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Abstract 

 Static measurements have been increasingly used in recent years to assess the 

condition of limbs in lameness associated with orthopedic disease in dogs. In this study, 

the usefulness of static measured center of mass (CoM) analysis was investigated in 

normal dogs and clinical cases. In normal dogs, changes in the CoM when the limbs 

were suspended and changes in the CoM when pain was given were investigated using 

five postures. The CoM of the dog in control was located slightly anterior to the center, 

and moved right or left backward when the left or right forelimb was suspended and 

right or left forward when the left or right hindlimb was suspended. The CoM was 

located posterior to the left and backward during pain in the right forelimb and anterior 

to the right and forward during pain in the left hindlimb. This change in the CoM was 

more pronounced in the forelimbs than in the hindlimbs. The function of the hindlimbs 

could be evaluated by combining the hindlimb loading test and the hindlimb dropping 

test. The weight imbalance could be clarified by increasing the load on the hindlimbs to 

60% of the body weight. In addition, the hindlimb dropping test, which requires a rapid 

response, induced a reaction after the drop and was able to detect a similar imbalance 

between the left and right hindlimb. Based on these results, we measured and evaluated 

changes in the CoM over time from postoperative to eight weeks after orthopedic 

surgery for cases of radial and ulnar fracture and cranial cruciate ligament rupture 

(CrCLR). In the case of radial and ulnar fracture, the change over time could be 

associated with functional recovery only by measuring the CoM. On the other hand, it is 



suggested that the CrCLR case needs to be evaluated statically by combining the 

hindlimb loading test and the hindlimb dropping test. This is the first study to establish 

and quantify methods for the CoM measurement and hindlimb function evaluation test 

in static measurement of dogs. The study also revealed changes in the postoperative 

CoM over time in cases of radial and ulnar fracture and CrCLR. 

 



 1 

ǫư 

 

ɨɗ����3 

 

ȃ 1 Ȃ� ʨǪđÎ- CoM ǅĚƿ-Ǵȁ(ÇȪ�=0ŏȪşɒÆǇ+=@ CoM

ĄÐ 

 

ȃ 1Ȉ� � .�9+���6 

ȃ 2Ȉ� � ƚƈ(ƌƿ���8 

ȃ 3Ȉ� � ȑơ���11 

ȃ 4Ȉ� � Ȧģ���12 

ȃ 5Ȉ� � õ(ɇ���18 

 

ȃ 2 Ȃ� ŏȪɮȽƓ�=0ŏȪȾ�Ɠ-ŏȪfx~W-ŏȪşɒÆǇ+=@Ą

Ð 

 

ȃ 1Ȉ� � .�9+���22 

ȃ 2Ȉ� � ƚƈ(ƌƿ���24 

ȃ 3Ȉ� � ȑơ���27 

ȃ 4Ȉ� � Ȧģ���31 

ȃ 5Ȉ� � õ(ɇ���32 



 2 

 

ȃ 3Ȃ� ǒ-ƭʹĪʹʹů�=0ÇÓēʫĵƊɈǥ¦+��@ CoM�ŏȪfx

~W-ƓʙǪŽǽ 

 

ȃ 1Ȉ� � .�9+���36 

ȃ 2Ȉ� � ƚƈ(ƌƿ���38 

ȃ 3Ȉ� � ȑơ���40 

ȃ 4Ȉ� � Ȧģ���42 

ȃ 5Ȉ� � õ(ɇ���45 

 

șâȦģ���49 

 

șŵ���51 

 

ØȦƇǔ���53 

 

ɫɾ���59 
 
¾»���60 
 
  



 3 

ɨɗ 

� ǢǦ+=@ǒ-ɵɃ.�ĨÍǐƆŉąǺʯý+��&ƕ:Ć�ǥǓ'�?�

ʹů�ȱȹ�ĄŉŚʚȈǥ*)ƪ	*ǣś'ÇȪ�@�.ŏȪ+ǜ�@�ǒ-

ɵɃ. Sumner–Smith+=? 0–7+ Grade¿ʵ�A&�? 1��A>-ɵɃɟ

¨.�ĨÍǐƆŉąǺǣś-ɝƊ�=0ƽǧÌơÃĚ- 9-ʓɎ*�ɓǪŷ

ƫ'�@� 

� jL�Wl{�a;l{]Uu�p]a.�ĨÍǐƆŉąǺ+��&ǒ-ɵ

ɃDĜɓǪ+ɟ¨�@ 9+ʱȟ+ǝ�>A&�@ 1,2,3��A>-Ʈï.�ƳɃ

�-ûǬļÚÉ!�'*��ðȪ-ĤǼŚ;Ƴķ:¤�&ǅĚ�@�(�ÞȮ

'�?�ǒ-Ɂǐƽǧ;ƆŉąǺŪɄŏ-ðȪ-ǓŠDĜɓǪ+ɟ¨�@ 9

-ÍǪǅĚ(�&¥ǝ�A@ 4��A>-ÍǪǅĚ.�ðȪ-ǓŠ�Ƴķ�=0

ʅľDĚʔÐ�@-+ŋȁ$��ǒ-TIX+ŗ�&¿Ɵ-ĄÍŚD: >��

ėĚ� `�Z-Üő+ćķ*ƓʙDɎ�@ǉ�ǲũ(�&Ÿ�>A@ 5,6,7� 

� ʨǪǅĚ.��;ʷ-ɝƊɋË+ʱȟ+ǝ�>A&�?�ʓŕ (Center of 

Mass; CoM) -ǅĚ.�ĸɆşɒ*)-ĜɓǪɟ¨(�&¥ǝ�A&�@ 8�ɿ

Ĺ'.�ʨǪǅĚ�ǒ-ɵɃ-ƨ¾+¥ǝ�A@�(�Ă�&�&�?�ƽǧ

ÌơDɟ¨�@ʡ+ʨǪǅĚ�ÍǪǅĚ=?:ÌơǪ'�# (-ÿè:�@

9�6 ǒ-ɲȁƓ+.�ǢǦ-�Ȫ-ɮȽDɼǄ�@ 9+�¢ʓ¿ĳDÇ

ŏ6 .İß+ĄÐ��@�('áȪ2-¢ʓ-¿ĳDĄÐ�@�(:Ƕ�A

&�@ 10��-=+�ʨǪǓŠ-ǅĚ.�¢ʓ¿ĳ-Ĩ�*ĄÐDƨ¾'�

@�(�>�ÍǪǅĚ=?:=?şľ-ʺ�¿Ɵ�ÞȮ+*@(ÿè�A&�



 4 

@ 11� 

� ÍǪǅĚ;ʨǪǅĚ-)">-ƌƿDǝ� (�&:�ŏȪ-ǢǦ.ÇȪ=

?:ƨ¾�+��(ÿè�A&�@ 11��-=+ʨǪǅĚ.�ÍǪǅĚ-Ư

ǉDɋ�(�'�@�ƌ'��ƌ-ǅĚ+&ɟ¨Dóʧ(�A&�@ŏȪ-

ɟ¨.Ƌ��ǅĚƿ�ŖɎ(*@�(DǶì�&�@�ŏȪǢǦ�ʴøÐ�+

��Ǚǟ- 1 $(�&�ǒ-:(:(-¢ʓ¿ĳ�ŏȪ=?:ÇȪ-ƌ�ć�

��(�Ȧ�>A&�@�ǒ.ÇȪ+ȋ 60%�ŏȪ+ȋ 40ʽ-¢ʓ�¿ĳ�&

�? 12�¢ʓǽÍ+ć�*ŋÈDŶ *�ŏȪ.ɵɃ�ʴøÐ�+��(Ȧ�

>A&�@ 13�Ŧ	.�ŏȪ+¢ʓ- 60ʽ���@�(D�Ě� Āâ�ÇȪ

+ǢǦÆǇ��# Ɠ(ãƪ+�ɼľ-ɵɃ;ǢǦÆǇ+=@Ŋʬ�ƨ¾�;

��*@�(D�ǅ� ��ƌ'�ŏȪ-ǢǦ�ǜ�&�@ʚȈ��ɿ �@

�.ʌ +ʝĬ�&�@�(=#&�ǢǦ-ƨ¾+ŖɎ(*@¢ʓɮȽ-Èâ

.ĄÐ�@�(:ȦŢ�A@�� �#&�ŏȪ-ǢǦɟ¨DʨǪǅĚ-ɓǉ

�>Ȧ�@(�ȜŐ+ɮȽD��@ƌƿ(řǇ+ɮȽD��@ƌƿ-¤ǝ�ŏ

Ȫ-İß�úɆDɣǩ�@ƌƿ(*?@(Žǅ� ���'Ŧ	.ƲĶǒD

ǝ�&ŏȪǢǦDʴøÐ�@ǫǪ'�ŏȪɮȽɠʸ(ŏȪȾ�ɠʸ+��@ŏ

Ȫfx~W-ĚʔÐDɃ��ĜɓǪɟ¨DɃ*# � 

� ƲĶǒDǝ�&Ƀ# ǳȀDȶļŗǝ�@ǫǪ'�ȶļǥ¦+Ĥ�&ãƪ-

ʨǪǅĚDɃ# �ÇȪǢǦÆǇǥ¦+.�Ĩüǒ-ÇȪ'ǜ�@ƕ:�ȻǪ

*ǣś'�@ƭʹĪʹʹůDʎŰ� �6 ŏȪǢǦÆǇǥ¦+.�ÇÓēʫ

ĵƊɈDʎŰ� � 

� Ĩüǒ-ʨǪ¿Ɵ��&�ÇȪ6 .ŏȪ-ǢǦ+ʚʆ�@ CoMĄÐDɤƑ



 5 

� ÿè.�����>+�Ŧ	-Ǳ@ʝ?�4Ȫ�=0 3ȪɲȁƓ�=0ǢǦ

ÆǇ+=#&ɣǩ�A@ CoM ĄÐ*>0+ȶļǥ¦+��@ƓʙǪŽǽDɦ

3 ǳȀ.Ĕø�*��ƙɧƇ'.ʨǪǅĚ(�&ǒ- 4 Ȫ�=0 3 ȪɲȁƓ

- CoMDɟ¨��ǢǦÆǇD�� Ɠ- CoM-ĄÐDðȪȽʓ¿ƄɉȢDǝ

�&ɕƟDɃ*# �6 �ŏȪǢǦÆǇ+ʚ�&ŏȪɮȽɠʸ�=0ŏȪȾ

�ɠʸ- 2 $Dǝ�&ɟ¨DɃ��ȶļǥ¦+ʚ�&:ěƍDɃ*# �ȃ 1

Ȃ'.ƲĶǒ-ʨǪǅĚ+��@ 4Ȫ�=0 3ȪɲȁƓ-CoMDɟ¨(ǢǦÆ

ǇD�� Ɠ- CoM-ĄÐD�ȃ 2Ȃ'.ŏȪ-ǢǦÆǇ+ʚ�@ŏȪɮȽɠ

ʸ�=0ŏȪȾ�ɠʸ-ƗǝŚ-ƨəD�ȃ 3 Ȃ'.ƭʹĪʹʹů-ǥ¦�=

0ÇÓēʫĵƊɈǥ¦+ʚ�@ CoM ɕƟ�=0ŏȪɮȽɠʸ�=0ŏȪȾ�

ɠʸ-ƗǝŚDʂƻ� ��A>-ǳȀ+=?�ƙɧƇ'.�ʨǪǅĚ+��

@ǒ- CoMɕƟ(ǢǦÆǇƓ- CoMĄÐDƑ>�+�@�('�ĨÍǐȶļ

ʯý+��&ƆŉąǺǣś+ȣś� śȪ-ɟ¨+ä� þǵǪƥųDƩȊ�

 � 
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ȃ 1Ȃ� ʨǪđÎ- CoMǅĚƿ-Ǵȁ(ÇȪ�=0

