțȅ�ȈȂΕ2001ΟΎȌ�ȓ®Ε2013Δ6H.

1ΕƼ1�ʫƻ�H;͞ɮ8Ƽɮ͎ý6��19���fy���k6��Kì͇ƈ8

Â��ʖ̗"L1�KΗ$�$5�IΕw���Ƽ8�efoRm°q��t�^6�

�1ΕƼ1�̳͸G���fy���k6¶˹"LKǲʧͧy���k6ď@&Ɣ;6

/�19Ȟ̋"L1�5�Γĭ΅ɜ 2ΔΗ 

� ø�1Εf~��q̮Oũ̥6$+ʒʦΓŰˎ�ͨŷΕ1985ΟSlawinski et al.Ε2008Δ

6��1ΕýÅ8ŉť�ʖ̗"L+ 3�IΕ�efoRm°q��t�^8ƻ˸q�

�t�^3$18Ôͽ�Ȟ̋"L1�KΗ$�$5�IΕw���Ƽ8�efoRm°

q��t�^6��1ýÅ6ʌʅ$+ʒʦ9̀Ɛ+I5�Γĭ΅ɜ 3ΔΗ�  
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�¾?*+.%-10?A2@)�[¨�²�#���

�   29�efoRm°q��t�^8š̴Ǧȿ6ͨ&KǠɨOȡǃ$Εw���Ƽ

8�efoRm°q��t�^8Á˒µ�6/�1Ȟ̋&KΗ 

 

» ¼?*+.%-10?A2@)�[¨��1! mw 

� �efoRm°q��t�^9Ε̐ Ġ͎ý6̀ˍʀ5͎ý6ũ$1ΕŊʀ̧˲OŅŌ

"(͎ýO͌˷&Kq��t�^Ǧȿ2�KΗ�efoRm°q��t�^9ΕŪǚf

��n8ɥȯ5˿ȸ6Ġˬ&Kʯ÷OΉƵ&KΓ�q�USV|Ε1985ΔΕ)8ʫƻ6

˿ȸ"LKŪͥʀ5y��Gʯ÷OƏā&KΓȈȂΕ1994ΔΕʫƻ8o]tY�yk�

�6ȠD1ɥɻʀ5GJǦ2ΕƼ1�ʫƻ˘8ʯ÷OĤ�"(Εȧˤ&K͎ýĈÁO�

A�ýī&K 3�2�KH�65KΓJudgeΕ2009ΔΕ·�8H�5ʅʀ2šǧ"L

1�KΗ�efoRm°q��t�^6¶˹"LKH�5͎ý9Ūͥʀ͎ý3ĩ:LΕ

̐Ġ͎ý8Ūͥʀ5˿ʹΕ͚ é5I;6͎ýƑư�ḙ̏ʀ6À+E8Oǅ&3"L1�

KΓȈȂΕ1994ΔΗBackerΓ1996Δ9q��t�^8ɥɻƥ9͎ý�ʫƻf[�6ɥ

ɻʀ5ĘýĿ6̀��Ü�Ģ%2�K3�6q��t�^ûȎ8~�f8̸ʡ�̯ 

K3łĦ$1�KΗ 8H�5ˡǴ�IΕȠʪ6͝&�Kɲß8Æɲ9�S±f8Ɣ;

Oď@&ƦL��K3ƴƣ&K`�lGʒʦ˘E�K 3�łĦ"L1�K

ΓDeRenne et al.Ε1995ΔΗ)8+DΕ�efoRm°q��t�^Ošǧ&K6�+

JΕʓ£Ƽ�H;GJƼ8͟͝ŉā6ͨ&KłĦΓKanishevskyΕ1984ΟKonstantinovΕ

1979Δ6HK3Εɲß8͟͝8ŅɎ9͆Ƃ͟͝8 5%
20%3�.+ŭ"5ŉā΃Ŀ2
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˷NLK3"L1�JΕ͞ɮ8Ƽɮ͎ý6ͨ&KʒʦΓțȅ?�Ε2003Δ29Ε��

�͟͝8ŅɎOŀɖɮ6ũ$1 10Β·á8ŉā΃Ŀ2˷�8�ǿA$�3"L1�KΗ  

 

»�¼0?A2@)ugC�G�E4�

� ȈȂΓ1994Δ6HK3Εǻˮ8q��t�^ɧưOɱBè&ĈÁ9�]�Ε�jΕ

�]�8 3/8ħȁ6ăé"LΕ)8¢8�jħȁ9q��t�^8Ͷʥʀ2ʺʥʀ5

ûȎΕ�H;΁ơ͐ʢ8ʔņͪȫʮ�Εq��t�^6HKɱÄ8ǿA$�΁ơ�͖ơ

͐ʢOɱBè&+D6)L*L8q��t�^ȱͲGűͽ2Ģ%kS~E$�9ǟk

S~8�]�ħȁO 3
6ĈÁĀǃ$Εȳ̻ʀŞƵ$+q��t�^͐ʢ�ƑƵ"LKŀ

ȅĈÁ2�JΕ 8ȁͧ8ͤ"9ΕÄ÷Εƻ˸ͽ28̞˿ʹ8ḙ̏ʀǙĮ�ŀȅʀ6Ę

ˤ3"LKǲͧ2�K3"L1�KΗ�q�USV|Γ1985Δ9�jbS]�8ͤ"

9 1�ǽ6̀�Ε 8ȁͧ6��1Εǥ$���k�f[�8ƑƵ3·ô6˖ƚ$+�

�k�f[�8Ǚ͈6ͨ&Kŀȅʀq��t�^ÅȟOš˷&K�ɽŴ"(K�bS]

�3$1šǧĘˤ2�K3͂>1�KΗ LA28ǠɨʒʦHJΕ�efoRm°q�

�t�^8ʺʥûȎOȞ̋$+ʒʦ6��19Εʫƻʣʅ6��NI'ΕƐ̓ʣʅ8y

|W���f8Ĥ��̗DIL1�KΗțȅ?�Γ2004bΔ9͞ɮ8Ƽɮ͎ý8�ef

oRm°q��t�^8ʺʥûȎOΕq��t�^8ǲȁʀ5Á˒µ�O˗Ʋ$+�2

Ȟ̋$+Η 8ʒʦ29ŪͥʀɖÕȁ8Ƙą�I̐Ġȁʆô6��18�jħȁ���

28q��t�^OƭŠ$Ε3͊ͧ8q��t�^Ošǧ$+ˀȎΕƼɮf{�°8Ĥ

��̗DIL+ 3OłĦ$1�KΗA+ΕHarnesΓ1988Δ9}�Z�Q8œŘâʄ
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Ƽʫƻ˘8ͤȁͧ8q��t�^áťOłĦ$1�JΕ͝ ͟OŅŌ$+âʄ6HKq�

�t�^9åś�H;ΕŪͥʀɖÕȁ6�+K 7Ε8ǽ6šǧ$1�+ 3�łĦ"L

1�KΗ 

� ·�8H�6Ε�efoRm°q��t�^8š̴Ǧȿ6ͨ$1Ε͖ ê5͟͝ŅŌʳ

ĵ2q��t�^Ošǧ&K 3�͝˿2�JΕͯ �ʫƻ6��19Ƙąd�g�6Ĥ

�+ŪͥʀɖÕȁ6q��t�^~�^��6ʾB̿AL1�KΗ 8 3�IΕ�e

foRm°q��t�^OŪͥʀɖÕȁ�I̐Ġȁʆô6Ĥ�+�jħȁ���2š

ǧ&K 39Ǿû5q��t�^Ǧȿ2�K3˗�ILKΗ$�$5�IΕw���Ƽ

8�efoRm°q��t�^6��1Εq��t�^8ǲȁʀ5Á˒µ�O˗Ʋ$+

�28�jħȁ���8ʺʥûȎOȞ̋$+ʒʦ9̀Ɛ+I5�Γĭ΅ɜ 4ΔΗ  
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¾q�����1! ¡¸�

 

 ¾�����

� Ǡɨʒʦ6HJΕw���Ƽ8�efoRm°q��t�^6ͨ$1·�8ĭ΅ɜ�

ǅǕ"L+Η 

 

Γ1Δ�efoRm°q��t�^ȅȊ8ʅʀ9ΕŊʀ̧˲8ŅŌ6H.1Ε)8͎ý

6ũ$1̧͐˲O��Kʅʀ2˷NLKΗ$�$5�IΕw���Ƽ6��KΎ͟͝w

���6HKƼ1�8̧˲ɥƥ6/�1̔ʻ6Ȟ̋"L1�5�Γĭ΅ɜ 1ΔΗ 

 

Γ2ΔȢ�5Ƽɮ͎ý6��1ΕƼ1�ɤ8͟͝ŅŌ6H.1���fy���k=8

Ɣ;�ʖ̗"L1�KΗ$�$5�IΕw���Ƽ6��Kɲß8͟͝OŅŌ$+ͳ8

Ƽ1�̳͸Gǲʧͧy���k8Ɣ;OȞ̋$+ʒʦ9̀Ɛ+I5�Γĭ΅ɜ 2ΔΗ 

 

Γ3Δ��/�8ʒʦ6��1Ε�efoRm°q��t�^�ýÅ6ŉťOƍ�̯ 

& 3�IΕƻ˸q��t�^3$18ïɲȿ�Ȟ̋"L1�KΗ$�$5�IΕw�

��Ƽ6��Kw���͟͝8ŅŌ�ýÅ6ď@&Ɣ;6/�19Ȟ̋"L1�5�

Γĭ΅ɜ 3ΔΗ 
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Γ4Δ�efoRm°q��t�^8ʺʥûȎOȞ̋$+ʒʦ9ŋǟřĸ&K�Ǧ2Ε

w���Ƽ6��K�efoRm°q��t�^8ʺʥûȎOȞ̋$+E89̀Ɛ+

I5�Γĭ΅ɜ 4ΔΗ 

� ȅʒʦ29Ε�̌8ĭ΅ɜÖȻ&K+D6ΕΎ͟͝w���6HKƼ1�8̧˲ɥ

ƥΕƻ˸ʀɥƥ�H;q��t�^8ǾûƥOǮI�3&K 32Εq��t�^ɭŃ

6Ǿɲ5š̴ʀ5ʙĬOƚK 3Oʅʀ3$+Η 

 

�¾��¡¸�

� ȅʒʦ29Ε�͂$+ʒʦʅʀO͒Ƶ&K+D6Ε·�6ʙ& 3/8ʒʦ̛΅O̍Š

$+Η 

 

�ʒʦ̛΅Θ� 

Ύ͟͝w���6HKƼ1�8̧˲ɥƥ8Ȟ̋ 

� w���ƼOŪͥ3&K�˭ɶŘʫƻ˘Oũ̥6ΕȬ́͟͝w����H;Ύ͟͝w

���8Ƽ1�O˷�Εk��űͽ¢8̧˲ɥƥOȞ̋&KΓĭ΅ɜ 16/�1ΔΗ 

 

