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ȳ 1ȱ� ňʥ 

 

� Ȅʳƾ�ĪĬȏ̈atlantoaxial instability; AAỈ)	�ɸȕ'ɽ̇(^CǸȫ̈Toy-breed 

dogs; TBDs̉
ɚŨ�:�$
Ğ�	Ȅʳ˚Ⱥ̈atlantoaxial joint; AAJ̉(Þȕ&�ĪĬȏ

'��	˷̄˵ĕ'��:ǂ�&Ȫŉ(ɫ̄˥İ>Ŏ�ʭ��ȍŨ#�:̈Beaver DP, 

2000; Denny HR, 1998; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991 �̉Ǹ'��:

AAI)	1967Ņ' Geary8'79Î4"ėú�;�̈Geary JC, 1967 �̉ƮȍŨ)	ǲȏ

²Ŧ#�:�$5�:
	Ȅƾ1�)ʳƾ(½Ġȕ&ŒűȊŁ̈Ǎȯʭ(¢Œű6ǲŒ

ű	ʳƾ(ƾ£$Ǎȯʭ(ƭȓô	Ǎȯʭ(ɤ¶-(ʕĜŒ	ʁɱ(Ɩʉ�7+Ȅƾ(

̃á�À̉6ĝ¸̈̃Ź	˲ŀƖʉ̉(Ɇƴ	AAJ(�ɬɷ6ɬɷ>Ŏ�ʭ��$	�

ɸȕ'ťŦ(ɴŇȏǹ̈ ˷ˌȐ6ćɡ�À̆ȑ&% >̉ù�:̈Denny HR, 1998; Downey 

RS, 1967; Forterre F, 2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 

1995; Parry AT, 2010; Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991; Watson AG, 

1989; Zaki FA, 1980 �̉r ƾ(Ĝ¡'�	Ǎȯʭ'7:ɫ̄(ďʺ
	AAIɚŨȏ¨(ɴŇ

ȏǹ'�ɸȕ'œ˴>�
"�:$ʡʧ�;"�:̈Geary JC, 1967; McCarthy RJ, 1995; 

Sharp NJH, 2005 �̉ 

� ƮȍŨ'ĳ�:ǜȒ$�")	ĝȧȒǞ$®ħȒǞ
�:
	ȦɅĩȕȊŁ>�	ȏ

¨	ːŉ(˷ˌȐ
ʡ48;:ȏ¨	��"	®ħȒǞ-(íţ
���ȏ¨#)	�

ɸȕ'ĝȧȒǞ
ƆĤ�;"�:̈Having ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005; 

Takahashi F, 2018 b �̉ƮȍŨ'ĳ�:ĝȧȒǞ$�"	ɰ¶ĪĬáʆ$ɤ¶ĪĬáʆ
�

:
	�ɬɷ�� AAJ>ȗʒ'"ƒŜ�:�$
ñɧ#�9	Ŵʆ(űÚȁ
̅�	Ŵ

ʆ'�	Ǐ�ȁ
¢�	Ʀ'ÆŴʆȁ
¢�ȃȇ&%'79	AAJ(ɰ¶ƾ£ĎĬʆ


�ɸȕ'ņ�ĭƙ�;"�:̈Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1998; Hara Y, 
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2002; Knipe MF,2002; Sanders SG, 2000; Schulz KS, 1997; Thomas WB, 1991 �̉ɰ¶ƾ£ĎĬ

ʆ#)	AAJ(˚Ⱥʱ̃>˟ê�	ǣ˱̃Ȩƽ>ʅ	�$#	ɰ¶ƾ£ĎĬʆ(ƨɃȗ

ȕ#�: AAJ(̃Ŧȓô>­˂�:�$
#�:Ñǰ5�:̈ Chambers JN, 1977; Hara Y, 

2002; Sanders SG, 2000; Schulz KS, 1997 �̉1�	ɤ¶Ǩďʆ'˚�"5	ʆÔ(Ȉºųʐ

'Ė!�"	Ţʎ�;*ʅ	�$5ƆĤ�;"�:̈Cerda-Gonzalez S, 2010; 

Cerda-Gonzalez S, 2009 b; Nakamura N, 2000; Takagi S, 2005; Vermeersch K, 2004 �̉AAIɚŨ

ȏ¨(Ğ�)	ˉÌ& AAJ(ɰ¶ƾ£ĎĬʆ>ĭƙ�:�$
#�;*	�ɸȕ'ɹĥ

&�Ř>ś:�$
#�:̈Aikawa T, 2013; Beaver DP, 2000; Schulz KS, 1997; Sharp NJH, 

2005; Shores A, 2007; Takahashi F, 2018 b; Thomas WB, 1991 �̉ 

� ���	ĝȧȒǞ>ĭƙ�� AAIɚŨȏ¨(�ˌ#)	ʆŘ'ȦɅĩȕƎă
ʡ48

;&�ȏ¨	ȦɅĩȕǹŮ(ũá
ʡ48;:ȏ¨	1�)Ǐ��:ȏ¨
ĸ&�8�

ħĐ�	ɭɫ̄Ǧ(ŝȄ˥İ'œ˴�:�$&%>ʎĉ$�"	AAI�ĝ(˶ˌ�¡˷

ƾƅôˌŒűȊŁ̈craniocervical junction abnormality; CJẢ(ȎŮ
˚��"�:�$


ȋ=;:�$5�:�ʹŅ(ȀãȒ'��")	MRIƿƷ�7+ CTƿƷ
ņ�ƣì�

��$'79	AAIɚŨȏ¨(Ğ�#	Marino8'79ƈā�;�ǂ�& CJA(¦Ȕ


ʆÔ'ʝƖñɧ$&�"�:̈Marino DJ, 2012 �̉CJA$)	Ř˶̃�8�¡˷ƾ˵ĕ'

��:½ĠŦ(ŒűȊŁ'79Ŏ�ʭ��;:ȍŨɛ(�$#�9	JA|ǂģŒ	Ȅ

ƾ-Ř˶̃�ĪĬȏ	AAI	Ř˶̃-Ȅƾ-ʳƾŒűȊŁ	Ř˶̃-ȄƾH�d�{Zh�L

̈atlantooccipital overlapping; AOO 	̉dorsal compression	ķɭĺ¶ďʺ	��"	Ǎȯʭ

Œű�À&%
÷1;:��;8(ǂ�& CJA(ȎŮ6�;8(ĉƴ˚¬)Ȃǹ#)�

ʠ&ˌË
Ğ�	�(ǜȒǞ)ȣȰ�;"�&�� 

� ��(ɤƤ79	ƮȠȭ#)	CJA(ȎŮ$(ĉƴ˚¬>�
&
8	Ǹ( AAI(ʝ

Ɩ�7+ǜȒ'˚�"	�(�Ȳ>ʖƟ�:�$>ȗȕ$�"	��'Ȥ�ȳ 2 ȱ�8
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ȳ 7ȱ1#(ƿʙ>ʅ���1�	ȳ 2ȱ#)	AAI(Ȏĉ$�"	ƨ5�ɸȕ#�:

ǍȯʭŒű�À'˚�"țȗ���Ȃǹ#)	XɐƿƷ	1�) CTƿƷ'"ʡ48;:

ʳƾ(Ǎȯʭ'��:̃á�š(ŒűȊŁ6ƭȓô
	ǍȯʭŒű�À#�:$�ɸȕ

')ʡʧ�;"�:����	Ɵ8�&Ǎȯʭ(ƭȓô6Ë˫̃Ǵ
ħĐ�:Ęô>˟

�"	ȀãȒ'��:ǍȯʭŒű�À(Ɵȣ&ʝƖĖǫ)ħĐ�&����#	AAI >

Ȕȏ�"�&� AAIĥȔ TBDs	AAIĥȔǸȫ#)&�µŁg�L}Ǹ�7+ AAI>Ȕ

ȏ�ĝȧŴʆ>ĭƙ�� AAIĥȔ TBDs'��:˷ƾ CTȈº>Ȇ�"	ʳƾ(Ǎȯʭ

(˗�$ʕŉ>ʘǩ�	Ǎȯʭ(ʠɂ&ʞª>ʅ	�$$	�(ŒŮĩȕǶş>Ǖʵƿ

ʙ���ȳ 3ȱ#)	AAI(Ȏĉ$�"ėú�;"�:Ȅƾ(̃á�À(	�̈ Parry AT, 

2010 	̉AAIĥȔǸȫ#�: TBDs#)ėú
ħĐ�&�Ȅƾɤō(̃á�À̈ incomplete 

ossification of the dorsal neural arch of the atlas; IODẢ'˚�"țȗ���AAIɚŨɴŇȏ

¨'��: CTȈº>ʠɂ'ʞª�:$	Ȅƾɤō'̃ǉƊ6̃(ɿʂá>�	ȏ¨
Ŭ

ĝ'5Ğ�ħĐ�:���#	AAI 'ĳ�"ĝȧŴʆ>ĭƙ��ɴŇȏ¨'ĳ�:Ĉ˾

ȕʤƷ>ĭƙ�	AAIɚŨ TBDs '��: IODA(¦Ȕǹǝ	ȌĩȕǶş�7+ĝȧȕ

ǜȒ'ĳ�:�Ř'˚�"ƿʙ���ȳ 4 ȱ#)	AAI 'ĳ�:ĝȧȒǞ$�"	ȣȰ

�;�ŴŶ#�: AAJ(ɰ¶ƾ£ĎĬʆ'��:C�k{�^(ÙĩȕĎĬőŉ'˚�

"țȗ���AAI'ĳ�:ǂ�&ŴʆŴŶ6 AAI(ȎŮ'˚�:Ğ�(ėú)ħĐ�:


	Ų�
ȝ:˝9	ȅ£Ùĩȕ&ėú)ĸ&��AAJ )ʳƾ(Ǎȯʭ>�š$��Ĉ

ƚƘö-(ñÞŦ>·
"�9	AAI 'ĳ�:ɰ¶ƾ£ĎĬʆ#)	AAJ 
̃Ŧȓô�

:1#(˙	Ļƥʩɾ��#)&�	Ĉƚʩɾ'ŻŸ#�:�$
ːʎ$&:���#	

Ǹ( AAJ'ĳ�: 3ȫ˽(ĝȧȕĪĬáǞ#�:	AAJk~�^ĎĬǞ	p|tY}t

WK|~�^̈polymethylmethacrylate; PMMẢ>§Ȇ��ƍſĎĬǞ�7+Ʌ˚ȺĎĬ

Ǟ(ÙĩȕĎĬőŉ>Ǖʵƿʙ���ȳ 5ȱ#)	AAI'ĳ�: AAJ(ɰ¶ĎĬŴŶ
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AAJ(ȓô'ì0�œ˴'˚�"țȗ���AAI'ĳ�:AAJ(ɰ¶ĪĬáʆ(ȗȕ)	

óȫĎĬŴŶ'7: AAJ(ĪĬá#�9	ƨɃȕ' AAJ(̃Ŧȓô>ȗǄ$�:���

�	Ų�(ȝ:˝9	ĭˤ( AAJ(ȓôǹŮ>Ʉɘĩȕ'ʞª��ėú)/$?%ħĐ

�&����#	�Ĉ(ƿʙ#)	in vitro'��"	 ǍȯʭÌ˟ʆ'7: AAIʢȔu

]}>¥ű��	
#	atlantoaxial plate>§Ȇ�� APF̈atlantoaxial plate fixation̉ƙʆ

Ǹ$ PMMA>§Ȇ�� PMF̈PMMA fixation̉ƙʆǸ>¥ű����(Ř	˷ƾ CTƿ

Ʒ>ʅ�&
8	ʆŘ 7�Ʃ(Ʌ˅>ʻʯ��	
#	Ȅƾ-ʳƾ>ƄƯ�	AAJ(Ʉɘ

ĩȕʞª>ĭƙ���ȳ 6 ȱ#)	˶˷ˌƅôˌ'ȊŁ(�:Ǹ(ɴŇȏǹ6ǜȒ�Ř

'œ˴>�
	:ȎŮ#�:$ʡʧ�;"�: AOO'țȗ��̈ Cerda-Gonzalez S, 2009 

a �̉AOO ɚŨǸ'��:ĝȧǜȒ(ĸƑ¨(ėú)ħĐ�:5((̈Cerda-Gonzalez S, 

2009 a 	̉Ų�(ȝ:˝9	AOOɚŨǸ'��:ǜȒ�Ř>ʞª��ĭˤ'ƪÝ&ĝȧŴ

Ŷ'˚�:ğʑǅ˨Ċ>ĳʨ$��Ƞȭėú)ħĐ�&��1�	AOO) CJA(�'÷

1;	AAI ɚŨȏ¨'��"¦Ȕ�"ʡ48;:�$5ĸ&�&��ʳƾ(Ĝ¡'�	

Ǎȯʭ'7:ɫ̄(ďʺ
	AAI ɚŨȏ¨(ɴŇȏǹ'�ɸȕ'œ˴>�
"�:$ʡ

ʧ�;"�:�$�8̈Geary JC, 1967; McCarthy RJ, 1995; Sharp NJH, 2005 	̉AAIɚŨȏ

¨'��"	AOO(¦Ȕ
ʡ48;"�:Ęô')	½' AAJ(ĪĬá>»½ȕ'ĭƙ

�.�#�:���#	AAIɚŨǸ'��: AAJ(ɰ¶ƾ£ĎĬʆ(�Ř'˚�"	AOO


�
:œ˴' �"ƿʙ���ȳ 7ȱ#)	AAIɚŨȏ¨'��: AOO(¦Ȕ(ƪǲ

'7:ʆÔ(ɭįOCS'țȗ���AOO)	ŋ̄(ĺ¶ˌ$˷̄(˶¶ˌ(ďʺ	ķ

ɭŋ̄ǃ(ďʺ�7+ķɭĺ¶ˌ(ďʺ>Ŏ�ʭ��$ʡʧ�;"�:̈ Cerda-Gonzalez 

S, 2009 a; Cerda-Gonzalez S, 2016 �̉Ʀ'	Ǹ( CJA'ʭĉ��ŋ̄˷̄ƅôˌ'��:ɭ

ɫ̄Ǧ(ŝȄ˥İ'7�"	ɫ̄ȮǠȏ�7+Ǘ˶ȏ
ɊȔ�:$�;"�:

Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW, 2013 �̉
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AAI ɚŨȏ¨(ĝȧȒǞŘ(�Ř)�ɸȕ'ɹĥ#�:
	�ˌȏ¨#)	Ƭŗ�;:

�Ř
ś8;&��$
�9	�;8(ȏ¨'��:Ȏĉ(ʖƟ
ǘ48;:���#	

ǂ�& CJA(Ȏĉ>õơ'ʞª�:�$)ċˬ#�:�$�8	Ʈƿʙ#)	AAIɚŨ

Ǹ'��:ʆÔ(ɭįOCS'˚�"țȗ�	AOO
ɭįOCS'�
:œ˴' �"

ƿʙ��� 
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ȳ 2ȱ� ʳƾǍȯʭŒű�À(ʝƖ'˚�:Ƞȭ 

 

2-1 ɏʗ 

� Ȅʳƾ�ĪĬȏ̈atlantoaxial instability; AAỈ)	ķē(ɽ̇Ǹ'��"ĥȔ�	˷̄

˵ĕ'��:ǂ�&Ȫŉ(ɫ̄Ɗ¸>Ŏ�ʭ��ȍŨ#�:̈ Beaver DP, 2000; Denny HR, 

1998; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991 �̉^CǸȫ̈Toy-breed dogs; 

TBDs̉'��:AAI)	Geary8'79Î4"ėú�;�̈Geary JC, 1967 �̉ɽ̇(TBDs

'��:AAI)	Ȅʳ˚Ⱥ(½ĠŦ&ŒűȊŁ̈ Ǎȯʭ(¢Œű6ǲŒű	r ƾ(ƾ£$

Ǎȯʭ(ƭȓô	Ǎȯʭ(ɤ¶-(ʕĜŒ	ʁɱ(Ɩʉ	Ȅƾ(̃á�À 	̉1�)ŘĠ

ȕ&ĝ¸̈̃Ź	˲ŀƖʉ̉'�	�ĪĬȏ	�ɬɷ	1�)ɬɷ'˚ˀ�"ʭ�:�

 19	ǂ�&Ȏĉ
AAI(Ȕȏ'˚=�"�:̈Denny HR, 1998; Downey RS, 1967; 

Forterre F, 2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995; 

Takahashi F, 2018 a; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980 �̉1�	ʹŅ)	ķ

ēǸ'��:Ř˶̃�8�¡˷ƾ˵ĕ'��:ʌô��½ĠŦ(ŒűȊŁ>ʇ�˶ˌ�

¡˷ƾŒűȊŁ̈craniocervical junction abnormality; CJẢ'AAI5÷1;:$ʡʧ�;"

�:̈Marino DJ, 2012; Dewey CW, 2013 �̉ 

� ˅ê(Ĉ˾ȕȠȭ#)	AAI'ɚŨ��ķēǸ�7+ TBDs( 46˶� 35 ˶̈ 76% '̉

��"	ǍȯʭŒű�À
ʡ48;�$(ėú
�:̈Beaver DP, 2000 �̉�ɸȕ' AAI

(ʝƖ˅Ȫ'��"	ǍȯʭŒű�À(ƪǲ'˚�"țȗ�;"�:�r ƾ')	7 (

̃á�š
ħĐ�:̈Geary JC, 1967; Watson AG, 1990 �̉Ǎȯʭ')	2 (Ë˫��̃

á�š
ħĐ�	ÔƘ(̃á�š)	Ǎȯʭ(ÔƘ( 1/4>Œű�	5	�Ƙ(̃á�š

)	Ǎȯʭ(ŘƘ( 3/4>Œű�:̈Watson AG, 1990 �̉ʳƾ(Ǎȯʭ)	Ȕȅ˅Ȫ'�

�"	Ȅƾ(ƾ£�8Ë˫�:�Êȅơ'Ǎȯʭ(̃á�š)�#'Œű�;"�9	



 

7 

ʳƾ(ƾ£ˌ$ȅŘ 7�9�Ʃ#ȓô�:̈Geary JC, 1967 �̉ʄǢ(˥İ
ħĐ�:$	

ĸ&�$5Ǎȯʭ(�ġˌË'��:ÊȅŘ(̃øî>Ŏ�ʭ���$
�9	Ǎȯʭ

Œű�À(éĉ$&9	:̈Watson AG, 1990 �̉XɐƿƷ	1�) CTƿƷ'"ʡ48;

:ʳƾ(Ǎȯʭ'��:̃á�š(ŒűȊŁ6ƭȓô
	ǍȯʭŒű�À#�:$�ɸ

ȕ')ʡʧ�;"�:����	Ɵ8�&Ǎȯʭ(ƭȓô6Ë˫̃Ǵ
ħĐ�:Ęô>

˟�"	ȀãȒ'��:ǍȯʭŒű�À(Ɵȣ&ʝƖĖǫ)ħĐ�&����#	�Ĉ

(ƿʙ'��")	ʳƾ(Ǎȯʭ(˗�$ʕŉ'țȗ�	�;8(ʘǩ>ʅ	�$'7

9	ǍȯʭŒű�À>ʞª�:�$>ʟ2�� 

� ƮȠȭ(ȗȕ)	AAI>Ȕȏ�"�&� AAIĥȔ TBDs$ AAIĥȔǸȫ#)&�µŁ

g�L}Ǹ�7+ AAI>Ȕȏ�ĝȧŴʆ>ĭƙ�� AAIĥȔ TBDs'��:˷ƾ CTȈ

º>Ȇ�"	Ǎȯʭ(ʠɂ&ʞª>ʅ	�$$	�(ŒŮĩȕǶş>Ǖʵƿʙ�:�$

#�:� 

 

2-2 ƯƔ$ƘǞ 

2-2-1 ©ʟǸ 

� ƮȠȭ#)	2005Ņ 2Ʃ�8 2014Ņ 11Ʃ1#(˙'ƜƮȀãȅýȧĩğĩ�ĽÞǵ

ãȒT�W��7+ YPCƲ�ÞǵƒŒĝȧȎ˞'"	ĝȧŴʆ>ʅ�� AAIɚŨǸ'�

�:ãȒʚ˔>ʤƷ���AAI $ʝƖ�;	ĝȧŴʆ>ĭƙ�� 153 ˶(	�	ʆÔ'

CTƿƷ>ĭƙ���¡ 4Ǹȫ̈Y��	^Ck�_}	z�KPv�\|A	raYx

AXZKRi�_̉>ʤƷĳʨ$���ĳʨǓ˨Ċ$�")	AAI >Ȕȏ�ĝȧŴʆ>

ĭƙ�� AAIĥȔ TBDs( 80˶̈AAIɚŨ TBDs; Y�� 28˶	^Ck�_} 20˶	

z�KPv�\|A 20˶	raYxAXZKRi�_ 12˶̉$MRIƿƷ�7+ CTƿ

Ʒ>ĭƙ��ɴŇȏ¨'��"	ʳƾ(Ǎȯʭ'7:ɰ¶�8(ɫ̄ďʺųʐ	dorsal 
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compression̈ Cerda-Gonzalez S, 2015 	̉Ř˶̃-ȄƾH�d�{Zh�L̈ McRae DL, 1953̉

�7+JA|ǂģŒ̈Marino DJ, 2012̉>ȋ	ųʐ
ʡ48;&��� AAIĥȔ TBDs

( 40˶̈AAI˰ɚŨ TBDs; Y�� 10˶	^Ck�_} 10˶	z�KPv�\|A 10

˶	raYxAXZKRi�_ 10˶̉�7+ AAIĥȔǸȫ#)&�µŁg�L}Ǹ 40

˶$���µŁg�L}Ǹ)	CTƿƷ>ĭƙ��Ř'	�ȗȕ(�4'	d}g[~�

^Õ(ŷ�'79ĪǀǏ
ĭƙ�;��ĪǀǏ)	ƜƮȀãȅýȧĩğĩÞǵĭ̂ʑĬ

̈ŵʡȉò 46J-27̉'ǫ�"ʅ��� 

 

2-2-2 CTƿƷ$ŒŮĩȕʞª 

 CTƌœ')	Ʋɻt]BI}PR\sSƹŌ�ȥʋ( 80Í/160R{CR CT Aquilion 

PRIMË TSX-303A >̉§Ȇ���Ʈǈ(RJv�ʾŉ)	0.5s#�9	R{CRè) 0.5mm	

R{CR˙ˢ) 0.5mm#����CTƌœơ(Ǹ(®Ĭ')	Wedgeē®Ĭą>§Ȇ�	

Àʰ̆ˎ�(Ǹ(˶˷ˌ> ļ���ǹŮ#�ɳ¡'®Ĭ����(ˤ	˶ˌ$˷ƾ�

7+ɦƾ
Ĉƚ�&�7	'ȼț\�k>§Ȇ�®Ĭ���ó�(Ǹ'��:ʳƾ(Œ

Ůĩȕʞª)	ȈºÉȃUi^DEÄOsirix DICOM Viewer̉>Ȇ�"	ó°£( CT

Ȉº DICOM]�W> 3D-MPR'ÆǁȻ�"ĭƙ���CTȈº(ƇÊư�)	Parry8

(ėú'ǫ�"	WW 2500HU	WL 500HU$��̈Parry AT, 2010 �̉ 

 

2-2-3 DALR̈Dens-to-Axis Length Ratiỏ(ʘǩ 

� Ɵ8�&Ǎȯʭ(ƭȓô6Ë˫̃Ǵ
ħĐ�:Ęô>˟��ǍȯʭŒű�À>ʞª�

:�4'	1�	ʳƾ(Ǎȯʭ(˗�'țȗ���AAI ɚŨ TBDs (�')	ʳƾ(Ƽ

ȯʭ(ŒűȊŁ(7	&5(>¦Ȕ�"�:�$
�:�Ų�(ȝ:˝9	ʳƾ(ƾ£

'��:ŒűȊŁ'˚�:ėú)ħĐ�&��4	�Ĉ(ƿʙ'��")	ʳƾ(ƾ£
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˗>Ėǫ$�"§Ȇ��� 

� CTȈº]�W�8 3D-MPR'ÆǁȻ��ǋ�Ɩº'��"	Ǎȯʭ(˗�$ʳƾ(ƾ

£˗>ʘǩ�:�4'	1�	Ǎȯʭ(½Ȳ$ʳƾ(ƾ£ɤĺ¶>ʽ:Șɐ>Ŏ���

Ǌ'	�(Șɐ$ĒȘ'�=:Ǎȯʭɰ¶(Ėˌ>ʽ:Șɐ>Ŏ���Ǎȯʭ(½Ȳ$

Ǎȯʭɰ¶(Ėˌ1#(˗�>ʘǩ�	�;>Ʈƿʙ'��:Ǎȯʭ(˗�$�"Ĭɜ

!���õȈº'��"	�( 2 ɐ(�ǰ$ʳƾ(ƾ£ɤĺ¶ǰ1#(˗�>ʘǩ�	

�;>Ʈƿʙ'��:ʳƾ(ƾ£˗$�"Ĭɜ!�����"	ʳƾ(ƾ£˗'ĳ�:

Ǎȯʭ(˗�(Ǖȁ#�: DALR̈ʳƾǍȯʭ˗Ǖ; Dens-to-Axis Length Ratiỏ>ʘǩ�

�̈Figure 2-1 �̉160˶(ĳʨǸ̈AAIɚŨ TBDs 80˶	AAI˰ɚŨ TBDs 40˶	µŁg

�L}Ǹ 40˶̉( DALR'˚�"	AAI˰ɚŨ TBDsɛ$g�L}ɛ(Ǖʵ	AAI˰

ɚŨ TBDsɛ(ó 4Ǹȫ$g�L}ɛ(Ǖʵ�7+ AAI˰ɚŨ TBDsɛ'��:Ǹȫ˙

(Ǖʵƿʙ>ĭƙ���Ʀ'	AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛÀ£( DALR(

Ǖʵ�7+�ɛ'��:óǸȫ˙( DALR(Ǖʵƿʙ>ĭƙ���ʳƾ(ƾ£˗>Ėǫ

$�"§Ȇ��
	�(ǩĬ( limitation$�"	Ǎȯʭ(Ë˫6Ĝ¡
�:Ǹ#)	CT

Ȉº(ȜǹƖº�8ǩĬ�:�$)ċˬ#�����(7	&ȏ¨#)	Ë˫��̃Ǵ

$ʳƾ˶¶ˌ'ǐħ��ǍȯʭĖˌ(˗�>ʘǩ�	�(ôʘ>Ǎȯʭ(˗�$�"	

DALR>ʘǩ���1�	Ǎȯʭ(ǲŒű
ʡ48;: AAIɚŨ TBDs)	ʘǩĳʨ�

8˟ĝ��� 

 

2-2-4 DÄDens Anglẻ(ʘǩ 

� Ǎȯʭ(ɤ¶-(ʕĜŒ5 AAI >Ŏ�ʭ��ʎĉ$�;"�:�4̈McCarthy RJ, 

1995; Thomas WB, 1991 	̉r ƾ(Ǎȯʭ(ʕŉ5ǍȯʭŒű�À>ʞª�:�4'§Ȇ�

��CTȈº]�W�8 3D-MPR'ÆǁȻ��ǋ�Ɩº'��"	DA>ʘǩ�:�4'	
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1�	ʳƾ(ɫƶȹŇ$ńʅ� Ǎȯʭɰ¶(Ėˌ>ʽ:Șɐ>Ŏ���Ǌ'	õȈº

'��"	Ǎȯʭɰ¶(Ėˌ�8Ǎȯʭ½Ȳ>ʽ:Șɐ>Ŏ����( 2 Ʈ(Șɐ
¥

:ʕŉ>ʘǩ�	�;>Ʈƿʙ'��: DA $�"Ĭɜ!��̈Figure 2-2 �̉ĳʨǸ(

DA'˚�"	AAI˰ɚŨ TBDsɛ$g�L}ɛ(Ǖʵ	AAI˰ɚŨ TBDsɛ(ó 4Ǹȫ

$g�L}ɛ(Ǖʵ�7+ AAI˰ɚŨ TBDsɛ'��:Ǹȫ˙(Ǖʵƿʙ>ĭƙ���

Ʀ'	AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛÀ£( DA(Ǖʵ�7+�ɛ'��:ó

Ǹȫ˙( DA(Ǖʵƿʙ>ĭƙ���1�	Ǎȯʭ(ǲŒű6Ë˫
ʡ48;: AAIɚ

Ũ TBDs)	ʘǩĳʨ�8˟ĝ��� 

 

2-2-5 ɈʘÉȃ 

� ɈʘĩȕÉȃ)	ɈʘÉȃUi^̈ SPSS version 23.0, IBM, Corp., Chicago IL, U.S.A. >̉

Ȇ�"ʅ���DALR $ DA '˚�"	AAI ˰ɚŨ TBDs ɛ$g�L}ɛ(Ǖʵ	AAI

˰ɚŨ TBDsɛ(ó 4Ǹȫ$g�L}ɛ(Ǖʵ	AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDs

ɛÀ£(Ǖʵ	��" AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛ'��:óǸȫ˙(Ǖʵ

ƿʙ')	ĳţ(�: Student tƿĬ>ĭƙ���1�	AAI˰ɚŨ TBDsɛ'��:Ǹ

ȫ˙(Ǖʵƿʙ)	Bonferroni (ƘǞ>Ȇ�"ĭƙ�����;5 P<0.05 >5�"ƪŬ

#�:$ÏĬ��� 

 

2-3 Ɇƴ 

2-3-1 PL`}t�^ 

 �Ĉ(ƿʙ'��: 160 ˶(ĳʨǸ(ŦÐ	Ʃ̇�7+£ː'˚�:ʠɂ&Ūė)	

Table 2-1'Ȥ��� 
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2-3-2 AAI˰ɚŨ TBDsɛ$g�L}Ǹ( DALR(Ǖʵ 

 AAI˰ɚŨ TBDsɛ$g�L}ɛ(ǩĬ�� DALR>Ǖʵƿʙ��$�<	AAI˰ɚŨ

TBDsɛ(ńđ DALR)	0.40 ± 0.007̈± Ǆǫʣľ 	̉g�L}ɛ(ńđ DALR) 0.40 ± 

0.005 #�9	�ɛ( DALR 'ƪŬ&ľ)ʡ48;&����Ǌ'	AAI ˰ɚŨ TBDs

ɛ'��:ó 4Ǹȫ$g�L}ɛ( DALR>�;�;Ǖʵƿʙ��$�<	z�KPv

�\|A(ńđ DALR̈0.37 ± 0.011̉)g�L}ɛ(ńđ DALR'Ǖʵ�"	ƪŬ'¢

³>Ȥ�̈P=0.008 	̉raYxAXZKRi�_(ńđ DALR̈0.43 ± 0.010̉)g�L

}ɛ(ńđ DALR'Ǖʵ�"	ƪŬ'̅³>Ȥ��̈P=0.010 �̉AAI˰ɚŨ TBDsɛ(

Y��(ńđ DALR̈0.40 ± 0.017̉$^Ck�_}(ńđ DALR̈0.39 ± 0.011̉)	g

�L}ɛ(ńđ DALR$Ǖʵ�"	ƪŬ&ľ)ʡ48;&����1�	AAI˰ɚŨ TBDs

ɛ'��:Ǹȫ˙( DALR'˚�"Ǖʵƿʙ��$�<	raYxAXZKRi�_)	

z�KPv�\|A'Ǖʵ�"	ńđ DALR
ƪŬ'̅³>Ȥ��
̈P=0.012 	̉ �(

�(Ǹȫ˙#)ńđ DALR'ƪŬ&ľ)ʡ48;&���� 

 

2-3-3 AAI˰ɚŨ TBDsɛ$g�L}Ǹ( DA(Ǖʵ 

� AAI˰ɚŨ TBDsɛ$g�L}ɛ(ǩĬ�� DA>Ǖʵƿʙ��$�<	AAI˰ɚŨ

TBDsɛ(ńđ DÄ37.6 ± 0.7°̉)	g�L}ɛ(ńđ DÄ34.8 ± 0.5°̉'Ǖʵ�"	

ƪŬ'̅³>Ȥ��̈ P=0.003 �̉Ǌ'	AAI˰ɚŨ TBDsɛ'��:ó 4Ǹȫ$g�L}

ɛ( DA>�;�;Ǖʵƿʙ��$�<	Y��(ńđ DÄ37.8 ± 1.3°̉$z�KPv

�\|A(ńđ DÄ40.8 ± 1.3°̉)g�L}ɛ(ńđ DA'Ǖʵ�"	ƪŬ'̅³>Ȥ

��̈Y��	P=0.020; z�KPv�\|A	P=0.001ƭǪ �̉AAI˰ɚŨ TBDsɛ(^

Ck�_}(ńđ DÄ 35.8 ± 0.8° $̉raYxAXZKRi�_(ńđ DÄ 36.1 ± 1.9°̉

)	g�L}ɛ(ńđ DA $Ǖʵ�"	ƪŬ&ľ)ʡ48;&����1�	AAI ˰ɚ
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Ũ TBDs ɛ'��:Ǹȫ˙( DA '˚�"Ǖʵƿʙ��$�<	Ǹȫ˙'��:ƪŬ&

ľ)ʡ48;&���� 

 

2-3-4 Ǎȯʭ(ǲŒű$Ë˫ 

� 80˶( AAIɚŨ TBDsɛ'��"	Ǎȯʭ(ǲŒű̈ Figure 2-3 )̉	Y�� 28˶� 6

˶	̂ Ck�_} 20˶� 3˶�7+raYxAXZKRi�_ 12˶� 1˶#ʡ48;

���(�Ƙ#	z�KPv�\|A 20˶'��")À˶#Ǎȯʭ(ǲŒű)ʡ48;

&����1�	Ǎȯʭ(Ë˫)	Y�� 7˶	^Ck�_} 8˶	z�KPv�\|

A 8˶�7+raYxAXZKRi�_ 4˶#ʡ48;����
�"	�Ĉ(ƿʙ#

)	Ǎȯʭ(ǲŒű(�4'	AAIɚŨ TBDsɛ 10˶> DALR(ʘǩĳʨ�8˟ĝ�	

Ǎȯʭ(ǲŒű	1�)Ǎȯʭ(Ë˫(�4'	AAIɚŨ TBDsɛ 37˶> DA(ʘǩĳ

ʨ�8˟ĝ��� 

 

2-3-5 AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛ( DALR(Ǖʵ 

� AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛ( DALR(Ǖʵƿʙ'��")	AAI˰ɚŨ

TBDsɛ 40˶̈óǸȫ 10˶̉$ AAIɚŨ TBDsɛ 70˶̈Y�� 22˶	^Ck�_}

17˶	z�KPv�\|A 20˶�7+raYxAXZKRi�_ 11˶ >̉ĳʨ$���

AAIɚŨ TBDsɛ(ńđ DALR̈ 0.36 ± 0.009 )̉	AAI˰ɚŨ TBDsɛ(ńđ DALR̈ 0.40 

± 0.007̉'Ǖʵ�"	ƪŬ'¢³>Ȥ��̈P=0.001 �̉Ǌ'	óǸȫ˙'��: AAI˰

ɚŨ TBDsɛ$ AAIɚŨ TBDsɛ( DALR>�;�;Ǖʵƿʙ��$�<	 AAIɚŨ

TBDsɛ(Y��(ńđ DALR̈0.35 ± 0.014̉)	AAI˰ɚŨ TBDsɛ(Y��(ńđ

DALR̈0.40 ± 0.017̉$Ǖʵ�"	ƪŬ'¢³>Ȥ��̈P=0.049 �̉AAIɚŨ TBDsɛ(

^Ck�_}(ńđ DALR̈0.34 ± 0.017̉)	AAI˰ɚŨ TBDsɛ(^Ck�_}(ń
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đ DALR̈0.39 ± 0.011̉$Ǖʵ�"	ƪŬ'¢³>Ȥ�� (P=0.020)��(�Ƙ#	AAI

ɚŨ TBDsɛ(z�KPv�\|A(ńđ DALR̈0.33 ± 0.013̉)	AAI˰ɚŨ TBDs

ɛ(z�KPv�\|A(ńđ DALR̈0.37 ± 0.011̉'Ǖʵ�"	ƪŬ&ľ)ʡ48;

&���
	¢³>Ȥ�¹ö
ʡ48;��1�	AAI ɚŨ TBDs ɛ(raYxAXZ

KRi�_(ńđ DALR̈0.44 ± 0.044̉)	AAI˰ɚŨ TBDsɛ(raYxAXZKR

i�_(ńđ DALR̈0.43 ± 0.010̉$(˙'ƪŬ&ľ)ʡ48;&���� 

 

2-3-6 AAI˰ɚŨ TBDsɛ$ AAIɚŨ TBDsɛ( DA(Ǖʵ 

� AAI˰ɚŨTBDsɛ$AAIɚŨTBDsɛ(DA(Ǖʵƿʙ'��")	AAI˰ɚŨTBDs

ɛ 40˶̈óǸȫ 10˶̉$ AAIɚŨ TBDsɛ 43˶̈Y�� 15˶	^Ck�_} 9˶	

z�KPv�\|A 12 ˶�7+raYxAXZKRi�_ 7 ˶̉>ĳʨ$���AAI

ɚŨ TBDsɛ(ńđ DÄ41.0 ± 1.0°̉)	AAI˰ɚŨ TBDsɛ(ńđ DÄ37.6 ± 0.7°̉

'Ǖʵ�"	ƪŬ'̅³>Ȥ��̈P=0.007 �̉AAI ɚŨ TBDs ɛ(óǸȫ'��:ńđ

DA)	Y��; 41.2 ± 1.3°	̂ Ck�_}; 37.5 ± 2.5°	 z�KPv�\|A; 42.8 ± 1.6°	

raYxAXZKRi�_; 42.0 ± 3.1°#����AAI˰ɚŨ TBDsɛ(óǸȫ'��:

ńđ DA)	Y��; 37.8 ± 1.3°	̂ Ck�_}; 35.8 ± 0.8°	z�KPv�\|A; 40.8 ± 1.3°	

raYxAXZKRi�_; 36.1 ± 1.9°#����AAIɚŨ TBDsɛ$ AAI˰ɚŨ TBDs

ɛ(óǸȫ˙'��:ńđDA'ƪŬ&ľ)ʡ48;&���
	À"(Ǹȫ'��"	

AAIɚŨ TBDsɛ(ńđ DA)	AAI˰ɚŨ TBDsɛ(ńđ DA'Ǖʵ�"	̅ ³>Ȥ�

¹ö
ʡ48;�� 

 

2-4 ɞĲ 

� �Ĉ(ƿʙ'��"	AAI ˰ɚŨ TBDs ɛ$�ēǸȫ#�:µŁg�L}ɛ(ńđ
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DALR 'ƪŬ&ľ)ʡ48;&�����(ųʐ79	DALR 
Ğ�(Ǹȫ'��"	

ǍȯʭŒű�À(Âʽ��ƀǄ$&9	:ñɧŦ
�:�$
ȤĀ�;�����	AAI

˰ɚŨ TBDsɛ'��"	Ǹȫǔ(ńđ DALR'ƪŬ&ľ
ʡ48;��$�8	DALR

)Ǹȫǔ'ľ
ʡ48;:ñɧŦ5ȤĀ�;��Ʀ'	AAI˰ɚŨ TBDsɛ(ńđ DALR

'Ǖʵ�"	AAIɚŨ TBDsɛ(ńđ DALR)ƪŬ'¢³>Ȥ�	�;) AAIɚŨǸ#

)	AAI˰ɚŨǸ795Ǎȯʭ
ķ��¹ö
�:�$>ȤĀ�"�:(�5�;&��

Ʈƿʙ#)	Ƕ'	�(¹ö
Y��$^Ck�_}'"	˼ ʀ'ʡ48;�����	

�Ĉĳʨ$��Ǹȫ(�'��"	raYxAXZKRi�_'˚�")	AAI ɚŨɛ

#5˰ɚŨɛ#5 DALR
ƨ5̅³>Ȥ����(�$�8	raYxAXZKRi�

_( AAI'˚�")	Ǎȯʭ(¢Œű$)Ȋ&:Ȏĉ
˚=�"�:�5�;&��$


ȤĀ�;�����	ʱ̃ȊƸ́ŦǸȫ#�:raYxAXZKRi�_( AAI(é

ĉ'˚�:Ūė)7�=��"�&��1�	Ʈƿʙ'��: AAI˰ɚŨ TBDsɛ$ AAI

ɚŨ TBDsɛ( 4Ǹȫ˙(Ǖʵƿʙ#)	AAIɚŨɛ(z�KPv�\|A( DA)	

ƪŬ&ľ)ʡ48;&���
	ƨ5̅³>Ȥ�����"	AAI ɚŨ TBDs ɛ(ńđ

DA)	g�L}ɛ$ AAI˰ɚŨ TBDsɛ(ńđ DA795ƪŬ'̅³>Ȥ�����

(ųʐ�8)	DA 
̅³>Ȥ�Ǎȯʭ(ɤ¶-(ʕĜŒ)	Ǹ( AAI (Ȕȏ˅Ȫ'œ

˴>�
	:ñɧŦ
ȤĀ�;��g�L}Ǹ$Ǖʵ�"	^Ck�_}$raYxA

XZKRi�_(ńđ DA 'ƪŬ&ľ)ʡ48;&���
	Y��$z�KPv�\

|A#)	ńđ DA
79ğ��¹ö
ʡ48;���(�$79	DA)Ǹȫǔ'Ȋ&

:ñɧŦ
�9	AAI (Ȕȏ˅Ȫ'˚=�"�:ñɧŦ
ȤĀ�;�����	�Ĉ(

ƿʙ#)	ű˗Ƭ(ɽ̇Ǹ5ĳʨ'÷1;"�9	DALR $ DA (ǩĬ'˚�")	ű

˗'��:ǭĐȕ&œ˴>ð�:�5�;&��$>ɞŰ�&�")&8&�� 

� ˅ê(ėú'��"̈Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; Thomas WB, 
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1991 	̉AAI ɚŨȏ¨#)̅ȁ'Ǎȯʭ(ŒűȊŁ
ʡ48;��$
ƀƋ�;"�:�

���	�;8)óȠȭɟ( XɐƿƷųʐ�8(�ʔȕ&ʞª'7:5(#�9	Ɉ�

��ĮʔȕƀǄ>5$'��5(#)&��Geary8)	AAIɚŨǸ 10˶�	Ǎȯʭ(

ǲŒű	1�)Ë˫
 9˶#ʡ48;�$ėú��̈ Geary JC, 1967 �̉Thomas8)	AAI

ɚŨǸ 23 ˶�	Ǎȯʭ(ǲŒű	1�)Ë˫
 17 ˶#ʡ48;	Ʀ'	Ǎȯʭ(ɤ¶

-(ʕĜŒ
 2˶#ʡ48;�$ėú��̈Thomas WB, 1991 �̉Denny8)	AAIɚŨ

Ǹ 30˶�	Ǎȯʭ(ŒűȊŁ
 29˶#ʡ48;�$ėú��̈ Denny HR, 1998 �̉Beaver

8)	AAIɚŨǸ 46˶�	Ǎȯʭ(ǲŒű	1�)Ë˫
 35˶#ʡ48;�$ėú�

�̈Beaver DP, 2000 �̉Ʈƿʙ#)	CTȈº'��:ʠɂ&ŒŮĩȕʞª>ʅ	�$#	

AAIɚŨ TBDsɛ( 80˶� 37˶̈46.3%̉'��"	Ǎȯʭ(ǲŒű	1�)Ë˫
ʡ

48;��Ƕ'	�Ĉ(ƿʙ#)	ʳƾ(ƾ£˗'ĳ�:Ǎȯʭ(˗�(Ǖȁ#�9	

ǍȯʭŒű�À(ĮʔȕƀǄ'&9	: DALR>ʘǩ�:�$'79	Ǎȯʭ(Œű�

À>ʞª���˅ ê(ėú̈ Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; Thomas WB, 

1991̉$Ǖʵ�"	ƮȠȭ)ƨ5ğʑǅ&Ǔ˨Ċ'��:ʤƷ#�:�ƮȠȭ#)	AAI

ɚŨ TBDsɛ( 80˶� 43˶̈53.7%̉'��"	Ǎȯʭ(ǲŒű	1�)Ë˫
ʡ48

;&�����Ř)	�ĈȆ��ǩĬǞ'Ė!��Ǎȯʭ(ʠɂ&ŒŮĩȕʞª>ʅ	

�$'79	79ʠɂ&ǍȯʭŒű�À(ʝƖ
ʅ�6��&:�5�;&��1�	

Ǎȯʭ(ɤ¶-(ʕĜŒ5 AAI >Ȕȏ�:ʎĉ(� #�:$ʡʧ�;"�9

̈McCarthy RJ, 1995; Thomas WB, 1991 	̉Ǎȯʭ(ɤ¶-(ʕĜŒ(ʡ48;: AAIɚŨ

ȏ¨#)	ǍȯʭÌ˟ʆ(ĭƙ>ƆĤ�:ėú5�:̈Swaim SF, 1975 �̉ʳƾ(Ǎȯʭ

)	Ȕȅ˅Ȫ'��"	Ȅƾ(ƾ£�8Ë˫�	ʳƾ(ƾ£$ȅŘ 7�9�Ʃ̇#ȓô�

:$ʡʧ�;"�:̈ Geary JC, 1967 �̉ȂĐ1#'	Ȕɢ˅Ȫ'��:Ǎȯʭ(ɤ¶-(

ʕĜŒ
ȅ�:ȎŮ' �")�ʠ$�;"�:�Ų�(Ʌ̂'Ė!�$	ʕĜŒ>÷
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4�Ǎȯʭ(ĜŒ)	ɫ̄(ďʺ>Ŏ�ʭ��ñɧŦ
�:5(#�:$ɞ
8;:� 

� ƮȠȭ'��"	AAIɚŨ TBDsɛ$ AAI˰ɚŨ TBDsɛ$(˙#)	DALR$ DA

'ƪŬ&ľ
ʡ48;����
�"	DALR$ DA)	Ǹ( AAI(Ȕȏ>�ǩ�:�

4(ːʎ&ʎɁ'&9	:�5�;&��1�	Ǹȫ˙'��"5 DALR$ DA'ƪŬ

&ľ
ʡ48;��$�8	 DALR$ DA)óǸȫ'��"ËƳ�:Ţʎ
�9	�;

8>ȣʡ�:�4')	AAI 
ĥȔ�: TBDs (ğʑǅ˨Ċ#ʞª>ʅ	Ţʎ
�:�

�Ĉ(ƿʙ(Ɇƴ���8#)	DALR $ DA��#	AAI (Ȕȏ>�ǩ�:�$)�

äË#�9	AAI (Ȕȏ')	ǍȯʭŒű�À�ĝ'5Ȅƾǆ˲ŀ(Ɩʉ6Ȅƾ(̃á

�À&%(7	&ǂ�&ʎĉ
˚=�"�:$ɞ
8;:� 

� AAI )	µŁ& TBDs 'ĳ�"	ǧÓ&Ă˺>5�8��5�;&�ȍŨ#�:�Ƕ

Ĭ(Ǹȫ	1�)Ǹȫǔ' AAI(Ȕȏ|RK>ǚĬ�:�$
#�;*	ɴŇȏ¨'�

�"	˰Ł'ŔȰ �5�;&��ƮȠȭ'��:Ɇƴ79	AAI 
ĥȔ�: TBDs #

)	DALR
¢³>Ȥ�	��"	DA
̅³>Ȥ�¹ö
�:�$
ȤĀ�;	�;8

(Ęô')	AAI
Ȕȏ�6��ñɧŦ
�:�ɴŇ(ȂĘ'��"	DALR
ķ��	

DA
ğ��ȏ¨#)	̀ ��'˷ˌ>ő�Ŏ�Ő8&�7	'ǟŬĄʭ�:Ţʎ
�:�

1�	�;8(Ǹ)	ɗǑ')�ö�#�:ñɧŦ
�:�$'5ǟŬ�:� 

 

2-5 ķž 

� ƮȠȭ#)	AAIɚŨ TBDs	AAI˰ɚŨ TBDs	��"	µŁg�L}Ǹ'��:Ǎ

ȯʭ(ʠɂ&ŒŮĩȕǶş>ʞª�:�$>ʟ2��ƮȠȭ(Ɇƴ79	DALR 
¢³

>Ȥ�Ęô')	ǍȯʭŒű�À(ñɧŦ
̅��$
�ū�;:�5�;&�
	

DALR$ DA��#)	TBDs( AAI(Ȕȏ>�ǩ�:¼Ë&ĮʔȕƀǄ')&8&��

TBDs ( AAI(Ȕȏ'œ˴>�
:ǂ�&ʎĉ
ħĐ�:�4	DALR $ DA>÷?�
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ʳƾ(Ǎȯʭ(ʠɂ&ŒŮĩȕǶş(ʞª>ğʑǅ˨Ċ#ʅ	�$#	ĵƱȕ&Ǹ(

AAIȔȏ|RK>�ǩ�:Ɵȣ&Ėǫ>ȣȰ�:�$'ŔȰ ñɧŦ
ȤĀ�;:� 
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Table 2-1 Signalment of 80 AAI-predisposed TBDs with AAI, 40 AAI-predisposed TBDs without 

AAI (nonaffected TBDS), and 40 nonAAI-predisposed healthy Beagles.  

 

 Group  

Variable  AAI-affected TBD  Nonaffected TBD  Beagle  

Sex (No. of dogs) 

  Sexually intact male 

  

27 

  

15 

  

28 

  Castrated male      12 13 0 

  Sexually intact female 29 7 12 

  Spayed female 12 5 0 

Age (month) 

  Mean ± SD 

  

40.6 ± 40.2 

  

96.4 ± 44.5 

  

10.5 ± 4.6 

  Median (range) 16.0 (5.0 – 149.0) 96.5 (6.0 – 180.0) 14.0 (11.0 – 24.0)  

Weight (kg)  

  Mean ± SD 

  

2.5 ± 1.1 

  

4.0 ± 1.9 

  

10.5 ± 1.5 

  Median (range) 2.1 (1.0 – 7.0) 3.9 (1.5 – 8.9) 10.6 (7.6 – 14.0) 
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Figure 2-1 Median image of the axis of a Beagle reconstructed from CT images by 3D-MPR.   

 

To determine the DALR, a line is first drawn passing through the tip of the dens and the 

dorsocaudal aspect of the body of the axis. Another line is then drawn perpendicular to the first, 

passing through the base of the ventral aspect of the dens. In this image, length of the dens (red 

line) is defined along the perpendicular line as the distance from the tip of the dens to the ventral 

base of the dens. Length of the body of the axis (arrow) is measured as the distance from the point 

of intersection of the 2 lines to the dorsocaudal aspect of the axis. Thus, DALR is defined as the 

ratio of the length of the dens to that of the axis body. 
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Figure 2-2 Median image of the axis of a Beagle reconstructed from CT images by 3D-MPR.  