ŏȪşɒÆǇ+=@ CoMĄÐ 

 
ȃ 1 Ȉ� .�9+ 

� ɵɃDç�@ǒ+��&�jL�Wl{�a;l{]Uu�p]a.ĜɓǪ

+ðȪ-ǓŠDɟ¨ÞȮ*ÍǪǅĚƮï(�&ʱȟ+¥ǝ�A&�@ 14���

��A>-ÍǪǅĚ.�Ĩüǒ+Ĥ�&.ƳķɦƆ;ƳƪƪŃ-ɓǉ�>ėĚ

� `�Z-Ûʤ�óʧ'�@(�íʳDű�&�@ 7���'ƙǳȀ'.�

ǒ-ðȪ-ǓŠDĜɓǪ+ɟ¨�@ 9-ƌƿ(�&ʨǪǅĚ+ǯǫ� �ʨ

ǪǅĚ.��;ʷ-ÒǧǗĀ'ǝ�>A&�?ʓŕ (Center of Mass; CoM) D

ǅĚ�@�('Çŀǣś;ĸɆşɒʢĞ*)-ɋËɝƊɉȢ(�&ŗǝ�A&

�@��>+ʨǪǅĚ.�ǒ-ɵɃƨ¾+:ǝ�>A&�?�Ǐ²ŏȪ-ɵɃ

ƨ¾;ĄŉŚʚȈǥ-ƽǧÌơDÃĚ�@ʡ+�¢ʓ¿ĳ-Ĩ�*ĄÐDƨ¾

'�@�(�>�ÍǪɕƟ=?:=?şľ-ʺ�¿Ɵ�ÞȮ+*@(ÿè�A

&�@ 11,15� 

� ʨǪ¿Ɵ+ʚ�@�A>-ǳȀ-Ć�.�¢ʓ 20kg×�-ćüǒDĤɭ+ě

ƍ�A&�? 5,16�Ĩüǒ-ʨǪ¿Ɵ+ʚ�@ÿè.4(E)*��ãƪ+�ʨ

ǪǅĚD¥ǝ�&ÇȪ6 .ŏȪ-ǢǦ+ʚʆ�@ CoM ĄÐDɤƑ� ÿè

.�����>+�Ŧ	-Ǳ@ʝ?�4Ȫ�=0 3ȪɲȁƓ�=0ǢǦÆǇ+=

#&ɣǩ�A@ CoMĄÐDɦ3 ǳȀ.Ĕø�*�� 

� ƙȂ'.�ǒ-ǢǦÆǇt`zD£ť��ǒ-ÇȪ6 .ŏȪ-��A�+
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ÆǇDÊ�@Çŏ- 4Ȫ�=0 3Ȫɲȁ�- CoMDĚʔÐ� � 
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ȃ 2 Ȉ ƚƈ(ƌƿ 

1) ¥ǝÍǐ 

� 6 Ñ-±Ķh�Rzǒʾ9.1–13.7 kg�3–5 ƴ�ʣʿD¥ǝ� �áǒ.�ɹ

¢ƨƣʾ¸ɂǘɘȇ(ǜÐĕǪ¿ƟDæ8ʿ(ƆŉąǺƨƣDÝ���A>.

�3&±Ł'ƆŉąǺ-ǡĶ�*�(ÃƊ� ��������������

�������������April.2020.DʮĖ�&Ƀ# �(ʻĳćĕěʸÍǐ

¯ǙĐë�ūɢǠà : 170925-1) 

 

2) CoMǅĚDěƍ�@ɉȢ-£ť 

� ɠʸļʾ 50cm	100cm +ʿ 4Ơ-GzqɌjL�Wl{�aʾ 20cm	20cmʿ

DʑȢ��İß-ɶʦʾXɻʿD�ŕ�> 20cm�Çŏ-ɶʦʾYɻʿ.�ŕ�

> 40cmʾ1˂2 -Ƹǖʿ+ɜĚ� �áǒDɲȁđÎ+ª$ 9+�ɠʸļ�

> 45cm �+�@GzqdJrj{�rʾOctopus, Ɲ�±d]QWʿ+Ȝ�Ʀ

ĒǓ-mzaDÜ?�� ʾFig.1 �ʿ 

 

3) áȪ-Ÿ�+=@ 4Ȫ�=0 3Ȫ- CoM-ƼĚ (S~a|�z) 

� ǒ-ʰ�ƹĸ+ª A ǓŠ'�áȪ�ájL�Wl{�a(żɖ�@=

+�ɠʸļ+ɲȁ�&�@ǓŠDMyVczoVUw~(Ěȥ� �¢ʓ.�4

$-jL�Wl{�a-âɘ(�&ő>A��-đÎD 10ǻʙȖŶ� � 

ƨƣę.jL�Wl{�a�> 1 $-ȪDŶ"���ǒ.�ADɋ 9+ƶ

�A 3 Ȫ+¢ʓ�� �3 Ȫ-¢ʓ-âɘ.�4 Ȫ-âɘ(Ȅ��ȖŶ�A�

ƨƣę�ȪDŸ���@ŊʬDʝ?*�ĩ*�� �¢ʓĄÐǖ.�áȪŸ�
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ŏ-¢ʓDáȪŸ�ǬÇ-MyVczoVUw~'ǅĚ� ¢ʓ'ʟ�&ȇ¾

� �`�Z.�ßÇȪʾRight Forelimb; RFʿŸ��İÇȪʾLeft Forelimb; 

LF Ÿʿ��ßŏȪʾ Right Hindlimb; RH Ÿʿ���=0İŏȪʾ Left Hindlimb; 

LHʿŸ�- 4$-đÎ�>Üő�A �áđÎ.MyVczoVUw~(ãƪ

+ 10 ǻʙȖŶ�A �áȪ.Ɠɘñ?+ã�ʮĽ'Ÿ��A�áɠʸ-ʙ+

30ǻ-�ţD�� � 

ő>A `�Z.PowerLabUW_r(4SP, ADInstruments Pty, Ltd, Dunedin, New 

Zealand)D¥ǝ�&áȪ-ɮʓDɛʖ��CoMʾXCoM�YCoMʿ-ĿƫDư-=

+ƼĚ� � 

 

X!"# =  Weight!"  × X!"  +  Weight!"  × X!"  +  Weight!"  × X!"  +  Weight!"  × X!"
Weight!"  +  Weight!"  +  Weight!"  +  Weight!"

 

Y!"# =  Weight!"  × Y!"  +  Weight!"  × Y!"  +  Weight!"  × Y!"  +  Weight!"  × Y!"
Weight!"  +  Weight!"  +  Weight!"  +  Weight!"

 

 

��'� WeightRF, WeightLF, WeightRH, �=0 WeightLH .�A�A RF�LF�

RH��=0LH-jL�Wl{�a-'�?�(XRF, YRF), (XLF, YLF), (XRH, YRH), 

�=0 (XLH, YLH) .�A�A RF�LF�RH��=0 LH Ȣʾ$6?�[100�

200]�[-100�200]�[100�-200]��=0[-100�-200]ʿ- 4$-jL�Wl{

�a-Ŀƫ(� � 

 

4) ÞʃŚǢǦÆǇ+ʚʆ�@ 4Ȫ�=0 3Ȫ- CoM-ƼĚ 

� Ŧ	.�ǢǦÆǇDɣǩ�@ 9+�½ƞʾǬō 40mm	Õ� 2mmʿ+ûǬ

+Uy~[�ʾǬō 8mm	ʺ� 8mmʿDÜ?���lxW\]Q`fIWD
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£ť� �lxW\]Q`fIW.�ʊ×-ǳȀ(ãƪ+Uy~[�-�ʐD

ǒ-źǘ(ŷǘ-ʙ+Ü?���¢ʓD�� (�+żɖ�@=+�ŇŚ_

�l' 1 ñĲ���&öĚ� 17�ǒ.lxW\]Q`fIW-Ü?��+=

#& CoM-ĄÐDǶ� ��ɑɒǪ*ɵɃ.Ƕ�*� Sumner–Smith-ɵɃ

¿ʵ+& Grade2Dʍǝ� 1�lxW\]Q`fIW-Ü?��ŏ.�4Ȫ�

=0 3ȪɲȁƓ- CoMD�ɛ(ãƪ+ƼĚ� � 

 

5) ȓɘ¿Ɵ 

� ƲɐŚ.�Shapiro–Wilk testDǝ�&ɟ¨� �`�Z.�ĉʾƕćˀ

ƕĨ)'Ƕ� �S~a|�z- 4Ȫ�=0 3Ȫ- CoM- Xɻ�=0 Yɻ-

-ı�ÞʃŚǢǦÆǇ- 4Ȫ�=0 3Ȫ- CoM- Xɻ�=0 Yɻ--ı

. Bonferroni -ĆʓƸɽƨĚDǝ�&ɕƟDɃ*# ��3&-. p<0.05

'ƗŞı��@(ɟ¨� � 
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ȃ 3 Ȉ� ȑơ 

1) 4Ȫ�=0 3Ȫ-ɲȁƓ CoM (S~a|�z) 