�ʒʦ̛΅ 2� 

Ύ͟͝w���6HKƼ1�8[u�oR]fʀɥƥ8Ȟ̋ 

� w���ƼOŪͥ3&K�˭ɶŘʫƻ˘Oũ̥6ΕȬ́͟͝w����H;Ύ͟͝w

���6HKƼ1�8[u�oR]fʀɥƥOȞ̋&KΓĭ΅ɜ 2Ε36/�1ΔΗ 
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�ʒʦ̛΅ 3� 

Ύ͟͝w���6HKq��t�^8Ǿûƥ8Ȟ̋ 

� w���ƼOŪͥ3&K�˭ɶŘʫƻ˘Oũ̥6ΕΎ͟͝w���OÆɲ$+�jħ

ȁ���8q��t�^O˷�ΕʺʥûȎOȞ̋&KΓĭ΅ɜ 46/�1ΔΗ  
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�¾q���e�½F 1! ³��

 

 ¾���e��

� ȅʒʦ29ΕŪͥʀq��t�^Ǧȿ8�/2�K�efoRm°q��t�^6ʌ

ʅ$1Ȟ̋O͋DKΗ L9Ŋʀ̧˲OŅŌ&K 36H.1ΕŪͥʀ5ʯ÷ʀ˿ʹ8

ǙĮOȁƗ&KE82�KΗw���Ƽ8q��t�^ɭŃ6��19Ύ͟͝w���

OÆɲ&KǦȿ�ǆ�IL1�KE88ΕŌą8łĦ�ʿΌó6ŀ0�1̝%IL1�

K8�ɭɧ2�JΕʟŜʀ5ʏ̀�Ͷʥ"L1�K39̉�͹�ΗA+Ε LA2�e

foRm°q��t�^9ʯ÷ΉƵȿ3$18Ôͽ�͝˿̂"L1�JΕƻ˸ʀq��
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̐ƻOǖƔ$+Η3 ę8Y��8ǰ×8Ģȁ9d�]�±ScΓLED Ľd�]�±S

c PTS
110ΕpR_SVSlʛ˼ΔOɲ�ΕĢȁ��~Oɷͽá6ä$̿C 36H

.1˷.+ΗǖƔ$+ VTR ɷ×OýÅ̈ȍi|qTUQΓFrame
DIAS �ΕpR_
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��m°̭͟Γ!ΔΕw����m°͇ƈΓ"ΔΕǸɪąƖΓ#Δ�I͔ƞ÷Γ$ΔOȸD
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$ = !"&
#  

Oɲ�Εw����m°6Åɲ&K÷8ʱèO˷.+Η 

� 5�Εw����m°͇ƈ9w����m°8 3ȪØƉȤÑOƉȤƵé!36ǲͧƜ

é$ΕĠƵ&K 36HJʱè$+ΗA+Εʒʦ6��KǸɪąƖ8ʱè6ͨ$19Ε

˶®?�Γ2010Δ8ƹȿOĎ˗6Εw����m°�H;Żƹʭ 3ǅMPͨʲ8ƉȤ 
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Table 4
1 Characteristics of subjects. 
Subject Age (yrs) Career (yrs) Height (cm) Weight (kg) Personal best (m)

A 18 4 176.0 75.0 52.11 
B 21 6 185.0 101.0 62.67 
C 22 6 171.0 90.0 57.40 
D 21 6 180.1 114.0 58.44 
E 20 5 191.0 95.0 60.74 
F 22 8 185.3 109.6 60.43 
G 23 8 184.0 126.0 66.00 
H 30 14 176.0 120.0 71.51 
I 21 5 180.0 90.0 55.83 
J 21 5 175.0 96.0 58.11 
K 21 6 180.0 126.0 56.64 
L 22 5 173.5 99.6 61.03 
M 22 10 180.0 97.0 56.33 
N 21 6 173.0 100.0 54.34 
O 23 7 179.0 100.0 64.71 
P 28 12 175.0 110.0 67.61 

Mean 22.25 7.06 178.99 103.08 60.24
SD 2.82 2.68 5.18 13.38 5.04
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  Fig. 4
1 Definition of turn phases.� �  

1st turn 2nd turn 3rd turn 4th turn

SSP1 SSP2 SSP3 SSP4DSP1 DSP2 DSP3 DSP4

R−1off R−2off R−3off R−4offR−1on R−2on R−3on R−4on Release
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� Fig. 4
469k��űͽ¢6��KΕ͔ ƞ÷�H;w����m°8͡ʆƉȤÑ8ǲ

ʴëʀ5ŉāyk��ÓȒāǲͧ2ʙ$+Η80
90%Ε170
180%Ε270
290%�H;

370
390%6��1Ύ͟͝w���̐ƻ8͔ƞ÷9Ȭ́͟͝w���̐ƻHJEΎÑ

2ǒʡ$1�+Η 

� Table4
36͔ƞ÷Ņø Γ͟Ύ͟͝w���̐ƻ8͔ƞ÷ǻŌÑ
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ƻ8͔ƞ÷ǻŌÑΔOʙ$+Η16 ģ¢ 13 ģ�Ȭ8ÑOʙ$Ε3 ģ�̧8ÑOʙ$+Η
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Fig. 4
2� Maximum centrifugal force during turn phases.  
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Fig. 4
3� Average centrifugal force during turn phases.  
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� k��űͽȲ6��K͔ƞ÷ǻŌÑ6��1Ε ̐ƻ6Þ͆$1 DSP4 8͔ƞ÷ǻ

ŌÑ9k��űͽÜÄ6��K͔ƞ÷ǻŌÑOʙ$+ΓFig. 4
2ΔΗ 8ˀȎ9Ú˷ʒ

ʦΓ͔˶?�Ε2009bΟMurofushi et al.Ε2007ΔOǘǄ&KE82�KΗ$+�.1Ε

͟͝6ͨNI'Εw���Ƽʫƻ˘9 4Ĳ̸O͆$1Εƙ�6w����m°8͔ƞ÷

OΎD5�Ik��O˷�Εǻʽűͽ2�K DSP4 6��1͔ƞ÷�ǻEŌ��5K

 3�ǮI�35.+ΗA+ΕDSP3�H; DSP48͔ƞ÷ǻŌÑ6��1ΕΎ͟͝w

���̐ƻ�ǾƮ6ΎÑOʙ$+Η 8 3�IΕΎ͟͝w���6HKƼ1�8

DSP3�H; DSP46��1ΕȬ́͟͝w���6HKƼ1�3ȳ̻$Εʫƻ˘9ΎA

.+͔ƞ÷6ũƽ$1Ō�5ɦƍ÷Oɽǔ$1�+3˗�ILKΗ�ǦΕk��űͽ6

��K͔ƞ÷ƃļÑ6ͨ$19Ε�'L8΀ʅͧ6EǾƮż9̗DIL5�.+ΓFig. 

4
3ΔΗH.1ΕΎ͟͝w���6HKƼ1�9 SSP�H; DSPO͆$1Ƃ6̧͐˲O

ƍ�̯ &E8295�Ε̧˲8ǻŌÑOΎDK 3�ǮI�35.+Η 

� Table4
2 69k��űͽ¢8ǸɪąƖ�H;w����m°͇ƈOʙ$+ΗΎ͟͝

w���̐ƻ6��KǸɪąƖ6ͨ$1ǾƮ6ɎŮ&Kűͽ�ʖ̗"L+ΗA+Εw�

���m°͇ƈ6ͨ$19 R
1off�I ReleaseA2Ƃ6Ύ͟͝w���̐ƻ�ǾƮ6

ÂÑOʙ$+Η�efoRm°q��t�^Ošǧ&K�2Ε͇ ƈ8Â�9ŀȅʀɥƥ

2�K3"L1�KΓZatsiorsky and KraemerΕ2006ΔΗ͔ƞ÷9͇ƈ8Ι§3̭͟8 
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Table 4
2� Radius of curvature and hammer head velocity in each event. 
Radius of curvature (m) Hammer head velocity (m/s)

Competition Heavier Difference Competition Heavier Difference
R-1off 1.79 ± 0.12 1.74 ± 0.09 * 12.46 ± 0.82 11.80 ± 0.74 ***
R-1on 1.73 ± 0.10 1.71 ± 0.07 12.95 ± 1.01 12.12 ± 1.00 ***
R-2off 1.78 ± 0.07 1.76 ± 0.06 16.04 ± 0.92 15.10 ± 0.78 ***
R-2on 1.70 ± 0.07 1.68 ± 0.07 15.91 ± 1.07 14.86 ± 1.07 ***
R-3off 1.77 ± 0.07 1.73 ± 0.06 ** 18.72 ± 0.86 17.84 ± 0.79 ***
R-3on 1.64 ± 0.05 1.62 ± 0.06 18.16 ± 0.98 17.02 ± 1.04 ***
R-4off 1.74 ± 0.07 1.70 ± 0.07 ** 20.64 ± 0.83 19.66 ± 0.93 ***
R-4on 1.64 ± 0.06 1.60 ± 0.05 ** 19.37 ± 1.18 18.33 ± 1.09 ***

Release 1.93 ± 0.11 1.96 ± 0.09 23.64 ± 0.87 22.64 ± 0.94 ***
*: p<0.05, **: p<0.01, ***: p<0.001
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Fig. 4
4 Averaged patterns for sixteen subjects of the centrifugal force and vertical 
displacement of the hammer’s head from R
1off through to release. 

: Centrifugal force of the competition hammer

: Centrifugal force of the heavier hammer

: Vertical displacement of the hammer head of the heavier hammer

: Vertical displacement of the hammer head of the competition hammer
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���6HKƼ1�6H.1 DSP3 �H; DSP4 6��Ķ˲8ŅŌ�ʖ̗"L+ 
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KĘˤƥ�˗�ILKΗ·��IΕΎ͟͝w���6HKƼ1�9Äƅ8ǌJƷ$ýÅ
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Table 4
3 Maximum centrifugal force and increment of centrifugal force.  
Subject A B C D E F G H I J K L M N O P

Maximum centrifugal force of the 
competition hammer�N� 2070.0 2258.9 2171.8 2201.4 2488.8 2259.0 2274.9 2567.6 2062.4 2399.6 2096.2 2199.5 2346.1 2175.1 2422.1 2599.5

Maximum centrifugal force of the 
heavier hammer�N� 2127.3 2300.2 2110.6 2191.3 2494.9 2315.2 2308.9 2654.4 2097.3 2538.2 2105.1 2424.2 2421.5 2168.9 2489.5 2690.2

Increment of the centrifugal force�N� 57.2 41.3 -61.1 -10.1 6.1 56.2 34.0 86.8 34.9 138.6 8.9 224.7 75.4 -6.2 67.4 90.7

Increment of the centrifugal force = Maximum centrifugal force of the heavier hammer − Maximum centrifugal force of the competition hammer
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Fig. 4
5 The relationship between personal best and increment of centrifugal force.  
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Fig. 5
1 Definition of circle angle and azimuthal angle.  
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Fig. 5
2 Reference frame on upper/lower torso and angle definitions.  
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ƼūΎ6ͨ$1ǾƮż9̗DIL5�.+Η 

