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� ƩƮǹ&�Ũ%�­�ķâ%Ƌèǹ��5��%ĉĕ&Ä®ĉ�âƨǹ%ş

ǏŞ ǥƒ�6�0#śĵ���6ǼMiller, 1980ǽ�ƩƮǹ&�âƨƁƐ�à¦

āƐ�­¦āƐ��ǤāƐ�4"6âƨÒǵƐ�ƩƮǰü�ƦǹƊ  1#Ʃ

ǥƒ%�÷ŊŇ:Ňė���6ǼPiermattei et al., 2006ǽ�ƩƮǹ%�Ƴ"ċ·&�

âƨÒǵƐƞ%ŧćĮÍ:ß	6� ��6�-��ƩƮǹ&âƨǹ%şǏŞ

 %Ǥ#35â
"ǑÈ�ǯ:ġ��6� ��ǥƒǯ#¸96ǋƭ:±ħ��

ƩƮǰü#��6ǋƭ:ǒř���6ǼMiller, 1980ǽ� 

� ƩƮǹƧƬ&�ƩƮǹ�âƨǹ%şǏŞ�4ß��6źē ìƟ�7�
5�

Ũ#
��ķ1ǝǙ�6Ŋ�%á�ĩĉàƈźē%( ���6ǼSchulz, 2002; 

Vasseur et al., 2003; Piermattei et al., 2006ǽ�ƩƮǹƧƬ&�ƧƬ%ĮÍ�4­ĮƧ

Ƭ�àĮƧƬ��ĮƧƬ#±Ƿ�7��6ǼVasseur et al., 2003ǽ��74%ƩƮ

ǹƧƬ%���ķ1á�Ǆ0476%&�ƩƮǹ­ĮƧƬǼmedial patellar luxation: 

MPLǽ��6ǼPiermattei et al., 2006ǽ� 

� Ũ%MPL&�°űĴ�6�&Āõĺ#à§ŏ�"��1ƩƮǹ%ƧƬ�ű�

��6� �á�� �4�ªãĒ%ƳÓ�ƆÑ�7��6ǼPiermattei et al., 

2006ǽ�-��MPL&�rv}c=��|�JQx��^~=�̀ ?�l�a��

[���gi|��s�[�T ����ì%ôÙŨƋ#åž���4#�¦

ÌĴ#žű�6� �á�� �4�Ǟ�Ēźē%ÉƥĒ1ĞĤ�7��6

ǼHodgman, 1963; Priester, 1972; Hayes et al., 1994; LaFond et al., 2002; Piermattei et 

al., 2006; Alam et al., 2007; Swiderski et al., 2007ǽ�MPL#36ƪĂżũ&�Čƣ

%Ǥŋſǎư�4đĒ%ǮǋǡĒǎư-�ň���5�ǡż��&âƨǹ2Ʀ

ǹ#ßĉ�ű��ǡĄ"ŊƥǨï:ć
ǌ��ǼSchulz, 2002; Vasseur et al., 2003; 
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Piermattei et al., 2006ǽ� 

� MPL %ÅÓ ���­ÇƢ2ǹǴǠ%µğ ���âƨǹ%ĉĕŸý�ǥ�

���6 á�%ėĶ#ƻǓ�7��6ǼSingleton, 1969; Campbell & Pond, 1972; 

Hulse, 1981; Roush, 1993; Kaiser et al., 2001; Piermattei et al., 2006ǽ�����ǚÆ

%ÛÏ#
����74%ǹĉĕ%Ÿý#ǥ��&�Ƙ��7�ƴƶ&č47

��"��ǡĄ"MPL%ż��&�âƨǹ�Ʀǹ�ƩƮǹ#ƲËſ"ǹßĉ:

ű�6� �ƃ47��6�ǼHulse, 1981; Schulz, 2002; Piermattei et al., 2006ǽ�

ǚÆ#MPL#
�6ǹßĉ%ǀ�:ư��ÛÏ%, ;!&�Á�%ǹ%.#

Ţš:Ĉ���6�-��ǹĉĕ#&ōýŨ#
��1ŨƋǤ#ƶ¶êſ"û

Ÿ�é×�6#1ǥ94�ǼFitzpatrick et al., 2012; Soparat et al., 2012ǽ��7-

�%ÛÏ%á�&ǀ�òǊ "6ŨƋ�Ƙ��7��"���%3�#�ǚÆ

%MPL#
�6ǹßĉ%ǀ�:ư��ÛÏ#
���Ì�ŨƋ
3)Ì�¢�

­�ƲĨ%ǹ%ßĉ:ÌĴ#ǀ���ÛÏ&é×�"�� 

� �%�Į��Ʃǥƒ:Ňė�6âƨÒǵƐ"!%ÐǕƐơ%Ÿý�ƩƮǹ%

ƧƬ:ć
ǌ����7#���ǹßĉ�ű�6 ��ŰǇ1é×���6

ǼNagaoka et al., 1995ǽ�����Ę�%ƃ6Ǧ5�MPL%ż�#
��âƨÒ

ǵƐ:Î/ǐǠƖƜ%Ÿý#Ƃƀ���%žűŊă%ƶı:ǁ.�ÛÏ&ļ�

é×�"�� 

� ����ĽƄƌ�&�9�Ö#
�6MPL%žűũŔ:ǆń�6�0#âƵ

ŉ"Źêſǆń:íį��MPL %ŻĕƶŁ#ǜ²"ŨƋ:Ŧì���Ō���

MPL#3��ű�6ǹßĉ#����âƨǹ�Ʀǹ�ƩƮǹ:»ĝſ#ǀ���

�74%ǹßĉ ǡżĄ
3)ƧƬŊă %ǥ�#���ņƺ:ư����4
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#�ļ�ı4�#�7��"�MPL#
�6ÐǕƐơ%ß¼#����ŻŰê

ſ
3)±èűťêſ#ƶŁ:ư�MPL%ŻÓ:ǘŒ��� 
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1. 1. ƚƸ  

� ƩƮǹ­ĮƧƬǼMPLǽ#ǥ�6Źêſǆń&��7-�#ň�"Ö�4Û

Ï�7��6�Hodgman4&�MPL#Ɲē�� 616ǵ%Ũ:ǀ���`?�l

�a��|�JQx��^~=�L=��^~=�[���rv}c=��å

žŨƋ���� ÛÏ���6ǼHodgman, 1963ǽ�Lafond4& 4,419ǵ%Ũ:ò

Ǌ#ņƺ:ư��µǗ��åžŨƋ#¸	�=v~F��M\F��SgcC

��qS`��^~=�k�a\K�[x?c�T�Qx��o?#MPL�å

ž���� ÛÏ���6ǼLaFond et al., 2002ǽ�Alam4&�134ǵ%Ũ:òǊ

 ��ǃƕ"Źêſǆń:íį��ƩƮǹƧƬ&­ĮƧƬ�àĮƧƬ#ő+�

ĹĔ#á��3ŎļŜ%Ũ#åž���¦Ē%žű�«�%ƔÀĨ:Ã0� Û

Ï���6ǼAlam et al., 2007ǽ������74ǚÆ%ÛÏ%á�&âêŻǧ"

!%�ŌƿŽįƼ:�ď#íį�7�1%��5��%ŐǪÔ#&àƈœŽ%

ǜĐ "6ǡż��Š×ſ#á�Î-7��6�0�MPL %ƝēŮ#¤5��

6ÉƥĒ��6��������74%ÛÏ&Źêſǆń:íį��Ö#
�

6Ũ%MPL%ƝēũŔ:ōƅ#Çĳ���"�ÉƥĒ��6� 

� MPL#ǥ�69�Ö�%Źêſǆń&�1996ÿ#ŅÅ4#3��ÛÏ�7�

�6ǼŅÅ4, 1996ǽ��%ÛÏ�&�ǍôÙŨ
3)ôÙŨ 419 ǵ%�� 212

ǵǼ50.6%ǽ# MPL�Ǆ047��¦Ē% MPL&Ť¦Ē% MPL351á��

��-��MPL Ɲēż�#
�6K��a%­ƽ&�K��a 1 � 32.7%�K

��a 2� 46.7%�K��a 3� 18.4%�K��a 4� 2.2%���������

ķǖ%Ũ%ǸƤǵĨ:Çĳ��9�Ö#
�6MPL%âƵŉ"Źêſǆń&ư

97��"������ĽƎ�&9�Ö�ǸƤ�7��6Ũ%MPL%žűũŔ
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:ěģ�6�0#��ŌƿŽįƼ:Èƿ��Ũ:òǊ#âƵŉ"Źêſǆń:

íį��� 
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1. 2. ľĬ
3)Įŕ  

1. 2. 1. ǆńòǊ 

� Ľņƺ&�2004ÿ 8ĸ�4 2015ÿ 7ĸ#�J[�ĠƋ2¥ąƿĭ:Î/ň�

"�ƾ:ŰŴ#ǥŀǖǟ%�ŌƿŽįƼǼâîSs?�¹ťŻǧ���-o\

`J~c\J�G��¹ťŻǧ�ùŷ¹ťŻǧ�Ļ¡¹ťŻǧ�ǣĻŨūŻǧ�

ǺǢ¹ťŻǧ�$%�9ŨūŻǧ�¬Ư¹ťŻǧ�s��¹ťJ~c\Jǽ#

Ŀǧ��Ũ:òǊ �ǆń:ư��� 

 

1. 2. 2. d56F  

� MPL %ƿĭ&�ƍ�çº�%Ʒƿ#�ư��MPL �Ǆ047�ÜË#&�

Singleton %K��a±Ƿ#Ú�
�K��a 1 �4 4 #±Ƿ��ǼƱ 1-1ǽ

ǼSingleton, 1969ǽ� 

 

1. 2. 3. ņƺǳƀ  

� dRbk��yKUy0�Ú����%�9JÛyd57�-u~���jy[1

�y©ÔÙº��c��}��rT�f@�]��z��ys}�� MPL �\.Q

L�eg������jQ/���W���z���y��0�MPL�e���� 

���y*��jQ/�+��}��Aa�]��z 

 

1. 2. 4. Z`&T_= 

� <Aa�~��G'Y>�y,��wBI
+ÚSDÛ�W���zƘƹƶŁ#&�

Ƙƹ¯ŰWj �̀GraphPad Prism version 6.0 for MacintoshǾGraphPad Software Inc.Ǿ
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San DiegoǾUSAǽ:�Ų���KUy0�y[1�y©ÔÙº��c��}���2

MVA'�yd57�-u��j��}��Mann-Whitney UA'�]��z��y

MPL �[1KU�n���y¤¶°E� 95%
q�m�P}�$SKU�W���z

P < 0.05:1��ĹĔû�5 ³ì��� 
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Ʊ 1-1 Singleton%K��a±Ƿ 

ǡżĄ� Ʒƿęƴ�

K��a 1 
ƩƮǹ:ŲĚ#�ƧƬ��6� �Éƥ���Ě:ǭ�'ōý�

#ĩĎ�76� 

K��a 2 
Ʃǥƒ%ö�#���ƩƮǹ�ðĲ#ƧƬ��ƫţ#ōý�#�

ĩĎ�76� 

K��a 3 
ƩƮǹ&ýĴƧƬ��--��6��ŲĚ�ĩĎ�6� �Éƥ

��6� 

K��a 4 ƩƮǹ&ýĴƧƬ��--��ŲĚ�%ĩĎ1�Éƥ��6��
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1. 3. Ɨł  

� ǆńĺǤ�#�Ľņƺ#ǂĈ��ż�& 2,770ǵ�Ëƹ 5,540ƣ�����Ũ

Ƌ&�`?�l�a�� 451 ǵ�tc[z=�Z\JSj�a� 365 ǵ�[�

�� 328 ǵ�ŃŨ� 128 ǵ�rv}c=�� 116 ǵ�Q��T�� 111 ǵ�|

�JQx��^~=� 95ǵ�gi|�� 88ǵ�s�[�T� 67ǵ�tc[z

=�QzbAP�� 65 ǵ�Hxf~=�H�K[x��T�SgcC�� 59

ǵ�j��[�k�a\K� 49 ǵ�AC�Qz�M�I�� 47 ǵ�N��_

���`~�f�� 43ǵ�gK� 35ǵ�Rx\J�}\U��^~=� 33ǵ�

=v~F��M\F��SgcC��tc[z=�i�Qx��Ê�28 ǵ�Q

B\`}�a�Q�l�a\K� 27ǵ�}k}a����`~�f�� 26ǵ�

h�K�� 24 ǵ�q�Z��M~�� 23 ǵ�?Y~=��K�?eA�a�

Fc�m��Z\JSj�a�oHc�T�Ê�21ǵ�Si\]� 14ǵ�hQ

{��j~�V� 11ǵ��5��7�à%ŨƋ&Ê�10ǵ������ǼƱ 1-2ǽ�

ǆńòǊ%Ũ%ÿǻ&�0 �ĸǻ�4 18 Ŏǻ�þØ 3.6w4.6 ŎǻǼ�ä£ 1.0

Ŏǻǽ������74%Ũ%Ē´&�ǩ� 1,473 ǵǼļÆºǿ1,028 ǵ�Æº

Řǿ445ǵǽ�ǫ� 1,297ǵǼļ�æǿ868ǵ��æŘǿ429ǵǽ��5��ǡ&

0.23kg�4 45.5kg�þØ 4.0w4.9kgǼ�ä£ 2.7kgǽ����� 

� MPL&�ǆńòǊ«�% 19.2%Ǽ533/2,770ǵǽ%Ũ�Ǆ047��MPL ƿ

ĭ�7�ŨƋ&�`?�l�a�� 130ǵǼ24.4%�E\Tőǿ1.9ǽ�[���

96 ǵǼ18.0%�E\Tőǿ1.9ǽ�tc[z=�Z\JSj�a� 45 ǵǼ8.4%�

E\Tőǿ0.6ǽ�|�JQx��^~=� 40 ǵǼ7.5%�E\Tőǿ3.2ǽ�rv

}c=�� 39ǵǼ7.3%�E\Tőǿ2.2ǽ�gi|�� 25ǵǼ4.7%�E\Tőǿ
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1.7ǽ�s�[�T� 20ǵǼ3.8%�E\Tőǿ1.8ǽ�ŃŨ� 18ǵǼ3.4%�E\T

őǿ0.7ǽ�tc[z=�QzbAP�� 11 ǵǼ2.1%�E\Tőǿ0.4ǽ��7�

à%ŨƋ&Ê�10ǵ������ǼƱ 1-3ǽ�MPL%žűŮ&�̀ ?�l�a��

[���|�JQx��^~=�rv}c=��gi|��s�[�T�ĹĔ

#Ǻ���� 

� MPL�Ǆ047�Ũ%Ē´&�ǩ� 256ǵǼļÆº 126ǵ�ÆºŘ 130ǵǽ�

ǫ� 277ǵǼļ�æ 152ǵ��æŘ 125ǵǽ��5�MPL&ǫ�ĹĔ#á�ž

ű����� 

� MPLƝēŨ%ƿĭĴ%ÿǻ&�0 ×8u�� 18Cu�,� 4.9w4.4CuÚ�#

� 4.0 CuÛ�y3 C;H�Q	�X 40%���y"!4�3l:�$S��}�

Ú� 1-1Ûz 

v MPLƝēŨ%ƿĭĴ%�ǡ&�0.37kg��32.1kg�,�3.7w2.8kgÚ�#�3.3kgÛ

�|��z��y�j��MPL�[1N�y�j 10kg;H� 20.1%Ú521/2,587pÛy

10�20kg� 8.7%Ú11/127pÛy20kg��� 1.8%Ú1/56pÛ�|��z�j 10kg;H

�)�K��yMPL�[1N�92�t�yMPL�[1��Ò¯¨� 3.6�t���

Ú^ 1-4Ûz 

v f@(h���~}�y�¦Ē%MPL� 342ǵ�Ǆ047��%·Ë& 12.3%

������%�Į��Ť¦Ē% MPL & 191 ǵ�Ǆ047��%·Ë& 6.9%

�����MPLƝēŨ%��&�64.2%��¦Ē��5��¦Ē%MPL%žű

�ĹĔ#á���ǼÕ 1-2ǽ� 

� ǆńòǊ«�#ò�6MPL%ÊK��a%ƝēŮ:Ć+ǵĨ�ĢƑ�� �

8�K��a 1� 10.9%Ǽ301/612ǵǽ�K��a 2� 7.8%Ǽ217/612ǵǽ�K�
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�a 3� 3.1%Ǽ86/612ǵǽ�K��a 4� 0.3%Ǽ8/612ǵǽ�����MPLƝ

ēŨ#
�6ÊK��a%Ã06·Ë&�K��a 1� 51.0%Ǽ446/875ƣǽ 

ķ1á��Ō��K��a 2� 35.1%Ǽ307/875ƣǽ ��K��a� 85%��

:Ã0�����4#�K��a 3� 12.9%Ǽ113/875ƣǽ�K��a 4� 1.0%

Ǽ9/875ƣǽ �K��a�Ǻ�#"6#�7�ƝēŮ���"6¨Í�Ǆ04

7�ǼÕ 1-3ǽ� 

� Ǹ���MPL#36ƪĂżũ:Ǆǉ�
�·Ë&�K��a 1� 2.3%�K�

�a 2� 13.8%�K��a 3� 18.6%�K��a 4� 50.0% K��a�Ǻ�"

6#�7�Ý¸�6¨Í�Ǆ047�ǼƱ 1-5ǽ� 

� �¦Ē% MPL �e����Q	�~}�y*�� MPL �jQ/�Ei����

�y�{�©ÔÙº����©ÔÙº�+� 1����Q	� 90%������}�

Ú^ 1-6Ûz 
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Ʊ 1-2 ǆńòǊ«�%ŨƋ%­ƽ 

