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�
ż�Ŋ�
ŀȋ 

 

1-19(CS 

2020ƵS¬ĊCKJƣÏR��ocV�m~��ocVÑÆŻ§S÷#N�ǢǟS�#

J^t�dSŸ)JƋǨƢ9ǉŎSĀ8D835.N8J@,�^t�dMƕ(N)=

N8Ŕ� øǓ2Ǟ�5ŝ¸M�B%3 2!Jī§8ũķMǨĜ)^t�dÁǢǝ8Ǻ

ƶ8ĪïS÷#�^t�dSÀȉ)JĞĒMŭāƚSŕœ)J,C�2015ƵS9ǖǑ¢µ

ŉ8®Ø3'N^t�dƍ ũŠCK,ïĎ�2%4D8ŷȃ÷Ō�M9(C�ńǸM

ǯǠĠCK,N^��g<8ǚ·ƚ5[t�g3'N�ĥŘźN^��g8ƾÛ��ś 

ŜĒ3'NÞAHKN�I�ĮƵĬMŸŋ3',^t�dSÀȉ)Jĝ� þLKN8J

0ż 2Â^t�dÁǢâ¦1 Ř«SǨM÷#ND�2015ƵS9ăčR��ocV��§

GIĮƵN^��g82¢µƚąÍSÁ08,ŷȃ��ƫƸȃ÷Ōq�W~w��2ñ�8

śĶƢMýǾ',g��j�W�M³ǽ)JĵǶŚ ƘðCKN�I�ĮƵN^��g8

śĶƢ8ƹ��G;śƒ8ƂS�(,�ƫq�W~w8ǽ� Ř«Äǧ2ÊCHKN8

J(11)@,�Œŷƚ�őǺƚ�G;ī§ƚSíƌ5ñŷĈ ŴĎ)JĮƵĬ8Œŷ8ƾ

��ƾž8ůœ��ƫĔ SGJł¯8Ǳǡ�ò8ŔŝS�8NDƒ"ģų2!J�ƫĳ

»MĳƮ)J,CS�ƛşSĻǜCK,�ƫq�W~w<8Ĕ  ĵǶ27J%3 ŦǗ

^g��W^�Y�fO\|j�WÒ§0National Strength & Conditioning Association�

NSCA1SG.NTPh~P�3'NƾǎCKN�I(53)0ǎ 11�śƒ8ñŷĈ ƌ'8

ĮƵĬ8ƯƎS/8N�ĮƵN^��gSßLJŢǩŐ0ÕĚ�Y�b�N^�eOcV

g��i�5418Ǻ¨8ǊǶŚ ĸ=HKN8J 
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ÚƵ�ĮƵĬ8�ƫĔ 8ŕŃSǀ8��Ȁ�pOcgk^×«�±ı^t�dŨŏS

�8N�ĮƵĬ8g��j�WĪĞ ù"�ǃƚSĲ#ƳKHKN8J (56, 92)@,�

ĮƵĬ8g��j�Wö£SÀ)Jŵ"8ǛĂ 5CKN�I�śĶƢSƯ�ƚ5�ƫĻ

ǜSÁ0!�ƛş5¾ư�S�8NĪĞCKJg��j�W9�śŔ3ƬǴSĮƵĬSŸ

'NDǴ�5ǹ�MD,H)%3 ǥH�3CKN8J(24, 25, 53)ĮƵN^��gS�

#JŝǺµƚ5�ƫƸȃ8g��j�Wö£SÀ)J\^eueOcV�n{��G;x

a¨Ş29�ĀÔƢg��j�W0ċŻÎŌĵȂ8 80-89�1SG.NÙȃEŮŲƢ38

.,^t�dSƯ�ƚ5�ƫƸȃ8ªť ŝ(J%3 ǛĂCKN�I�ĮƵĬ8g��

j�WĪĞ8ǯöŚ ÔƏCKN8J(52)�ǜ2�ĮƵĬ �ŦS�ö£ƚSg��j

�WMþ�,C8ğƛĤÂEǜǝ�g��j�W8ǨǍŠƗS)J=!ǶŧS/8N9Ǥ

-ǐǥȁ5ǑǕDŵ"�%KHMǥH�S)J%39Ř«ƚ5¤Ž3CKN8J(69)'

, .N�śĶƢSÁ0"g��j�Wq�W~w8üƈS7,.N9�ĮƵĬ8g��

in�eO0g��j�WĕäSŸ)J�Ʀ18śƒSǀ�Ǚ�SÀ)JCH5Jƅì 

ÊCHKN8J 

� l^Xcgs��8ÑÆĬƠȊŗ9 200Să�Ō8ăčl^Xcgs��ȉǦ8 Ǧ

ăS�8N 4� 5šǣŔMƐ��Ř«ƚSDǉŎSŔÃ8Ā8^t�d27J(23)l^

Xcgs��Ťİ9 1ġā8Ŧ�ƫ7,I 10�8ċŻơȃ8Ůƫđ�46-70©8ƑǬƫ

đ�ǫ 1000©8ǜ÷Ɲ¼Mþ85 H 4500-5000mM�ƫ)J(20, 23, 91) %8G�5Ñ

ÆƯŚ�H�ŒŷƚǶŧS ��Ā8Ŗĺ8ŝǺµƚ�ƫƸȃ ÊCHKJ@,�7H

FJƵźS�8N�ÝŹµƚƯƎ�G;ŝǺµƚƸȃ9l^Xcgs��Ťİ3'N8�

ƄMåƗ0#JĵǶ5Ƕ�27J%39ǥƽ27J(88)ƯS�ĮƵĬS�8N9ǭK,
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Ťİ>4l^Xcgs��Sǯǹ35JÝŹµƚƯƎ�G;Ā8ŝǺµƚ�ƫƸȃMǯ'

N8,%3 ǛĂCKN8J(87) 

� ĮƵN^��g8śĶƢ3ÝŹµƚƯƎ�G;ŝǺµƚƸȃ38ÀȉS/8N9��Ǘ

MƉőSŵ"8Əĉ ĪĞCKN8JȈƵȇ3ŝǔµƚƵȇ8ǐ�Ɔ �ĤƚSƴCH

KJƵźS�8N9�ÝŹµƚ5ƾ�EŝǺµƚ5ƾž8ñŷĈDƌ'8ŒŷŨśE�

ƫƸȃ8ñŷĈSŸ'N9�ſŝç8Ĉ�(16, 40)EŝǔµƚśĶƢMǂ�)JċŻŒƒƾ

�Ƶȇ0Age at Peak Height Velocity� APHV1SŸ)JȈƵȇ8ƨžƢ Ż!5�ÖMÈ

?)%3 ǥH�35.N8J(8, 14, 65-67, 74, 87, 88)śƒÂS�8NƴCHKJ%KH

8ïŋ�H�ƯSĮƵN^��gMǏ�)JčS9ƒÂƚ5ĠƞMD.NȄB%38ĵǶ

Ś ĦćCKN8J(87, 88)@,�Œŷ8śƒ8ŲƢ ŔıEŝ�½ÓSG.N�5J¡

ƸŚS/8N9�ƲǢŔ8ƃęS�#J APHV012.6Č1(80) ��ǗŔ8 APHV013.8-

14.4Č1(13, 61)Sǆ=Nū8Ƃ2ƨǸ)J38.,æ£�HŕēCK�ƲǢŔ8ĮƵĬ

S�#JÙĄ²à8ÝŹ�ƱǕǇ�Ʀ�G;�ƫƸȃ8ƾ��ƾžS/8Nǒù"éƩ)

JǊǶ 7J 

� Ň�ǢëÌS�#J��8ǵó9 NSCA8t]\|�^ePgx�g(53)�G;ǖǑ¢

µŉ8Ħ)ļƥƉƥÕ�8Ǫ¶SÁ08NƗÇ0#HK, 

ĮƵN^��g0ĮƵĬ1�%4D0ƃę29 13Č@21�G;ěĹÂ8ĮĬ8Ūǜ 

ěĹÂ�ƃę29 14-18Č(53),-'�ǢëÌS�8N9ǖǑ¢µŉ8Ħ)ļƥƉƥÕ

�8Ǫ¶SÁ0!�ŅµûĀµƵ�HƉµû8Ƶź010-15Č13)J 
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ǎ 1� ƒÂƚ5�ƫƸȃ¬ƾMśõSƭ" 10Ǣ8Ɗ (Lloyd et al2016GI) 

No. ÅĸƱǳ 

1. 
ƒÂƚ5�ƫƸȃ¬ƾ8¥ƙ29�ĮƵĬS�#Jƾ��ƾž8ǉƓţƚ2Ô8ñǘŚMƻǾ)

JǊǶ 7J 

2. 
ƵȇEƸȃ��ǷSÀLH*�)=N8ĮƵĬ9ŷȃƚ�őǺī§ƚøǓºMůœ)JƒÂƚ5

�ƫq�W~wSĔ )JǊǶ 7J 

3. 
)=N8ĮƵĬ9ǲņÂ�H�ƫ^U�EÙȃ8ƾžSňƞMƤN,ŷȃ÷Ō ŃȆCKJǊǶ

 7J 

4. 
ƒÂƚ5�ƫƸȃ¬ƾ8¥ƙS�8N�ǒù8�ƫƸȃ8÷ŌEůœMžś)J,C�śƒ¥ƙ

8ūÂ�H8Ĕ  ŕŃCKJ 

5. %4D8èú3øǓ9�ŎSƒÂƚ5�ƫƸȃ¬ƾ8q�W~w8ƉőƚîŰ27J 

6. 
ƒÂƚ5�ƫƸȃ¬ƾq�W~w<8Ĕ Máų)J,CS�ł¯�^V8Ɩ�Sÿê)JŒŷ

8Y�fO\|j�WMĪĞ)JǊǶ 7J 

7. 
Œŷ8èúSÀȉ)JǶŧ3^U�SÀȉ)JǶŧ8ŪǜMÔ�)J,C�ƒÂƚ5�ƫƸȃ¬

ƾq�W~w9ǒù8g��j�W8ƛ�Mǯ)JĮƵĬSŸ'NƘÐCK5#K:5H58 

8. 
ŢǩŐ9�ƒÂƚ5�ƫƸȃ¬ƾMžś)JİƂ3'N�ƛş5yja��WEǏ�ǝMǵ8J

ǊǶ 7J 

9. 
ĮƵĬMĜƭ)JŢǩŐS�8N9�g��j�Wq�W~wS/8NñǘŚSŰ.NŷàƚS

ƾƜC+5#K:5H58 

10. 
ǯĢ²Ĭ8ŴĎ3ƛş5Õ�µƚNq��b9�ƒÂƚ5�ƫƸȃ¬ƾq�W~wMśõC+J

Áǅ35J 
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1-2ëÌŅĖ 

1-2-1ċŻŒƒƾ�Ƶȇ0Age at Peak Height Velocity�APHV1 

� �ǃƚS�APHV9ěĹÂ2ŝ(JŒƒ8Éä5ƾ�Â¿S�8N�ċŻ8śƒǼS

ž)JŕƗƵȇMĜ'(60)�ȈƵȇ38ŬŸƄSG.Nñŷ8śĶƢMǂ�)JěĹÂ

S�#JÉä5śƒ9�ñŷ¿2aPv�W�e�t�áųĤ¿ �5J,C�ěĹÂ8

Œŷ[P_�ŒŷŨś�G;�ƫƸȃ8Ǐ�EǁƁS9ȈƵȇ295" APHV ǵ8HK

N�I(74)�ĮƵĬ8g��in�eOEa��gƾÛ�ŤƿS�#JǏ�ĜǍ3'ND

ǹǵCKN8J(8, 54, 66, 67, 74, 87, 88) 

ŵ"8ÑÆıǨS�8N�Q��gĮƵN^��g9ū8Ƃ2 APHVSƨž'�ūĶ

Ü÷MĦ)%3 ǛĂCKN8J(60)ƲǢŔ8ƃę8 APHVSÀ)JƏĉSGK:�ŵ

"8ĮƵN^��g8 APHV9�ǃƚ5ƃę3°7�Ɔ)J �l^Xcgs���G;

ǻŌŤİ9GIū"ƨž'011.6 ± 0.9Č1(26)�[cS�Ťİ9GIƇ"ƨž'N8,

013.6 ± 1.1Č1%3 ǛĂCKN8J(70)ĮƵN^��g8Œŷ[P_�ŒŷŨś�G

;�ƫƸȃ8ƙƢ9 APHV8ƨžƢ2ŕűCKJŝǔµƚśĶƢS�ÖMĲ#J,C�a

��gƾÛ�ŤƿSGJQ��gĮƵN^��g ūĶĬ2üśCKJÜ÷S7J3ý�

HKJ(87, 88)'�'5 H�ǄĶÜ÷S7JĮƵĬ8�ƫƸȃ ńǸƚSūĶÜ÷S7

JĮƵĬ8�ƫƸȃSƔ8/"¡ƸŚS/8NDǛĂCKN�I(12)�Q��gN^��

gS5J¡ƸŚMǯ)JǄĶÜ÷8ĮƵN^��gMƺŁ)JØĽƚ5a��gƾÛ�Ť

ƿMǈ#J,CS�ñ�8ŝǔµƚśĶƢMýǾ)JǊǶŚ ĸ=HKN8J(40, 87, 

88) 

APHVS/8NŔıǘSǕȅ',ƏĉSGK:�}��cm8ƃę9 13.8-14.4Č�Y�

S`Ph8ƃę9 13.3-14.1Č�Np�SàNx�S�S�8N9 14.3Č27.,%3 
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ǛĂCKN8J(13)�ǜ�ƲǢ8ƃęS�#J APHV9 12.6Č2ŝ(J%3 ǛĂCK

N8J(80)@,�ËÆàıǨ8ĮƵN^��gS�#J APHVS/8N}��cm3Ʋ

Ǣ8ƃęMǆ´)J3�ƲǢ8ƃę011.6-13.7Č19}��cm8ƃę012.8-14.5Č1S

ǆ=�ū8Ƃ2 APHVSƨž'N8,%3 ǥH�3CKN8J(10, 26, 55, 61, 70, 74, 

83)0ǎ 21 

%8G�S�Œŷ8ƾ��ƾž8e�tEo�VMã�JaPv�WS9ñŷĈ ŴĎ

'�ŝ�½ÓE�Ɵµƚ5Ƕ� �ÖMÈ?)%3 ǥH�3CKN8J@,��5J

śĶƢ8ñŷ ĆĎ)JƬȈƵȇSeZ��0�ƫǑ¸ƫ541S�#JÑÆ¸ƫEg�

�j�W8ĪĞ9�ƲǢ8ĮƵN^��gMįI¹"½Ó8ƯƎ27J', .N�Ʋ

ǢŔ8ĮƵĬS�#J APHV8ƹ�9�ĮƵN^��g8a��gƾÛ�ŤƿS�#Jǁ

Ɓďǿ8A5H*�ŝǔµƚśĶƢSŰ',g��j�W8ĪĞ8,C8Áĺ35IƮ

J 

�  

  



 

7 

 

Q 2� MX�&�+��
?N��(��	�� APHV	1�AH84 Malina et al. 2015��/T� 

J> OQN� : 52@Y 
<GDKO-N\ APHV� 

ELVW 
n R7I PBS; 

Bell (1993) ���)� ���� 32 14.2 0.9 Preece & Baines models 

Philippaerts et al (2006) ")�� ���� 33 13.8 0.8 F9= 

Maingourd et al (1994)  ',� ���#��� 11 12.8 0.5 

�' .	�U0 
Sprynarova (1987) ���6]: �����$�) 8 14.1 0.9 

Fujii et al (1998) MX �����$�), [C 15 11.6 0.9 ���!*��U0W 

Nariyama et al (2001) MX 

Z3 126 13.1 1.0 

Preece & Baines %�) 
�����$�) 39 12.8 1.1 

���� 83 13.7 1.1 

�*�$�) 53 13.2 0.8 
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1-2-2�âëƫ6Ǭ� 

� ƶı6âȴ7
13-17.5ģ6Ã5ƨŏ6ȡ 461�Fȡ 5415Ɯ¤'H(57)�>*
âȴ

Kǯ�'HŚĸȕȴ5Ä'Hǂğ5��07
10-11ģ�F 18-19ģ5�!0ƶı6Śĸȕ

ȴ7 32.5kgƜ¤%
Ǜ5ſǅ�ûƿ15H 13-15ģ6Ã17ǥÃ5ȡ 7.2kg6Śĸȕȴ6

Ɯ¤�ȑĕ$I0�H#2�F
âȴ6Ɯ¤2ſǅ6_o�k26ÄȼKĿĜ%0�H

(59)�7-18ģ6ǡȗŸƶıKƩŤ5
ǸÄƊåß�ůǎâç
ǷÄƊåß�ůǎâç5�

!Hâ�ƴȝƆ6ǃ ǨơǊ�E9ǒƣžâȵơǊKĐ-* KanehisaF6ȑĕ5EI8


â�ƴȝƆCâȵ6Ɯ¤57ſǅ6ȫ���ÝKÒ='ô¨�Ŀ$I0�H(43)�>*


ǥȸ6Ɯ¤5Ǯ-0åßâç�ƴȝƆ/ůǎâç�ƴȝƆ6ǲȰ�Ȍ¢%*ô¨�F
â6

ſǅȰ�Ȃ�5E-0�4H¥ǧž�ĿĜ$I0�H(43)�ǷÄƊůǎâ�E9ƢÄƊǋ

åâ6ëƫCɄ6Ëǧ5.�0
ǡȗŸ6ĳŕÊƖÊ6ƶı.9.6-12.7ģ�2ſŸƶž

.19.8-26.2ģ�Kǲ½%*ǂğ5EH2
ſŸ6ǷÄƊůǎâ�E9ƢÄƊǋåâ6âĊ

�E9âƠǅ6ƌƩƷ7
ĳŕÊƖÊ6ƶı5ǲ;0Ȥ�4ēƷKǤA*B66
ƢÄƊ

ǋåâ6âƠǅ2¡ķǅ6ƗƩƷ5��07ǥƬÃ1Ȥ�Ğ7ǤAFI4�-*�>*


Ƿ¹Ʉ�E9MV�_Ʉ5��0B
ſŸ6ɄĊ6ƌƩƷ7ĳŕÊƖÊ6ƶı5ǲ;0ē

ƷKĿ%*�
ƨŏ16ƗƩƷ5��07MV�_Ʉ5��06?Ȥ�Ğ�ǤAFI
Ƿ

¹Ʉ17ǤAFI4�-*#2�ȑĕ$I0�H(50)�#IF6ô¨5Ç/�
KuboF7

ĳŕÊƖÊ�FſŸ>16Ã1pk6â�E9Ʉ6ëƫ6ſǅ�Ȃ�5E-0�4H#2

Kȑĕ%*(50)�Ǚ�âçǝ6ſǅȰ5.�0
SekineF7 12-20ģ6ņǥn_Zgkx

��ƑŉKƩŤ5ƭɃįǗâKĎſ'HâǗ6ſǅ5Ǯ7Ȍ¢5.�0�ƴǌ5ǂğ%

*�)6ô¨
ǝƞČâ
ƭɃǆâ�E9¶ƞČâ7 16-17ģ
ǝƞČâŃǗ�E9ƾÃ

Čâ7 18-20ģ5��0ûƿ4Ǭ��ǤAFI*(82)�>*
ĭŒ$I*ºâǗ5�!H
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ġƭǬ�ǥȸ6ŻǊƷ.ǝƞČâŃǗ�12.9ģ
ǝƞČâ�15.7ģ
ƭɃǆâ�17.7ģ