� 4ȪɲȁƓ- CoM.�ŕț=?Çƌ'ɛʖ�A�ÇȪ�ŏȪ=?:¢ʓ�Ć

��(DǶ� �ĤǍǪ+�CoM - X ɻ-�ĉ.�0.4ʾȉô: �6.3–7.6ʿ

'�?�İß-¢ʓɮȽ-fx~W�ÜA&�@�(DǶ�&� � 

� RF Ÿ�Ɠ+.�CoM .MyVczoVUw~(Ƹɽ�&İ�=0ŏƌ+ǽ

Í� ʾõ 2 �ʿãƪ+�LFŸ�Ɠ+.�CoM.ß�=0ŏƌ+ǽÍ� ʾõ

2 �ʿ RHŸ�Ɠ+.�CoM.MyVczoVUw~(Ƹɽ�&İ�=0Çƌ+

ǽÍ� ʾõ 2 �ʿãƪ+�LHŸ�Ɠ+.�ß�=0Çƌ+ǽÍ� ʾFig.2 �ʿ

áȪ-Ÿ�Çŏ-ĸú¢ʓƸ. 94.1ʽ�> 100ʽ-ʙ'�# � 

 

2) RF6 . LHÆǇ+ʚʆ�@ 4Ȫ�=0 3ȪɲȁƓ- CoM 

� RF+lxW\]Q`fIWDÜ?��&ÞʃŚǢǦÆǇD�� Āâ�S~

a|�z=?:İ²+ 4 Ȫ- CoM �Ƕ�A ʾFig.3 �ʿ RF Ÿ�Ɠ.�CoM

-ĄÐ.ɢ9>A*�# ʾFig.3 �ʿ LFŸ�Ɠ+.�CoM.ß�=0ŏƌ+

ǽÍ� ʾFig.3 �ʿ RH6 . LHŸ�Ɠ+.�CoM.�A�Aİ6 .ß�

=0Çƌ+ǽÍ� ʾFig.3 �ʿ 

� LH+ÞʃŚÆǇ��� Āâ�4ȪɲȁƓ-CoM.ĄÐ�*�# ʾ Fig.4 �ʿ 

RF 6 . LF Ÿ�Ɠ+.�CoM .�A�Aİ6 .ß�=0ŏƌ+ǽÍ� 

ʾFig.4 �ʿ RH6 . LHŸ�Ɠ+.�CoM.�A�Aİ6 .ß+ǽÍ� 

��Yɻ+ĄÐ.ɢ9>A*�#  (Fig.4 �ʿ 
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ȃ 4 Ȉ� Ȧģ 

� ƙǳȀ'.�ǝ� �3&-ǒ�ɠʸļ+ȁ"�4Ơ-jL�Wl{�aD¥

ǝ�&áȪ2-¢ʓ¿ĳDǅĚ�@�(�ÞȮ'�# �Ŧ	. 4Ȫ�=0á

ȪDŸ��� 3Ȫ'-ɲȁǓŠ-ǒ- CoMDɟ¨� ��>+�ÇȪ6 .

ŏȪ-��A�+ʍǝ�A@�ʊŚ-ǢǦşɒÆǇ+Ĥ�@�¶Ǫ6 .ʍŗ

ǪŗȆ(�&�CoMĄÐDɟ¨� �Ŧ	-Ǳ@ʝ?��A.ÇȪ6 .ŏȪ

-ǢǦşɒÆǇ+Ĥ�@ 4Ȫ�=0áȪDŸ��� 3ȪɲȁƓ- CoM+Ĥ�

@ʍŗÚŗ�@�.�¶ÚŗDĚʔÐ� ƕÂ-ǳȀ'�@� 

� �ȻǪ+�ǒ-ÇȪ.ŏȪ=?:¢ʓ-ÅŒ+ć�*ŋÈDơ ��(�Ǳ

>A&�@ 2,6,12,18�ƙǳȀ'.�S~a|�z+��@MyVczoVUw~+

&�ÇȪ-¢ʓɮȽ.ŏȪ-¢ʓɮȽ=?:ć��# �S~a|�z+��

@MyVczoVUw~+&�¢ʓ.İßƌä+úȄ+fx~W�ÜA&�@

�(�Ƒ>�(*?��-�ě.×Ç-ǳȀ(�ȸ�&�@ 19�Ŧ	-ǳȀ.�

ÇȪ(ŏȪ-¢ʓ¿ĳ+ʚ�@ CoM-ĚʔÐDÿè��ƙǳȀ+ǝ� h�R

zǒ-ȑơ�ʊ×-ÿè+ǝ�>A 25
40kg-ćüǒ-ȑơ(ãȄ'�@�

(DǶ� 15,20� 

� Ŧ	-ǳȀ'.�áȪDŸ��� 3ȪɲȁƓ- CoM.�ǒ-đÎĄÐ+ŗ

�&ĄÐ�@�(DƑ>�+� �ÇȪDŸ��@(�CoM.ŏƌ+ǽÍ��

Ÿ�� ÇȪ(ÚĤƌä+ǽÍ� ��-ǽÍ.�×Ç+ÿè�A ÇȪƊȯ

ŏ-¢ʓ¿ĳ-ĄÐ+ʵ�� Úŗ'�# 21��>+ CoM.�ŏȪDŸ��

@(�CoM.Çƌ+ǽÍ��Ÿ�� ŏȪ(ÚĤƌä+ǽÍ��ŏȪƊȯŏ+
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ɓģ�A ¢ʓĄÐ+ʵ��&� 22�ƙǳȀ'Ŧ	.�áȪŸ�Çŏ-¢ʓ

DƸɽ��Ÿ��-:-��¢ʓĄÐ+G�_HjFQaDǜ���*��(

DǴɢ� �ʊ×-ǳȀ'.�CoMĄÐ.�fx~WDñœ�@ 9+¼ʐ6

 .ąʐ-±NdXr+=#&ÅŒ�A@�¶Úŗ+=#&ń�ɲ��A@(

ÿè�A&�?�ãƪ-ȑơ�ƙǳȀ'ɓģ�A 13,23� 

� ěʸ`�ZDƸɽ�@(�İß-ÇȪ(ŏȪ-ʙ+ʩĤǼ-ȑơ�Ǵɢ�A

 �ÍǪƳɃ¿ƟDÄǝ� ��$�-ǳȀ'.�ƲĶ*ǒ-ƳɃ.İßĤǼ

'.*��(Dÿè�&�? 24,25�ƙǳȀ':ãƪ-ʩĤǼŚ�ɓģ�A (Ȧ

�>A �6 �Ä�ɴ��-ʩĤǼŚ+ʚ��&�@ÞȮŚ��@�(:Ȧ

Ţ�@ŖɎ��@�ʊ×-ǳȀ'.�ǒ;ʷ*)-ðɴÍǐ+.Ä�ɴ�Ĕø

��¥ǝ+Č6��ÇȪ�@�.ŏȪ�Ĕø�@�(�Ƕì�A&�@ 25,26,27�

�-�ě.�Íǐ�ʩĤǼʉÍDń�ɲ��Ɏò- 1$+*@(Ȧ�>A&�

@�Ŧ	-ǳȀ+��&�ƲĶ*ǒ-İß-ÇȪ(ŏȪ-ʙ+Ĕø�@ʩĤǼ

-ȑơ.�áȪ-Ÿ�+=#&ń�ɲ��A@�úɆ+Ĥ�@ʍŗ�=0�¶

Úŗ(ʚʆ�&�?��A. CoMĤǼŚ+ŊʬD��@ÞȮŚ��@(Ȧ�>

A � 

� ǒ+ǢǦşɒÆǇD��@(�ŊʬDÝ� Ȫ+¢ʓD��*�=+Úŗ

�@ 9�CoM.Ƒ>�+ŊʬDÝ� 10�ßÇȪǢǦşɒÆǇ'.�MyV

czoVUw~- CoM.ć��İŏƌ+ĄÐ� �ĤǍǪ+�İŏȪǢǦşɒ

ÆǇ'.�MyVczoVUw~+��@ CoM- Yɻ-ĄÐ.ɢ9>A*�:

--�Xɻ.ß²+C��*ĄÐD: >� ��A.�ÇȪ�ŏȪ=?:¢
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ʓ¿ĳ-ÅŒ+ć�*ŋÈDơ �&�@(�Ȧ�(�ȸ�&�@ 28�ʊ×

-ǳȀ'.�ǢǦ�ʨǪđÎ-fx~W-îĊDń�ɲ���ǒ�ǢǦȜéD

ǫǪ+ŊʬDÝ� ÇȪ�@�.ŏȪ-ÚĤ²+¢ʓDǽÍ�@ʍŗÚŗDÿ

è�&�@ 13� 

� ǒ-ɵɃ�ɑɒǪ+Ƒ>�'*�Āâ�ȶļÒ.�/�/ǒ-áȪDŪ'Ŷ

"��@�(+=#&ȁ#&�@ǒ-¢ʓ¿ĳD�ɓǪ+ɟ¨�@�(�ÿè

�A&�@ 11�Ŧ	.�-ǓƾDŝĚ��lxW\]Q`fIWD¥ǝ�&Ǐ

ɴDÆǇ�@�('�ɑɒǪ+ƨ¾'�*�ɵɃ-t`zD£ť� ��-l

xW\]Q`fIWD¥ǝ�&�4Ȫ�=0áȪŸ�- 3Ȫ(ȏ7âC�& CoM

ĄÐDɓģ� �Ŧ	.�ßÇȪǢǦşɒÆǇ+=@ 3Ȫ'-ɲȁǓŠ+��

&�ɹ ȿ* CoMĄÐDƑ>�+� �Ǒ+�CoMĄÐ.İÇȪŸ�'ƕ:ʴȿ

'�# �ã²-ÇȪ�ǢǦşɒÆǇDÝ�&�@(�+Ĥ²-ÇȪ2-ʓʔ

¿ĳ�ĂÊ�  9�ÇȪ-Ÿ��=?ć�* CoMĄÐDń�ɲ�� ÞȮŚ

�Ȧ�>A �ʊ×-ǳȀ'.�ǒ-fx~WĄÐ+=@ðȪ-÷É-ĂÊ+

=?�g]b-÷Éʯý�Ŵć� �(�ÿè�A&�@ 11,13,23,29��A>-ǳ

Ȁ'.�¢ʓɮȽ+=#&g]b�ÆǇ�A�ǢǦ-�@Ȫ-÷É�ƗŞ+¡

�ÚŗDǶ��(ÿè�&�@��ƌ�İŏȪǢǦşɒÆǇ'.�ßÇȪ�İ

ÇȪ��=0İŏȪ-Ÿ�+=@ 3Ȫ- CoM+ƑǴ*ĄÐ.ɢ9>A*�# �

�A>-ȑơ.�¢ĺ�ÇȪ+=#&-7To�a�A&�@ 9�ŏȪ-Ǣ

ǦşɒÆǇ� CoM+4(E)ŊʬD��*�(�Ȧ�DɊ��&�@��-

ǳȀ+��&:�ǒ.ŏȪ+=#&Ɓ�>A@¢ʓ-Èâ�¡� 9�ŏȪ-
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ǢǦDɑɒǪ+ɟ¨�@-.ʧ��(ʁ3>A&�@�����ŏȪ-ǢǦş

ɒÆǇ�ɼŔ- 9�3Ȫ- CoM+ŊʬD��*�ÞȮŚDŻʟ�@�(.'