� Table 5
26 SSPΕDSPƸ˿ǲͧ�H;Ƹ˿ǲͧȳΕk��Ƹ˿ǲͧOʙ$+ΗSSP

Ƹ˿ǲͧ6ͨ$1 4 k��Ġ̊�H;ğk��)L*L6��1 ̐ƻͧ6ż9̗D

IL5�.+ΗSSPƸ˿ǲͧȳ6ͨ$1Ε4k��Ġ̊Ε1k��ʅ�H; 3k��ʅ

6��1ΕΎ͟͝w���̐ƻ�ǾƮ6ÂÑOʙ$+ΗDSP Ƹ˿ǲͧ6ͨ$1Ε4 k

��Ġ̊Ε1k��ʅ�H; 3k��ʅ6��1Ύ͟͝w���̐ƻ�ǾƮ6ŅŌ$+Η
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w���̐ƻ�ǾƮ6ΎÑOʙ$+ΗA+Εk��Ƹ˿ǲͧ6ͨ$1Ε4 k��Ġ̊Ε

1k��ʅΕ2k��ʅ�H; 3k��ʅ6��1ΕΎ͟͝w���̐ƻ�ǾƮ6ΎÑ

Oʙ$+Η  

� Fig. 5
3 6k��űͽ6��Kw����m°͇ƈ�H;w����m°͡ʆƉȤ

Ñ8ǲʴëʀ5ŉāyk��ÓȒāǲͧ2ʙ$+ΗΎ̐͟͝ƻ3Ȭ́͟͝w���̐

ƻ6��Kw����m°͇ƈOȳ̻$+ˀȎΕ0%
400%ǲɜ6��1Ύ͟͝w��

�̐ƻ�Ȭ́͟͝w���̐ƻHJEǾƮ6ÂÑOʙ$+Γp<0.001ΔΗ 

� w����m°͇ƈ9k��űͽ¢Εø͇3Ɏ͇OˑJ́$5�Iƙ�6͇ƈOΎD

1��ΓFig. 5
3ΔΗw����m°͇ƈ�ɎŮ�IŅŌ$9%DKǲɜΓ·�Ξ�w�
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ɜΓ·�Ξ�w����m°Ɏ͇ͦŖǲɜ�3ɺ&ΔΕ�H;w����m°͇ƈ�ŅŌ

�IɎŮ&KA28ăͧΓ·�Ξ�w����m°ø͇ăͧ�3ɺ&ΔOk��űͽȲ

6w����m°ǦÁ̇6H.1ȳ̻O˷.+ΓFig. 5
4ΔΗw����m°ø͇ͦŖ

ǲɜ8w����m°ǦÁ̇91k��ʅ�H;2k��ʅ6��1Ύ͟͝w���̐

ƻ�Ȭ́͟͝w���̐ƻHJEǾƮ6ɎŮ$+ΗA+Εw����m°ø͇ăͧOȞ

̋$+ˀȎΕ1k��ʅ�H; 2k��ʅ6��1ΕΎ͟͝w���̐ƻ�Ȭ́͟͝w

���̐ƻHJEǾƮ6ŅŌ$+Ηw����m°Ɏ͇ͦŖǲɜ8w����m°ǦÁ

̇9 ̐ƻͧ6��1ǾƮż9̗DIL5�.+Η 

� Ȭ́͟͝w���̐ƻ�H;Ύ͟͝w���̐ƻ6��K R
on�H; R
offǲɜ8

w����m°ǦÁ̇O Fig. 5
56ʙ$+ΗΎ͟͝w���̐ƻ8 R
1onΕR
2on�

H; R
3on ǲɜ8w����m°ǦÁ̇�Ȭ́͟͝w���̐ƻHJEǾƮ6ÂÑO

ʙ$+ΗA+ΕR
offǲɜ8w����m°ǦÁ̇6ͨ$19 ̐ƻͧ6ǾƮż9̗D

IL5�.+Η 

� Table 5
36k��űͽ6��K°�m\�^Q�^�ΕÄƅôƘÖ̇ƈΕÄƅŻě

Ö̇ƈΕŻ˝ͨʲ̇ƈ�H;Ż˨ͨʲ̇ƈOʙ$+Η°�m\�^Q�^�6ͨ$1Ε

&>18ǲɜ6��1 ̐ƻͧ6ǾƮż9̗DIL5�.+ΗÄƅôƘÖ̇ƈ6ͨ$1Ε

R
2on6��1Ύ͟͝w���̐ƻ�ǾƮ6ÂÑOʙ$+ΗÄƅŻěÖ̇ƈ6ͨ$1Ε

R
1onΕR
4off �H; Release 6��1Ύ͟͝w���̐ƻ�ǾƮ6ÂÑOʙ$+Η

Ż˝ͨʲ̇ƈ6ͨ$1ΕR
4off 6��1Ύ͟͝w���̐ƻ�ǾƮ6ÂÑOʙ$+Η
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2off�H; R
3on6��1Ύ͟͝w���̐ƻ�ǾƮ6Â

ÑOʙ$+ΗTable 5
46Äƅǌ̸̇ƈ�H;ÄƅǌJƷ$̇ƈOʙ$+ΗÄƅǌ̸̇

ƈ6��1Εk��ͦŖǲɜΓR
1offΔ�H;���fǲɜΓReleaseΔ6ǾƮż�̗

DILΕ)L·Ŋ8ǲɜ6��19Ύ͟͝w���̐ƻ� R
3on ǲɜ8B6��1Ǿ

Ʈ6ΎÑOʙ$+ΗA+ΕǌJƷ$̇ƈOȳ̻$+ˀȎΕDSP36��1Ύ͟͝w��

�̐ƻ�ǾƮ6ΎÑOʙ$+Η  

� Fig. 5
66 DSP6��K̷Ä͝ƞ YƵé8ʡý̳͸Oʙ$+ΗDSP6��K̷Ä͝

ƞ YƵé8ʡý̳͸6ͨ$1Εk��űͽ¢Ü18 DSP6��1Ύ͟͝w���̐ƻ

�ǾƮ6Ō�5ÑOʙ$+Η 
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Table5
1 Release parameters and throwing record. 
Competition hammer Heavier hammer

Release velocity (m/s) 23.64 ± 0.87 22.64 ± 0.94***

Release height (m) 1.40 ± 0.21 1.32 ± 0.19

Release angle (deg.) 38.40 ± 2.03 37.40 ± 2.14*

Throwing record (m) 53.80 ± 3.69 49.56 ± 4.01***

*: p<0.05, ***: p<0.001
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Table 5
2 Duration time and time ratio of turn. 
Competition hammer Heavier hammer 

Duration time of SSP�sum (sec) 1.17 ± 0.10 1.18 ± 0.09
Duration time of SSP�1st (sec) 0.33 ± 0.03 0.32 ± 0.02
Duration time of SSP�2nd (sec) 0.30 ± 0.03 0.31 ± 0.03
Duration time of SSP�3rd (sec) 0.28 ± 0.03 0.27 ± 0.03
Duration time of SSP�4th (sec) 0.27 ± 0.03 0.27 ± 0.03

Duration time of DSP�sum (sec) 1.33 ± 0.12 1.40 ± 0.13***
Duration time of DSP�1st (sec) 0.44 ± 0.05 0.47 ± 0.05**
Duration time of DSP�2nd (sec) 0.33 ± 0.03 0.35 ± 0.04
Duration time of DSP�3rd (sec) 0.26 ± 0.04 0.29 ± 0.03***
Duration time of DSP�4th (sec 0.29 ± 0.03 0.29 ± 0.04

Duration time of turn�sum (sec) 2.50 ± 0.13 2.57 ± 0.14**
Duration time  of turn�1st (sec) 0.77 ± 0.07 0.79 ± 0.06*
Duration time  of turn�2nd (sec) 0.63 ± 0.03 0.65 ± 0.05*
Duration time  of turn�3rd (sec) 0.54 ± 0.03 0.56 ± 0.03**
Duration time  of turn�4th (sec) 0.56 ± 0.03 0.56 ± 0.04

Ratio of SSP time�sum (%) 46.85 ± 3.33 45.74 ± 3.25*
Ratio of SSP time�1st (%) 42.51 ± 3.30 41.03 ± 2.81*
Ratio of SSP time�2nd (%) 47.44 ± 3.84 47.12 ± 4.33
Ratio of SSP time�3rd (%) 51.30 ± 5.64 48.71 ± 4.40**
Ratio of SSP time�4th (%) 47.88 ± 4.51 47.96 ± 4.81

Ratio of DSP time�sum (%) 53.15 ± 3.33 54.26 ± 3.25*
Ratio of DSP time�1st (%) 57.49 ± 3.30 58.97 ± 2.81*
Ratio of DSP time�2nd (%) 52.56 ± 3.84 52.88 ± 4.33
Ratio of DSP time�3rd (%) 48.70 ± 5.64 51.29 ± 4.40**
Ratio of DSP time�4th (%) 52.12 ± 4.51 52.04 ± 4.81

*: p<0.05�**: p<0.01�***: p<0.001
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Fig. 5
3 Hammer head velocity and vertical displacement  
of the hammer head from R
1off through to release. 
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� ȅʒʦˀȎ�IΕw���Ƽ6��1ɲß8͟͝OŅ͟$+ͳΕƼ1�̳͸8Â�O

ƍ�̯ & 3�ʖ̗"L+ΓTable 5
1ΔΗƼ1�̳͸OȻŠ&KǻEŌ�5˿ĳ9ì

͇ƈ2�K 3�IΓĻȋ?�Ε2006ΟȺ�?�Ε1994ΟIsele and NixdorfΕ2010Ο

Ţ»?�Ε1982ΔΕΎ͟͝w���̐ƻ6��KƼ1�̳͸8Â�9Εì͇ƈ�Â�$

+ 36HKE82�K3˗�ILKΗƼ1�ɤ8͟͝Ņø9Εì͇ƈ8Â�Oƍ�̯

 $ΕƼ1�̳͸8ɎŮOƍ�̯ &3"L1�KΓZatsiorsky and KraemerΕ2006ΔΗ

ȅʒʦ6��1EΕΎ͟͝w���̐ƻ9w����m°͟͝8Ņø6¾�ΕȬ́͟͝

w���̐ƻHJEw����m°͇ƈOŉā"(6��5.+ˀȎΕì͇ƈ8Â�O

ǁ�+3˗�ILKΗ 

� Fig. 5
36k��űͽ6��Kw����m°͇ƈŉāOʙ$+Ηğk��6��K

w����m°͇ƈ8ǻŌÑ9¤6 LPµ̀Εw����m°͇ƈ8ǻŭÑ9 HPµ̀

2ʙ"L+Ηk��űͽ6��1Εw����m°9øɎ͇OˑJ́$5�Iƙ�6͇

ƈOΎD1��Ηw����m°͇ƈ8ŅŌ9Ε¤6k��űͽ2˷NLK+D

ΓDapenaΕ1984ΔΕk��O͝7K!36ƙ�6w���Oø͇"(Kƻ˸�͝˿2

�K3˗�ILKΗ0%
400%ǲɜ6��1Ύ͟͝w���̐ƻ�Ȭ́͟͝w���̐

ƻHJEǾƮ6ÂÑOʙ$+Η L9Ύ͟͝w���̐ƻ�Εk��űͽÜÄO͆$1
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��̐ƻ8͇ƈŅɎyk��9ΕȬ́͟͝w���̐ƻ3ĢȢ8ȢʇOʙ$+ 3�IΕ