ƾÃČâ�15.7ģ
¶ƞČâ�15.2ģ��F
ƭɃįǗâKĎſ'HâǗ6ăȤ6ËǧC

ȠÀ�ſǅȰ5�ÝKÒ='¥ǧž�5H#2Kȑĕ%*(82)��Ȓ
�ƴǌ÷Ǖ15-

*#2KøÕ6ā³Ǐ2%0Ŕ;0�G
ſőǑ�âëƫ6Ȍ¢5Ò='�Ý5.�0Ȝ

F�5'H*A57Ǚ�Ăƨǝ5�!HŎƴǌ÷Ǖ�ǹȫ15H2ď�FIH� 

� MersmannF7
ƭɃįǗâCǷ¹Ʉ6ëƫCËǧ6ǅÊǌ4Ǎ�5.�0ȜF�5'

H*A5ņǥn��x��ƑŉKƩŤ2%* 2ǥÃ6ŎƴøÕKĐ-0�G
ƃǥÊ6ƾ

Ê.16ģ��FƃǥÊ6ĆÊ.18ģ�5�!0
â�ƴȝƆ�E9âȴ7ȡ 61
âȵ7

ȡ 131
Ʉ�ƴȝƆ7ȡ 271Ɯ¤%*#2Kȑĕ%*�#IF6ô¨�F
ƃǥÊ6Ć

Ê5�!HɄ6Ë²ǌ4Ûă$6Ɯ¤7
âǠ6ëƫ¿ǌ�E9Ɓƨȵ¿ǌ4Ǭ��ǬƱ

5Äȼ%
ƃǥÊ6ƖÊ�FƾÊ5�!0Ɓ&Hâȵ2Ʉ6ȁªƪž6ǽáđKȐ7¥ǧ

žKĿĜ%0�H(64)�%�%4�F
ņǥń6âëƫ6ſǅ5Ǯ7Ȍ¢5.�0Ŏƴǌ

5÷Ǖ%*øÕȑĕ7āFI0�H�>*
ǡȗŸ6âëƫ6Ǭ�2Ɓȅ¿ǌſőǑ26

Äȼ5.�0Ŏƴǌ5ǂğ%*øÕ7?FI4�� 

 

1-2-3��ǘǧȵ2ſőǑ6Äȼ 

� ĳŕÊ6Ǜǀ2%0
Ŷƨǌ4Ǭ�2�ǘǧȵ6ǬƱ�Óò5Ɓ&H#2�×"FI

H�>*
ſǅÊ6ƶı5��0
Ɓȅ¿ǌſőǑ7ƁȮ¿ǌ4�ǘǧȵ5�ÝKÒ='

(14)��ǰǌ5
ſő�ŷL+ƶı7ſő6ŷĐ�ƻ�ƶı5ǲ;
ȣI*�ǘǧȵKȤ

'H(57, 74)�#6#2�F
ſǅÊCĳŕÊ6ƶı5��07Ǚȹǥȸ15-*ŧĔ1B

�ǘǧȵ5ĂŸĞ�ƥĦ'H�u�W�6ņǥƶı]gU�Ƒŉ.12.2 ± 0.7ģ�KƩŤ2

%* 5ǥÃ6ŎƴøÕ5EH2
 30m_t��k
ǼŠž
źǆǄ92�-*_y�h
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5��0ŏȫ24Ho��ǬÉǧȵ7
APHV5��0ġBǬƱ'H#2�ȑĕ$I0�

H(74)��Ȓ
o��ǬÉǧȵ7 APHVï¬Ć 2ǥ<31q�XKñ�H26ȑĕB$I

0�G(57)
ÙÏorS�z�_5Äȼ'HºŊƨȵȫƔ6ǬƱȩƗ5.�0
�ȉŸ5

ǲ;0Ɩ= APHVKñ�HǡȗŸ(80)KƩŤ2%*ǂğKĐ7ǹȫ�5H� 

Ɓȅ¿ǌſőǑ2�ǘǧȵ6Äȼ7
ņǥM_��k6ÙÏÂÚ5Bƭ�=�ÝKÒ=

'�ņǥn_Zgkx��Ƒŉ.13-14ģ�KƩŤ2%* Torres-UndaF6ǂğ17
Ǚ&

ȹǥȸ15-*5B��JF(
R��kç7ǵR��kç5ǲ;0 APHVï¬ǥŽ�ē

=
Ɩőêċ55HƑŉ1Ďſ$I0�*#2�ȑĕ$I0�H�¤�0
Ɩőêċ55

HƑŉ1Ďſ$I*R��kç7
ǵR��kç5ǲ;0ŶǅCƨŏ
âǠȴ2�-*Ŷ

ƨ]O`CŶƨƕſ
_t��k
ǄȢ
ļÑȵ436�ǘǧȵ5��0ȣI*ƷKĿ%

*�#IF6ô¨�F
ĳŕÊ5��0�Ľǌ5ǤAFIH�ǘǧȵ6ȣȻ�e��kǬ

æ�Ƒǭ5ƭ�=�ÝKÒ=%
ņǥM_��k6ÙÏÂÚKóǊǾ!H¥ǧž�5H#

2KŔ;0�H(87)�ťÍǩí�F
ņǥM_��k6Áǘ5ǆƉǌ5ÄJHƦ=6Ǝȟ

ŭ.ÜĲ
[�f
M_�iNgXk��l�43�7
ſőǑ6ĂƨĞ�E9)I5Ǯ

7�ǘǧȵ6ĂƨĞ�ûƿ15HņǥM_��k:6Mt��fKŲŏ5Đ7#2�ŏȫ

15H�>*
�Ɠ�.ĉ¨ǌ4k��m�YCś·ȦȖt�Y�{6ÇǱKĎƼ'H*

A5
ǡȗŸ6ņǥM_��k5�!HƁȅ¿ǌſőǑ2�ǘǧȵ6ǬƱ26Äȼ5.�

0$F4HƸù�ÔAFIH� 

 

1-2-4�ņǥń6ǝȆǳ�Ǔ 

� ǝȆǳî6Ëǧ7
Ŷƨ6čŨž6�ļC5FDHŊȷ6¶ǌ_k�_5Ʃ'HŶƨ6

Ǎ�KƝŷ'H(48, 98)�âƏ�6ſǅC�}j��Y5Äé'HŇȫ4Ǚ¢w�}�.i
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_k_i��
pkſǅw�}�43�6Ȇǳȴ7
Ǎƈ5t�Y�{$I*k��m�

Y6Įò._k�_�5E-0Ɯ¤'H(71)�ĳŕÊ�E9ĳŕÊï¬Ć5�!Hk��

m�Y5EHâȵ6Ɯ¤7
w�}�Ȇǳȴ�Äȼ'Hâȴ6Ɯ¤5�ÝKŋ!H2$I

H�)6�Ȓ
ĳŕÊƒ6ņǥM_��k7�ǘ5Ʃ'Hw�}�Ȇǳȴ�Ş4�*A


k��m�YKǈ%*âȴ6Ɯ¤7ĚǞ2$I0�H(71)�%�%4�F
ǸÄƊ6ǒŅ

ž�ǘKȪ�*k��m�Y5E-0ĳŕÊƒ6ƶı5�!HǸÄƊåß�E9ůǎâç

6�ƴȝƆ�Ɯ¤%*26ȑĕB4$I0�H(27)� 

ƻǬžâǇ6�Ý¡5�!H�ǘ5Ʃ'Hw�}��Ǔ5.�0
ſŸƶž.31 ± 7ģ�

2ƶı.14 ± 0ģ
Tanner stage 5; n = 2, Stage 4; n = 2, Stage 3; n = 4�KƩŤ5ǲ½÷Ǖ%*

PullinenF6ȑĕ5EH2
ġƭ×ťŏȴ6 4011ĐJI*ǷÄƊůǎk��m�Y.ġ

ƭǯȃ±Ž × 3agk�Ć5�!Hi_k_i��6Ȇǳȴ6Ɯ¤7ſŸƶž5��06

?ǤAFI
ƶı5ǲ;0ēƷ15-*�Ȓ
pkſǅw�}�7ƶı5��0ēƷKĿ

%*(77)�ĀÒ7$I0�4�B66
#IF6ô¨�F
ºw�}�6ȆǳƐ6ſőǑ

�Ȇǳȴ6Ʀ¦5Äȼ%*¥ǧž�ŻĨ$IH�>*
APHV5Ʃ%0ȹǥȸ�Ȉá 1.06

ǥǉ�ƶıKƩŤ2%*øÕȑĕ17
¡ķ6k��m�Y.ȍÐ_X�gk
��^


_}P_X�gk
_igtMgt� º 3agk×12±�Ć5�!Hi_k_i��Ȇǳ

ȴ6Ȥ�4Ɯ¤�E9[�fd��ǦǑ6Ȥ�4þŞ�ǤAFI0�G
ņǥM_��k

6k��m�Y�Ŷƨ5�!H�¬ž6Ǚ¢ŪƫK��Î#'¥ǧžKĿĜ%0�H

(45)�  

ņǥń5��07
Ǚ&ȹǥȸUi\��15-0BƁȅ¿ǌſőǑ6ĂƨĞ�ûƿ1

5H�%*�-0
ǝȆǳËǧ5Ä%0BƁȅ¿ǌſőǑ5Äȼ%*ĂƨĞ�ƥĦ'H¥

ǧž�ď�FIH�#I>15
ņǥń6�ǘ5Ʃ'HǙ¢w�}�6Ȇǳȴ6Ɯ¤5Ä
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'Hȑĕ7�=.�4$I0�H�(35, 47, 76, 78)
ſőǑKďȳ%*øÕȑĕ7āFI0

�H(45, 77)�ǙȹǥȸUi\��ǝ6�4HſőǑ6ņǥńKƩŤ2%*�ǘ5Ʃ'Hǝ

Ȇǳ�Ǔ5Ä'Hǂğ7Ʀ=4$I0�F(
ęĆ6÷Ǖ«Ư2$I0�H� 

 

1-3. ȗȽȇ6Ȟǌ�E9Ďſ 

Ʀ=6ƍĐøÕ5��0
ņǥń6k��m�Y6ȤĉžC£Ʒ�ȑĕ$I0�H(11, 

24, 25, 52, 53, 56, 92)�Ȓ
_y�hÿŧ6ÿŪ2%0Ț+5ņǥń6k��m�YłĶ5

šàǌ4ȂȆBĬù$IH�)6Ȯȥ2%0
Ǎƈ4§¿ǌƸùCěÖ6ǽƢ�ď�FI

H� 

ȗȽȇ17
ſőǑ5Ɵ%*k��m�Yt�Y�{ĎƼ6*A6ƸùKǚH#2KȞ

ǌ5ëƫ¿ǌ
ƁȮ¿ǌ�E9ǝȆǳ¿ǌƞȝ�F�¡6÷ǕKĐ-*� 

 

ɀ n_Zgkx��Ƒŉ5�!HƭɃįǗâ6Ǭ�5Ä'H�ƴǌ÷Ǖ 

Ɂ ņǥn_Zgkx��Ƒŉ5�!Hëƫ¿ǌ�E9ƁȮ¿ǌȌ¢5Ä'HŎƴǌ÷

Ǖ 

ɂ �4HſőǑ6ņǥM_��k5�!H�ǘ5Ʃ'Hw�}��Ǔ6ǲ½ 

 

� ȗȽȇ7Ʈ 2Ţ
Ʈ 3Ţ
Ʈ3Ţ6 3.6øÕ
)IF6ƘĔďĨ.Ʈ�Ţ��E9ô

Ƚ1Ďſ$I0�H�Ʈ 2Ţ
Ʈ2Ţ�E9Ʈ 4Ţ6øÕǝȨ6¸Ȳ5.�0�¡5Ŀ

'� 
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Ʈ 2Ţn_Zgkx��Ƒŉ5�!HƭɃįǗâ6Ǭ�5Ä'H�ƴǌ÷Ǖ 

� ņǥn_Zgkx��Ƒŉ.12-20ģ�KƩŤ5
ƭɃįǗâKĎſ'HâǗ.ǝƞČ

âŃǗ
ǝƞČâ
ƭɃǆâ
ƾÃČâ�E9¶ƞČâ�6ëƫ6Ǭ�5.�0�ƴǌ5

÷Ǖ%*�ǃ Ǩ5EHâĊ
�Ū¼6ơǊKĐ�
)IF6ơǊƷ�FâƠǅKĭŒ%

*�>*
ġŝǟŦȓ5E-0âĊ2õȸ�FĪľãĻŁKÔA
ºâǗ6ġƭǬ�ǥȸ

KŻǊ%*� 

 

Ʈ2Ţņǥn_Zgkx��Ƒŉ6ëƫ¿ǌ�E9ƁȮ¿ǌȌ¢5Ä'HŎƴǌ÷Ǖ 

� ƾ¿Ɓ6n_Zgkx��Ƒŉ.12-15ģ�5�!Hâëƫ�E9_t��k
ǄȢǧ

ȵ6ǥÃȌ¢ȴ5.�0Ŏƴǌ5÷Ǖ%*�ƩŤń7ŻǊ$I*ġƭŶǅǬ�ǥȸ.Age 

at Peak Height Velocity�APHV�5Ʃ'Hȹǥȸ�F pre PHVç
APHVç�E9 post PHV

è5Ȇȷ$I
ťķ.ťȾǟǗâ
ťȾĪǗâ�
¡ķ.ǝƞČâ
ƭɃǆâ
ƾÃČ

â
¶ƞČâ�6âĊ6Ȍ¢5Ʃ%0ſőǑ�Ò='�ÝKǂğ%*�>*
ƚƣǑ
ź

ǆǄȢē6Ȍ¢5.�0BŎƴǌ5÷Ǖ%
_t��k�E9ǄȢǧȵ2ſőǑ6Äȼ5

.�0÷Ǖ%*� 

 

Ʈ3Ţ�4HſőǑ6ņǥM_��k5�!H�ǘ5Ʃ'Hw�}��Ǔ6ǲ½ 

� �4HſőǑ6M_��k5�!H�ǘ5Ʃ'Hw�}�.i_k_i��
[�fd

��
pkſǅw�}���Ǔ5.�0ǂğ%*�ƩŤńKɀAPHV5Ʊ'Hƒ6ƾ¿Ɓ

.pre PHVç�
ɁAPHVï¬Ć6ƾ¿Ɓ.post PHVç�
ɂƁūÆſőǑȆȷ(13, 86)5�

�0Ʈ�Ƶµ.adult�5Ȇȷ$IHƭ¿Ɓ6ºç5Ȇȷ%
Çȗǌ4ŀƨŏk��m�Y

1Ďſ$I*�ǘ«Ư6ǆƒ
ǆĆ
15ȆĆ5��0Ƨ�]�t�KĢň%*�Ģň$I
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*Ƨ�]�t��FǙ¢w�}�15Hi_k_i��
pkſǅw�}��E9�¢w

�}�15H[�fd��KơǊ%
ſőǑ��ǘ5Ʃ'Hw�}��Ǔ5Ò='�Ý5

.�0ǲ½÷Ǖ%*� 
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Ʈ 2Ţ 

n_Zgkx��Ƒŉ5�!HƭɃįǗâ6Ǭ�5Ä'H�ƴǌ÷Ǖ 

 

2-1. řĀ 

� ƭɃįǗâ7ȏĐCƚĐ435Ƭǻ$IHpk6Áǘ5��0ǵŨ5ŏȫ4ȠÀKȤ'

H(2, 3, 93)�°Ȕ¿ǌ57
ƭɃįǗâ7ǝƞČâ.Vastus Medialis�VM�
ƭɃǆâ.Rectus 

Femoris�RF�
ƾÃČâ.Vastus Intermedius�VI��E9¶ƞČâ.Vastus Lateralis�VL�

5Ȇȷ$IH(31, 32)�$F5
ƭɃįǗâ6°Ȕ¿ǌǂğ5EI8
ǝƞČâ6��Ȃ5

�ƺ'HǝƞČâŃǗ.Vastus Medialis Oblique�VMO�7ǜȱ%*ŴïĵǪKŋ!
pk6

ŶƨÁǘ5Èȧ'H¥ǧž�ȑĕ$I0�H(89)�#I>15
ƭɃįǗâKĎſ'HâǗ

2ǄȢC_t��k436�ǘǧȵ26Äéž5.�06ȑĕ(49, 51, 62)CƑưǌ4�Ő

5Ä'Hȑĕ�$I0�H(30, 32)�ǄȢǘħƾ5�!H VMO
VM
VL6âÁǘKȑĕ%

*ƍĐøÕ5EI8
ºâǗ6âÁǘ7ªŏĽ5�!HǷÄƊ¼Ǒ5E-0�4Hô¨�

ǤAFI0�G
ǷÄƊ¼Ǒ5�ƥ%*âÁǘ�Ɓ&H¥ǧž�ȑĕ$I0�H(89)�#6

E75
ęǡ>16Ʀ=6ƍĐøÕ�F
ƭɃįǗâKĎſ'HâǗ7ăȤ6ËǧCȠÀK

Ȥ'H#2�ôȽǾ!FI0�H� 

� ǡȗŸ6ƶı5�!HġƭŶǅǬ�ǥȸ.Age at Peak Height Velocity�APHV�7 12.6-13.4

ģ2ȑĕ$I0�H(80)�>*
ƶı6âȴ7
13-17.5ģ6Ã5ƨŏ6ȡ 461�Fȡ 541

5Ɯ¤'H#2Bȑĕ$I0�G(57)
Ŷƨ]O`7ȹǥȸCſő�u��ŷ@5.I0û

ƿ5Ȍ¢'H�Ǜ5
ĳŕÊ6ƶı5��07
Ŷƨ]O`6Ȍ¢5Ǯ-0âȴCâȵ�Ȝ

»5Ɯ¤'H(28)�KanehisaF7
ǷÄƊůǎâ15HƭɃįǗâ6â�ƴȝƆ�ƃǥÊ6

Ã5Ɯ¤'H#2Kȑĕ%*(43)�>*
ƭɃįǗâ6ſǅ5Ǯ7ëƫȌ¢5.�07�=
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.�6ǂğ5E-0Ŀ$I0�H(28, 43, 64, 75)�%�%4�F
ƭɃįǗâKĎſ'Hº

âǗ6ſǅ5.�0ĂȊ5÷Ǖ%*ȑĕ74$I0�4�� 

� ęǡ
ņǥń6Ǭ��ǬƱƵµ5Ç/�*�ǘt�Y�{:6ī¤�ŻŜ$I0�H(11)�

Ǜ5
M_��k6ÙÏȵċťKȞǌ2%*k��m�Y5ōĺ'H[�fCk��l�

7
�4HǥƬ5�!HŶƨ6Ɓȅ¿ǌſőǑ6Ğ�5.�0ďȳ'Hǹȫ�5H�#IF

6ǩí�F
ȗøÕ7ƭɃįǗâKĎſ'HâǗ6ſǅ5Ǯ7Ȍ¢KȜF�5'H#2K

Ȟǌ5ĐJI*� 

 

