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7ÔE/�)<@,L9deÓCd�¾2A,�SV5,@�XÀ

@�º7�Ì��ûü©Uªº7�ÌKu»�./·.<ÆUL
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3�(�$%/*.)��i,ÅÂ©7���h,û�ç��KL�ìí 
 

G" �H 19�� �Ó 19æ� �\ 29Å7 AX 29«� � 2 

 
1KL_M�����92KL_M�� 

 
7��/Êt891-�k/x>R�EUÅ/¾G]¾<�&®892�X�<®TcCC5,6Ô«�89R

Î2®�C®Tvè�7¡C���6¡/I-13¡C5,6ÆÕ89��1-�k�X/R�C�¾�X/R�C
5918.44mÅ/t<$5=�����<UTÞ¾R�2¿+�+ 5�)*4,6¿/h92//"S������
Cp�'89:EUno��i.2#K59R�EUÅ/¾G]¾©Uª89:ÔË2-Y5,6¿/Áã9R�

I[891-�kst>�¾stUL{x<<vA� (p < 0.05) 2ã5,6R�EUÅ/Q�¹<UK®T¾G]
¾/Fy (ß)ý�C8��S) �P©UªFz (�Âý�) �P/���891-�kst>�¾stUL{x<<v
A� (p < 0.05) 2ã5,6�¹<UK®T¾G]¾/Fz�P891-�kst>�¾stUL{x<<vA� (p < 
0.05) 2ã5,6c+X/Áã�X9��RÎ81-�k2�K®TcC(Q�¹/¾G]¾2��Ì49_IYG 
(Q�¹Ã¾�X××��V() (/_þ-^pð-/±V�2��Ì4=AT_`m>ãäÌ+T6 
H�V�k	RÎ9R�I[9H�1i���9H�i���989:EUPo 

 

� »¼ 
��/RÎ89Ü/���G�C8úYL91-

�kC��+T��UL{vAº<�XR�EU2

)E=AT61-�k/x<UTR�I[/_ú

<£A=«Í5,Å)�� 1) 2) <UTC9�L/�

�RÎ (Í12.7 ± 1.3 F) (8_>YA 1) {//9

���81-�k<UTR�I[>�¾UL{�S

A 2) CnÂÌ+=AT6c/UDYcC89��R

Î89Í/~�V,81-�k2�K®T~Õ/

i<UE=9�¾<$®T1-�k/R�I[2

�SB5=ATCS~Ì+T6 

1-�k/x<UTR�EU/_ú<£A=«

Í5,��89�L��RÎ2$ÀC5,{/>

�T6Nissen et al. (2013) 1) <UTC91-�k(/R

�EU89�¾UL{¸C¨<��T����2�

�Ì4TcC>nÂÌ+=AT6c/UD<91-

�k<UTR�>9�¾UL{J�c/89>�S

AcC2QVÇTC9�L¥[/��RÎ<©A

={J�c/89>�SACS~Ì+T65�5Y

>X9vè�L¥[/RÎ89�L/RÎUL{

Q_gm9��/T¾^±V��SAcC<_Ç9

~Õi>çAcC�X91-�k/x<UTR

�EU>úYT_`m>�ÇX+T6 

¿c(7��891-�k/x>R�EUÅ/

¾G]¾<�&®892�X�<®TcC2ÊtC

5,6 

 

< mn 
Ô«�89RÎ2®�C®Tvè� 7¡©Uª�

�� 6¡/I- 13¡ (�RÎ 12 ¡©Uª�RÎ 1 

¡9Í19.0 ± 2.8 F9Q~173.4 ± 6.2 cm9_A75.6 

± 11.0 kg) 2$ÀC5,6ÆÕ89��1-�k�X

/R�C�¾�X/R�C5918.44mÅ/t<$5

=�����<UTÞ¾R�2¿+�+ 5�)*4

,6¿/h92 //"S������ (Z159079 

Kistler X�) Cp�'89:EUno��i. 