�*�(Ȧ�>A@�ȷǌ*ɲȁđÎ.ǒ+=#&ǡ*@ 9�4Ȫ( 3Ȫ-

CoM.Ŗ��:ƙǳȀ(ãȄ'�@(.ʝ>*��Ç´đÎ-ǒ'.�ßŏ

Ȫ6 .İŏȪŸ�+=@ 3Ȫ'-ɲȁǓŠ- CoM.�ŏƌ+´� đÎ-ǒ

=?:Ĩ��ÞȮŚ��@� 

� ǕÒĕʯý'.�ÍǪɕƟ+��@ûǬļÚÉ(ûǬɅſÉ-�ƌ�«ʲŚ

-ʺ��ɵɃDĚʔÐ�@ 9-Ļ�Ǳ>A&�@gx±�Z�'�@ 30� 

!��ƳɃʅľ�Êʅľ�ƳɃđÎ.�A>-gx±�Z�+ć�*ŊʬD�

�@ÞȮŚ��@ 7,20,31�jL�Wl{�aD¥ǝ� ÍǪɕƟ.Ƴķ�ǲ� 

9�Ĩüǒ-ǳȀ+.ʍ�&�*�(ÿè��@ 6��-ǳȀ'.�ɵɃDɑɒ

Ǫ+ƨ¾'�*�Āâ':�MyVczoVUw~'-ʨǪǅĚ6 .áȪD

Ÿ���@�(+=#&ǡĶ*ðȪ+ɲò�@CoM-ĄÐDƨ¾'�@�(�

Ƒ>�(*# �Ǒ+ÇȪ+ǡĶ��@Āâ�CoMĄÐ.Ƒ>�'�?�ɝƊ

;Ʉŏ-ƮȮɟ¨+��&ȶļÒ-ɋËɝƊ(�&¥ǝ�A@�(�ƘŎ�A

@�ŏȪ+ʚ�&.�ʨǪǅĚ!�'.ʉÍƮȮDɟ¨�&ǡĶDƨ¾�@+

.�Ó¿*Āâ��@(Ȧ�>A@�ʨǪǓŠ- CoMɟ¨.��A>-ÍǪǳ

Ȁ-Ưǉ-��$�DɋÞȮŚ��?�ÍǪ�=0ʨǪjL�Wl{�aǳ

Ȁ-ȏ7âC�.�ĦƜ-ƳɃʢĞ-ɟ¨+ŋȁ$ÞȮŚ��@� 

� ƙǳȀ-ȶļǕÒĕ2-ʍǝ+.��$�-Åʝ�Ĕø�@�ȃ�+��ñ

-¿Ɵ'.h�Rzǒ-7D¥ǝ�  9���'ÿè�A&�@ CoM-ĄÐ
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��-êǿ+:ʍǝ�A@�)�.�Ƒ'�@�� �#&��-ǳȀ-¼

ğ.�ťǒMW-h�Rzǒʾ9.1
13.7 kg�3
5ƴʿ+ʍǝ'�@(Ȧ�>A

@�ʷ'-ǳȀ'.�ã²-Ȫ(Ĥ²-Ȫ-ʙ-ɶʦ�ć��4)ʰī-ėĚ

Ś�ʺ6@�(�Ƕ�A&�@ 32�ćüǒ(ɳĨüǒ'.�Ȫ-Ÿ�6 .Ǣ

ǦşɒÆǇ+Ĥ�&ǡ*@�¶Ǫ�=0ʍŗǪÚŗDǶ�ÞȮŚ�Ȧ�>A@�

ȃ�+�ƙǳȀ-ʨǪǅĚ(đÎĄÐ+.�-ʚ���# ǉ'�@�×Ç-

ǳȀ+Ƕ�A&�@=+�ǒ-¢ʓ¿ĳ.ʰ-C��*Í�(¢-ȘŅ+Ƃ

ş'�?�ėĚ� ǅĚ. 10ǻ+Åʝ�A&�@ 29��>+�áȪDŸ��

@ 9+ƀ£�@��ɿ�+�@ǚā:¢ʓ¿ĳ+ŊʬD��@ÞȮŚ��@�

6 �đÎ-ĄÐ;ǢǦşɒÆǇDȡ?ʀ�ěƍ�@(�šA�Ģğ�®Řş

Dń�ɲ���ǅĚȑơ+/>$��ǜ�@ÞȮŚ��@�ȃ�+�ðȪ-Ǣ

ǦşɒÆǇ��įǪ+£ť�A :-D¥ǝ� ���'ÿè�A&�@ CoM

ĄÐ��ȨʚȈ;ȫʚȈ*)-ƆŉąǺǣś-ǒ+:ň&.6@�)��ǒ

-ťǎľâ��¢ɦ-ĄÐ�ɚȝ-Ɨǋ� CoM+ŊʬD��@�)�DƑ

>�+�@+.�Ɣ*@ǳȀ�ŖɎ!(Ȧ�@��-ǳȀ'.�¢Ʀ�C��

+ǡ*@ǒDöĚ�A jL�Wl{�a-�+ɲȁ��ǅĚ� ���A.

ǅĚđÎ( CoM+ŊʬD�� ÞȮŚ.åĚ'�*���-ǳȀ'. 6ʰ-h

�Rzǒ-7¥ǝ�  9�ȓɘǪƨ¾É��ɴ�@ÞȮŚ��@��A+:

ʚC>��-ǳȀ.�ðȪ�=0ðȪ-Ÿ�ǓŠ'ȁ#&�@ 3Ȫ-ʨǪ¿Ɵ

��ǒ-ǡĶ*ðȪDɟ¨��CoMĄÐ-ĜɓǪĚʔÐDʈ9@ 9-Ɨǝ*

^�z'�@�(DƑǴ+Ƕ�&�@� 
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� ȑɧ(�&�4Ȫ( 3Ȫ-�ƌ- CoM.�ÇȪ6 .ŏȪ-ǢǦşɒÆǇ

�+ĄÐ� ���'ěɞ�A CoMɟ¨-ƗǝŚ.ǒ-�ʚȈǦ�ƆŉąǺ

ŪɄŏ�=0Ɂǐŭ�ŏ-ñœ-ɟ¨- 9-ĚʔǪgx±�Z�(�&Ɨǝ

ŚDǶ� � 
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Fig.1 MyVczoVUw~ǅĚƓ-ƪĒ 

4 $-jL�Wl{�aD³� ɉȢ+ɲȁ�&�@ǒ (MyVczoVUw

~)� ǒ-đÎDȖŶ�@ 9+�Gzqj{�r (Țȼ) �Ü?��>A&�

@� 

 

 

 

  



 19 

 

Fig.2 MyVczoVUw~+��@áđÎ Xɻ (�) ( Yɻ (�) -Ƹɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=6)�4ȪɲȁƓ(

áȪŸ�Ɠ- 5$-đÎ-ı. Bonferroni-ĆʓƸɽƨĚDǝ�&ɕƟDɃ#

 ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)(�

 � 
OPRF = ßÇȪŸ�ǬÇ-MyVczoVUw~, RFsus = ßÇȪŸ�, OPLF =İÇȪŸ�ǬÇ-MyVc

zoVUw~, LFsus =İÇȪŸ�, OPRH =ßŏȪŸ�ǬÇ-MyVczoVUw~, RHsus =ßŏȪŸ�, 

OPLH =ßŏȪŸ�ǬÇ-MyVczoVUw~, LHsus =İŏȪŸ� 
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Fig.3 ßÇȪǢǦÆǇ+��@áđÎ- Xɻ (�) ( Yɻ (�) -Ƹɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=6)�4ȪɲȁƓ(

áȪŸ�Ɠ- 5$-đÎ-ı. Bonferroni-ĆʓƸɽƨĚDǝ�&ɕƟDɃ#

 ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)(�

 � 
OPRF = ßÇȪŸ�ǬÇ-MyVczoVUw~, RFsus = ßÇȪŸ�, OPLF =İÇȪŸ�ǬÇ-MyVc

zoVUw~, LFsus =İÇȪŸ�, OPRH =ßŏȪŸ�ǬÇ-MyVczoVUw~, RHsus =ßŏȪŸ�, 

OPLH =ßŏȪŸ�ǬÇ-MyVczoVUw~, LHsus =İŏȪŸ� 
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Fig.4 İŏȪǢǦÆǇ+��@áđÎ- Xɻ (�) ( Yɻ (�) -Ƹɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=6)�4ȪɲȁƓ(

áȪŸ�Ɠ- 5$-đÎ-ı. Bonferroni-ĆʓƸɽƨĚDǝ�&ɕƟDɃ#

 ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)(�

 � 
OPRF = ßÇȪŸ�ǬÇ-MyVczoVUw~, RFsus = ßÇȪŸ�, OPLF =İÇȪŸ�ǬÇ-MyVc

zoVUw~, LFsus =İÇȪŸ�, OPRH =ßŏȪŸ�ǬÇ-MyVczoVUw~, RHsus =ßŏȪŸ�, 

OPLH =ßŏȪŸ�ǬÇ-MyVczoVUw~, LHsus =İŏȪŸ� 
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ȃ 2 Ȃ� ŏȪɮȽƓ�=0ŏȪȾ�Ɠ-ŏȪfx~