2-2. Ȓȓ 

2-2-1. ƩŤń 

� ƓĖƭ¯�E9Ėĥƭ¯ŒŧïüKȤ'Hƶın_Zgkx��Ƒŉ 70 ț.12-20 ģ�

KȗøÕ6ƩŤ2%*�ǡȗŸƶı6 APHV(80)
žw�}�435�ÝKŋ!Hžſő(24, 

73)�E9ƁūÆſőǑȆȷ5�!HƵµ(13, 85)5Ç/�0
ƩŤńK 12-13ģç.n = 18, 

12.7 ± 0.5ģ�
14-15ģç.n = 13, 14.5 ± 0.5ģ�
16-17ģç.n = 19, 16.5 ± 0.5ģ��E9

18-20ģç.n = 20, 19.0 ± 1.0ģ�6ºǥȸç5Ȇȷ%*.ǻ 3��¡ķ6ŉœȺKȗøÕī

¤6Ś¶ũö2%*�łü´İĽǏ5��0
';06ƩŤń7ś·KȤ%0�F(
n_

Zgkx��5Äȼ'Hǘħ.ǄȢ6ǖƈCƽƹ
_t��k43�KƓȵ1łĶ'H#2

�¥ǧ15-*�øÕ5ƍȱ,
';06ƩŤń5Ʃ%0ȗøÕ6ţĤC�Ɠž5.�0Ƌ

Ȝ�ĐJI*�20 ģȚș6ƩŤń5Ʃ%07
Ȏćń�E9ŘƤƕŬ6Ƈǣń5Ʃ%0B

Ǚȩ6ƋȜ�ĐJI
';06ƩŤń�FǙ�Kǚ*�ȗøÕ7ǡȗƨ�ƭ¿ȶȮűğ��

¯6şǤKǚ0ĐJI*.No. 016-H79�� 
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ǻ 3� ƩŤń6ŶƨǌǛǀ 

ç ǥȸ.ģ� n õȸ.õ� Ŷǅ.cm� ƨŏ.kg� 

12-13ģ 
12 5 150.8 ± 3.9 163.4 ± 11.3 50.4 ± 6.3 

13 13 159.0 ± 2.4 164.7 ± 9.6 53.1 ± 9.2 

14-15ģ 
14 7 170.6 ± 2.8 167.5 ± 14.7 54.1 ± 14.2 

15 6 182.5 ± 2.1 176.3 ± 9.5 66.2 ± 17.4 

16-17ģ 
16 9 201.1 ± 2.5 175.4 ± 7.4 69.3 ± 6.1 

17 10 210.6 ± 4.4 181.3 ± 6.0 76.7 ± 6.8 

18-20ģ 

18 7 222.7 ± 2.6 184.6 ± 4.9 81.3 ± 4.9 

19 7 234.4 ± 2.8 191.1 ± 4.4 86.7 ± 7.9 

20 6 243.3 ± 2.6 187.0 ± 7.6 80.9 ± 6.8 

Total 70 198.9 ± 32.7 177.5 ± 12.9 71.1 ± 15.9 

ȈáƷ ± ǺŖȋĞ�   

 

 

2-2-2. ǃ ǨơǊ 

� ƭɃįǗâKĎſ'HºâǗ6ǃ ǨƛKĩƛ'H*A
ƍĐøÕ5Ç/�0ƩŤń

6ȭ�Ð5�!HƭɃŌì�6ơǊKĐ-*(31, 32)�_f��Ƃ6|^~�KȪ�0ťƒ

ǁėȿ-Ƿ¹ėťƳØȯ.Anterior Superior Iliac Spine - Superior Tip of the Patella Distance; APD�

Kðơ%*�APD 6ƷEG
Ƿ¹ėťƳ�Fã�Ȓċ5 51.APD5%�
201.APD201�

�E9 501.APD50%�6�ƺ5�!HƭɃŌì�KơǊ%*�ǝƞČâŃǗ.VMO�6
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ơǊ©Ř7 APD51�ƭɃŌì6ǝƞȒċ 12.5%5��0
ǝƞČâ.VM�6ơǊ©Ř7

APD20%�ƭɃŌì6ǝƞȒċ 12.5%5��0
¶ƞČâ.VL�6ơǊ©Ř7 APD50%�ƭ

ɃŌì6¶ƞȒċ 10%5��0º�ĭŒ$I*Ȃ�2%*�ƭɃǆâ.RF��E9ƾÃČ

â.VI�6ơǊ©Ř7 APD50%6ǆť2%*�';06ơǊȂ�7rQ�kv�5E-0

z�V�Y$I*.Ź 1�� 
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APD�ťƒǁėȿ-Ƿ¹ėťƳØȯ
VMO�ǝƞČâŃǗ
VM�ǝƞČâ
RF�ƭɃǆâ


VI�ƾÃČâ
VL�¶ƞČâ 

  

Ź 1� ǃ ǨơǊ6ĩƛȂ�.ĝƭɃȂƒȝ� 

RF & VI  

APD501ǆť 

VM 

ƭɃŌìǝƞ ����1�

VL 

ƭɃŌì¶ƞ � 1�

VMO 

ƭɃŌìǝƞ ����1�

APD50%�

APD5%�

APD20%�

Ƿ¹ė�
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VMO
VM
RF
VI
VL6�ƴƛ6ĩƛ7ǃ Ǩŵƴƙƺ.Prosound2, Hitachi Aloka Medical, 

Tokyo, Japan�KȪ�0ĐJI*�>*
RF
VL5�!H�Ū¼6ơǊKĐ7*A
Ŏƴƛ

Kĩƛ%*�ǴȀ5ƉŮ'Hǃ ǨƲŮıȝ.Ȅ 5cm
7.5MHz�57ǃ ǨȪ6b��K

ǐǿ%
ǴȀK�ǫ'H#25EHâ6Ȍë�Ɓ&4�E75Ǫȳ%*�ơǊ5�!HƩŤ

ń6ķ�7�ƄÞ®�
ĄÄƊƾÃ�2%
��gX_%*ŪƫKȎ,¡ķ5ȵKǢI4�

E75ĴĿK%*� 

� ºơǊȂ�5��0ǚFI*ǃ Ǩƛ7y�es� HDD5ňGĘ>I
Tr�O�6

o�cl�[�q��eť1ƛ°ƅcrkPQM.Image J, National Institutes of Health, 

Bethesda, MD, USA�KȪ�*°ƅ�ĐJI*.Ź 2��VM
VI5�!HâĊ7
Ǵ¡ĸȕ

ƕŬ2âƕŬ6Ú³ȝ�FâƕŬ2ėƕŬ>16Ú³2%*.Ź 2 b
c��VMO
RF
VL

5�!HâĊ7
Ǵ¡ĸȕƕŬ2âƕŬ6Ú³ȝ�FƾÃČâ26Ú³ȝ>16Øȯ2%

*.Ź 2 a
c
d�� 
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VMO�ǝƞČâŃǗ
VM�ǝƞČâ
RF�ƭɃǆâ
VI�ƾÃČâ
VL�¶ƞČâ

Femur�ƭɃė 
  

Femur Femur 

Femur Femur 

VMO VM 

RF 

VI 

VL 

c 

a b 

d 

Ź 2� ºâǗ5�!Hǃ Ǩ�ƴƛ 
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RF
VL5�!H�Ū¼7
ºâǗ6ųȂɄȘ2âƠ64'¼2%0Ȇƅ%*(51, 62).Ź

3��RF2 VL6�Ū¼2âĊ6Ʒ�F
�¡6ŁKȪ�0âƠǅKŻǊ%*(51)� 

 

âƠǅ 0 âĊ�sin (�Ū¼)-1 

 

 

 

 

 

 

 

 

VL�¶ƞČâ
Femur�ƭɃė
���Ū¼ 

 

� ºơǊȂ�5�!HâĊ6Ʒ7
3±ơǊ$I*ƛj�e6ȈáƷ2%*�24ĽÃ�ť

6Ã¾Kä!0łĶ$I*ĠĹü6ô¨�F
ĠĹüŰȬž5.�0÷Ǖ%*.n = 11
â

Ċ� VMO0.91
VM0.86
RF0.92
VI0.89
VL0.94� �Ū¼� RF0.93
VL0.95�� 

 

2-2-3. ǔðŗȮ 

� ºơǊĒȞ6Ʒ7ȈáƷ±ǺŖȋĞ1Ŀ$I
Shapiro-Wilk test5EGƀÌž6÷ǊKĐ-

*�ƀÌȆǿ�ǤAFI* VMO
VM
RF
VL6âĊ�E9 RF2 VL6�Ū¼
âƠǅ

7�ýǪƺȆĬȆƅ6Ć5¡�÷Ǌ.Tukey’s post hoc test�KłĶ'H#25EG
ǥȸç

Ź 3� Ŏƴƛ5EH�Ū¼6ơǊ.¶ƞČâ� 

Femur�

VL�

θ�
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Ã6ǲ½KĐ-*�ǵƀÌȆǿ�ǤAFI* VI6âĊ7
Kruskal-Wallis testKĐ-*Ć5

Mann-Whitney U testKłĶ%
ǥȸçÃ6ǲ½KĐ-*�Mann-Whitney U test5E-0ǚF

I* pƷ7 Bonferroniȓ5EGȐƀ$I*� 

� ºâǗ6ġƭǬ�ǥȸKŻǊ'H*A5
ġŝǟŦȓ5E-0âĊ2õȸ�FĪľãĻ

Ł6ðĭKĐ-*� 

 

!(")=#3"3 +#2"2 +#1"+#0 

 

$F5ǟµǶȆKĐ�
ǚFI*ȌßǏKºâǗ6ġƭǬ�ǥȸ2%*� 

 

$(!("))
$" = 3#)"* 	+ 2#*" + #. 

$*(!("))
$"* = 6#)" + 2#* 

 

� ĈąħȪ5Ä'Hĉ¨ȴ7ȋO�e 2 Ŧ.pη2�
Ʀŏǲ½5��07 d KȪ�0÷Ǖ%

*�ĉ¨ȴ6ƭ�$7ŝ.pη2 < 0.01, d < 0.2�
ƾ.0.01 < pη2 < 0.14, 0.2 < d < 0.8�
ƭ.pη2 

> 0.14, d > 0.8�2%*(17)�ǔð°ƅ7ǔðȆƅcrk.IBM SPSS statistics version 22.0 IBM, 

Tokyo, Japan�KȪ�0łĶ$I*�ǔð¿ǌȤ�żŖ7ÅúȰ 5%Țș2%*� 

 

2-3. ô¨ 

� ƭɃįǗâ6âĊKǻ 4 5Ŀ'�';06âǗ5��0Ȥ�4ĈąħȪ�ǤAFI*

.VMOp = 0.001
pη2�	� ����VMp < 0.001
pη2�	� ����RFp < 0.001
pη2	� ����VI
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p < 0.001
pη2	� �� �VLp = 0.002
pη2	� �����12-13ģç5�!H';06âǗ7 18-20

ģç5ǲ;Ȥ�4ǉƷKĿ%*.VMOp < 0.001
d = 1.45�VMp < 0.001
d = 1.84�RF

p < 0.001
d = 1.62�VIp < 0.001
d = 1.47�VLp = 0.003
d = 1.21��>*
12-13ģç5

�!H VM
RF�E9 VL6âĊ7
16-17ģç5ǲ;Ȥ�4ǉƷKĿ%*.VMp < 0.001


d = 1.37�RFp < 0.001
d = 2.43�VLp = 0.007
d = 1.15)�14-15ģç5��07
16-17

ģç6 VM.p = 0.007
d = 1.12�
RF.p = 0.026
d = 1.10��E9 18-20ģç6 VM.p < 

0.001
d = 1.54�
RF.p = 0.036
d = 0.79�
VI.p < 0.001
d = 1.47�6âĊ26Ã5Ȥ�Ğ

�ǤAFI*� 
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" 4� � &����	�'�������

 12-13�� 14-15�� 16-17�� 18-20�� �
% (pη2) 

VMO (mm) 22.3 ± 3.3 26.1 ± 4.3 25.8 ± 4.8 28.0 ± 4.4** 0.21 

VM (mm) 35.2 ± 4.2 35.9 ± 5.0 40.9 ± 4.1**† 42.2 ± 3.3**‡ 0.37 

RF (mm) 23.0 ± 2.6 25.2 ± 4.2 28.5 ± 1.9**§ 29.2 ± 4.1**§ 0.37 

VI (mm) 19.2 ± 2.5 19.1 ± 3.2 22.0 ± 3.4 25.0 ± 4.5**‡ 0.30 

VL (mm) 24.5 ± 3.2 26.2 ± 3.6 28.3 ± 3.4* 29.3 ± 3.0* 0.21 

VMO�������, VM������RF��'���VI�����VL����� 

#�� ± !�$�  

* p < 0.01, ** p < 0.001�vs 12-13�� § p < 0.05, † p < 0.01, ‡ p < 0.001�vs 14-15��. 
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RF�VL��	��)�����*,�1 5�(��RF��*,����2��#"'3

�/����p = 0.02�pη2 = 0.15��16-17& � 12-13& �0��2��$+�(
��p 

= 0.017�d = 0.99���)���� VL��*,����.!�-�2�%�/�����

�� 
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# 5� �!'������( ������	����
��� 

  12-13�� 14-15�� 16-17�� 18-20�� ��& (pη2) 

�� (deg.) 
RF 11.6 ± 3.4 10.6 ± 2.7 10.8 ± 2.3 10.4 ± 2.5 0.01 

VL 16.2 ± 3.1 15.4 ± 3.9 15.6 ± 3.1 18.2 ± 3.8 0.04 

��� (mm) 
RF 123.5 ± 37.3 145.0 ± 47.3 158.5 ± 33.0* 153.5 ± 40.0 0.15 

VL 90.5 ± 18.0 105.5 ± 35.1 108.4 ± 21.0 100.7 ± 19.9 0.09 

RF��( ��VL����� 

$���"�%�  

* p < 0.05�vs 12-13��. 
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ǤʌŎșýCýħ?ĎʄCŋɅƥWƥ 4�5�6�7�8BŢ3�3H=CýșCŉšþŞŤ

B'$=ɯ¡AǌÜÜĂ)ȥNRU70VMO�adjusted R2 = 0.14�p = 0.004�VM�adjusted 

R2 = 0.35�p < 0.001�RF�adjusted R2 = 0.38�p < 0.001�VI�adjusted R2 = 0.30�p < 0.001�

VL�adjusted R2 = 0.18�p = 0.0011�ÍýșB'-TŀǤȮ¥ȦʄaȡÉȺɍBQ:=Ƨȃ0

U70VMO�12.2ł�155.0�Ď�VM�15.7ł�187.8�Ď�RF�17.7ł�212.2�Ď�VI�

15.7ł�188.9�Ď�VL�15.2ł�181.1�Ď1� 

 

 

 

  ƥ 4� ȟǒĩýŧșCýħ?ĎʄCŋɅƥ'QFŀǤȮ¥ȦʄCƧȃǯ 
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�
ƥ 5� ȟǒĩýCýħ?ĎʄCŋɅƥ'QFŀǤȮ¥ȦʄCƧȃǯ 

 

�

ƥ 6� ǤʌǿýCýħ?ĎʄCŋɅƥ'QFŀǤȮ¥ȦʄCƧȃǯ 
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�
ƥ 7� ǷÛĩýCýħ?ĎʄCŋɅƥ'QFŀǤȮ¥ȦʄCƧȃǯ 

 

�

ƥ 8� ÊǒĩýCýħ?ĎʄCŋɅƥ'QFŀǤȮ¥ȦʄCƧȃǯ 
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2-4. ĬŇ 

� ɝĒíaǤʌŎșýWīƭ3Týș0ȟǒĩýŧș�VMO�ȟǒĩý�VM�Ǥʌǿý�

RF�ǷÛĩý�VI�Êǒĩý�VL1BŃɍ¶1�6CýĄǢCƭǾBȰ%ɒ¶B;$=²

ǬȈBǻĽ17�6Cč»�VM�RF�VLCȮ¥a 16-17łāB'$=�VMO? VIa 18-

20 łāB'$=ĖǹAƭǾ)ȥNRU7�K7�ŀǤȮ¥ȦʄWŀOǋ+ċ&Týșa

VMO012.2ł�155.0�Ď1>#S�ŀOǴ+ċ&Týșa RF017.7ł�212.2�Ď1>#

:7�/URCč»(R�ǤʌŎșýCƭǾɹaýșBQ:=¢AT/?�ƭǾɹCļ¢a

ÍýșC¢ATãȧ)¬÷WéJ17/?)ŢĻ0U7� 

ýCŀǤȮ¥ǘȐaǠŸCŀǤȮ¥ǘȐBȰ$�13 ł(R 17.5 łB(-=�ǠŸ#7S

Cý，a 46�(R 54�Bǐ¸3T(57)�ɝĒí>a�ǤʌŎșýCĖǹAȮ¥a 16ł(R

17 łCÛBư2�ýCȮ¥BÜ3TƾĭĒíCč»?¦ǳ3TOC>#:7�K7�Ǥʌ

ŎșýWīƭ3TÍýșCƧȃŀǤȮ¥ȦʄCɎûǯa 15.4 ± 1.7ł0185.0 ± 20.5�Ď1>

#S�ȢɝƤCŀǤƢǾȮ¥Ȧʄ0APHV1(R 2-2.8ȦǴU=ư2=$7(80)�/C/?(

R�ǤʌŎșýCŀǤȮ¥aưƖÞƭźȐɍ；Cǥ"ǭÉ0adult1B'$=ư2T/?)Ţ

0U7� 

� VM015.7ł�187.8�Ď1�VI015.7ł�188.9�Ď1�VL015.2ł�181.8�Ď1B'-

TŀǤȮ¥Ȧʄa；Ş17č»WŢ17�ǤʌŎșýWīƭ3TýșCǌǡȈAĮđȐW

ǻĽ17 Toumi RCĒíBQUb�VM CýÓțaɓæmc�uyl���A@C¼ŸŠ

B'$=ȥNRU7/?)ɗĴ0U=$T(89)�VMCýÓțBÜ3T6CǝCƾĭĒíB

'$=�VMCýÓțaȲɊȈAɓæ>CǶǱ0m���yA@1țņB¬÷Wů-T/?