ŨƋ n 
`?�l�a� 451 
tc[z=�Z\JSj�a 365 
[�� 328 
ŃŨ 128 
rv}c=� 116 
Q��T� 111 
|�JQx��^~= 95 
gi|� 88 
s�[�T 67 
tc[z=�QzbAP� 65 
Hxf~=�H�K[x��T�SgcC� 59 
j��[�k�a\K 49 
AC�Qz�M�I� 47 
N��_���`~�f� 43 
gK 35 
Rx\J�}\U��^~= 33 
=v~F��M\F��SgcC��tc[z=�i�Qx� 28 
QB\`}�a�Q�l�a\K 27 
}k}a����`~�f� 26 
h�K� 24 
q�Z��M~� 23 
?Y~=��K�?eA�a�Fc�m��Z\JSj�a�oHc�T 21 
Si\] 14 
hQ{��j~�V 11 
ACS`�e?}�a�p�?`�^~= 9 
f�c�T�sA�^��a\K 8 
Qn~=��eSH��k�a\K�qS`��^~= 7 
?�K~\Qz�M\F��SgcC��Ū 6 
SY�Z�a�l�a� 5 
�%� 64 
� A>o\`�ŵīŨ�Rx�s��QBg�a�SM\[�^~=�q�X?��?s}b�ǼÊ n = 4ǽ 
� ƓúŨ�L=��^~=�a�n�s��i�Qx���?y�*=�a�jD\JS�^~=ǼÊ n = 3ǽ 
� K��`�i�c�T�[x?c�T�J�S^\a�a\K�j}\`M�^\a��`~�f��½ŗǛŨ� 

� }O�=lWǼÊ n = 2ǽ 

� ƇųŨ�=v~F��SY\jD�aQx��^~=� =v~F��h�K��=v~F��i\`k�� 

� E�S`}~=��QBg�a�J}�f��SgcC��N��_��a@�a@��M`��a�^z�=��� 

� OwCa�SY�Z�a�Z\JSj�a�Z�vQ=��İĽ^~=�cz�j<�a}�a� 

� d�jD�J�^~=�fU�R��efc�T�n�R=��Y�hz���p�?`QBg�aǼÊ n = 1ǽ 

ǬƋ 327 
ƹ 2,770 
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Ʊ 1-3 ƩƮǹ­ĮƧƬ�Ǆ047�ŨƋ%­ƽ 

KU n 
MPLQ	

��c 

KUD�v v

SON 
¤¶°E 95%
q�m 

 

¹¡ØÄÙºÓ 130 24.4% 28.8% 1.9 1.529 - 2.424 x 

µÕÕ 96 18.0% 29.3% 1.9 1.465 - 2.461 x 

Ë¼µÎ�Ø´¶¨¯ÂÖº 45 8.4% 12.3% 0.6 0.398 - 0.767  

ÐÙ¨­ÍÙØ¸Ò� 40 7.5% 42.1% 3.2 2.117 - 4.894 x 

ÉÌÑ¼�Ö 39 7.3% 33.6% 2.2 1.488 - 3.296 x 

¿ÁÐÖ 25 4.7% 28.4% 1.7 1.058 - 2.726 x 

ÊÓµÙ° 20 3.8% 29.9% 1.8 1.080 - 3.131 x 

?K 18 3.4% 14.1% 0.7 0.407 - 1.123  

Ë¼µÎ�Ø­Î»¢¬Ù 11 2.1% 16.9% 0.4 0.442 - 1.641  

¦Í¾Ò�Ø¦Ö©µÍÙÓ°Ø¯¿¼£Ó 10 1.9% 16.9% 0.9 0.430 - 1.697  

­ÙØ°Ù 9 1.7% 8.1% - -  

Ë¼µÎ�ØÁÖ­ÍÙ 6 1.1% 21.4% - -  

®Í¶¨ØÑ¶±ÓØ¸Ò� 5 0.9% 15.2% - -  

�ÌÒ¥ÖØ«¶¥ÙØ¯¿¼£Ó 4 0.8% 14.3% - -  

ÀÙ©Ó 4 0.8% 16.7% - -  

¯Á¶· 4 0.8% 28.6% - -  

ÂÔÖµØÃÓº¶© 3 0.6% 6.1% - -  

¢£Ó­ÎØ«Ù§Ù 3 0.6% 6.4% - -  

¿© 3 0.6% 8.6% - -  

À­ÏÖØÂÒÙ² 3 0.6% 27.3% - -  

È¯¹ÖØ¸Ò� 3 0.6% 42.9% - -  

ÑÃÑºÙÓØÔ¹ÒÙ¾Ù 2 0.4% 7.7% - -  

¥¼ÖÅÖØ´¶¨¯ÂÖº 3 0.6% 14.3% - -  

ÈÙ´ÙØ«ÒÙ 1 0.2% 4.3% - -  

¡³Ò�ÖØ©Ô¡½¢Öº 2 0.4% 9.5% - -  

Æ¦¼Ù° 1 0.2% 4.8% - -  

¢£¯¹Ø½¡ÑÖºØÇÕ¡¹Ø¸Ò� 1 0.2% 11.1% - -  

¢ Æ¶¹ 1 0.2% 25.0% - -  

ª�ÖØ¸Ò� 1 0.2% 33.3% - -  

ÂÑ¶¹«Ù¸¶ºØÔ¹ÒÙ¾Ù 1 0.2% 50.0% - -  

¯³Ö´ÙºØ´¶¨¯ÂÖº 1 0.2% 100.0% - -  

oU 38 7.1% - - -  

` 533      

xÜZ`&T�92+|�ÚP < 0.05Û  
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Ʊ 1-4 �ǡ´%ƩƮǹ­ĮƧƬ%ƝēŮ 

�ǡ MPLƝēŮ E\Tő 95% Ƕ¾Ǥ 

�<10kg 20.1%Ǽ521/2,587ǵǽ 3.6 1.985-6.504 † 

10�20kg 8.7%Ǽ11/127ǵǽ 0.4 0.206-0.721 †† 

>20kg 1.8%Ǽ1/56ǵǽ - - 

�†ǿƘƹêſ#ĹĔ#Ǻ£ǼP < 0.05ǽ�††ǿƘƹêſ#ĹĔ#�£ǼP < 0.05ǽ 
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Ʊ 1-5 Ǹ���ƩƮǹ­ĮƧƬ#36ƪĂżũ:Ǆǉ�
�·Ë 

 
ƪĂżũ�5 ƪĂżũ"� �ı 

K��a 1 2.3%Ǽ7/301ǵǽ 67.1%Ǽ202/301ǵǽ 30.6%Ǽ92/301ǵǽ 

K��a 2 13.8%Ǽ30/217ǵǽ 79.3%Ǽ172/217ǵǽ 6.9%Ǽ15/217ǵǽ 

K��a 3 18.6%Ǽ16/86ǵǽ 77.9%Ǽ67/86ǵǽ 3.5%Ǽ3/86ǵǽ 

K��a 4 50.0%Ǽ4/8ǵǽ 50.0%Ǽ4/8ǵǽ 0.0%Ǽ0/8ǵǽ 

 

 



 

 

18 

 
 
 
 

# 1-6  "&���!�����������	$������ 

 
���� MPL$�� 

 
�
�
� +1 +2 +3 +4 ���! 

�� - 61.7%'116/188%( 30.9%'58/188%( 6.4%'12/188%( 1.1%'2/188%( 0.0%'0/188%( 


�
� 1 78.4%'145/185%( 17.3%'32/185%( 3.8%'7/185%( 0.0%'0/185%( - 0.5%'1/185%( 


�
� 2 72.2%'91/126% 27.0%'34/126%( 0.8%'1/126%( - - 0.0%'0/126%( 


�
� 3 81.8%'27/33%( 12.1%'4/33%( - - - 6.1%'2/33%( 


�
� 4 100.0%'1/1%( - - - - 0.0%'0/1%( 
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1. 4. țđ 

� ŶƅɊ)ȉž�>�ï(��; MPL )ȗĹǅ* 19.2%ʮ533/2,770 ʢʯ$
 

��ǁǲ*�`D�m�a}�\���z�LRw��^|B�qu{cB��

gjz��r}\�U(��# MPL)ȗĹǅ�ŲĻ(ʪ� ���­ĸ) MPL

�ƽ­ĸ(ƕ/#ŲĻ(Ā��MPL)ɾǕĤ*M~�a 1% 2�´¡) 85%��

?Î5#��� 

� ŶƅɊ$*�>�ï(��; MPL )8:Ɛǩ'ȗĹǂƟ?Ńœ�;�5(ā

ɃƊ'ǑĊǚɗƀ?čŤ���ƿČǓĹ)ȗĹǅ?ɗƀ�;úÚ�ɗƀĒɚ�Ǔ

Ĺ%ƹʈ¦(ņ»�<�2�ƿČò÷)ǁǲÁ)ʨȠʢŜ?�Ȼ�#�;ĵɀ�


;�ŶƅɊ$*��L\�ŏǲ7¬ĥɏš'&ƈ�'�Ɏ?Ǉǌ(�ƎɏǗŤ

Ɍ?Öɏ��ǁ?Ēɚ%��ʈŻɪɸ)ȿŜ)ò÷(#_�Z)Ôʒ?ȸ �� 

� ɲÑ)ùá(��#�MPL)ăǘǁǲ%�#*�qu{cB��`D�m�a

}�z�LRw��^|B�\���Ű6Ā�ùá�<#�;ʮHodgman, 1963; 

Priester, 1972; LaFond et al., 2002; Alam et al., 2007ʯ�ŶƅɊ(��#6`D�m�

a}�\���z�LRw��^|B�qu{cB�) MPL )ȗĹǅ�8,I

]Uƕ�ʪ��ɲÑ)ùá(�Ȭ�#���sc\xB�[]LTk�a*MPL

)ȗĹŜ*Ā� ���ȗĹǅ%I]Uƕ*%6( � �ʮȻ 1-3ʯ��)�ţ

$�sc\xB�[]LTk�a) 77.1%ʮ74/96ʢ�I]Uƕʲ27.5ʯ(��#

ȨȴʩÿţȦȭʮLateral patellar luxationʳLPLʯ�ɕ59<�� 

� ŶƅɊ$*�MPL%ɏš�<�ǁ)ĸÁ*ʓ)ţ�ŲĻ(Ā��ʓ� MPL(

ȗĹ�;|TL*ʑ) 1.3©ʪ� ���<9)ȉž*�Ĕõǁǲ(��;MPL

)ǘǈ*ʓ(Ā�%��ɲÑ)ùá(�Ȭ�#��ʮPriester, 1972; Denny & 
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Minter, 1973; Hayes et al., 1994; Alam et al., 2007ʯ��)�ţ$�āõǁǲ$*MPL

)ǘǈ*ʑ(Ā�%��ùá6
:ʮRemedios et al., 1992; Gibbons et al., 2006ʯ�

MPL%ĸÁ%)ʈ¦(!�#ȉɘ��;�5(*�9';ƅɊ�ĵɀ$
;� 

� MPLȗĹǁ)ɏšŬ)ğʭ*�/� 4.9z4.4Ix¬�%
 4.0Ix­�{3I@K

�W	� MPLb4R�` 40%£�����¬� 1-1­|Alam ��{MPLb4R��

�  3 ƑŵƮ)ǁ)ÄÚ* 57%%ùá�#�:�ŶƅɊ)ȉž%ʦ��#��

ʮAlam et al., 2007ʯ�2��ŶƅɊ$*MPL%ɏš��ǁ)0%@&�ľʅų$


 ���<9)ȉž�9�MPL*ľʅų(ɏš�<;�%�Ā�ǓĹ$
;�

%�¸ǩɕ�<��<* MPL �±ĂĸǓĹ$
;×Ȣĸ?ŚŊ�;6)$
 

�� 

� MPL ȗĹǁ)ɏšŬ)Ğó¡ɾ*�/� 3.7z2.8kg¬�%
 3.3kg­�~�{*�

R]�#������¡�|ŶƅɊ$*�Ĕõǁǲʮ¡ɾ 10kgŵƮʯ�MPL(ȗ

Ĺ�;|TL* 3.6©ʪ��ɲÑ)ùá(01�Ȭ�#��ʮPriester, 1972ʯʮȻ 

1-4ʯ� 

� �­ĸ)MPL)ÄÚ*{MPLȗĹǁ´¡) 64.2%?Î5#�:�ƽ­ĸ(ƕɧ

�#ŲĻ(Ā� ��ɲÑ)ùá(��#6��­ĸ)MPL)ÄÚ�MPLȗĹ

ǁ´¡)ȃ 40%$
 �%ùá�<#�:�ŶƅɊ)ȉž6�<9)ùá(ʦ�

�#��ʮKodituwakku, 1962; Denny & Minter, 1973ʯ� 

� ŶƅɊ(��;MPLȗĹǁ$)ÙM~�a)ÄÚ*�M~�a 1� 51.0%�M

~�a 2� 35.1%�M~�a 3� 12.9%�M~�a 4� 1.0%%M~�a�ʪ�(

';(!<#ȗĹǅ� �';®Ü�39<�ʮí 1-3ʯ��)�ţ$�ʨ���

MPL(8;ȫĢǕǂ?ɕə$��ÄÚ*�M~�a�ʪ�(';(!<#üÆ�



 

 24 

;®Ü�39<�ʮȻ 1-5ʯ�Alam 9)ùá$*�134 ʢ)ȨȴʩȦȭ(ȗĹ�

�ǁ)ɾǕĤ*�M~�a 1� 18%�M~�a 2� 27%�M~�a 3� 47%�M

~�a 4� 8%$
 �ʮAlam et al., 2007ʯ�Alam9)ùá*�āĊǔʋ?Öɏ

��ǁ?Ēɚ%�#�;�5�ȫĢǕǂ?à�;�%)Ā�M~�a 37 4)Ǖ

¤Ŝ�Ā��M~�a 17 2)Ǖ¤Ŝ�ĕ'� �×Ȣĸ�
;��)�5��

ƎɏǗŤɌ?Öɏ��Ǖ¤?Ǌ�#āɃƊ'ǑĊǚɗƀ?ȸ �ŶƅɊ)ȉž*�

>�ï(��;MPL)ǘǈǂƟ?8:Ɛǩ(Óū�#��%ț
9<;�2��

ŶƅɊ(��;ǑĊǚɗƀ)ȉž�MPL)ȗĹǅ*ɾǕĤ�ʪ�';(!<#ƪ

ĕ���ţ$ȫĢǕǂ*ɾǕĤ�ʪ�';(!<#ũǡÊ�;�%�ǩɕ�<�� 

� ADh��{�
3� MPL�"�{�
�¥¨«§����{¥¨«§�-� 1�

���W	� 90%��£�����¬f 1-6­|�¡��aB��{�:�MPL�pW

0�n0�~ "���{���:�n0�~ ���#�{�E��:�MPL�pW

0�p0�~ "���{���:�p0�~ ���#����=������|MPL

��
3�YS� ���#����[�¡�� � ¬Kodituwakku, 1962; Denny & 

Minter, 1973­{6}�[ r�{MPL�pW0�,�-����Dh��!���¡

���&����|ADh�aB��<.kX� MPL £k9� t��¢��pg

�5!£2 ������| 

y ADh��{©¤¦ª8]��1k9��E}��j��GkX;i£�k��R

£)m�T'ZlC£e���{�PVs£�k��>M�����U4�b4��

���c3�~ |���H\�MPL�T'£l� ����{Q(� �R£O�

N�o7��Dh£e����?���| 

� ŶƅɊ)ȉž�9�>�ï$ʨȠ�<#�;ǁ) 5 ʢ( 1 ʢ� MPL (ȗĹ�
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#�;×Ȣĸ�ǫå�<���<*�>�ï)ǁ�ȗĹ�#�;Ű6Ā�ǓĹ%

� #6ɲɈ$*'���)ɾɀĸ�¸ɕə�<��2��>�ï(��;�MPL

)ăǘǁǲ*�`D�m�a}�\���z�LRw��^|B�qu{cB�

$
;�%�ũ9�(':��ï)ǑĊǚĺù%0%@&�Ȭ�#���ƿ(�

`D�m�a}* MPL )ȗĹǅ%I]Uƕ�%6(ʪ� ��%�9�ʩĪĽ

7ǔĽ)ɆŽ(Ű6ȫĢǚ¥«)ʪ�ǁǲ$
;�%�ǫ�<�� 

 

  



 

 26 

 
 
 

 
 
 

Ǻ�Ǹ 

 
O�jx�Z�šĘŗīʮCTʯ?Ǌ��  

Ȩȴʩ¶ţȦȭ(��;ʩþĪ)ɑ¥  

  



 

 27 

2. 1. ȏɈ 

� Ȩȴʩ¶ţȦȭʮMPLʯ)Ǖ¤$*�Ȧȭ)ɾǕĤ(Ķ�#�āȧʩ7ȥʩ(

ƈ�'ǰĤ)ʩþĪ�ǈ�;ʮSingleton, 1969; Hulse, 1981; Roush, 1993; Schulz, 

2002; Vasseur et al., 2003; Piermattei et al., 2006ʯ��<2$)ùá$*�MPL(ʈ

ɱ�;ʩþĪ%�#�¶Óȝ�āȧʩɴ�)ÿţōɥ�āȧʩɴ� 3¼) 1)¶

ÓþĪ�Ƴɣư) Īľ%¶­Ǳ)ǘɳ�ȯ
;�*ƍŔ�āȧʩ¶­ʣ) Ī

ľ�ȥʩɪ�)¶ť?��ȥʩǱ)¶ţþ��ȥʩɪ�)ÿÓþĪ�Ō�9<#

�;ʮHulse, 1981; Schulz, 2002; Piermattei et al., 2006ʯ��)8�'ʩþĪ)ɑ¥(

*�İź�9 XȐǍ¯�Ǌ�9<#���ÍȄ XȐƅƀ*�ĔÇƾȫĢ(��#

Ű6�Ȯǚ'ƅƀ)+%!$
;���Ǝ°)ʩĪĽ?�Ǝ°)Ǎ¯$��ɑ¥

$���2��)ƭČ«*ŗīqSRy�(ā��īʜ?Ö�;��9(�ɾĤ

)ʩþĪ?Ų�;Ǖ¤(��#*ƭČ�Ȣ'ʞǜ�ĉñ�;�5�XȐǍ¯?Ǌ

�#ʩĪĽ?Ɛǩ(Ńœ�;(*ʊǎ�
;ʮMortari et al., 2009ʯ��ţ%�#�

O�jx�Z�šĘŗīʮComputed tomographyʲCTʯ*�ʩĪĽ?�Ǝ°$ɑ

¥×Ȣ$
:�MPL(��ʩþĪ?8:Ɛǩ(ɑ¥�;(*Űɵ$
;� 

� ɲÑ) MPL(��ʩþĪ(ʈ�;ùá)0%@&*�ʩĪĽ)ɑ¥( XȐǍ

¯�Ǌ�9<#�;�����X ȐǍ¯?Ǌ�# MPL (��ʩþĪ?ɑ¥��

ɲÑ)ùá$*�āȧʩ)3?ɑ¥��6)�Ā��Ŧǣ)ƭČʞǜ?ȍȘǚ(

ɑ¥��ùá*'�ʮBruecker, 2006; Persuki et al., 2006 Swiderski et al., 2007; Roch 

& Gemmill, 2008; Mortari et al., 2009; Soparat et al., 2012ʯ�2��ɾĤ'MPL)Ǖ

¤$*āȧʩ�ȥʩ�Ȩȴʩ(ȿÚǚ'ʩþĪ�ǈ�;(6ʈ>9��XȐǍ¯

?Ǌ�#āȧʩ%ȥʩ?ÛŬ(ɑ¥��ùá*ĕ'�ʮBound et al., 2009ʯ��9
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(�ɾĤ' MPL $*��<9)ʩ�ɾĤ(þĪ�#�;�5(ʩĪĽ)ɉƭ(