W-ŏȪşɒÆǇ+=@ĄÐ 

 
ȃ 1 Ȉ� .�9+ 

� ȃ 1Ȃ'ěƍ� Ĩüǒ-ʨǪǅĚ'.�ÇȪ-ǢǦÆǇƓ- CoM.S~a

|�z(Ƹɽ�&ć�*ĄÐ�ɢ9>A ��ƌ'�ŏȪ-ǢǦÆǇƓ.S~

a|�z(Ƹɽ�& CoM-ĄÐ�ɢ9>A@:--�S~a|�z(Ƹɽ�&

ć�*ĄÐ.ɢ9>A��ŏȪǢǦÆǇDɟ¨�@ 9+.�Ƌ��ǅĚƌƿ

DǴȁ�@ŖɎ��@ȑơ(*# � 

� ǢǦ+ɲò�@ŏȪɵɃ.��ȻǪ+ÇȪɵɃ=?:ɑɢ�%>��(�Ǳ

>A&�@ 13�ǒ.ÇȪ+ȋ 60%�ŏȪ+ȋ 40%-¢ʓɮȽDç�&�? 12�

ŏȪ-ǡĶ�ÇȪ-ǡĶ(Ƹɽ�&ǫȁ"+��Ǚǟ(�&�ÇȪ=?:¢ʓ

ɮȽ�ĩ*��(�ÿè�A&�@ 13� 

� ǕÒǧʯý'.�ŏȪ-ɵɃDʴøÐ��@ 9+´Ɖ-$� ļDƳ��

@*)ʄĶ-ÍǪɕƟ+Ê�&įĈ�ɃCA&�@�ʊ×-Q|WW|�lD

ǝ� ǳȀ'.�Ɖʪ�+�@ǒ-ɴ-ǭĤ Ȣ+ŗ�&÷É�ĂÊ�@�(

�Ƕ�A&�?�ŏȪɵɃDɋǊ-ʍŗÚŗ�ɣǩ�A;��(ÿè�A&

�@ 33�ãƪ-ɴ-ʍŗÚŗ+ʚ�@±NdXr���Òǧʯý-ǳȀ':ɞ

Ƒ�A&�@�6 �Òǧʯý-ǳȀ'.�ɴ-ƮȮɟ¨- 1 $-ɠʸ(�&

Vu~lŏ-ǯùėĚŚ�ɴ-ƮȮñœ;ǡĶƨ¾-ŷƫ(�&Ɨǝ'�@�

(Dÿè�&�@ 34,35� 
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� ��'Ŧ	.´ƉD$��¢ʓ- 60%Ǿľ-ɮȽDŏȪ+��&���(�

=0Vu~lŏ-¢ʓǽÍ�ǒ-ŏȪ-ǡĶƨ¾+Ɨǝ'�@(�ɤDȁ& �

ƙʭ'.�ǢǦÆǇD�� ǒ+��&ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ�ŏ

Ȫ-İß�úɆD��@Ŋʬ+$�&ɟ¨DɃ# � 
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ȃ 2 Ȉ ƚƈ(ƌƿ 

1) ¥ǝÍǐ 

� 6 Ñ-±Ķh�Rzǒʾ9.1–13.7 kg�3–5 ƴ�ʣʿD¥ǝ� �áǒ.�ɹ

¢ƨƣʾ¸ɂǘɘȇ(ǜÐĕǪ¿ƟDæ8ʿ(ƆŉąǺƨƣDÝ���A>.

�3&±Ł'ƆŉąǺ-ǡĶ�*�(ÃƊ� ��������������

�������������April.2020.DʮĖ�&Ƀ# �(ʻĳćĕěʸÍǐ

¯ǙĐë�ūɢǠà : 170925-1) 

 

2) ɠʸDěƍ�@ɉȢ-ǆ³ 

� ɠʸļʾ 50cm	100cm +ʿ 4Ơ-GzqɌjL�Wl{�aʾ 20cm	20cmʿ

DʑȢ��İß-ɶʦʾXɻʿD�ŕ�> 20cm�Çŏ-ɶʦʾYɻʿ.�ŕ�

> 40cmʾ1˂2 -Ƹǖʿ+ɜĚ� �áǒDɲȁđÎ+ª$ 9+�ɠʸļ�

> 45cm �+�@GzqdJrj{�rʾOctopus, Ɲ�±d]QWʿ+Ȝ�Ʀ

ĒǓ-mzaDÜ?�� � 

 

3) ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ (S~a|�z) 

�ŏȪɮȽɠʸ 

� ȃ 1 Ȃ(ãƪ+ǒ-ʰ�ƹĸ+ª A ǓŠ'�áȪ�ájL�Wl{�a

(żɖ�@=+�ɠʸļ+ɲȁ�&�@ǓŠDMyVczoVUw~(Ěȥ

� �ƨƣę.MyVczoVUw~�>ǒ-�ƌ-ÇȪD$�7�ŏȪ!�

'¢ʓDƁ�@ 9+ȋ 10 ǻʙD��&<#�?(Ŷ"��  (Fig.5)�ǒ-

ÇȪ.�ŏȪ-ɮȽ�¢ʓ- 60ʽDɳ�@ʺ�6'Ŷ"��>A ��ÇȪD
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Ŷ"��@ǬÇ+ŏȪ+ɮȽ��#&�@ǓŠDďǉ(��ŏȪ+¢ʓ- 60ʽ

-ɮȽ���# ǓŠDȎǉ(� ��-ɠʸDˁñȡ?ʀ��áɠʸ-ĸú

Dȑơ(� � 

 

�ŏȪȾ�ɠʸ 

� ƨƣę.MyVczoVUw~�>ǒ-ȲDŶ"�ŏȪ!�Dȋ 10cm -ʺ

�6'Ŷ"��  (Fig.6)�ǒDŶ"�� ǓŠ�>jL�Wl{�a+ä�#

&ûǬ+Ⱦ����Ⱦ�Çŏ-ŏȪ-fx~WDɟ¨� ��-ɠʸD 10ñȡ

?ʀ��áɠʸ-ĸúDȑơ(� � 

 

á_Wa�>ő>A `�Z. PowerLabUW_r(4SP, ADInstruments Pty, Ltd, 

Dunedin, New Zealand)D¥ǝ�&ŏȪ-ɮʓDɛʖ��İß-fx~Wʾ Xť¿ʿ

(¢ʓ-ÈâʾYť¿ʿ-ĿƫDư-=+ƼĚ� � 

 

Xť¿ =  RH −   LH
RH +   LH 

Yť¿ =  RH +   LH
Body Weight 

 

4) ÞʃŚǢǦÆǇ+=@ŏȪɵɃt`z-£ť 

� ʊ×-ǳȀ+ɃCA ɵɃt`z£ť(ãƪ+�ǒ-İŏȪ-ȧǘ-�+ȗ

ǘDŇŚÏĵ'öĚ� ɵɃt`zD£ť� 17�ȗǘ-TIX( ȢDɦƆ

�&�ǫ+ɏ�@ɵɃDǶ�*�ɑɒǪ*ɵɃ.Ƕ�*� Sumner–Smith-ɵ

Ƀ¿ʵ+& Grade2D¥ǝ� 1�ɵɃt`zD£ť� ŏ�ŏȪɮȽɠʸ(ŏ
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ȪȾ�ɠʸDãƪ+ěɃ� �ȗǘDÜ?ʟ� ŏ�ǒ-ɵɃ�ǂĊ� �(

DǴɢ� � 

 

5) ȓɘ¿Ɵ 

� ƲɐŚ.�Shapiro–Wilk testDǝ�&ɟ¨� �ʩƲɐ¿ĳ-ʆȕĄƅ.�

�ĉ�=0ð¿ ȉô(�&Ƕ� �á_Wa'�ŏȪ-İßfx~WʾX

ɻ (ʿÞʃŚǢǦÆǇ-Ɨǋ�=0¢ʓ-Ƹǖʾ Yɻ -ʿı.�Mann–Whitney 

U testDǝ�&ɕƟDɃ*# ��3&-. p<0.05'ƗŞı��@(ɟ¨�

 � 
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ȃ 3 Ȉ� ȑơ 

1) ŏȪɮȽɠʸ 

� Fig.7 .�ŏȪɮȽɠʸ+��@ŏȪ-İßfx~W (X ť¿)(¢ʓ-Èâ 

(Yť¿) DǶ�&�@�S~a|�z'.�ʘďǉ. (Xɻ; 0.08�0.06�Yɻ; 

43.17�1.97) '�?�ȎƱǉ. (Xɻ; 0�0.03�Yɻ; 65.36�1.37) '�# �

�A>.�ʘďǉ�=0ȎƱǉ+��&İß-¢ʓɮȽ-fx~W�ÜA&�

@�(DǶì�&�@�İŏȪ (LH) +ÞʃŚǢǦÆǇD�� Āâ-�ʘď

ǉ. (Xɻ; 0.10�0.05�Yɻ; 45.65�1.80) '�?�ȎƱǉ. (Xɻ; 0.37�0.03�

Yɻ; 65.77�1.68)�S~a|�z( LHÆǇ-Ƹɽ'.�ȎƱǉ+��& Xɻ

ƌä (ßŏȪ) +ä�#&ƗŞ+°#&�  (Fig.7)� 

 

2) ŏȪȾ�ɠʸ 

� Fig.8.�ŏȪȾ�ɠʸ+��@ŏȪ-İßfx~W (Xɻ) (¢ʓ-Èâ (Y

ɻ) DǶ�&�@�S~a|�z'.�Ⱦ�Çŏ' Xɻ( Yɻ+ĄÐ.ɢ9>

A*�# � LH +ÞʃŚǢǦÆǇDÊ� Āâ�Ⱦ�Ç.�ĉ+ Ȣ��S

~a|�z(Ƹɽ�& Xɻ( Yɻ+ı.ɢ9>A*�# �Ⱦ�Ǭŏ�S~a

|�z'.ɓģ�A*�# ɸ7Ǭ?Úŗ�ɢ9>A �Ⱦ�ŏ-ŏȪ-ɮʓ

.�S~a|�z(Ƹɽ�& X ɻƌä (ßŏȪ) +ä�#&ƗŞ+°#&�  

(Fig.8)� 

  