)ɗĴ0U=$T(49)�K7�ƭƤ021.9-24.7ł1B'-T VI CýÓțB;$=ɀɥýȍ

ƥWɴ$=ǻĽ17ɗĴBQUb�VI ațȈAȻÜƼƛȊý．CȮáBĮđ3Týș>#
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S�ȻÜƼƛȊý．Cɱǖ¨ő?AT/?)Ţ0U=$T(3, 6, 93)�0RB�ŪȦŨ012.3 

± 3.9ł1B'-TȻÜƼƛȊý．?ǤʌŎșýCīǑCÜĂB;$=ǻĽ17Ēía�Ȼ

ÜƼƛȊý．Cɱǖ¨ő?1= VLCĄǢWï.=$T(68)�/URCƾĭĒí(R�VM�

VI 'QF VL a¼Ÿ�>CȻÜƼCțȈAãȧWȮá3T/?)ŢĻ0U=$T����

ǷBǽɬCǶǱțņWɃȳBĭ%~meuy���ǃŭa�ǶǱŠC¼ŸBǡ1=ȻÜƼ

ƛȊý．WȲɊȈBȮá3T/?)ɵì0UT�~meuy���CʇųôȐmɃȐaĲ

ĪưȦǣ015-18ł1(Rǐ¸3T/?)ɱǊ0UT7N�ƢǠÓț，Cǐ¸�~meuy

���B'-TȞ¢ȈA«ț･Č) VM�VI 'QF VL CŀǤȮ¥ȦʄB¬÷WéJ17

¹ȧƬ)Ĭ&RU7� 

� RFCýħa�12-13łā�14-15łāBȶH�16-17łā>ĲǯWŢ17�/C/?(R�

RFCĖǹAƭǾa 16łĸ(RŏKT/?)ƧŇ0U7�0RB�RFCŀǤȮ¥Ȧʄa�

ǝCýșBȶH=Ǵ+Ƨȃ0U7017.7ł�212.2�Ď1�ĞÜƼ�ȻÜƼCãȧB¬÷Wé

J3ǤʌŎșýCǷ>ɭ¦CǞÜƼý>#T RFa�ɕĭ(79, 95)�ǎĭ�ǽɬ(62)?$:7

µŘC«țB'$=ŸɵAɪÒWɯ3T(94)�ɝĒí>ȥNRU7 RFCŀǤȮ¥Ȧʄ)ǝ

CýșBȶH=Ǵ+Ȯę17č»(R�RFCãȧ)ǝCýș?CƭǾɹCļ¢B¬÷Wé

J17¹ȧƬ)Ĭ&RU7� K7�ýǕǾB'$=O�16-17łB'$=ɯ¡BǾ(:7/

?)Ţ0U='S�RFCĖǹAƭǾ) 16łĸ(Rư2T/?Wôǻ3Tč»>#:7�ª

ƕÏCȦʄāÛļaȥNRUA(:7/?(R�ýǕǾCǐ¸aýħCǐ¸B¬÷Wů-

7¹ȧƬ)Ĭ&RU7�¦ə�ɄɣɽAȌ?1=�Ȯ¥Cƣĭ)ɱǊ0U7 18-20łāB'

-T RFCýǕǾ) 16-17łāQSOȂǯWŢ17/?)ï.RU7�ɝĒí>ĭVU7²

ǬȈAȶÐĐȗBQT¬÷)Ĭ&RU77N�ĹĢ�Ȝ¦ĜǠȟB'-TýǕǾCȮ¥B;

$=Đȗ3TȽɵ)#T� 
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� VMOCýħCǐ¸a 18-20łāB'$=ȥNRU�ŀǤȮ¥ȦʄCƧȃǯa 12.9ł0155.0

�Ď1>#:7/?(R�VMOCȮ¥C��caǝCýșBȶH=ǋ$sZ��d>ư2�

Úm(Bǐ¸3T/?)Ţ0U7�VMC°�ɈB�ǲ3T VMOa�ĝɯCƠĈŕȫWů

-�ȻÌĶCȟǒŕşBĮđ3T(42)�ƾĭĒíB'$=�VMO CýÓțaǽɬCǶǱț

ņA@C¼Ÿ�>ư2�VM Cþ�Ɉ?a¢ATãȧWɯ3T/?)ɗĴ0U=$T(89)�

VMOaȻÌĶC�ȃƬBàɲ3TŸɵAȚ*Wɯ3T¦ə>�ȻÜƼCƛȊ«țB'-T

ý．ȮáBÜ1=a�țȈB．WȮá3TãȧWɯ3T VM�RF�VI�VLBȶH=ĮđȐ

)Ȃ$¹ȧƬ)Ĭ&RUT�/URC/?(R�ǤʌŎșýWīƭ3TýșaĝɯCȚ*W

ɯ1�6CãȧBQ:=ýșCȮ¥)��cWċ&TsZ��da¢AT¹ȧƬ)ŢĻ0

U7� 

� ƢǠC¼ŸWŕ&TýBĂTãÆȈAɇ¼a�ǠŸmƢǾBÜʈ3T(73)�ĲôȐCy�

�|�dm«țBQTýǁ¤CǜƆa�ýCƭǾC･Č?AT(71)�~meuy���ǃŭ

CµŘBǡ1=a�ǪðɸCm���yțņ�əĨȋ×țņ�ǽɬțņA@CȞ¢ȈAÓț

(23, 91)BQS�ãÆȈAɇ¼)ĂT/?)ɱǊ0UT�~meuy���BȞǺȈA/U

RCãÆȈAɇ¼a�¦ȴȈAưÓ���>Cɇ¼QSOĲ+�ȢƓȈBĂT/?BQ:=

ǤʌŎșýCƭǾC･Č?AT/?)ɱǊ0UT�17):=�ɝĒíB'-TǤʌŎșý

CýĄǢCȮ¥a�~meuy���ǃŭBȞ¢ȈAOC>#:7¹ȧƬ)Ĭ&RU7�Ȧ

ʄCǐ¸mòåȞ¢ȈAɇ¼)ǤʌŎșýCȮ¥BéJ3¬÷B;$=ɣR(B3T7N

B�ɳ�AòåŮɧWǡƏ?17ŷǬȈAǻĽWĭ%Ƚɵ)#T� 

� ɝĒíaǤʌŎșýCȮ¥B;$=²ǬȈBǻĽ17OC>#S�Ȝ¦ĜǠȟCƭǾB

Ȱ%ɒ¶B;$=CĐȗaA0U=$A$�Mersmann Ra�ǤʌŎșýCȮ¥BÜ3T 2

ȦÛCŷǬĒíWĭ$�ƳȦâCǷâ(RĢâB(-=CĖǹAȮ¥WɗĴ1=$T(64)�
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ƭźȐ)ýĄǢBéJ3¬÷B;$=Đȗ3T7NBa�ǾâȈAŷǬĒíWŦŖ3TȽ

ɵ)#T�K7�Xm��yBǡ3TĒíB'$=a�ýCȮ¥BȰ:=ư2Tòå��^

���mBÜʈ3TǠ．ɵǈ0ǎǘȐ�ǽɬĲ�şç．A@1CȮǧB;$=OɣR(B3

TȽɵ)#T�/URC/?(R�ŪȦXm��yCýĄǢ�«țȧ．CƭǾBȰ%ɒ¶B

;$=ŷǬȈBǻĽ3T/?WĹĢCĐȗ½Ǧ?3T� 

 

2-5. čʉ 

� ɝĒíCč»(R�ǤʌŎșýCýħa 16łĸ(RĖǹBǐ¸3T/?)Ţ0U7�K

7�ǤʌŎșýWīƭ3Týșa¢ATƭǾɹWɯ1�/URCļ¢aÍýșB'-Tĝɯ

CãȧBÜʈ3T¹ȧƬ)Ĭ&RU7� 
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ǥ 3ƍ 

ŪȦ~meuy���ǃŭCĄǢÑȈ'QFưɷÑȈɒ¶BÜ3T 

ŷǬȈĐȗ 

 

3-1. ƃĚ 

� ~meuy���ǃŭa 1śĳCǆ«ț#7S 10%CŀǤȏ．Cǎțņ�46Ä(R 70Ä

Cǽɬțņ�ɫ 1000ÄCəĨȋ×Wĭ$A)R 4500-5000mW£ț3T(20, 23, 91)�/CQ

%AòåȞƬ(R�ƢǠȈAɵǈB¸&�Ĳ$ƨſCưɷÑȈA«țȧ．)ɵì0UT�K

7�œžâǄĢB'$=a�~meuy���C��^���mBÜʈ3TƢǠȈ�ưɷÑ

ȈAɵǈaĜ�CƭźȐmʅȦʄBÜʈ3T/?)ɗĴ0U=$T(87)� 

� ƭǾâC¾ȇB'$=�ĜǠÛBĄǢÑȈ�ưɷÑȈAȮ¥ȮǧCļ¢)ǛŅ3T/?

aɣR(?0U=$TOCC(57, 74, 87)�：ƋB'$=a¢ATƭźȐCŪȦXm��y)

ȜʅȦʄ`wh��Bɍ；0UT/?)Ǟ+�ŪȦXm��yBǡ3TĜɐƬWŸŚ17

y��|�dCŦŖms��yȮĀǃȯBÜ3TƞŸAȫɼ)Ƚɵ?0U=$T�ýCĖ

ǹAƭǾa 13 ł(R 17.5 łB(-=ư2�/CâÛB'-TǠŸBǡ3Tý，CÒĳa

46%(R 54%Bǐ¸3T(57)�ȢɝƤCǮőWǡƏ?17²ǬǻĽBQUb�ǤʌŎșýC

ŀǤȮ¥ȦʄCƧȃǯa 15.4 ł>#S�ȢɝƤCŀǤƢǾȮ¥Ȧʄ0Age at Peak Height 

Velocity�APHV1(R 2-2.8ȦǴU=ư27/?)ɗĴ0U=$T(80, 82)�1(1A)R�

ȢɝƤCŪȦXm��yB'-TýĄǢm«țȧ．WǾâȈBĐȗ17ɗĴaƊA+�ʅ

Ȧʄ'QFưɌÑȈƭźȐ?ýCȮ¥'QF«țȧ．CȮǧ?CÜʈB;$=ŷǬȈBǻ

Ľ3TȽɵ)#T� 

� ���Ȯáȧ．WȲ3Tm���ymǽɬC��^���ma�ƠĈýãȧCŔȿ?
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1=s��yȮĀǃȯCńBɶɴ0UT(8)����Ȯáȧ．a APHV(R 2ȦI@ǴU

=��cWċ&T(57)�¦ə>�$+;(CǻĽB'$=����Ȯáȧ．a APHVCŠȌ

>m��yWċ&T?OɗĴ0U=$T(74)�ŪȦ~meuy���ǃŭBÜ3TɗĴ>a�

ʅȦʄ)ưɌÑȈȦʄWƐÄTǋźŨaĲ$m���y'QFǽɬȧ．Wɯ1�s��y

ȮĀǃȯB'-TǡƏ?ASm3$Ȫć(R�/URWĬɼ3Tɱǖ¨ő?1= APHV?

ʅȦʄCļ)ȆŢ0U=$T(88)�ĹȢK>CĒíɗĴ(R�ưɷÑȈA«țȧ．?ưɌÑ

ȈƭźȐCÛBô$Üʈ)#T/?aɣȬ>#T�1(1A)R�ưɌÑȈƭźȐCŔȿ>

#T APHV BȖǧ3TK>CŠÛȈAĜǠļaƤŮmØóA@B¬÷Wů-T¹ȧƬ)Ĭ

&RUT7N(13, 80)�ȢɝƤWǡƏ?17ǻĽ)ìNRU=$T� 

� ƭźȐCȮǧ���Bß<$7ɳ�A«ț��d��BŪȦXm��y)Ŋ¸3T/?

aĩ+Ƨƈ0U=$T(11, 24)�ĵń_���uc §Âa�ŪȦXm��yGCm��v

Øóm：ƋŦǂCÅǅC7NB�ŪȦXm��yCȮ¥ȮǧBÜ3T0RATĒíCȽɵ

ƬWŽH=$T(11)�ŪȦXm��yBÜVT3H=CƤa��ǆ(;Ħ»ȈBy��|�

dm«ț)ĭVUT7NB�ŪȦŨCĄǢÑAȮ¥mưɷÑȈAȮǧ)@CQ%Bư2T

(B;$=ɷÃ1=ĆVRA-UbARA$�ȦʄCǐ¸BȰ%ĄǢÑȈAȮ¥mưɷÑ

ȈAȮǧWɣR(B3T/?a�ŪȦXm��yBȉ17y��|�d��d��Wīǵ

3T7NCǰĔ?ASȝT�6/>ɝĒía�ŪȦǮő~meuy���ǃŭWǡƏB�ý

ĄǢ'QFm���y�ǽɬȧ．B;$=ŷǬȈBĐȗ1�ʅȦʄ�ưɌÑȈƭźȐ?CÜ

ʈWɣR(B3T/?WɧȈ?17� 

�  
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3-2. əɚ 

3-2-1�ĒíxjZ� 

� ǆĵǤÂɮƇĈėWɯ3T 41ɢCǷÑưǮő~meuy���ǃŭWǡƏB�ƭǾB

Ȱ%ýĄǢ'QFm���y�ǽɬȧ．Cɒ¶B;$=ŷǬȈBǻĽWĭ:7�ǖȃa

2015Ȧ(R 2018K>C 6Ď�12ĎBȃâȈBĭVU�Ȝ¦ĜǠCĉǚ17 1ȦÛCǖȃ

ǯ)ɴ$RU7�ɝĒíC3H=CǡƏŨaȜ¦t��0c��Óț1BƂǙ1='S�

ɎȢaġǄ 9�00(RġĢ 3�30K>Űù�8�9ŠÛ/ŴC~meuy���CʇųWŦ

Ŗ�4ŠÛ/ŴCmy��dm�g�xYk�|�d��d��0ţǠŸy��|�d�m

���yy��|�d��lms�my��|�d�ms��wY]ciiZnA@1W

ĭ:=$7�śĳâBa�ŴɟB 1�2śĳBŊ¸1=$7�/URC/?(R�3H=

ǡƏŨCưÓųÖaĒíâÛWȁ1=IJȜɳ>#:7?Ĭ&RU7� 

 

3-2-2�ǡƏŨ 

� ǡƏŨaǖȃÈŏŠȌCʅȦʄ? APHVCƧȃǯBß<$=�pre PHVā (n = 12�ʅȦ

ʄ 6 APHV − 6�Ď)�APHVā (n = 12�ʅȦʄ = APHV ± 6�Ď)�post PHVā (n = 

17�ʅȦʄ 7 APHV + 6�Ď)C 3āBɍ；0U70ɀ 61�APHVa�¾î 6Ä�Ɛǖȃ

0U7ǡƏŨCƢǾCǯBß<$=Ƨȃ0U70AUXAL, version 3.0; Scientific Software 

International Inc., Skokie, IL, USA1�ƐŘCýħ?m���yCŷǬȈAǖȃBÜ1=a 24

ɢ0pre PHVā�n = 8�APHVā�n= 10�post PHVā�n = 61CǡƏŨ)Ŋ¸17�µŘ

CŭżʆWɝĒíŊ¸CƅÊƔď?1�ǖȃŠȌB'$=ƆËWɯ1='R4�~meu

y���BÜʈ3Tțņ0ǽɬCȘƹmǶǱ�m���yA@1Wǆ．>ŦŖ3T/?)

¹ȧ>#T/?WŊ¸Ɣď?17�ĒíBƾɺ9�3H=CǡƏŨBǡ1=ɝĒíCƎŃ
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m�ǆƬB;$=ƽɣ)ĭVU7�20łɡɠCǡƏŨ>#:77N�ɔģŨ'QFƂǙǉ

ƗCƷȤŨBǡ1=OȜɳCƽɣ)ĭVU�3H=CǡƏŨ(RȜ¡Wȝ7�ɝĒíaȄ

ñɎƭǤÑ・ɷƜĽ §ÂCƌȥWȝ=ĭVU70No. 29-034-11� 

 

ɀ� �� ƁÄǖȃŠB'-TǡƏŨCƢǠȈȞǺ�

 pre PHVā 

n = 12 

APHVā 

n = 12 

post PHVā 

n = 17 

Ȧʄ0ł) 13.1 � 0.5 12.8 � 0.4 13.3 � 0.6 

Ƨȃ APHV0ł1 14.2 � 0.6 12.7 � 0.4 11.9 � 0.8 

ƢǾ0cm1 149.8 � 7.2 165.2 � 7.5 167.9 � 7.4 

ǠŸ0kg1 50.5 � 5.3 56.1 � 4.1 55.6 � 6.7 

 n = 8 n = 10 n = 6 

Ȧʄ0ł) 12.9 � 0.5 12.9 � 0.5 13.2 � 0.4 

Ƨȃ APHV0ł1 14.1 � 0.6 12.9 � 0.6 12.2 � 0.8 

ƢǾ0cm1 151.9 � 6.1 158.7 � 3.8 173.7 � 5.9 

ǠŸ0kg1 51.2 � 6.3 55.2 � 5.6 61.7 � 4.7 

Ɏûǯ�ȿſɑļ� APHV: ŀǤƢǾȮ¥Ȧʄ. 

 

 

3-2-3�Ǽ´ȩǖȃ 

� ƾĭĒíCəɚBß<*�ȟǒĩý0Vastus Medialis�VM1�Ǥʌǿý0Rectus Femoris�

RF1�ǷÛĩý0Vastus Intermedius�VI1�Êǒĩý0Vastus Lateralis�VL1CňǏɈ�Wì

N7(82)�K7�ƐŘCýāB;$=a�ƐʊĶÊǒƐʋ?ēɘCðɸC°� 60�B'-T
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űąCȟǒ 25�WƐʊȡșý0Biceps Brachii�BB1�ȟǒ 75�WƐʊŉșý0Triceps Brachii�

TB1CňǏɈ�?17(72)�ÍǖȃɈ�C²ǬǏaǼ´ȩơǬǍǲ0SNiBLE, Konica Minolta, 

Inc., Tokyo, Japan1Wɴ$=ĭVU7�ȸɆBƺƙ3TǼ´ȩǩƙőɥ0ɋ 5cm�7.5MHz1

BaǼ´ȩɴCp��WȎɅ1�ȸɆW�ȭ3T/?BQTýCɒĄ)ư2A$Q%Bȫ

ɼ17�µŘCǼ´ȩǖȃB'-TǡƏŨCŘ�a�ƴøÀ��ĞÜƼǷÛ�?1���u

cm17ƕǢWɔ9µŘB．WȣUA$Q%BŔŢW17�K7�ƐŘCǼ´ȩǖȃB'-

TǡƏŨCŘ�a�ǫľ��ȼÜƼƛȊ�?17� 

� ÍǖȃɈ�B'$=ȝRU7Ǽ´ȩ¿Ǐa��s�� HDDBŬSķKU�_��Z�

C��q{�g����sƐ>¿ǏÃƵq�y[\X0Image J, National Institutes of Health, 

Bethesda, MD, USA1Wɴ$7ÃƵ)ĭVU70ƥ 2�91�VM�VI�BB'QF TBB'-

Týħa�ȸµřɜǉƗ?ýǉƗCóÇɥ(RýǉƗ?ĶǉƗK>CóÇ?170ƥ 2 b, 

c, ƥ 91�RF�VLB'-Týħa�ȸµřɜǉƗ?ýǉƗCóÇɥ(R VI?CóÇɥK

>Cðɸ?170ƥ 2 c, d1� 

 

 

 

BB�Ɛʊȡșý�TB�Ɛʊŉșý�Humerus�ƐʊĶ 

BB  

Humerus�

TB�

Humerus�

�� ��

ƥ 9� Ɛʊȡșý0a1'QFƐʊŉșý0b1B'-T²ǬǏ 
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3-2-4�«țȧ．Cǖȃ 

� «țȧ．CŔȿ?1=�ʊƟSWȰ%`[�s������yl���0CMJ1�ǎǘȐ

CǖȃWĭ:7�ǖȃBƾɺ9�3H=CǡƏŨaɫ 10ɍÛC[^���dXu�WŦ

Ŗ17�ǖȃaɦƲC~meuy���g�yB'$= 2Ä4;ĭVU�Ĳǯ)Łɴ0U

7� 

� CMJCǖȃaţɺŤǽɬĲǖȃÞ0Yardstick, Swift Performance, LLC, Gresham, OR, 

USA1Wɴ$=ǖȃ0U7�ǖȃBƾɺ9�ǡƏŨBǡ1=ȘƹǄBǗȅ)Ƌɥ(RɸU

A$Q%BǸ¡1�ƐŘWɴ$7ȲțțņWȰ%ŀǤȏ．CǽɬWĭ%Q%ŔŢ17�K

7�ɺ��ēÜƼŀǤÿú�>CŔĲ0ǷŔ-ƋÛðɸ1WĊǖ1�ǖȃ0U7ŀĲȖǧȌ

?ŔĲCļWǽɬĲ?1=ŌŻ17� 

� ǎǘȐaƸÊǁǍǲ0TC Timing System, Brower Timing Systems, Utah, USA1BQ:=

10m'QF 20mǱȌB'$=ǖȃ0U7�ƸÊǁf�yams�yǱȌ�10mǱȌ'QF

20mǱȌCǱƐ 1mBƻǲ0U7�ms�yCəɚaɺ�?1�sZ��daǡƏŨCȤ

¡?17�10m'QF 20mCǎǘȐa�ǡƏŨ)ms�yǱȌCf�yWȁ¾17ŠȌ(

RÍǱȌCf�yWȁ¾17ŠȌK>BĊǖ0U7ǎsZ�(RŌŻ0U7� 

 