Ύ͟͝w���̐ƻ9Εk��űͽ6��Kw����m°8ʡýȢʇ3w����m

°øɎ͇8ͨÉƥ9ˆǄ"L+AAƼ1��͌˷"L+3˗�ILKΗ 
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1991ΟMorleyΕ2003ΟOttoΕ1991ΔΗ)8+DΕDSP9ʥȠʀø͇ăĿΕSSP9ɈȠ
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4k��Ġ̊8k��Ƹ˿ǲͧ8ŅŌOƍ�̯ & 3�ǮI�35.+ΓTable 5
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k��Ġ̊8 SSP Ƹ˿ǲͧ6ż9̗DIL5�.+Η 8 3�IΕ4 k��Ġ̊8
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� Ȫ6ΕDSP 8ͦŖǲɜ2�KΕR
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1onΕR
2on �H; R
3on ǲɜ8w����m°ǦÁ̇6��1ΕΎ͝

͟w���̐ƻ�ǾƮ6ÂÑOʙ$+ΓFig. 5
5ΔΗR
onǲɜ8w����m°ǦÁ̇ 

�ɎŮ$+ 39ΕHJĲ̸8Ǭȁ6��1Εě̲Ǒĺ�͌˷"L1�+ 3Oʙ$1
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Fig. 5
4 Start angles of acceleration, deceleration and duration of acceleration. 
*: p<0.05, **: p<0.01, ***: p<0.01
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 Fig. 5
5 Azimuthal angles of hammer head in each event. 
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Fig. 5
6 Displacement of the Y coordinate of CG during DSP.   
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3�ʙ"L1�KΗΎ͟͝w���̐ƻ6��1̷Ä8Ƽ1�ǦĤÔ=8ȷƃʡý�H

JŌ��5.+ 36H.1Εw����m°8ȷƃǦĤ=8ø͇�HJƏ̜"L+ˀ

ȎΕƼū̇6Ɣ;Oď@$+3˗�ILKΗA+ΕÄƅôƘÖ̇ƈΓTable 5
3Δ6�

�1 R−2on ·Ŋ8ǲɜ6��1ǾƮż9̗DIL5�.+ΗÄƅŻěÖ̇ƈΓTable 

5−3Δ6��1̷Ä8ôÔ�ǦÁ̇ 90°µ̀8ǦĤOĤ� R−off�H; Releaseǲɜ2

9 R−3offOͮ�ΕΎ͟͝w���̐ƻ�HJƼ1�ǦĤÔ6ÄƅOÖ�1�K 3� 
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Table 5
3 Joint motions in each event.�  

 

 

 

 

 

 

 

 

  

   

 

 

 

 

R-1off R-1on R-2off R-2on R-3off R-3on R-4off R-4on Release

Angle of 
dragging

(deg.)

Competition 63.4±5.8 62.5±5.6 65.1±5.7 63.5±5.9 66.9±4.1 65.6±6.4 67.6±4.9 66.5±5.6 71.5±7.0

Heavier 66.0±7.1 62.7±6.2 63.7±4.9 64.5±5.1 67.1±4.1 67.4±3.8 65.9±3.8 64.9±7.1 71.4±8.7

Trunk 
forward/backw
ard tilt angle 

(deg.)

Competition 13.0±4.7 15.9±4.2 4.3±6.2 14.3±3.4 -6.1±5.0 8.8±3.5 -11.1±5.5 4.8±5.1 -21.6±4.1

Heavier 12.2±4.0 14.9±3.4 4.7±5.3 12.9±3.7* -4.9±6.1 8.7±3.9 -10.1±5.2 4.1±5.5 -22.5±4.5

Trunk lateral
flexion angle

(deg.)

Competition -6.3 ± 2.3 8.1 ± 5.6 -2.3 ± 4.1 0.8 ± 5.8 -1.8 ± 3.2 -6.5 ± 3.5 1.5 ± 2.7 -8.5 ± 4.6 -0.3 ± 6.0

Heavier -6.3 ± 2.3 6.6 ± 5.0* -3.5 ± 3.3 -0.6 ± 3.9 -1.5 ± 4.9 -7.2 ± 4.1 -0.3 ± 4.2* -8.5 ± 3.9 -3.1 ± 6.5*

Hip joint angle
(deg.)

Competition 117.6±8.2 135.7±10.9 126.7±9.4 141.5±8.9 137.1±7.0 145.5±8.3 149.5±6.2 146.7±8.7 169.1±4.9

Heavier 117.5±6.1 137.4±7.4 123.2±8.0 143.1±9.1 135.7±7.4 145.8±8.6 145.2±7.3* 146.3±9.5 167.7±6.5

Knee joint 
angle (deg.)

Competition 135.5±11.5 98.0±10.5 142.5±10.3 99.0±8.3 137.5±9.1 93.1±6.6 141.0±8.5 88.6±7.4 156.2±7.2

Heavier 136.6±12.6 98.0±9.9 140.0±8.6** 99.0±9.2 138.9±8.4 90.1±7.9* 138.9±9.1 87.7±9.4 152.3±9.7

*: p<0.05, **: p<0.01
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Table 5
4 Wind angle and unwind angle of the trunk in the turns. 

Wind angle of the trunk (deg.) Unwind angle of the trunk (deg.)

Competition Heavier Competition Heavier

R-1off -10.5 ± 5.4 -5.8 ± 6.5*

R-1on 53.5 ± 13.5 53.3 ± 11.1
DSP1 49.9 ± 18.1 50.5 ± 13.0

R-2off 3.6 ± 11.0 2.80 ± 9.8

R-2on 48.8 ± 10.3 48.6 ± 12.4
DSP2 36.4 ± 11.6 36.8 ± 12.5

R-3off 12.4 ± 7.4 11.71 ± 11.0

R-3on 43.5 ± 11.2 49.0 ± 6.7**
DSP3 36.7 ± 7.7 41.9 ± 8.8*

R-4off 6.8 ± 8.7 7.07 ± 9.4

R-4on 40.8 ± 13.3 39.9 ± 10.5
DSP4 73.5 ± 7.0 67.5 ± 12.1

Release -32.6 ± 9.3 -27.6 ± 7.2*

*: p<0.05, **: p<0.01
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ʙ"L+ΗŻ˨ͨʲ̇ƈΓTable 5−3Δ6ͨ$1Ύ͟͝w���̐ƻ� R−2offΕR−3on

6��1ǾƮ6ŲǸÁOʙ$ΕŻ˝ͨʲ̇ƈΓTable 5−3Δ6ͨ$19Ü18 R−offǲ

ɜ6��1ŲǸÁOʙ&ÖĤOʙ$+Η 8 3�IΕ̷ Ä͝ƞ8Ƽ1�ǦĤ=8ʡý

̳͸8ŅŌ9Ε�ÄOƘÖ"(KýÅ295�Ε̋ ͨʲG˨ͨʲ8ŲǸýÅ6H.1ƍ

�̯ "LKȜŘ6˦Ǐ�KH�5ýÅΕ�H;�ÄOŻÖ"(KýÅ6HKE82�

.+3ǒŧ"LKΗ 

� Table 5
469Äƅǌ̸̇ƈ�H;ÄƅǌJƷ$̇ƈOʙ$+Η ̐ƻÞ6 SSP6�

�1ǌJýÅΕDSP 6��1ǌJƷ$ýÅO˷�5�Ik��O˷.1�K 3�ʙ

"L+ΗIsele and NixdorfΓ2010Δ9 R
onǲɜ6��KΕÄƅ8ǌJ8ʢƈ9ʫƻ˘

6H.1ɻ5KE88ΕR
on ǲɜ�I R
off ǲɜ6��1ǌJƷ$ýÅO˷.1�K

3łĦ$1�KΗA+ΕDSP 6��KÄƅ8ǌJƷ$9Εw����m°8ø͇6Ɣ

;Oď@&͝˿5ƻ˸2�K3"L1�KΓŢ»Ε1994ΟŰˎΕ1990Ο˶ ®?�Ε2010ΔΗ

ȅʒʦˀȎ�IΕ°�m\�^Q�^�8ɎŮO¾N'Äƅ8ǌJƷ$ýÅO˷.1�

+ 3�ǮI�35JΕC$M DSP3 6��1Ύ͟͝w���̐ƻ9ΕȬ́͟͝w�

��̐ƻHJEŌ�5ǌJƷ$O˷.1�+ 3�ʙ"L+Η  
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� ȅʒʦ8ʅʀ9ΕΎ͟͝w���6HKƼ1�8[u�oR]fʀɥƥOǮI�6&

K 32�.+Ηw���ƼOŪͥ3&KɶŘƼ1�ʫƻ˘ 16ģOũ̥3$ΕȬ́͝

͟w���Γ7.26kgΔ̐ƻ3Ύ͟͝w���Γ8.0kgΔ̐ƻ8ȳ̻O˷.+ΗƚIL+

ˀȎ9·�8͆J2�KΗ 

1ΔΎ͟͝w���̐ƻ9Εw����m°͇ƈ�H;Ƽ1�̳͸8Â�Oƍ�̯ &

 3�ʖ̗"L+Η 

2ΔΎ͟͝w���̐ƻ9Ε4k��Ġ̊ǲͧ8k��Ƹ˿ǲͧ8ŅŌ�̗DIL+Η

A+Εw����m°8ʥȠʀø͇ăĿ2�K DSP8Ƹ˿ǲͧ�H;Ƹ˿ǲͧȳ8

ŅŌOƍ�̯ $Εw����m°ø͇ăͧ8ŅŌ�ʖ̗"L+Η 

3ΔΎ͟͝w���̐ƻ6��1Εk��űͽ¢Ü18 DSP6��K̷Ä͝ƞ8Ƽ1

�ǦĤÔ=8ʡý̳͸�ǾƮ6ŅŌ$+ΗA+Ε�˞ͨʲ8ŲǸýÅ�Ə̜"LK 

3�ǮI�35.+Η 

� ·�8ˀȎ�IΕΎ͟͝w���6HKƼ1�9Εw����m°͇ƈ8Â�6HK

Ƽ1�̳͸8ɎŮOƍ�̯ &E88ΕDSP6��1ȜŘ6˦Ǐ�KH�5ýÅO͌

˷$1�+ 3�ǮI�35.+Η 
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� �efoRm°q��t�^8ʺʥûȎOȞ̋$+ʒʦ6ͨ$1Εf~��q̮6�

�19Ε͝ ͟ɤ8ɦƍ̮q��t�^6H.1f~��qy|W���f8Ĥ��ʖ̗

"L1�KΓHarrison and BourkeΕ2009ΟSpinks et al.Ε2007ΔΗA+Ε͞ɮ6��

KƼɮ͎ý6ͨ$19Εø͝ɮ6HKq��t�^O˷.+˔6��1ɮ͇8Ĥ��̗

DIL+ 3�łĦ"L1�KΓBrose and Hanson, 1967ΟDeRenne et al.Ε1990Ο

Litwhiler and Hamm, 1973ΟLogan et al., 1966ΔΗ 8H�6Ε�efoRm°q�

�t�^8˄˅ʀ5šǧ6H.1ΕƐ̓ʣʅ8y|W���fĤ�6Ǿû2�K 3�

̗DIL1�KΗ 

� w���Ƽ8�efoRm°q��t�^6ͨ$19Εʭ4ʩ�H;ʭ5ʩ6H.1Ε

Ύ͟͝w���6HKƼ1�8ɥƥ�ǮI�35.+�ΕΎ͟͝w���6HKq��

t�^8ʺʥûȎOȞ̋$+ʒʦ9šǧ"L1�5�Η 8H�5ˡǴ�IΕf~��

q̮Ε͞ ɮ6��KƼɮ͎ý8�efoRm°q��t�^6ͨ&Kʒʦ3ĢȢ6ΕΎ

͟͝w���6HKƼ1�8q��t�^ûȎOǮI�6&K 3�2�L:Εq��

t�^š̴=8Ǿɲ5ʏ̀OƚK 3�2�K3˗�ILKΗH.1Εȅʒʦ29Ύ͝

͟w���6HKq��t�^8ʺʥûȎOǮI�6&K 3Oʅʀ3$+Η 
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� ˻Ό˘9Εw���ƼOŪͥ3&KɶŘƼ1�ʫƻ˘ 16ģOũ̥3$Εq��t�

^˔Γ·�Ξ�TR ˔�3ɺ&Δ�H;`�q���˔Γ·�Ξ�CT ˔�3ɺ&Δ6 8

ģ'/6éΆ$+ΓTable 6
1ΔΗ5�Εʫƻ÷ΕƑưΕƄΏΕʫƻȮ6��1˔ͧ6ż

9̗DIL5�.+Η  

 

»�¼®¯�Z½[¹�i1! /A,S´�

� ȅʒʦ6��KΎ͟͝w���8͟͝9 8.0kg6̍Š$+ΗɑŠ9 2Ĳšǧ$Εq�

�t�^ôΓ·�Ξ�Pre�3ɺ&Δ�H;q��t�^ƘΓ·�Ξ�Post�3ɺ&Δ8

 ɑŠ6��1ΕȬ́͟͝w���ΕΎ͟͝w���8΁2Ƽ1�O˷.+Η̐ƻͧ6

9Ąé5¼ƧOʖÌ$Ε�'L8̐ƻEÜ÷2˷.+Ηéȍ̐ƻ9Ȭ́͟͝w����

H;Ύ͟͝w���6HKƼ1�8ğ̐ƻ6��1ΕǻĚ͢8ˮ�.+̐ƻ3$+Η

b�]�8¢ƞ6ěƹͻȫƉȤʴO̍Š$ΕX ǦĤOƼ1�ǦĤ6ũ$ʆ¯&KǦĤΕ

YǦĤOƼ1�ǦĤΕZǦĤO͡ʆǦĤ3$+Η̐ƻ8ǖƔ69 3ę8wSf{�°Y

��ΓEX
F1ΕCASIOʛ˼ΔOɲ�ΕǖƔf{�°Ȳʠ 300`�Εd�mk�f{�

° 1/2000ʠ2̐ƻOǖƔ$+Η3ę8Y��8ǰ×8Ģȁ9d�]�±ScΓLEDĽ

d�]�±Sc PTS
110ΕpR_SVSlʛ˼ΔOɲ�ΕĢȁ��~Oɷͽá6ä$

̿C 36H.1˷.+ΗǖƔ$+ VTRɷ×OýÅ̈ȍi|qTUQΓFrame
DIAS 
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�ΕpR_SVSlʛ˼ΔOɲ�1Ε�˞ 8ɜΓŻě8ʭ 3MPͨʲ¢ƞΕƹͨʲ¢ƞΕ

˜ͨʲ¢ƞΕ˟ͨʲ¢ƞΔΕ�˞ 12 ɜΓŻě8/AÚΕŻě8ʭ 2MP ͨʲ¢ƞΕ̶Ε

̲ͨʲ¢ƞΕ˨ͨʲ¢ƞΕ˝ͨʲ¢ƞΔΕ΄͚�H;Äƅ 5 ɜΓ΄ͿΕŻě˚ɫɜ8¢

ƞΕˣ΍�ˍΕŻě˛΍�ʪΔ�H;w����m° 1ɜ8̊ 26ɜ8 2ȪØƉȤÑO

ƚ+ΗǖƔɷ̇á6͜˒$+ΕšʧͧƉȤ�ǩʏ8[��}��d�����8ƉȤÑ

Oɲ� 3ȪØ DLTȿ6HJğéȍɜ8 3ȪØƉȤÑOȸD+Η5�Ȥɖ̘ż8ƃļÑ

9 X̹Ξ0.007mΕY̹Ξ0.007mΕZ̹Ξ0.007m2�.+ΗWinterΓ2004Δ8Ǧȿ6

H.1Εéȍɜ8ƉȤƵé!36ǻ͖͗ǤħɀǟΓ5Hz
9HzΔOȻŠ$ΕButterworth 

digital filterOɲ�1ƃɗā$+Η 

 

»�¼Mr·��

1Δk��8űͽé�6ͨ$1 

� k��8űͽé�6ͨ$19Εʒʦ̛΅ 1Ε23ĢȢ8ƹ΁2éȍOšǧ$+Η 

  

2Δ���fy���k8ʱè �  

� ���fy���k6ͨ$19Εʒʦ̛΅ 23ĢȢ8ƹȿ6H.1ʱè$+Η 

 

3Δ͔ƞ÷8ʱè 

� ͔ƞ÷6ͨ$19Εʒʦ̛΅ 13ĢȢ8ƹȿ6H.1ʱè$+Η 
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4Δw����m°ǦÁ̇ΕÄƅǌ̸̇ƈΕ°�m\�^Q�^�ΕÄƅôƘÖ̇ƈΕ

ÄƅŻěÖ̇ƈΕŻ˝ͨʲ̇ƈ�H;Ż˨ͨʲ̇ƈ8ʱè 

� ·�8 7/8̇ƈ6/�19ʒʦ̛΅ 23ĢȢ8ƹȿ6H.1ʱè$+ 

 

»�¼0?A2@)�

ȅʒʦ29ŪͥʀɖÕȁ6�+K7ǽ¢ǭ�I8ǽ¢ǭ8�jħȁ���8ȁͧOq

��t�^ȁͧ3$+Η ˔Þ6͆Ƃ8q��t�^ʣʅ2�KTVSqq��t�^Ε

e��~q��t�^Εf~��qq��t�^O˷�ΕƼ1�ˌ˖8B TR˔�Ύ͝

͟w���6HKq��t�^O˷.+ΗTR˔69Ύ͟͝w���6HKƼ1�ˌ˖

O͊ 3ĲΕ4͊ͧ8̊ 12Ĳšǧ$+Ηũ̥3$+ʫƻ˘�Ƹŵ&KĴÄ6��Kd�

g�ȁ8 1 Ĳ8q��t�^8Ƽ1�ȅǟ9 25
30 ȅ2�.+ΗΎ͟͝w���8Ƽ

1�ȅǟ6ͨ$1ΕBondarchukΓ1981Δ9ÜÄ8 15%ʢƈ634DK>�2�K3͂

>1�KΗA+ΕHarnesΓ1988Δ9âʄƼ8�efoRm°q��t�^6ͨ$1Ε

d�g�¢ʄ8ŪͥʀɖÕȁ6�+Kȁͧ6��K 1 �ǽͧ8Ύ͟͝âʄ8Ƽ1�ȅ

ǟ9Ȭ́͟͝8 14%
25%2�.+ 3OłĦ$1�KΗ LI8łĦOĎ˗6͖ê5

q��t�^ûȎOƚK+DΕ1Ĳ8q��t�^6��KΎ͟͝w���8Ƽ1�ȅ

ǟ9 6ȅ6̍Š$+ΗCT˔9Ύ͟͝w���Oɲ�+ˌ˖9˷N'ΕȬ́͟͝w��

�6HKƼ1�ˌ˖8Bšǧ$+Η  
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� ɑŠÑ9Ü1ƃļÑ	ȤɖÒż2ʙ$+Η̝ ͧ8ȳ̻9ũơ85� T
testOɲ�+Η

q��t�^ôƘ6��Kğ΀ʅ8ȳ̻69 2˔ΓTR˔�CT˔Δ�Pre�PostΕ˔á

6��1ǲʴë�řĸ&K΀ʅ6��19Ε2 ˔ΓPre�PostΔ�űͽ8 2 Ø͜˒éǝ

éȍO˷�Ε̄ ­Åɲ�̗DIL+ŃĠ9Ĉʸ¤ûȎȞŠOšǧ$+Η̐ ƻá8ǲʴë

8˿ĳOȞ̋&K 39ȅʒʦ8ʅʀ39ɻ5K+DΕ̐ ƻͧ8BȞ̋O˷.+Η5�Ε

�'L8˂̊çɯ6��1EΕǾƮƥ9ċͰɪ 5Βȃɔ2íŠ$Ε10Βȃɔ9ǾƮÖĤ

3$+.�  
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Table 6
1 Subject characteristics in each group.  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

TR (n = 8) CT (n = 8) Difference

Personal Best (m) 61.16 ± 5.44 59.33 ± 4.41 n.s

Season Best (m) 60.49 ± 4.96 57.89 ± 3.60 n.s

Height (m) 181.05 ± 6.07 176.94 ± 2.90 n.s
Weight (kg) 103.83 ± 15.80 102.33 ± 10.36 n.s

Age (yrs) 22.13 ± 3.30 22.38 ± 2.23 n.s
Career (yrs) 6.88 ± 3.14 7.00 ± 2.45 n.s

n.s: non significant
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� Table 6
19 Pre�H; Post6��KƼ1�̳͸ΕR
1offǲɜ6��Kw����

m°͇ƈΓ·�Ξ�fk�q͇ƈ�3ɺ&ΔΕ���fy���k�H;k��Ƹ˿ǲͧ

Oʙ$+E82�KΗƼ1�̳͸6��1ΕPre
PostͧOȳ̻$+ˀȎΕTR˔68B

ǾƮ5Ĥ��̗DIL+Ηì͇ƈ6��1ΕPre
PostͧOȳ̻$+ˀȎΕTR˔68B

ǾƮ5Ĥ��̗DIL+ΗPost6��K TR˔
CT˔ͧ6��1ΕTR˔�ǾƮ6ΎÑ

Oʙ$+Ηfk�q͇ƈ6��1ǾƮż9̗DIL5�.+ΗƼūΎ6��1ΕPre


PostͧOȳ̻$+ˀȎΕCT˔6ǾƮż�̗DIL+ΗƼū̇6��19�'L8΀ʅ

ͧ6��1Eż9̗DIL5�.+Ηk��Ƹ˿ǲͧ6��1ΕPre6��1 CT˔�

TR˔HJEǾƮ6ÂÑOʙ$+ΗPre
PostͧOȳ̻$+ˀȎΕTR˔�ǾƮ6ʐˏ$

+Η 

� ì͇ƈ3fk�q͇ƈ8ż�Ik��űͽ6��KȬĨ8͇ƈŅø͟Oʱè$+

ΓFig. 6
1ΔΗPre
Post ͧOȳ̻$+ˀȎΕTR ˔68BǾƮ5Ĥ��̗DIL+ΗA

+ΕPre�H; Post6��1 CT˔�ǾƮ6ÂÑOʙ$+Η 

� Fig. 6
2 6 Pre
Post ͧ8ğk��űͽ8w����m°ø͇ăͧOʙ$+ΗTR ˔

�H; CT˔6��1Ε�'L8΀ʅͧ6��1EǾƮż9̗DIL5�.+Η 

� Fig. 6
3 6k��űͽ6��K͔ƞ÷ǻŌÑOʙ$+ΗTR ˔6��K Pre
Post ͧ

Oȳ̻$+ˀȎΕÜ18DSP�H; SSP46��1Post�ǾƮ6ΎÑOʙ$+ΗA+Ε

CT˔6��1ż9̗DIL5�.+Η 
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� k��űͽ6��Kğͨʲ̇ƈO Table 6
3Ε6
46ʙ$+ΗPre
Postͧ8 TR˔6