 28 

ȃ 4 Ȉ� Ȧģ 

� ƙǳȀ'.�ǝ� �3&-ǒ+ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ-ěƍ�

ÞȮ'�# �6 �ŏȪ-İßfx~W-ǅĚ�=0ɟ¨��ɮȽDȜŐ+

�� Āâ(řǇ+�� Āâ'-ĄÐ-ĚʔÐDƑ>�+� �6 �İŏ

Ȫ+ÞʃŚǢǦÆǇD�� Āâ�ǢǦD�� Ȫ(.ÚĤƌä+¢ʓɮȽD

°>�@�¶�@�.ʍŗÚŗ(�&ŏȪ-İßfx~WDɟ¨� �Ŧ	-

Ǳ@ʝ?��A.ŏȪ-ÞʃŚǢǦÆǇ+Ĥ�@İß-�úɆDƨ¾��ɮȽ

DʗƓʙ��&ȜŐ+�@�.ǲƓʙ��&řǇ+ɮȽD�� ĄÐ-ĚʔÐ

DɃ��ɟ¨�@ƌƿ-ǴȁDɃ*# ƕÂ-ǳȀ'�@� 

� �ȻǪ+ǒ.ðȪ'-ɲȁƓ�ÇȪ+ 60%�ŏȪ+ 40%-¢ʓ¿ĳ��@�

(�Ǳ>A&�@ 12,28�ÇȪ�=0ŏȪ(:+�¢ʓ.İß(:fx~W�(

A&�@�(�Ƕ�A&�?�ƙǳȀ':ãƪ-ȑơ�ő>A 19�ʊ×-ǳ

Ȁ'.�ÇȪ-ɵɃ=?:ŏȪ-ɵɃ-ƌ�ɑɢ�%>��(�ÿè�A&�

@ 13�6 �jL�Wl{�a;l{]Uu�p]aD¥ǝ� Āâ+��&

:�ɼľ*ɵɃ.şǱ�%>��(:ÿè�A&�@ 7��-=+ɑɒǪ+ɵ

ɃDɢɬ�@�(�ʧ��ŏȪǢǦ.�ÍǪǓŠ�@�.ʨǪǓŠ-)">+

��&:�ĚʔÐDɃ�(�ÇȪǢǦƓ(Ƹɽ�&óʧ'�@(ɗ�@�ŏ

ȪǢǦ�ʴøÐ�%>�Ǚǟ(�&�¢ʓ¿ĳ�ŏȪ=?:ÇȪ-Èâ�ʺ�

ǉ;ÇȪ(ŏȪ-ŋÈ-ǭʋ��@ǉ�Ȧ�>A&�@�ƳɃ+��&ÇȪ.

ǄʅƮƩ-ŋÈDŶ"�ŏȪ.ÊʅƮƩ-ŋÈDŶ$ 9�=?ÇȪ+ć�*

ɮȽ���@ 2�ƙǳȀ-ŏȪɮȽɠʸ'.��ȻǪ+ÇȪ+��@¢ʓ- 60ʽ

�ŏȪ+Ê�>A (�+�ǒ.ǢǦD�ŏȪ+¢ʓ���>*�=+¢
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ʓɮȽDñʏ�@Úŗ�Ƒ>�(*# �ŏȪɮȽɠʸ'.�ŏȪ+¢ʓ- 60%

���@�('İß-�úɆDƑǴ+�@�(�ÞȮ'�?�ʊ×-ÿè+=

@ŽǅDɊ��@ȑơ(*# � 

� ŏȪǢǦƓ+.�ŏȪɮȽɠʸ+��&¢ʓ- 60ʽDŏȪ+��@�('ŏ

ȪǢǦ-ʴøÐ�ÞȮ'�# �S~a|�z(ǢǦşɒÆǇƓ-Ƹɽ'.�

ʘďƓ�*C"¢ʓ�ŏȪ+ 40ʽ��#&�@(�+.İß-fx~W+ƗŞ

*ı.ɢ9>A*�# �����¢ʓDŐ	+��&��(¢ʓ- 60ʽ�ŏ

Ȫ+��# (�+Ƒ>�*ĄÐ�ɢ9>A �ǒ-�ƌ-ÇȪŶ"��@�

('��ŏȪDɻ+ŲŮ�@Í£�ɢ9>A&�@��ŏȪ+Ő	+¢ʓɮȽ

���@�(��ɴ·-ɮʓʪ;ʚȈ+��@ɮȽ-ÈâDĄ�&�@ÞȮŚ

��# �ʊ×-ÿè'.�ȧǘ.¢ʓɮȽ+=@÷ÉĂÊ+���ǡ*@Ļ

�?ƌD�@�(Dÿè�&�? 23�ŏȪ-ɮʓĂÊ+Ĥ�&ɴ·Dɲǉ+ʍ

ŗÚŗ�ǜ�&�@�(DǶì�&�@�6 �-ÿè'.ʚȈ-ÞÍȉô+

=#&áʚȈ2-ɮȽ�ǡ*#&�@�(Dÿè�&�? 10,13�Ŷ"��>A

 ʡ-ʚȈ�ĭɔľ-ĂÊ.áʚȈ2-ɮȽDĂÊ�@�(�Žģ�A@� 

� 6 �ǅĚ+¥ǝ� ļ+Ĥ�@Ŷ"��@ɔľ:ƙɠʸ+ŊʬDÙ5�(

Ȧģ� �ƙɠʸ.Ŷ"��@ɔľ;ǢǦʐ +=#&�ƨ¾É.ǡ*@ÞȮ

Ś��@�Ŷ"��@ʡ-ɔľ.�ǅĚ+¥ǝ� ļ+Ĥ�@ɴ-ɔľ�ʓɎ

'�?�ɴ·�>¢ĺʐ+ÉD��@ŖɎ��# �ƙǳȀ'.�ɴɊ+ǢǦ

şɒÆǇD��&�@��ǢǦʐ �ȵʚȈ;ȩʚȈ!# Āâ+.�ƙǳȀ

-ȑơ(ǡ*@ÞȮŚ��@� 

� ŏȪȾ�ɠʸ'.�Ⱦ�ŏ-ǢǦşɒÆǇ-�@Ȫ�¢²�>ʦA*�=
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+�@ 9+�ŏȪ-Ƚʓ�ĄÐ�&�@�(�C�# �ŏȪ+Ĥ�&ûǬ

Ⱦ�+=@řǇ*ɮȽ���@(�ŏȪ+ǲƓʙ-ÚŗDɎ��fx~WÅŒ

DɃC*�A/*>*� 9¢ʓfx~W-ĄÐ�ǜ� (Ȧģ� �S~a

|�z-Āâ+.�Ⱦ�Çŏ'�Ě-Āũ4(E)�>Í��(.*�# �

ŏȪǢǦDç�@ʡ+.�ƳɃ-ǯùƓ+ǢǦ+=@fx~Wşɒ-Ưč;Ƴ

ķ-ǲȞ�ɢ9>A@(ÿè�A&�@ 36��A>-Ɏò(�&ŏȪ+��@

Ʌſ�ǢǦDɣǩ��żùƓʙǲȞ+ɲò�&�@(Ȧ�>A@ 9'�@� 

� ǢǦÆǇD�� Āâ+.�Ⱦ�Ǭŏ+ɸ7Ǭ?Í£�ǜ�@´ä+�# �

ɸ7Ǭ?ŏ+.ǢǦ²(ÚĤ²+¢ʓDǽÍ��@Úŗ�ɢ9>A �ŏȪȾ

�ɠʸ+��&�ǢǦ+=@ÆǇ�Ⱦ�ŏ-ŏȪ2-¢ʓɮȽDʏ�@=+

µ��(�ɞƑ�A �ŏȪȾ�ɠʸ'.Ⱦ�ŏ+İß-ƗŞ*�úɆ�ɓģ

�A ��Òǧʯý'.�ûǬVu~lɠʸ��ȴƮȮDɟ¨�@ƌƿ(�&

ʱȟ+ǝ�>A&�@ 34��A>-ÿè'.�ȵʚȈDæ9 �ȴ-ǤĄ.û

Ǭɷ0gjL�p~W-¡�Öò'�@�(�Ƕ�A&�? 37�ƌäɺž;V

u~l*)-ǀÍ+&ƕ:ȵʚȈÅŒ�Ưč�&�@�(�Ƒ>�(*#&�

@ 35�ɸ7Ǭ?Ǭŏ-Úŗ.�ȅȧ-ÛȞÇ+řʅ+ć�*ɮȽ���@�(

'�ÛȞȏȠ-Ăņ(Wa{]\Úĥ-Ġ�+=?ɲ�@Úŗ-�ǿ(Ȧ�>

A 38��(ãƪ*�ɭ�ɲ�#&�@ÞȮŚ��@�ǒ-Āâ�Vu~l;ǯ

ù*)-řʅ*Í£.�ȅƮƩ(ȵɀȳ+Ćć*Wa{WD��@ 9�ʋé

ş-�@Ȫ+ɸ7Ǭ@Úŗ�ǜ�@(Ȧ�>A@� 

� ƙǳȀ-ȶļǕÒĕ2-ʍǝ+.��$�-Åʝ�Ĕø�@�ȃ�+��ñ

-¿Ɵ'.h�Rzǒ-7D¥ǝ�  9���'ÿè�A&�@ŏȪfx~
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W-ĄÐ��-êǿ+:ʍǝ�A@�)�.�Ƒ'�@�� �#&�ƙȂ

-ǳȀ-¼ğ.�ťǒMW-h�Rzǒʾ9.1
13.7 kg�3
5 ƴʿ+ʍǝ'�

@(Ȧ�>A@�ȃ�+�ƙǳȀ'ěƍ� ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ

.�-ʚ���@ɠʸ(�ǉ'�@�×Ç-ǳȀ+Ƕ�A&�@=+�ǒ

-¢ʓ¿ĳ.ʰ-C��*Í�+Ƃş'�?�ʰʐ-Í�;¢-ñƎƌä-,

�A'.ǅĚȑơ�ć��ĄÍ�@ÞȮŚ��@ 13�ãƪ+�đÎ-ĄÐ;Ǣ

ǦşɒÆǇDȡ?ʀ�ěƍ�@(�šA�Ģğ�®ŘşDń�ɲ���ǅĚȑ

ơ+/>$��ǜ�@ÞȮŚ��@�ȃ�+�ŏȪ-ǢǦşɒÆǇ��įǪ+

£ť�A :-�$ɴɊ-7+ʍŗ� ǉ'�@�ƙɠʸ�ȩʚȈ;ȵʚȈ*

)-ƆŉąǺǣś-ǒ+:ň&.6@�)�.�Ɣ*@ǳȀ�ŖɎ!(Ȧ�

@��-ǳȀ'. 6 ʰ-h�Rzǒ-7¥ǝ�  9�ȓɘǪƨ¾É��ɴ�

@ÞȮŚ��@��A+:ʚC>��-ǳȀ.�ŏȪɮȽɠʸ�=0ŏȪȾ�

ɠʸ-�ɠʸ-ȏ7âC���ǒ-ŏȪǡĶDʴøÐ��İßfx~WĄÐ-

ĜɓǪĚʔÐDʈ9@ 9-Ɨǝ*^�z'�@�(DƑǴ+Ƕ�&�@� 

� ŏȪɮȽɠʸ(ŏȪȾ�ɠʸ.ȏ7âC�@�('ŏȪ-ǓŠDĆɔǪ+ɟ

¨'�@(Ȧ�@�ȜŐ+ɮȽD��@ŏȪɮʓɠʸ(�řǇ+ɮȽD��@

ŏȪȾ�ɠʸ'.ŏȪ+��@ɮȽ-Ǔƾ�ǡ*@Ǌ�ǡĶ�ǜ� ʚȈ+=

#&ǡ*@ȑơDǜ7¾��(��ŝ�A@�Ĩüǒ'.�áɠʸ+=@ɟ¨

D CoMɕƟ(ȏ7âC�@�('�ʨǪǅĚ+��@ŏȪƮȮɟ¨DÞȮ+�

@(Ȧ� � 
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Fig.5 ŏȪɮȽɠʸƓ-ƪĒ 

4$-jL�Wl{�aD³� ɉȢ-�'��ÇȪDŶ$�('Ő	+ŏȪ+

¢ʓD��&���ŏȪɮȽɠʸDɃ# � 
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Fig.6 ŏȪȾ�ɠʸƓ-ƪĒ 