3-2-5�ȕĊÃƵ 

� ȕĊÃƵaȕĊɍƵq�y0IBM SPSS statistics version 24.0 IBM, Tokyo, Japan1Wɴ$=

ŦŖ0U7�ȡĘȫǲɍŋɍƵ0ā × ŠÛ1'QFǞŸȶÐĐȃ0Bonferroni’s post hoc 

test1Wĭ$�ÍǖȃıɧCāÛ'QFāȟCɒ¶B;$=Đȗ17�ȕĊÑȈɯ¡ƨſa

Ýĕɹ 5%ɡɠ?17�ĤĠņɴ'QFūĦ»BÜ3TĦ»，aɑZ�s 2Ƒ0pη21�ǞŸ



 

 41 

ȶÐB'$=a dWɴ$=Đȗ17�Ħ»，CǤ*0aƉ0pη2 < 0.01, d < 0.21�Ƿ00.01 

< pη2 < 0.14, 0.2 < d < 0.81�Ǥ0pη2 > 0.14, d > 0.81?17(17)� 

�  

3-3�č» 

� ɀ 6BÍȦʄāB'-TýħCɒ¶B;$=Ţ3�VM0p = 0.04�pη2 = 0.151�RF0p = 

0.004�pη2 = 0.251�VL0p = 0.003�pη2 = 0.271�BB0p = 0.05, pη2 = 0.251B'$=ɯ¡A

ĤĠņɴ)ȥNRU7�TBWƅ+3H=CýħB'$=�ɯ¡AūĦ»0ŠÛ1)ȥN

RU70VM�p < 0.001�pη2 = 0.61�RF�p < 0.001�pη2 = 0.58�VI�p = 0.001�pη2 = 

0.26�VL�p < 0.001�pη2 = 0.58�BB�p < 0.001�pη2 = 0.761�VM'QF BBa�3H=

CāB'$= 1ȦĢCɯ¡Aǐ¸)ȥNRU70VM�p < 0.01�d = 0.49-0.97�BB�p < 

0.05–0.01�d = 1.07-1.431�RF�VI�VLCɯ¡Aǐ¸a pre PHVā0RF�p < 0.001�d = 

0.80�VI�p = 0.04�d = 0.42�VL�p < 0.001�d = 0.861'QF APHVā0RF�p < 0.001�

d = 0.75�VI�p = 0.001�d = 0.97�VL�p < 0.001�d = 0.901B'$=ȥNRU7)�post 

PHVāB'$=aȥNRUA(:7� 

�  
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ɀ� �� Ɛʊ'QFǤʌɈýħCŷǬɒ¶�

  
pre PHVā 

n = 12 

APHVā 

n = 12 

post PHVā 

n = 17 

Fǯ 

ĤĠņɴ 
ūĦ» 

(ŠÛ) 

VM 

(mm) 

ƁÄǖȃ 32.5 ± 3.9 33.4 ± 4.6 35.9 ± 4.5 
3.42b 59.97§ 

12�ĎĢ 36.8 ± 4.8** 37.9 ± 3.5** 37.9 ± 3.5** 

RF  

(mm) 

ƁÄǖȃ 21.1 ± 2.9‡ 22.0 ± 3.2† 25.1 ± 3.3 
6.36a 51.62§ 

12�ĎĢ 23.2 ± 2.4** 24.2 ± 2.6** 25.7 ± 3.1 

VI 

(mm) 

ƁÄǖȃ 18.0 ± 3.9 17.7 ± 2.5 19.8 ± 2.9 
2.91 13.35§ 

12�ĎĢ 19.5 ± 3.5* 20.3 ± 2.9** 20.2 ± 3.7 

VL 

(mm) 

ƁÄǖȃ 22.8 ± 3.5 22.8 ± 3.3 25.7 ± 3.5 
6.98a 52.39§ 

12�ĎĢ 25.6 ± 2.9** 25.6 ± 2.8** 26.4 ± 3.3 

  n = 8 n = 10 n = 6   

BB 

(mm) 

ƁÄǖȃ 23.4 ± 3.1‡ 24.9 ± 2.6‡ 29.6 ± 2.3 
3.56b 65.09§ 

12�ĎĢ 29.0 ± 4.6** 28.6 ± 2.9** 31.9 ± 2.1* 

TB 

(mm) 

ƁÄǖȃ 22.6 ± 2.7‡ 25.0 ± 2.6 28.2 ± 4.5 
0.33 3.61 

12�ĎĢ 24.2 ± 2.3♭ 25.8 ± 3.3� 30.5 ± 4.3 

Ɏûǯ ± ȿſɑļ�VM�ȟǒĩý�RF�Ǥʌǿý�VI�ǷÛĩý�VL�Êǒĩý� 

BB�Ɛʊȡșý�TB�Ɛʊŉșý  

a p < 0.01�b p < 0.05�ɯ¡AĤĠņɴ. § p < 0.01�ɯ¡AūĦ»0ŠÛ1.  

* p < 0.05�** p < 0.01�vs ƁÄǖȃǯ. † p < 0.05�‡ p < 0.01�vs post PHVā0ƁÄǖȃ1.  

� p < 0.05�♭ p < 0.01�vs post PHVā012�ĎĢ1. 
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ƦǿǽɬĲ'QFǎǘȐCɒ¶B;$=�ƥ 10�11�12BŢ3�CMJ0p < 0.001�pη2 = 

0.491�10mǎǘȐ0p = 0.05�pη2 = 0.171�20mǎǘȐ0p < 0.001�pη2 = 0.651B'$=�

ɯ¡AūĦ»0ŠÛ1)ȥNRU7�3H=CāB'$=�CMJ'QF 20mǎǘȐaɯ

¡Bǐ¸170CMJ�p < 0.01–0.001�d = 0.76-1.07�20ǎǘȐ�p < 0.01-0.001�d = 0.84-

1.721�10mǎǘȐCɯ¡Aǐ¸a post PHVāB'$=CLȥNRU70p = 0.03�d = 

1.191� 

 āÛC²ǬȶÐB;$=�ƁÄǖȃŠȌB'$=�post PHVāC RF�BB�TBCýħ'

QF CMJ�20mǎǘȐCǯa pre PHVā0RF�p = 0.004�d = 1.31�BB�p = 0.001�d = 

2.34�TB�p = 0.01�d = 1.60�CMJ�p < 0.001�d = 2.32�20mǎǘȐ�p = 0.003�d = 

2.321'QF APHVā0RF�p = 0.04�d = 0.97�BB�p = 0.01�d = 1.91�CMJ�p = 

0.001�d = 1.40�20mǎǘȐ�p = 0.03�d = 1.601BȶH=ɯ¡BĲǯWŢ17�1ȦĢC

ǖȃB'$=a�post PHVāC TBCýħ'QF CMJ�10mǎǘȐ�20mǎǘȐa pre 

PHVā0TB�p = 0.005�d = 1.94�CMJ�p < 0.001�d = 2.77�10mǎǘȐ�p = 0.007�d 

=1.89�20ǎǘȐ�p = 0.014�d = 1.721'QF APHVā0TB�p = 0.03�d = 1.30�CMJ�p 

= 0.015�d = 1.06�10mǎǘȐ�p = 0.024�d = 1.5�20mǎǘȐ�p = 0.025�d = 1.681Bȶ

H=ɯ¡BĲǯWŢ17� 
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* p < 0.05�** p < 0.01�āȟCŷǬȶÐ�† p < 0.05�‡ p < 0.01�āÛC²ǬȶÐ. 

 

 

* p < 0.05�āȟCŷǬȶÐ�† p < 0.05�āÛC²ǬȶÐ. 

ƥ 10� ƦǿǽɬĲCɒ¶ 

ƥ 11� ǎǘȐ010m1Cɒ¶ 
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�

ƥ�  �� ǎǘȐ0��	1Cɒ¶�

* p < 0.05�** p < 0.01�āȟCŷǬȶÐ�† p < 0.05�‡ p < 0.01�āÛC²ǬȶÐ. 

 

 

3-4�ĬŇ 

� ɝĒía�ȢɝƤCŪȦǮő~meuy���ǃŭWǡƏBĄǢÑȈAȮ¥'QFưɷ

ÑȈA«țȧ．CȮǧB;$=ŷǬȈBǻĽ17�6Cč»�ýCĖǹAƭǾaŀǤƢǾ

Ȯ¥Ȧʄ0Age at Peak Height Velocity�APHV1BȖǧ3T�Ǆ(Rư27¹ȧƬ)Ţ0U

7�ɝĒíCǡƏŨa；Ş17ʅȦʄ`wh��013.2 ± 0.6ł1Bɍ；0U=$7BO(

(VR4�ǋźŨCm���y�ǽɬȧ．aʅȦʄBǡ3TƭźȐ)ȿſȈAŨmȵźă

ĨB#TŨBȶH=ɯ¡BĲ+�ǷÑưȦǣ012-15ł1B'$=m���y�ǽɬȧ．

Cļ)ŹƉ3T¹ȧƬaȂ$?Ĭ&RU7�/URC/?(R�ƢǠCĄǢÑȈȮ¥'Q

FưɷÑȈA«țȧ．CȮǧB'-TǘȐmw��a�ưɌÑȈƭźȐB�Ǜ3T¹ȧƬ

)ŢĻ0U7� 
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� �yCÓțB'$=�ǤʌŎșýCãȧaŸɵ>#T(2, 3, 93)�ÃɛÑȈBa�ǤʌŎ

șýWīƭ3TÍýșaĝɯCãȧWş9(32, 62, 89)�¢ATƭǾɹWɯ3T(82)�ɝĒí

>a�pre PHVā'QF APHVāB'-TǤʌŎșýCýħCǐ¸)ȥNRU�post PHV

āaȟǒĩý0Vastus Medialis�VM1Wƅ+3H=Cýș>ǐ¸)ȥNRUA(:7�/

C/?(R�ǤʌŎșýCĄǢÑȈAƭǾɹa APHVĈ¾ĢBȶH�APHVBǧ3TK>

CâÛ>Ĳ$/?)Ţ0U7� 

� 3H=CȦʄāB'$= VMaɯ¡Bǐ¸17)�/Ua 13ł(R 17.5łCÛBư2

T?0UTýCȮ¥C��cBÜʈ1=$T¹ȧƬ)Ĭ&RU7(57)�VMa¼Ÿ�C«

țǷB'$=ĖǹBÓț1�ŸɵAɪÒWǨ%(49, 89)�ƭǾâB'-TƭźCƣĭ'QF

ƢǠÓțCôȐmɃȐCǐ¸a�VMCȮ¥WȞ¢ȈB･Č3T¹ȧƬ)#T� 

� Ɛʊȡșý0Biceps Brachii�BB1Cýħa�3H=CȦʄāB'$=ɯ¡Bǐ¸17�

ƐŘCý，Cǐ¸a�œžâCǥȡšƬǺB'$=ȥNRUTƭǾBÜʈ3T����ɍ

ȷ，CëǘAǐ¸'QF6C¬÷BQTƢǠCǮƬ¶WŢ3?Ĭ&RUT�1ł(R 20ł

K>CɏĵƤ 32,952ɢWǡƏBƐʊCĄǢB;$=ǻĽ17ĒíBQUb�ƐʊCý²Ǭ

ɥƶa 12ł(R 15łB(-= 54.7%Cǐ¸)ȥNRU7?ɗĴ0U=$T(1)�0RB�

14ł>ƢǾCŀǤȮ¥Wċ&7ǮőB'$=a�13ł(R 15łCÛBɫ 14kgCƅřɜ

，Cǐ¸)ȥNRU7/?OɗĴ0U=$T(63)�ȢɝƤC APHVa 12.8 ± 1.2ł?ɗĴ0

U='S(80)�ɝĒíCǡƏŨB'-T APHVCƧȃǯB;$=O 12.6 ± 1.4ł>#:7�

/URC/?(R�ȢɝƤC APHVaƾĭĒí>ɗĴ0U=$T³ŲCǮőC APHV(13)

BȶH=ƩȦǋ+ư2T/?)Ĭ&RU�ý，Cǐ¸Bǣɀ0UTƢǠCĄǢÑȈAȮ¥

a�ȢɝCǷÑưȦǣ012-15ł1CÛBư2T/?)Ţ0U7� 
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� ���Ȯáȧ．CȮǧa APHV(Rɫ 2ȦĢB��cWċ&(57)�ǮőCŀǤ���a

12ł(R 17łCÛBɫ 121�ǐ¸3T/?)ɗĴ0U=$T(7)�LloydRa�«ț��^

���mȮáŠB'-TƛǾ-ǪŹiZc�CëǘAȉ±a APHVCȖǧǄ010-11ł1'

QFĈ¾Ģ014-16ł1B'$=ư2�APHVȖǧǄC 12-18�ĎCâÛB'$=�

2Adolescent awkwardness�BÜʈ3T«ț��^���mCȂµ)ȥNRU7/?WɗĴ

17(54)�¦ə���b�CŪȦiu`�ǃŭWǡƏ?17 APHV?«ț��^���m

?CÜʈBÜ3TǻĽ>a�ǎǘȐ'QFƦǿǽɬĲCȮǧC��ca APHVCŠȌ>ư

27/?)ɗĴ0U=$T(74)�ɝĒí>a�3H=CȦʄāB'$=ƦǿǽɬĲ'QF

20mǎǘȐCɯ¡Aǐ¸)ȥNRU7�/Cč»(R�ȢɝƤǮőCœžâaǽɬmm�

��yC��^���mĨƐB'$=ŸɵAâÛ>#S�m���y'QFǽɬȧ．CÅ

ǅWɧȈ?17y��|�dCŦŖBȉ17sZ��d>#T¹ȧƬ)Ĭ&RU7� 

� 10mǎǘȐa�post PHVāB'$=CLɫ!�CĨƐ)ȥNRU7�MeyersRa�

APHVWĈ¾17ǮőB'-TǎǘȐCĨƐa�m���yŠB'-T�utC�ȃ¶'

QFµŘǾB�Ǜ3Tmy�ZzǾCşǚȈAǐ¸)Üʈ1=$7/?WɗĴ17(65)�

K7�ȢɝƤl�|Xm���s�WǡƏ?17ŷǬĒíBQUb�12ł(R 14łCȦ

ʄCǐ¸BȰ%ǎǘȐCȮǧa��utCǐǤBQTOC>aA+my�ZzCǐǤBQ

TOC>#:7/?)ɗĴ0U='S�ĄǢCȮ¥)m���yȧ．B¬÷WéJ17/

?)ŢĻ0U=$T(44)�þȦCɗĴBQT?�œžâ013-15.99ł1'QFœžâĢC

Xm��y016-18ł1a�œžâǄCXm��y010-12.99ł1BȶH�m���yBǡ

3Ty��{��wY)Ĳ$/?)Ţ0U=$T(67)�post PHVāB'$=CLȥNRU

7 10mǎǘȐCĨƐa�ƭźȐmȮ¥BȰ%µŘǾCǐ¸BQ:=ä/:7/?)ƧŇ0

U7� 
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� ƁÄǖȃŠB'-T²ǬȈAȶÐB'$=�ʅȦʄBǡ1=ǋźăĨB#T~meuy

���ǃŭ0post PHVā1B'-Tm���y�ǽɬȧ．a�ʅȦʄBǡ1=ƀȒ#T$

aȵźăĨB#T~meuy���ǃŭ0APHVā�pre PHVā1BȶH=ɯ¡BĲǯW

Ţ17�ȜɳB�ǤʌŎșýCǷ>ĞÜƼ?ȻÜƼWğ,ɭ¦CǞÜƼý>#S�µŘC

țņB'$=ŸɵAɪÒWɯ3TǤʌǿý0Rectus Femoris�RF1CýħB'$=O(62, 

94)�post PHVā>ɯ¡BĲǯWŢ17�K7��ȦĢBĿȐǖȃ0U7ǎǘȐmǽɬĲ

C²ǬȈAȶÐB'$=O�post PHVāa APHVā'QF pre PHVāBȶHɯ¡BĲǯW

Ţ17�/URC²ǬȈAȶÐBQTč»(R�ȵźŨmʅȦʄBǡ1=ƀȒBƭź17

~meuy���ǃŭCm���y�ǽɬȧ．CȮǧaȥNRUTOCC�ȢɝƤCǷÑ

ưCȦǣB'$=ǋźăĨC~meuy���ǃŭCm���y�ǽɬȧ．BȀ$;+¹

ȧƬ)Ȃ$/?)ŢĻ0U7�ɝĒíCǡƏŨa�ʅȦʄ>aA+Ƨȃ0U7 APHVBß

<$=ɍ；0U77N�«țųÖmĈė)/URCč»BéJ17¬÷aƊA$OC?Ĭ

&RUT�]��y~meuy���ǃŭ?ȹ]��y~meuy���ǃŭB'-Tư

KUĎmƭźȐBÜʈ3TƤǠĊǖÑȈ�ưɷÑȈAļB;$=Đȗ17ǻĽBQT?�

ȜʅȦʄ`wh��BO((VR4�]��y~meuy���ǃŭCƭźȐaȹ]��

y~meuy���ǃŭBȶH=ƣĭ1=$7/?)ɗĴ0U=$T(87, 88)�K7�ǋź

ăĨCXm��yCs��yȮĀǃȯB'-TɁ·Cɯɶ0)�ƭǾâBĖǹBư2T

ƭźȐCĜǠļBQT¦ŠȈAOC(@%(WȱǬ3TȽɵ)#S�ǾâȈAǀɻWO:

=s��yȮĀǃȯB：M/?CŸɵƬ)ŽHRU=$T(87)�ɝĒíCč»a/UR

CƾĭĒíCč»?C¦ǳ)ȥNRU7�ŪȦXm��yCs��yȮĀǃȯCãÂB

'$=�ǋźăĨB#TXm��yaʅȦʄBƀȒ�#T$aȵźăĨB#TXm��y

BȶH�Ĳ$Ɂ·Wů-m3$¹ȧƬ)#T/?)Ĭ&RU7� 
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� ɝĒíCx�sa�ŪȦ~meuy���ǃŭCƭǾCč»?1=�1ȦÛCĄǢÑȈ

'QFưɷÑȈAɒ¶WŢ17�ĒíCěÇȌ?1=�«ț½ǦCÁȣWĭVA(:77

N�ƭźȐ)y��|�dĦ»BéJ3¬÷B;$=Đȗ1A(:7/?)ï.RUT�

K7�3H=CǡƏŨa~meuy���ǃŭ>#S�ɝĒíCč»aǞ+CòåŮɧB

¦ȴ¶3T/?)>*A$¹ȧƬ)#T�ŪȦXm��yBǡ3T�ǆ(;Ħ»ȈAy�

�|�d��d��WȮȊ05T7NBa�Ǟ+CŮɧCŪȦXm��yWǡƏ?17Á

ȣĒíBQS�ưɌÑȈƭźȐ?y��{��wY?CÜĂB;$=Đȗ3TȽɵ)#

T�K7�ƢǠCȮ¥m«țȧ．CȮǧBÜ1=�ȵźăĨB#TXm��y)ǋźăĨ

B#TXm��yBȀ$;+/?)>*TsZ��dB;$=ɣR(B3T7NB�ɋĩ

$ȦǣWǡƏ?17ŷǬȈAĐȗWĭ%Ƚɵ)#T� 

 

3-5�čʉ 

� ȢɝƤCǷÑư~meuy���ǃŭB'-TĖǹAýCȮ¥a�APHVBȖǧ3T�

Ǆ(Rư2T¹ȧƬ)Ĭ&RU7�K7�œžâa�m���y'QFǽɬȧ．CĨƐW

ɧȈ?17y��|�dŦŖB'$=ŸɵAŠâ>#T/?)ŢĻ0U7�²ǬȈAȶÐ

(R�ȵźŨCm���y'QFǽɬȧ．a�ȢɝCǷÑưȦǣ012-15ł1CÛBǋź

ŨBȀ$;+¹ȧƬ)Ȃ$/?)Ţ0U7�ȜʅȦʄ`wh��B'-TĄǢÑȈȮ¥'

QFưɷÑȈȮǧCm��zmw��)ưɌÑȈƭźȐB�Ǜ3T/?WɷÃ3T/?

a�ŪȦXm��yBĆVTǞ+CƿɩƘ0öŒ�g�t�Xm�wYucy��{�A

@1)�ǆ(;Ħ»ȈAy��|�dWŦŖ05TƐ>Ƚɵ?AT� 
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ǥ 4ƍ 

¢ATƭźȐCŪȦXm��yB'-T«țBǡ3T����±ȔCȶÐ 

 

4-1�ƃĚ 

� ĹȢ�ŪȦŨCy��|�dŦŖa«țȧ．CĨƐB'$=Ħ»ȈAəɚ>#T/?)