 

To calculate the DA, a line is first drawn parallel to the spinal canal floor of the axis, passing 

through the ventral base of the dens. Another line is drawn from the base of the ventral aspect of 

the dens to the tip of dens. The angle between these 2 lines is defined as the DA (red line).  

 

 

   

 

 

 

 DA 



 

21 

 

 

Figure 2-3 Median CT image of a Toy Poodle with AAI and aplasia of the dens. 

 

The dens structure is not visible on the cranial side of the axis (arrow). 
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ȳ 3ȱ� Ȅƾɤō(̃á�À(ʝƖ'˚�:Ƞȭ 

 

3-1 ɏʗ 

� Ȅʳƾ�ĪĬȏ̈atlantoaxial instability; AAỈ)	�ɸȕ'ɽ̇(ķēǸȫ'��"ĥ

Ȕ�	˷̄(ďʺŦƊ¸>Ŏ�ʭ��ȍŨ#�:̈Beaver DP, 2000; Denny HR, 1998; 

McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991 �̉Ǹ( AAI)	^CǸȫ̈Toy-breed 

dogs; TBDs̉'��"	1967Ņ' Geary8'79Î4"ėú�;�̈Geary JC, 1967 �̉

AAI(åƑ��
 1 ǎ̇ƭǪ(ɽ̇Ǹ'��"ĥȔ�:$ėú�;"�:
̈McCarthy 

RJ, 1995 	̉�̅̇#(Ȕȏ5ƐȔ�"ʡ48;:̈Takahashi F, 2018 a �̉AAI)	Ȅʳ˚

Ⱥ̈ atlantoaxial joint; AAJ (̉½Ġȕ&ŒűȊŁ'˚ˀ�:�$
Ğ�$ʡʧ�;"�9	

ǂ�&Ȏĉ
 AAI(Ȕȏ'˚=�"�:̈Denny HR, 1998; Downey RS, 1967; Forterre F, 

2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1970; McCarthy RJ, 1995; Parry AT, 2010; 

Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980 �̉ 

� Beaver8)	AAIɚŨǸ 46˶>ĳʨ$��Ĉ˾ȕʤƷ'79	�( 76%'ǍȯʭŒű

�À̈Dens Abnormalities; DAs̉(¦Ȕ
ʡ48;�$ėú�"�:̈Beaver DP, 2000 �̉

�ɸȕ' AAI(ʝƖ˅Ȫ'��"	DAs (ƪǲ'˚�"țȗ�;"�:�$
Ğ��X

ɐȈº1�) CT Ȉº'"ȣʡ�;:ʳƾ(Ǎȯʭ'��:̃á�š(ŒűȊŁ6ƭȓ

ô
 DAs#�:$�ɸȕ'ʡʧ�;"�:����	Ɵ8�&Ǎȯʭ(ƭȓô6Ë˫̃

Ǵ
ħĐ�:Ęô>˟�"	ȀãȒ'��: DAs(Ɵȣ&ʝƖĖǫ)ħĐ�&����

#	ȳ 2 ȱ'��"	DAs (ĮʔȕƀǄ$�"	DALR̈ʳƾǍȯʭ˗Ǖ; Dens-to-Axis 

Length Ratiỏ>ƈā��̈Takahashi F, 2017 �̉ȳ 2ȱ#)	DALR
¢³>Ȥ�Ęô'

)	DAs (ȋ�
�:$�"�:�DAs 
ȋ=;�Ęô	ɴŇȕ')ǲȏǹ#���$

�"5	ʴŉ&ĝ¸'��	AAJ (�ɬɷ
Ŏ�ʭ��;:ñɧŦ
ȤĀ�;:��(
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ȃȇ$�"	DALR 
¢³>Ȥ�	DAs 
ȋ=;:Ęô')	Ȅƾǆ˲ŀ(¼Ë&ÒÞ

Ýƴ>ś:�$ċˬ#�:�$
ȤĀ�;:�4#�:��  

� DAs�ĝ'5 AAI(ȎŮ(�ĉ$&9	:Ǹ(Ȅƾ(̃á�À'˚�"	�� �(

ėú
�:̈Owen MC, 2008; Parry AT, 2010; Warren-Smith CM, 2009 �̉Ȅƾ(̃á�À$

)	Ȅƾ( 3  (̃á�š#(Ȕȅ˅Ȫ'��:ƾōɤ¶(ɔɐ	1�)ƾ£$ƾō(

ɔɐ#(̃áȊŁ#�:̈Parry AT, 2010; Warren-Smith CM, 2009; Owen MC, 2008 �̉g�

L}Ǹ#)	ȅŘ 106 Ɯ1#'ɤ¶ǋ�(ɔɐ)ȓô�	ȅŘ 115 Ɯ1#'ɰ¶(ɔɐ

)ȓô�:̈Evans HE, 1993; Watson AG, 1986 �̉Parry8)	Ȅƾ(ŒŮĩȕǶş>Ɵ8

�$�:�4	120˶(Ǹ( CTȈº>Ȇ�"Ĉ˾ȕʤƷ>ĭƙ��̈Parry AT, 2010 �̉

�(ėú'7:$	4�Ʃ̇�13ǎ̇̈�ġ³ 4ǎ̇̉( 12˶̈À£( 10%̉'Ȅƾ(

̃á�À
ʡ48;	Ȅƾ(̃á�À)	ǽǸ'ĥȔ�:¹ö
�:$ėú�"�:�

1�	5 ˶'��"Ȅƾ(̃á�À$ AAI 
¦Ȕ�"ʡ48;	�ɟ')ő�ș˚˚¬


�:$5ėú�"�:(HZSǕ 35.0	95%¯˹â˙ 7.0–175	P<0.001) �Ȅƾɤō(

̃á�À̈ incomplete ossification of the dorsal neural arch of the atlas; IODA 
̉ħĐ�:Ęô	

ɤ¶Ȅʳ˲ŀ(�țˌ¡
ǉƊ	1�)ɩŏá�:�4	AAJ 'ɒ2
ȅ�:ñɧŦ


�:����	Ǎȯʭ
ǋŁ'ħĐ�:Ęô')	Ȅƾǆ˲ŀ'7�"Ǎȯʭ)ǋŁ&

¡ə'®�;:̈Owen MC, 2008; Warren-Smith CM, 2009 �̉f^'��: IODA)	æɀ

&�ʉ�8īÀ&ɤō(ǉƊ1# 5 ( type'Ë˽�;"�9	�(Ȕȅȁ) 3�5%#

�:$ėú�;"�:̈ Currarino G, 1994; Gangopadhyay S, 2003 �̉�;8(f^(/$?

%
	ǲȏ²Ŧ#�:
	ʴŉ&ĝ¸'79	¨ĝ$�"̃Ź6ɫ̄Ɗ¸&%
ʭ�:

�$
�:̈Gangopadhyay S, 2003; Schrodel M, 2005; Schulze PJ, 1980 �̉f^#)	IODA

'�	̃(ǉƊˌ¡')ɐɋŦɆôɄɘ
Œű�;	�ɸȕ'ɹĥ&ĪĬŦ
®ſ�;

"�:̈ Currarino G, 1994; O’Sullivan AW, 2004; Sharma A, 2000 �̉AAI'ɚŨ�6��TBDs
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#)	DAs�7+Ȅƾǆ˲ŀ(ǉƊ&%)Ǖʵȕ7�ʡ48;:
̈McCarthy RJ, 1995; 

Watson AG, 1989 	̉Ų�(ȝ:˝9	�;8(Ǹȫ'��:Ȅƾ(ɔɐ'��:̃á�À

'˚�:ėú)ħĐ�&�̈Parry AT, 2010 �̉���	Ų�(Ʌ̂'7:$	�;8(

TBDs( AAIɚŨɴŇȏ¨'��"	CTȈº>ʠɂ'ʞª�:$	Ȅƾɤō'̃ǉƊ6

̃(ɿʂá>�	ȏ¨
Ŭĝ'5Ğ�ħĐ�:� 

� �Ĉ(ƿʙ(ȗȕ)	AAI 'ĳ�"ĝȧŴʆ>ĭƙ��ɴŇȏ¨'ĳ�:Ĉ˾ȕʤƷ

>ĭƙ�	IODA(Ȍĩȕ�7+ŒŮĩȕǶş'˚�"Ɵ8�'�	IODA¦Ȕȏ¨'�

�: AAI(ʆŘ(�Ř>ʞª�:�$#�:� 

 

3-2 ƯƔ$ƘǞ 

3-2-1 ©ʟǸ 

� 2005Ņ 2Ʃ�8 2016Ņ 4Ʃ1#(˙'ƜƮȀãȅýȧĩğĩ�ĽÞǵãȒT�W��

7+ YPCƲ�ÞǵƒŒĝȧȎ˞'"	AAI'ĳ�:ĝȧŴʆ>ʅ��Ǹ 167˶(ãȒʚ

˔>ʤƷ����;8(Ǹ)	MRI�7+ CT ƿƷųʐ'Ė!�"	AAI (ʝƖ
ʅ=

;���Ĉ(ƿʙ#)	�;8(Ǹ(	�	ʆŘ(ʻʯʤƷ
ñɧ#��� 11Ǹȫ 106

˶>ĳʨ$���ĳʨǸ'��:ʆÔ( CTȈº79	IODA(¦Ȕ(ƪǲ>ʤƷ�	ĳ

ʨǸ> IODA¦Ȕɛ$ IODA˰¦Ȕɛ'Ë˽���Ʀ'	IODA¦Ȕɛ(Ǹ)	̃ á�À

(ʡ48;:ɤō(ˌ¡'Ė!�"	IODA˶¶ɛ	IODA�ġɛ	��" IODAĺ¶ɛ

'�;�;Ë˽���ĳʨǸ'��:ãȒʚ˔79	Ǹȫ	ŦÐ	Ŵʆơ(Ʃ̇$£ː	

ʆÔ�7+ʆŘ(ȦɅĩȕːȏŉ'˚�"ʤƷ���AAI (�ʎ&Ȏĉ$&9	: DAs

(¦Ȕ(ƪǲ'˚�"5 CT Ȉº79ʞª����(ʞª'79	ĳʨǸ)	DAs ¦Ȕ

ɛ$ DAs˰¦Ȕɛ'5Ë˽��� 
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3-2-2 CTƿƷ$ŒŮĩȕʞª 

 CTƌœ')	80Í/160R{CR CT Aquilion PRIMË TSX-303A, Toshiba Medical Systems 

Co., Otawara, Japan >̉§Ȇ���Ʈǈ(RJv�ʾŉ)	0.5s#�9	R{CRè) 0.5mm	

R{CR˙ˢ) 0.5mm #����CT ƿƷ)	˶˷ˌ> ļ���ǹŮ#	�Ôɡ>ĺ

¶-ǷŎ�	�ɳ¡'®Ĭ�	Àʰ̆ˎ�'"ƌœ>ʅ���ƌœ(pQPya�L'

)	˶ˌ$˷ƾ$ɦƾ
Ĉƚ�&�7	'	Wedge ē®Ĭą$ȼț\�k>§Ȇ���

Ȅƾ(ŒŮĩȕʞª)	ȈºÉȃUi^DEÄOsirix DICOM Viewer̉>Ȇ�"	ó°

£( CTȈº DICOM]�W> 3D-MPR'ÆǁȻ�"ĭƙ���CTȈº)	Parry 8̈ Parry 

AT, 2010̉$ Rivero8̈Rivero MA, 2009̉(ėú'ǫ�"	̃ư�̈WW 2500HU	WL 

500HU 	̉1�)ʱˌɄɘư�̈WW 658HU	WL -14HỦ#ȈºʖƳ>ĭƙ��� 

 

3-2-3 Ȅƾɤō(ŒŮĩȕʞª 

� ĳʨǸ'��:Ȅƾɤō(ŒŮĩȕʞª(�4	1� CTȈº>ʱˌɄɘư�'��:

3D-MPR 'ÆǁȻ��ȜǹƖº'"	Ȅƾɤō( 3 ǰ̈ƨ˶¶ǰ	�ġǰ	ƨĺ¶ǰ̉

>ǚĬ��̈Figure 3-1 �̉�(Ř	õȈº'��"	�;8( 3ǰ'��:ǆƖº>̃ư

�'"ʞª�	ó�(Ȅƾɤō(ǋ�˵ĕ'��: CT³>ǩĬ��̈Figure 3-2 �̉Ȅƾ

ɤō)	Ȗʬ̃>�š$��ǁʿ>�"�9	CT ³'7:̃ʬʝƖ(Ë˽#�: Sogo

(Ë˽̈Sogo M, 2012̉'��: D3ä CT³ 600-850 HỦ795 CT³
¢�5(̈CT

³ 600HUƭǪ̉>	Ʈƿʙ'��")	̃(Œű�À>�	 IODA$Ĭɜ��� 

 

3-2-4 DAs$ DALR 

� Ɵ8�&Ǎȯʭ(ƭȓô6Ë˫̃Ǵ
ħĐ�:Ęô>˟�"	ȀãȒ'��: DAs(

Ɵȣ&ʝƖĖǫ)ħĐ�&��4	ȳ 2 ȱ'��"	DAs (ĮʔȕƀǄ$�"	DALR
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>ƈā��̈Takahashi F, 2017 �̉ȳ 2ȱ#)	2005Ņ 2Ʃ�8 2014Ņ 11Ʃ1#(˙'

Ų�(ƙʛ'"	AAI 'ĳ�:ĝȧŴʆ>ʅ��Ǹ 153 ˶(ãȒʚ˔>ʤƷ����;

8(Ǹ(	�	�¡ 4Ǹȫ̈��	AAIĥȔǸȫ̉#�:Y�� 28˶	^Ck�_} 20

˶	z�KPv�\|A 20 ˶	��"raYxAXZKRi�_ 12 ˶>ĳʨ$���

Ʀ'	AAI˰ɚŨĥȔǸȫ 40˶̈Y��	^Ck�_}	z�KPv�\|A	raY

xAXZKRi�_ó 10˶̉$ AAIĥȔǸȫ#)&�µŁg�L}Ǹ 40˶5ĳʨ$�

��DALR)	r ƾ(ƾ£˗'ĳ�:Ǎȯʭ˗(Ǖȁ$�"ʘǩ���Ʈƿʙ79	DALR


¢³>Ȥ�Ęô')	DAs(ñɧŦ
̅��$
ȤĀ�;��Ʈƿʙ'��: DAs$

)	Ǎȯʭ
ǲŒű(ȏ¨	Ë˫̃Ǵ
ħĐ�:ȏ¨	1�)Ǎȯʭ(¢Œű>ȋ	ȏ

¨̈óǸȫ'��: DALR(ńđ³( 95%¯˹â˙ƭǪ(5(̈Y��	^Ck�_}; 

0.36ƭǪ	z�KPv�\|A; 0.34ƭǪ	raYxAXZKRi�_; 0.40ƭǪ	g�

L}Ǹ; 0.39ƭǪ̉̉ $Ĭɜ��̈Takahashi F, 2017 �̉ȳ 2ȱ#)	DALR'˚�")	

AAI ĥȔǸȫ#�:ķēǸȫ$g�L}Ǹ$(˙'ƪŬ&ľ)ʡ48;&���$ėú

��̈Takahashi F, 2017 �̉7�"	Y��	^Ck�_}	z�KPv�\|A	raY

xAXZKRi�_�ĝ(Ǹȫ'˚�")	g�L}Ǹ( DALR(ńđ³( 95%¯˹â

˙>ˉţ���Ǎȯʭ(Ë˫̃Ǵ6Ĝ¡
ʡ48;�Ǹ#)	Ë˫̃Ǵ(˗�$ʳƾ(

˶¶ˌ'ǐ��Ǎȯʭ(˗�>ʘǩ�	DALR (ȸÊơ'	�( 2  (˗�(ôʘ>Ǎ

ȯʭ˗$���&�	Ǎȯʭ(ǲŒű(ȏ¨)	DALR(ǩĬĳʨ�8)˟ĝ��� 

 

3-2-5 ȦɅĩȕːȏŉ 

� ĳʨǸ'ĳ�"	ʆÔ�7+ʆŘ(ƿʝơ'ȦɅĩȕƿƷ>ĭƙ���ȦɅĩȕːȏ

ŉ'˚�")	Stalin8(Ë˽'Ė!�"RNA|�L>ʅ�̈ Stalin C, 2015 	̉L~�_

0; ȦɅĩȕȊŁ&�	L~�_ 1; ˷ˌȐ±ʴŉ&˄ÞĢʤ	L~�_ 2; ǌʅñɧ&�
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Ȫŉ�8ːŉ(˄ÞĢʤ	1�)�À̆ȑ	L~�_ 3; ǌʅ�ɧ&ćɡ�À̆ȑ	L~

�_ 4; ćɡ̆ȑ	L~�_ 5; Ǐ�	1�)ĪǀǏ$����Ĉ(ƿʙ'��:ĈŜ$

)	ȦɅĩȕƿƷ'79	ȦɅĩȕːȏŉ
ʆÔ795Ǝă�	Ȑ2&�ǌʅ
ñɧ$

&��ȏ¨$Ĭɜ���Ã£ȕ')	L~�_ 0-2(ȏ¨#)	Ȑ2&�/0ǋŁ&ǌʅ


ñɧ$&��ȏ¨	L~�_ 3-4(ȏ¨#)	ɹ ŉ&,8 �6ǌǂĢʤ
ǐħ�"�

�$�"5	Ȑ2&�ǌʅ
ñɧ$&��ȏ¨>ĈŜ$ÏƖ��� 

 

3-2-6 ŴʆŴŶ 

� ĳʨǸ)	Àʰ̆ˎ�'"	˶˷ˌ> ļ��"	�ɳ¡'®Ĭ����˻)˶¶Ƙ

ö-	Ôɡ)ĺ¶Ƙö-ʴ�ǷŎ�"®Ĭ���AAJ(ɰ¶ƾ£ĎĬʆ)	Schulz8

̈Schulz KS, 1997̉$ Shores8̈Shores A, 2007̉(ƘǞ'ǫ�"ĭƙ���  

 

3-2-7 ɈʘÉȃ 

� ɈʘĩȕÉȃ)	ɈʘÉȃUi^̈ SPSS version 23.0, IBM, Corp., Chicago IL, U.S.A. >̉

Ȇ�"ʅ��� IODA¦ȔÀ£ɛ	1�) IODA¦Ȕóɛ̈˶¶ɛ	�ġɛ	ĺ¶ɛ̉

$ IODA˰¦Ȕɛ'��:ŴʆơƩ̇�7+CT³(Ǖʵƿʙ	IODA¦ȔÀ£ɛ$ IODA

˰¦Ȕɛ'��:£ː�7+ DALR(Ǖʵƿʙ	DAs¦Ȕɛ$ DAs˰¦Ȕɛ(ŴʆơƩ

̇(Ǖʵƿʙ	IODA¦Ȕɛ$ IODA˰¦Ȕɛ(ɫ̄˥İ(ːȏŉ(Ǖʵƿʙ'˚�")	

Mann-Whitney( UƿĬ>Ȇ���1�	DAs¦Ȕɛ$ DAs˰¦Ȕɛ'��: IODA(

¦Ȕ(ƪǲ'˚�:Ǖʵƿʙ	�7+ IODA¦Ȕɛ$ IODA˰¦Ȕɛ( AAIʆŘ(�Ř

'˚�")	χ2ƿĬ>Ȇ�����;5 P<0.05>5�"ƪŬ$ÏĬ��� 

 

3-3 Ɇƴ 
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3-3-1 IODA(ƪǲ$PL`}t�^ 

� ĳʨǸ 106˶' �"	Ȅƾɤō(˶¶ˌ	�ġˌ	ĺ¶ˌ'��: CTȈº(ǆƖº

'��"	�(ǋ�˵ĕ( CT³>ʘǩ���ǩĬ�� CT³79	IODA(¦Ȕ(ƪǲ

'˚�"ʞª��$�<	75˶# IODA 
ʡ48;̈IODA¦Ȕɛ 	̉31˶# IODA


ʡ48;&���̈IODA ˰¦Ȕɛ �̉IODA ¦Ȕɛ'��:Ǹȫ(Äʜ)	z�KPv

�\|A 21˶	Y�� 20˶	^Ck�_} 18˶	˪ȫǸ 6˶	pt{aA� 3˶	P

�S�2˶	q}Y�S 2˶	raYxAXZKRi�_ 1˶	Ǻ 1˶	Jvd|AJ�

LYv�}SReaF} 1˶#����IODA˰¦Ȕɛ'��:Ǹȫ(Äʜ)	raYx

AXZKRi�_ 12˶	Y�� 9˶	^Ck�_} 5˶	z�KPv�\|A 3˶	P

�S�1˶	ehz� 1˶#����ĳʨǸ 106˶(ŦÐ	Ʃ̇�7+£ː'˚�:ʠɂ

&Ūė)	Table 3-1'Ȥ���IODA¦Ȕɛ$ IODA˰¦Ȕɛ'��:ŴʆơƩ̇'˚�

"	ƪŬ&ľ)ʡ48;&���̈P=0.867 �̉IODA˰¦Ȕɛ(£ː)	IODA¦Ȕɛ(

5(79ƪŬ'ː���̈P=0.002 �̉ 

 

3-3-2Ȅƾɤō(ŒŮĩȕʞª 

� IODA¦Ȕɛ 75˶'��:Ȅƾɤō(˶¶ˌ	�ġˌ	ĺ¶ˌ(	�	%(ˌË'̃

á�À
ħĐ�:�>ʤƷ��$�<	˶ ¶ˌ'̃á�À
ʡ48;5() 59 ˶̈ IODA

˶¶ɛ 	̉�ġˌ
 39˶̈IODA�ġɛ 	̉ĺ¶ˌ
 28˶̈IODAĺ¶ɛ̉#����̃

á�À
 1ȷų#(2ʡ48;�() 35˶#�9	2ȷų#ʡ48;�() 29˶#�9	

3ȷųÀ"#ʡ48;�() 11˶#����IODA¦Ȕɛ$ IODA˰¦Ȕɛ'��:Ȅ

ƾɤō(˶¶ˌ	�ġˌ	ĺ¶ˌ'��:ǋ�˵ĕ( CT³'˚�")	Table 3-2'Ȥ�

�� 
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3-3-3 IODA¦Ȕɛ$ IODA˰¦Ȕɛ'��:ŴʆơƩ̇ 

� Ȅƾɤō> 3ȴË�� IODA¦Ȕóɛ$ IODA˰¦Ȕɛ( AAI(ŴʆơƩ̇>Ǖʵ�

�$�<	IODA�ġɛ(ŴʆơƩ̇)	IODA˰¦Ȕɛ'Ǖʵ�"	ƪŬ'̅³>Ȥ�

�̈P=0.049, Table 3-3 �̉IODA˶¶ɛ	�7+ IODAĺ¶ɛ(ŴʆơƩ̇)	IODA˰¦

Ȕɛ$(˙'ƪŬ&ľ)ʡ48;&���̈IODA ˶¶ɛ, P=0.865; IODA ĺ¶ɛ, 

P=0.726 �̉ 

 

3-3-4 DALR(ʘǩ 

� CTȈº79 DAs(ƪǲ'˚�"ʞª>ĭƙ��$�<	ĳʨǸ 106˶� 11˶#Ǎȯ

ʭ(ǲŒű
ʡ48;	38 ˶#Ǎȯʭ(Ë˫̃Ǵ
ʡ48;��Ǎȯʭ(ǲŒű
ʡ4

8;�Ǹ)	DALR(ʘǩĳʨ�8)˟ĝ���4	IODA¦Ȕɛ( 67˶$	IODA˰ 

¦Ȕɛ( 28˶> DALR(ǩĬĳʨ$���Ǎȯʭ
ǲŒű#���ȏ¨>˟ĝ��ĳʨ

Ǹ 95˶'��:ńđ DALR)	0.41̈0.07�0.87	�ġ³ 0.39	Ǆǫ´ľ 0.12̉#��

��IODA ¦Ȕɛ̈0.07�0.87	ńđ 0.40	�ġ³ 0.38	Ǆǫ´ľ 0.12̉$ IODA ˰¦

Ȕɛ̈0.24�0.77	ńđ 0.44	�ġ³ 0.40	Ǆǫ´ľ 0.12̉( DALR'˚�"	ƪŬ&

ľ)ʡ48;&���̈P=0.163 �̉ 

 

3-3-5 IODA$ DAs(¦Ȕǹǝ 

� ĳʨǸ 106 ˶� 70 ˶̈66.0%̉'��"	DAs (¦Ȕ
ʡ48;̈DAs ¦Ȕɛ 	̉36

˶̈ 34.0% #̉) DAs(¦Ȕ
ʡ48;&���̈ DAs˰¦Ȕɛ �̉DAs¦Ȕɛ(�# IODA

)	70 ˶� 51 ˶̈72.9%̉#ʡ48;	DAs ˰¦Ȕɛ#)	36 ˶� 24 ˶̈66.7%̉#

IODA(¦Ȕ
ʡ48;�
	�ɛ˙'��" IODA(¦Ȕȁ'ƪŬ&ľ)ʡ48;&�

��̈P=0.507 �̉1�	IODA˰¦Ȕɛ'��" 31˶� 19˶̈61.3%̉# DAs(¦Ȕ
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ʡ48;�
	31˶� 12˶#)	IODA5 DAs5ʡ48;&���� 

 