ɵ½'qSRy�$) X ȐǍ¯?ı;�%�ëʖ$
:�ɲÑ)ùá$*��<

6M~�a 4)Ǖ¤?Ēɚ%��ǦǴ*ĉñ�'���)8�' X ȐǍ¯?Ǌ�

# MPL (��;ʩþĪ?ɑ¥��ɲÑ)ùá)Ā�*�ǁǲʇ(ɆÃĊǚ'Ě

ǐ�
;(6ʈ>9��ȿŜ)ǁǲ?Ēɚ%�#ƅɊ�'�<#�:�Í�ǁǲ

)3?Ēɚ%��ùá* 1ù��'�ʮSoparat et al., 2012ʯ�ɪğ$*�ĔÇƾȫ

Ģʠ÷(��#6 CT�ŭÒ�;8�(':�MPL(��ʩþĪ?8:Ɛǩ(ɑ

¥$�;8�(' #�#�;ʮTowle et al., 2005; Fitzpatrick et al., 2012; Barnes et 

al., 2015ʯ�����CT ?Ǌ��ƅɊ(��#6�ǁǲ?Ȋ��#ȿŜ)ʩ?Û

Ŭ(ɑ¥��ùá*ĉñ�'���9(�Ŀ�)ǣ;ʊ:�M~�a 4)Ǖ¤)

ʩĪĽ?ɑ¥��ùá* CT ?Ǌ��ƅɊ(��#6ĉñ�'����� #�

�<2$)æʤƸ?Ɇƛ�;�5(*�Û�ǁǲ)3?Ǌ�#M~�a 4)MPL

?Þ4Ǖ¤?Ēɚ%��Û�¨¡¶$ÛŬ(ȿŜ)ʩ?�Ǝ°$Éŉǚ(ɑ¥�

;ĵɀ�
;��)8�'ƅɊ?ȸ��%*�MPL)ǔĽ?8:ɔȅ(Ńœ$�

;��$'��ÿǮǚƝǗţʀ)ƛČ(6ĬǷ!�%�ųĮ�<;� 

� ��$�ŶǸ$*Ǻ�Ǹ)ȉž(ø"��>�ï$ MPL )ȗĹŜ�Ű6Ā�

`D�m�a}?Ēɚ(�´#)M~�a(��#ǈ�;�āȧʩ�ȥʩ�Ȩȴ

ʩ)þĪ)ǰĤ(!�#�Ŧù)ƭČʞǜ? CT ?Ǌ�#�Ǝ°$Éŉǚ(ɑ¥

���<9)ʩþĪ%ɾǕĤ%)ʈ¦(!�#ƅɊ?ȸ �� 
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2. 2. ŷş�8,ţƠ 

2. 2. 1. ɑ¥Ēɚ 

� ŶƅɊ*�2012ğ 8ű�9 2014ğ 10ű2$)ųʇ(�ŧŶāĊÇƾǔʋ$ɇ

ɏ(#MPL%ɏš��CTŗī?ȸ �`D�m�a})įȞ?Ǌ�#ÂÜ�(

ɑ¥?ȸ ��2�*�MPL %ɏš��`D�m�a})įȞ? Singleton )M

~�a¼ʦ(ø"��M~�a 1�9 4(¼ʦ��ʮSingleton, 1969ʯ�ŶƅɊ$

*��)ǓĹ(8;ʩþĪ)īʜ?ʌÿ�;�5(�MPL?Þ5�ŝĪÿǮǓĹ

?ɕ5'�`D�m�a})įȞ?ƐĜș%�#Ǌ��� 

 

2. 2. 2. CTŗī 

� CT ŗī*�´¤$´ɢʬɼ�(#ȸ ��2�*�Âń�ȶ%�#ûɽs[

Y{t�0.2 mg/kgʯʮa}sJtʰBT^{TȾȶʮƂʯʰŻ�ʯ%ɻǥɽl`

}kAd�}�0.2 mg/kgʯʮo`}kA�}ʰMeiji Seika kA}rʮƂʯʰŻ�ʯ

?ʘȤ¶.ń����Ǝ�$�m�qkH�}�2.0-3.0 mg/kg��rD{�ʰrD

{�ȾȶʮƂʯʰāʉ�?ʘȤ¶.ń��;�%(8:ē³��1.5	2.0%)DX

k}{��DXk}ʰDS kA�rBcr}n}TʮƂʯʰāʉʯß³ʬɼ(#

´ɢʬɼ?ȌŊ��� 

� CTŗī(*�16¾ CTŗīȼȖ�Aquilion LB 16 SliceʰŻȱu_CJ}RT^

tUʮƂʯʰāǋÐʰƁŴ�?£Ǌ��ÌǊǍ¯ɆŽ��LT^�Ry�ʮAZE 

VirtualPlaceʰAZEʮƂʯh Ż�ʯ?Ǌ�#�Ǝ°¸Ƈǿ?ȸ ��CTŗī*��

Ȫ�(Ǖ¤?§Č��ȝʈǾ�8,ȨʈǾ?ȃ 90�(ėŮ��ǂĽ$čŤ���

�)ʐ(*�T{DTÏ� 0.5mm�¸Ƈľʇʏ� 0.3mm%';8�(ɌČ��� 
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2. 2. 3. øƯȐ)ɌČ�8,ƭČǊǍ¯)¢ľ 

� āȧʩ$*�āȧʩʅ)ɪ�­ 3¼) 1�8, 2¼) 1$)Ƌšʙ(��;Û

Ĵ·)�Ĵ$
; 2!)Ƹ?ɯɲ�;ǝȐ?āȧʩøƯȐ%���āȧʩøƯȐ

(ǝ����!āȧʩĔɥć?Þ4Ƌšʙ(��#�ʢ­ʩǛɝ)ŏȐ(Ğȸ'

Ğʙ?āȧʩƐʙ¯%��ʮí 2-1Aʯ�Ǝ�$�āȧʩøƯȐ?�Ĵ(āȧʩ?

90Ĥ¶ť���¯?āȧʩ­ʙ¯%��ʮí 2-1Bʯ��9(�āȧʩ?āȧʩø

ƯȐ$Ɛ�ţÜ( 90Ĥįė���¯?āȧʩɦţÜ¯%��ʮí 2-1Cʯ� 

� āȧʩɴ�ɹ)ʩĪĽ?ɑ¥�;�5(�Ǝ°¸Ƈǿ��āȧʩ(��#�ā

ȧʩ¶­ʣ�8,ÿ­ʣ)Ė­Ȓ�Ű  3¼) 1��ɾ';8�(�#āȧʩʣ

­ʙ¯?ɌČ��ʮí 2-2Aʯ�āȧʩʣ­ʙ¯(��#�Ƴɣư)ɪ�ǹ%ɴ�

ǹ?ȉ-ǝȐ%ǝ��;8�(āȧʩɴ�ɹ? 20ǻ¼���ı9<�Ƌšʙ*�

ɴ��9ɪ�ţÜ.ǏØ"�?ȸ � ʮí 2-2Bʯ� 

� ȥʩ$*���(ǫ� 2!)øƯƸ?ȉ-ǝȐ?ȥʩ)øƯȐ%���ɪ�­

)øƯƸ*�Dismukes9)ùá(ø"��¶­ʣʇʍɞ%ÿ­ʣʇʍɞ)�ʇƸ

%��ʮDismukes et al., 2008ʯ�ɴ�­)øƯƸ*�ɠʩ­ʙ(��#ɠʩƳɣ(

ŏ�;ÛĴ·)�Ĵ?ɯ;Ȑ%ɠʩƳɣ)ģɹ?ɯ;Ǣǂšʙ%)�Ƹ%��

ʮí 2-3A BhʯʮDismukes et al., 2008ʯ�ɠʩƳɣ)ģɹ?ɯ;Ǣǂšʙ(��#�

ȥʩŰɴ�)�ʇǱ)Űʢ­Ƹʮí 2-3A(��;Ƹ aʯ�8,ŰĖ­Ƹʮí 2-3A

(��;Ƹ bʯ?ɌČ���<9 2 Ƹ�ȥʩøƯȐ�(�¾(ɺ¾�<;¯?ȥ

ʩƐʙ¯%��ʮí 2-3Aʯ�ȥʩøƯȐ?�Ĵ(ȥʩ? 90 Ĥÿť���¯?ȥ

ʩ­ʙ¯%��ʮí 2-3Bʯ�Ǝ�$�ȥʩɪ�)¶ťþĪ�ɾĤ$
 #6ȥʩ
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ɪ�)ĪĽ)ɑ¥�Ɛǩ(ȸ
;8�(�ȥʩøƯȐ?�Ĵ(ȥʩ¶­ʣ�8,

ÿ­ʣ)Ė­Ȓ�ɾ';8�(éɥ��#ȥʩɪ�­ʙ¯?ɌČ��ʮí 2-3Cʯ�

�9(�MPL)ǁ(��;ȥʩǱ)¶ţþ�)Ųƹ?ɑ¥�;ǜǚ$�ȥʩǱ)

ʝƸ%¶­ʣ�8,ÿ­ʣ)ŰĖ­Ƹ�Û�Ğʙ�?ɯ;ȥʩɦţÜ¯?¢ľ�

�ʮí 2-3Dʯ� 

 

2. 2. 4. ƭČʞǜ 

2. 2. 4. 1. āȧʩ 

� āȧʩƐʙ¯$*�āȧʩɪ�)þĪ?ɑ¥�;ǜǚ$ anatomic lateral proximal 

femoral angleʮaLPFAʯ�mechanical lateral proximal femoral angleʮmLPFAʯ�ʡ¡

Ʌ?ƭČ���āȧʩɴ�)¶ÓþĪ?ɑ¥�;ǜǚ$ anatomic lateral distal 

femoral angleʮaLDFAʯ�mechanical lateral distal femoral angleʮmLDFAʯ�¶ÓɅ)

ƭČ?ȸ �ʮí 2-4A-CʯʮHauptman et al., 1979; Paley, 2003; Tomlinson et al., 

2007; Swiderski et al., 2008ʯ� 

� āȧʩ­ʙ¯$*�Âė?ɑ¥�;�5(�anatomic caudal proximal femoral 

angleʮaCdPFAʯ�mechanical caudal proximal femoral angleʮmCdPFAʯ�anatomic caudal 

distal femoral angleʮaCdDFAʯ�mechanical caudal distal femoral angleʮmCdDFAʯ

?ƭČ��ʮí 2-4D EhʯʮPaley, 2003; Petazzoni, 2006ʯ��9( proximal anatomic 

axisʮpaaʯ%distal anatomic axisʮdaaʯ)'�Ʌ?ÂėɅ%�ɉƭ?ȸ �ʮí 2-4Dʯ

ʮPaley, 2003ʯ� 

� āȧʩɦţÜ¯$*�āȧʩ)éť?ɑ¥�;ǜǚ$ÂōɅ?ƭČ��ʮí 

2-4Fʯ ʮNunamaker et al., 1973; Montavon et al., 1985; Towle et al., 2005; Dudley et al., 
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2006; Mostafa et al., 2014; Barnes et al., 2015ʯ��9(�āȧʩ)ōɥ7āȧʩʣ)

ĪĽ(8;īʜ?ʌÿ��āȧʩʩʡɹ)®�)3?ɑ¥�;ǜǚ$�āȧʩʡ

ɦ%ƗĞȐ%'�Ʌ?ʩʢ®Ʌ%�#ƭČ?ȸ �ʮí 2-4Gʯ� 

� āȧʩɴ�ɹ)ÙƋšʙ(��#�¶­ƳɣʈǾʙ%ÿ­ƳɣʈǾʙ)'�Ʌ

?ʣʇưɅʮSulcus angle̡ SAʯ%��ʮí 2-5AʯʮBrattstroem et al., 1964; Stefanik 

et al., 2013ʯ��)ʐ(�ƭČ�;Ʌ)ʝƸ*Ƴɣư)Ű6Ƨ�Ƹ%���Ǝ�$�

ÙƋšʙ(#āȧʩʣ)ŰĖ­Ȼʙ?ɯ;įʣɦ?¢ľ��įʣɦ%¶­Ƴɣʈ

Ǿʙ)'�Ʌ?¶­Ƴɣ®ɅʮMedial trochlear inclination̡ MTIʯ%��ʮí 2-5Aʯ

ʮCarrillon et al., 2000; Stefanik et al., 2013ʯ�Ûƈ(�ÙƋšʙ(#įʣɦ%ÿ­Ƴ

ɣʈǾʙ)'�Ʌ?ÿ­Ƴɣ®ɅʮLateral trochlear inclinationʲLTIʯ%��ʮí 

2-5AʯʮCarrillon et al., 2000; Stefanik et al., 2013ʯ��9(�Űɴ�Ƌšʙ)įʣɦ

(Ē�;ÙƋšʙ(��;¶­ƳɣǱ%ÿ­ƳɣǱ)ʝƸ?ȉ-ǝȐ)®�?Ƴ

ɣɅʮTrochlear angleʲTAʯ%��ʮí 2-5BʯʮKalichman et al., 2007ʯ� 

� $dwv�ĪĽ?ɑ¥�;ǜǚ$�āȧʩɴ�ɹ? 3!)ËǍ(¼�#ƅɊ?

ȸ ��ŶƅɊ$*�Ƴɣưģɹ8:ʢ­? cranial compartment{vq^��+
£

caudal compartment{cranial compartment � caudal compartment�q�u £ middle 

compartment ���ʮí 2-6Aʯ�ÙƋšʙ(��;¶­ƳɣǱ)ʝƸ%āȧʩ¶­

ʣ)ŰĖ­Ƹ)ɠʕ?MC%��ʮí 2-6Bʯ�Ûƈ(�ÙƋšʙ(��;ÿ­Ƴ

ɣǱ)ʝƸ%āȧʩÿ­ʣ)ŰĖ­Ƹ)ɠʕ? LC %��ʮí 2-6Bʯ��9(�

MC 
;�* LC?įʣɦ(Ğȸ$�!ʣʇǶ?ɯɲ�;ǝȐ$ 2!)ʠ÷(¼

��ʢ­­?Ù�MCʮaʯ% LCʮa’ʯ�Ė­­?Ù�MCʮpʯ% LCʮp’ʯ%��

ʮí 2-6Cʯ�āȧʩ¶­ʣ)ʩĝʮMedial condylar widthʳMCWʯ*�ÙƋšʙ
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(��;įʣɦ(Ğȸ�!MCʮpʯ)�Ƹ?ɯ;ǝȐ�$)ĝ%��ʮí 2-6Dʯ�

Ûƈ(�āȧʩÿ­ʣ)ʩĝʮLateral condylar widthʳLCWʯ*�ÙƋšʙ(��

;įʣɦ(Ğȸ�! LC ʮp’ʯ)�Ƹ?ɯ;ǝȐ�$)ĝ%��ʮí 2-6Dʯ�Cranial

�8, middle compartment % caudal comparment )ʈ¦ĸ?ɑ¥�;�5(�

MC/LC�MCʮaʯ/ LCʮa’ʯ�MCʮaʯ/ MCʮpʯ�LCʮaʯ/ LCʮpʯ� MCʮpʯ / 

LCʮpʯ�MCW/LCW?�<�<ǽ»�ƕɧ?ȸ �� 

 

2. 2. 4. 2. ȥʩ 

� ȥʩƐʙ¯$*�ÿÓþĪ?ɑ¥�;ǜǚ$ mechanical medial proximal tibial 

angle ʮmMPTAʯ%mechanical medial distal tibial angleʮmMDTAʯ?Ù�ɉƭ�

�ʮí 2-7AʯʮPaley, 2003; Dismukes et al., 2007ʯ� 

� ȥʩ­ʙ¯$*�ȥʩɴ�)Âė?ɑ¥�;�5(mechanical cranial distal tibial 

angleʮmCrDTAʯ?ƭČ��ʮí 2-7BʯʮPaley, 2003ʯ�ȥʩɪ�­ʙ¯$*�ȥ

ʩɪ�)Âė?ɑ¥�;�5(mechanical cranial proximal tibial angleʮmCrPTAʯ

?ƭČ����9(�ȥʩɪ�)ĪĽ?ɑ¥�;�5(ȥʩʪĞɹɅʮtibial plateau 

angle̡ TPAʯ�ZɅ�relative tibial tuberosity widthʮrTTWʯ?Ù�ƭČ��ʮí 2-7Cʰ

DʯʮFettig et al., 2003; Paley, 2003; Inauen et al., 2009; Renwick et al., 2009; Vedrine et 

al., 2013ʯ� 

� ȥʩ)éťþĪ)ɑ¥(*�Apelt9)ùá(Ư�#�Tibial torsion angleʮTTAʯ

?ǽ»��ʮí 2-7EʯʮApelt et al., 2005ʯ� 

� ȥʩɦţÜ¯$*�¶ÿ­ţÜ(��;ʩĝ? proximal tibial widthʮPTWʯ�ȥ

ʩ¶­Ȓ�9ȥʩǱ)ʝƸ2$)ɠʕ?medial distance of tibial tuberosityʮMDTTʯ
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%��ȥʩǱ)¶ţþ�)Ųƹ?ɑ¥�;�5( MDTT/PTW ?ǽ»��ʮí 