4$-jL�Wl{�aD³� ɉȢ-�'�ȲDȋ 10cm-ʺ�6'Ŷ"��

(İõ)��-66Ⱦ���ŏȪɮȽɠʸDɃ#  (ßõ)� 
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Fig.7 ŏȪɮȽɠʸ+��@ Xɻ (�) ( Yɻ (�) -Ƹɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=6)�S~a|�z

(ÞʃŚǢǦÆǇƓ-ı.Mann–Whitney U testDǝ�&ɕƟDɃ# ��3

&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)(� � 
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Fig.8 ŏȪȾ�ɠʸ+��@ Xɻ (�) ( Yɻ (�) -Ƹɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=6)�S~a|�z

(ÞʃŚǢǦÆǇƓ-ı.Mann–Whitney U testDǝ�&ɕƟDɃ# ��3

&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)(� � 
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ȃ 3 Ȃ� ǒ-ƭʹĪʹʹů�=0ÇÓēʫĵƊɈǥ

¦+��@ CoM�ŏȪfx~W-ƓʙǪŽǽ 

 
ȃ 1 Ȉ� .�9+ 

� ȃ 1Ȃ'ěƍ� ǒ-ʨǪǅĚ'.�ÇȪ-ǢǦÆǇƓ- CoM.S~a|�

z(Ƹɽ�&ć�*ĄÐ�ɢ9>A �6 ȃ 2Ȃ'.�ȃ 1Ȃ'Ƀ# CoM

ǅĚ+��&ĄÐ-Ĩ��# ŏȪ-ǢǦDɟ¨�@ 9-Ƌ��ǅĚƌƿ(

�&�ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸDǴȁ� � 

� ĨÍǐƆŉąǺ+��&�ɝƊ;ŪɄŏ-śȪƮȮñœDĜɓǪ+ɟ¨�@

�(.ʩĶ+ʓɎ'�@�śȪ+ʚ�@ĜɓǪɟ¨.ÍǪɕƟ�Ć�ǝ�>A

&�?�ŪɄŏ-śȪƮȮñœ-ŷƫ(�&Ɨǝ'�@�(.ƅĆ�-ǳȀ�

ɃCA&�@����*�>�ʨǪǅĚ+=@ŪɄŏ-śȪƮȮñœ-ɟ¨+

ʚ�@ÿè.����6 �ŪɄǬÇ�>ŪɄŏ-Ȑʊ+� CoM-ĄÐDÿ

è� Ƈǔ.Ĕø�*�� 

� ��'Ŧ	.�ȃ 1 Ȃ�=0ȃ 2 Ȃ'ěƍ�&� ßÇȪǢǦÆǇ�=0İ

ŏȪǢǦÆǇDěʡ-ƆŉąǺǣś+Ȣ�ž��CoM ǅĚDɃ�((� �

ßÇȪ-ǢǦ+Ĥ�&�Ĩüǒ+��&�ȻǪ*ƆŉąǺǣś'�@ƭʹĪʹ

ʹůDĤɭ+� 39�6 �İŏȪ-ǢǦ+Ĥ�&.�ŏȪ+��&�ȻǪ*

ǣś'�@İ²ÇÓēʫĵƊɈDĤɭ(� ��A>-ß²ƭʹĪʹʹů�=

0İ²ÇÓēʫĵƊɈ+ȣś� ǥ¦+Ĥ�&�ŪɄÇ�>ŪɄŏ-Ȑʊ+ʚ

�&ʨǪǅĚ+=@ CoM ɟ¨+Ê�&ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸDě
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ƍ��ɕƟDɃ# � 
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ȃ 2 Ȉ� ƚƈ(ƌƿ 

1)¥ǝÍǐ 

� 2020Ĺ 4Ɩ�> 2020Ĺ 10Ɩ+DVMs)1$ÒǧY~Z�Ƭǁ ƆŉąǺ 

(ǸċĮǮ) +ȍ�Ýɝ� ×�-ǥ¦DĤɭ(� ��-ǳȀ.Ǥʞ-ʞʗ-

ūɢDő&ěƍ�A��-ǳȀ'¥ǝ�A ǒ-�3&-ʶ��.`�Z-Û

ʤ+ãŞ� � 

 

�ƭʹĪʹʹůǥ¦ 

� �ɛƘʙ+ß²ƭʹĪʹʹů(ɝƊ��Locking Compression Plate (LCP) 

+&ƆœöĚDěƍ��ŪɄŏ 8 ʇʙ-ɝģȎ�6'Ȑʊɓģ�ÞȮ'�# 

5kg×�-ǥ¦ 16¦DĤɭ(� �*��ß²ƭʹĪʹʹů×ą-ȣś.*��

�-�-ƆŉąǺʯý+ʚ�@ƏŌƵ.*�ǒD¥ǝ� � 

 

�ÇÓēʫĵƊɈǥ¦ 

� �ɛƘʙ+İÇÓēʫĵƊɈ(ɝƊ��Tibial Plateau Leveling Osteotomy 

 (TPLO ƿ) Děƍ��ŪɄŏ 8 ʇʙ-ɝģȎ�6'Ȑʊɓģ�ÞȮ'�# 

15kg ×�-ǥ¦ 13 ¦DĤɭ(� �*��İÇÓēʫĵƊɈ×ą-ȣś.*

���-�-ƆŉąǺʯý+ʚ�@ƏŌƵ.*�ǒD¥ǝ� � 

 

2) CoMǅĚ 

� ȃ 1Ȃ�ȃ 2Ȃ'ǝ� ƏĔ-ɉȢDǝ�& CoMǅĚDɃ# �ǅĚ.My

VczoVUw~�ŪɄŏ 2, 4, 8ʇʙ-Ɠǉ'Ƀ�((� � 
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3)ȓɘĕǪɕƟ  

� ƲɐŚ.�Shapiro–Wilk testDǝ�&ɟ¨� �`�Z.�ĉʾƕćˀ

ƕĨ)'Ƕ� �ŪɄÇȤ(ŪɄŏ 2, 4, 8ʇʙȤ- 4Ȥʙ-ı. Steel–Dwass 

��������������������.p<0.05������@(ɟ¨

� � 
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ȃ 3 Ȉ� ȑơ 

� (1) ß²ƭʹĪʹʹů 

 

� aI�l�bz 7ʰ�o±xdG~ 3ʰ�ʥǿ 2ʰ�\}} 1ʰ�IZyG

~�R{�eJ~b 1 ʰ�may~a~�_yG 1 ʰ�qd\vG�i~Uu

�1ʰ- CoMDɟ¨� �ǒ-ĸúĹʼ. 1.5 � 1.7ƴ (ȉô˂4�Ɩ�> 7

ƴ) '�?�ĸú¢ʓ. 2.8 ± 1.04kg (ĸú � ƫǆ°ı˃ȉô˂1.5–5.0kg) '

�# �ǒ. 10ʰ-MW (×Î�A 5ʰ) ( 6ʰ-±W (ʏĎ�A 1ʰ) '

Ʃť�A � 

� ŪɄÇ- CoM- Xť¿.�ŪɄŏ-Ɛƅ�Ȑ$+$A&�ĉț+ä�#&Ą

Ð�&���(�Ƒ>�(*# �6 �Y ť¿+ʚ�&.ŪɄŏ�> 4 ʇŏ

6'.ʰ²ƌä+ĄÐ�ɢ9>A@:--�A×ʜ-ĄÐ.ɢ9>A*�#  

(Fig.9)� 

 

� (2) İ²ÇÓēʫĵƊɈ 

� aI�l�bz 4ʰ�ʥǿ 4ʰ�Ƣǒ 2ʰ�\}} 1ʰ�h�Rz 1ʰ�J

KzUv�S�P��n~k|�Q 1 ʰ'�# �ǒ-ĸúĹʼ. 8.3 � 3.6

ƴ (ȉô˂ 5.4–13ƴ) '�?�ĸú¢ʓ. 7.8 ± 4.8kg (ĸú � ƫǆ°ı˃ ȉô˂

3.3–15kg) '�# �ǒ. 3ʰ-MW (×Î�A 3ʰ) ( 10ʰ-±W (ʏĎ

�A 9ʰ) 'Ʃť�A � 

� ŪɄÇ- CoM- Xť¿.�ŪɄŏ-Ȑʊ�Ȑ$+$A&�ĉț+ä�#&Ą

Ð�&���(�Ƒ>�(*# :--CoM-Yť¿+.Ƒ>�*ĄÐ.ɢ9
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>A*�#  (Fig.10)�ŏȪɮȽɠʸ'.�Xť¿.ŪɄÇ( 4, 8ʇʙ-Ƹɽ