3-3-6 DAs(ƪǲ$ŴʆơƩ̇ 

� DAs¦Ȕɛ(ńđŴʆơƩ̇)	35.5�Ʃ̇̈5�149�Ʃ̇	�ġ³ 12.0�Ʃ̇	Ǆ

ǫ´ľ 41.4�Ʃ̇ #̉�9	DAs˰¦Ȕɛ(ńđŴʆơƩ̇#�: 60.1�Ʃ̇̈ 8�154

�Ʃ̇	�ġ³ 60.0�Ʃ̇	Ǆǫ´ľ 44.0�Ʃ̇ 7̉95	ƪŬ'¢³>Ȥ��̈ P=0.001

ƭǪ �̉1�	DAs (¦Ȕ)	IODA ˶¶ɛ( 59 ˶À"#ʡ48;	IODA �ġɛ#)

39˶� 32˶	IODAĺ¶ɛ#) 28˶� 19˶#ʡ48;�� 

 

3-3-7 ȦɅĩȕːȏŉ$�Ř 

� AAJ(ɰ¶ƾ£ĎĬʆÔ(ȦɅĩȕːȏŉ)	IODA¦Ȕɛ#)ńđL~�_ 2.5#�

9	IODA˰¦Ȕɛ#)ńđL~�_ 2.3#�9	ʆŘ(ȦɅĩȕːȏŉ)	IODA¦Ȕ

ɛ#)ńđL~�_ 0.4 #�9	IODA ˰¦Ȕɛ#)ńđL~�_ 1.1 #����IODA

¦Ȕɛ$ IODA˰¦Ȕɛ'��: AAJ(ɰ¶ƾ£ĎĬʆ(ʆÔ�7+ʆŘ(ȦɅĩȕː

ȏŉ'˚�"	�ɛ˙'ƪŬ&ľ)ʡ48;&���̈ʆÔ P=0.806	ʆŘ P=0.142 �̉

AAI'ĳ�:ʆŘ(ĈŜȁ)	IODA¦Ȕɛ#) 94.7%̈71˶/75˶̉#�9	IODA˰

¦Ȕɛ( 71.0%̈ 22˶/31˶ '̉ĳ�"	ƪŬ'̅³>Ȥ��̈ P=0.001, Table 3-4 �̉IODA

¦Ȕɛ#)	ʆŘ 7 Ɯ�Ä' 2 ¨
üø�À(�4Ǐ����IODA˰¦Ȕɛ#)	ʆ

Ř 10Ɯ�Ä' 2¨
üø�À(�4Ǐ��	1¨)¿˞�'ʣĆŦɣǯ(�4Ǐ��	

Ð( 1¨)ʆŘ 1�Ʃ#ːʫȔ¥(�4Ǐ���� 

 

3-4 ɞĲ 

� ʳƾ(Ǎȯʭ')	AAJ (ĪĬá'ğ��˚��"�:ǍĹ˲ŀ	ɝǹ˲ŀ�7+Ȅ
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ƾǆ˲ŀ
�ț�"�9	DAs) AAI(Ȕȏ'ğ��˚=�"�:$�ɸȕ'ʡʧ�;

"�:�DAs�ĝ'5 AAI(Ȕȏ')ǂ�&Ȏĉ
˚=�"�:$ʡʧ�;"�9	�

(�#5Ȅƾ(̃á�À)	AAI$ő�ș˚˚¬
�:�$
ėú�;"�:̈ Parry AT, 

2010 �̉Ų�(ȝ:˝9	�;1#(ėú'��"	AAI'ɚŨ�6�� TBDs'��:

Ȅƾ(̃á�À'˚�:ėú)ħĐ�&�����	�Ĉ(ƿʙ'��"	TBD>�š

$�� AAIɚŨɴŇȏ¨( CTȈº>Ĉ˾ȕ'ʞª��$�<	Ȅƾɤō'̃(Œű�

À>�	 IODA¦Ȕȏ¨
 70.8%̈75˶/106˶̉#ʡ48;��Ȅƾ(ɤōǁʿ)ʂ�

�4	IODA( CT³(ǩĬ˵ĕ>ǋȣ'ǚĬ�:�$)ċˬ#����țȗ��˵ĕ>

Å#pC�^�:$	ǩĬ˵ĕ'˦ƅ��ʱˌɄɘ>÷?#�1�	Ɇƴ$�"	IODA

( CT³
¢�&�"�1	ñɧŦ
�:���#	�Ĉ(ƿʙ#)	Ȅƾɤō(ƨ˶¶	

�ġ	ƨĺ¶( 3ǰ>pC�^�	ƨ5̅� CT³(ǰ#ǩĬ>ĭƙ��� 

� AAI ɚŨȏ¨'��: IODA (¦Ȕ)	z�KPv�\|A	Y��	^Ck�_}

#Ğ�ʡ48;�
	raYxAXZKRi�_#) 13¨� 1¨#(2 IODA(¦Ȕ


ʡ48;��raYxAXZKRi�_'˚�")	IODA(¦Ȕ)ȩ#�9	ǋŁ&Ȅ

ƾɤōǁʿ>ƪ�"�:�$
Ğ��$
Ɵ8�$&���IODA
ħĐ�:Ęô')	

AAI 'ĳ�:ĝȧȕǜȒǞ(� #�:ɤ¶ĪĬáʆ)¼Ë&ÒÞÝƴ
ś8;&��

$�8ˉţ'&8&��$
ȤĀ�;:����	ǋŁ&Ȅƾɤōǁʿ>ƪ�: AAIɚ

ŨraYxAXZKRi�_#)ˉţ$&:ñɧŦ5ɞ
8;:��Ĉ(ƿʙ#)	

IODA >¦Ȕ�� AAI ɚŨǸ(Ƕş'˚�"	Ȅƾɤō>˶¶ˌ	�ġˌ	ĺ¶ˌ' 3

ȴË�"	ó�'��: IODA(¦Ȕ(ƪǲ>ʞª����;8óɛ( AAI(ŴʆơƩ

̇>ʞª��$�<	�ġˌ'̃á�À
ħĐ�:Ęô	IODA ˰ɚŨɛ'Ǖʵ�"	

AAI (ŴʆơƩ̇
̅�Ɇƴ
ś8;���(�$79	Ȅƾɤō(�ġˌ'̃á�À


ħĐ�:Ęô	ɤ¶Ȅʳ˲ŀ(ÒÞÝƴ
¼Ë'ś8;�	Ǎȯʭ'�ț�:˳ŀɛ
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'˅ŉ(ŐÙʩɾ
ůŦȕ'Ȕȅ�Ɋ�:ñɧŦ
ȤĀ�;:��;8(˅ŉ(ŐÙʩ

ɾ)	�;8(˳ŀɛ(�Ǌȕ&ĜŦ�:�)Ɩʉ>ʢȔ�	�̅̇#( AAI(Ȕȏ>

Ŏ�ʭ��"�:ñɧŦ
�:�$
ȤĀ�;�� 

� IODA )	ÊȅŘ'��:Ȅƾ(ƾōɤ¶(ɔɐ'��:̃áȊŁ$ʡʧ�;"�:

̈Owen MC, 2008; Parry AT, 2010; Warren-Smith CM, 2009 �̉Ʈƿʙ(Ɇƴ79	�(tI

aSs)�ʠ#)�:
	ƾōɤ¶(ɔɐ(ȓô˅Ȫ)	˶¶ˌ	�ġˌ	ĺ¶ˌ#ľ


ʡ48;���(�#5ƨ5˶¶ˌ'��:̃á�À
Ğ�ʡ48;��$)	�(

Ȕȅ˅Ȫ'��"	Ř˶̃-Ȅƾƅôˌ'��:�(ŒűȊŁ̈Ř˶̃Œű�À	Ř˶̃-

Ȅƾ�ĪĬȏ	Ř˶̃-ȄƾH�d�{Zh�L&%̉(œ˴>ð�"�:ñɧŦ5ȤĀ

�;��1�	IODA>¦Ȕ�"�: AAIɚŨǸ)	¦Ȕ�"�&� AAIɚŨǸ795	

£ƻ
ķ��¹ö
ʡ48;��Ʀ'	DAs>¦Ȕ�"�: AAIɚŨǸ#)	˅ê(ė

ú̈Beaver DP, 2000̉$õǂ'	DAs˰¦Ȕɛ795ɽ̇# AAI'ĳ�:Ŵʆ>ĭƙ�

"��¹ö
ʡ48;�
	�Ĉ(ƿʙ'��"	DAs $ IODA$(˙')	ș˚˚¬

)ʡ48;&����Ʈƿʙ(ĳʨǸ#)	IODA$ DAs (�Ƙ
¦Ȕ�"��ȏ¨)

ȿ 50%ħĐ�	IODA5��) DAs(%�8�
¦Ȕ�"��ȏ¨)ȿ 20%#����

12ȏ¨̈À£( 11.3%̉#)	DAs5 IODA5¦Ȕ��' AAI(Ȕȏ
ʡ48;��Ȅ

ƾǆ˲ŀ(ǉƊ&%5 AAI(Ȕȏʎĉ$&:�$
ȝ8;"�:�$�8̈Watson AG, 

1989 	̉�;8(ȏ¨#) DAs �7+ IODA �ĝ(ʎĉ
˚��"�:ñɧŦ5ȤĀ�

;�� 

 Ʈƿʙ79	IODA(¦Ȕ(ƪǲ$�ʔȕ&ȦɅĩȕːȏŉ'79ǚĬ�;:ɫ̄˥İ

(ːȏŉ'˚ˀŦ)ʡ48;&����IODA (¦Ȕ(ƪǲ'˚=8�	AAJ (ɰ¶ƾ

£ĎĬʆ>ĭƙ�:�$#	AAI ɚŨǸ'��:ʆŘ(ɫ̄˥İ(ːȏŉ(Ǝă
ʡ4

8;�����	IODA˰¦Ȕɛ(Ƙ
ʆŘ(ĈŜȁ
¢�Ɇƴ
ś8;��$'˚�"
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)	Ǘ˶ȏ6ɫ̄ȮǠȏ>÷3�(˶ˌ�¡˷ƾƅôˌŒűȊŁ̈craniocervical junction 

abnormality; CJẢ(ȎŮ
˚��"�:ñɧŦ5ȤĀ�;��¨
*	ʆŘ 1�Ʃ#ː

ʫȔ¥(�4Ǐ��� IODA˰¦Ȕɛ(Ǹ)	ʆÔ(MRIȈº79	ĳʨǸ(�#¶ɭ

į
ƨ5ğ��Žğ�"����(Ǹ(7	'	˼ ʀ&ɭįŽğ
ʡ48;�Ęô')	

ɭįɰɮȞɇʆ̈ventriculoperitoneal sunt; VPPv�^ʆ̉)ƪÝ�5�;&�̈Hoerlein 

BF, 1978 �̉ 

� �Ĉ(ƿʙ( limitation$�"	IODA(¦Ȕ
 AAI(Ȏĉ#�:(#�;*	AAI'

ɚŨ�"�&� TBDs795 AAI'ɚŨ�"�: TBDs'��"	IODA(¦Ȕ
79

Ğ�ʡ48;:�$>ȣʡ�:�4(N�^��}ɛ
ħĐ�&��$#�:�5	�

 $�"	�Ĉ(ƿʙ)	ɴŇȏ¨'��:Ĉ˾ȕʞª#�:�4	̃á
�īÀ#�

:Ȅƾɤō(Ʉɘĩȕʞª
ĭƙ#�"�&��$#�:� 

 

3-5 ķž 

� �Ĉ(ƿʙ79	TBD>�š$�� AAIɚŨȏ¨#)	DAs�ĝ'5 IODA
Ğ�(

ȏ¨#¦Ȕ�"�:�$
Ɵ8�$&���Ƕ'	Ȅƾɤō(�ġˌ'̃á�À
ħĐ

�:Ęô')	AAI(ŴʆơŅ̇
�̅̇#�:¹ö
�9	IODA)�̅̇#Ȕȏ�:

AAI(Ȏĉ(� $&�"�:�$
ƆĲ�;��AAI>÷?� CJA(ȎŮ')ǂ�&

Ȏĉ
˚��"�:
	�;8(ʠɂ&ȎŮ)ʖƟ�;"�&���Ř	DAs 6 IODA

��#&�	Ǹ( CJA'˚=:ǂ�&Ȏĉ'˚�"ƿʙ�"��Ţʎ
�:� 
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Table 3-1 Demographic information for 106 dogs with AAI that did or did not have evidence of 

IODA on preoperative CT images and subsequently underwent atlantoaxial ventral fixation.  

  Group  

Variable  IODA (n=75) Non-IODA (n=31) 

Sex (No. of dogs)    

     Sexually intact male 22 10 

     Castrated male      16 3 

     Sexually intact female 26 12 

     Spayed female 11 6 

Age (month)   

     Mean ± SD  44.9 ± 45.7 41.6 ± 39.1* 

     Median  19.0  17.5  

     Range  5.0 – 154.0 5.0 – 125.0 

Weight (kg)    

     Mean ± SD  2.3 ± 1.2 3.0 ± 1.3† 

     Median  2.0  3.0  

     Range  1.0 – 9.0 1.0 – 7.0 

*Mean value for the non-IODA group was significantly (P=0.867) different from that for the 

IODA group. †Mean value for the non-IODA group was significantly (P=0.002) different from 

that for the IODA group. 
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Table 3-2 Comparison of the CT values in the midline region of the cranial, central, and caudal 

portions of the dorsal neural arch of the atlas in the dogs with and without IODA in Table 3-1. 

 

  Portion of the dorsal arch of the atlas 

Group  Cranialmost Central Caudalmost 

IODA (n = 75)    

    Mean ± SD 374.0 ± 119.5a 376.4 ± 112.9b 305.0 ± 142.2c 

    Median  

   Range 

384.0  

60.0-593.0 

378.0  

85.0-582.0 

309.0  

39.0-586.0 

Non-IODA (n = 31)      

    Mean ± SD 1093.0 ± 322.9a 1358.8 ± 435.1b 1338.8 ± 396.1c 

    Median 

   Range 

1046.0  

655.0–1912.0 

1331.1  

787.0–2484.0 

1295.0  

808.0-2476.0 

  

Computed tomography values of the midline region were measured in transverse CT images 

(obtained with a bone window setting) at the cranialmost, central, and caudalmost portions of the 

dorsal arch of the atlas in 106 dogs. The bone window setting had a window width of 2,500 HU 

and a window level of 500 HU. Dogs were classified as having IODA when the CT value of the 

midline region of the dorsal arch of the atlas in any of the 3 portions was < 600 HU. 

a,b,c Values with the same superscript letter differ significantly (each P<0.001).  
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Table 3-3 Comparison of age at the time of surgery for AAI among the IODA subgroups 

(IODA-cranial [n=59], IODA-central [n=39], and IODA-caudal [n=28] groups) and the 

non-IODA group (n=31) of dogs with AAI in Tables 3-1 and 3-2. 

 

  Age (month) 

Group Subgroup Mean ± SD Median Range 

IODA IODA-cranial 42.2 ± 45.2 14.0 5.0-154.0 

 IODA-central 61.9 ± 48.9* 49.0 5.0-154.0 

 IODA-caudal 46.3 ± 45.8 27.5 6.0-149.0 

Non-IODA —  41.6 ± 39.1* 17.5 5.0-125.0 

 

*The age at time of surgery for the IODA-central group was significantly (P=0.049) higher 

than that of the non-IODA group. There were 75 dogs in the IODA group. In 35 dogs, 

incomplete ossification was present in only 1 portion of the dorsal arch of the atlas, in 29 

dogs it was present in 2 portions, and in 11 dogs it was present in all 3 portions. 

    — = Not applicable.  
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Table 3-4 Neurological assessment of spinal cord injury before and after ventral fixation of the 

atlantoaxial joint in the dogs with and without IODA in Table 3-1. 

 

   Postoperative neurologic outcome 

Group 
Preoperative neurologic 

grade 
No. of dogs Recovered No improvement Died 

IODA   0 6 6 0 0 

 1 11 11 0 0 

 2        

3 

33 

11 

31 

10 

2 

0 

0 

1 

 4 14 13 0 1 

Total  75 71 2 2 

Non-IODA 0 3 3 0 0 

 1 4 3 0 1 

 2        

3 

14 

6 

12 

3 

1 

3 

1 

0 

 4 4 1 1 2 

Total  31 22 5 4 

 

 For each dog, the severity of neurologic abnormalities before and after ventral fixation of the 
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atlantoaxial joint was graded according as follows: 0 = normal, 1 = neck pain with or without 

mild ataxia, 2 = ambulatory with moderate-to-severe ataxia or paresis, 3 = nonambulatory 

tetraparesis, 4 = tetraplegia, and 5 = death (or euthanasia). Recovery was defined as an 

improvement in neurological status as determined by neurological examination findings, 

compared with neurological status before surgery, and a regained ability to walk without signs of 

pain. Dogs with neurological grades of 0 to 2 were considered to have recovered when normal 

walking without pain was achieved, and those with grades of 3 or 4 were considered to have 

recovered when pain-free walking was possible, although mild ataxia or wobbling may have 

persisted. 
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Figure 3-1 Representative sagittal image (derived via 3D-MPR of CT images obtained with a 

soft-tissue window setting) of the AAJ of a 120-month-old sexually intact male Yorkshire Terrier 

with AAI. The soft-tissue window setting had a window width of 658 HU and a window level of 

−14 HU. For morphological assessment of the dorsal neural arch of the atlas, the cranialmost 

portion (white arrow), the central portion (arrow head), and the caudalmost portion (black arrow) 

were identified in the sagittal image. The same image was subsequently reassessed with a bone 

window setting. 

 

  

  ◁ 
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Figure 3-2 Representative transverse images (derived via 3D-MPR of CT images obtained with a 

bone window setting) of the cranialmost (A and D), central (B and E), and caudalmost (C and F) 

portions of the atlas in 6 dogs with AAI. The bone window setting had a window width of 2,500 

HU and a window level of 500 HU. Dogs were classified as having IODA when the CT value of 

the midline region of the dorsal arch of the atlas in any of the 3 portions (arrow) was < 600 HU. 

A—Image obtained from a 66-month-old castrated male Chihuahua with AAI and incomplete 

ossification of the cranialmost portion of the dorsal neural arch of the atlas (assigned to the 

IODA-cranial group). The CT value of the midline region of the dorsal arch of the atlas is 247 HU. 

B—Image obtained from a 122-month-old sexually intact male Yorkshire Terrier with AAI and 

incomplete ossification of the central portion of the dorsal neural arch of the atlas (assigned to the 

IODA-central group). The CT value of the midline region of the dorsal arch of the atlas is 325 HU. 

C—Image obtained from an 89-month-old spayed female Maltese with AAI and incomplete 

ossification of the caudalmost portion of the dorsal neural arch of the atlas (assigned to the 

IODA-caudal group). The CT value of the midline region of the dorsal arch of the atlas is 311 HU. 

D through F—Images obtained from a 96-month-old sexually intact female Chihuahua with AAI 

and no evidence of IODA (assigned to the non-IODA group). The CT values of the midline region 

of the cranialmost (D), central (C), and caudalmost (F) portions of the dorsal arch of the atlas are 

1,502 HU, 1,191 HU, and 1,048 HU, respectively. L = Left. R = Right.   
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ȳ 4ȱ� Ǹ(Ȅʳ˚Ⱥ(ĝȧȕĎĬŴʆǞ'˚�:Ƞȭ 

 

4-1 ɏʗ 

� Ȅʳƾ�ĪĬȏ̈atlantoaxial instability; AAỈ)	ȀãȦɅĝȧ˵ĕ'��"�ɸȕ'

ˊ˃�	˷̄˵ĕ'��:ǂ�&Ȫŉ(ɫ̄Ɗ¸>Ŏ�ʭ��ȍŨ#�:̈Beaver DP, 

2000; Denny HR, 1988; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991 �̉AAI)ķēǸ

��#&�	ğēǸ6Ǿ'��"5ėú�;"�:̈Jaggy A, 1991; Shelton SB, 1991; 

Stigen Ø, 2013; Wheeler SJ, 1992 �̉AAI)	Ȅʳ˚Ⱥ̈atlantoaxial joint; AAJ̉(½ĠŦ&Œ

űȊŁ(Ǎȯʭ(¢Œű	ƭȓô	̃á�À	ģŒ)	1�)ŘĠȕ&ĝ¸̈̃Ź	˲ŀƖ

ʉ̉'�	�ĪĬȏ	�ɬɷ	1�)ɬɷ'˚ˀ�"ʭ�:̈Denny HR, 1988; McCarthy 

RJ, 1995 �̉½ĠŦ(ȎĜ
�9ȦɅĩȕȊŁ>�	ȏ¨	ːŉ(˷ˌȐ
�:ȏ¨	®

ħȒǞ-(íţ
���ȏ¨')	ĝȧȒǞ(ˉţ
ƆĤ�;"�:̈Havig ME, 2005; 

McCarthy RJ, 1995; Sharp NJH, 2005 �̉ĝȧȒǞ')	ɰ¶ĪĬáʆ$ɤ¶ĪĬáʆ(2ʽ

9(ŴʆŴŶ
�:�ȂĐ	�ɸȕ')ɰ¶ĪĬáʆ
ņ�ʅ=;"�:
	�(ȃȇ

$�"	ĝȧŴʆ(űÚȁ
̅�	ÆŴʆ(ŢʎŦ
¢��$	Ŵʆ'�	Ǐ�ȁ
¢

��$
&%Ɓ�8;:̈Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1988; Hara Y, 2002; 

Knipe MF, 2002; Sanders SG, 2000; Schulz KS, 1997; Thomas WB, 1991 �̉1�	AAJ(ɰ¶

ƾ£ĎĬʆ#)	AAJ(˚Ⱥʱ̃>˟ê�	ǣ˱̃Ȩƽ>ʅ	�$#	̃Ŧȓô>­˂

�:�$
#�:Ñǰ5�:̈Chambers JN, 1977; Hara Y, 2002; Sanders SG, 2000; Schulz 

KS, 1997 �̉ɰ¶Ak��Y#)	AAJ(�ɬɷ>ƒŜŘ	Ţʎ'ţ�"Ǎȯʭ(˟ê>

ȗʒ�#ʅ�	̃RK|x�6ˠŦR|}_h�̈positively threaded profile pin; PPP̉>

§Ȇ��Ʌ˚ȺĎĬǞ̈transarticular fixation; TAF 	̉̃RK|x�	1�)PPP$p|t

Y}tWK|~�^̈polymethylmethacrylate; PMMẢ>§Ȇ��ƍſĎĬǞ̈PMMA 
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fixation; PMF 	̉1�)AAJk~�^ĎĬǞ̈atlantoaxial plate fixation; APF̉'79	AAJ

(ĪĬá>č9	ƨɃȕ'AAJ(̃Ŧȓô>ȗǄ$�:̈Ai F, 2006; Aikawa T, 2013; 

Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995; Platt SR, 2004; Rochat MC, 1999; 

Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim HBⅢ, 2002; Sharp NJH, 2005; 

Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Wheeler SJ, 1992 �̉ɰ¶

ĪĬáʆ)	ʆŌ$�"ȣȰ�;�ŴʆŴŶ#�9	�ɸȕ'ņ�ĭƙ�;"�:�AAJ

)	r ƾ(Ǎȯʭ>�š$��ĈƚƘö-(ñÞŦ>·
"�9	AAI'ĳ�:ɰ¶ƾ£

ĎĬʆ#)	AAJ
̃Ŧȓô�:1#(˙	Ļƥʩɾ��#)&�	Ĉƚʩɾ'ŻŸ#

�:�$
ːʎ$&:�AAI'ĳ�:ǂ�&ŴʆŴŶ6AAI(ȎŮ'˚�:Ğ�(ėú)

ħĐ�:
	Ų�
ȝ:˝9	ȅ£Ùĩȕ&ėú)ĸ&��Reber8)	ɝǹ˲ŀ)	Ö

Ɩɾː(�#	AAJ(ĪĬá'��:ƨ5ːʎ&˲ŀǁʿ#�:�$>ėú��̈ Reber K, 

2013 �̉Forterre8)	AAIɚŨȏ¨#)	AAJ(ĻƥñÞĕ��#)&�	¶Ļ(ñÞĕ


ĚÛ�:�$>ėú��̈Forterre F, 2015 �̉Riedinger8)	ɤ¶�8(K{�kĎĬ

795	TAFRK|x�$ɰ¶k~�^'7:ɰ¶ƾ£ĎĬʆ(Ƙ
	ÖƖɾː(�#	

AAJ
79ĪĬ�:�$>ėú��̈Reidinger B, 2015 �̉ 

� ƮȠȭ(ȗȕ)	Ǹ(AAJ'ĳ�:3ȫ˽(ĝȧȕĪĬáǞ#�:	APF	PMF�7+

TAF(ÙĩȕĎĬőŉ>Ǖʵƿʙ�:�$#�:����	TAF)óĎĬŴŶ'��"	

¦Ȇ�"ĭƙ��� 

 

4-2 ƯƔ$ƘǞ 

4-2-1 ʟ̂£(î˨$¥ű 

� ʟ̂£)�(ȗȕ(�4'	d}g[~�^Õ(ŷ�'79ĪǀǏ�;�µŁg�L

}Ǹ 18 ˶̈ ˧ 11˶	˩ 7˶	ńđ£ː 10.6kg̈ 9.0-14.6kg 	̉ńđƩ̇ 30.2�Ʃ̇̈ 12-75
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�Ʃ̇̉̉ 79Ƅï��Ȅƾ$ʳƾ>§Ȇ���ĪǀǏ�7+ƿ£ƄƯ)	ƜƮȀãȅý