2-7Fʯ� 

 

2. 2. 4. 3. Ȩȴʩ 

� Ȩȴʩ$*�ʅĭ�Ǥĭ�Ï3�Đǳ)ƭČ?ȸ �ʮí 2-8A Bhʯ��9(�

Ȩȴʩ)ôǝţÜ)�Ȗ% MPL %)ʈ¦?ɑ¥�;ǜǚ$�Ȩȴʚěʅ%Ȩȴ

ʩʅ)ƕǅ?ǫ� L:Pƕ?ǽ»��ʮí 2-8AʰCʯʮInsall & Salvati, 1971; Johnson 

et al., 2002; Johnson et al., 2006; Mostafa et al., 2008ʯ� 

 

2. 2. 5. ȊɉĊǚɆŽ 

� ŶƅɊ(��;ÙƭČʞǜ)ɉƭ(*�Ǎ¯ɆŽXk`ʮOsirixʰOsirix 

FoundationʰLausanneʰSwitzerlandʯ?£Ǌ�{�}�J(aB�/�
zFL�

-¬SD­�_���|ȊɉɆŽ(*�ȊɉºǇXk`�GraphPad Prism version 6.0 for 

MacintoshʰGraphPad Software Inc.ʰSan DiegoʰUSAʯ?£Ǌ���Ùșʇ)ƕɧ

(*�Kruskal-Wallis ƅČ?Ǌ���įƕɧ(*�Dunn’s ĀɾƕɧƅČ?£Ǌ�

��P < 0.05?6 #ŲĻĚ
:%ÀČ��� 
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2. 3. ȉž 

2. 3. 1. ɑ¥Ēɚ 

� ŶƅɊ$*�`D�m�a} 27ʢ) 41Ȟ?ɑ¥����<9)ǁ)ğʭ*�3

�űʭ�9 11Ƒʭ$�Ğó 1.7�2.8Ƒʭ$
 ��¡ɾ*�1.35kg�9 6.38 kg

$�Ğó 2.8�1.4kg$
 ��ĸÁ*�ʑ� 4ʢ�ÑÈʑ� 5ʢ�ʓ� 10ʢ��

Ąʓ� 8ʢ$
 ��ŶƅɊ(Ǌ��įȞ)ÙM~�a)¶ɍ*�M~�a 1ș

� 3Ȟ�M~�a 2ș� 10Ȟ�M~�a 3ș� 3Ȟ�M~�a 4ș� 10Ȟ$


 ��ŶƅɊ$*�15Ȟ)įȞ�ƐĜș(ɓĩ��� 

 

2. 3. 2. āȧʩ 

� āȧʩ)¶Ó?ɑ¥�;�5) aLDFA�mLDFA�¶ÓɅ*�ƐĜș%M~�

a 2ș(ƕ/M~�a 4ș$)3ŲĻ'ʪ«?ǫ���2��āȧʩ)éť?ǫ

�ÂōɅ*�M~�a 4ș$)3ƐĜș�8,M~�a 1ș(ƕ/ŲĻ' «?

ǫ���mLPFA�ʡ¡Ʌ�aCdPFA�mCdPFA�aCdDFA�mCdDFA�ÂėɅ�ʩ

ʢ®Ʌ(��#*�Ùșʇ$ŲĻĚ*ɕ59<'� �ʮȻ 2-1ʯ� 

� SA *�´#)ș(��#Ƴɣư)ɴ� 4 ¼) 1 $*üÆ��ɪ�ţÜ.Ü�

�(!<#ƪĕ�;6))�¸,ɪ� 2¼) 1$*üÆ�;®Ü?ǫ���M~

�a 4ș$*�ɪ� 2¼) 1$ SA)ƭČ�ëʖ'Ǖ¤�ȿŜĉñ�#���5�

ȊɉĊǚɆŽ*´#)ș$SA)ƭČ�×Ȣ$
 �No.1�9No.8$čŤ���

�)ȉž�M~�a 4ș$*�ƐĜș%ƕɧ�# SA)ŲĻ'ʪ«?ǫ��ʮí 

2-9ʯ�¶­ƳɣưʈǾʙ2�*ÿ­ƳɣưʈǾʙ)®�?ǫ�MTI% LTI*�´

#)ș$ƭČ×Ȣ$
 � No.1�9 No.4$ȊɉºǇ?ȸ ��MTI*�M~�
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a 4ș$*ƐĜș�8,M~�a 2ș(ƕɧ�#ŲĻ' «?ǫ����)�ţ

$�LTI *Ùșʇ$ŲĻĚ*ɕ59<'� �ʮȻ 2-2ʯ�Ƴɣ)®�?ǫ� TA

*�M~�a 4ș$*Ƴɣư)ɴ��9ɪ�ţÜ(��#ƪĕ�;®Ü?ǫ��

)(Ē���ș$*üÆ�;®Ü?ǫ��ʮí 2-10ʯ�M~�a 4ș(��; TA

*�Ƴɣư)ɴ�ɹ¼$*�ș(ƕ/#ʪ«?ǫ����ɪ�ɹ¼$* «?ǫ

���2��Ƴɣư)ɪ�ɹ¼$*�M~�a 2ș) TA�ƐĜș(ƕ/#ŲĻ

'ʪ«?ǫ��� 

� āȧʩʣ(��;ƭČʞǜ*�´#)ș$ƭČ×Ȣ$
 � No.1�9 No.4$

ȊɉºǇ?ȸ �ʮȻ 2-3ʯ�MC/LC*�M~�a 2ș(ƕ/#M~�a 4ș$

 �®Ü�39<��MCʮaʯ/LCʮa’ʯ*M~�a 4ș$�ș(ƕɧ�# �®

Ü?ǫ��MCʮaʯ/MCʮpʯ�LCʮa’ʯ/LCʮp’ʯ*ƐĜș�M~�a 2ș�M~

�a 3ș(ƕ/#M~�a 4ș$ŲĻ' «?ǫ���2��MCʮpʯ/LCʮp’ʯ

%MCW/LCW(��#*�Ùșʇ$ŲĻĚ*ɕ59<'� �� 

 

2. 3. 3. ȥʩ 

� ȥʩ)éť?ǫ� TTA*�ƐĜș�8,M~�a 2ș(ƕ/#M~�a 4ș

(��#�ŲĻ'ʪ«?ǫ����9(�ȥʩǱ)¶ţþ�?ǫ� MDTT/PTW

*�ƐĜș(ƕ/#M~�a 4 ș(��#ŲĻ' «?ǫ����)�ţ$�

mMPTA�mMDTA�mCrPTA�mCrDTA�TPA�ZɅ�rTTW(��#*�Ùșʇ

$ŲĻĚ*ɕ59<'� �ʮȻ 2-4ʯ� 

 

2. 3. 4. Ȩȴʩ 
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� Ȩȴʩ)ʅĭ%Ǥĭ�L:P ƕ*�Ùșʇ$ŲĻĚ*ɕ59<'� ���)�

ţ$�Ȩȴʩ)Ï3%Đǳ*�ƐĜș(ƕ/#M~�a 4ș$ŲĻ' «�ɕ5

9<�ʮȻ 2-5ʯ� 

 

� ŶƅɊ$* CT ?Ǌ�#�Ēɚ%';ʩ?�Ǝ°Ǎ¯$¸Ƈǿ��ʩĪĽ?ɑ

¥��%�=�XȐǍ¯$*ɑ¥��×Ȣ$
 �éťþĪ'&)ɾĤ'þĪ�


 #6�́ #)ʞǜ?Ɛǩ(ƭČ�;�%�×Ȣ$
 ��ŶƅɊ)ȉž8:�

MPL)`D�m�a}(��#*�M~�a 4(��#)3�āȧʩ�ȥʩ�Ȩ

ȴʩ)´#(ƈ�'ʩþĪ�ǈ�#���%�ũ9�%' ��M~�a 4 )

MPL)Ǖ¤)āȧʩ(��#*�¶ÓþĪ�ÿţōɥ�Ƴɣư) Īľ�ǈ�#

��ʮí 2-11ʯ�2��āȧʩɴ�ɹ$* cranial�8,middle compartment) 

Īľ�ǈ�#�:��<2$(ùá�<#�� caudal compartment )¶­ʠ÷$

) Īľ*ɕ59<'� �ʮí 2-11ʯ�ȥʩ(��#*�ȥʩɪ�)¶ťþĪ

�ʥȳ$
:�ȥʩǱ�¶ţ.%þ��#��ʮí 2-12ʯ��9(�ɾĤ)MPL

(��#*�ũ9�'Ȩȴʩ) Īľ�ǈ�#��� 
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Ȼ 2-1 āȧʩ(��;Ùǲʞǜ)ƭČȉž 

 

ƐĜș M~�a 1ș M~�a 2ș M~�a 3ș M~�a 4ș 

aLPFA 119.5 ± 5.7 116.6 ± 3.3 118.7 ± 4.4 125.5 ± 1.6e 112.7 ± 6.8d 

mLPFA 113.6 ± 6.1 109.7 ± 4.4 113.1 ± 3.9 120.5 ± 2.5 109.7 ± 6.4 

ʡ¡Ʌ 116.8 ± 6.1 116.9 ± 0.7 118.0 ± 6.8 112.5 ± 9.5 118.3 ± 9.3 

aLDFA 90.3 ± 2.8e 91.6 ± 1.8 89.5 ± 3.8e 93.1 ± 3.4 108.1 ± 8.0a, c 

mLDFA 96.2 ± 2.5e 98.5 ± 2.1 95.0 ± 3.6e 97.8 ± 4.1 111.1 ± 6.9a, c 

¶ÓɅ 0.3 ± 2.8e 1.6 ± 1.8 -0.6 ± 3.8e 3.1 ± 3.4 18.1 ± 8.0a, c 

aCdPFA 153.3 ± 5.1 154.7 ± 10.4 151.6 ± 6.0 147.3 ± 10.9 151.7 ± 5.6 

mCdPFA 9.6 ± 5.5 8.0 ± 5.9 11.3 ± 5.9 13.1 ± 9.1 10.4 ± 6.2 

aCdDFA 102.9 ± 3.2 105.3 ± 2.6 102.6 ± 3.5 103.2 ± 5.7 104.7 ± 5.7 

mCdDFA 108.4 ± 1.7 108.8 ± 3.6 107.5 ± 2.6 110.1 ± 2.7 107.0 ± 2.7 

ÂėɅ 11.2 ± 5.2 14.7 ± 3.2 11.1 ± 5.4 12.6 ± 3.5 15.8 ± 6.9 

ÂōɅ 19.8 ± 4.6e 24.5 ± 9.1e 16.6 ± 4.8 19.2 ± 12.2 9.6 ± 5.2a, b 

ʩʢ®Ʌ 20.8 ± 4.1 19.1 ± 9.8 21.7 ± 4.9 22.6 ± 7.0 19.3 ± 7.6 

a bh chʲ���ĔŞĈ�!�#�;ƭČ«*�Ùșʇ$ȊɉĊǚ(ŲĻĚ�
 
��%?ǫ�ʮP < 0.05ʯʮaʳvs. ƐĜș�bʳvs. M~�a 1ș�cʳvs. M~�a
2ș�dʳvs. M~�a 3ș�eʳvs. M~�a 4șʯ� 
aLPFA = anatomic lateral proximal femoral angle�mLPFA = mechanical LPFA�aLDFA 
= anatomic lateral distal femoral angle�mLDFA = mechanical LDFA�aCdPFA = 
anatomic caudal proximal femoral angle�mCdPFA = mechanical CdPFA�aCdDFA = 
anatomic caudal distal femoral angle�mCdDFA = mechanical CdDFA. 
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Ȼ 2-2 MTI�8, LTI)ƭČȉž 

�  �  ƐĜș M~�a 1ș M~�a 2ș M~�a 3ș M~�a 4ș 

MTI 

No.1 27.9 ± 6.0e 27.0 ± 7.1 30.8 ± 9.7e 24.2 ± 13.6 12.9 ± 9.2a, c 

No.2 19.8 ± 6.1e 19.8 ± 6.2e 20.0 ± 6.2e 15.0 ± 3.0 6.0 ± 8.0a, c 

No.3 16.6 ± 4.0e 14.3 ± 4.7 15.5 ± 8.5e 13.8 ± 2.5 3.7 ± 4.9a, c 

No.4 13.7 ± 4.2e 11.9 ± 3.6e 13.2 ± 7.7e 11.2 ± 7.7 0.6 ± 5.1a, c 

LTI 

No.1 29.7 ± 6.6 24.2 ± 6.4 29.0 ± 8.8 25.2 ± 1.3 25.7 ± 8.2 

No.2 22.9 ± 4.7 16.7 ± 2.2 18.7 ± 8.7 16.1 ± 9.8 21.3 ± 8.0 

No.3 21.3 ± 5.1 15.8 ± 2.9 16.9 ± 8.0 13.8 ± 8.3 16.3 ± 7.6 

No.4 22.4 ± 4.6 13.9 ± 2.1 17.1 ± 6.1 15.0 ± 7.6 18.1 ± 7.4 

a bh chʲ���ĔŞĈ�!�#�;ƭČ«*�Ùșʇ$ȊɉĊǚ(ŲĻĚ�
 
��%?ǫ�ʮP < 0.05ʯʮaʳvs. ƐĜș�bʳvs. M~�a 1ș�cʳvs. M~�a
2ș�dʳvs. M~�a 3ș�eʳvs. M~�a 4șʯ� 
MTI = medial trochlear inclination�LTI = lateral trochlear inclination. 
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Ȼ 2-3 āȧʩʣ(��;Ùǲʞǜ)ƭČȉž 

  ƐĜș M~�a 1ș M~�a 2ș M~�a 3ș M~�a 4ș 

MC/LC 

No.1 0.95 ± 0.04 0.98 ± 0.02 1.00 ± 0.04e 0.98 ± 0.10 0.91 ± 0.07c 

No.2 0.96 ± 0.04e 0.98 ± 0.02 0.97 ± 0.04e 0.98 ± 0.06 0.89 ± 0.07a, c 

No.3 0.95 ± 0.03 0.96 ± 0.03 0.97 ± 0.04 1.00 ± 0.06 0.90 ± 0.07 

No.4 0.94 ± 0.03 0.97 ± 0.04 0.99 ± 0.09e 0.99 ± 0.07 0.89 ± 0.07c 

MC (a)/LC (a') 

No.1 0.94 ± 0.11 0.98 ± 0.06 1.06 ± 0.15e 1.01 ± 0.27 0.69 ± 0.25c 

No.2 0.94 ± 0.07e 0.98 ± 0.03 0.98 ± 0.08e 0.99 ± 0.12 0.76 ± 0.17a, c 

No.3 0.94 ± 0.04 0.96 ± 0.04 0.97 ± 0.07e 1.00 ± 0.09 0.83 ± 0.12c 

No.4 0.94 ± 0.04 0.96 ± 0.05 1.00 ± 0.13e 0.99 ± 0.08 0.83 ± 0.10c 

MC (a)/MC (p) 

No.1 0.48 ± 0.11e 0.46 ± 0.09 0.51 ± 0.20e 0.61 ± 0.12e 0.23 ± 0.08a, c, d 

No.2 0.89 ± 0.20e 0.89 ± 0.32 0.90 ± 0.31e 1.23 ± 0.27e 0.47 ± 0.22a, c, d 

No.3 1.55 ± 0.29e 1.49 ± 0.53 1.62 ± 0.51e 1.95 ± 0.21e 0.99 ± 0.40a, c, d 

No.4 2.55 ± 0.57e 2.37 ± 0.54 2.09 ± 0.49 2.75 ± 0.18e 1.44 ± 0.47a, d 

LC (a')/LC(p') 

No.1 0.50 ± 0.13e 0.46 ± 0.12 0.49 ± 0.19 0.65 ± 0.26 0.34 ± 0.06a 

No.2 0.91 ± 0.20e 0.89 ± 0.32 0.92 ± 0.30e 1.25 ± 0.43e 0.58 ± 0.15a, c, d 

No.3 1.58 ± 0.28e 1.51 ± 0.51 1.71 ± 0.50e 1.93 ± 0.07e 1.14 ± 0.31a, c, d 

No.4 2.64 ± 0.60e 2.40 ± 0.48 2.10 ± 0.36 2.84 ± 0.19e 1.68 ± 0.42a, d 

MC (p)/LC (p') 

No.1 0.96 ± 0.02 0.98 ± 0.01 0.97 ± 0.03 0.99 ± 0.01 0.98 ± 0.03 

No.2 0.97 ± 0.02 0.97 ± 0.02 0.97 ± 0.01 0.98 ± 0.03 0.97 ± 0.04 

No.3 0.97 ± 0.02 0.97 ± 0.02 0.97 ± 0.01 1.00 ± 0.02 0.98 ± 0.02 

No.4 0.97 ± 0.01 0.98 ± 0.02 0.97 ± 0.02 1.02 ± 0.03 0.98 ± 0.03 

MCW/LCW 

No.1 0.87 ± 0.04 1.06 ± 0.27 0.95 ± 0.08 0.97 ± 0.16 0.97 ± 0.17 

No.2 0.87 ± 0.06 0.96 ± 0.11 0.95 ± 0.09 1.01 ± 0.04 1.01 ± 0.20 

No.3 0.90 ± 0.06 1.01 ± 0.07 0.97 ± 0.07 0.99 ± 0.10 0.99 ± 0.15 

No.4 0.88 ± 0.09 0.95 ± 0.03 0.86 ± 0.11 0.93 ± 0.10 0.89 ± 0.13 

a bh chʲ���ĔŞĈ�!�#�;ƭČ«*�Ùșʇ$ȊɉĊǚ(ŲĻĚ�
 ��
%?ǫ� ʮP < 0.05ʯʮar vs. ƐĜș�b vrs. M~�a 1ș�cr vs. M~�a 2ș�dʳ
vs. M~�a 3ș�eʳvs. M~�a 4șʯ� 
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Ȼ 2-4 ȥʩ(��;Ùǲʞǜ)ƭČȉž 