(Mac3D9Motion AnalysisX�) 2#K59R�EU

Å/¾G]¾©Uª89:ÔË2-Y5,6R�I

[89���k3� (2ZM-10359MizunoX�) 2K

A=-Y5,67��(89R�I[>�{vA´

62¿+�+Po/$ÀC5,6 

 
y zg�

R�I[891-�kst (120.9 ± 4.6 km/h) >�

¾st (118.9 ± 4.7 km/h) UL{x<<vA� (p < 

0.05) 2ã5,6 

u 1891-�k/x<UTR�EUÅ/¾G

]¾<£A=ÀÁ5,{/(�T6R�EUÅ/Q

�¹<UK®T¾G]¾/Fy (ß)ý�C8��S) 

�P©UªFz (�Âý�) �P/���891-�k
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st>�¾stUL{x<<vA� (p < 0.05) 2ã

5,6V,�¹<UK®T¾G]¾/Fz�P/��

�891-�kst>�¾stUL{x<<îA� 

(p < 0.05) 2ã5,6 

{1 )��i,ÅÂ���7���h,û�ç� 

 
� �� 
R�I[891-�kst>�¾stUL{x<

<vA�2ã5,6Å)�� 1) 2) <UTC9�L/

��RÎ(8_>YA 1) {//9���81-�k

<UTR�I[>�¾UL{�SAcC 2) >nÂÌ

+=AT6c/UDYcC89�¾<UTR�I[

2?<�ÇTC9��RÎ8Í/~�©UªR

Î/~Õ<UL91-�k<UTR�I[2��Ì

4=ATC�ÇX+T6 

1-�k<UTR�EUÅ/Q�¹<UK®T¾

G]¾89Fy�P©Uª Fz�P>�¾UL{x<

<vA�2ã5, (u 1)6R�EU89¦�<UE

=�öOÌ+,¾9	����9I[Yo>��[

�ØUB�9<_l¹�8Ì+=pðc�*L9_

þ2\5=pð/	����^I[2�SB(ST

CADDEû¥/��>�Lú£ 3) 6R�EUÅ/

¦�<UK®T¾G]¾2-Y5,��(892¹

<UK®T¾G]¾89R�ý�c/«ø�P/�

��>O��××��|/Î¼/I[CvAÝaa

r2ã5, 4) CnÂÌ+=AT6V,R�I[8O

��c�ÇX+TÎab/ab±V�<UE=�ö

OÌ+=AT{//9¿+X/çB8_þ^¸ab

/DE<UE=�öOÌ+T	����<2Ë5=

ATcC 5) >nÂÌ+=AT6c/UD<9R�E

UÅ/¦�/	����89_þ2\5=J�c/

	����2�SB5=©L9¦�<UK®T¾G

]¾/�SÌ89��tYÎ/I[2�s®TA3

Y3Ë(�TC�ÇX+T6UE=91-�k<U

TQ�¹/¾G]¾/��89�¾UL{�SYR

�I[2{,X®cC>ãäÌ+T6 

V,¾�J(DE2)DêI9Â�8yzA¾2

ò�=AT6c/A¾<UT	����2A¾/º

<	����CAA9vACcô<�TR_89î

ACcô<�TR_UL{�SY	����2ï£

cC<YT65,>E=91-�k<UE=9Q�

¹<UK®T¾G]¾>�SBYTcC891-�

k/%_<UTº<	����>�SY892ÊÇ

=ATC�ÇX+T6£VL9RÎ81-�k<U

TÁØ(�üTº<	����2�K®TcC(�

SY¾G]¾2q=5=ATCãäÌ+T6 

¥J/cC�X9��RÎ81-�k2�K®T

cC(Q�¹/¾G]¾2��Ì49_IYG(Q�

¹Ã¾�X××��V() (/_þ-^pð-/±

V�2��Ì4=AT_`m>ãäÌ+T6 

 
� �0l 
7��/Êt891-�k/x>R�EUÅ/

¾G]¾<�&®892�X�<®TcC(�E,6

��RÎ89~Õ�X1-�k2�K®TcC(�

¾UL{�+=BTcC>�X�CYL9¿/3Ë

<1-�k/ÁØ<UE=�üTQ�¹<UK®T

¾G]¾/�SÌ>89®TcC>ãäÌ+,6 

 
�� 

1) Nissen, CW et al. A biomechanical comparison of pitching 

from a mound versus flat ground in adolescent baseball 

pitchers. Sports Health. 5(6), 530-536 (2013).  

2) B���(. -�}·!�)	x�¶4�}~TU!÷

ø� DF��Bn�$ 27(2), 233-242 (1998).  

3) Kreighbaum, E �  Barthels, KM. Biomechanics: A 

qualitative approach for studying human movement 2nd ed . 

Burgess, Minneapolis, pp. 585-616 (1985).  

4) MacWilliams, BA et al. Characteristic ground-reaction 

force in baseball pitching. The American Journal of Sports 

Medicine. 26, 66-70 (1998).  