��KŻ˝ͨʲ̇ƈ6��1ΕPost8 R
1offΕR
2offΕR
3offΕR
4off�H; R
4on

6��1ŲǸÁOʙ$+ΗPre
Post ͧ8 CT ˔6��1ż9̗DIL5�.+ΗPre


Postͧ8 TR˔6��KŻ˨ͨʲ̇ƈ6��1ΕPost8 R
2onΕR
3on�H; R
4off

6��1ŲǸÁOʙ$+Η°�m\�^Q�^�6ͨ$1ΕTR˔6ż9̗DIL5�

.+ΗPre
Post ͧ8 CT ˔6��1ΕPost 8 R
1onΕR
3on �H; R
4on �ÂÑO

ʙ$+ΗPre
Post ͧ8 TR ˔6��KÄƅôƘÖ̇ƈ6��1ΕR
1offΕR
2offΕR


2on�H; R
3off6ż�̗DIL+ΗÄƅǌ̸̇ƈ6ͨ$1ΓTable 6
3ΔΕTR˔6ż

9̗DIL5�.+ΗPre
Postͧ8 CT˔6��1ΕPost8 R
1on�ǾƮ6ÂÑOʙ

$+Η 

� ÄƅǌJƷ$̇ƈ6��1 TR˔�H; CT˔6ż9̗DIL5�.+ΓFig. 6
4ΔΗ 

� TR˔8 DSP6��K̷Ä͝ƞ YƵéʡý̳͸8 Pre
PostͧOȳ̻$+ˀȎΕ΀ʅ

ͧ6ǾƮż9̗DIL5�.+ΓFig. 6
5Δ   
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Table 6
2 Comparison of throwing distance, start velocity, 
 release parameters and total time of turn. 

Test TR CT

Throwing distance (m) 
Pre 53.79 ± 3.95 53.80 ± 3.41

Post 56.18 ± 4.25*** 53.39 ± 3.93

Start velocity (m/s)
Pre 12.46 ± 0.85 13.53 ± 0.81

Post 12.66 ± 1.19 13.24 ± 0.57

Release velocity (m/s)
Pre 23.74 ± 0.97 23.54 ± 0.75

Post 24.25 ± 0.84**† 23.22 ± 0.94

Release height (m)
Pre 1.35 ± 0.22 1.46 ± 0.19

Post 1.33 ± 0.22 1.19 ± 0.11**

Angle of release (deg.)
Pre 38.13 ± 2.05 38.68 ± 1.99

Post 37.66 ± 1.24 37.84 ± 2.28

Total time of turn (deg.)
Pre 2.61 ± 0.10† 2.42 ± 0.11

Post 2.53 ± 0.10* 2.43 ± 0.10

**: p < 0.01 significant within-subjects (Pre-Post)

***: p < 0.001 significant within-subjects (Pre-Post)

†: p < 0.05 significant between-subjects(Pre-Pre, Post-Post) 
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Fig. 6
1 Comparison of the velocity increment. 
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Fig. 6
2 Comparison of the duration of acceleration in each turn. 
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Table 6
3 Comparison of joint motions in the TR group. 
Test R-1off R-1on R-2off R-2on R-3off R-3on R-4off R-4on Release

Angle of dragging
(deg.)

Pre 66.9±5.1 59.8±5.6 66.7±5.7 63.9±6.3 67.2±4.6 62.7±5.2 66.6±6.1 64.4±4.5 72.5±8.5

Post 64.6±4.2 61.5±4.9 67.6±5.1 63.0±5.0 68.0±5.0 64.3±4.6 69.4±5.2 65.7±3.5 72.0±2.7

Trunk 
forward/backward tilt 

angle (deg.)

Pre 11.9±4.6 16.5±4.7 5.3±3.7 15.4±2.9 -5.1±2.6 9.6±3.0 -10.8±5.5 5.1±4.5 -23.7±3.2

Post 16.0±4.6* 14.3±2.3 8.5±2.8# 13.3±3.3# -3.0±3.4# 8.2±2.1 -7.9±4.3 7.0±3.1 -23.6±3.1

Trunk lateral flexion 
angle (deg.)

Pre -5.6 ± 2.0 6.9 ± 5.4 -2.0 ± 4.4 2.8 ± 4.9 -1.1 ± 3.1 -5.3 ± 3.8 0.8 ± 2.1 -6.8 ± 3.9 -2.0 ± 3.9

Post -4.2 ± 3.3 6.8 ± 5.4 -2.2 ± 3.0 -1.0 ± 3.6 -2.7 ± 3.0 -7.8 ± 4.0 -1.4 ± 4.2 -7.6 ± 3.3 0.8 ± 6.6

Hip joint angle (deg.)
Pre 117.1±7.4 134.8±11.2 123.2±8.8 139.4±7.6 133.6±5.2 143.9±7.2 146.7±6.9 145.1±6.1 169.7±4.5

Post 112.3±4.2# 136.4±8.1 118.6±6.0# 139.5±5.2 130.6±5.5# 144.0±5.0 139.7±6.0* 140.5±5.6# 168.3±4.2

Knee joint angle
(deg.)

Pre 134.2±13.1 100.4±9.5 142.3±12.9 102.3±9.5 135.2±9.3 95.6±6.5 140.6±9.6 90.8±8.5 153.6±7.8

Post 132.8±14.4 99.4±9.1 138.9±11.4 98.2±8.1** 133.9±9.2 90.0±8.7* 131.0±7.7** 88.5±8.8 152.9±10.7

Twist angle of trunk
(deg.)

Pre -10.8±5.2 49.6±13.0 3.7±11.0 51.8±7.8 13.0±7.8 42.9±11.5 5.7±10.9 39.7±13.7 -30.6±9.5

Post -3.6±10.3 55.1±9.7 8.0±9.3 51.2±10.9 11.9±9.8 49.3±12.0 11.0±7.8 44.3±6.9 -31.0±9.0

Pre vs Post **: p<0.01, *: p<0.05, #: p<0.1
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Table 6
4 Comparison of joint motions in the CT group. 
Test R-1off R-1on R-2off R-2on R-3off R-3on R-4off R-4on Release

Angle of dragging
(deg.)

Pre 59.8±4.2 65.3±4.0 63.4±5.2 63.0±5.4 66.5±3.6 68.6±6.1 68.6±2.8 68.6±5.9 70.6±4.8

Post 61.3±5.0 58.0±4.4* 66.0±6.9 60.4±3.4 68.6±5.4 64.2±3.9# 68.9±4.4 63.8±3.4# 72.3±8.2

Trunk 
forward/backward tilt 

angle (deg.)

Pre 14.0±4.4 15.6±3.6 2.4±7.5 13.5±3.6 -7.9±6.3 8.2±3.4 -12.6±5.7 4.7±5.2 -19.5±3.8

Post 14.8±5.1 18.0±3.5 3.1±5.8 13.7±3.4 -6.7±6.4 7.8±4.1 -11.8±5.1 3.1±5.1 -21.2±4.1

Trunk lateral flexion 
angle (deg.)

Pre -6.9 ± 2.4 9.7 ± 5.2 -3.9 ± 3.3 -0.6 ± 5.9 -3.8 ± 2.9 -7.4 ± 2.5 0.9 ± 3.4 -10.0 ± 4.6 2.6 ± 6.8

Post -8.4 ± 1.8 8.0 ± 5.6 -4.0 ± 2.8 -2.5 ± 3.7 -1.4 ± 2.7 -9.1 ± 2.6 0.8 ± 4.1 -11.9 ± 4.8 2.8 ± 8.8

Hip joint angle (deg.)
Pre 113.5±9.0 137.3±11.5 126.6±10.3 140.6±10.2 138.5±7.1 144.3±9.3 149.6±5.7 144.8±10.6 172.5±4.2

Post 109.3±12.0 130.0±9.1 123.0±11.5 137.4±10.7 136.2±8.6 145.6±10.8 145.9±4.1 147.1±10.8 172.9±6.2

Knee joint angle
(deg.)

Pre 136.8±9.3 95.6±10.9 142.6±6.7 95.7±5.1 139.9±8.2 90.7±5.7 141.4±7.2 86.5±5.2 158.7±5.4

Post 130.7±9.3 93.6±11.6 137.2±11.3 92.1±5.0 137.5±7.9 89.9±7.2 135.6±7.9 87.7±5.2 153.9±8.9

Twist angle of trunk
(deg.)