�  ƐĜș M~�a 1ș M~�a 2ș M~�a 3ș M~�a 4ș 

mMPTA 94.8 ± 2.1 93.8 ± 2.6 94.7 ± 1.7 97.6 ± 3.6 94.5 ± 4.4 

mMDTA 96.5 ± 4.1 98.4 ± 4.9 95.2 ± 2.4 93.0 ± 6.4 98.5 ± 4.1 

mCrPTA 111.3 ± 3.3 110.9 ± 0.6 111.2 ± 3.4 116.0 ± 3.8 112.7 ± 4.2 

mCrDTA 98.5 ± 3.8 104.3 ± 3.6 99.2 ± 3.1 99.6 ± 6.2 98.6 ± 6.4 

TPA 21.3 ± 3.3 20.9 ± 0.6 21.2 ± 3.4 26.0 ± 3.8 22.7 ± 4.2 

ZɅ 65.7 ± 4.6 65.7 ± 3.2 66.2 ± 3.8 69.1 ± 5.3 67.2 ± 5.8 

rTTW 0.74 ± 0.09 0.71 ± 0.08 0.73 ± 0.13 0.67 ± 0.03 0.76 ± 0.10 

TTA 11.3 ± 4.3e 16.0 ± 5.8 13.0 ± 7.9e 22.3 ± 9.6 32.8 ± 7.9a, c 

MDTT/PTW 0.52 ± 0.04e 0.50 ± 0.05 0.51 ± 0.05 0.51 ± 0.02 0.43 ± 0.05a 

a bh chʲ���ĔŞĈ�!�#�;ƭČ«*�Ùșʇ$ȊɉĊǚ(ŲĻĚ�
 
��%?ǫ�ʮP < 0.05ʯʮaʳvs. ƐĜș�bʳvs. M~�a 1ș�cʳvs. M~�a
2ș�dʳvs. M~�a 3ș�eʳvs. M~�a 4șʯ� 
mMPTA = mechanical medial proximal tibial angle�mMDTA = mechanical medial distal 
tibial angle�mCrPTA = mechanical cranial proximal tibial angle�mCrDTA = mechanical 
cranial distal tibial angle�TPA = tibial plateau angle�rTTW = relative tibial tuberosity 
width�TTA = tibial torsion angle�MDTT/PTW = ratio of the medial distance of the tibial 
tuberosity to the proximal tibial width. 
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Ȼ 2-5 Ȩȴʩ(��;Ùǲʞǜ)ƭČȉž 

�  ƐĜș M~�a 1ș M~�a 2ș M~�a 3ș M~�a 4ș 

ʅĭ 10.6 ± 1.6 11.0 ± 1.2 9.2 ± 0.9 10.5 ± 1.6 9.2 ± 1.2 

Ǥĭ 6.8 ± 1.2 7.4 ± 0.6 5.9 ± 1.0 6.7 ± 1.6 5.7 ± 1.0 

Ï3 4.5 ± 0.5e 4.4 ± 0.6 3.8 ± 0.5 4.1 ± 0.6 3.3 ± 0.6a 

Đǳ 0.22 ± 0.08e 0.24 ± 0.05 0.15 ± 0.06 0.22 ± 0.11 0.13 ± 0.07a 

L:Pƕ 1.77 ± 0.19 1.70 ± 0.02 1.17±0.17 1.47 ± 0.30 1.60 ± 0.27 

a bh chʲ���ĔŞĈ�!�#�;ƭČ«*�Ùșʇ$ȊɉĊǚ(ŲĻĚ�
 
��%?ǫ�ʮP < 0.05ʯʮaʳvs. ƐĜș�bʳvs. M~�a 1ș�cʳvs. M~�a
2ș�dʳvs. M~�a 3ș�eʳvs. M~�a 4șʯ� 
L:Pƕ = Ȩȴʩ)ʅĭ(Ē�;Ȩȴʚěʅ)ƕǅʱ 
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2. 4. țđ 

� āȧʩ$*�MPL)ɾǕĤ�ü�(!<#�ɴ� 3¼) 1)¶ÓþĪ�ǈ�;

%�<#�;ʮHulse, 1981; Schulz, 2002; Vasseur et al., 2003; Piermattei et al., 2006ʯ�

ŶƅɊ$*�CT ?Ǌ�#�Ǝ°$ʩĪĽ?ɆŽ��%�=�M~�a 1 �9 3

ș(��; aLDFA�mLDFA�¶ÓɅ*�ƐĜș%ƕ/ŲĻĚ*ɕ59<���

<*ɲÑ)ùá%�Ȭ�#��ʮMortari et al., 2009ʯ��ţ$�M~�a 4ș(�

�; aLDFA�mLDFA�¶ÓɅ*�ƐĜș%ƕ/#ŲĻ'ʪ«?ǫ�#��ʮȻ 2-1ʯ�

�<9)ȉž8:�M~�a 4 ) MPL )Ǖ¤(��#*�āȧʩ)¶ÓþĪ�

ǈ�#�;�%�¸ǩɕ�<��ɲÑ)ùá$*�±Ăǚ
;�*Ġĕų)Ũ�

Ɣʎ(��#�MPL(� #āȧèʢǼ�¶­þ��;�%(8:ǈ�;āȧʩ

ɴ�ľʅż.)ƙȋǚ'ðÅ�āȧʩ)þĪ?Ħ�ɞ��%Őƭ�<#�; 

ʮHulse, 1981; Schulz, 2002ʯ�ŶƅɊ(��;ƭČȉž*��)8�'�ɖ?ŚŊ

�;6)$
 �� 

� MPL)Ðê)+%!%�#�¶Óȝ7āȧʩʡɹ)Âō)ʈ��ŋŖ�<#�

;ʮSingleton, 1969; Campbell & Pond, 1972; Hulse, 1981; Roush, 1993; Piermattei et al., 

2006; Kaiser et al., 2001ʯ�ŶƅɊ$*��Ǝ°) CTǍ¯$ƭČ��´#)ș(�

�#ʡ¡Ʌ)ƪĕ*ɕ59<'� ���)ȉž*���<)ɾǕĤ(��#6

¶Óȝ*ǈ�#�9��XȐǍ¯?Ǌ��ɲÑ)ùá%�Ȭ�#��ʮBound et al., 

2009; Mortari et al., 2009; Soparat et al., 2012ʯ�ÂōɅ*�āȧʩɦţÜ¯(��;

ʩʡɹ)®�?ɑ¥�;�5)ɅĤ%�#ùá�<#�;ʮNunamaker et al., 

1973ʯ�ŶƅɊ$*�M~�a 4ș(��#)3ÂōɅ*ŲĻ' «?ǫ���ɲ

Ñ) X ȐǍ¯?Ǌ��ùá(��#*�MPL %ÂōɅ)ʈɱĸ(!�#)ȉɘ
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*ɂ»�<#�'� ʮCampbell & Pond, 1972; Kaiser et al., 2001ʯ�ɪğ$*�CT

7 MRI ?Ǌ�#ÂōɅ?Ɛǩ(ɑ¥$�;8�(' ���ǆñ)%�= MPL

(��;ŲĻ'āȧʩʡɹ)Âō*ùá�<#�'�ʮKaiser et al., 2001; Towle et 

al., 2005; Dudley et al., 2006; Ginja et al., 2007; Mostafa et al., 2014ʯ�XȐǍ¯(8;

ÂōɅ)ƭČ*�ŗīqSRy�(8;īʜ?Ö�7���āȧʩɴ�)ÿţō

ɥ7āȧʩ¶­ʣ) Īľ(īʜ?Ö�;ʮKowaleski, 2006; Roch & Gemmill, 

2008ʯ���� #�ŶƅɊ$*āȧʩɦ(Ē�;ʩʡ)®�?Ɛǩ(ɑ¥�;�

5(�Ţ�(ʩʢ®Ʌ?ɌČ��Ǝ°) CT Ǎ¯(#ɉƭ?ȸ ���)ȉž�

Ùșʇ$ʩʢ®Ʌ(ŲĻĚ*ɕ59<'� ���<9)ȉž8:�āȧʩʡɹ

)®�6MPL)ǘǈ�8,�)ɾǕĤ%*ʈɱĸ� ��%�ǫå�<�� 

� ɾĤ'MPL$*�Ƴɣư) Īľ�ǈ�;%�<#�;ʮSingleton, 1969; Hulse, 

1981; Roush, 1993; Schulz, 2002; Piermattei et al., 2006ʯ�ŶƅɊ$*�M~�a 4ș

(��# SA )ŲĻ'ʪ«�ɕ59<�Ƴɣư) Īľ�ǫå�<���9(�

MTI% LTI)ƭČȉž8:�¶­Ǳ) Īľ�ǈ��ÿ­Ǳ) Īľ*ǈ�#�

'��%�ũ9�%' ��h`(��#�TA *āȧȨȴʈǾ)B{Du�`

�8,ȨʈǾ)ǒǖ%ƌȢ%)ʈ¦?ɗ/;�5(ɉƭ�<#�;ʮKalichman et 

al., 2007ʯ�ŶƅɊ$*�įʣɦ(Ē�;Ƴɣ)®Š?ɗ/;ǜǚ$ TA?ƭČ�

���)ȉž�M~�a 4ș(��#*ƳɣǱ´÷) Īľ�ǫå�<���9

(�M~�a 2ș(��#*�Ƴɣưɪ�)3(¶­Ǳ) Īľ�ǈ�#�;�

%�ũ9�(' �� 

� �<2$Ā�)ľů$*�ɾĤ' MPL )Ǖ¤(��#�āȧʩ¶­ʣ) Ī

ľ�ǈ�;%ɋɨ�<#�;ʮHulse, 1981; Roush, 1993; Schulz, 2002; Piermattei et 
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al., 2006ʯ�����Ŀ�)ǣ;ʊ:�MPL(��āȧʩɴ�ɹ)ĪĽ?ĎɄǚ(

ɑ¥��ùá*ĉñ�'��ŶƅɊ$*�āȧʩʣ)ĪĽ?8:ɔȅ(ɑ¥�;

ǜǚ$āȧʩɴ�ɹ? cranial�middle�caudal ) 3 !)ËǍ(¼�#ɑ¥?ȸ 

���)ȉž�MCʮpʯ/LCʮp’ʯ %MCW/LCW$*�Ùșʇ$ŲĻĚ*ɕ59

<'� �ʮȻ 2-3ʯ��<9)ȉž*�caudal compartment) Īľ�ǈ�#�

'��%?ǫå�;6)$
:��<2$) XȐǍ¯(8;ǦǴ�9ı9<�Ɔ

ķ?Ɂ�ȉž$
 ���)�ţ$�cranial�8, middle compartment% caudal 

compartment)Īľƕǅ?ǫ� MCʮaʯ/MCʮpʯ% LCʮa’ʯ/LCʮp’ʯ*��ș

(ƕɧ�M~�a 4ș$ �®Ü�39<�ʮȻ 2-3ʯ��<9)ȉž8:�M~

�a 4)MPL)Ǖ¤(��#*�cranial�8,middle compartment) Īľ��

ɀ'ɆÃĊǚǐĜ$
;�%�ũ9�%' ���9(�¶­)ƳɣưʈǾʙ)

®�?ǫ�MTI�M~�a 4ș$ŲĻ' «?ǫ���%�9��<9)ɆÃĊ

ǚǐĜ*ÿ­8:6¶­$8:ʥȳ$
;�%�ǫå�<�ʮȻ 2-3ʯ�Ŀ�)ǣ

;ʊ:�ŶƅɊ* MPL (��āȧʩɴ�ɹ)ĪĽǐĜ?ɑ¥��¿5#)ǦǴ

$
;��<2$*�ľʅų(��;Ƴɣư%Ȩȴʩ)ɵ½'ʈǾ�Ƴɣư)Ƨ

�()3īʜ?�
;%ț
9<#��ʮSchulz, 2002ʯ�����ŶƅɊ$ı9

<�ŀɂ�9�Ƴɣư%Ȩȴʩ%)ɵ½'ʈǾ*�cranial compartment��$'��

middle compartment )ľʅ(6īʜ?�
;×Ȣĸ�
;�%�ǫå�<���

)8�(M~�a 4)MPL)Ǖ¤(��#*�cranial�8,middle compartment

) Īľ�ǈ�#�;�5�ƳɣưɰƇȹ2�*ƧÊȹ?čŤ�;ʐ(*ƢĻ�

ĵɀ$
;� 

� ȥʩ$*�MPL)ɾǕĤ�ü�(!<#�ȥʩɪ�)¶ťþĪ�ȥʩǱ)¶ţ
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þ��ȥʩɪ� 1/2)ÿÓþĪ�ǈ�;%�<#�;ʮHulse, 1981ʳSchulz, 2002; 

Vasseur et al., 2003; Piermattei et al., 2006ʯ�ŶƅɊ$*�M~�a 4ș(��#)

3ȥʩ)éťþĪ)ɑ¥(Ǌ�� TTA)ŲĻ'ʪ«�ɕ59<���9(�ȥʩ

Ǳ)¶ţþ�?ɑ¥�; MDTT/PTW6M~�a 4 ș(��#)3ŲĻ' «?

ǫ��ʮȻ 2-4ʯ��<9)ȉž8:�M~�a 4)MPL)Ǖ¤$*�ɾĤ'ȥ

ʩɪ�)¶ťþĪ%ȥʩǱ)¶ţ.)þ��ǈ�#�;�%�ũ9�%' ��

�)�ţ$�M~�a 1 ș�9M~�a 3 ș) MPL )Ǖ¤$*�ŲĻ'ʩþĪ

*ɕ59<'� ��Ŀ�)ǣ;ʊ:�ɾĤ' MPL (��;ȥʩ)ʩþĪ?Ď

Ʉǚ(ɑ¥��)*�ŶƅɊ�¿5#$
;�ŶƅɊ$*��Ǝ°) CT Ǎ¯$

ƭČ��mMPTA%mMDTA(��#�Ùșʇ$ŲĻĚ*ɕ59<'� ���

<9)ȉž*�MPL(��ȥʩ)ʩþĪ(��#ÿÓþĪ*ǈ�#�'��%?

ǫå�#�:�ɲÑ)ùá%*�Ȭ�'� �ʮBound et al., 2009ʯ�2���Ǝ

°) CTǍ¯$ƭČ���)�)ƭČʞǜ$
;mCrPTA�TPA�mCrDTA�ZɅ�

rTTW (��#6�Ùșʇ$ŲĻĚ*ɕ59<'� �ʮȻ 2-4ʯ���� #�

MPL*��<)ɾǕĤ(��#6�ȥʩǱ)ʅɦţÜ)þ��ȥʩʪĞɹ)ɅĤ�

ȥʩ)Âė
;�*įė%� �þĪ*ǈ�'��%�ǫ�<�� 

� Ŀ�)ǣ;ʊ:�MPL)Ǖ¤(��;M~�aÁ)Ȩȴʩ)ĪĽ?ƕɧ��ù

á*ĉñ�'��ŶƅɊ$*��Ǝ°) CT Ǎ¯$ƭČ��Ȩȴʩ)Ï3%Đǳ

*�M~�a 4ș$)3ŲĻ' «?ǫ��ʮȻ 2-5ʯ��<9)ȉž8:�Ȩȴ

ʩ�Ƴɣư%ɵ½(ʈǾ�<'�ɾĤ) MPL )Ǖ¤(��#*�Ȩȴʩ) Ī

ľ�ǈ�;×Ȣĸ�ǫå�<��2��āõǁ(��#*�ȨȴʩȦȭ%Ȩȴʩ

ʪ�%)ʈɱĸ�ùá�<#�;ʮJohnson et al., 2002ʯ�ŶƅɊ$*��Ǝ°)
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CTǍ¯$ƭČ�� L:P ƕ?Ǌ�#�Ȩȴʩ)�Ȗ%MPL)ʈɱĸ?ɗƀ��%

�=�L:P ƕ(Ùșʇ$ŲĻĚ*ɕ59<'� �ʮȻ 2-5ʯ���� #�̀ D�

m�a}(��#*�MPL)ɾǕĤ%Ȩȴʩʪ�%)ʈɱĸ*ɕ59<'� �� 

� ǆñ2$( MPL )ǔĽǘǈ(��#�ɤɹȇȕ)ǐĜ�ʩþĪ(ʈ��#�

;%��ɐň*ũǩ(' #�'��İź�9�MPL)ÿǮǚŝĲȹ*Ƴɣư)

 Īľ7ȥʩǱ)¶ţþ�%� �ʩĪĽ)ǐĜ)śç(ƺƸ�ĩ#9<#�� 

ʮSwiderski et al., 2008ʯ�����ŶƅɊ(��#�Ǝ°) CTǍ¯?Ǌ��Éŉ

ǚ'ʩĪĽ)ɆŽ?ȸ �ȉž�ɾĤ' MPL (��;ʩþĪ*āȧèʢǼș)

ɞąɹ%ȆƏɹ(ƞ #ǈ�#������ #��<9)ʩþĪ*āȧèʢǼ

ș)¶ţþ�(8;Ŋȋǚ'ǀĦ(8 #Ħ�ɞ��<#�;×Ȣĸ�ǫå�<

�� 

� ŶƅɊ$*�Singleton)M~�a¼ʦ(ø"��ÍȞ)3(Ǡǜ�#M~�a

¼ʦ?ȸ ������MPL�ɕ59<'�Ȟ$
 #6�Ē­Ȟ( MPL�ĉ

ñ�#�;úÚ(*�ƴñǚ'ʩþĪ�ĉñ�;×Ȣĸ�
;�5��­%6(

MPL �ɕ59<'�Ȟ?ƐĜș%�#ŎǊ��ţ�ɵ½$
 �)�6�<'