5) ����(. ��!>�TU	w���
wxy>�

�!�n��®Á�7�Ï�7	��� 3 �ì}Í� 

���n 46 (1), 55-68 (1997).  
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1

2

3

4

5

3#(���,7��T��``.|,�:ó�:;2�

�=>�7�0C@�7�,*+��

 
�J �� 19�� ú 29�� @� 3�

 
1���� �}7I£���£92���� _Mþ93[ûüý�� 

 
��/´I<©A=9RÎ/`¾8¸¹<�SB89®TCA*+=©L9Å({O��2<�®Têw<R�

®Te�¾/A3m8���^���Å/¤�8çA62010<)*+,�5?�æ����ÍÎ���<©A

=9º7�RÎ>�Î/BÇ,w<RíT`¾9A*|T�1�k`¾>vAcC>�X�<Ì+,6¿c(9

º7�ÍÎCÜ½/ÍÎ/EUYo2ÀÁ®TcC(9e�¾/vA3Ë2�X�<(STC�Ç,6Æh/´

I22//vI�Öj2KA=f859DLT@2KA=O��/××��|^R�ý/××��Â«/89:Ô

Ë2lO59½5(ÀÁ¹«Í5,6¿/Áã9º7�RÎ>H6�	�RÎ^�Ö×��RÎ<ÀOTCj_

>MÌA9£VLO��^R�ý/�X£S>�YBR�O=ATcC>�X�<YE,6R�ý2VvmvB

EU(S=ATcC>9e�¾/vA3Ë/@£(�TC�ÇX+T6 

E.h.i	�æ����ÍÎ�9e�¾9××��º< 

 

� jkl� 

� ��/´I<©�TRÎ/`¾8¸¹<�SB8

9®TCÌ+=©L9Å({O��2OQ/<�5

,º<<R�®T9A*|TRÎ/Èe�¾Ï/A

3m2Û2®T���©Uª���Å/¤�8çA6 
2010 <)*+,�µ?�æ����ÍÎ��
�<©A=9��X 1)<UTC9º7�RÎ8Ü½
/RÎ<ÀO9��j��Ò^�Î>[��2BÇ

,º<<O��2R�®TñI9A*|T�1�k

Ò/vÌ>�X�<Ì+=AT6 
5�5Y>X9º7»�.RÎ/�1�k`¾C

××��«/YG<©�TO��©UªR�ý/E

U2aûb�=«Í5,Po8c+V(�VL)*

+=©Xz9�½�CÀÁ®TcC(º7�/e�

¾/vA3Ë>WN®TcC>(STC�Ç,6  
7��(89º7�RÎC�½�RÎ/´I<©�

TR�EU2Po59q��»�Ø}/_CR�Á

ã/ar<£A=«Í59º7�RÎ/e�¾/v

Ì/3Ë2�X�<®TCC{<��vêc/ãä

2=TcC2ÊtC5,6 
 

 

 

� < mn 
3('� ,Öé 

� 20107°30º�X8°7ºV()*+,±�
W\��� 5?�æ����ÍÎ�<©A=´I(
R�5,H6�	�RÎ9º7�RÎ9�Ö×��

RÎq�¡2Po$À�C5,6 

 

3(3� dÖmnT�ò�.¡-. 

� vI[VTR�Öj�w'�XDKH�ìPH-1414C�
2#E=f8I[�
250�1(f85,6���
©�89DLT@2KA=39:ÔË2lO5,6-
YÐ89�1<ã5,UD<O��/ÅÆ 1Ð©U
ªR�ýJ/Q_PoÐ4Ð/-5Ð(�E,6 

 
 

 
 
 
 
 
 
 �1.-YÐ �2.c0ÔËþ/sÑ 
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3(t� ��wx 

� ××��|<©�TO���¹�¹��/ÔË9

××��|î�1«<©�TÎ¹Î¼¹¨¹¸/Ô

Ë(�¹�¹��)2lO5,6c+XqRÎ/��X
j_2bl9½5<VCl=�X@:�<PiPo

25,ø9çAÀÁ(Bonferroni)2)E,6 

 