Pre -10.3±5.6 57.3±12.8 3.4±11.0 45.8±11.5 11.8±6.9 44.2±10.8 7.9±5.4 41.9±12.5 -34.6±8.7

Post -10.7±6.1 42.3±5.5* 5.3±5.7 42.7±10.8 9.0±5.6 43.5±9.9 8.8±7.2 34.4±9.1 -33.5±12.8

Pre vs Post *: p<0.05, #: p<0.1
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4 Comparison of unwind angle in each group.  
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ɑȉ¹��Ǯʎ2�JΕk��űͽ¢8̔ʻ5éȍ9˷.1�5� 3�IΕš̴ʀ5

ʙĬOƚKA269˫.1�5�.+ΗA+ΕΎ͟͝w���6HKƼ1�6��KΕ

͇ƈ�ǲͧ6ͨ&Kǲʧͧy���k�H;̷ÄýÅ6¶˹"LK[u�oR]fʀɥ

ƥ6ɟɜOƐ1+ʒʦΕ¡;6Ύ͟͝w���6HKq��t�^Oͤȁʀ6šǧ$Ε

ʺʥûȎOȞ̋$+ʒʦ9ʖ̗"L5�.+Η)8+DΕΎ͟͝w���6HKq��

t�^O¤΅3$+ʒʦOšǧ$Ε) 2ǮI�35.+ʏ̀OǓʙ&K 32Εq�

�t�^ɭŃ=8š̴ʀ5ʙĬOƚK 3�2�K3˗�IL+Η 
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�  8H�5ˡǴOŀ6ȅʒʦ29Εw���Ƽ6��KŪͥʀq��t�^ƹȱ2�

K�efoRm°q��t�^6ͨ$1Ε�Ύ͟͝w���6HKƼ1�8̧˲ɥƥ8

Ȟ̋�Ε�Ύ͟͝w���6HKƼ1�8[u�oR]fʀɥƥ8Ȟ̋��H;�Ύ͟͝

w���6HKq��t�^8Ǿûƥ8Ȟ̋�Ε·� 3 /8ʒʦ̛΅O̍Š$Ȟ̋O˷

.+Ηȅʩ29)L*L8ʒʦ̛΅2ǮI�65.+ʏ̀Oŀ6$1Εq��t�^ɭ

Ń28š̴ǦȿO˗ŧ$1��Η  

 

¿¾º®¯4@:A$J~5�0?A2@)�[¨mw�����

� ʒʦ̛΅Θ6��1Ε͔ƞ÷Oʱè$+ˀȎΕ ̐ƻ6��1 DSP4 8͔ƞ÷ǻŌ

Ñ9k��űͽ6��K͔ƞ÷ǻŌÑOʙ$+ΓFig. 4
2ΔΗ 8ˀȎ9Ú˷ʒʦΓ͔

˶?�Ε2009bΟMurofushi et al.Ε2007ΔOǘǄ&KE82�.+Η 8 3�IΕ

͟͝6ͨNI'Εw���Ƽʫƻ˘9 4Ĳ̸O͆$1Εƙ�6w����m°8͔ƞ÷

OΎD5�Ik��O˷�Εǻʽűͽ2�K DSP4 6��1͔ƞ÷�ǻEŌ��5K

 3�ǮI�35.+ΗΎ͟͝w���̐ƻ6��Kk��űͽȲ8͔ƞ÷ǻŌÑOȳ

̻$+ˀȎΕDSP3�H; DSP46��1Ȭ́͟͝w���̐ƻHJEǾƮ6ΎÑOʙ

& 3�ǮI�35.+ΓFig. 4
2ΔΗA+Ε͔ƞ÷8ŅŌ9w����m°� HP �

I LP6ʡý&Kűͽ2�K 3�ʖ̗"L+ΓFig. 4
5ΔΗw����m°� HP�I

LP 6ʡý&Kűͽ9Äƅ8ǌJƷ$ýÅ3ƃ˷$1Εɦƍ÷8ɽǔ�˿ȸ"LK 3

�IΕ LI8ýÅ6ũ$1ɥɻʀ6̧˲O��K 3�Ęˤ5q��t�^Ǧȿ2�

K 3�ʙ"L+Η 
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� ʒʦ̛΅ 26��1ΕΎ͟͝w���̐ƻ9�efoRm°q��t�^8ŀȅɥƥ

3"L1�Kw����m°͇ƈGƼ1�̳͸8Â�Oƍ�̯ & 3�ʖ̗"L+

ΓTable 5
1ΔΗA+Ε4 k��Ġ̊8k��Ƹ˿ǲͧ�ŅŌ&K 3EǮI�35.

+ΓTable 5
2ΔΗ 8 3�IΕΎ͟͝w���6HKƼ1�9w���Ƽʫƻ˘8

͇ƈ�ǲͧʀ˿ĳ6Ɣ;Oď@&3̉�KΗýÅ6ʌʅ$+ˀȎΕΎ͟͝w���Ƽ1

�ǲ6�˞ͨʲ8ŲǸýÅ�ʖ̗"LΓTable 5
3ΔΕDSP6��K̷Ä͝ƞ YƵéΓƼ

1�ǦĤÔΔ8ʡý̳͸�ŅŌ&K 3�ʙ"L1�KΓFig. 5
6ΔΗ 8ýÅ9ʒʦ

̛΅ 12ǮI�35.+ DSP2ΎA.+͔ƞ÷6ũƽ&K+D6͌˷"L+ƻ˸2�

K3ǒŧ"LKΗŎɳ�Ţ»Γ2014Δ9Εk��űͽ6��Kw����m°8øɎ

͇O÷ŜʀVu�\�Èˁ͟8ŉā3B5$ΕDSP 8 LP µ̀6��1Εw���O

̷ÄÜÄ2ƍ.ƎK 3�w���=8Vu�\�ÈˁOÊ& 3OłĦ$1�KΗʒ

ʦ̛΅ 129 DSP6��K͔ƞ÷8Ĥ��̀IL+ 3�IΕʫƻ˘9)L6ũƽ&

Kȸƞ÷Oɽǔ$1�+3˗�ILKΗ^�mb��vS�S��Γ1995Δ9Ε͆Ƃ

HJE͝�ɲßOÆ.1͎ýO˷N(K 36H.1Ε͎ ýʏ̃8ŀʘ35.1�K|

R�°xm]ƬłOƏā&K 3�2�K3͂>1�KΗšͳΕΎ͟͝w���Ƽ1�

Ƙ6˻Ό˘ P �I��/EHJ ̲2̵PƎKƯ%��K�3��áʈOƚK 3�

2�+Η 8áʈ�IE DSP6��1Εw���͔ƞ÷6ũƽ&KýÅɩƚ�H;|

R�°xm]Ƭł8Əā�Ê"L+3ǒŧ"LKΗ 

� ʒʦ̛΅ 36��1ΕPre
Postͧ8ȳ̻O˷.+ˀȎΕPost6��1 TR˔8Ƽ1

�̳͸�ǾƮ6Ĥ�$+ 3�IΕΎ͟͝w���6HK�jħȁ���8q��t�
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^9w���Ƽy|W���fǙĮ6Ǿû2�K 3�ʙ"L+ΓTable 6
2ΔΗğűͽ

8͔ƞ÷ǻŌÑOȳ̻$+ˀȎΕTR˔8&>18 DSP6��1 Post�ǾƮ6ΎÑO

ʙ$+ΓFig. 6
3ΔΗA+Ε�˞ͨʲ8ŲǸýÅ�Šʌ$ΕȜŘ6˦Ǐ�KH�5ýÅ

�Ə̜"L1�+ 3EʙĬ"L1�KΓTable 6
3ΔΗȈȂΓ1994Δ6HK3Ε�j

ħȁ���8q��t�^9q��t�^̧˲8ŉý6ũ$1ΕŋŮ͍L1ɭLKɱÄ

���28΁ơʀŉā6ũơ$Ε)8~�f8ûȎOïɲ&K 36�K3͂>IL1

�KΗA+ΕțȅΓ2004aΔ9̐Ġȁ�ͤȁͧ6N+KŃĠ69Εͅ¢6ǇALK¢ͧ

ȱͲ6��1Ε�N:�ñɚõ�3$1Ūͥʀq��t�^OǉÛ&KïɲǦȿE�K

3͂>1�KΗʒʦ̛΅ 38ˀȎ�IΕ4͊ͧ8Ύ͟͝w���6HKq��t�^9

q��t�^8ǲȁʀ5Á˒µ�O˗Ʋ$+�jħȁ���28q��t�^8ʅʀ

Oɔ̲"(KE82�.+3ǒŧ"LKΗ LA2�efoRm°q��t�^9ʫƻ

6˿ȸ"LKy��Gʯ÷OƏā&K 3O¤+Kʅʀ3$1˷NL1�+ΓȈȂΕ

1994ΟZatsiorsky and KraemerΕ2006ΔΗʒʦ̛΅ 36H.1ΕΎ͟͝w���6H

Kq��t�^9�˞ͨʲ8ýÅ6ŉāOď@$ΕȜŘ6˦Ǐ�KH�5ýÅ�͌˷"

L1�+ 3�IΕƻ˸q��t�^ʀƹȱ3$18ʏ̀OƚK 3�2�+3˗�I

LKΗ 

 

À¾�i?9>���5�º®¯4@:A�!#0?A2@)�[¨mw��

���

� ʒʦ̛΅ 16��1Ε˪ Ž�fq̌͢3͔ƞ÷Ņø͟38ͨÉOȞ̋$+ΓFig. 4
4ΔΗ
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)8ˀȎΕ˪ Ž�fq̌͢3͔ƞ÷Ņø͟38ͧ6ǾƮ5ʇͨͨÉ9̗DIL5�.+Η

 8H�6Εȅʒʦ2ũ̥3$+���8ʫƻ˘ΓŜɱ����IǪȅqm~���Ξ

52.11
71.51mΔ2�L:ΕΎ͟͝w���6HKƼ1�9Εʫƻ÷6ͨNI'̧˲O

ŅŌ"(Kq��t�^Ǧȿ3$1ïɲĘˤ2�K3˗�ILKΗA+Εʒʦ̛΅ 3

6��19Ε�jħȁ���28q��t�^O˷.+ˀȎΕTR˔8 Post6��1 8

ģÜī8Ƽ1�̌͢�Ĥ�$+ 3�IΕȅʒʦ2ũ̥3$+ʫƻ���8˻Ό˘6�

�19͖ê5q��t�^Ǧȿ2�.+3˗�ILKΗ$�$5�IΕìƞ˘GʿΌ8

Ů5�ʫƻ˘�Ύ͟͝w���8q��t�^ïɲOĶKŃĠΕĲ̸¢6ɱ%Ķ˲6

˙�K 3�2�'ΕƼ1�ƻ˸6ƫƔ;Oď@&ĘˤƥE˗�ILKΗšͳΕŢ»

Γ1994Δ9Ε͟͝OŅŌ$+w���6HKq��t�^9ƻ˸�����KʢƈΎ

�5.+ȱͲ2˷�>�2�K3ǅǕ$1�KΗ$�$5�IΕw���Ƽ9͔ƞ÷6

˙�ΕƼ1�O˷�ʫƻ2�K 3�IEΕΎA.+̧˲=ũơ&K 39ȠD1͝˿

2�K3˗�ILKΗΎ͟͝w���6HKƼ1�6H.1Εk��űͽƘą6��1

̧˲8ŅŌ�ʖ̗"L+Η)8+DΕ|�k��Γȅʒʦ8˻Ό˘6��19 4 Ĳ̸Δ

6HKƼ1�295�3EΕk��8Ĳ̸ǟOŮ5�&K 36HJΕĲ̸8ǻʽűͽ

�I���fűͽ6��1ŅŌ$+̧˲=8͖ơOÊ&q��t�^3$1Ǿû2�

K3ǒŧ"LKΗH.1ΕΎ͟͝w���Oq��t�^2Æɲ&Kͳ9Εʫƻ˘8�

��Gʅʀ6ơ%+ˌ˖ǦȿO͘ƾ&K 32ΕûȎʀ5�efoRm°q��t�^

3$1Ƀɲ2�K3˗�KΗ 

�  
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� ʒʦ̛΅ 26��1Εw����m°͇ƈGƼ1�̳͸8Â�Oƍ�̯ & 3�ʖ

̗"L+ΗA+ΕΎ͟͝w���̐ƻ9Εk��Ƹ˿ǲͧ8ŅŌOƍ�̯ & 3�ʙ

"L+Ηq��t�^ɭŃ6��19ΕƼ1�ýÅ8f{�°OΎDK 3�͝˿̂"