ȧĩğĩÞǵĭ̂ʑĬ̈ŵʡȉò 46J-27̉'ǫ�"ʅ���ƿ£>ʟ̂ʊə(QL'ï

9��:�$>ıƠ'�	1�ûČ(ʱˌɄɘ'7:œ˴>ˋ�:�4'	�;8(ɫ

ƾ̃)	ɤ¶Ȅʳ˲ŀ	Ȅƾǆ˲ŀ	��"˚Ⱥà>÷3ʱˌɄɘ>ñɧ&˝9˟ê�

���(Ř	ƿ£)	ɬɨ(�4' 70%FWc�}>ǤǬ��	ĎĬu]}(¥ű>ʅ

	1#-30�'"ÇÈ®ħ��� 

 

4-2-2 ĎĬu]}(¥ű 

̈1̉APFɛ 

� �Ĉ(ƿʙ#)	Ǹ( AAJ(ĪÀ� őĎ&ɰ¶ĎĬ>ˇű�:�4'	g�L}Ǹ

( DICOM CT]�W'Ė!�"	10-15kg(£ƻ(g�L}Ǹ'ô	7	&ȄʳƾĎĬ

k~�^>˘Ȕ�	k�^WCk>¥ʋ��̈Figure 4-1 �̉ȄʳƾĎĬk~�^)	k~

�^(ƨ˶¶(RK|x�n�}')�ZJ�LRK|x�
§Ȇ#�	�(RK|x

�n�}')N�\ZKRRK|x�
§Ȇ#�:7	'ʛʘ���Ƕ'	ɫƶȹÄ-

(RK|x�(Ƃ¿>Ĉˋ�:�4'	k~�^(ƨ˶¶(RK|x�n�})ĝ¶- 5

ŉ	ƨĺ¶(RK|x�n�})ĝ¶- 15ŉ(¹ƕ> �"ʛʘ���Ʈk~�^-(

ĎĬŴŶ)��(ʽ9#�:�1�	ʳƾ(ɰ¶˶¶ɓ(�¶'ȄʳƾĎĬk~�^(

ĴȆĦ>ʽ�"	φ1.4mmJx}Px`��Cw�̈Setagayaseiki Co., Machida, Japan̉>

Ƃ¿�	Ȅƾ(�¶(ƾōƺ>ʪʽ��"	TAF >ʅ���Ǌ'	ȄʳƾĎĬk~�^

(ĴȆĦ>ʽ�"	φ1.5mm _|}gZ^>§Ȇ�"	k~_||�L>ʅ��	
#	

φ2.0mmN�\ZKRRK|x�̈RK|x�˗ 22mm, Setagayaseiki Co.̉>§Ȇ�"	

AAJ( TAF>īű���̈Shelton SB, 1991 �̉�(Ř	ʳƾĺ¶(�¶(ƾōƺ-ó 1

Ʈ� 	ȄʳƾĎĬk~�^(ĴȆĦ>ʽ�"	φ2.0mmN�\ZKRRK|x�̈RK
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|x�˗ 18mm, Setagayaseiki Co.̉> 2ƮƂ¿���õǂ'	Ȅƾ(�¶(ƾōƺ-5	

φ2.4mm�ZJ�LRK|x�̈RK|x�˗ 22mm, Setagayaseiki Co.̉> 2ƮƂ¿�	

k~�^ĎĬ>īű���̈Figure 4-2 �̉&�	�(k~�^)ɀYW�̈ASTM F67 

Grade2, Setagayaseiki Co.̉#�9	§Ȇ��RK|x��7+�Cw�)YW�ô˓

̈ASTM F136, Setagayaseiki Co. (̉5(>§Ȇ���õǂ(ƘǞ'"	6ƿ£>¥ű��� 

 

̈2̉PMFɛ 

� PMF)	Schulz8(ėú'ɽŃ(Ǝɹ>Û
�ƘǞ#ĭƙ��̈Schulz KS, 1997 �̉ʳ

ƾ(ɰ¶˶¶ɓ(�¶�8	φ1.4mmJx}Px`��Cw�̈ MIZUHO Co., Tokyo, Japan̉

>Ƃ¿�	Ȅƾ(�¶(ƾōƺ>ʪʽ��	TAF>ʅ����(Ř	φ1.7mm_|}gZ

^>§Ȇ�"	k~_||�L>ʅ��	
#	φ2.4mmN�\ZKRRK|x�̈RK

|x�˗ 22mm, MIZUHO Co.̉>Ȅƾ(�¶(ƾōƺ- 2ƮƂ¿���Ʀ'	ʳƾĺ¶

(ƾōƺ') φ1.5mm _|}gZ^>§Ȇ�"	k~_||�L>ʅ�����"	

φ2.0mmN�\ZKRRK|x�̈ RK|x�˗ 18mm, MIZUHO Co. >̉ʳƾĺ¶(ƾō

ƺ- 2ƮƂ¿��Ř'	PMMÄ Stryker Co., Kalamazoo, MI, U.S.A.̉>§Ȇ�"	ƍſĎ

Ĭ>ĭƙ��̈Figure 4-3 �̉PMMA)ƍſĎĬRK|x�
īÀ'ĔǛ�:7	'¼ę

��"	˷˗ȵ#ʈʏ#�:è�>ȗĪ$���X ɐȈº>ǩĬ��$�<	õǂ(̃

ƻ(g�L}Ǹ(˷˗ȵ(è�)	10mm>ĸ�ʮ
:Ȫŉ#�:$Ɔǩ�;��¼ę�

� PMMA>ʘǩ��$�<	˗� 39mm	ł 28�33mm̈ńđ 30mm 	̉è� 9�10mm

̈ńđ 9.75mm̉#����¼ę�� PMMA(Ɩ˱Ȭ) 351�390mm2̈ńđ 380.3mm2̉

#����&�	C�k{�^)R\�~Rʋ̈SUS316L, MIZUHO Co.̉(5(>§Ȇ

���õǂ(ƘǞ'"	6ƿ£¥ű��� 
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̈3̉TAFɛ 

� TAF) Sorjonen8(ėú'ǫ�"ĭƙ��̈Sorjonen DC, 1981 �̉1�	ʳƾ(ɰ¶˶

¶ɓ(�¶�8	φ2.5mm_|}gZ^>§Ȇ�"	r ƾ˶¶ˌ'L{C]B�Ln�}

>¥ʋ���Ǌ'	õn�}79	φ1.7mm_|}gZ^>§Ȇ�"	Ȅƾ(�¶(ƾō

ƺ'R~Z_n�}>¥ʋ����(Ř	¥ʋ��RK|x�n�}' φ2.4mm N�\

ZKRRK|x�̈RK|x�˗ 22mm, MIZUHO Co.̉>Ƃ¿�	{LRK|x�ĎĬ

Ǟ'7: TAF >ʅ��̈Figure 4-4 �̉&�	C�k{�^)R\�~Rʋ̈SUS316L, 

MIZUHO Co.̉(5(>§Ȇ���õǂ(ƘǞ'"	6ƿ£¥ű��� 

 

4-2-3 ʟ̂ƘǞ 

̈1̉Ļƥőŉʟ̂ 

� Ļƥőŉʟ̂')	óu]}ɛ�8 3 ƿ£� ʘ 9 ƿ£>§Ȇ���Ʈʟ̂')	Ļ

ƥʟ̂ǈ̈SIMADZU Co., MST-1, Kyoto, Japan̉>§Ȇ���ó�(ʈʟ̂u]}(Ȅƾ

�7+ʳƾ(ɫƶȹÄ'	Åȶǹ(˓ĽʋȄƾĎĬȆQL̈ ȘŖ 10mm $̉˓ĽʋʳƾĎ

ĬȆQL̈ȘŖ 8mm̉>Ƃ¿�	ǍȧǙȆAK|}Ⱦ~Q�̈GC Co., Tokyo, Japan̉'

"ĎĬ���ʳƾĎĬȆQL>Ʈʟ̂ǈ'ĎĬ��Ř	ȄƾĎĬȆQL( 10mm ˮÊ�

�ˌË'ȄƾĎĬȆQL(˗ʳ'ĳ�"ĒȘƘö�8ɾː>�
���(ɾː)	Ȅƾ

ĎĬȆQL(Þ�'7�"	ĒȘƘö'Ȅƾ'�
��Ļƥʟ̂ǈ(ʟ̂ʾŉ)	

10mm/min $���ř�'ɾː>Û
"	ʈʟ̂u]}
ȡƊ��ƨğɾː�7+ȡƊ

ˌ¡>ʚ˔���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

 

̈2̉Ĉƚőŉʟ̂ 

� Ĉƚőŉʟ̂'5	óu]}ɛ�8 3 ƿ£� ʘ 9 ƿ£>§Ȇ���Ʈʟ̂')	b
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Qɑ��ʟ̂ǈ̈Japan Instrumentation System Co., MST-500NM, Sakurai, Japan̉>§Ȇ�

��ó�(ʈʟ̂u]}(Ȅƾ�7+ʳƾ(ɫƶȹÄ'ÁʕĎĬȆ�Z_̈ȘŖ 7mm̉

>Ƃ¿�	ǍȧǙȆAK|}Ⱦ~Q�'"ĎĬ���ÁʕĎĬȆ�Z_>ʟ̂ǈ'ʊț

�:ˤ'	ʳƾ¶)	ĎĬ¶YvZK$ʳƾ˙> 35mm $�	Ȅƾ¶)	Ĉƚ¶YvZ

K$Ȅƾ˙> 45mm (¡ə#ĎĬ���Ĉƚőŉʟ̂)	ʳƾ¶>ĎĬ�	Ȅƾ¶>˶

¶�8ʐ"	íơʘƘö'Ĉʲ��"ĭƙ���Ʈʟ̂'��:Ĉʲʾŉ)	6ŉ/sec$

���ʈʟ̂u]}
ȡƊ��ƨğɾː�7+ȡƊˌ¡>ʚ˔��� 

 

4-2-4 ɈʘÉȃ 

� ɈʘĩȕÉȃ)	ɈʘÉȃUi^̈SPSS version 22.0, IBM, Corp., Chicago, IL, U.S.A.̉

>Ȇ�"ʅ���ɈʘÉȃ)	ȴËƐŦ(ƿĬ'��"	P ³
 0.05 79ğ��Ęô'

)	Bonferroni (ƘǞ>ˉţ�	0.05 79ķ��Ęô')	Kruskal-Wallis (ƿĬ>ˉţ

���óɛ#§Ȇ��ƿ£(OCS'˚�"	Ȅƾ(˗��7+ł(Ǖʵƿʙ')	

Bonferroni(ƘǞ>	Ȅƾ(̅�	ɫƶȹŖ	r ƾ(˗�	ł�7+̅�(Ǖʵƿʙ')	

Kruskal-Wallis(ƿĬ>Ȇ���1�	Ļƥőŉʟ̂$Ĉƚőŉʟ̂'��:ʈʟ̂u]

}'ȡƊ
ʡ48;�ƨğɾː(Ǖʵƿʙ')	Bonferroni (ƘǞ>Ȇ�����;5

P<0.05>5�"ƪŬ#�:$ÏĬ��� 

 

 

4-3 Ɇƴ 

4-3-1 ƿ£OCS 

� Ʈƿʙ#§Ȇ��ʘ 18ƿ£'˚�"	ɈʘĩȕÉȃ>ʅ��$�<	Ȅƾ�7+ʳƾ

(OCS'��"	óɛ˙#ƪŬ&ľ)ʡ48;&���̈Table 4-1 �̉��
�"	�
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Ĉ(ƿʙ'��")	óɛ$5'õ�ʑƻ(̃ƿ£>§Ȇ���$'&9	�Ĉ(Ùĩ

ȕʟ̂(űɖ)ƿ£OCS(œ˴&�Ǖʵƿʙ�;�� 

 

4-3-2 Ļƥőŉʟ̂ 

� Ļƥőŉʟ̂'��"	PMFɛ)	APFɛ̈P=0.030̉$ TAFɛ̈P=0.004̉795ƪ

Ŭ'̅�ƨğɾː>Ȥ��̈Table 4-2 �̉1�	ƨğɾː'˚�"	APFɛ$ TAFɛ$(

˙'ƪŬ&ľ)ʡ48;&���� 

 

4-3-3 Ĉƚőŉʟ̂ 

� Ĉƚőŉʟ̂'"��"	APF ɛ)	3 ɛ(�#ƨ5̅�ńđƨğɾː>Ȥ���ƨ

ğɾː'˚�"	APFɛ$ PMFɛ$(˙	��"	PMFɛ$ TAFɛ$(˙'	ƪŬ&

ľ)ʡ48;&����1�	APF ɛ)	TAF ɛ795ƪŬ'̅�ƨğɾː>Ȥ��

̈P=0.037, Table 4-2 �̉ 

 

4-3-4 ĎĬu]}(ʞª 

� Ļƥőŉʟ̂�7+Ĉƚőŉʟ̂'§Ȇ�;�À"(ĎĬu]}(/$?%#	ʳƾ

(˶¶ˌË'��"	ȡƊ
ʡ48;��À"(ĎĬu]}'��"	C�k{�^(

ŹƊ6ĜŒ)ʡ48;&���� 

 

4-4 ɞĲ 

� ƮȠȭ#)	ǻɵ(ȄʳƾĎĬk~�^(k�^WCk>˘Ȕ�"§Ȇ����(Ȅ

ʳƾĎĬȆ(IRWsk~�^)	YW�ʋC�k{�^#�:�4	̃$(ʓþŦ


̅�	PMMA(§Ȇ'˚ˀ��ƪİ�ʨ>Ĉˋ�:�$
#�	AAJ(̃Ŧȓô>­˂
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#�:ñɧŦ
�:�1�	AAI)	�ɸȕ'^CǸȫ̈Toy-breed dogs; TBDs̉'ĥȔ

�"ʡ48;:�4	ĵƱȕ')	TBDs'ô	7	&Ru�}OCS(k~�^>˘Ȕ

�:Ţʎ
�:�1�	ʹŅ)	Ǘ˶ȏ6ɫ̄ɮǠȏ&%>¦Ȕ��˶ˌ�¡˷ƾŒű

ȊŁ$ü*;:Ř˶̃�8�¡˷ƾ˵ĕ'��:½ĠŦ(ŒűȊŁ5˸ɗ'ʡ48;:

�$
Ě
"�:�$�8	YW�ʋC�k{�^>§Ȇ�:�$'79	ʆŘ' MRI

ƿƷ>ʅ	�$5ñɧ$&:̈Marino DJ, 2012 �̉ 

� ƮȠȭ'��"§Ȇ��µŁg�L}Ǹ(Ȅƾ�7+ʳƾ)	��(� (ȃȇ'7

9	ûČʱˌɄɘ>˟ê�	A}N�}#ɬɨ��̃ǄƮ$�"©���� ȗ(ȃȇ

)	AAJ >ƍſ�:ɤ¶Ȅʳ˲ŀ6Ȅƾǆ˲ŀ>÷3ûČ(ʱˌɄɘ(œ˴>˟ĝ��

ǹŮ#	óĎĬǞ(ĎĬőŉ>Ɵ8�'�	Ʀ'�(ĎĬőŉ>Ǖʵ�:�4#�:�

��"� ȗ(ȃȇ)	ĎĬ�;�ƿ£>ʟ̂ʊə(QL'ï9��:�$ıƠ'�:

�4#�:� 

� Ļƥőŉʟ̂#)	PMF ɛ) APFɛ�7+ TAF ɛ'ĳ�"	ƪŬ'̅�ƨğɾː>

Ȥ�	Ļƥɾː'ĳ�"̅�ĎĬőŉ
ś8;�����	PMFɛ(óƿ£')ƨğɾ

ː(*8 �
ʡ48;	ó PMFu]}'��:ĎĬőŉ(ˈ�'7:5(#�:$Ɔ

Ĳ�;���(ȃȇ)Ɵȣ#)&�
	RK|x�(Ƃ¿ˌ¡6Ƃ¿ʕŉ(ˈ�6 PMMA

(o|x�s	��"	PMMA$RK|x�(ʃôȪŉ(ˈ�&%
ɞ
8;��ĭˤ

')	õ�ŴʆŴŶ'��:ĎĬőŉ
	�(7	'*8 ��$)Ă˺#�9	�Ĭ

(ĪĬŦ
ś8;:�$
ːʎ#�:��(�Ƙ#	APF ɛ'��")	RK|x�(

Ƃ¿¡ə$ʕŉ
�Ĭ#�:�4	ƨğɾː(*8 �
ĸ&�Ɇƴ
ʡ48;	�;

)k~�^ĎĬǞ(Ñǰ$�"ƆĲ�;�����	RK|x�(Ƃ¿¡ə$ʕŉ
ǋ

��&�Ęô')	ɶýȕ&Ɗ¸>�
	:ñɧŦ
�:�$
ǉǰ#�:�Ʀ'	Ļ

ƥőŉʟ̂'��"	PMFɛ(ƨğɾː(ȿ 1/3#��� TAFɛ#)	§Ȇ��O�k
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}
õ�ʑƻ(̃ƿ£#�9	TAF RK|x�(Ƃ¿¡ə$ʕŉ
/0ǚ1�"�9	

ţÙ³)*8 �
ĸ&�Ɇƴ$&��� 

� Ĉƚőŉʟ̂#)	APFɛ$ PMFɛ$(˙'ƨğɾː(ƪŬ&ľ)ʡ48;&���


	APFɛ(ƨğɾː)	TAFɛ'Ǖʵ�"	ƪŬ'̅³>Ȥ���Ļƥőŉʟ̂$Ĉ

ƚőŉʟ̂(%�8'��"5	C�k{�^(ȡƊ)ʡ48;&���
	%�8(

őŉʟ̂'��"5	/$?%(ƿ£'"ʳƾ(˶¶ˌ'"ƿ£(ȡě>ʡ4���(

ųʐ)	ʳƾ(ĝ¸Ŧ̃Ź(ɴŇ¨'��"5	ʳƾ(˶¶ˌ¡#̃Ź
ʡ48;:¹

ö
�:�$$�ɶ�:�Ʈˌ¡)	Ǽ�˚Ⱥ˱�8&:�4	AAJ '��:ţÙ˨�

ˌ¡#�:�$
ƆĲ�;�̈ Hawthorne JC, 1999; Stone EA, 1979 �̉�Ĉ(ƿʙ'��"	

C�k{�^(ǁűőŉ'˚�:Ă˺)ʡ48;&����ĵƱȕ')	ɴŇȏ¨'˘

Ȕ��Ǹ(YW�ʋȄʳƾĎĬȆk~�^>ˉţ�:�$
ːʎ#�:�ȂĐʅ=;"

�:ɰ¶ƾ£ĎĬʆ(�#5	PMF '§Ȇ�;: PMMA (˒'ĳ�:Ɵȣ&Ėǫ)&

����"	PMMA(§Ȇ'��:Ă˺ǰ$�"	ːôǳ(Ȕȅ
 AAJ(ȓôˌ¡6û

ʸɄɘ'ũœ˴>�
:ñɧŦ	ŭƵ	˿ˆ6ǖȹ-(ǵȃȕďʺ�7+ĎĬC�k{

�^(ȡƊ&%(Ă˺
ėú�;"�:̈Cool JR, 1981; Martinez SA, 1997; Renegar WR, 

1979 �̉ 

 

4-5 ķž 

� ƮȠȭ��")	�ĈƗ�'˘Ȕ��ǸȆYW�ʋȄʳƾĎĬȆk~�^(ɴŇţȆ

Ôǒˡ(ʞª(�4'	µŁg�L}Ǹ�8Ƅï��Ȅʳƾƿ£>§Ȇ�"ȄʳƾĎĬ

u]}>¥ű�����"	TAFɛ	PMFɛ�7+ APFɛ'��"	Ļƥőŉ$Ĉƚő

ŉ'��:Ùĩȕʟ̂(Ǖʵƿʙ>ĭƙ���Ļƥőŉʟ̂'��"	ƨ5̅�ĎĬő

ŉ>Ȥ�	Ĉƚőŉʟ̂'��"5	APFɛ$ PMFɛ$(˙'ƨğɾː'ƪŬ&ľ)ʡ
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48;&����$�8	ȂĐ�ɸȕ'ņ�ʅ=;"�: PMF ) AAJ (ĎĬǞ$�"

ƪȆ&ĎĬǞ#�:�$
Æʡʧ�;��1�	ȄʳƾĎĬk~�^>§Ȇ�:�$#	

PMMA>§Ȇ�:	
#(Ă˺ǰ>ɞŰ�:�$
#�	��"	AAJ'��:Ĉƚʩ

ɾ'ĳ�:ŻŸŦ5 PMF$õȴ#�9	ƛű(k~�^>§Ȇ�:�$#ĎĬőŉ5*

8 �&�ĪĬ�:Ɇƴ
ś8;����
�"	APF)	PMF'�Ƨ�:ĎĬǞ$&

9	:ñɧŦ
ȤĀ�;���Ř	YW�ʋȄʳƾĎĬk~�^>ȅ£'ĭˤ'ɴŇţ

Ȇ�	 AAI 'ĳ�:ĝȧȕǜȒ(ƨɃȗǄ#�: AAJ (̃Ŧȓô
ś8;:�ƿʙ�

"��Ţʎ
�:� 
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Table 4-1 The size of the atlas and axis of each fixation group. 

 

  APF PMF TAF 

 Length 25.5±1.7 26.0±0.8 25.5±1.3 

Atlas Width  65.3±5.6 66.5±2.4 66.8±1.3 

 Height  25.5±1.7 24.5±1.3 26.5±1.3 

 Vertebral canal diameter  14.7±0.6 14.5±0.6 14.5±0.6 

 Length  37.5±4.7 38.3±0.5 37.8±2.5 

Axis Width  30.8±1.3 31.0±1.6 33.0±1.2 

 Height 31.0±2.4 32.8±0.5 33.5±0.6 

 Vertebral canal diameter  8.7±0.6 8.8±0.5 8.5±0.5 

Data are indicated in mm.    

 

The 18 specimens tested in the present study were not statistically significantly different in terms 

of the sizes of the atlas and axis.   
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Table 4-2 Comparison of the mean maximum load of flexural strength test and torsional strength 

test in each fixation model group. 

 

 APF PMF TAF 

Flexural strength test 

the mean (±SD) 

maximum load (N) 

280.0±14.1*a 510.0±122.3*a,b 159.5 ± 41.1* b 

Torsional strength test 

the mean (±SD) 

maximum load (Nm) 

17.0 ± 4.7*c  15.0 ± 1.7   8.4 ± 1.4*c   

*P <0.05 

 

a) The PMF group had a significantly higher maximum load compared with the APF group 

(P=0.030). b) The TAF group had a significantly lower maximum load compared with the PMF 

group (P=0.004). c) The APF group had a significantly higher maximum load than that in the TAF 

group (P=0.037). 
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Figure 4-1 Atlantoaxial fixation plate for dogs.  

 

Top: ventral aspect. Middle: dorsal aspect. Bottom: lateral aspect. 

We developed the titanium atlantoaxial fixation plate for dogs, as an alternative fixation method to 

conventional methods. 
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Figure 4-2 Atlantoaxial fixation plate model.  

 

Top: ventral aspect.  

Bottom: radiographs of the plate model; ventrodorsal view (Left), lateral view (Right). 

We originally developed and created a prototype of the atlantoaxial fixation plate for the purpose 

of safe and secure atlantoaxial joint ventral fixation in dogs. These implants including the plates, 

screws and Kirschner wires were made of titanium. 
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Figure 4-3 Multiple metallic implants and PMMA fixation model. 

 

Top: dorsal aspect (Left). ventral aspect (Right). 

Bottom: radiographs of the PMMA fixation model; ventrodorsal view (Left), lateral view (Right). 

The PMMA fixation method was performed by applying minor modifications to the method 

published by Schulz et al. (1997) 
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Figure 4-4 Transarticular fixation model. 

 

Top: dorsal aspect (Left). ventral aspect (Right). 

Bottom: radiographs of the transarticular fixation model; ventrodorsal view (Left), lateral view 

(Right). 