�� 

� ŶƅɊ)ȉž�ɾĤ' MPL $*�āȧʩ(��;¶ÓþĪ%ÿţōɥ�Ƴɣ

ư) Īľ�cranial�8,middle compartment) Īľ�ȥʩɪ�)¶ťþĪ%

ȥʩǱ)¶ţ.)þ��Ȩȴʩ)ľʅ�ȯ%� �ȿÚǚ'ʩþĪ�ǈ�;�%

�ũ9�%' ���)�ţ$�MPL)M~�a� 3��)Ǖ¤$*�ƐĜ¤%

ƕɧ�#ŲĻ'ʩþĪ*ɕ59<'� ��ŶƅɊ$*��Ǝ°) CT Ǎ¯?Ǌ

�;�%(8:�MPL)ɾǕĤ%ʩþĪ)ʈ¦(!�#ɔȅ'_�Z?ı;�%
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�$���ŶƅɊ*�MPL)ǔĽǈǇ)ǇɆ(ɛǃ�;ɾɀ'ǣɂ?ı;�%�

$���  
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Ǻ�Ǹ 

 
ǔǇĊǚ�8,¼ćǈƾĊǚŁƠ?Ǌ��  

Ȩȴʩ¶ţȦȭ)ǔĽuJcUt)ɆŽ 
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3. 1. ȏɈ 

� ɾĤ'Ȩȴʩ¶ţȦȭʮMPLʯ)ǁ$ǈ�;ʩþĪ*�āȧèʢǼș)Ŋȋǚ

'ǀĦ(ɞê�;×Ȣĸ�Ǻ�Ǹ(#ǫ�<���Ŀ�)ǣ;ʊ:��<9)ʈ

¦(!�#ƅɊ��ùá*ŵ�ĉñ�'��čʐ�MPL)ŝĲȹ�(āȧèʢǼ

ș)+%!$
;¶­ġǼ)3(ɲĤ'Ȏħ�ǈ�#��:�Ȝǟ�)ǐĜ?ɕ

5�:�;�%*ĕ'�'��¶­ġǼ*�ȨʈǾċČÊƌƇ)+%!$
:�

�)ǐĜ*Ȩȴʩ)¶ţ.)þ�?Ħ�ɞ��×Ȣĸ�
;���� #�āȧ

èʢǼș)�$6¶­ġǼ)ǐĜ�MPL)ǔĽ)ʃ?œ #�;%ț
#�;� 

� ȫĢǚ(ǼȜ)ǐĜ)Ųƹ?ɏš�;ʐ(*�O�jx�Z�šĘŗīȼȖ

ʮCTʯ7ǪƖµʫšĘŗīȼȖʮMagnetic resonance imagingʲMRIʯ�Ǌ�9<

#��ʮGargiulo et al., 2008; Hamano et al., 2010; Preininger et al., 2011ʯ��Ìʠ÷

(��#*�ɪğ)ȳ��łȹʆǘ(8:ɟʛơɏšȼȖ(8 #ʪ¼ɆȢ)Ǎ

¯�ĐŪ(ı9<;8�(':�ɟʛơƅƀ(8;ǼȜ)ɑ¥�ȸ><ą5#�

;ʮScott et al., 2012; Thomaes et al., 2012ʯ�����ǄÌĊʠ÷(��#*�ɟʛ

ơɏšȼȖ(8;ŝĪÿǮǓĹ)ɏš*ġ�ŭÒ�#�9��ɟʛơɏšȼȖ?

Ǌ�#MPL)Ǖ¤(��;ȨʈǾâì)ǼȜ?ɑ¥��ùá*ĉñ�'�� 

� MPL )ǔĽuJcUt)+%!%�#ǼȜ)ǐĜ�ʈ��#�;�%?ũ9

�(�;�5(*�ǔǇȇȕĊǚƅƀ7¼ćǈƾĊǚɆŽ?ȸ��%6�×ƍ$


;��ÌĊʠ÷(��#*�ʩƄǼȲȔ)ǔĽ?Ɇũ�;�5�6��*ƝǗ

Ơ?ŢɃ(ʆǘ�;�5(ǔǇȇȕĊǚƅƀ7¼ćǈƾĊǚɆŽ�ȸ><#�;

ʮBodine et al., 2001; Sandri et al., 2004; McFarlane et al., 2006ʯ�����Ŀ�)ǣ

;ʊ:�ǁ) MPL )Ðê?ɬƚ�;�5(�ǼȜ)ǐĜ(ƺƸ?ĩ##ƅɊ?
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ȸ �ùá*ĉñ�'�� 

� ��$�ŶǸ$* MPL ȗĹǁ)ȨʈǾâì)ǼȜ(��#ɟʛơƅƀ?čŤ

��TL|�c�M?ȸ��%$ǐĜ'ǼȜ?ÛČ���Ǝ�$�Û�Ǖ¤(�

�#ȹ�(¶­ġǼ?ŎÕ���)�ɹ?Ǌ�#ǔǇȇȕĊǚƅƀ?čŤ���

�9(��ɹ)ɾĤ'MPLǕ¤)¶­ġǼ�9ŎÕ�� mRNA?Ǌ�#rDL

�B~D?ȸ���)ǘǆ?ȍȘǚ(ɆŽ����<9)rDL�B~D(8;

ɆŽȉž?6%(�¶­ġǼ)ǐĜ(ʈ¦�;ɷ�ć?Őƭ��Real time PCR(

#ªȽɷ�ć)ǘǆɿ?Čɿǚ(ɑ¥�;�%$ MPL )ǔĽuJcUt)Ɇũ

?ɒ3�� 
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3. 2. ŷş�8,ţƠ 

3. 2. 1. ĒɚǕ¤ 

� ŶƅɊ$*�2012ğ 4ű�9 2015ğ 10ű2$)ųʇ(�ŧŶāĊÇƾǔʋ$

ɇɏ(# MPL%ɏš��ÿǮǚŝĲȹ?čŤ��ǁ?Ēɚ%���MPL)ɾǕ

Ĥ¼ʦ(*�Singleton)M~�a¼ʦ?Ǌ��M~�a 1�9 4(¼ʦ��ʮȻ 

1-1ʯʮSingleton, 1969ʯ� 

 

3. 2. 2. ɟʛơƅƀ 

� ɟʛơƅƀ*�´¤$ŁȹÂŧ(ƹʬɼ$čŤ���ɟʛơƅƀ(*�ɟʛơ

ɏšȼȖʮAplio 400 TUS-A400, Żȱu_CJ}RT^tUʮƂʯhāǋÐ ƁhŴʯ

?£Ǌ���m��l*�12.0MHz)|cBõm��l?£Ǌ��m|V]`�

<#�; Neo-HipŹ�(ɌČ��Bv�a(#ÙǼȜ)ʅɦ(Ē�#ôǝ(m�

�l?ĩ#;�%(8:�ȨʈǾâì)ǼȜ)ɑ¥?ȸ ��2�*�´¤$ȓ

ęǼ�āȧǝǼ�¶­ġǼ�ÿ­ġǼ��ʇġǼ)ő»)×Ý?ɑ¥����9

(�ȓęǼ)ɩĤ?øƯ%�#āȧǝǼ�¶­ġǼ�ÿ­ġǼ��ʇġǼ)ɩĤ

?�ƐĜ� ɩĤ�ʪɩĤ(¼ʦ��� 

 

3. 2. 3. ǔǇȇȕĊǚƅƀ 

� ɟʛơƅƀ?čŤ��´¤(��#ȚŧŁȹ?čŤ��ȹ�(ʕš��¶­ġ

Ǽ)�ɹ?ŎÕ���ŎÕ��¶­ġǼ)�ɹ? 10%�ĸȑȺp}r|�$îČ

į(g{kC�Éö��Ƌšʙ(# 5µm $ȵ½���ƉŶ)ſȰ(*�

Hematoxylin-EosinʮHEʯſȰ?ȸ��ƿƓſȰ%�#Masson trichromeʮMTʯſ
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Ȱ?čŤ��� 

� HEſȰ*�ƉŶ?Ȧg{kC�ºǇ��į(Ɨƣ��HematoxylinƦ(#ƃ?

ſȰ��Eosin Ʀ(#ȅȡɝ'&)ſȰ?ȸ ��Ǝ�$�ȄGZd�}(#Ȧ

Ȱ�8,ȦƗ?ȸ��KR~�?Ǌ�#ɮĳºǇ?��� 

� MT ſȰ*�ƉŶ?Ȧg{kC�ºǇ��į(�Ćſ��D`N}`)ʁnr

`KR|�Ʀ(8;ſȰ�Ćſ?ʟ(ȸ ��Ǝ�$�1%I~�S G Ʀ�q�

X�|�Z�MT^�ɽƗƱƦ�Bc|�ʗ)ʟ(ſȰ?ȸ ���9(�ȄG

Zd�}(#ȦȰ�8,ȦƗ?ȸ��KR~�?Ǌ�#ɮĳºǇ?��� 

� HEſȰ$*�ǼȜ)øŶƇɰ�ǼȐȌ)āĔ�Û�ƃ)þÊ�ýƒ%¸ǈ¯�

ǼȐȌ¶)ǵȡĪľ)Ųƹ(!�#ɑ¥���2��ǼŸ¶(��;ȣȟȖŒ%

ʇɝ¶.)ȣȟȅȡ)ƥƵ)Ųƹ(!�#6ɑ¥?ȸ ��ǼŸ¶(��;ȣȟ

ȖŒ)ǰĤ*�ǼȐȌ)ŶŜ(Ē�;ȣȟȅȡ)ÄÚ?ǽ»�;�%(8:ɑ¥

���2��MT ſȰ$*�ʗſ�<�ȩÐȐȌ)Ųƹ(8:�ʇɝ¶.)ȩÐ

ȐȌ)ƥƵ(!�#ɑ¥��� 

 

3. 2. 4. ¼ćǈƾĊǚɆŽ 

3. 2. 4. 1. Total RNA)ņ» 

� ŎÕ��¶­ġǼ)�ɹ( TRIzol® Reagentʮ{Dk^Ld�S�UʮƂʯh Ż

�ʯ? 1,000µlÆ
#Ǽȇȕ?Ǩǧ��L��p}t? 200µlƨ��į(ƶ��Ř

Ň�#ďƬ(# 3¼ʇʘȖ���Ǝ�$�4��12,000G$ 15¼ʇɴĴ¼ʕ?ȸ

���Ʃ)ƗĘ? 180µl¼Ƣ����<�9�Ûɿ)DXm�gd�}?ƨã��

ďƬ(# 10¼ʇʘȖ����9(�4��12,000G$ 10¼ʇɴĴ¼ʕ?ȸ �į
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(�Ɯƫ?éÔ���ı9<�Ɯƫ? 1,000µl ) 75%GZd�}$ƣƤ��ʧ�

���į( 20µl) RNase free water(#ƱɆ��ß²²ĤɉʮNanoDrop 1000ʰG

}�Gt�GTʮƂʯh Ż�ʯ(# total RNA)ƷĤ?ƭČ��� 

 

3. 2. 4. 2. rDL�B~D(8;ɷ�ćǘǆɆŽ 

� rDL�B~D(8;ɷ�ćǘǆ)ɆŽ(*��ɹ)ɾĤ'MPL)Ǖ¤)ȓę

Ǽ%¶­ġǼ�9ņ»��mRNA?£Ǌ���rDL�B~D(*�43,803ǲʦ

)ɷ�ć�8,ɥ¹ǉƾ?ŕɨ��CanineʮV2ʯGene Expression Microarray, 4x44K

ʮAgilent technologiesʰCaliforniaʰUSAʯ?£Ǌ��mRNA)ǘǆɿ?ȍȘǚ(Ɇ

Ž���Ùř¢*´#AgilentǬ)m�`O}(İ #ȸ ��Ù50ng)total RNA

�9Low Input Quick Amp Labeling KitʮAgilent technologiesʰCaliforniaʰUSAʯ?

Ǌ��üĝ�8,{o}Ê?ȸ #cRNA?ɗȾ��eDl|[DW�Ry��

8,ƣƤ?ȸ ��ƣƤį)rDL�B~D�9Agilent scannerʮAgilent 

technologiesʰCaliforniaʰUSAʯ?Ǌ��ȷ²ĨĤ)ƭČ?ȸ ��AgilentFeature 

Extraction Softwareʮ9.5.1.1ʯʮAgilent technologiesʰCaliforniaʰUSAʯ?Ǌ�#ı

9<�ȷ²ĨĤ)_�Z)Ŝ«Ê?ȸ �į�Law signal intensitie%Flag?ǽ»�

��Flag)øƯ(*�GeneSpring SoftwareʮAgilent technologies Chalifornia UhSAʯ

?£Ǌ��RMb}�ƅ»�<'� �Tq]`?AbsentʮAʯ�Tq]`)äɝ

� �Tq]`?MarginalʮMʯ�RMb}�ƅ»�<�Tq]`?PresentʮPʯ

%���ı9<�´#)B~D_�Z*�quantileB}P|Ut?Ǌ�#ƐɃÊ?

ȸ �ʮBolstad et al., 2003; Gentleman et al., 2004ʯ�¶­ġǼ)ɷ�ćǘǆ)þÇ

ɆŽ*�ratio�8,Z-score?ǽ»�;�%(8 #ȸ �ʮQuackenbush, 2002ʯ�
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ŶƅɊ$*�Z-score�2.0���!ratio�2.0��$
;úÚ?ɷ�ćǘǆɿ)ŲĻ

'üÆ�Z-score�-2.0ŵƮ�!ratio�0.5��$
;úÚ?ɷ�ćǘǆɿ)ŲĻ'

ƪĕ%��ʮQuackenbush, 2002ʯ� 

 

3. 2. 4. 3. ǘǆþÇɷ�ć)ņ» 

� rDL�B~D)ȉž?6%(ɆŽXk ʮ̀DAVID Nhational Institute of Allergy 

and Infectious Diseasesʯ?Ǌ�#ƌȢɆŽ�gTEFDɆŽ�h�`r]m)¢ľ

?ȸ��mRNA)ǘǆ®Ü?ǩɕ����9(�gTEFDɆŽ(��# 5!�

�)ɷ�ć)ǘǆĨĤ)þÇ�ɕ59<�Ȉɡ?ɶŅ��rDL�B~D)ȉž

?ƅɐ�;�5( Real time PCR(#ǩɕ?ȸ ��  

 

3. 2. 4. 4. Real time PCR 

� Âɫ�� total RNA �9�Ŷʄ DNA ?Úľ�;�5(�AmpliTaq Gold® 360 

Master Mixʮ{Dk^Ld�S�UʮƂʯh Ż�ʯ?Ǌ�#ɭɥ¹ÓĶ?ȸ ��

Ƙ�(# 1,000ng) total RNA(ÓĶƦ?Æ
�37�15¼ʇ�85�5ǯʇ(# cDNA

?Úľ��� 

� Real time PCR)ÓĶƦ(* SYBR® Premix ExTM TaqʮZJ{fDIʮƂʯhƲɜʯ

?Ǌ��Real time PCR(* Thermal Cycler Dice® Real Time System�ʮZJ{fD

IʮƂʯh Ʋɜʯ?£Ǌ���ŶƅɊ$ Real time PCR(Ǌ��m{Dr�*�ǁ

) RefSeq Ǚʂɷ�ć(Ē�#Ɍɉ�8,Úľ�<�6)?£Ǌ���PCR ÓĶ

*�95�$ 30ǯʇ)Ƽþĸ?ȸ �į(�95�$ 5ǯʇ�60�$ 30ǯʇ)QD
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L}? 45éȸ ��ŶƅɊ$*�Real time PCR?ȸ�(
�:�Ēƻ%�#MPL

?Þ5�ŝĪÿǮǓĹ?ɕ5'�i�M}ǁʮn = 3ʯ�9ŎÕ��¶­ġǼ?£

Ǌ���¶ɹƉƯɷ�ć(*�ribosomal protein S18ʮRPS18ʯ?Ǌ���Čɿǚ

ɆŽ(*�ǞĒČɿɆŽXk`EFBʮMultiplate RQ ZhJ{fDIʮƂʯhƲɜʯ

?£Ǌ��ƕɧ CtƠʮ��CtƠʯ(#Ùɷ�ć)ǞĒǘǆƕ?ǽ»��� 

 

3. 2. 4. 5. ȊɉĊǚɆŽ 

� ADh��� J(aB�{/�
zFL�-¬SD­�_���|ȊɉɆŽ(*�

ȊɉºǇXk �̀GraphPad Prism version 6.0 for Macintosh GhraphPad Software Inc.ʰ

San DiegoʰUSAʯ?£Ǌ���Ùșʇ)ƕɧ(*�Kruskal-Wallis ƅČ?Ǌ��

�įƕɧ(*�Dunn’s ĀɾƕɧƅČ?£Ǌ���P < 0.05?6 #ŲĻĚ
:%

ÀČ��� 
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3. 3. ȉž 

3. 3. 1. ĒɚǕ¤ 

� ɗƀųʇ�(�ŶƅɊ(ɓĩ��Ǖ¤* 11ʢ�Úɉ 15Ȟ$
 ��ǁǲ*�

\��� 3ʢ�`D�m�a}� 3ʢ�DZ|B��M~DeE�a�Kwf|

B�K�M\w�}U�TgcG}�gjz��qu{cB��ʔǲ��<�<

1ʢ$
 �ʮȻ 3-1ʯ��<9)ǁ)ğʭ*�9�űʭ�9 6Ƒʭ$�Ğó 2.0�

2.4Ƒʭ$
 ��¡ɾ*�1.9kg�9 7.8 kg$�Ğó 4.1�1.9kg$
 ��ĸÁ

*�ʑ� 2ʢ�ÑÈʑ� 1ʢ�ʓ� 2ʢ��Ąʓ� 6ʢ$
 ��ŶƅɊ(Ǌ�

�įȞ)ÙM~�a)¶ɍ*�M~�a 2ș� 5Ȟ�M~�a 3ș� 4Ȟ�M~

�a 4ș� 3Ȟ�M~�a 4ș� 6Ȟ$
 �� 

 