� y zg 
t('� @R�T��``.|å�T��_.�,/0 

� �189½5/O��××��º<<©�Tj_

2ã5,{/(�T6H6�	Cº7}(89o/

©Ê<©A={x<Y_>öX+,6V,9H6�

	C�Ö×�}(89��J¦ý�989:+�<

©A=x<Y_>öX+,6 
 

 
�4.� ½5/O��/××��º</j_ 

 

t(3� �ÙÚm/,̀ .̀|å�-)I�T��/0,è
 

� º7CH6�	}(89¨/J¦ý�C¸¥�(

x<<º7/ý>9j_>MÌAcC>�X�<Y

E,6º7C�Ö×�}(89o/©Ê<a5={

x<Y_8ÓlX+Y�E,>9o/Q_-º/j

_/�{º7/ý>MÌAÁ�<�E,6�

� �� 

� >ÀÁ,zg=4=>�7�,_.�,``.

|/0é``.|½I,7��,/0©E¥.6é

§ã`´�*ê�0j:ó©RØ 4ëº127

�2;�×0©ì=�ØÉ�í��X 2�89

ÈOÅÒ>vA�moO��××��º</�X£

S8�YAÏC�O=AT6£VL9º7�RÎ89

××��º<2@s<RíX+=ATcC>�1�

kÒ^��j��Ò>vA@£/3Ë(�TcC>

�ÇX+T6%ø89R�ý/EU<£A={ÀÁ¹

«Í5=AB6 

� �0l 

� 7��(89�æ����ÍÎ���<R�5,

H6�	9�Ö×�9º7/ 3¡2$À<××��

º<^R�ý/º</÷A<£A=«¬5,6=X

+,Áã8¥¦/\L(�T6 

' º7�RÎ89××��º</j_>H6�	9
�Ö×�UL{�YB9××��>@s(�T

cC>������/	A3Ë/@£(�TC

�ÇX+T6 

( ÃE,Ccô<RíêT,l<89R�ý/E
U2@s<9VvmvB®TcC>A3(�T

cC>ãäÌ+T6 

� �~({�O,UD<9%ø8O��CR�ý/

º<��(8YB9EU/÷A<£A={ÀÁ¹«

Í5=ABcC(9ULçB/!N2=X+TUD

<��5=AB6 

 

�� 

1)� ��@�¹�7�m�ç�æ����ÍÎ���<©�

T��-i��ØÔE 

2! ����¹���Ö�R�EU/�8<mD����/

W>ì���6n� IEICE Technical Report NC2012-35 

(2012-7) 
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3c(���,f���T��+^_`%&|.i`�,#¦.��Ffg�

 
¸" !� 19�� ú 2 

 
1���� �}7I£���£92���� _Mþ 

 
c+V(��/R�<a5=9R�EU^R�I[/��8içBNX+T>9e�¾<a®T{/

8�YB9o/UD<e�¾2�JÌ4TcC>(ST/�CADcC8�X�<YE=AYA65

,>E=97��(89Å�º'��ÍÎ2$ÀC59e�¾�J2Ê�5,±jO×�����k

×�/~Ltªã2«¬®T6$À�8Å�º'��ÍÎC59���\�ØÆÇL}84�}��
�?�C5,6±jO×�����k×�C89O��2 10m /+��X"YL<Rí9ÊËR(
�T�Ò/Å<O��2�+TCADk×�(�T6$À�2 TrainingÁ¹Control TrainingÁ¹
ControlÁ/ 3£<P�9k×�«ø(/e�¾i���Ðiu]^�/Áã2ÀÁ«Í5,6Áã
C5=94�}/±jO×�����k×�Á>Ü/2ÁCÀO=e�¾i��/Áã>x<<�J
59±jO×�����k×�8e�¾�J>LM(STk×�CADcC>Æ¬Ì+,6 
E.h.i	Å���ÍÎ9e�¾i��9~Ltªã 

 

� jkl� 

� ��<©A=9R�8z<Û§|<y3Y673

Ò(�L9���G�<arYBO��2h¼<R

íTcC9O��I[2YTOBvBÂ£cC8A

3YJ63Ò/@£(�T,l9J6�>�/vA

�moO��I[Ch¼m/23Ò2�0§Ç=A

TC�ÇX+T 1)2)6g<��/´I<©A=89 R

Î(�+�O��I[2YTOBvBÂ£cC9�

£OP/<�®TCcô<O��2RíX+T67

(¥¦9e�¾)>y3(�T59�Î(�+���2

�-�<®T,l<RíTÝÎ<��E=h¼<R

íT67>blX+T 3)4)6 

� 5�5Y>X9���k3�/��5,v�(89

�I<ÈÊÌ+TcC>çB9	�!Ö�\��t

Î@<UE=9o/UD<5=IAO��2Rí=

AT/�CADcC8P�E=A={9A�<5=

O��2������5=AT�CADcC8�X

�<YE=AYA6V,9��vê<©A={e�

¾2e¶Ì4,ACADÊË>�\/{/(�E=

{9¿/��ý@8���<UE=ç]ç.(�T

,l9e�¾/Æ�>�X�<YL9¿/��ý@ 

 