'.Ƒ>�*ĄÐ�Ŷ"��Ç(Ŷ"��ŏ'ɢ9>A :--�CoM¿Ɵ(

ãƪ+ Y ť¿'.ĄÐ.ɢ9>A*�#  (Fig.11)�ŏȪȾ�ɠʸ'.�ɸ7

Ǭ?Ç�=0ɸ7Ǭ?ŏ- X ť¿+��&ŪɄŏ-Ɛƅ�Ȑ$+$A&�ĉț

+ä�#&ĄÐ�&���(�Ƒ>�(*# ��Y ť¿-ĄÐ.�(ãƪ+

ɢ9>A*�#  (Fig.12)� 
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ȃ 4 Ȉ� Ȧģ 

� ƭʹĪʹʹů�=0ÇÓēʫĵƊɈǥ¦+��&:ʨǪǅĚ+=@ CoM ɕ

Ɵ.ÞȮ'�# �6 �CoMǅĚ+Ê�&ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ

Děƍ�@�(+=#&ȐƓǪ* CoM ĄÐ*>0+ŏȪƮȮɟ¨DɃ�(

:ÞȮ'�# �Ŧ	-Ǳ@ʝ?�ƙǳȀ.ÇȪ�=0ŏȪ-ǣś+Ĥ�@Ȑ

ƓǪ* CoMĄÐDĚʔÐ� ƕÂ-ǳȀ'�@� 

� ƭʹĪʹʹůǥ¦+ʚ�&.�ŪɄŏ�>Ɠʙ�Ȑ$+$A& Xť¿.Ʋ�

+ä�#&°#&���Yť¿.�@�Ě-(�B6'Ũ@(ĄÐ�*�ʊǾ

�ɢ9>A ��-ȑơ.�ƭʹĪʹʹů+ʚ�&.ƽǧ-Ȑʊ� CoM-ǽ

Í�ĄÐ+ġż+ʚʆ�&�@�(DǶì�&�@�ß²ƭʹĪʹʹůŪɄÇ

- CoM.�ȃ 1Ȃ'Ƀ*# ßÇȪǢǦşɒÆǇ(ãƪ+İŏƌ+ǽÍ�@ƪ

Ē�ɢ9>A �ŪɄŏ 8ʇʙ- CoM.�ȃ 1Ȃ'Ƀ*# S~a|�z(ã

ƪ- Ȣ'�@İßfx~W�(A�;;ʰ²+ Ȣ�@ƪĒ�ɢ9>A&�

@� 

� ƙǳȀ-ƭʹĪʹʹůǥ¦+��@ CoM-ƓʙǪŽǽ'.�́ ǨâʊǾ+�

�@ CoM-ƷʠĄÐ;¢ʓ+Ĥ�@öĚïº-ć��*).ƸɽȦŢ�A&

�*��ʹůƽǨ+ʚ�@�Ɏ*ƮƧǪɎò.�ʹůʐ +ʚ�@öĚ-ėĚ

Ś(ʹůǏãă-Ɔœ-ɱ+§Ĕ�@�(�Ǳ>A&�@ 40�ʊ×-ǳȀ+�

�&�Xț.ʹǨâʊǾDɟ¨�@�(.ÞȮ'�@��ʹȌȭ-ɡȌ*ʑÁ

;śȪ-ƮȮɟ¨DÚƒ�&�*�ÞȮŚ��@(ÿè�A&�@ 41�ʹǨâ

ʊǾ-Ʒʠ( CoMĄÐ-ǭʚŚDǶ��(.ȶļ�ʓɎ'�?�ƽǧÌơÃĚ

DɃ�'Ɨǝ'�@(��@�6 ǒǿ+=@á¬¢-¢Ʀ+=@Ƹɽƨə
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; 8ʇʙ×ʜ-CoMĄÐDʂƻ�@�('ƽǧƌʕ-OIbxI~DǶ��(

�'�@ÞȮŚ:�@� 

� ÇÓēʫĵƊɈǥ¦+ʚ�&.�ƭʹĪʹʹů-ȑơ(ǡ*?�ƓʙȐʊ+

� CoMĄÐ.Ʉŏ 4ʇʙŏ×ʜɢ9>A@:--�Yť¿-ĄÐ.ɢ9>A

*�# ��A.ŏȪ- CoMDǅĚ�@�('�ƓʙǪŽǽ+=@ƽǧÃĚ�

ÇȪ(Ƹɽ�&=?óʧ'�@�(DǶ�&�?�ȃ 1 Ȃ'-ŏȪǢǦ.ÇȪ

ǢǦ(Ƹɽ�&ʴøÐ�%>�(��ěDɊ��@�((*# � 

� 6 ŪɄŏ 8ʇʙ-Ɠǉ'.�CoM- Xť¿.45�ŕ+ Ȣ�&�@+:

ʚC>��ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ+��&ƑǴ*İßfx~W-ı

�ɢ9>A&�@��A>-ȑơ.ŏȪ-ƽǧʊǾ��CoM+ć�*ĄÐD�

�*���ŏȪƮȮʢĞ�ǜ�&�@�(DǶì�&�?�ŏȪɮȽɠʸ�=

0ŏȪȾ�ɠʸ-şľ�ʩĶ+ʺ��(�Ǵɢ�A � 

� ƙǳȀ-ÇÓēʫĵƊɈǥ¦+��@ CoM-ƓʙǪŽǽ'.�ȵʚȈ-ǣś

-7+ǯǫ�&�?�ȩʚȈ;ɴƥʚȈ*)-ŏȪ-ǣś�@�.�-¤ǩ+

ʚ�&.ƨə�&�>��ƙȂ-ȑơ(.ǡ*@ĄÐD�@ÞȮŚ��@�6

 �ŪɄÇ�=0ŪɄŏ-ÇÓēʫĵƊɈ+�ʹʚȈǈ-Ǿľ.ɟ¨�ƨə

�&�>���A>-ǤŠ� CoMĄÐ�ŏȪɮȽɠʸ�=0ŏȪȾ�ɠʸ-ȑ

ơ+ŊʬD��@ÞȮŚ:ĩ*�*�(Žģ�A@� 

� ʊ×-ǳȀ'.�ʹʚȈǈ-Ɨǋ�śȪ-ƮȮñœ-Ǿľ+ć��Ŋʬ��

ʹʚȈǈ��@(Ę¸*ƮȮñœ.ɢ9>A*��(Dÿè�&�@ 42�TPLO

ƿ+ʚ�@ÿè.ƅĆ�Ĕø��ŪɄŪŬ;ŪɄŏ-Ȱʹñɺɔľ�śȪ-Ʈ

Ȯ+ŊʬD�� ÞȮŚ:åĚ'�*� 43�ʚȈąǺ. CoM;ŏȪƮȮ+Ŋʬ
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D��@ɍƅ-�ȒòĒ�ɍʥ+ʚ��&�@�(��ŝ�A@ 9��ŏ

�>*@ƨəDɃ*#&�� �(Ȧ�@� 

� ƙǳȀ+��@ CoM-ƓʙǪŽǽ-ɕʒ+.��$�-Åʝ�Ĕø�@�ȃ

�+�ƙǳȀ'ƨə+ǝ� CoM.ĸú'�?�¬	-ǥ¦+Ĥ�@ƪ	*

Ɏò(-ǭʚʚ©.ƨə�A&�*��ǒǿ+=@ɴ-ʗ�-ıǡ;¢ʓ+=

@ CoMĄÐ-ǭʚʚ©.��ŏ-ǥ¦ƅDʓ,&ƨə�&��3�ʭǫ'�@

(�&�@�ȃ�+�ȃ 1 Ȃ�ȃ 2 Ȃ(ãƪ+ʰ- Ȣ;¢-C��*Í��

CoM +��@Ŋʬ.åĚ'�*���A+:��C>��ĸú� ȑơ+��

&��Ě-ĄÐ�Ǵɢ�A&�@ǉ:ȦŢ�3�'�@� 

� ȃ 1 Ȃ�=0ȃ 2 Ȃ'Ƀ*# ÇȶļǳȀ.�ƙȂ+��@ȶļǳȀ+ŗǝ

�@�(�ÞȮ'�# �ʨǪǅĚ+=@ CoMƓʙǪŽǽ.�śȪ-ƮȮɟ¨

DȔƓǪ+Ƀ^�z(�&Ɨǝ'�@(Ȧ� �6 ŏȪǣś+ʚ�&.�

ŏȪɮȽɠʸ(ŏȪȾ�ɠʸ.ȏ7âC�@�('ŏȪ-ǓŠDɟ¨�@ŖɎ

Ś��# �ʹů�ȱȹ*)ǜ� ʐ ;ǣś�(+ CoMĄÐ-ƪĒ�ǡ*@

�)�.�ŏ�>*@ǳȀDɃ*#&��ŖɎŚDş� �Ĩüǒ'.�Ç

Ȫ+Ĥ�&. CoMǅĚD�ŏȪ+ʚ�&. CoMǅĚ(ŏȪɮȽɠʸ�=0ŏ

ȪȾ�ɠʸDȏ7âC�@�('�ʨǪǅĚ+��@ÇȪ�=0ŏȪ-ƮȮɟ

¨DÞȮ+�@(Ȧ� � 
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Fig.9 ƭʹĪʹʹů+��@ŪɄÇ(ŪɄŏ 2, 4, 8 ʇʙ- X ɻ (�) ( Y ɻ 

(�) -áƸɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=16)�ŪɄÇȤ(

ŪɄŏ 2, 4, 8ʇʙȤ- 4Ȥʙ-ı. Steel–Dwass-ĆʓƸɽDǝ�&ɕƟD

Ƀ# ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)

(� � 
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Fig.10 ÇÓēʫĵƊɈ+��@ŪɄÇ(ŪɄŏ 2, 4, 8ʇʙ-Xɻ (�) (Yɻ 

(�) -áƸɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=13)�ŪɄÇȤ(

ŪɄŏ 2, 4, 8ʇʙȤ- 4Ȥʙ-ı. Steel–Dwass-ĆʓƸɽDǝ�&ɕƟD

Ƀ# ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)

(� � 
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Fig.11 ÇÓēʫĵƊɈ+��@ŏȪɮȽɠʸěƍŏ-ŪɄŏ 2, 4, 8 ʇʙ- X

ɻ (�) ( Yɻ (�) -áƸɽ 

`�Z.�3&�ĉ (ȉô˃ƕćˀƕĨ) 'Ƕ�  (n=13)�ŪɄÇȤ(

ŪɄŏ 2, 4, 8ʇʙȤ- 4Ȥʙ-ı. Steel–Dwass-ĆʓƸɽDǝ�&ɕƟD

Ƀ# ��3&-. p<0.05'ƗŞı��@(ɟ¨��* (<0.05) or ** (<0.01)

(� � 
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