3. 3. 2. ɟʛơƅƀ 

� ɟʛơƅƀ$*�´Ǖ¤$ȓęǼ�āȧǝǼ�¶­ġǼ�ÿ­ġǼ��ʇġǼ

?�<�<ő»�;�%�×Ȣ$
 �ʮȻ 3-2ʯ�MPL ȗĹǁ$*�¶­ġǼ

(ʒ��#ɟʛơƅƀ(#ǐĜ�ɕ59<�ƿ(M~�a 4ș$*´Ǖ¤(��

#¶­ġǼ�ʪɩĤ?à�#��ʮȻ 3-2ʰí 3-1ʯ�2��ŶƅɊ(��#Ù�

)ǼȜ(��# ɩĤ?à�#��Ǖ¤* 1¤6ɕ59<'� �� 

 

3. 3. 3. ǔǇȇȕĊǚƅƀ 

� ǔǇȇȕĊǚƅƀ(��#�¶­ġǼ)Ǽȇȕ)Ƈɰ)ǐĜ*M~�a 4ș$

ʥȳ$
 �ʮȻ 3-3 íh 3-2Aʯ�Ùș(��#�ǼȐȌ)āĔ�Û�ƃ)þÊ�

ýƒ�8,¸ǈ¯�ǵȡĪľ)Ųƹ?ɑ¥��%�=�MPL)ɾǕĤ�ü�(!
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<#ǼȐȌ)āĔ�Û�ʥȳ(ɕ59<�ʮí 3-2Bʯ��)�ţ$�ƃ)þÊ�

ýƒ�¸ǈ¯�ǼȐȌ¶)ǵȡĪľ*��<)ș(��#6ɕ59<'� �� 

� ǼŸ¶)ȣȟȖŒ)ǘǈǅ*�Ùș$Ûƈ)®Ü?ǫ�������ǼŸ¶)

ȣȟȅȡ)Ŝ*�MPL )ɾǕĤ�ü�(!<#üÆ�;®Ü�ɕ59<�ʮȻ 

3-4ʯʮí 3-2CʰDʯ� 

� ǼŸʇ)ʇɝ?ɑ¥��%�=�MPL)ɾǕĤ�ü�(!<#ȣȟƥƵ%ȩÐ

ȐȌ)ƥƵ�ʥȳÊ�;®Ü?ǫ��M~�a 4ș$*´Ǖ¤(��#ǐĜ?à

��ʮȻ 3-4ʯʮí 3-2EʰFʯ� 

� ŶƅɊ(��#*�ǭȈÐĸǼȲȔ?ǫ�șȲȔ7ĔɅÊȐȌ*��<)ș(

��#6ɕ59<'� ��M~�a 4ș)Ǖ¤(��#*�ǼŸ¶)ȣȟȖŒ

%ʇɝ.)ȩÐȐȌ)ƥƵ(8:�ǼȐȌ�0%@&ɕ59<'�Ǖ¤6ĉñ�

���)8�'¶­ġǼ)ǐĜ(Ē�;ɟʛơƅƀ)ɏšȀĤ*�ļĤ 72.7%�

ƿǐĤ 50.0%$
 �� 

 

3. 3. 4. rDL�B~D 

� rDL�B~D(8:ǘǆþÇɷ�ć?ȍȘǚ(ɆŽ��%�=�ɆȁȂ�8

,B_CqQD`JD�RMb}�ɳȈɡ(��#�ȿŜ)ɷ�ć(ŲĻ'ǘǆ

ĨĤ)þÇ�ɕ59<�ʮí 3-3 3h-4ʯ��9(�h`$ǼȲȔ)Ȉɡ%�#Ƣǜ

�<#�;FOXORMb}�ɳȈɡ(��#6ȿŜ)ɷ�ć(ŲĻ'ǘǆĨĤ)

þÇ�ɕ59<�ʮí 3-5ʯ� 

 

3. 3. 5. Real time PCR 
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� rDL�B~D)ɆŽȉž�8,h`$ǼȲȔ)Ðê%�#ùá)
;ɷ�ć

(Ǡǜ�ʮSandri et al., 2004; Stitt et al., 2004; MacFarlane et al., 2006ʯ�ɆȁȂ(ʈ

��; PGM1�PFKM�GAPDHS�PGAM2�8, FOXORMb}�ɳȈɡ(ʈ�

�; IGF1�AKT3�FOXO1�PPARGC1A�FBXO32(Ē�#) Real time PCR?ȸ

 �ʮȻ 3-5ʯ�M~�a 4ș)Ǖ¤(��#*��éƅɊ��´#)ɆȁȂ(ʈ

�;mRNA)ǘǆɿ� �®Ü�ɕ59<�ʮí 3-6ʯ��<9)�$�PGAM2

)ǘǆɿ*M~�a 4ș$ŲĻ' «?ǫ��ʮí 3-6ʯ�2��FOXORMb}

�ɳȈɡ(��#*�IGF1�AKT3�FOXO1�FBXO32)ǘǆɿ(Ùșʇ$ŲĻĚ

*ɕ59<'� �ʮí 3-7ʯ��)�ţ$�M~�a 4ș(��#*�PPARGC1A

)ǘǆɿ�ƐĜș(ƕɧ�ŲĻ' «?ǫ��� 
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� 3-1 ���6Z��	}T��j
o2�.� 

�  
jr O� 1� S9 

MPL
�).� 

M ? 

1 �** 6d� 5.1kg � �).� 2 �).� 2† 
2 �** 5d� 3.7kg � �).� 2† �).� 3† 
3 �** 1d� 3.2kg � �).� 2† �).� 2 
4 ��-!.�( 1d� 4.2kg /H� �).� 3† �).� 2† 
5 ��-!.�( 1d� 2.3kg /H� �).� 4† �).� 4† 
6 ��-!.�( 9,[� 4.2kg /H� �).� 4† �).� 2 
7 ��'�+-�)���+� 1d� 7.0kg >;� �).� 3† cN 
8 �$�'�-�+��$.(�-����( 6d� 7.8kg /H� cN �).� 4† 
9 � %+ 10,[� 3.2kg /H� �).� 4† �).� 2† 

10 "#&��+ 1d� 2.3kg /H� �).� 2 �).� 4† 
11 �r 10,[� 1.9kg � �).� 2 �).� 2† 

† ��fa_-W�-nkw{Jpa_-8IliJp�]����� 
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� 3-2��fa_	�
��uBC
t�
�3x^ 

 G�qt 64Pt F4Pt 0��t 

 cN ��Q cN ��Q cN ��Q cN ��Q 

�).� 2~ 100%�5/5�� 0.0%�0/5�� 40.0%�2/5�� 60.0%�3/5�� 100%�5/5�� 0.0%�0/5�� 100%�5/5�� 0.0%�0/5�� 

�).� 3~ 100%�4/4�� 0.0%�0/4�� 100%�4/4�� 0.0%�0/4�� 100%�4/4�� 0.0%�0/4�� 100%�4/4�� 0.0%�0/4�� 

�).� 4~ 83.3%�5/6�� 16.7%�1/6�� 0.0%�0/6�� 100%�6/6�� 83.3%�5/6�� 16.7%�1/6�� 66.7%�4/6�� 33.3%�2/6�� 

 

  



 

 

74 

� 3-3���6Z��	}T��j
�oQ��
tzy
nkw{Jpa_V� 

 
b�
mN 

tzy
�3 

tzy
GL/A `
E< De-7l5 s�RU 

�).� 2~ 20.0%�1/5�� 60.0%�3/5�� 0.0%�0/5�� 0.0%�0/5�� 0.0%�0/5�� 

�).� 3~ 25.0%�1/4�� 75.0%�3/4�� 0.0%�0/4�� 0.0%�0/4�� 0.0%�0/4�� 

�).� 4~ 66.7%�4/6�� 100.0%�6/6�� 0.0%�0/6�� 0.0%�0/6�� 0.0%�0/6�� 

 

� 3-4���6Z��	}T��j
�oQ��
t\6�����
nkw{Jpa_V� 

 t\6
�3 ��
�3 

��|X tzyY	K�
��v�Y
:@ ��gh �=zy
gh 

�).� 2~ 80.0%�4/5�� 1.9 � 1.6 40.0%�2/5�� 40.0%�2/5�� 

�).� 3~ 75.0%�3/4�� 2.0 � 1.7 75.0%�3/4�� 75.0%�3/4�� 

�).� 4~ 83.3%�5/6�� 6.0 � 5.9 100.0%�6/6�� 100.0%�6/6�� 
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� 3-5 Real time PCR�����
���� 

�� ��� ��� �����5'-3'  Tm���  

PGM PGM1 
F TTTGCCCTGACCTGAAAGTAGACC 64.8 

R TGTAGCATAAGCCTCCACTGAATCC 64.7 

PFKM PFKM 
F TGTGACCAAGGCCATGAATGA 64.7 

R GGAGGTCTGATGTGAGCCAGAAG 64.7 

GAPDHS GAPDHS 
F AGCAATGCATCCTGCACCAC 64.5 

R ATGGCCCGTCCACAGTCTTC 64.7 

PGAM PGAM2 
F GCATTGTCAAGCACCTGGAAG 63 

R GCCTGGTCCAGCTCATACAC 60.7 

IGF-1 IGF1 
F GATAGAGCCTGCGCAATGGAA 64.7 

R CTGGAAATGAATTGGTTAGCAGGAA 64.5 

Akt AKT3 
F TCCCTGTTGGACACTGCTGA 62.9 

R TCATAGAGCCTGTAAGCGACCTTG 64 

FOXO FOXO1 
F GCATGTTTATTGAGCGCTTGGA 64.5 

R CCCAGCTATGTGTCGTTGTCTTG 64.1 

PGC-1α PPARGC1A 
F AGCACTTCGGTCATCCCAGTC 63.8 

R TGTCATCAAACAGGCCATCCA 64.7 

atrogin-1 FBXO32 
F TCGGCAAGTCTGTGCTGGTC 64.9 

R CACAAAGGCAGGTCGGTGAA 64.5 

RPS18 RPS18 
F ATAGCCTTTGCCATCACAGCAATTA 64.9 

R TTGGTGAGATCGATGTCTGCTTTC 64.9 

F"Forward!�
�
���� 
R"Reverse!�
	�
�
���� 







m 3-3 õÔÕ�*!Ô�¾�Ùą 
đKwÄ¼ĕ����p]ĭāî�đKwÄ¼ĕ����°|ĭěî 

78�



m 3-4 071<52832?64:=KďÙą 
đKwÄ¼ĕ����p]ĭāî�đKwÄ¼ĕ����°|ĭěî 

79�



 

 

80 

 

 

 3-5 FOXO�������� 
�����������	���������������
��� 
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3. 4. ǔï  

� ŎšǾ�%�MPL ǏěƋ#
��ȘȽųšŘ7Ǳ�� #02���ąƸ$

ƚā7�3ưĈĥĲ�3� �·ǚ�����MPL $ƞ�#
���ƝƒǁǍ

æƣšǾ7Ǳ�� �5���ąƸ#Ņ1�"ƚā�Ȇ-14��41$ƸǪ

ǌ%ƭǂ°ėƸǪǌ�"�� � -�Ņ1�#"����1#�MPL $Ȫƞ

��%�ɆśƸ$Ƽyȋ
0&ƸǪǌ#Ȱk�3 mRNA$ƢƐ#ŋĞ"Ø«�

Ȇ-14��ãƓƈæƣ#.��ąƸ#Ø«�Ɠ���3� �ƬÆ�4�� 

� ŎšǾ�%�ǠȰƺÃÍ$Ƹǖ$F@^eOcAšŘ ��ȘȽųšŘ7ê

Ł����$ǃŖ�ȘȽųšŘ#��ǋþƸ�ÛǟƥƸ���ąƸ�Ù�ąƸ�

mȯąƸ$��7į�·ǚ��2��1#MPL$Ȫƞ�#
��%���ąƸ

#ƚāģǹ�ȵm���3� �ƬÆ�4���4+��QL#
��%Ɇś

Ƹ$ƸǪǌ$Ȃ�#ȘȽųšŘ�Ǳ64�
���Ƞă�%Ƹ�ǛǗÖ¦$Ȃ

�ŀŲ ��Ƹǖ$ȝĈ$Ȃ��ŴƤ�4��3ɈIsmail et al., 2015ɉ�Ƹǖ$ȝ

Ĉ$hń%�Ƹ�ǛǗ$Ö¦7Ƭ��ǛǗŷƂ7}�ɆśƸ$ƸǪǌ$Īť 

���ƕ�4��3ɈIsmail et al., 2015ɉ�����ŎšǾ�%MPL#Ǐě��

Ƌ#
��ǠȰƺÃÍ$Ƹǖ$ƚā7ȘȽųšŘ�ī	143�¾�7šǾ�
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� �5�ƝƒǁǍæƣšŘ#
��Ȇ-14���ąƸ$ƚā#ð�3ȘȽ

ųšŘ$ȀľƻĈ%�ğĈ 72.7%�ƉƚĈ 50.0%�����ŎšǾ�%�A`e

M 4 ǒ#
������ȘȽųšŘģǹ$ƚā ƝƒǁǍæšŘ$ƚā�fǣ

����A`eM 2 ǒ+�%A`eM 3 ǒ$ƞ�#
��%�ȳė �Ȳė$

ƞ��äÑ���ǲ¤$ȘȽųšŘ#
��Ƹǖ$ƝƒǁǍæƣ"ƚā7ƣƫ

#š��
3�¾�#���%�uē�1#ƞ�ĺ7Ö/��šǾ7Ǳ�ĖǸ

��3� 

� ŎšǾ�%�ƝƒǁǍæƣšŘ#
���MPL $ȪƞĈ�Ö�#�4�Ƹǉ

ǆ$Ûój»�Ȇ-14�� �1�ƸǪǌ�Ɠ���3� �Ņ1� "�

��ɆśƸ$ƸǪǌ%�ĉƕėƸǪǌ�Ƹ°ėƸǪǌ�ƭǂ°ėƸǪǌ#Û


��Ƀ�43Ɉœs, 2008ɉ�ŎšǾ$ƝƒǁǍæƣšŘ�%���4$ǒ#


��.ǒǪǌ/óǻ«ǉǆ%Ȇ-14"���� �1���ąƸ�Ȇ-14

�ƸǪǌ%ƭǂ°ė�%"�� �Ņ1�#"�������ŎšǾ$ǃŖ$

,�%MPL$ƞ�#
��Ȇ-14���ąƸ$ƸǪǌ��ĉƕė��3�%

Ƹ°ė��3�$ȭ¢7Ǳ�� %�
"���� 

� ȪĈ"MPL$Ƌ�%�Ƹǉǆ#
�3Ś$Ø«�×ū
0&�Ɠ��ƴǙď



 

 85 

Ģ�Ȇ-14"���$#ð��Ƹőȯ$ȯȖ#
��%ǛǗƿǙ$ŷƂ/ǡ

°ǉǆ$ŷƂ�ɇƏ�Ȇ-14��fǥƣ#�ǁǍ#×ū�Ɠ�3 �ßmƑ

/V@aS9eE#0��ȐɄ�Ǽ�4À´�43�����×ūýÃÍ�1

%ǉǆǧƿǙ/ǰƹ�����ǡ°ǉǆ$ÖƓ#0��×ūȨ�ǎı�4�Ơ

Ɵ«�3Ɉm÷, 2008ɉ�����ȪĈ"MPL$Ƌ�%��$0�"ƝƒæƣØ

«7ƬÆ�3ģǹ%Ȇ-14"����������MPL �Ɠ�3��ąƸ$

ƚā%�ǁǍ($�í %ƚ"3ƝĠ��3·ǚė�ƬÆ�4�� 

� �4+�#�Ƌ�Ƹǖ#ƚā�Ɠ�3Ɯě ���ǮƸ�­ǞŤƸ�ŠhƸ�

ŠiƸ$ħǌ�ÕÂ�4��3ɈLewis et al., 1997; Devor et al., 2006ɉ�Lewis1

%�ǮƸ+�%­ǞŤƸ#ħǌ�Ȇ-14�Ƌ 18ɀ#
��ƝƒǁǍæƣšŘ

7êŁ�� �5�ǖƦƣ#ƚā�Ȇ-14�Ȩ~$Ƹǉǆ�ǉǆėǃºǁǍ

#ǎı�4��� ÕÂ���3ɈLewis et al., 1997ɉ��$fŀ��ŠhƸ+�

%ŠiƸ$ħǌ#
��%�ƝƒǁǍæƣšŘ#���ǰ�Øė�Ǫǌ�ǉǆ

«�Ȇ-14�
2�Ù�ėØ«��3·ǚė�ĪĴ�4��3�ŎšǾ�Ȇ

-14�ȪĈ"MPL$ƞ�#
�3ƝƒǁǍæƣšŘģǹ%���4$ÕÂ 

.fǣ�"����������ȪĈ"MPL�Ɠ�3��ąƸ$ƚā%��4
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1$ƸƜě .ƚ"3ƝĠ��3·ǚė�ɇ�� 