 

>¼úÌ+TcC(º7/��/ÌXYTW°<£

Y>T/(8YA�C�ÇX+T6 

< mn 

3('� ,Öé 

� Å�º'��ÍÎ24¡(3�1¡92�19¡9

1� 4¡)2$ÀC®T6C«<ÔÕ�©Uª¿/

Â�9»�./�Ä�<89ÆÕ/ý@9012

��5(<2=,J()E,6 

 

3(3� dÖ�î 

� ÔÕ�2 3£/Á(TrÁ¹Con TrÁ¹ConÁ)<P

�9TrÁ8±jO×�����(+��10m9�[�

3?/wà4�9Ríý�"YLRí)9Con TrÁ8�

�����k×�(+��10m9�[�3?/wà4�9

Ríý�70%Z[(RíT)2)*4,6 

� V,9�£/Ø���<$5=�< 1[e�¾i

��(+��18.44m9Ríý�V��k���930

ÐáÐ)2)*494 �}(/=Ð/S�^\ªÒ2

ÀÁPo®T6 

y zg 

t('� f��}|#, 3àæ*+ 

� � 1894�}/e�¾i��/Áã2 3Á}(
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ÀÁ5,{/(�T6TrÁ/ 1�ÊC 4�Ê<©A

=9e�¾i��/=Ð>x<<�J5,(p<0.05)6

 
�1.� e�¾i��<©�T 3Á}/ÀÁ 

 

t(3� +^_`%&|.i`�,��i0f�� 

� � }|#,zg0,�k 

� u 1 UL94 �}/±jO×�����k×�/

� i<x<Y_8öX+Y�E,6V,9e�¾

i��C/Ýaar2«¬5,Áã9x<YÝa8

öX+Y�E,(r=0.511)  

 

 

� �� 

� 7��/Áã�X9±jO×�����k×�8

e�¾/�J<@s/ªã>�TcC>Æ¬Ì+,6

5�59±jO×�����i��Ce�¾i��

/}<Ýa>YAcC�X±jO×�����/�

 i2JíTcC>e�¾2�JÌ4TcC<£Y

>XYACADcC>ãäÌ+T6V,9��X

(2012)89������2	B®T<89àI[CR

ek[2�2t<W>Ì4TcC>(STUD<Y

T��>y3(�TC�O=©L9±jO×���

��k×�8ÊËC/+�û2£�ö9àI[C@

Rek[2�2t<W>Ì4TcC>(ST���

\�Ø�E,C]ÇT6 

� %ø89±jO×�����k×�2)DcC<

UE=Æh/R�EU<o/UDY892�&®/

�<£A=«¬5=ABy3>�T6 

� �0l 

� 7��(89Å���ÍÎ2$ÀC59e�¾�

J2ÊtC5,±jO×�����k×�/���

\�Øªã2«¬5,6=X+,Áã8¥¦/\L

(�T6 

'� 4�}/±jO×�����k×�UE=9e 

� � �¾i��/Áã>x<<�J®T6 

(� ±jO×�����k×�Ce�¾i��/} 

� � <Ýa>YAcC�Xk×�2)DcC¿/{ 

� � /<ªã>�TcC>ãäÌ+T6 

� �~({�O,UD<9%ø8±jO×����

�k×�>R�EU<ÊÇT892«¬59ÌX<

Å����(YBúYTK({¿/ªã2«¬®

TcC<UE=9��<©�Te�¾�J/,l/

��/@�CYTcC2LM®T6 

 

�� 

1) ¸�¹õXÖ� R�I[C������/ar<©�T

���G�gmçÂ6�1�
�	��� ×
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NEXUS











Form Motion        FA-FM01  385,000-

Form Finder Pro1 FA-FFP1  585,000-

DIPP-Motion Pro 3 950,000-
2 600,000- 

158,000-

Miro LC

Miro LC110

3GB 4,950,000-  ( )

Miro LC310

3GB 6,000,000-  ( )

Miro LC120

3GB 6,400,000-  ( )
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