The transarticular fixation method was performed as reported by Sorjonen et al. (1981) 
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ȳ 5ȱ� Ȅʳ˚Ⱥ(ɰ¶ĎĬŴŶ
Ȅʳ˚Ⱥ(ȓô'ì0�œ˴'˚�:Ƞȭ 

 

5-1 ɏʗ 

� Ȅʳƾ�ĪĬȏ̈atlantoaxial instability; AAỈ)	�ɸȕ'ɽ̇(ķēǸȫ'��"ĥ

Ȕ�:ɫ̄Ɗ¸ŦȍŨ#�:̈Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; McCarthy 

RJ, 1995; Shores A, 2007; Takahashi F, 2017; Takahashi F, 2018 a; Takahashi F, 2018 b; Thomas 

WB, 1991 �̉AAI)	Ȅʳ˚Ⱥ̈atlantoaxial joint; AAJ̉(Þȕ&�ĪĬȏ
éĉ#�9	

Ȅƾ1�)ʳƾ(½Ġȕ&ŒűȊŁ6ĝ¸(Ɇƴ	AAJ(�ɬɷ6ɬɷ>Ŏ�ʭ��

̈Denny HR, 1998; Downey RS, 1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; 

McCarthy RJ, 1995; Parry AT, 2010; Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991; 

Watson AG, 1989; Zaki FA, 1980 �̉AAJ(½ĠŦ&ŒűȊŁ')	Ǎȯʭ(¢Œű6ǲŒű	

ʳƾ(ƾ£$Ǎȯʭ(ƭȓô	Ǎȯʭ(ɤ¶-(ʕĜŒ�7+Ȅƾ(̃á�À&%
÷

1;:�AAJ-(ĝ¸')	̃Ź6˲ŀƖʉ
÷1;:� 

� AAI(ǜȒ$�")	ĝȧȒǞ$®ħȒǞ
�:
	ȦɅĩȕȊŁ>�	ȏ¨	ː ŉ(

˷ˌȐ
ʡ48;:ȏ¨	��"	®ħȒǞ-(íţ
���ȏ¨#)	�ɸȕ'ĝȧ

ȒǞ
ƆĤ�;"�:̈Having ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005 �̉AAI'ĳ

�:ĝȧȒǞ')	ɰ¶ĪĬáʆ$ɤ¶ĪĬáʆ(2ʽ9(ŴʆŴŶ
�:�ȂĐ	�ɸ

ȕ')ɰ¶ĪĬáʆ
ņ�ʅ=;"�:
	�(ȃȇ$�"	Ŵʆ(űÚȁ
̅�	�

�"Ŵʆ'�	Ǐ�ȁ
¢��$	Ʀ'ÆŴʆȁ
¢�ȃȇ&%
Ɓ�8;:̈ Aikawa T, 

2013; Beaver DP, 2000; Denny HR, 1998; Hara Y, 2002; Knipe MF,2002; Sanders SG, 2000; 

Schulz KS, 1997; Thomas WB, 1991 �̉1�	ɰ¶ĪĬáʆ#)	�ɬɷ��AAJ>ȗʒ'

"ƒŜ�:�$
ñɧ#�9	Ʀ'AAJ(˚Ⱥʱ̃>˟ê�	ǣ˱̃Ȩƽ>ʅ	�$#	

̃Ŧȓô>­˂�:�$
#�:Ñǰ5�:̈Chambers JN, 1977; Hara Y, 2002; Sanders 
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SG, 2000; Schulz KS, 1997 �̉AAI'ĳ�:ɰ¶ĪĬáʆ(ȗȕ)	Ʌ˚ȺĎĬǞ

̈transarticular fixation; TAF 	̉p|tY}tWK|~�^̈ polymethylmethacrylate; PMMẢ

>§Ȇ��ƍſĎĬǞ̈PMMA fixation; PMF 	̉1�)AAJk~�^ĎĬǞ̈atlantoaxial 

plate fixation; APF̉'7:AAJ(ɉĳȕ&ĪĬá#�9	ƨɃȕ'AAJ(̃Ŧȓô>ȗǄ

$�:̈Ai F, 2006; Aikawa T, 2013; Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995; 

Platt SR, 2004; Rochat MC, 1999; Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim 

HBⅢ, 2002; Sharp NJH, 2005; Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 

1993; Wheeler SJ, 1992 �̉ 

� ȳ4ȱ'��"	Ų�)	in vitro(AAJu]}>§Ȇ�"	�ʚ3ȫ˽(ɰ¶ĪĬáʆ(

ÙĩȕĎĬőŉʟ̂'˚�"ėú��̈Takahashi F, 2016 �̉�(ėú#)	APF)	PMF

'Ǖʵ�"	Ļƥőŉ)Ü:
	Ĉƚőŉ)ƨ5̅�	1�ƛű(ĴȆk~�^>§Ȇ

�:�4	ĎĬőŉ(*8 �
ĸ&��$>ėú���1�	PMF)	�(ĎĬŴŶ

'Ǖʵ�"	Ļƥőŉ
ƨ5̅�	Ĉƚőŉ'˚�"5APF$õȴ#�:$5ėú���

PMF)	ǂ�&£ƻ(Ǹȫ6ƾ̃(Œǹ'¦�"ˉţÊƱ:ƪÝ&AAJ(ɰ¶ĪĬáʆ

#�:$ʡʧ�;"�:̈Hara Y, 2002; Aikawa T, 2013 �̉���	PMMA(§Ȇ'˚�:

Ă˺ǰ$�"	�(§Ȇ˒'˚�:Ɵȣ&Ėǫ
&��$	ːôǳ(Ȕȅ
AAJ(ȓô

ˌ¡6ûʸɄɘ'ũœ˴>�
:ñɧŦ	ŭƵ	˿ˆ6ǖȹ-(ǵȃȕďʺ�7+ĎĬ

C�k{�^(ȡƊ&%(Ă˺
ėú�;"�:̈Cool JR, 1981; Martinez SA, 1997; 

Renegar WR, 1979 �̉AAJ)	ʳƾ(Ǎȯʭ>�š$��ĈƚƘö-(ñÞŦ>·
"�

9	AAI'ĳ�:ɰ¶ĪĬáʆ#)AAJ
̃Ŧȓô�:1#(˙	Ļƥʩɾ��#)&�	

Ĉƚʩɾ'ŻŸ#�:�$
ːʎ$&:�Ų�)	APF)	PMMA(§Ȇ'˚�:Ă˺

>ɞŰ�:Ţʎ
&�	1�	in vitro(őŉʟ̂'��"	Ĉƚőŉ
ƨ5̅����

$�85PMF(�Ƨ$&9	:ĎĬǞ#�:$ėú��̈ Takahashi F, 2016 �̉1�	Ų�
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˘Ȕ��atlantoaxial plate)	YW�ʋ#�:�4	R\�~R(C�k{�^'Ǖʵ�

"	̃$(ʓþŦ
̅�	ʆŘ(MRIʞª
ñɧ#�:Ñǰ5�:� 

� ƮȠȭ(ȗȕ)	ǍȯʭÌ˟ʆ>ĭƙ��µŁg�L}Ǹ'ĳ�"	PMF$APF>ƙ

ʆ�	ʆŘɅ˅>ʔĲ��	
#	AAJ(̃ȓôʢĶˌ'��:ȓôǹŮ>Ǖʵ�	ʞ

ª�:�$#�:� 

 

5-2 ƯƔ$ƘǞ 

5-2-1 ©ʟǸ 

� ƮȠȭ#)	�ɸʰ£ƿƷ	ʄǦƿƷ	ƒŒĝȧĩȕƿƷ&8+'æɀ XɐƿƷ'�

�"ȊŁ
ʡ48;&�µŁg�L}Ǹ 8 ˶̈ À"ƭêß˧	ńđ£ː 10.9kg̈ 9.2-13.2kg 	̉

ńđƩ̇ 13.5�Ʃ̇̈10-23�Ʃ̇̉̉ >§Ȇ��̈Table 5-1 �̉1�	©ʟǸ'ĳ�:̆

ˎÉə	ĝȧȕÉə�7+ĪǀǏÉə)	ƜƮȀãȅýȧĩğĩÞǵĭ̂ʑĬ̈ŵʡȉ

ò S26S-15, 27S-2̉'ǫ�"ʅ��� 

 

5-2-2 ̆ˎk�^N�} 

� ©ʟǸ')	ȢˏA^�h�̈0.02mg/kg, ˯ɪÄŷ�, Mitsubishi Tanabe Pharma Co., 

Osaka, Japan̉#̆ˎÔŷ�>ĭƙ���̆ˎĶ¿')	k�piG�}̈4-8mg/kg, ˯

ɪÄŷ�, Fresenius Kabi Japan Co., Tokyo, Japan >̉§Ȇ�	CUi}{�̈ 1.5-2.0%, Mylan 

Pharma Co., WV, U.S.Ả'"ɋſ��� 

 

5-2-3 ŴʆŴŶ 

̈1̉AAIʢȔu]}(¥ű 



 

60 

� ©ʟǸ)	Àʰ̆ˎ�'"	˶˷ˌ> ļ���ǹŮ#	�ɳ¡'®Ĭ�	Ŵʆ>ĭ

ƙ����˻)˶¶Ƙö-	Ôɡ)ĺ¶Ƙö-ʴ�ǷŎ�"®Ĭ���ʆ�(˕ȐÕ$

�"	̱ ȟˏj^}i@c�}̈ 0.1mg/kg, ȵɠÄŷ�, Meiji Seika Pharma Co., Ltd. Tokyo, 

Japan $̉jk~c}iB�̈ 0.02mg/kg, ˯ɪÄŷ�, Otsuka Pharmaceutical Co., Ltd. Tokyo, 

Japan >̉ŷ����ŭƵ�˛>ȗȕ$�"	TitWV�̈ 25mg/kg, ˯ɪÄŷ�, Daiichi 

Sankyo Co., Ltd. Tokyo, Japan̉>ʆÔ(ÌȖÔ$	ʆ�)ÌȖ�8 90Ëǔ'ŷ����

AAJ-(˷ˌɰ¶Ak��Y)	Schulz 8̈ Schulz KS, 1997 $̉ Shores 8̈ Shores A, 2007̉

(ƘǞ'ǫ�"ĭƙ�	Ȅʳ�7+ʳƾ(ɰ¶˱>ˮÊ����(Ř	À¨'ĳ�"	

˭ÞqCK�_|}>§Ȇ��ǍȯʭÌ˟>ĭƙ�	AAIʢȔu]}>¥ű���Ǎȯ

ʭÌ˟Ř	3¨'ĳ�")	PMF>ƙʆ�	5¨'ĳ�")	APF>ƙʆ��� 

 

̈2̉PMFɛ 

� PMF)	ʳƾ(�¶(ɰ¶˶¶ˌË�8	Ȅƾ(ƾōƺ>ʪʽ��"	Jx}Px`

��Cw�̈ φ1.4-mm, Mizuho Co., Ltd. Tokyo, Japan >̉Ƃ¿�	TAF>ʅ����(Ǌ'	

2Ʈ(N�\ZKRRK|x�̈φ2.4-mm, RK|x�˗ 20mm, Mizuho Co., Ltd.̉>	Ȅ

ƾɰ¶(�¶( basal alar˵ĕ�8ƾōƺ-	ɫƶȹÄ«¿>ˋ�:�4'66ĝ¶Ƙö

-ö�"Ƃ¿���Ʀ'	2Ʈ(N�\ZKRRK|x�̈ φ2.4-mm, RK|x�˗ 16mm, 

Mizuho Co., Ltd.̉>	ʳƾĺ¶(ƾōƺ-	ĺĝ¶Ƙö'ö�"Ƃ¿����;8(̃

RK|x�)	̃(ʇ˱�8À˗(åË(˗�	5��)˷˗ȵ(è�>ʮ
&�˗�

>ȯÊ���ǹŮ#ʛə����ɯ̃(ğɆȺ�8Ƅï��ɵĿǣɍ̃̈ȿ 1cm3̉>	

˚Ⱥʱ̃(ʇ˱>˟ê�� AAJ(˙ˣ'Ȩƽ��	
#	PMMÄJapan Stryker K. K., 

Tokyo, Japan̉>§Ȇ�	ƍſĎĬ>īű����&�	C�k{�^)R\�~Rʋ

̈SUS316L, Mizuho Co., Ltd.̉(5(>§Ȇ����ʚ(ƘǞ'"	3 ƿ£>¥ű��
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̈Figure 5-1 �̉ 

 

̈3̉APFɛ 

� APF)	�ÔŲ�
˘Ȕ��ȄʳƾĎĬk~�^̈Takahashi F, 2016̉'Ʀ&:Ǝɹ>

Û
�5(>§Ȇ�"ĭƙ���Ʈk~�^)	g�L}Ǹ( DICOM CT]�W'Ė!

�"	10-15kg(£ƻ(g�L}Ǹ'ô	7	'ʛʘ�"�9	�ĈƗ�'	ʳƾ¶(R

K|x�n�}'5�ZJ�LRK|x�
§Ȇ#�:7	'Ǝɹ���1�	Ʈk~

�^(ʛʘ'��"	ɫƶȹÄ-(RK|x�(Ƃ¿>Ĉˋ�:�4'	k~�^(ƨ

˶¶(RK|x�n�})ĝ¶- 5ŉ	ƨĺ¶(RK|x�n�})ĝ¶- 15ŉ(¹ƕ

> �"ʛʘ���APF (ŴŶ)��(ʽ9#�:�1�	ʳƾ(ɰ¶˶¶ɓ(�¶'

ȄʳƾĎĬk~�^(ĴȆĦ>ʽ�"	Jx}Px`��Cw�̈φ1.4-mm, Platon Japan 

Co., Ltd. Tokyo, Japan̉$N�\ZKRRK|x�̈φ2.0-mm, RK|x�˗ 22mm, Platon 

Japan Co., Ltd.̉>Ƃ¿�	Ȅƾ(�¶(ƾōƺ>ʪʽ��"	TAF>ʅ����(Ř	

ȄʳƾĎĬk~�^(˶¶ˌ(ĴȆĦ>ʽ�"	Ȅƾ(�¶(ƾōƺ-ó 1 Ʈ� 	�

ZJ�LRK|x�̈ φ-2.4mm, RK|x�˗ 22mm, Platon Japan Co., Ltd. >̉ 2ƮƂ¿�

��õǂ'	ʳƾ(�¶(ƾōƺ-5	�ZJ�LRK|x�̈φ-2.4mm, RK|x�˗

18mm, Platon Japan Co., Ltd.̉> 2ƮƂ¿�	APF>īű����ƨŘ'	�ɯ̃(ğɆ

Ⱥ�8Ƅï��ɵĿǣɍ̃̈ȿ 1cm3̉>	˚Ⱥʱ̃(ʇ˱>˟ê�� AAJ(˙ˣ'Ȩƽ

���&�	§Ȇ��k~�^)ɀYW�̈ASTM F67 Grade2, Platon Japan Co., Ltd.̉#

�9	§Ȇ��RK|x��7+Jx}Px`��Cw�)YW�ô˓̈ASTM F136, 

Platon Japan Co., Ltd. (̉5(>§Ȇ����ʚ(ƘǞ'"	5ƿ£>¥ű��̈ Figure 5-2 �̉ 

 

5-2-4 ʆŘʞª 
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� ʆŘ)	źȽ1#(˙	Ÿȅǵʬ̈TitWV�, 25mg/kg, ˯ɪÄŷ�, Daiichi Sankyo 

Co., Ltd. $̉ǥǯ˕ȐṎ jk~c}iB�, 0.02mg/kg, ˯ɪÄŷ�, Otsuka Pharmaceutical 

Co., Ltd.̉(ŷ�>ʅ�	ȦɅĩȕƿƷ'7:ćɡ(ȦɅĩȕǹŮ>ȣʡ�&
8	M�

Q~R^'"Ī˯ȹȃ$���ʆŘ(ʞª$�"	æɀ XɐƿƷ�7+ CT ƿƷ>	ʆ

ȘŘ	ʆŘ 14Ɯ	��"ʆŘ 1�Ʃ�˜)ʆŘ 7�Ʃ1# 1�Ʃǔ'Àʰ̆ˎ�'"ĭ

ƙ�	C�k{�^(ŹƊ6Ĝ¡(ƪǲ>ȣʡ���CT ƿƷ#)	Ȅƾ-ʳƾɰ¶ǋ�

ˌ(˙ˣ(ńđ CT³5ʞª���ʆŘ 7�Ʃ'	ƮĩÞǵĭ̂ʑĬ'ǫ�"	m�^d

}gW�}(˅×ŷ�̈50mg/kg, ˯ɪÄŷ�, Kyoritsu Seiyaku Co., Tokyo, Japan̉'79

ĪǀǏ>ĭƙ���ĪǀǏ��óƿ£�8Ȅƾ-ʳƾ>ƄƯ�	ĎĬC�k{�^>˟ê

��	
#	AAJ(ɠȚȕĪĬŦ(ȣʡ&8+'Ʉɘĩȕʞª>ĭƙ��� 

 

5-2-5 CTƿƷ 

 CTƌœ')	80Í/160R{CR CT Aquilion PRIMË TSX-303A, Toshiba Medical Systems 

Co., Tochigi, Japan >̉§Ȇ���Ʈǈ(RJv�ʾŉ)	0.5s#�9	R{CRè) 0.5mm	

R{CR˙ˢ) 0.5mm #����ƌœ�� CT Ȉº]�W)	ȈºÉȃUi^DEA

̈Osirix DICOM Viewer >̉Ȇ�"ʖƳ���ó©ʟǸ(CTȈºDICOM]�W>3D-MPR

'ÆǁȻ�"	ȜǹƖº'��:Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT ³>ǩĬ��

̈Figure 5-3 �̉3D-MPR( CTȈº(ƇÊư�)	Parry8(ėú'ǫ�"	WW 2500HU	

WL 500HU$��̈Parry AT, 2010 �̉ 

 

5-2-6 Ʉɘĩȕʞª 

� ĪǀǏ��©ʟǸ�8ƄƯ��óƿ£)	1�À"(C�k{�^>˟ê��	
#	

AAJ(ɠȚȕĪĬŦ(ǹŮ>ȣʡ��̈ Figure 5-4 �̉�(Ř	ɫ̄$ƾ̃ûČ(ʱˌɄɘ
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>˟ê��	
#	óƿ£> 4%e{n}sA}]f_̈paraformaldehyde: PFA, 

Sigma-Aldrich, St. Louis, MO, USẢ'ǤǬ�	ĎĬÉȃ>ʅ���Ǌ�#	óƿ£( AAJ

(ǋ�ˌ>Ì9Ê��	
#	A}N�}ȾÍ�7+JP~�ȾÍ>Ȇ��ɬǗ$ʼŠ

Éȃ>ʅ�	e{k{R^̈Leica Biosystems, GmbH, Germanỷ'àĔ�	e{iB�j

�ZK>¥ű���¥ű��e{iB�j�ZK)	rK�^�s>Ȇ�"	ȿ 5µm(

è�'ʂÌ�	R{C_L{R̈Matsunami Glass Industries, Ltd., Osaka, Japan̉'ʶ�	

Slide warmer�#�Ƣ ļ���Ř	4�#®ħ���¥ű��e{iB�ɄɘÌǴ)	

ɬe{iB�ÉȃŘ	FWc�}'79ǒˡȕ'ɬǗ�	��(óƵɺǞ'79Ƶɺ�

��lq^JP|��FHQ�̈Hematoxylin-Eosin: HẺƵɺ)	ŒŮʔĲ>ȗȕ$�	

qZU��^|K��s̈Masson Trichrome: MT̉Ƶɺ)	ɲéɐɋ(ʞª>ȗȕ$�"

ʅ���1�	Oi{a�-O�i@R^L|��̈Safranin-O/fast green: SF̉Ƶɺ)	ʱ

̃Ėʬ(ʞª>ȗȕ$�	TRAP̈Tartrate-Resistant Acid Phosphatase: TP̉Ƶɺ)	ȡ̃ɂ

ɥ(ʞª>ȗȕ$�"ʅ���ƨŘ'	̃ɼɂɥ(Ëáq�I�#�: Runt related 

transcription factor̈ RUNX2 (̉¾ȌɄɘáĩ̈ RUNX2-Immunohistochemistry; RUNX2-IH̉

Ƶɺ>ĭƙ���óƿ£ǄƮ)	űȰ˼Ş˖̈BX51, Olympus Co., Tokyo, Japan̉>§Ȇ

�"ʔĲ�	]QW}Ȉº(ƌœ>ʅ���HEƵɺ	 MTƵɺ�7+ SFƵɺ#)	Ʉ

ɘǄƮ(ĬŦȕʞª>ĭƙ���TP Ƶɺ$ RUNX2-IH Ƶɺ#)	ɄɘǄƮ(Ȅƾ-ʳƾ

˙ˣˌ>×200(±ȁ# 5ʒˑƌœ�	óƵɺ'��:ˠŦɂɥƑ>ʘǩ��� 

 

5-2-7 ɈʘÉȃ 

� ɈʘĩȕÉȃ)	ɈʘÉȃUi^̈ SPSS version 25.0, IBM, Corp., Chicago IL, U.S.A. >̉

Ȇ�"ʅ���PMF ɛ$ APF ɛ'��:ńđ£ː$	Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ń

đ CT³(Ǖʵƿʙ')	ĳţ(�: Student tƿĬ>Ȇ�"ĭƙ���1�	PMFɛ$
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APFɛ'��:ńđƩ̇$	TPƵɺ$ RUNX2-IHƵɺ(ˠŦɂɥƑ$(Ǖʵƿʙ')	

Mann-Whitney( UƿĬ>Ȇ�"ĭƙ�����;5 P<0.05>5�"ƪŬ$ÏĬ��� 

 

5-3 Ɇƴ 

5-3-1 PL`}t�^ 

� PMFɛ(Ʃ̇)	3¨$5' 10�Ʃ̇#�9	APFɛ(ńđƩ̇)	16.0�Ʃ̇̈11

�23�Ʃ̇	�ġ³ 12�Ʃ̇	Ǆǫ´ľ 6.0�Ʃ̇̉#����APFɛ(ńđƩ̇)	

PMFɛ(5('Ǖʵ�"	ƪŬ'̅³>Ȥ��̈ P=0.036 �̉1�	PMFɛ(ńđ£ː)	

10.1kg̈ 9.2�10.8kg	�ġ³ 10.2kg	Ǆǫ´ľ 0.8kg #̉�9	APFɛ(ńđ£ː)	11.4kg

̈9.8�13.2kg	�ġ³ 11.4kg	Ǆǫ´ľ 1.3kg̉#�����ɛ(ńđ£ː'˚�"	ƪ

Ŭ&ľ)ʡ48;&���� 

 

5-3-2 ʆŘ(ȦɅĩȕƿƷ 

� Àȏ¨'��"	ʔĲƬ˙>ʽ�"	ȦɅĩȕƿƷ'��:ȊŁųʐ)ʡ48;&�

����ˌȏ¨'��"	ʆŘ 2	3Ɯ)	Ŵʆ«ʍ'7:5($Ť=;:ʴŉ&˷ˌ(

żɕ
ʡ48;�
	ǥǯ˕ȐÕ(ŷ�'79Ǝă
ʡ48;��Àȏ¨'��"	ʆ

Ø'��:ŭƵş²)ʡ48;�	ʆŘ 14Ɯȗ'źȽ��� 

 

5-3-3 æɀ XɐƿƷ 

� PMFɛ$ APFɛ#)	$5' 2¨#ʆŘ'�ˌ(C�k{�^'��:ɒ2	�:�

)ŹƊ
ȣʡ�;�̈Table 5-2 �̉PMFɛ( 1¨#)	ʆŘ 1�Ʃ'"	Ʌ˚ȺĎĬh�

( 1Ʈ'ɒ2
ʡ48;	ʆŘ 2�Ʃ'"	ʳƾ(ƍſĎĬRK|x�( 1Ʈ'ȡƊ


ʡ48;��PMFɛ(5	 1¨#)	ʆŘ 1�Ʃ'"	Ʌ˚ȺĎĬh�( 1Ʈ$Ȅƾ(
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ƍſĎĬRK|x�( 1Ʈ'ȡƊ
ʡ48;	ʆŘ 2�Ʃ'"	ǐ9(Ʌ˚ȺĎĬh�

( 1Ʈ(ȡƊ
ʡ48;��1�	APFɛ( 1¨#)	ʆŘ 14Ɯ'"	Ʌ˚ȺĎĬh�

( 1Ʈ'ɒ2
ʡ48;	ʆŘ 2�Ʃ'"	ǐ9(Ʌ˚ȺĎĬh�( 1Ʈ(ɒ2
ʡ4

8;��APFɛ(5	 1¨#)	ʆŘ 1�Ʃ'"	Ʌ˚ȺĎĬh�( 1Ʈ$Ȅƾ(ƍſ

ĎĬRK|x�( 1Ʈ'ȡƊ
ʡ48;	ʆŘ 2�Ʃ'"	ǐ9(Ʌ˚ȺĎĬh�( 1

Ʈ(ȡƊ
ʡ48;�� C�k{�^(ȊŁ
ʡ48;� 4¨$5'	ʆŘ 2�Ʃ�˜

)	�;��(C�k{�^(ɒ2(˂ʅ6ŹƊ)ʡ48;�	C�k�{�^(ȊŁ

'�	ɴŇȏǹ)ʡ48;&���� 

 

5-3-4 Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT³ 

� �ɛ'��"	CTƿƷ'7:Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT³>ʞª��$�

<	ʆŘʔĲƬ˙�$(ɛ˙Ǖʵ'��")	ƪŬ&ľ)ʡ48;&���
	À"(

ʔĲƬ˙'��"	APF ɛ(ńđ CT ³) PMF ɛ(5(795̅�¹ö
ʡ48;�

̈Figure 5-5 �̉1�	APFɛ(Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT³)	ʆȘŘ'Ǖ

ʵ�"	ʆŘ 1�Ʃ�˜#)	ƪŬ'̅³>Ȥ��̈ʆŘ 1�Ʃ; P=0.029, ʆŘ 2�Ʃ; 

P=0.042, ʆŘ 3�Ʃ; P=0.004, ʆŘ 4�Ʃ; P=0.004, ʆŘ 5�Ʃ; P=0.004, ʆŘ 6�Ʃ; 

P=0.005, ʆŘ 7�Ʃ; P=0.005 �̉PMFɛ(Ȅƾ-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT³)	

ʆȘŘ'Ǖʵ�"	ƪŬ&ľ)ʡ48;&���
	ʔĲƬ˙'��"�ƞ¹ö
ʡ4

8;�� 

 

5-3-5 AAJ(ɠȚȕųʐ$Ʉɘĩȕʞª 

� ʆŘ 7�Ʃȗ'ƄƯ��Ȅƾ-ʳƾ�8ĎĬC�k{�^>˟ê�	ȆŴ'"ȣʡ��

$�<	À¨'" AAJ '��:ÞƉ)ʡ48;�	AAJ (őĎ&ĪĬŦ
ȣʡ�;��
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À¨'��"	AAJ(˙ˣˌË')	Ʉɘ
¼Ǫ�;"��
	PMFɛ$ APFɛ'��

"	�(ɠȚȕųʐ'Ɵ8�&ˈ�)ʡ48;&����æɀ XɐƿƷ�7+ CT ƿƷ

'��"	�#'C�k{�^(ȊŁ
ȣʡ�;"�� 4 ¨#(2	ɠȚȕ'5C�k

{�^(ɒ2$ŹƊ
ȣʡ�;��HEƵɺ	 MTƵɺ�7+ SFƵɺ'79	AAJ(˙

ˣˌ(ɄɘǄƮ(ĬŦȕʞª>ĭƙ��$�<̈Table 5-3, Figure 5-6 	̉PMFɛ#)	À

3¨'"	ɲéɐɋ(ǤǮ
ğˌË'ʡ48;		� 1¨#)	ɲéɐɋ(�'ʱ̃ɂɥ

(ǤǮ
ȣʡ�;��APFɛ#)	ɲéɐɋ(ǤǮ
 2¨#ʡ48;�
		� 1¨#

)̃ɂɥ(ǤǮ
ğˌË>ç4"���APFɛ(ǐ9 3¨(	� 1¨#)	ʱ̃ɂɥ(

ǤǮ
ğˌË>ç4"�9	2 ¨#)	ʱ̃ɂɥ$̃ɂɥ(ǤǮ
ʡ48;��1�	

TPƵɺ$ RUNX2-IHƵɺ'79	ɄɘǄƮ(Ȅƾ-ʳƾ˙ˣˌ>×200(±ȁ# 5ʒˑƌ

œ�	óƵɺ'��:ˠŦɂɥƑ>ʘǩ�	Ĭ˒ȕʞª>ĭƙ��$�<̈Figure 5-7 	̉

TPƵɺ'��:ńđˠŦɂɥƑ)	PMFɛ#) 0°#���
	APFɛ#)	2.4 ± 2.4

̈± Ǆǫ´ľ °̉#����RUNX2-IHƵɺ'��:ńđˠŦɂɥƑ)	PMFɛ#) 19.0 

± 8.0°#���
	APFɛ#)	12.2 ± 4.3°#�����ƵɺǞ$5'	�ɛ(ˠŦɂ

ɥƑ'ƪŬ&ľ)ʡ48;&���� 

 

5-4 ɞĲ 

� AAI'ĳ�:ɰ¶ĪĬáʆ(ȗȕ)	�ĪĬ& AAJ(ĪĬá>ʅ	�$#�9	ƨɃ

ȕ' AAJ (̃Ŧȓô>ȗǄ$�:$ʡʧ�;"�:̈Ai F, 2006; Aikawa T, 2013; 

Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995; Platt SR, 2004; Rochat MC, 1999; 

Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim HBⅢ, 2002; Sharp NJH, 2005; 

Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Wheeler SJ, 1992 �̉AAI

'ĳ�:ɰ¶ĪĬáʆ(ĝȧǜȒ'˚�")	ƑĞ�(ėú
�;"�9	�(ʆŌ)
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ȣȰ�;"�:̈ Ai F, 2006; Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1988; Dickomeit M, 

2011; Hara Y, 2002; Platt SR, 2004; Rochat MC, 1999; Sanders SG, 2000; Sanders SG, 2004; 

Schulz KS, 1997; Shores A, 2007; Sorjonen DC, 1981; Stalin C, 2015; Stead AC, 1993; Takahashi 

F, 2018 b; Thomas WB, 1991 �̉���	AAJ(ɰ¶ĪĬáʆŘ(�ɸȕ&ʞªƘǞ)	ʆ

Ř(ȦɅĩȕːȏŉ(Ǝă(ǹŮ6æɀ XɐƿƷ&8+' CT ƿƷ'7:C�k{�^

(ǹŮ(ʞª'7:5(#�9	Ų�(ȝ:˝9	ĭˤ( AAJ(ȓôǹŮ>Ʉɘĩȕ'

ʞª��ėú)/$?%ħĐ�&��Sojonen8)	18˶(Ǹ̈ TAFɛ; 12˶	ǲÉəɛ; 

6˶̉'��" AAIʢȔu]}>¥ű�	ʆŘ 6ˁ'ĪǀǏ>ĭƙ��	
#	AAJ(

�¶˙ˣ'��:Ʉɘĩȕʞª>ʅ�	�(ȓôǹŮ>ėú��̈Sorjonen DC, 1981 �̉

ŕ8)	TAFɛ( 12˶� 10˶'��"	AAJ(�¶˙ˣ'ɆôɄɘ	ʱ̃Ʉɘ	�:

�)̃Ʉɘ(ĚǑ
ʡ48;	AAJ (ĪĬá
ś8;�$ėú���1�	Ų�)	ȳ

4 ȱ'��"	in vitro ( AAJ u]}'7:Ùĩȕőŉʟ̂>ĭƙ�	ǻɵ#˘Ȕ��

atlantoaxial plate>§Ȇ�� APF
	ŚƱ�8ņ�ĭƙ�;"�: PMF(�Ƨ$&9	

: AAJĎĬŴŶ#�:�$>ėú��̈Takahashi F, 2016 �̉ 

� �Ĉ(ƿʙ#)	in vitro'��"	 ǍȯʭÌ˟ʆ'7: AAIʢȔu]}>¥ű��

	
#	Ǝɹ>Û
� atlantoaxial plate>§Ȇ�� APFƙʆǸ$ PMMA>§Ȇ�� PMF

ƙʆǸ>¥ű�	ʆŘ 7�Ʃ(Ʌ˅>ʻʯ��	
#	Ȅƾ-ʳƾ>ƄƯ�	AAJ(Ʉɘ

ĩȕʞª>ĭƙ���AAI ʢȔu]}(¥ű'˚�"	Sorjonen 8)ǍȯʭÌ˟ʆæǻ

ɛ$	ǍȯʭÌ˟ʆ'ɤ¶Ȅʳ˲ŀ(Ì˟>¦Ȇ��ɛ>¥ű��
	ʆŘ(ĎĬC�

k{�^(Ĝ¡6�ˉÌ&C�k{�^(Ƃ¿
ʡ48;� 2¨>˟�	�ɛ( AAJ(

ȓôǹŮ'ľȊ)ʡ48;&����$>ėú��̈Sorjonen DC, 1981 �̉��#	�Ĉ

(ƿʙ#)	©ʟǸ-(ĝȧ«ʍ5ɞŰ��	
#	ɰ¶Ak��Y'7:ǍȯʭÌ˟

ʆæǻ'7: AAIʢȔu]}(¥ű>���Ŵʆơ(ɠȚȕųʐ$�"	ǍȯʭÌ˟ʆ
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Ô)ÞƉ
ʡ48;&��� AAJ 
	ǍȯʭÌ˟ʆŘ')ʳƾ(ƾ£>ďʺ��ˤ'	

ɤ¶Ƙö-(ÞƉ
ʡ48;:7	'&����ɛ$5'ʆŘ'�ˌC�k{�^(ɒ

26ŹƊ
 2¨� ʡ48;�
	4¨$5'ʆŘ 2�Ʃ1#(˙'ʡ48;	�;�˜

'˚�")	C�k{�^(Ʀ&:ȊŁ)ʡ48;&����1�	À"(C�k{�

^
ȡɌ��ȏ¨)ʡ48;�	ʆŘ(ȦɅĩȕȊŁ
ȔȂ��ȏ¨5ʡ48;8;&

����$�8	�ĈȆ��C�k{�^(ĎĬőŉ'˚�")Ă˺
&�$ÏƖ�;

��ʆŘ 7�Ʃ1#(ʔĲƬ˙'ƌœ�� CTƿƷȈº>Ȇ�"	ȜǹƖº'��:Ȅƾ

-ʳƾɰ¶ǋ�ˌ(˙ˣ(ńđ CT ³>ǩĬ��$�<	�ɛ$5'Ʌơȕ' CT ³(�

ƞ
ʡ48;�
	�(�ƞȁ) PMF ɛ79 APF ɛ(Ƙ
˼ʀ'�ƞ�:¹ö
ʡ4

8;��Ƕ' APF ɛ#)	ʆŘ 1 �Ʃ�˜#ʆȘŘ'Ǖʵ�"	CT ³
ƪŬ'̅³$

&9	AAJ (˙ˣˌ'��:¤��8(ɄɘĩȕĜá
ȅ�"�:5($Ɔǩ�;��

ʆŘ 7�Ʃ'��:ĪǀǏŘ(ɠȚȕųʐ$�")	�ɛ$5' AAJ(ÞƉ)�Ìʡ4

8;�	AAJ(őĎ&ĪĬŦ
ś8;"���Ʉɘĩȕʞª#)	PMFɛ#)	AAJ(

˙ˣ'ɲéɐɋ(ǤǮ
˼ʀ#�:¹ö
ʡ48;	̃Ŧȓô#)&�	ɐɋŦȓô


ȅ�"����;'ĳ�"	APF ɛ#)	1 ¨#ɲéɐɋ(ǤǮ
˼ʀ#���
	ǐ

9( 4 ¨#)	ʱ̃ɂɥ�:�)̃ɂɥ(ǤǮ
˼ʀ#�9	̃Ŧȓô
ȅ�"���

ʔĲƬ˙>ʽ���ɛ'��:C�k{�^(ɒ26ŹƊ(Ȫŉ>ɞŰ�:$	ĎĬC

�k{�^'7:ĎĬőŉ')ľȊ
&�$ɞ
8;���ɛ(Ʉɘĩȕ&ȓôǹŮ(

ˈ�'˚�"	PMMA(ːôǳ
œ˴>ì0��ñɧŦ	5��) APFɛ(C�k{�

^)À"YW�ʋ#�9	̃$(ʓþŦ
R\�~R795̅��$
œ˴��ñɧŦ

&%
ɞ
8;��TPƵɺˠŦɂɥƑ$ RUNX2-IHƵɺˠŦɂɥƑ(ȔȂȁ'�ɛ'�

�:ľ)ʡ48;�	Ƕ'ȡ̃ɂɥ) APF ɛ( 1 ¨#��ĸƑ��ȣʡ#�&����

�(�$)	�Ĉ(ƿʙ#)	ʆŘ 7 �Ʃ#Ʉɘĩȕʞª>ĭƙ���4	Ʉɘíţ
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Ƀŧ�"��ñɧŦ
ɞŰ�;	79ƝƬ'Ʉɘĩȕʞª>ĭƙ��Ęô')	79ǡ

Ŧá��Ʉɘíţ
ȣʡ�;:ñɧŦ5ȤĀ�;�� 

� ƮȠȭ'��: limitation$�"	1�	Ʈƿʙ)	ĭ̂Þǵ>§Ȇ��ȅ£ĭ̂#�

9	ȏ¨Ƒ
˝8;"���$#�:��(�4	Ɉʘĩȕ&Ǖʵĭ̂>ʅ		
#	

ƨķ˝(ȏ¨Ƒ#ĭƙ�"�9	2 ʽ9(ŴʆŴŶ'��: AAJ (ȓôǹŮ(Ǖʵ'i

G�IR>����$�8	ʆŘȞƬ'��: AAJ(ȓôǹŮ>Ʉɘĩȕ'ʞª�:�

$
#�"�&��7�"	ʆŘ( CTƿƷ'79	AAJ(ɰ¶˙ˣ'��: CT³'7

�"	AAJ (ȓôǹŮ>Ɔǩ���5	� )	�Ĉ(ƿʙ'��:©ʟǸ)	µŁg

�L}Ǹ#�9	�Ǳȕ'ǍȯʭÌ˟'7: AAIʢȔu]}>¥ű���4	ƮƱ( AAI

ĥȔǸȫ'��: AAI (ȎŮ>īÀ'ÆȂ#�"�&��$#�:�ɴŇ¨'��:

AAI)	ɽ̇(ʮķēǸȫ'��"Ȕȏ
ʡ48;:�$
Ğ�̈ Beaver DP, 2000; Denny 

HR, 1998; McCarthy RJ, 1995; Shores A, 2007; Takahashi F, 2017; Takahashi F, 2018 a; Thomas 

WB, 1991 	̉AAI�ĝ'5�(˶˷ˌƅôˌ'��:ŒűȊŁ
¦Ȕ�"�:�$
�:

�$�8̈Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Dewey CW, 2013; Marino DJ, 

2012; Takahashi F, 2018 a; Takahashi F, 2018 b 	̉�;8(ȎŮ(¦Ȕ5 AAJ(ĎĬˌ¡'œ

˴>ì0�ñɧŦ5ȤĀ�;:� 

 

5-5 ķž 

� �ĈŲ�)	ǍȯʭÌ˟ʆ>ĭƙ��µŁg�L}Ǹ'ĳ�"	PMF$APF>ƙʆ�	

ʆŘɅ˅>ʔĲ��	
#	AAJ(ȓôǹŮ>Ǖʵƿʙ���Ʈƿʙ79	PMF#5 APF

#5ɴŇȕ')Ă˺&� AAJ(ĪĬŦ
ś8;:
	Ʉɘĩȕ') APF(Ƙ
ȃūȕ&

AAJ (̃Ŧȓô>ś:�$
ñɧ#�:ñɧŦ
ȤĀ�;���Ř)	�Ĉ(ƿʙ$Ǖ

ʵ�"	79ȞƬ'��: AAJ(Ʉɘĩȕʞª>ĭƙ�:�$'79	�(ȓôǹǝ(
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ʠɂ>Ɵ8�'�:�$
ƫ1;:� 
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Table 5-1 Signalment of eight healthy beagle dogs. 

 

 Dog No. Sex Age (months) Weight (kg) 

PMF 

    1 M 10 10.8 

    2 M 10 9.2 

    3 M 10 10.2 

 Mean ± SD  10.0* 10.1 ± 0.8 

 Median (range)  10.0 10.2 (9.2 – 10.8) 

APF 

    4 M 22 9.8 

    5 M 23 10.6 

    6 M 12 13.2 

    7 M 12 12.2 

    8 M 11 11.4 

 Mean ± SD  16.0 ± 6.0* 11.4 ± 1.3 

 Median (range)  12.0 (11.0 – 23.0) 11.4 (9.8 – 13.2) 

*P = 0.036 

M: male, PMF: PMMA fixation, APF: atlantoaxial plate fixation 
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Table 5-2 Postoperative radiographic findings. 

 

 Dog No. Radiographic findings 

PMF 

    1 None 

    2 One TA pin loosening (po-1m), one axis screw breakage (po-2m) 

    3 
One TA pin loosening, one atlas screw breakage (po-1m),  

one TA pin breakage (po-2m) 

APF 

    4 None 

    5 None 

    6 One TA pin loosening (po-2week), one TA screw breakage (po-2m) 

    7 One TA pin loosening (po-1m) 

    8 None 

 

PMF: PMMA fixation, APF: atlantoaxial plate fixation, TA: transarticular fixation 
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Table 5-3 Gross and histopathologic findings of the atlas-axis that were harvested after euthanasia 

of dogs in two groups: the PMMA fixation group and the atlantoaxial plate fixation group. 

 

 Dog No. Histopathologic findings Gross joint stability 

PMF 

    1 Fibrous Rigid 

    2 Fibrous Rigid 

    3 Fibrous / Cartilage Rigid 

APF 

    4 Fibrous / Bone Rigid 

    5 Cartilage / Bone Rigid 

    6 Fibrous Rigid 

    7 Cartilage Rigid 

    8 Cartilage / Bone Rigid 

 

PMF: PMMA fixation, APF: atlantoaxial plate fixation 
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Figure 5-1 PMMA fixation model.  

 

A: Intraoperative finding, B: Lateral radiographic view, C: Ventrodorsal radiographic view. 
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Figure 5-2 Atlantoaxial plate fixation model.  

 

A: Intraoperative finding, B: Lateral radiographic view, C: Ventrodorsal radiographic view. 
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Figure 5-3 The measurement of the mean CT value in the gap of the atlas-axis ventral midline part. 

A: PMMA fixation group, B: Atlantoaxial plate fixation group. 

 

The mean CT value in the gap of the atlas-axis ventral midline part was measured in sagittal 

images reconstructed by 3D-MPR with the bone window setting (window width, 2,500 HU; 

window level, 500 HU) for CT images.  

  

A B 
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Figure 5-4 The ventral aspect of the atlas-axis that were harvested after euthanasia.  

A: PMMA fixation model before the implant removal, B: PMMA fixation model after the implant 

removal, C: Atlantoaxial plate fixation model before the implant removal, D: Atlantoaxial plate 

fixation model after the implant removal. 

  

A B 

C D 
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Figure 5-5 Comparison of the mean CT value in the gap of the atlas-axis ventral midline part of 

dogs in two groups: the PMMA fixation group and the atlantoaxial plate fixation group.  
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Figure 5-6 The histological evaluation in the gap of the atlas-axis ventral midline part of dogs by various stainings in two groups: the PMMA fixation group 

and the atlantoaxial plate fixation group. Scale bar indicate 100 µm. 
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Figure 5-7 Comparison of the positive cell number in two groups: the PMMA fixation group and the atlantoaxial plate fixation group.  

A: TRAP staining, B: RUNX2-Immunohistochemistry staining.
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Ǒ 6ǐ� ƦȰŰ{ýÿƯǫİƞ&ðǆƉƲ%
�8Ħɥɬ-ƦŰDv\vnU_tH&Ĥ

ɢ%Ɍ�8ƿǋ 

 

6-1 ǣȖ 

� ƦȰŰ{ýÿƯɲatlantoaxial instability; AAIɳ'�wȁƵ%Ȅɱ&Ĉèƞǉ%
� ø

ƴ�8ǵɭŋ įƭİ!�7ɲBeaver DP, 2000; Denny HR, 1998; McCarthy RJ, 1995; Shores 

A, 2007; Thomas WB, 1991ɳ�ƞ%
�8AAI'�1967Ė%Geary6%57²2 ëÔ�9

�ɲGeary JC, 1967ɳ	AAI'�ƦŰ/�'ȰŰ&¦óƵ$ģĶƫē4ð &ǜũ�ƦȰɌ

Ǖɲatlantoaxial joint; AAJɳ&�ǶȀ4ǶȀ<ğ
ȩ��ɲDenny HR, 1998; Downey RS, 

1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995; Parry AT, 2010; 

Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980ɳ	AAJ&¦óį$ģĶƫē%'�ƀǍȩ

&�ģĶ4ƚģĶ�ȰŰ&Ű�"ƀǍȩ&ţƳÎ�ƀǍȩ&ǲ�+&ȕïģ
5)ƦŰ

&ɬ¿{¨$#�Ñ/98	AAJ+&ð %'�ɬĽ4ɠĒŔȍ�Ñ/98	Marino6'�

AAI'�Ħɥɬ�6y�ɦɭɤé%
�8¦óį&ģĶƫē%57ğ
ȩ��98ƭİǬ

%Ñ/98"ëÔ���96<ɥɀy�ɦŰģĶƫēɲcraniocervical junction abnormality; 

CJAɳ"� ňÙ��ɲMarino DJ, 2012ɳ	CJA%'�F>oŴöģ�Ħɥɬ-ƦŰ{ýÿ

Ưɲatlantooccipital instability; AOIɳ�AAI�Ħɥɬ-ƦŰ-ȰŰģĶƫē�Ħɥɬ-ƦŰDv

\vnU_tHɲatlantooccipital overlapping; AOOɳ�dorsal compressionɲDCɳ�ĈǷĊ�

ãȵ��� �ƀǍȩģĶ{¨$#�Ñ/98	 

� AAI&ƉƲ"� '�ðǆƲƋ"�ûƲƋ��8��ǅǛüƵƫē<��Ư��ɃĚ&

ɦɀư�Ƞ2698Ư���� ��ûƲƋ+&Çĭ����Ư�!'�wȁƵ%ðǆ

ƲƋ�ņ÷�9 �8ɲHaving ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005ɳ	AAI%Ć

�8ðǆƲƋ"� �Ĺȋ&Ķ»ƣ�ɮ��Ĺȋ%��Ƃ�ƣ����Ş%«Ĺȋƣ�
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��ƥƩ$#%57�AAJ&Ǻ�Ű�âÿȋ�wȁƵ%ė�āŖ�9 �8ɲBeaver DP, 

2000; Denny HR, 1998; Hara Y, 2002; Knipe MF,2002; Sanders SG, 2000; Schulz KS, 1997; 

Thomas WB, 1991ɳ	/��ǲ�Ƒãȋ%Ɍ� 3�ȋ¶&ƪ¢ĸȒ%ê�� �Ĭȑ�

9(Ȋ��"3ņ÷�9 �8ɲCerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2009 b; 

Nakamura N, 2000; Takagi S, 2005; Vermeersch K, 2004ɳ	 

� Cerda-Gonzalez6'�AAI&ȜŔ'�XǤűū%57Ȋ��"�!
8��MRIűū"

CTűū<�� Ȋ��"%57�ɥɦɀŅÎɀ&57þ¨$ȝ�<Ȋ��"�!
8�

"<ëÔ��ɲCerda-Gonzalez S, 2009 aɳ	Ĝɭ-ɦɭŅÎɀ%
�8ǷǵɭƐ&ĩƦɕă

'�CJAǫİƞ%
�8ǵɭǌƌƯ"ƇɥƯ&Ǡƴ%Ɍȹ�8"Ƞȣ�9 �8

ɲCerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2009 a; Dewey CW, 2013ɳ	AOO'�ɥɦɀŅ

Îɀ%ƫē&�8ƞ&ǾĘƯƟ4ƉƲ�Ħ%Ĥɢ<|	�8ƮĴ!�8"Ƞȣ�9 �

8ɲCerda-Gonzalez S, 2009 aɳ	Cerda-Gonzalez6'�AOO&Ƞ26984ɥ&ƞ&���1

ɥ%ǲ�ƑãȋɲòĦɥúƑãȋ"ƦŰǲ�ŰĞ°ɐȋɳ<āŖ��"�:�ǾĘƯƟ

�ŏÛ���"<ëÔ��ɲCerda-Gonzalez S, 2009 aɳ	����ķ�&Ƽ8Ɏ7�AOO

ǫİƞ%
�8ƉƲ�Ħ<ȝ���āɔ%š¼$ðǆĹĻ%Ɍ�8òȓŷɗß<Ćȥ"

��ƿǋëÔ'ûä�$�	ȰŰ&ï�%��ƀǍȩ%58ǵɭ&ãȵ��AAIǫİƯ�

&ǾĘƯƟ%wȁƵ%Ĥɢ<|	 �8"Ƞȣ�9 �8ɲGeary JC, 1967; McCarthy RJ, 

1995; Sharp NJH, 2005ɳ	5� �AAIǫİƯ�%
� �AOO&�ƴ�Ƞ269 �8

ìÎ%'�¦%ƦȰɌǕ&ýÿ¿<¤¦Ƶ%āŖ�,
!�8	ȴĖ�AAIǫİƯ�%


� �ȋ¶%MRIűū
5)CTűū�Ȋ;98�"%57�ɥɦɀŅÎɀ%
�8�ƴ

��ģĶƫē�ȜŔ�98Ż��î	 �8��CJA&ƮĴ"�Ħ%Ɍ� '�ȟ��;

�� �$�	 
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� Ťƿǋ&ƷƵ'�AAIǫİƞ%
�8AAJ&Ǻ�Ű�âÿȋ&�Ħ%Ɍ�8AOO�ƴ&

Ĥɢ<Ś6�%�8�"!�8	 

 

6-2 ťœ"ŕƋ 

6-2-1 �Ȟƞ 

� Ťƿǋ!'�2007Ė 10Š�6 2015Ė 9Š/!&ɋ%řŤƢÀƧ×ǆüòü�č½ƛ

ÀƲOtRv
5) YPCŨ�½ƛŒģðǆƮɏ% �AAJ&Ǻ�Ű�âÿȋ<Ŗȋ��

AAIǫİƞ 41ɥ<ȢūĆȥ"��	ȋ¶%ɥɦɀ%
�8MRIűū
5) CTűū�ā

Ŗ�9 
7�ȋĦ 180 ř�y&ȶȭȢū�Êǳ!���Ư�<ȢūĆȥ"��	ȋ¶

& CTƪ¢57�AOO�ƴ&šƚ<Ȣū��ĆȥƯ�< AOO�ƴǬ" AOOɞ�ƴǬ%

¯ɫ��	ÍǬ%
�8ƞǉ�į´�Ĺȋś&Šɱ"�Ƀ�ǾĘƯƟ&ƴƤ�6Ĺȋ/

!&Ţɋɲ7ř�ª�8-30ř�ª�31-180ř�ª�180ř�yɳ�ȋ¶
5)ȋĦ&ǅǛ

üƵɃƯĚ�ȋĝ
5)ÕȋŢ&Î�Ưɲȋ~�ȋĦ 1 uŠţƓ�ȋĦ 1 uŠ�ɍɳ<

Ȣū��	 

 

6-2-2 ǅǛüƵɃƯĚ 

� ĆȥƯ�%Ć� �ȋ¶
5)ȋĦ&űȜś%ǅǛüƵűū<āŖ��	ǅǛüƵɃ

ƯĚ%Ɍ� '�Stalin6&¯ɫ%ê�� MI>otH<Ȋ�ɲStalin C, 2015ɳ�Hqv

Y 0; ǅǛüƵƫē$��HqvY 1; ɦɀư±ȱĚ$Ȼ½õȢ�HqvY 2; ſȊÊǳ$

~ǈĚ�6ɃĚ&Ȼ½õȢ�/�'{¨ɯƱ�HqvY 3; ſȊ{ǳ$Üǰ{¨ɯƱ�H

qvY 4; ÜǰɯƱ�HqvY 5; Ƃ�/�'ýŲƂ"��	 

 