� ȪĈ"MPL$ƞ�#ð���V<@a:`<#03ƢƐØ¨Ȧ|ã$Ǉǐƣ

ǼŔ7Ǳ�� �5�ǼƼƽ�:K;UC<L><cDAN_|ȥǂș�FOXO

DAN_|ȥǂș#
��Ƕĺ$Ȧ|ã#ŋĞ"ƢƐčĈ$Ø¨�Ȇ-14�

ɈÎ 3-3Ɋ3-4Ɋ3-5ɉ��41$ǃŖ7šȁ�3�-# Real time PCR7Ǳ�� 

�5�A`eM 4ǒ$ƞ�#
���ǼƼƽ$ mRNAƢƐȬ$�i ƸǪǌ#

ȰȢ�3 PPARGC1A $ƢƐȬ$ŋĞ"�i�Ȇ-14��ǼƼƽ#
�3

mRNA ƢƐȬ$�i%�V<@a:`<$ǼŔǃŖ7ç�#ǳx�3ǃŖ��

���ɆśƸ$´ǌŵ¨%�ǼƼƽ$ȩƾŵė7ȇƢ��Ƽyȋ#Ȱ63ȩƾ

 Ȟȡ�$Ȧ|ãƢƐ7Ö¦��3 ÕÂ�4��3ɈPinheiro et al., 2010ɉ�Ŏ

šǾ$ǃŖ%���ąƸ$´ǌŵ¨$�i#}�ǼƼƽ$ȩƾŵė$�i7³

ņ�����.�4"������ƝƒæƣšŘ�Ȇ-14�Ƹǖ$ƚā%Ƽ

yȋ$�i#0��ċ
ȗ��4�·ǚė.¾é�
"��PGC-1�%�ƿǙŚ

$ŵė«ǵ§Ëã��2�yȋ =P_?e$Ęāė7ȈĻ�3ǂș#Ȱk�

3ȪǸ"ȈƺËã��3ɈIchida et al., 2002ɉ�QL�%�ɆśƸ#
�3 PGC-1

�ƢƐȬ$Ö¦%�=P_?eŸȒȬ7Ö¦���ɆśƸ$yȋ/ƆƔƓ#Ȱ
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k�3 �4��3ɈBoström et al., 2006ɉ�+��PGC-1�%WLBcM^:

$ƓºĢ
0&ŵė«#.Ȱk��ƸǪǌ7Ħ£�3�ƕ7ĩ�� �ÕÂ�

4��3ɈSandri et al., 2004ɉ�������PGC-1�ƢƐȬ$żô%�ɆśƸ$

yȋ$�i7ċ
ȗ���ǃŖ ��ƸǪǌ7ċ
ȗ��·ǚė��3��"

6��ŎšǾ#
�3 PPARGC1A$ƢƐȬ$ŋĞ"�i%���ąƸ$Ǫǌ 

ȰȢ����·ǚė�ɇ������PPARGC1A$ƢƐȬ$Ø«�MPL$°Ë

 "��$��ǃŖ ��Ɠ��$�7Ņ1�#�3�-#%��1"3šǾ

�ĖǸ��3� 

� ŎšǾ$ǃŖ�ȘȽųšŘ#0����ąƸ$ƚā7�3ưĈĥĲ�3� 

�·ǚ�����ƝƒǁǍæƣšŘ�%�MPL $A`eM�Ȫƞ«�3#}�

��ąƸ#Ú�$ƝƒǁǍæƣ"ƚā�Ȇ-14��MPL $ƞ�$��ąƸ�

Ɠ���3Ø«7�ãƓƈæƣ#ǼŔ�� �5�ɆśƸ$Ƽyȋ
0&ƸǪ

ǌ#Ȱk�3fȨ$ mRNA$ƢƐȬ#ŋĞ"Ø«�Ȇ-14���41$ǃŖ

�1�MPL $ƝĠY>OGX#��ąƸ�ȪǸ"đ¥7Ŗ����3·ǚė�

ƬÆ�4�� 
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ǈĨ 

� ŎƪƳ�%�Ƌ$ǠǭɆ�ŀǝǤɈMPLɉ#
��Ɠ�3ɆØď7šȁ���

$ƝĠY>OGX7Ɲƒæƣ
0&�ãƓƈæƣĤŲ7ƕ��ǼŔ7Ǳ��� 

� Ʒfƶ�%�6�Ï�Ʌǘ�4��3Ƌ$MPL$ƢƓƌű7ĥĲ�3�-#�

fŨȀơŁǿ7¶Ȁ��Ƌ7ðȎ#ÛǺŦ"ƛæƣȈŘ7êŁ���uÊ$ȈŘ

�%�ȈŘðȎ��$ 19.2%Ɉ533/2,770ɀɉ#MPL�Ȇ-14��MPL$ƞ�

%�ĢȮŌ#ÚƢ��óÒƋƲ#Ú��¼�,14��MPL$ßƢƋƲ%�L<d

TeM_�Ibb�\e@DZedJ^:�UY]O:c��2��$ǃŖ%w

Ï$ƛæƣĜÕ * 8!fǣ����ɈHodgman, 1963; Priester, 1972; LaFond et 

al., 2002; Alam et al., 2007ɉ�MPLǏěƋ$ė¢%�ȴ� 256ɀɈō²ª 126ɀd

²ªź 130ɀɉ�ȶ� 277ɀɈōjà 152ɀdjàź 125ɀɉ �ȶ$ŀ�ŋĞ#

ǏěƏ�ɇ����ȈŘðȎ��#
���l�ė$MPL� 342ɀɈ12.3%ɉ�

Ȇ-14�Ƈ�ė$MPL% 191ɀɈ6.9%ɉ�����MPLǏěƋ$m�%�64.2%

�l�ė��2�l�ė$ MPL $ƢƓ�ŋĞ#Ú����ȈŘðȎ��#ð�

3MPL$¹A`eM$ǏěƏ%�A`eM 1� 10.9%�A`eM 2� 7.8%�A

`eM 3� 3.1%�A`eM 4� 0.3%�����MPLǏěƋ��$¥º%�A`

eM 1� 51.0% Ŋ.Ú��Ũ��A`eM 2� 35.1% �lA`eM� 85%z

h7¯-�����1#�A`eM 3� 12.9%�A`eM 4� 1.0% �A`eM

�ɇ�#"3#�4�ǏěƏ���"3�¼�Ȇ-14��ŎšǾ$ǃŖ�1�

6�Ï�Ʌǘ�4��3Ƌ$ 5 ɀ# 1 ɀ� MPL #Ǐě���3·ǚė�ƬÆ�

4���4%�6�Ï$Ƌ�Ǐě���3Ŋ.Ú�Ɯě ���.Ȥǽ�%"��

�$ȪǸė��ȆȌ�4��+��L<dTeM_#
�� MPL $Ǐě��ɂ
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Ǭ#Ú���� �1�ɆďĠ/ƝĠ$ǼŔ#Ŋ.ǢĆƣ��$ɇ�ƋƲ��3

� �Ƭ�4�� 

� Ʒrƶ�%�6�Ï�Ŋ. MPL $Ǐěĺ�Ú�L<dTeM_7ðȎ ��

MPL#0��Ɠ�3ÛǟɆ�ǜɆ�ǠǭɆ$ɆØď#���BcR[eHeľö

ĵĐɈCTɉ7ƕ��gŨ��Ȃ����41$ɆØď ȪƞĈ $Ȱ�#���

šǾ7Ǳ���ŎšǾ$ǃŖ�MPL$L<dTeM_#
��%�A`eM 3ǒ

+�%ŋĞ"ɆØď7Ɠ���"���$#ð��A`eM 4ǒ#
��%�Û

ǟɆ�ǜɆ�ǠǭɆ$��#Ť�"ɆØď�Ɠ�����ȪĈ" MPL �%�Û

ǟɆ#
�3�³Øď ÙŀĬț�ƁȚƀ$�ďĢ�ÛǟɆɁ#
�3 cranial


0&middle compartment$�ďĢ�ǜɆȠ~$�łØď�ǜɆƱ$�ŀ($Ø~�

ǠǭɆ$ĢȮjǦ�Ɠ�3� �Ņ1� "���Ȥ²# Xǉƙ�7. #rŨ

��Ɇ$ďĠ7Ȃ���ÕÂ�1�ȪĈ" MPL $ƞ�#
�3ÛǟɆ��Ɂ$

�ďĢ% caudal compartment $�ďĢ�n���3 ǔ	14�
��ɈHulse, 

1981; Roush, 1993; Schulz, 2002; Piermattei et al., 2006ɉ�ŎšǾ#
��gŨ��Ȅ

ƿ#šǾ�� �5 caudal compartment$�ďĢ%Ɠ��
1��Ŀ�# cranial


0&middle compartment$�ďĢ�n���3� �Ņ1�#"���ŎšǾ

�Ņ1�#"��ÛǟɆɁ#Ɠ�3ďĠƚā%�ÙƯĤǲ$ǲĊ7Ůé�3h�

ȪǸ"¡ľÓſ "2Ĕ3�-��$ǢĆƣ��%
6-�ɇ��MPLǏěƋ#

Ɠ�3ɆØď#����»f����ǠȰƺ7ţĢ�3Ƕĺ$Ɇ7»ň#gŨ�

�ǼŔ�3� #02�MPL#0��Ɠ�3ɆØď702Ūƫ#ĥĲ�3� �

�
���41$ɆØď%�ÛǟÉɀƸǒ$ȗâȨ ǀũȨ7ǃ'ƥǉ#Ű��

Ɠ��
2�ÛǟÉɀƸǒ#03ĩǅƣ"Ɗċ�Ȱk���3·ǚė�ƬÆ�4
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�� 

� Ʒgƶ�%�MPLǏěƋ$ǠȰƺÃÍ$Ƹǖ#
��ȘȽųšŘ7êŁ�3�

 �F@^eOcA7Ǳ��ƚā"Ƹǖ7»é����$ǃŖ��ƞ��ǋþƸ�

ÛǟƥƸ���ąƸ�Ù�ąƸ�mȯąƸ7�4�4į��3� �·ǚ���

��ȘȽųƙ�#
�3ƚāģǹ%���ąƸ#ȵm��
2�Ɖ#A`eM 4

ǒ�%�ƞ�#
����ąƸ�ɇȝĈ7Á�����Ũ���»fƞ�#
�

�ȘȽųšŘ#�ƚā�Ȇ-14���ąƸ7ǲm#ĭµ���$fȨ7ƕ��

ƝƒǁǍæƣšŘ7êŁ���ƝƒǁǍæƣšŘ�%�MPL$ȪƞĈ�Ö�#�

4�Ƹǉǆ$Ûój»�Ȇ-14�ƸǪǌ�Ɠ���3� �Ņ1�#"���

�41$ƸǪǌ%ƭǂ°ėƸǪǌ�"�� � -�Ņ1�#"�������

��ąƸ$ƚā�Ƹ°ėƸǪǌ ĉƕėƸǪǌ$��4#0��Ɠ���3�#

���%¡Ņ�"����+��A`eM 4ǒ$ƞ�#
��%�Ƹő�$ǛǗ

ǎı ȯȖ($ǡ°ǉǆ$ŷƂ#02�Ƹǉǆ�* 8!Ȇ-14"�ƞ�.ä

Ñ����1#�fȨ$ȪĈ"MPLƞ�$��ąƸ�1ĭµ�� mRNA7ƕ�

�V<@a:`<7Ǳ���$ƢƐ7Ǉǐƣ#ǼŔ���V<@a:`<#03

ǼŔǃŖ7. #���ąƸ$ƚā#Ȱ��3Ȧ|ã7ĮŽ��Real time PCR#

��ǵȦ|ã$ƢƐȬ7éȬƣ#Ȃ��3� � MPL $ƝĠY>OGX$ǼŅ

7ȃ,���1#�V<@a:`<#03ƢƐØ¨Ȧ|ã$ǇǐƣǼŔ7Ǳ��

 �5�ǼƼƽ�:K;UC<L><cDAN_|ȥǂș�FOXODAN_|ȥ

ǂș#
��Ƕĺ$Ȧ|ã#ŋĞ"ƢƐčĈ$Ø¨�Ȇ-14��V<@a:`

<$ǼŔǃŖ
0&QL�ƸǪǌ$°Ë ��ÕÂ$�3Ȧ|ã#ƧƤ�

ɈSandri et al., 2004; Stitt et al., 2004; MacFarlane et al., 2006ɉ�ǼƼƽ#Ȱk�3
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PGM1�PFKM�GAPDHS�PGAM2
0& FOXODAN_|ȥǂș#Ȱk�3 IGF1�

AKT3�FOXO1�PPARGC1A�FBXO32#ð��$ Real time PCR7Ǳ���A`

eM 4ǒ$ƞ�#
��%�uÊšǾ����$ǼƼƽ#Ȱ�3mRNA$ƢƐȬ

����¼�Ȇ-14���41$m��PGAM2 $ƢƐȬ%A`eM 4 ǒ�ŋ

Ğ"��7Ƭ���+��FOXO DAN_|ȥǂș#
��%�IGF1�AKT3�

FOXO1�FBXO32$ƢƐȬ#¹ǒȯ�ŋĞÿ%Ȇ-14"�����$fŀ��

A`eM 4ǒ#
��%�PPARGC1A$ƢƐȬ�Ūāǒ#ŬȜ�ŋĞ"��7Ƭ

���ŎšǾ$ǃŖ�ȪĈ" MPL $ƞ��%�ƝƒǁǍæƣ"ƚā ɆśƸ$

Ƽyȋ
0&ƸǪǌ#Ȱk�3fȨ$ mRNA $ƢƐȬ#ŋĞ"Ø«�Ȇ-14

���41$ǃŖ�1�MPL$ƝĠY>OGX#��ąƸ�ȪǸ"đ¥7Ŗ��

��3·ǚė�ƬÆ�4�� 

� ŎƪƳ�%�Ƌ$ MPL #
��Ɠ�3ɆØď7šȁ���$ƝĠY>OGX

7Ɲƒæƣ
0&�ãƓƈæƣĤŲ7ƕ��ǼŔ7Ǳ���ƛæƣȈŘ$ǃŖ�

1�MPL%6�Ï$Ƌ�Ǐě���3Ŋ.Ú�Ɯě ���.Ȥǽ�%"���

$ȪǸė��ȆȌ�4��+���4+�gŨ��$ɆďĠ$ǼŔ�Ìȹ���

�A`eM 4 $ƞ�.¿-šǾ7Ǳ�� �5�ȪĈ" MPL �Ɠ�3ɆØď$

Ȅƿ7Ņ1�#��  .#�Ŀ�"ƨǹ.Ĕ3� ��
���$ǃŖ�MPL

#}�ɆØď%�ÛǟÉɀƸǒ$ȗâȨ ǀâȨ#Ű��Ɠ����� �1�

ÛǟÉɀƸǒ$Ɗċ�ǠȰƺ7ţĢ�3Ɇ$Øď#ĐȾ7k	��3·ǚė�

ƬÆ�4��ŎƪƳ�%��1#��ąƸ#ƅƃ7Ď���ƝƒǁǍæƣ
0&

�ãƓƈæƣ#ǼŔ7Ǳ�� �5�MPLǏěƋ$��ąƸ#
��Ɠ�3Ø«

7 -�Ņ1�#�3� ��
���41$ǃŖ02��ąƸ%�MPL$ƝĠ
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Ɠƒ#
��ȪǸ"đ¥7Ŗ����3·ǚė�ƬÆ�4������ŎƪƳ�

%ÛǟÉɀƸǒ$���ǲm#ȸľ�3� $�
3��ąƸ$,���šǾ7

Ǳ���"��-�MPL$ƝĠ7�1#Ūƫ#ĥĲ�3�-#%�ÛǟƥƸ�Ù

�ąƸ�mȯąƸ#
��.»Ť$šǾ7Ǳ�$�ƒĝ��3�+����ąƸ

#
�3mRNAƢƐȬ$Ø«%��$ŧǚƚā7³ņ��.$�%"���$�

-�MPL$ŧć7ǼŅ�3�-#%�ƸȺÎ"!7ƕ��Ƹǖ$ŧǚǼŔ.µ2

�4���)
��3�ŎƪƳ�Ĕ14�ǃŖ%�Ǝ¬ơ#
�3 MPL $ůơ

#Û
�ȏƍ�3� �ŌĒ�43� 
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ȋȟ�

���������������������������ȼĶ7Ȕ2+��

ŃŎÛæÛæȱ� Ǝ¬æƪƳƯƎ¬æñĸ� Ǝ¬ĹòǉæƪƳë� m÷ŉè�Ɠ��

Ǝ¬ÙƯæƪƳë� ŗŐfČ�Ɠ�������������+��Ŏȉļ$±

î"řŪ7Ȕ2+��ŃŎÛæÛæȱ� Ǝ¬æƪƳƯƎ¬æñĸ� Ǝ¬ÙƯæƪ

Ƴë� ŶȫÄp�Ɠ�Ǝ¬ƝƒæƪƳë� Żȍo����������������

���������������������������§ǽ7Ȕ2+��

ŃŎÛæƓƈȓžƯæȨ� Ǝ¬ƝƒæƪƳë� �ǯāƘ�Ɠ�÷ŎĢǑ�Ɠ�B

eP_ÛæƎ¬æȨ� ŕġ�Ɠ�ŃŎÛæƓƈȓžƯæȨ� Ǝ¬ÙƯæƪƳëƪ

ƳÅ� oŢȕů�Ɠ�ŃŎÛæxõ¨ƈƝȱķĳƎ¬Ā� ƩüŉĚã�Ɠ���

���������+��ƛæƣȈŘ$êŁ#��2�ȑȪ"KeH7�İ�ȿ


+��ŃŎÛæxõ¨ƈƝȱƄǄƪ�¬� ÛȫǕĂ�Ɠ�ƗĽ®ɇ�Ɠ�©ȯ

�Ũ�Ɠ�ûƖƵf�Ɠ�Ʋãúȏ¸�Ɠ�mǷÇv�Ɠ�Þ�Ū��Ɠ�œø

Ǔ�Ɠ�œǫȕů�Ɠ�ÛìFV<_¨ƈƝȱ� ÜƖǩȴ�Ɠ#Ź�ğȋǣ�+

���1#%�Ǝ¬ÙƯæƪƳë Ǝ¬ƝƒæƪƳë$æȨƓȊ½#ğȋǣ�+

�� 

Ŋē#�Ʈ#ŎƪƳ7Ǳ�ŧ{7k	�ƪƳ$Ŋm%ĕ$ķ	 "���4�á 

Ŝã ęã� ŞÜ�ŏÜ#ĕ�1ğȋǣ�+�� 
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