ɣR(?0U=$T�$+;(Ckmw�wYuc����'QF�sÃƵB'$=�y

��|�daŪȦŨC���Ȯáȧ．m«țma��ý．WÅǅ3T¹ȧƬ)#T/?)

ɗĴ0U=$T(37, 52)�/CQ%AȪć(R�ŪȦXm��y)ɳ�Ay��|�d��

d��BŊ¸3T/?aƪÇȈBƧƈ0U='S�ŦĭB#7:=ŪȦŨCƭźȐmĜɐ

ƬWĬɼ3T/?CŸɵƬ)ȆĚ0U=$T(11, 24)�ȞB�ƭźȐ)ŪȦŨC«țȧ．m

y��|�dĦ»B¬÷WéJ3/?WŢĻ17ɗĴaǞ+A0U='S(7, 8, 14, 21, 54, 

65-67, 74, 87, 88)�ȉƹAy��|�d��d��Wņƭ3TƐ>�ǡƏ?ATŪȦXm�

�yCưɌÑȈƭźȐWȨ�3T/?aŀOßǇȈAɵ¨?AT� 

� ýǁ¤CƭǾm��x��dBÜʈ3TūɵAȜ¶����0wmymw����yƭ

Ǿ����A@1Cɍȷ，a�ȉƹAy��|�dC･Č0my�m1BQ:=ǐ¸3T

(71)�y��|�dBQTý．CĨƐaœžâ'QFœžâĈ¾ĢB'$=ĖǹBȥNR

UT)�/CĨƐa����Cɍȷ，BÜʈ3Tý，Cǐ¸B¬÷Wů-T?0U=$

T�¦ə�œžâǄCŪȦXm��yB'$=a«țBǡ3T����ɍȷ，)ƊA$?

$:7ɷɰ(R�y��|�dWȁ17ý，Cǐ¸aĺȠ>#T¹ȧƬ)Ţ0U=$T

(71)�1(1A)R�œžâǄCǮőWǡƏBȼÜƼȓũƬ«țBQTy��|�dWŦ

Ŗ17ĒíBQUb�y��|�dĢBȼÜƼÿú'QFƛȊýāC²Ǭɥƶ)ɯ¡Bǐ

¸17/?)ɗĴ0U='S(27)�ŪȦXm��yWǡƏ?17$+;(CƾĭĒíB'



 

 51 

$=�y��|�dBǡ3TȜ¶����ɍȷ，Cǐ¸)ȥNRU7/?)ɗĴ0U=$

T/?(R(45, 76, 77, 98)�ŪȦXm��yWǡƏ?17y��|�dBǡ3Tȟɍȷ±Ȕ

B;$=ĹĢC0RATǻĽ)Ƚɵ?0U=$T� 

� ŪȦXm��yB'$=a�Ȝ2ʅȦʄC`wh��BƂǙ3Tƒĳ>#:=OưɌÑ

ȈƭźȐCĜǠļ)Ėǹ>#T�¦ȴȈB�ƭź)ƣĭ17ǮőaƣĭCǴ$ǮőBȶH

=ɮU7«țȧ．Wɯ3T/?)ɗĴ0U='S(58, 74)�13-14łC~meuy���ǃ

ŭWǡƏ?17ĒíBQUb�Ȝ2ʅȦʄ`wh��>#:7BO((VR4�]��y

āaȹ]��yāBȶH�ưɌÑȈƭźȐWȲ3TŀǤƢǾȮ¥Ȧʄ0Age at Peak 

Height Velocity�APHV1CĈ¾ȦƩ)Ĳ+�ǋźăĨCǃŭ>īƭ0U=$7/?)ɗĴ

0U=$T(87)�K7�ȾŨRaȢɝƤCǷÑưǮő~meuy���ǃŭCm���y

'QFǽɬȧ．)ʅȦʄ8->aA+ưɌÑȈƭźȐB¬÷Wů-T¹ȧƬWŢ170ƥ

10�11�121�/CQ%B�ƭźCǴǘa«țȧ．B¬÷WéJ3/?)ɣR(?0U=$

T�¦ə>�ưɌÑȈƭźȐ?ȟɍȷ±ȔCÜʈB;$=ɗĴ17ĒíaěRU=$T� 

� ŪȦXm��yCòåÓțBĆVT3H=CƤa�y��|�dm«ț)�ǆ(;Ħ»

ȈBŦŖ0UT7NB�ŪȦŨCȮ¥Ȯǧ¾ȇCȞǺB;$=ɷÃ1A-UbARA

$�ĹȢ�ŪȦXm��yGCm��vØóm：ƋB'-TŦǂȈAǰĔWŵŦ05T/

?WɧȈ?17Ȯ¥ȮǧBÜ3TĒíCȽɵƬ)Ţ0U=$T(11)�/UK>BɗĴ0

U7ŪȦXm��yCĄǢÑȈAȮ¥m«țȧ．CȮǧB¸&�ȟɍȷ±ȔCƭǾBȰ%

ɒ¶B;$=ɣR(B3T/?a�ƭźȐBǓ17y��|�d��d��īǵC¦Ƅ?

ASȝT?Ĭ&RUT�6/>ɝĒía�¢ATƭźȐCŪȦXm��yB'-T«țB

ǡ3T����±ȔB;$=ɣR(B3T/?WɧȈ?17� 
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4-2�əɚ 

4-2-1�ǡƏŨ 

� ǆĵǤÂŻƒ'QFɮƇĈėWɯ3TǤÑư0n = 12�Ȧʄ�18.0 ± 0 ł�ƢǾ�187.1 ± 

5.9 cm�ǠŸ�81.3 ± 8.6 kg1'QFǷÑư0n = 19�Ȧʄ�13.2 ± 0.8 ł�ƢǾ�164.9 ± 8.5 

cm, ǠŸ�54.0 ± 9.4 kg1CǮő~meuy���ǃŭWɝĒíCǡƏ?17�ƮĄÊºȈ�

ȟºȈťÕ)A+�òåÓț)ɨǦA+ĭ&T/?WɝĒíCŊ¸Ɣď?17�ǷÑưCǡ

ƏŨa�ŀǤƢǾȮ¥Ȧʄ0Age at Peak Height Velocity�APHV1CƧȃǯ?ʅȦʄCļBß

<$=�pre PHVā0ʅȦʄ < APHV� n = 7�Ȧʄ�12.9 ± 0.6ł�ƢǾ�158.3 ± 5.4 cm�Ǡ

Ÿ�47.5 ± 6.6 kg1'QF post PHVā0ʅȦʄ > APHV� n = 12�Ȧʄ�13.4 ± 0.8ł�ƢǾ�

168.8 ± 7.6 cm�ǠŸ�57.8 ± 8.6 kg1Bɍ；0U7�APHVCƧȃaǡƏŨC¾î 6Ä�Ɛ

ǖȃ0U7ƢǾCǯBß<$=ĭVU70AUXAL, version 3.0; Scientific Software International 

Inc., Skokie, IL, USA1�ĒíBƾɺ9�3H=CǡƏŨBǡ1=ɝĒíCƎŃm�ǆƬB;

$=ƽɣ)ĭVU7�20 łɡɠCǡƏŨ>#:77N�ɔģŨ'QFƂǙǉƗCƷȤŨB

ǡ1=OȜɳCƽɣ)ĭVU�3H=CǡƏŨ(RȜ¡Wȝ7�ɝĒíaȄñɎƭǤÑ・ɷ

ƜĽ §ÂCƌȥWȝ=ĭVU70No. 29-034-11� 

 

4-2-2�ǟ®i���ŁŬɍƵ 

� ŦėBƾɺ9�3H=CǡƏŨa�ġĢ 2:00�İCŜɞ*�ġĢ 12:00�İCƨ�ÊC

©ƚ'QFȒȢCĲôȐ«țCüŗB;$=ŝǄBƽɣWů-7�ŦėCƽɣaġĢ 3:45

(RŦŖ0U�ǟ®i���CŁŬaġĢ 4:00(RÈŏ0U7�ɝĒíCŦė��yg�

Wƥ 13BŢ3�ǟ®i���a�«ț½ǦCǿǄ0pre1�ǿĢ0post1'QF 15ɍC�ƴ

Ģ015 min1CÍŠȌB'$=�5ɍÛC passive droolingɚBQSŁŬ0U702ml1(9, 
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18, 19, 29)�ŁŬ0U7ǟ®i���a�60ɍÛCʃȑ? 15ɍÛC°Ɲɍɸ03000rpm1

WȡȐȲɊ17Ģ�ɍƵŠK>�80�Øóµ>ɔÙ0U7�įǈɤ¯ǖȃɚ0ELISA1B

QS�ǟ®ǷCwmymw���g�tr��'QF�yƭǾ����CɍƵWĭ:7

0wmymw���g�tr���DiaMetra s. r. l., Italy, �yƭǾ�����Enzo Life 

Sciences Inc., U.S1�ǖȃ0U7wmymw��?g�tr��Cǯ(R�ǠȟCȜ¶ƕǢ

WȲ3TŔȿ?1=ɴ$RUTwmymw��g�tr��ȶ0T/Cȶ1WŌŻ17

(29)�ÍŮ����CɍƵaƲǑĘCŔŢBŶ$ŦŖ0U�ɍĥĥȐĊ0Multiskan JX, 

Thermo LabSystems Inc., MA, U.S1BQ:=êĥȐǖȃ0450nm1)ĭVU7�ǟ®Ƿ��

��CĐŻµěa�3.28 pg
ml-10wmymw��1, 0.12 ng
ml-10g�tr��1�0.93 

pg
ml-10�yƭǾ����1>#:7�K7�ǖȃȟǖȃÛCƱȐ0Intra- and Inter-

assay coefficients of variation1a�10.7 %13.2 %0wmymw��1�10 % 8.3 %0g�

tr��1�4.0-4.2 %1.9-6.2 %0�yƭǾ����1>#:7� 

 

 

ƥ 13� ŦėC��yg� 
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4-2-3�«ț½Ǧ 

� ǖȃȢC 1ŴÛǄQS�3H=CǡƏŨBǡ1=«ț½ǦCƽɣ)ĭVU7�«ț½Ǧ

Ba 5;CßɝȈAţǠŸCy��|�dŮɧ)Łɴ0U70ʊɺ=ɉ5�mc�uy�

X�z�{�c��t�z�u��Zzmc�uy�`���Zn10ƥ 141�ʊɺ=ɉ

5B'$=�ǡƏŨ)ƯÎAŐƫWɔş>*A(:7ƒĳ�Ȼɺ9O1+aɖƄŨBQT

ɖƄBQ:=ɇ¼)ǻƼ0U7�y��|�dCɇ¼a�20ɂÛC«țW 60ɂÛCèǔ

WõL�3ouy?1=ƻȃ0U70«țèǔȶ�� 1�«țCw��a 1ɂÛB 1ÄC

Ôǆțņ?1��y�}��C´BĳV5=ȲɊ3TQ%ŔŢ0U7�«țŮɧÛCèǔ

ŠÛa 2ɍÛ?170ɀ 81� 

 

 

ƥ 14� ţǠŸy��|�d 

a. ʊɺ=ɉ5� b. mc�uy� c. X�z�{�c��t�  

d. z�u��Zzmc�uy� e. `���Zn 
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G 8� &D(B
;5 

9M &D7+ ���< -@7+ �$� E1 

ON�J� 20H 3 60H 1)/1H 20H+�
4A)<86 

��#�� 20H 3 60H 1)/1H 4'37	API?L�:�K2 

���� ���$� 20H 3 60H 1)/1H 0,=�F,= 90�/.% 

�"��#����#�� 20H 3 60H 1)/1H 4'37	0,=4A*>% 

� �!�� 20H 3 60H 1)/1H 4AC/%��86 
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4-2-4�ȃĀŹɧ 

� jd9(>2ȼñǝ�F;ȫŶęĳ3Ŗ$J-�ȃĀ·Ʀ9ȃĀȺƦbtk�IBM 

SPSS statistics version 24.0 IBM, Tokyo, Japan�Lɣ�2ŞŌ$J-�ȏčȗǟȺŀȺƦ�ö 

× ŔÍ��F;ǋůȣÄ�Bonferroni’s post hoc test�LĦ��ÀǄǮĪɔ8öÍ�F;öȎ

8ȿ¨70�2ćȅ&-�ȃĀÅǳɟ�ƛŶ9Ðċɨ 5%ɎɌ4&-�ěĖĻɣ�F;Ŧ

Ĝ¯7Î(IĜ¯ɭ9ȾPd 2ƅ�pη2��ǋůȣÄ7��29 dLɣ�2ćȅ&-�Ĝ

¯ɭ8Ǔ�$9ſ�pη2 < 0.01, d < 0.2��ǣ�0.01< pη2 < 0.14, 0.2 < d < 0.8��Ǔ�pη2 > 0.14, 

d > 0.8�4&-(17)�  

 

  



 

 57 

4-3�ă¯ 

4-3-1�i_k_i�� 

� i_k_i��7��2�ɟ�6ö8ŦĜ¯�ȒCGJ-�p < 0.001�pη2 = 0.42��(>

28ǄǮŔǸ7��2�ǓÅƣö8ȔǼ9 pre PHVö�pre
p = 0.01�d = 1.28�post
p = 

0.003�d = 1.45�15 min
p = 0.001�d = 1.8��post PHVö�pre
p = 0.05�d = 0.92�post


p = 0.04�d = 0.96�15 min
p = 0.02�d = 1.12�7ȣ>ɟ�7īǝLŖ&-�A-�ǓÅƣ

ö7��28B�k�n�W 15Ⱥė8ɟ�6ǀª�ȒCGJ-�p = 0.03�d = 0.61��

post PHVö8i_k_i��ȔǼ9 pre PHVö7ȣ>�(>28ǄǮŔǸ7��2ī�Ĝ

¯ɭLŖ&-�p > 0.05�d = 0.90-1.35��Ƙ 15�� 

 

�
Ƙ 15� i_k_i��8ȿ¨ 

† p < 0.05�‡ p < 0.01�ǓÅƣö vs pre PHVö�# p < 0.05�ǓÅƣö vs post PHVö. 

* p = 0.03�vs pre�ǓÅƣö��  
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4-3-2�Z�fc� 

� Z�fc�7��29�ɟ�6ŔÍ8ŦĜ¯�ȒCGJ-�p = 0.003�pη2 = 0.19��À

ǄǮŔǸ7� IȔǼ8öÍĳ9ȒCGJ69/-�post PHVö7��28B��Ȉė8

ɟ�6ďƀ�ȒCGJ-�p = 0.01�d = 0.52��Ƙ 16�� 

 

�

Ƙ 16� Z�fc�8ȿ¨ 

* p = 0.01�vs pre�post PHVö�� 
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4-3-3�qkơǩz��� 

� post PHVö7��28B��Ȉ 15Ⱥė8ɟ�6ǀª�ȒCGJ-�p = 0.001�d = 

0.42��ǓÅƣö�F; pre PHVö7��2ɟ�6ȿ¨9ȒCGJ69/-�Ƙ 17�� 

 

�

Ƙ 17� qkơǩz���8ȿ¨ 

** p = 0.001�vs pre�post PHVö��� �

�

�
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4-3-4�T/Cȣ 

ŔÍ�F;ö8ɟ�6ŦĜ¯�ȒCGJ-�ŔÍ
p < 0.001�pη2 = 0.26�ö
p = 0.001�

pη
2 = 0.39��ǓÅƣö�F; post PHVö7��2�T/Cȣ8ǝ9�ȈǪė�post PHVö


p = 0.03�d = 0.77��F;�Ȉ 15Ⱥė�post PHVö
p = 0.02�d = 0.797�ǓÅƣö
p < 

0.001�d = 1.12�8ɟ�6ǀª�ȒCGJ-�post PHVö8�ȈƳ�p = 0.02�d = 1.17��

�Ȉ 15Ⱥė�p = 0.02�d = 1.11��F; pre PHVö8(>28ŔǸ��ȈƳ
p = 0.003�d 

= 1.66��ȈǪė
p = 0.02�d = 1.48��Ȉ 15Ⱥė
p = 0.002�d = 1.89�7� I T/Cȣ

9�ǓÅƣö7ȣ>ɟ�7ǭǝLŖ&-�Ƙ 18�� 

 

�

Ƙ 18� i_k_i��	Z�fc�ȣ8ȿ¨ 

† p < 0.05�‡ p < 0.01�ǓÅƣö vs pre PHVö�# p < 0.05�ǓÅƣö vs post PHVö. 