L1�JΕΎ͟͝w���OƼ1�&K 36HJΕ͍ �ýÅ�Šʌ&K 3Oƴƣ&

KƮ̀EłĦ"L1�KΓÌĻΕ2016ΔΗšͳΕw���Ƽ8�͉8ýÅǲͧ3Ƽ1�

̳͸38ͧ69̧8ʇͨͨÉ�̗DIL1�K 3�IΕk��Ƹ˿ǲͧOʐˏ"(K

 3�ʫƻ÷Ĥ�6Ǿû2�K 3�ʙ"L1�KΓƆɛ?�Ε2016aΔΗ$�$5�

IΕʒʦ̛΅ 36��1ΕΎ͟͝w���6HKq��t�^6H.1k��Ƹ˿ǲͧ

�ǾƮ6ʐˏ&K 3�ǮI�35.+ΓTable 6
2ΔΗ$+�.1Εȅʒʦ6��Kš

ǧȁͧ�H;Ƽ1�ȅǟ6HKq��t�^29k��f{�°8Â�Oƴƣ&KƟ

˿95�ΕC$Mk��f{�°8Ĥ�Oƍ�̯ &q��t�^Ǧȿ2�K3̉�KΗ

ȅʒʦ29ΕΎ͟͝w���6HKq��t�^O͊ 3ĲΕ4͊ͧ8̊ 12Ĳšǧ$+Η

A+Ε1Ĳ8q��t�^6��KΎ͟͝w���8Ƽ1�ȅǟ9 6ȅ6̍Š$+Η$

+�.1Εȅʒʦ6��Kšǧȁͧ�H;Ƽ1�ȅǟ6HKq��t�^29k��f{

�°8Â�Oƴƣ&KƟ˿95�ΕC$Mk��f{�°8Ĥ�Oƍ�̯ &q��t�

^Ǧȿ2�K3̉�KΗ 

� ʒʦ̛΅ 26��1ΕΎ͟͝w���OƼ1�&K 36H.1k��ýÅ8ŉť�

ʖ̗"L+ΗšΌ8ƹ΁3$19ΕČǲûȎO7I�3&KE8295�Εƻ˸ʀ5ǅ

ʙO��5�ȉ¹28̐ƻ2�.+ 3�IΕΎ͟͝w���6HKƼ1�9k��ý
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Å8Əðʀ5ŉťOƍ�̯ &q��t�^Ǧȿ2�K3ǒŧ"LKΗw���Ƽ9�

���Ε34.92°8Ǿûʳĵá6Ƽ1�&KƟ˿��K+DΕw���Ƽʫƻ˘9͔ƞ÷

6˙�5�IΎ͇8ýÅO͌˷$ΕȬʖ5kS��^2w���OƼ�è"5�L:5

I5�ΗŢ»Γ2013Δ6HK3Εw���OǾûʳĵá6Ƽ�è&kS��^8͹$

"O�600km/h 8�tQ��k�Y�6§JΕŊ6�KbmY�a��á6���O

ÛLKkS��^3Ģ%2�K�3ȳİ$Εw���Ƽ���6˽ͷ2Ύƈ5ƻ˸OǾ

&Kʫƻ2�K�O˹ɭ$1�KΗA+ΕƆɛΓ2016bΔ9w���Ƽ8¤˿5͎ý2

�Kk��9bS]�m]5͎ý2�K+DΕ͎ ý8ìȁ6ɱ%+̘ż�˴ʥ$Εǻʽ

űͽA2k��O˄˅2�5� 3EŮ5�5�3��ɯɴ�IῈ �l9ƻ˸ǅŬ6

��1ΕHJw���Oø͇"(K+D6ɽǔ&K÷OΎDK̂ɜ3͎ý8ȬʖƥOǀ

Ì&K̂ɜOĢǲ6Ǆ/Ɵ˿��K3͂>1�KΗʒʦ̛΅ 28ˀȎ�IΕΎ͟͝w�

��OƼ1�&K 36H.1�ÏL̿B�ƻ˸8Ə̜G�˞ͨʲ8ŲǸýÅOƍ�̯

 & 3�ʙ"L1�KΗA+Εʒʦ̛΅ 3 6H.1Ε�˞ͨʲ8ŲǸýÅ�Šʌ$Ε

ȜŘ6˦Ǐ�KH�5ýÅ�Ə̜"LΕDSP űͽ8͔ƞ÷�ΎÑOʙ$+ 3�ʖ̗

"L1�KΗ 8 3�IΕΎ͟͝w���6HKq��t�^9Ε͎ý8ȬʖƥOǀ

Ì$//Εɽǔ&K÷OΎDK 3O͒Ƶ2�Kq��t�^Ǧȿ3$1ïɲĘˤ2�

K3˗�ILKΗ 
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� ȅʒʦ9Ύ͟͝w���6HKƼ1�8̧˲ɥƥΕƻ˸ʀɥƥ�H;q��t�^8

ǾûƥOǓʙ$1�+Ηȅʒʦ2ƚIL+ˀȎO̵A�Ε³Ƙ"I6Ȟ̋&>�̛΅O

·�6ʙ&Η 

  

» ¼�¹��zd�����

� ȅʒʦ29Ŝɱ����IǪȅqm~���Γ˪Ž�fq̌͢Ξ52.11
71.51mΔA

28w���Ƽʫƻ˘Oũ̥6ʒʦO˷.+Η)8+DΕw���8Ȭ́͟͝�ɻ5K

œƥ�ΎȐɱʫƻ˘�H;�ɸqm~���8ʫƻ˘6ĢȢ8ʏ̀�Ɛ19AI5�Ę

ˤƥE˗�ILKΗ$+�.1Ε³Ƙ9éȍũ̥˘8ƥîG]�fΕ�H;ʫƻ���

OǂŌ$ΕȞ̋$1�� 3�ǿALKΗ 

 

»�¼Mrmw�����

� ʒʦ̛΅ 16��1w����m°6Åɲ&K÷9ǰ×p�kOŀ6ʱè$+ΗƎ÷

̊6H.1ɑŠ"L+Ǝ÷3ǰ×p�k6H.1ƚIL+w����m°6Åɲ&K

÷8ż9N'�2�.+E88ΕƎ÷̊6H.1ƚIL+ɀƑ9ǰ×p�k6H.1ƚ

IL+ɀƑHJEșɀƑ8yk��Oʙ$+ΓBrice et al.Ε2008Δ 3�IEΕ³ƘΕ

ɑŠȧȇ8ƥˤ�Ĥ�&K 36H.1ΕHJ̔ʻ6w����m°6Åɲ&K÷8ɑ

Š�Ęˤ65K3˗�ILKΗ  
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� ȅʒʦ29ŪͥʀɖÕȁ6�+K7ǽ¢ǭ�I8ǽ¢ǭ8�jħȁ���8ȁͧOq

��t�^ȁͧ3$+Η)8+DΕΎ͟͝w���OÆɲ$+�jħȁ���8q��

t�^�X|d�g�6�+Kåśˌ˖ȁͧGd�g�ʆô8ɖÕȁ6ơɲĘˤ�4

��OȞ̋&K 3�ǿALKΗ"I6Ε�]�ħȁG)LHJEͤ�ȁͧ2Ύ͟͝w

���6HKq��t�^Ošǧ&K 36H.1Εq��t�^ɭŃ6ũ$1HJǾ

ɲ5ʏ̀OǓÈ&K 3�2�K3˗�ILKΗA+Εȅʒʦ29ŌŜɱ3ʛ½²8ʫ

ƻ˘Oũ̥3$+�ΕΎȐɱGe�tQȁ8ʫƻ˘6q��t�^Ošǧ&K 36H

.1Εʫƻ˘8ɽ͒ȱͲ6ơ%+w���͟͝8͘ƾGq��t�^ûȎOȞ̋&K 

3�2�K3˗�ILKΗ 
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� ȅʒʦ8ʅʀ9ΕΎ͟͝w���6HKƼ1�8̧˲ɥƥΕƻ˸ʀɥƥ�H;q��

t�^8ǾûƥOǮI�6&K 32Εq��t�^ɭŃ=8š̴ʀ5ʙĬOƚK 3

2�.+ΗȅʒʦˀȎOŀ6ƚIL+ˀ̝9·�8͆J2�KΗ 

 

1ΔΎ͟͝w���HKƼ1�9Ε�efoRm°q��t�^ȅȊ8ʅʀ2�Ķ͐

˲Oƍ�̯ & 3�ʖ̗"L+Ηø�1Εk��űͽ¢8w����m°8ø͇6ͨ

NKűͽ6��1̧˲8ŅŌ�ƍ�̯ "LK 3�ʙ"L+ΗA+Ε̧ ˲8ŅŌ8ʢ

ƈ9ʫƻ���6Żě"LKE8295� 3�ǮI�35.+Η 

 

2Δ Ύ͟͝w���6HKƼ1�9Εw����m°͇ƈGƼ1�̳͸8Â�Oƍ�̯

 & 3�ʖ̗"L+Ηƻ˸ͽ6ʌʅ$+ˀȎΕΎ͟͝w���6HKƼ1�9ΕŅŌ

$+̧˲6ũƽ&K+D8ȜŘ6˦Ǐ�KH�5ýÅΓƼ1�ǦĤÔ=͝ƞOʡý"(

K̷ÄýÅ�H;�˞ͨʲ8ŲǸýÅΔ�Ə̜"LK 3�ʖ̗"L+Η 

 

3ΔΎ͟͝w���6HK�jħȁ���8q��t�^6H.1Εì͇ƈ8ŅŌ6¾

�Εʫƻy|W���f8Ĥ��ʖ̗"L+ΗA+Εq��t�^6H.1ȜŘ6˦Ǐ

�KH�5ýÅO¾.+k��ƻ˸�Šʌ&K 3�ʖ̗"L+Η  
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� ·��IΕΎ͟͝w���OÆɲ$+�efoRm°q��t�^9ΕŅŌ$+̧˲

6ũƽ&K+D8̷ÄýÅO˖ƚ$Εʫƻy|W���fOĤ�"(K�ù35JƚK

q��t�^Ǧȿ2�K 3�ǮI�35.+Η 
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� ȅ̝Ǡ8ÅƵ6�+JΕŰˎ̩ǜǍ69ʽŖ̅ê×Ũ5!ǅŬ�!ù̉O�+,�A

$+ΗǮǛĉŜOȠDKŰˎÚɱ8�÷ɋ��5�L:ΕĉŇ̝ǠO�ȕ&K 39Ĝ

N5�.+3Ƥ�A&Η  6ƞ�IƯ̡8ƮO˹$A&Η 

� ŌŶĊĹƪæǜǍ69ΕʒʦɃý8B5I'Εʫƻ)$1ŜɱɱɃ8Ȣ�5ͽ2ɡ�

!ǅŬO̬JA$+Ηè˵8̕L3��̉˳��K)�2&�ΕÚɱO̓���19B

+E88ΕˀűÚɱ8ˡ¢&Iʖ̗2�5�AAΓ�P56Ō��86…ΑΔÎ©$1
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