* p < 0.05�vs pre�post PHVö��** p < 0.001�vs pre�ǓÅƣö� �
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4-4�ĥļ 

� Ɋĉã9�ŗǍůk�n�W��6IơűǼ8ťȓN_�k7� Iz���£ȁ

7ß@(�í70�2ǧĴ&-�+8ă¯�i_k_i��ȔǼ9ơűǼ�ơƗ8�x�

7ǖ&2�-ǓÅƣö7��2ĶDī�ǝLŖ&-�A-�ȉɳȓɲUi[�3�/-

7D99KG)�13.2 ± 0.8ķ��ĶǓƕǩȜ�ȓɲ�Age at Peak Height Velocity�APHV�

LÒŶ4&2ɳȓɲ�Ƅ¸I post PHVö8i_k_i��ȔǼ9�ɳȓɲ�§¸I pre 

PHVö7ȣ>2ī�øĞLŖ&-��Ƀ��Ȉė8qkơǩz���ȺȤɭ8ǀª9 post 

PHVö7��28BȒCGJ-�"JG8ă¯9G�ƕǍ8d�pVȉ¨Ļɣ7��2ů

ɥ6ɗÆLǘ�z���8k�n�W7ǎ(I£ȁ8ǋ9�ȺȤư8ơűǼ7�ǉ(

I«ȕƠ�ĥ7GJ-� 

� Ŧɥ6N�l�Y��ǜƠz����8�03�Ii_k_i��8ǓȳȺ9ƤƻFH

ȺȤ$JI�ƣƊÑ8ƉǏ3ȭ©$JIƠơűǛ½7FJ:(86)�Ɋĉã8ǓÅƣ8ǎƃ

š9ǔ2Ǜ½�adult�7¿ǿ(I(13)�ǓÅƣö7� I�Ȉ7FIi_k_i��ȺȤ

ɭ8ɟ�6ǀª��38%�9�ƠơűǼ�ī�?5k�n�W7ǎ(Ii_k_i��

8£ȁ�ī�6I"4LŖĲ&2�I��Ƀ3�ǣÅƣ8ǎƃš7� I�Ȉė8i_k

_i��8ɟ�6ȿ¨9ȒCGJ69/-�PullinenG9�ĶǓåƄůɭ8 40%8Ȳ±3

ȨÎƫƍǵȈĻLĶǓȟȶ(Ik�n�W7FIťȓš�14.0 ± 0ķ�8i_k_i�

�ȺȤɭǀª9ȒCGJ69/-"4LɂĮ&�ŉŴÖ7��29��Ȉ7ǎ(Ii_k

_i��8£ȁ�ǭ�"4Lăɶ1 -(77)�Ɋĉã8ă¯9"JG8ƬĦĉã44D

7�Ơơű��Ȉ7ǎ(Ii_k_i��ȺȤɭ8ȿ¨7�íLß@(«ȕƠLêǧ(I

D83�I4ƚļ$J-� 
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� ìɍƒ�"47�ɟ�3969/-D88�post PHVö8i_k_i��ȔǼ9�ȡű

øĞ7�I pre PHVö7ȣ>2ī�øĞLŖ&-�p > 0.05�d = 0.90-1.35��ťȓN_�

k7Î(I��098ƬĦĉã7��2�ûǏÅǳ�ƕǩ�Ǎů�òɭ65��F;ƣɧ

Åǳ�_v��k�Ǩə�ƶƕœÞɮ65�6p��d8ĳ��ɝɴ9ƣȹÅǳơűǼ

7Îɵ(I"4�ɂĮ$J2�I(58, 87)�"JG8"49G�ƣȹÅǳơűǼ7Îɵ(I

ƠưȜ�8ĒǍĳ9�ȎȺȤ£ȁ8ĒǍĳ7�íLß@(«ȕƠ�ŖĲ$J-� 

� qkơǩz���9�ƕǍ8ǋ�8ƣɧÅǳɥƸ�Ȃ�ŁƸ8ɛƿɭ�òɮȜÕ�žŏ

ɉɭ�8ǀª7�íLß@&(96)�ťȓš�ĶǓƕǩ7Ȅǖ&-ėDò8Ȝ�E�œ7Ĩ

Ĉ(I(5, 41)�ơƗ7��2�ǣêǼ�ȈE�^_d�_k�n�W7FIqkơǩz

���ȺȤɭ8�³Ơ8ǀª9ɂĮ$J2�I(34, 77)��Ƀ�Ɋĉã8ǓÅƣ8ǎƃš7

� IŗǍůk�n�Wė8qkơǩz���8£ȁ70�2�ɟ�6ȿ¨9ȒCGJ

69/-�"8ă¯9G�ơƗ8ƆĬ��Ȉė8ƕǍ8ȉ¨ƉǏ7� Iqkơǩz��

�8ĨĈǼ9�Ơz���7ȣ>2ǭ�«ȕƠ�ĥ7GJ-� 

� ƬĦĉã7FJ:��Ȉ7ǎ(Iqkơǩz���8£ȁ8ǋ9ȓɲ7�íLū I

"4�ɂĮ$J2�I(77, 97)�Ɋĉã39��Ȉė8qkơǩz���ȺȤɭ8ǀª9�

ɳȓɲ� APHVLƄ¸I post PHVö7��28BȒCGJ-�ơǩÖ7��2�qkơ

ǩz����ǘ�ɗÆ9ǋÓ7K-I�ȍ7�qkơǩz���8ĶDɑț6Ĝ¯9�į

´ĸɅLê�łĂ(I"47FIÇƠ¨�F;ǩËį8ƍǩ8ǁƖ4�/-�Un`�7

FIį8ǀª3�I�PullinenG9�ťȓš�14 ± 0ķ�7� I�Ȉė8qkơǩz��

�8£ȁ9�ơƗ�31 ± 7ķ�7ȣ>ī9/-"4LɂĮ&(77)�ơűǼ��Ȉ7ǎ(Iq

kơǩz���8£ȁ7Îɵ(I«ȕƠ70�2�Ɋĉã8ă¯4ɯŒ&-ă¯LŖ&2

�I�+8Ǌ�ťȓk�PN_��ƲŨ�15.8 ± 1.8ķ�7� IīêǼP�do�k�
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n�W7ǎ(I�³Ơ8z���£ȁLǧĴ&-ĉã7��2D�Ɋĉã8ă¯4ȉɢ

7�qkơǩz���ȺȤɭ8ǀª9ȒCGJ-D88�i_k_i��ȺȤɭ8ȿ¨9

ȒCG69/-"4�ɂĮ$J2�I(98)�ǩËį8į¨8ÇƠ�ī��Ȝ��ǥ&�

APHV8Ƴė7��2�qkơǩz���9i_k_i��4ȣÄ&2�Ȉė8ƕǍ8ȉ

¨ƉǏ7ß@(�í�Ǔ��«ȕƠ�ĥ7GJ-� 

� įÂò7� Id�pVȺ·9�ƕǍ8�¨Ļɣ7Î(IZ�fc�8Ŧɥ6ȇ�3

�I(39)�Z�fc�8�³Ơ8£ȁ9�k�n�W7FIƕǍǳ_k�_�ĶǓ4

6/-Ĺ7ĶDīǝLŖ("4�ɂĮ$J2�H��ȈêǼ7Îɵ(I"4�ŖĲ$J2

�I(33, 38)��Ȉė7� IZ�fc�ȺȤɭ8ǀª�ɂĮ$J-ǋ�8ƬĦĉã49

ǎƁǳ7�Ɋĉã8ǓÅƣö�F; pre PHVö7� IZ�fc�ȺȤɭ9ȿ¨�ȒC

GJ)�post PHVö7��29�Ȉė8ďƀ�ȒCGJ-�"JG8ă¯9G�Ɋĉã3

ĦKJ-ŗǍůk�n�W8Ȳ±ɭ�F;�ȈêǼ�Z�fc�8ȺȤɭLǀª$*

IłĂ4&2Ȱǅ&2�-«ȕƠ�ƚļ$J-� 

ƕǍ8ȉ¨Ļɣ7�íLß@(òɮk�n�W3�/2D�ƶǍ8Ȳ±ɭ�³ǋ8Ɔ

Ĭ�ƕǍǳ6_k�_�Ď�46/2�¨Ļɣ�ɝ�46HȌI��Ƀ3�Ǵƨ6Ȳ±ɭ

38k�n�W8ŞŌ7FH�ƕǍ8ȉ¨ƉǏLǁƖ(I"4�«ȕ46I(36)�+8

-C�T/Cȣ9ƕǍ8ȉ¨�F;�¨8ñħLȟ�(IŊȫ4&2ɣ�GJ2�I(15, 

46)�Ɋĉã8 T/Cȣ8ă¯9G�ǓÅƣ9ȉ¨z���3�Ii_k_i��ȺȤɭ8ǀ

ª7Ȟ� T/Cȣ8ǀª�ȒCGJ-��Ƀ�post PHVö7��2ȒCGJ- T/Cȣ8ǀª

9��¨z���3�IZ�fc�ȺȤɭ8ďƀ7FID83�/-�"8"49G�

�Ȉė7� IƕǍ8ȉ¨ƉǏ7�íLß@(×Ž9�ơűǼ7F/2�6I«ȕƠ�ĥ

7GJ-� 
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� ťȓN_�k8�Ȉȕɮ8Ȝǖ9�APHV658ƣȹÅǳȓɲ7ǎ(Iɳȓɲ8Ȅ

ǖǼ7�íLū I(65, 66, 74, 87, 88)�&9&6�G�ƣȹÅǳơűǼ4�Ȉė8ȎȺȤ

£ȁ48Îɵ70�2ćȅ&-ĉã9ǋ�6��ɑG94$J2�6��Ɋĉã39�

post PHVö7� Iqkơǩz����T/Cȣ8�Ȉė8ȿ¨�ȒCGJ-�Ƀ�pre 

PHVö7��29�(>28z���7��2ɟ�6£ȁ9ȒCGJ69/-�"JG8

ă¯9�ȉɳȓɲUi[�7��2D�ĒǍ8ƣȹÅǳơűǼ7F/2k�n�W7

ǎ(IȎȺȤ£ȁ��6I«ȕƠLŖĲ(ID83�I�"8"49G�ǣÅƣȓǑLǎ

ƃ4&-k�n�WŊȋ7��2�ɳȓɲ8B6G)�ƣȹÅǳơűǼLĥɪ&-ĒȽ

ǳ6v�W��8Ļơ�F;ŞŌ�ůɥ3�I4ĥ7GJ-�A-�ǓÅƣö7��2Ȓ

CGJ-�Ȉė8i_k_i��ȺȤɭ8ǀª9�ǣÅƣ8ö7��29ȒCGJ69/

-�"8ă¯9G�ťȓN_�kLǎƃ7k�n�WLĦK*IƆĬ9�ĒǍ8ơű

ǼLĥɪ&�Əů7ɔȫƪǮ�òɮ	p�ȜÕ8ǀª�òȥǓ65�LĦ�ȩɥƠ�Ŗ

Ĳ$J-� 

ŗǍůLɣ�-k�n�W9�ȍȽ3ī©6×ÑLȩɥ4*)�58F�6Êé3D

Ìɀ7Ħ7I4�/-ȍǦ��I(90)�ŗǍůk�n�W�F;ǭêǼk�n�W7

FIòɭ8ǀªǁƖ9�İȐA37ǋ�ɂĮ$J2�I(84, 90)�TsuzukuG9�īɲšL

ǎƃ7 12ŭÍ8ŗǍůk�n�W�_V�gk�ǒƄɷɩ2ȴ*�]gkNgv�L

ĦK*-ă¯�ǎƁö7ȣ>2Ǔɻȳ8òɭ�ǀª&-"4LɂĮ&-(90)�A-�ǭê

Ǽ�ĶǓåƄůɭ8 55-60%�3ĦKJ-k�n�W�_V�gk�fR_kv�_��

gkv�eQ��ȸò�Ȉ�F;Ȗò�Ȉ�3agk × ĶǓȟȶ�7FIòɭ�F;òɮ

8ǀª9�īêǼ�ĶǓåƄůɭ8 80-90��3ĦKJ-k�n�W4ȉȀ3�/-"

49G�ǭêǼk�n�W�òȥǓEòɮǀê7Ĝ¯ǳ6ɃɄ8�03�I"4�ŖĲ
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$J2�I(84)��Ƀ3�ĶǓŁƸƩŧɭ8 90��F;ĶǓƎȚƜ8 90-95�8ƉǏ3Ş

Ō$JIīêǼP�do�k�n�W�ŗǷţ
4ȺÍƶɮye��W × 4agk�3

ȺÍP�do��_v��k
40ȮÍ × 10agk × 2agk�20ȮÍP�do��

ƛ�
200m × 6agk�2ȺÍP�do���ȎȺȤ£ȁ7ß@(�íLǧĴ&-ĉã

7FI4��Ȉė8i_k_i��8£ȁ7ȿ¨�ȒCGJ)�Z�fc�8�³Ơ8

£ȁ70�29 70.3��89.7�8ȺȤɭ8ǀª�ȒCGJ-"4�ɂĮ$J2�I(98)�A

-�KraemerG9�īêǼk�n�W7FIȉ¨z���8ȺȤɭ8ǀª9òɮEp�

ȜÕ4�/-�ȈptS}�_7Îɵ(I�Ƀ�i_k_i��ȺȤɭ8ďƀ�F;

Z�fc�ȺȤɭ8ǀªLǁƖ(I«ȕƠ��H�ptS}�_ǭ§ETok�

n�WL��Ú"(Ď�46I"4LŖ&-(46)�Ɋĉã8Z�fc��F; T/Cȣ

8ă¯9G�ŗǍůk�n�W�ɷɩ2ȴ*�_V�gk�l�gv�Pl_V�g

k�Ut�P`�Nul~m�V��f�20ȮÍ × 3agk�9ťȓN_�k8ƕǍ

8ȉ¨ƉǏLɝ�7(IŨǛ4&2Ǵƨ6Ȳ±3�/-«ȕƠ�ĥ7GJ-�ŗǍůk�

n�W�ȎȺȤ£ȁ�F;+J7Ȟ�òɭ8ǀª7ß@(�í70�2ɑG97(I-

C�ǩÖǳ6k�n�W7FIǴ£8ćȅE�ɢ�6ũɯ8k�n�WĜ¯�v�P

T�k�gV�_v��k�œÞɮ65�8ȣÄ�İė8²Ǖ46I� 

 

4-5�ăɶ 

Ɋĉã9�ŗǍůk�n�W7FI�³Ơ8z���£ȁ70�2��6IơűǼ8

N_�kLǎƃ4&-ǧĴLĦ/-�+8ă¯�ȉɢ8k�n�WȎɡ3�/2Dơ

űǼ7F/2ȺȤ$JIz���8ũɯE£ȁ��6I"4�ɑG946/-�"JG8
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ă¯9G�ƕǍ8d�pVȉ¨Ļɣ7��2ůɥ6ɗÆLǘ�z���8k�n�W7

ǎ(I£ȁ8ǋ9�ȺȤư8ơűǼ7�ǉ(I«ȕƠ�ĥ7GJ-�  
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ǔ 5Ƃ�  
ƽĬĥļ 

�  
5-1�ƣȹÅǳơűǼ8ĒǍĳ 

� ǎƃš8ƣȹÅǳơűǼLƚǮ(I7�-H�ɊɶȻ7��29ĶǓƕǩȜ�ȓɲ

�Age at Peak Height Velocity�APHV�Lɣ�-�ȐɊƗ8 APHV9 12.6ķ3ƣ'I"4

�ɂĮ$J2�I(80)�Ƀ3�ƗũȽ8ǧĴ7FI4���gp8ǜŇ9 13.3-14.4ķ�

ZUbPl8ǜŇ9 13.3-14.1ķ�Nt�UýN��UƗ7��29 14.3ķ3�/-"

4�ɂĮ$J2�I(13)�ťȓN_�kLǎƃ4&-ǧĴ7FJ:�ȐɊƗǜŇ�11.6-

13.7ķ�9��gp8ǜŇ�12.8-14.5ķ�7ȣ>�ƺ�Ǜ½3 APHV7Ȅǖ&2�-"

4�Ŗ$J2�I(10, 26, 55, 61, 70, 74, 83)�ɊɶȻ8ǔ 3Ƃ�ǔ1Ƃ7� IǣÅƣo_

Xgk{�ƲŨ8 APHV9�³ä8ƕǩjdL 3ů�^_iOgVơǩïƯ7ǿ29

CI"43ƚǮ$J�BTT�j��(4)�+8ă¯9+J,J 12.8 ± 1.2ķ�F; 12.7 ± 1.0

ķ3�H�ƬĦĉã3ɂĮ$J-ȐɊƗ8ǜŇ7� I APHV48ĳ�9ƀ69/-�"

JG8ă¯9G�ƣȹÅǳơűǼ9ƣ�ÊéE�ǹÅǳ6ɥ�7Ǔ���íLū I"4

�ĥ7GJ�»¾8ĉãɂĮLťȓN_�k8�Ȉv�W��ģǡ8ǞĊ4&2ɣ�I

Ĺ79�ǎƃš8Ɨũ�ȓɲLǤŐ(IȩɥƠ�ŖĲ$JI�A-�ȉɳȓɲUi[�

Ȏ�ǔ 3Ƃ
13.2 ± 0.6ķ�ǔ 4Ƃ
13.2 ± 0.8ķ�7��2ȒCGJ-ɘ 4ȓ8 APHV8

ȷ�ǔ 3Ƃ
10.4-15.2ķ�ǔ 4Ƃ
10.7-14.7ķ�9�ǣÅƣ8ȓǑ�12-15ķ�7� I

Ȝ�	Ȝǖ8ĒǍĳ8ǉĺLêǧ(ID83�I� 
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5-2�òûǏ8ơǩ7Ȟ�ȿ¨ 

� ǔ 2Ƃ39�12ķ9G 20ķA38o_Xgk{�ƲŨLǎƃ7ǓɻńȆòLģơ(

IòȆ�ȎǂğòşȆ�VMO�Ȏǂğò�VM�ǓɻǪò�RF�ǣÍğò�VI�¾ǂğ

ò�VL�8ȿ¨70�2¤ǚǳ7ćȅ&�VMO4 VI9 18ķ9G�VM�RF�VL9 16

ķ9Gɟ�7ǀª&2�-"4�ȒCGJ�ƬĦĉã4ȉɢ7ƣƊÑơűǼȺɯ8ǔ2Ǜ

½�adult�7��2òɭ�Čǥ7ǀª(I"4�ɑG946/-(13, 58, 86)�A-�Ľŕ

óŒř7FIĶǓȜ�ȓɲ8ƚǮ8ă¯�VMO
12.2ķ�155.0�Ą�VM
15.7ķ�

187.8�Ą�RF
17.7ķ�212.2�Ą�VI
15.7ķ�188.9�Ą�VL
15.2ķ�181.1�

Ą�7FH�ǓɻńȆòLģơ(IòȆ9ēɟ8×ȕEɗÆ7�ǉ&-�6IơǩɨLɟ

(I"4�ɑG946/-� 

� ǔ 2Ƃ8ǧĴ39ȉ�ĒǍȎ8òûǏ8ơǩ7Ȟ�ȿ¨70�29ćȅ$J2�G

)�"JGLŮǚǳ7ćȅ(I"4�²Ǖ4&2å!GJ2�I�+"3�ǔ0Ƃ7��

29ơűǼ8ĒǍĳ�ǋ�ǣÅƣ�13.2 ± 0.6ķ�Lǎƃ7�APHV8ƚǮǝ7ǎ(Iɳȓ

ɲ8þ³ȓƜ7Ò1�2öȺɯ&�Ůǚǳ7ćȅLĦ/-�+8ă¯�post PHVö7��

2 VMLž�Ǔɻȳ8òĝ�RF�VI�VL�8ȿ¨9ȒCGJ)�APHVö�F; pre 

PHVö7��28Bǀª�ȒCGJ-�"8ă¯9�ǔ 2Ƃ3Ŗ$J-ɘ 16ķ�ĩ7�

 Iòĝ8Čǥ6ǀª49�6/2�-��Ƀ�ǔ 4Ƃ39 APHV�ĩ8ǎƃš7��2

ȉ¨z���ȔǼ�īǝLŖ&-�"JG8jd9G�pre PHVö7��2ȒCGJ-

òɭ8ǀª9ƕǍ8ǩŚɃĞ=8Ȝ�7�ǉ&�post PHVö7��2ȒCGJ-òɭ8ǀ

ª9ȉ¨z���£ȁ7�íLū -"4�ƚļ$J�ơǩ8³Ǳ7� Iòɭ8ǀª8

×Ž9ƕǍ8ơűǼ7F/2�6I«ȕƠ�ĥ7GJ-� 



 

 69 

� ǔ 2Ƃ8ǧĴ7��2�VM9 15.7ķ3ĶǓ8Ȝ��ƣ'I4ƚǮ$J�ǔ 3Ƃ8Ůǚ

ǳ6ȣÄ7��2D VM8òĝ9(>28ö3 1ȓė7ɟ�6ǀª�ȒCGJ2�I�±

ů�7� IČǥ6òÇȈ7F/2�Ȉǣ7��2Ǎůŋœ658ůɥ6ɗÆLǘ�

VM(49, 89)9�Ǎůǀª8sVLā7IdP~�W7Ȟ/2ǀª&-«ȕƠ�ĥ7GJ

-�A-�ƕǍ8ơǩ4�/-Ȏǳ6ɥ�7ª7�çÛŔÍEƕǍÇȈɭ�ǀª(I"4

7F/2ƣ'I§Ŏ=8ȍ�ǳ6łĂ7ǎ(IǴ£�ƣ'-«ȕƠ70�2Dƚļ$J

-�&9&6�G�ǔ 2Ƃ8ǧĴ7��2 17.7ķ3ĶǓ8Ȝ��ƣ'I4ƚǮ$J- RF

7Î&29�ǔ 3Ƃ8ź¸ǄǮŔǸ8¤ǚǳ6ȣÄ7��2ƺűøĞ7�I post PHVö�

ɟ�7īǝLŖ&2�-7DÎKG)�ȉö7��2Ůǚǳ6ȿ¨9ȒCGJ69/-�

"JG8ă¯8Ƽ�70�29�ǣÅƣȓǑ�ĩ7ġ7ǀª(IƕǍÇȈ8êǼEȯǼ4

�/-çÛÊé658ɥ��ȿ¨&-«ȕƠ�ĥ7GJI��ɊɶȻ7��29ɑG94

$J2�6��ĕÎƫ	ȨÎƫ8�Ȉ7Ļɣ&��Ȉȕɮ7�íLß@(ǋÎƫò3�I

RF��ƕǍ8Ȝ�EçÛÊé�ÇȈɭ�ȯǼ�êǼ�k�n�W8ɟɐ65�7F/

258F�7ȿ¨&2��970�29�ȓǑ8ȷLğ!-Ůǚǳ6ćȅ�ȩɥ46I� 

� ǔ 2Ƃ8ă¯9Găɶȱ GJ-ò8ēɟ8×ȕEɗÆ7�ǉ&-�6Iơǩɨ70�

2�ǔ 3Ƃ39ƄŎ8ò�ƄɷȏȆò
Biceps Brachii�BB�ƄɷĽȆò
Triceps Brachii�

TB�DÏC2ćȅ&-�ÀǄǮŔǸ7� I¤ǚȣÄ8ă¯9G�ƄŎ8ò9ƣȹÅǳ6

ơű8ƖĦ&-ǜŇ7��2FHȜ�8�x��ī�6I«ȕƠ�ĥ7GJI�A-�Ƅ

Ŏ8òɭ8ǀª9ŉŴÖ7� IƕǍ8ǜƠ¨Lȟ�&�ǔȏŕƠǦ7��2ȒCGJI

ơǩ7Îɵ(Iz���ȔǼ8àĂ6ǀª7�íLū I�ǔ 4Ƃ8ǧĴ7��2�ɳȓ

ɲ� APHVLƄ¸/2�-ǜŇ9ɳȓɲ� APHV7Ȅǖ(IƳ8ǜŇ7ȣ>�ò8ơǩ7
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Îɵ(Iȉ¨z���3�Ii_k_i��ȔǼ�ī�øĞLŖ&-"49GD�ȉɳȓ

ɲUi[�7� IǍÂ8ĳ9ƣȹÅǳơűǼ7�íLū I"4�ƚļ$J-� 

 

5-3�_v��k�F;Ǩəȕɮ8ȿ¨4ĞƄɨ 

ťȓN_�kLǎƃ4&-ƬĦĉã7��2�ƣȹÅǳơűǼ��Ȉȕɮ8ȜǖEk

�mr�iO7�íLß@("49ɑG94$J2�I(7, 8, 14, 21, 54, 65-67, 74, 87)

��ȐɊƗLǎƃ4&-ǧĴ9ǋ�6��ǔ 3Ƃ39�ȐɊƗ8ťȓN_�k8òûǏ

7ª7�ƣɧÅǳ6�Ȉȕɮ8ȉ�ĒǍȎ8ơǩ7Ȟ�ȿ¨70�2ǧĴLĦ/-�+8

ă¯�ÀǄǮŔǸ8Ǩə�F;_v��kȕɮL¤ǚǳ7ȣÄ&-ƆĬ7��2�post 

PHVö�ɟ�7īǝLŖ&-�ȐɊƗ^�nN_v��d8_v��kȕɮ7Î(Iǧ

Ĵ7��2D�ɝJ-_v��kȕɮLɟ(I^�nN_v��d9 12ķ8ŔǸ38

įȓɲ�ɘ 15ķ3�H�ƣȹÅǳ7ɘ 3ȓƺű3�/-"4�ɂĮ$J2�I(44)�"J

G8"49G�ǣÅƣȓǑ7��29ƺűøĞ8ƲŨ�ɝJ-_v��k�ǨəȕɮLɟ

(I«ȕƠ�ĥ7GJ-��Ƀ�ȿ¨ɨ70�2Ǣɔ(I4�ȡűøĞ�I�9ɳȓɲ7

ǎ(IơűǼ�ȫŶǳ6ƲŨ8ǓɻńȆò8ơǩɨE_v��k�Ǩəȕɮ8ĞƄɨ9ī

�D83�/-�Ƙ 19��ȐɊƗ8ǍɮȫŶǝ7Î(IǓØɓ6ǧĴ7��2D�12ķ9

G 15ķ79 2ƾǆǼ�50m�9ɘ 12%�ƙǪǨəī9ɘ 35%8ǀª�ȒCGJ2�I

(99)�"JG8ă¯9G�ȐɊ8ǣÅƣ8ȓǑ9_v��k�F;Ǩəȕɮ8ºƴ7��

2ůɥ6ŔÖ3�I"4�Ŗ$J-� 

ǓɻńȆò8òĝ8 1ȓÍ8ȿ¨7Î(Iă¯39�pre PHVö�APHVö7��29

VMLž�ǓɻńȆò8òȆ9�)JDɟ�7ǀª&2�H�post PHVö9ȿ¨�ȒCG

J69/-�&-�/2�ǓɻńȆò8ơǩɨ9ƺűøĞ7�IƲŨ7ȣ>�ȡűøĞ�
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I�9ɳȓɲ7ǎ(IơűǼ�ȫŶǳ6ƲŨ7��2ī9/-«ȕƠ�ĥ7GJ-�ȍ

7�ǓɻńȆò8ǣ3ɜ�8ǋÎƫò4&2ĕÎƫ	ȨÎƫ8×ȕ7�íLß@&�qk

8�Ȉ7��2ůɥ6ɗÆLɟ(I RF7Î&29�ź¸ǄǮŔǸ7��2ȒCGJ2�

- post PHVö4 pre PHV�APHVö8Í7� Iòĝ8ɟ�6ĳ� 1ȓė8ǄǮŔǸ7�

�29ȒCGJ69/-7DÎKG)�(>28ö7��2_v��k�F;Ǩəȕɮ8

ĞƄ�ȒCGJ-�"JG8ă¯9G�pre PHV�APHVö9òɭ8ǀª7Ȟ�_v��

k�Ǩəȕɮ8ĞƄ�ƣ'-"47ǎ&�post PHVö7� I_v��k�Ǩəȕɮ8Ğ

Ƅ9òûǏ8Ȝ�7ȞK6�«ȕƠ�ĥ7GJ-�òɮ�F;òp�ȜÕ8ĞƄ9�ò

¤ǚɒƧ8ǀªEòƯ�8ȥǓ657FIò8Ǵ£4ǣƝƔþE�ȈǗ�8Ȝ°ȯǼ�F

;Ȉ�7Îɵ(IƔþý8Ǵ£�Ǔ��Îɵ(I(71)�ŉŴÖ7��29�ƣȹÅǳơű

Ǽ7F/2_v��k�F;ǨəȕɮĞƄ8×Ž��6I«ȕƠ�ŖĲ$J-� 

� ɊɶȻ8ǧĴ39�òûǏ�F;_v��k�Ǩəȕɮ8 1ȓÍ8ŗƵ6ơǩ70�2

ćȅ&-�ĐǛ½7��29�k�n�W8µȑ7F/2_v��k�Ǩəȕɮ8ĞƄ

ɨ7öÍĳ�ƣ'I9Ȣ970�29ɑG9396��ă¯9GŖĲ$J-ƣȹÅǳơű

Ǽ7Îɵ&-�6I×Ž�ò�F;Ɣþ8Ǵ£�7FI_v��k�Ǩəȕɮ8ĞƄ8«

ȕƠ70�2$G7ɑG97&�ơűǼ7ǃ&-k�n�W��Ȉv�W��ģǡ8Ǟ

Ċ4(I-C79�ǩÖǳ6k�n�W8µȑ7FIȿ¨ɨ70�2��6IơűǼ8

öÍ3ȣÄ(Iȩɥ��I�  
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�

Ƙ 19� ÀǄǮĪɔ7� Iȼñǝ8ȓÍȿ¨ɨ 

�
�

5-4��Ȉ7ǎ(IȎȺȤ£ȁ 

� ǔ 4Ƃ7��2�i_k_i��ȔǼ9ɳȓɲ� APHV7Ȅǖ(IƳ8ö7ȣ>�

APHVLþ³&-ö7��2ī�øĞLŖ&-�A-�ŗǍůk�n�W7FI�³Ơ

8ȎȺȤ£ȁ7Î&29�APHVLþ³&-ö7��2qkơǩz���ȺȤɭ8ǀª�

ȒCGJ-�"JG8ă¯9G�k�n�W7ǎ(IȎȺȤ£ȁ7ƣȹÅơűǼ�Îɵ

(I"4�Ŗ$J�òƯ�8ơǩ�F;��j��W7Îɵ(IȎȺȤ£ȁ8Ǵ£9�

APHVþ³ė7��2ɝ�76I«ȕƠ�ĥ7GJ-�+8�Ƀ3�ǔ 3Ƃ8ă¯39�

pre PHVö�ɳȓɲ < APHV − 6�Ą��APHVö�ɳȓɲ = APHV ± 6�Ą�7��2 1

ȓÍLǬ&2òĝ8ǀª�ȒCGJ�post PHVö�ɳȓɲ > APHV + 6�Ą�7ȣ>2+

8ȿ¨ɨ9ī�ǝ3�/-�"8F�7�ò8Ĭơ7ĨĈ(I"JG8ȉ¨z���ȔǼ

8ǀª9 APHVþ³ė7ȒCGJ-D88�òɭ8ǀª9 APHV7Ȅǖ(IƳ8Ƀ�ī�
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4�/-ă¯�Ŗ$J2�H�"8Ȱ�Ǡ7Î&29ĐǛ½39Ȱɑɫ3�I�ǔ 3Ƃ7

��2öȺɯ8ÒŶ46/- APHV9��)JDź¸ǄǮŔǸ7��2ƚǮ$J-D83

�H�ĉãÖÍ7 APHV7Ȅǖ�þ³&-ǎƃšDǉĺ&2�-«ȕƠ��I�&-�/

2�ȎȺȤÑÈ8Ȝ�� 1ȓÍ8ĉãÖÍ7��2ƣ'-"4�ĥ7GJ-�"JGLɑ

G97(I-C79�ȉ�ĒǍȎ7� IȎȺȤ£ȁ8ơǩ7Ȟ�ȿ¨70�2Dćȅ(

Iȩɥ��I�A-�ǔ 4Ƃ8ǣÅƣ8ǎƃš9�ǎƃšƜ8Î÷3 APHV7Ȅǖ(IƳ

8ö�pre PHVö�ɳȓɲ < APHV�4 APHVLþ³&-ö�post PHVö�ɳȓɲ > 

APHV�7Ⱥɯ$J�ǔ 3Ƃ8öȺɯ8ƈą49�6/2�-�İė9ǎƃšƜLǀª

&�APHV7ǎ(Iɳȓɲ8ȄǖǼLĸȺ¨&-Ƅ3�ȎȺȤ£ȁ8ȿ¨ɨ70�2Dć

ȅ(I"4�ȩɥ46I� 

� óȓ�i_k_i��Eqkơǩz���4�/-ȉ¨z���ȺȤɭ8�Ȉė7� 

I�³Ơ8ǀª��įÂò8ȉ¨Ļɣ�F;òƯ�8ȥǓ7��2ȩɥ396�«ȕƠ7

0�2ɂĮ$J2�I(81)�A-�qkơǩz���8 14ȐÍ8ǽɠ7FH�ɼ7� I

IúZ�Y�8d�pVĬơ�mRNAȜĐɭ9À�1.3Ș�F; 3.9Șǀª&�ò7� 

I IúZ�Y�8d�pVĬơ�mRNAȜĐɭ9À�5.8Ș�F; 2.3Șǀª&-�Ƀ

3�òĎƯ�8d�pVĬơ9ȒCGJ69/-"4�ɂĮ$J2�H�qkơǩz��

�9òȥǓLƣ'$*I"46�ĸɅ¾}k�gV_3�IZ�Y�8ĬơLǁƖ(I

"4�ɑG94$J2�I(22)�"JG8ƬĦĉã8ă¯9G�ǔ1Ƃ7� IȎȺȤ£

ȁ4ǔ 3Ƃ7� Iò8ơǩɨ7Î(IȰ�Ǡ9��Ȉ7ǎ(Iqkơǩz���8£ȁ

�ò396�ɼ8ƹơ7�íLß@&-«ȕƠLŖĲ(ID83�I4ĥ7GJ-�&-

�/2�ťȓš=8k�n�W7ǎ(IȎȺȤ£ȁ�ò8B6G)�ɼ658ăĬƹƋ

8ê¨7ǎ&2ɦ LD-G(9Ȣ970�28ǧĴ�İė8²Ǖ46I� 
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5-5�ĐƆ=8£ɣ4ǵɈ 

� ťȓN_�k7üKIƭɖƌ�ëň�Zf�N_�iOgVk�m65�7�

�2ɧ·�âCGJ2�Iťȓš8Ȝ�	Ȝǖ8ĒȽƠ70�2�ɊɶȻ9G��098

ÒƷǳ6ǞĊ�ȌGJ-�_v��k�Ǩəȕɮ7Î&29ơű8ƖĦ&-š�ɟ�7ī

��ǣÅƣ8ȓǑ�12-15ķ�7��2ȡűøĞ7�Iš8_v��k�Ǩəȕɮ48ĳ

�Űſ(I«ȕƠ9ǭ�4ĥ7GJI��Ƀ�Ǩə�_v��kȕɮ8ĞƄɨ7Î&29

ȡűøĞ7�Iš7��2ī�D83�/-"49G�¤ǚǳ6�Ȉȕɮ8ĳ7Ò1�î

Żǳ6d��kȜô	Ʋȝ70�2Əů7ĥɪ(Iȩɥ��I�A-�ƣȹÅǳȓɲ7ǎ

&2Ÿǿ�I�9ȡűøĞ7�Iš�òɭ8ǀª7Ȟ/2_v��k�Ǩəȕɮ�ĞƄ&

-"47ǎ&�ƺűøĞ7�Iš9òɭ8ǀª4_v��k�Ǩəȕɮ8ĞƄ9Ǔ���

Ǡ&69/-�"8ă¯9G��ȈȕɮĞƄ8×Ž��6I«ȕƠ�ĥ7GJ�ƣȹÅǳ

ơűǼ7Ò1�2ĸȺ¨&-k�n�W�ȩɥ76I"4�ƚļ$J-� 

ťȓš8ȎȺȤ£ȁ7Î&29�k�n�W7ǎ(I�³Ơ8ȉ¨z���ȺȤɭ9

ȺȤư8ơűǼ7�íLū I"4�ɑG94$J-"49G�òȥǓLɔǳ4&-k�

n�WŞŌ8Ĺ79ǎƃ8ƣȹÅǳơűǼLĥɪ(IȩɥƠ�ŖĲ$J-�A-�ɳȓ

ɲ� APHVLþ³&2�-ťȓN_�k7��29��Ȉė8qkơǩz���ȺȤɭ

�ǀª&-"47ǎ&�òɭ8 1ȓÍ8ǀªɭ�ƀ69/-4��Ȱ�Ǡ�ȒCGJ-�

ɊɶȻ�F;ƬĦĉã8ă¯9G�ŉŴÖ7� Ik�n�WŞŌ8ɦ 4&2�ò8

B6G)�ɼ658ĸɅ¾}k�gV_7ǎ(I�í�ĥ7GJ-� 

� ɊɶȻ3ȌGJ-ă¯9Ůǚjd�F;�³Ơ8k�n�W£ȁ7FID83�

H�ɔǳLǖơ(I-C8�Ǚ3�I�ơűǼ7ǃ&-�Ȉv�W��Lģǡ(IǞĊL
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ȌI-C7�ɸȓǑ8ȷ8ÁǓ�ɹÿǈǳ6ŮǚǧĴ�ɺɢ�6ũɯ8k�n�W8ǩ

Öµȑ7FIǴ£8ǋLİė8ćȅ²Ǖ4&�ǧĴLÿǈ(I� 

�  
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ǔ�Ƃ 
ăɶ 

 

� ɊɶȻ9�ťȓš8òûǏ�ȎȺȤ£ȁ�F;_v��k�Ǩəȕɮ8ĒǍĳ70�2

ȷğ�ćȅ&�ơűǼ7ǃ&-�Ȉv�W��Lģǡ(I�ż4(I"4Lɔǳ7śȪ$

J-�+8ă¯��§8ăɶ�ȌGJ-� 

 

l qk8�Ȉ7��2ůɥ6ɗÆLȜÕ(IǓɻńȆò9�ģơ(IòȆ8ēɟ8×ȕ

7F/2�6IơǩɨLɟ(I� 

l ǣÅƣ8ȓǑ7��2�ȡűøĞ7�Iš8_v��k�Ǩəȕɮ9ƺűøĞ7�I

š7ǫ�0�«ȕƠ9ǭ���ĞƄɨ7Î&29ȉǱǼ3�H�APHV8Ȅǖ�x�

7F/2_v��k�ǨəȕɮĞƄ8×Ž�ò8ơǩ�Ɣþý8Ǵ£65���6I

«ȕƠ��I� 

l �Ȉė7ɝ�7ȺȤ$JIz���8ũɯEk�n�W7ǎ(Iz���£ȁ8ǋ

9ȺȤư8ơűǼ7�ǉ(I� 

 

� �Ƅ8ăɶ9G�ťȓš8Ȝ�	Ȝǖ9ûǏÅǳ�ƣɧÅǳ�F;ȎȺȤÅǳ7Čǥ6

ĒǍĳ�ǉĺ&�+8_slEi�|9ƣȹÅǳơűǼ7�ǉ(I"4�êǧ$J-� 
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