6-2-3 ɯɁarXIvp 
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� ĆȥƯ�%'�ǀɂ>Xr_tɲ0.05mg/kg, ƶzļ|, Mitsubishi Tanabe Pharma Co., 

Osaka, Japanɳ!ɯɁ¶ļ|<āŖ��	ɯɁć§%'�fSQngɲ0.02mg/kg, ɝǴª

ļ|, Astellas Pharma Inc., Tokyo, Japanɳ"ard`Cvpɲ4-8mg/kg, ɝǴªļ|, 

Fresenius Kabi Japan Co., Tokyo, Japanɳ<�ƨ��Oc`pntɲ2.5-3.0%, Mylan Pharma Co., 

WV, U.S.Aɳ% ǡŁ��	 

 

6-2-4 CTűū"ģĴüƵȝ� 

 CTōĤ%'�80±/160Mn?M CT Aquilion PRIMEɲTSX-303A, Toshiba Medical Systems 

Co., Otawara, Japanɳ<�ƨ��	ŤŻ&MFjtȸĚ'�0.5s!�7�Mn?MÂ' 0.5mm�

Mn?Mɋɒ' 0.5mm!���	ĆȥƯ�'�ɥɦɀ<[kvXnp$�Č�"���

	!�Ǻǽ�!�ÿ��¨ȮɯɁz% ōĤ<Ȋ��	ģĴüƵȝ�'�ƪ¢¬ƥP`

X@A>ɲOsirix DICOM Viewerɳ<ƨ� āŖ��	ÍƯ�& CTƪ¢ DICOMWvR<

3D-MPR%«ųǖ� �AOO&šƚ<ȝ���	3D-MPR& CTƪ¢&Ň®Ŧ�'�Parry

6&ëÔ%Ɣ� �WW 2500HU�WL 500HU"��ɲParry AT, 2010ɳ	AOO'�3D-MPR

&ž~ƻƟŔ¢%
� �ƦŰǲĞ�Ħɥɬ&Ħɥƙ"êęƙ<ǜ=�ƸǤɲMcRae lineɳ

57ɥ�%�Ǫ� �83&"ÿǭ��ɲFigure 6-1ɳɲMcRae RJ, 1953ɳ	 

 

6-2-5 MRIűū"ģĴüƵȝ� 

  MRIōĤ%'�çƸǃìƈ�ǃƾ&DvatMRIKMVg!�8GE Signa EXCITE 

3.0T systemɲGE Healthcare Japan Co., Ltd., Tokyo, Japanɳ<�ƨ��	MRIōĤ'�¨

ȮɯɁz% �CT ōĤĦƸ�%�CT űū"ÏŴ&�ÿ��% āŖ��	ōĤŦ�"

� �Mn?MÂ: 2.0mm�Mn?Mɋɒ: 0.4mm�a repetition time: 5,000 msec�an echo time: 

85.1 msec % �T2 ġȢƪ¢<ōĤ��	MRI ƪ¢%Ɍ� 3�CT ƪ¢ÏŴ% Osirix 
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DICOM Viewer<ƨ� �ģĴüƵȝ�<āŖ��	MRIƪ¢57�AAJɤé%
�8

ǵɭãȵĸȒ�~īǔĿĠ�/�' T2ġȢƪ¢%
�8ǵɭāȨ&ɮ�Ìɤé��� 

ɦɭɤé%
�8ǵɭǌƌƯ&šƚ<ȝ���ɲFigure 6-2ɳ	 

 

6-2-6 ĹȋĹĻ 

� İǯ'�¨ȮɯɁz% �ɥɦɀ<�Č���ƟĴ!��ǽ�%�ÿ��Ĺȋ<āŖ

��	zɩ'ɥ�ŕÐ+�¶ǰ'Ċ�ŕÐ+ȱ�Ɲğ� �ÿ��	ȋ~&ɇư·"�

 �`AtR[pɲJanssen Pharmaceutical K.K., Tokyo, Japanɳ<ŁǠƙƕɲ2-7µg/kg/hrɳ

% ɝǴļ|��	AAJ&Ǻ�Ű�âÿȋ'�Schulz6ɲSchulz KS, 1997ɳ" Shores6

ɲShores A, 2007ɳ&ŕƋ%Ɣ� āŖ��	AAJ+>arvT�8�2%�ɦɀǺ�ž

~>arvT<āŖ��AAJ&�ǶȀ&ŒĨ<�8�2%ƦȰɌǕɟ<ɜ®��	AAJ

&ŒÎį<Î;���	!�ȰŰ&}�&Ǻ�ɥ�ɀ¯�6�ƦŰ&ŰĞŬ<ȧȷ��

 �ǛɌǕ_tɲφ1.00-mm�/�' φ1.25-mm, Johnson & Jonson K. K., Tokyo, Japanɳ<Ń

§��	�&Ž%�2Ť&ɬMGokvɲφ1.5-mm�/�' φ2.0-mm, Johnson & Johnson K. 

K.ɳ<�ƦŰǺ�&}�& basal alarɤé�6ŰĞŬ+�ǵŪǔª�§<ȿ�8�2%4

4ð�ŕÐ+Ð� Ń§��	Ş%�2Ť&ɬMGokvɲφ1.5-mm�/�' φ2.0-mm, 

Johnson & Johnson K. K.ɳ<�ȰŰĊ�&ŰĞŬ+�Ċð�ŕÐ%Ð� Ń§��	�9

6&ɬMGokv'�ɬ&Ȍɟ�6¨Ɉ&Á¯&Ɉ��3��'ɦɈǒ&Â�<Ȫ	$

�Ɉ�<Ǎ®���ƟĴ!ȚǪ��	yǹɬ&òǜǕ�6ńÈ��ǿđƎǢɬ<�ɌǕ

ȯɬ&Ȍɟ<ɐÄ�� AAJ&ɋɓ%Ǉů���	!�dohTphRGoqvXɲJapan 

Stryker K. K., Tokyo, Japanɳ<�ƨ��ŎŁâÿ<þĶ���	/��AAJɤé%
�8

ɪȇ$ DC�ûä�8Ư�!'�Ǻ�Ű�âÿȋ<āŖĦ%Ǻǽ�%��ïŉ<Ȋ��

ǲ�Ƒãȋ<�ƨ� āŖ��ɲPiemattei DL, 1993ɳ	ɦɀǲ�ž~�6&>arvT
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<āŖ��ƦŰǲĞ"ȰŰ&ŮǍȩ<ɜ®��	�&Ħ�ȰŰ&ŮǍȩ&ɥ�ɀ¯'ɐ

Ä��ǲ�Űɋɀ%ûä�8ǱÂ��ɰȃɠĒ<ɜ®��Ʌį°ɊĦ%°ɐ��	 

 

6-2-7 ȋĦȝ� 

� ȋĦ&ȝ�"� �1�2�3�6�12�18�24 uŠ��&Ħ' 1 ĖƄ%ƚɯɁ% �X

Ǥűū
5)ǅǛüƵűū<āŖ��	X Ǥűū!'�?tantX&Ľŋ�ǥ0
5

)ï�%Ɍ� ȝ�<Ȋ��	Ťƿǋ%
�8ÝĨ"'�ȋ¶57ȋĦ&ǅǛüƵƟĴ

�ŏÛ��ư0$�ſȊ�Êǳ"$��3&"ÿǭ��	ȋ¶&ǅǛüƵMI>�Hq

vY 0-2&ƞ!'�ȋĦ%ư0$��žēſȊ�!
85�%$��3&<ÝĨ"��	

ȋ¶&ǅǛüƵMI>�HqvY 3-4&ƞ!'�ȋĦ%ȱĚ$ȫȊ4*6�
�ƃû�$

�63ư0$�ſȊ�Êǳ"$��3&<ÝĨ"��	 

 

6-2-8 Î�Ư 

� ÕȋŢ&Î�Ưɲȋ~�ȋĦ 1uŠţƓ�ȋĦ 1uŠ�ɍɳ%Ɍ� Ȣū<āŖ��	

ȋ~&Î�Ư"� '�Ƨ×ǡŁ%Ɍ;85�$ĩƦ½Ĵ&ƫē
5)ÀÃį&õĀ%

Ɍ� șɆ��	ȋĦ&Î�Ư%Ɍ� '�Ƨ×ǡŁ%Ɍ;85�$ÖÒ{¨&šƚ�

ǅǛüƵƟĴ&ı¿�Ş%?tantX&Ľŋ�ǥ0
5)ï�%�� șɆ��	 

 

6-2-9 ǟȗ¬ƥ 

� ǟȗüƵ¬ƥ'�ǟȗ¬ƥP`XɲSPSS version 23.0, IBM, Corp., Chicago IL, U.S.A.ɳ<

ƨ� Ȋ��	AOOǫİǬ" AOOɞǫİǬ%
�8ƅȲűȘ%'�Mann-Whitney& U

űÿ�/�'Ćĭ&�8 Student tűÿ<ƨ� āŖ��	WvR'�ĕå ± ŶƔ�Đ!

Ȍș��	��93 P<0.05<3� šĳ"³ÿ��	 
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6-3 ǜũ 

6-3-1 KHZphtX 

� Ćȥ 41Ư�&���ȋ¶& CTűū% AOO&�ƴ� 12Ư�!Ƞ269ɲAOO�

ƴǬɳ�29Ư�!' AOO&�ƴ'Ƞ26$���ɲAOOɞ�ƴǬɳ	AOO�ƴǬ&ƞǉ

&ªț'�mvGKjvVo> 7ɥ�Tss 3ɥ�X?avYp 1ɥ�əǉƞ 1ɥ!�

��	AOOɞ�ƴǬ&ƞǉ&ªț'�Tss 10 ɥ�X?avYp 9 ɥ�mvGKjv

Vo> 4ɥ�f[Tk>SUGM`tY 2ɥ�dhn[>t 2ɥ�Fj\o>FtHT

jvpNM][Bp 1ɥ�Ơ 1ɥ!���	į´'�ţÄ¾ɖ 5ɥ�Ä¾ɖ 2ɥ�ţȿ

ùɘ 4ɥ�ȿùɘ 1ɥ!���	Ťƿǋ%
�8Ćȥ 41Ư�&į´�Šɱ
5)�Ƀ%

Ɍ�8ȟǘ$Ĳë'�Table 6-1%Ǆ��	Ĺȋś&ŠɱɲP=0.788ɳ"�ɃɲP=0.113ɳ 

%Ɍ� �}Ǭɋ%
� �šĳ$Đ'Ƞ269$���	 

 

6-3-2 ǅǛüƵMI>"MRIĸȒ 

� AOO�ƴǬ%
�8ȋ¶&ǅǛüƵMI>'�HqvY 2; 6ɥ�HqvY 3; 3ɥ�H

qvY 4; 3ɥ!���	AOOɞ�ƴǬ%
�8ȋ¶&ǅǛüƵMI>'�HqvY 0; 3

ɥ�HqvY 1; 6ɥ�HqvY 2; 14ɥ�HqvY 3; 3ɥ�HqvY 4; 3ɥ!���	AOO

ɞǫİǬ&HqvY 0& 3ɥ&���1ɥ'ŹĉɬɬĽ�2ɥ'ǼȈɬªŕǶȀ&�2Ǚ

�ŧɏ��	�96&Ư�!'�ɦɀ XǤűū% AAI�Ƭ;9�MRIűū% ƀǍȩ

%58ǵɭãȵĸȒ�ǂȠ�9�	AAJ ɤé%
� �~īǔĿĠ�/�' MRI-T2 ġ

Ȣƪ¢%
�8ǵɭāȨ&ɮ�Ìɤé��AOO�ƴǬ!'�4ɥɲHqvY 2; 1ɥ�H

qvY 3; 2ɥ�HqvY 4; 1ɥɳ!ǂȠ�9�AOOɞ�ƴǬ!'�10ɥɲHqvY 2; 6

ɥ�HqvY 3; 2ɥ�HqvY 4; 2ɥɳ!ǂȠ�9�	ɦɭ%
�8ǵɭǌƌƯ%Ɍ�
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 '�AOO�ƴǬ 12ɥ~ 5ɥ!Ƞ269�AOOɞ�ƴǬ 29ɥ~ 7ɥ!Ƞ269�	

AAJɤé%
� �~īǔĿĠ�/�'MRI- T2ġȢƪ¢%
�8ǵɭāȨ&ɮ�Ìɤ

é&ƴƧƣɲP=0.966ɳ"ǵɭǌƌƯ&�ƴƣɲP=0.387ɳ%Ɍ� �}Ǭɋ%
� �š

ĳ$Đ'Ƞ269$���	 

 

6-3-3 ǾĘƯƟ&ƴƤ�6Ĺȋ/!&Ţɋ"ȋĦȶȭŢɋ 

� ǾĘƯƟ&ƴƤ�6Ĺȋ/!&Ţɋ'�AOO�ƴǬ!'�7ř�ª; 7ɥ�8-30ř�ª; 

2ɥ�31-180ř�ª; 2ɥ�180ř�y; 1ɥ!�7�AOOɞ�ƴǬ!'�HqvY 0& 3

ɥ<ɐ� �7ř�ª; 8ɥ�8-30ř�ª; 3ɥ�31-180ř�ª; 11ɥ�180ř�y; 4ɥ!

���	ǾĘƯƟ&ƴƤ�6Ĺȋ/!&Ţɋ%Ɍ� �}Ǭɋ%
� �šĳ$Đ'Ƞ

269$���ɲP=0.106ɳ	ȋĦ&ĕåȶȭȢūŢɋ'�AOO�ƴǬ!' 790 ± 559ř

ɲ187-2078ř�~ô� 742řɳ!�7�AOOɞ�ƴǬ!' 2�&Ƃ��<ɐ� �509 ± 

349řɲ183-1378ř�~ô� 397řɳ!���	 

 

6-3-4 ƉƲ�Ħ 

� ĆȥƯ�&ȋĝ%Ɍ� �¨Ư�%
� AAJ&Ǻ�Ű�âÿȋ�Ŗȋ�9�	AOO

ɞ�ƴǬ& 7 ɥ%
� �Ǻ�Ű�âÿĦ% DC %Ć�8ǲ�Ƒãȋ��ƨ� Ŗȋ�

9�	AOO�ƴǬ&ÝĨƣ' 91.7%ɲ11/12ɳ!�7�AOOɞ�ƴǬ!'�86.2%ɲ25/29ɳ

!�7�}Ǭɋ%
� �AOO&šƚ%58ȋĦ&�Ħ%Ɍ�8šĳ$Đ'Ƞ269$

���ɲTable 6-2, Table 6-3ɳ	AOO�ƴǬ%
� �ȋĦ%ŏÛ�Ƞ269$��� 1

�!'�AAJ ɤé%
�8~īǔĿĠ�/�' MRI-T2 ġȢƪ¢%
�8ǵɭāȨ&ɮ

�Ìɤé�Ƞ269�ɲȋ¶
5)ȋĦ&ǅǛüƵMI>'"3%HqvY 3ɳ	AOOɞ

�ƴǬ%
� �ȋĦ%ŏÛ�Ƞ269$��� 4�~ 3�!'�AAJɤé%
�8~
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īǔĿĠ�/�'MRI-T2ġȢƪ¢%
�8ǵɭāȨ&ɮ�Ìɤé�Ƞ269�ɲ2�'�

ȋ¶
5)ȋĦ&ǅǛüƵMI>'"3%HqvY 2�ƃ7 1 �'�ȋ¶�HqvY 4�

ȋĦ�HqvY 5!���ɳ	ǅǛüƵMI>&ȋ¶�6ȋĦ&ǛśƵ$ņǇ<}Ǭɋ%


� ƅȲűȘ��"�:�ȋ¶
5)ȋĦ 1uŠ&ǅǛüƵMI>' AOO�ƴǬ%


� �šĳ%ɮ�<Ǆ��ɲȋ¶ɴP=0.024�ȋĦ 1uŠɴP=0.033ɳ	����ȋĦ 2u

Š�ɍ%Ɍ� '�}Ǭɋ&ǅǛüƵMI>%šĳ$Đ'Ƞ269$���ɲȋĦ 2 u

Š; P=0.893�ȋĦ 3uŠ; P=0.550�ȋĦ 6uŠ; P=0.577�ȋĦ 12uŠ; P=1.000�ȋĦ 18

uŠ; P=0.491�ȋĦ 24uŠ; P=0.181ɳɲFigure 6-3ɳ	 

 

6-3-5 Î�Ư 

� Ƨ×ǡŁ%Ɍ;85�$ĩƦ½Ĵ&ƫē
5)ÀÃį&õĀ$#&ȋ~&Î�Ư'�

}Ǭ%
� Ƞ269$���	AOOɞ�ƴǬ& 2 �'�ȋĦ 10 ř�ª%ǅǛüƵŏ

Û�Ƞ269��ÖÒ{¨&�2Ƃ���	ȋĦ 1 uŠ�ɍ%?tantX&Ľŋ�ǥ

0�/�'ï�� AOO�ƴǬ" AOOɞ�ƴǬ!Í 3���Ƞ269�	AOO�ƴǬ!

'�ȋĦ 18uŠ�yǛȼ� �6�?tantX&Ľŋ� 3�!Ƞ269�	�96&

Ư�!'�?tantX&ƫē%��ǾĘƯƟ
5) XǤűū% AAJ&ï�4{ýÿ

į<Ƭ�ĸȒ'Ƞ269$����2�«Ĺȋ'āŖ�$���	AOOɞ�ƴǬ!?t

antX&Ľŋ�ǥ0�/�'ï��Ƞ269� 3�&�� 2�'�ȋĦ 3uŠ�ª%

?tantX&ƫē�Ƞ269�	�& 2 �%
� '�AAJ &{ýÿį&«ƴ<Ƭ�

ƯƟ�Ƞ269��2�«Ĺȋ<āŖ��	«Ĺȋ'�Řû&?tantX<ɐÄ��

�	!�C1-2-3Ű�&Ǻ�âÿȋ<āŖ��ɲBagley RS, 2005 aɳ	/��AOOɞ�ƴǬ

& 2�%
� �ȋĦ%ǷĂǺǸƽǞȋɲventriculoperitoneal sunt; VPKjtXȋɳ<ā

Ŗ��ɲHoerlein BF, 1978ɳɲFigure 6-4ɳ	 
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6-4 Ǯą 

� ȴĖ�ƢÀƲ%
� �MRIűū
5) CT űū�ė�ŜÆ���"%57�AAI ǫ

İƯ�&ñ�!�Ŵ�$ CJA&�ƴ�ȋ¶%ȜŔÊǳ"$� �8	�96&Ŵ�$ CJA

&ƮĴ'ƤƟ!'{ȟ$ɀ¯�ñ���&ƉƲƋ'ǂǏ�9 �$�	AAI ǫİƯ�&

ñ�'�AAJ&Ǻ�Ű�âÿȋ<āŖ�8�"%57�Ȃø$�Ħ<ħ8�"�!
8	

����ðǆƲƋ<āŖ�� AAIǫİƯ�&wɀ!'�ȋĦ%ǅǛüƵŏÛ�Ƞ269

$�Ư��ǅǛüƵƟĴ&ı¿�Ƞ2698Ư��/�'Ƃ��8Ư��ûä��AAI

�ð& CJA &ƮĴ&�ƴ�Ɍ|� �8�"�Ƭ;98�"3�8	Cerda-Gonzalez 6

'�CJA&~!3�AOO'ɥɦɀŅÎɀ%ƫē��8ƞ&ǾĘƯƟ4ƉƲ�Ħ%Ĥɢ<

|	�8ƮĴ!�8�"<ëÔ��ɲCerda-Gonzalez S, 2009 aɳ	Ťƿǋ&ǜũ%
� 

3�AAIǫİƞ%
�8 AOO�ƴƯ�!'�ȋ¶&ǅǛüƵMI>�šĳ%ɮ�ǜũ�

Ƞ269���AAJ &Ǻ�Ű�âÿȋ<āŖ�8�"!�ñ�&Ư�!ǾĘƯƟ&ŏÛ

�Ƞ269�	�&�"57�CJAǫİƯ�%
�8ǾĘƯƟ' AAI%58Ĥɢ�ò


��AAI %Ć�8ƉƲ<Ǒw¤¦"�,
!�8�"�ǄØ�9�	Ťƿǋ57�AAJ

ɤé%
�8~īǔĿĠ�/�' MRI-T2 ġȢƪ¢%
�8ǵɭāȨ&ɮ�Ìɤé�Ƞ

269�Ư�!'�ȋĦ&ǾĘƯƟ&ŏÛ������96&ĸȒ'�AAI &ƉƲ�Ħ

%|	�8�"3ǄØ�9�	/��AOO'�Ħɥɬ%Ć�8ƦŰ&ȼĚ$½
%57�

Ïɀ�&ǁǻ&ȼģĶ<ğ
ȩ���"�ëÔ�9 �8ɲCerda-Gonzalez S, 2009 bɳ	

AOO " AOI '�ƦŰĦɥɌǕ&ģĶ{¨"Ɍȹį��8�"3ëÔ�9 �8

ɲCerda-Gonzalez S, 2009 aɳ	AAI�ƴƯ�!'�AAJ&ýÿ¿<Ȋ��"!�ƦŰ&ȼ

Ě$½Ŋ�µ½�98Êǳį3Ǯ	698	 

� Ťƿǋ%
�8 limitation"� �ƪ¢űūś%
�8ɥɦɀ&dLKlt'�şò�



 

91 

Č�!'Ȋ$� �$��"��8	ƪ¢űūś&ɥɦɀ&dLKlt'�Ȓ��y&

AOO&ǈĚ%Ĥɢ<|	�8"Ƞȣ�9 �8ɲCerda-Gonzalez S, 2009 aɳ	ƪ¢űūś

&ɥɦɀ&ȼĚ$�ČdLKlt'�ǅǛüƵƟĴ<ı¿���8oMG��8	��

�� �Ťƿǋ!'�ƪ¢űūś&Ư�'�ɥɦɀ<[kvXnp$�Č�&Ǻǽ�!

�ÿ��	5� �AOOɞ�ƴǬ&~%'�ƖäƵ$ AOO�ûä�8Êǳį<Ǯĵ�

$�9($6$�	/��DC�Ƞ269� AOOɞ�ƴǬ& 7�%
� �ǲ�Ƒãȋ�

�� ǱÂ��ɰȃɠĒ&°ɐ�Ĭȑ"$��	�&ƥƩ"� �AOO�Ƞ269$�

AAIǫİƯ�!'�ɥɀ&ċ�Ȼ½� AAJ&0%Ĥɢ���£į%ǲ�ɀ&ɰȃɠĒ�

ǱÂ��Êǳį3Ǯ	698	�9%Ć� �AOO��ƴ�� AAIǫİƯ�!'�ɥɀ

&ċ�Ȼ½%���ƦŰĦɥɌǕ�ȼ¸%Ê½�8�"%57�{ýÿį��8 AAJ%

Ć�8Ȧȅ��ƦŰĦɥɌǕ" AAJ&}ŕ%¯Ő�8Êǳį�ǄØ�9�	 

� /��AAI &«Ĺȋ%
� �ƦŰ�6ǑxɦŰ/!ýÿ¿�8�"'�ġâ$âÿ

ġĚ<3�6���Ċ�ɦŰ+&Ȧȅ�îò�8�3�9$��"<Ǯĵ�$�9($

6$�	AOOɞ�ƴǬ& 2�'�AAI&ĹȋĦ% VPKjtXȋ<Ŗȋ���&�"'�

CJA �ð&Î�Ư%5� �ǷĂĿĠ�ğ
ȩ��98�"��8�"<ǄØ� �8

&�3�9$�	 

 

6-5 Ĉŀ 

� �Ýķ�'�AOO�ƴ&šƚ%
�8Ĉèƞǉ& AAI%Ć�8 AAJ&Ǻ�Ű�âÿ

ȋ&ƉƲĶǨ%Ɍ� űȘ��	ŤűȘ57�AOO&�ƴ&šƚ'�AAIǫİƞ&ǾĘ

ƯƟ%Ĥɢ<|	�8��ƸŅƵ% AAI&ðǆƉƲ&�Ħ%Ĥɢ'|	$�Êǳį�Ǆ

Ø�9�	CJA<�ƴ� �8 AAIǫİƯ�!'�AAJ<ýÿ¿�8�"�ş3Ƀȑ!

�8"Ǯ	698	 



 

92 

Table 6-1 Signalment of 41 AAI dogs, 12 dogs with AOO (the AOO group) and 29 dogs without 

AOO (the non-AOO group). 

 

Variable  AOO non-AOO 

Sex (No. of dogs)    

     Sexually intact male 5 7 

     Castrated male      2 5 

     Sexually intact female 4 11 

     Spayed female 1 6 

Age (month)   

     Mean ± SD  53.9 ± 47.3 45.2 ± 40.0 

     Median (range)  33.0 (5.0 – 122.0) 35.0 (5.0 – 125.0) 

Weight (kg)    

     Mean ± SD  2.1 ± 0.8 2.6 ± 1.4 

     Median (range)  1.9 (1.3 – 4.3) 2.1 (1.3 – 9.0) 

AOO: atlantooccipital overlapping; SD: standard deviation 
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Table 6-2 Results of ventral fixation of atlantoaxial joint in the AOO group. 

 

Grade (pre-ope) 
Number of Dogs 

Total Recovered No improvement Died 

0 0 0 0 0 

1 0 0 0 0 

2 6 6 0 0 

3 3 2 1 0 

4 3 3 0 0 

Total 12 11 1 0 
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Table 6-3 Results of ventral fixation of atlantoaxial joint in the non-AOO group.  

 

Grade (pre-ope) 
Number of Dogs 

Total Recovered No improvement Died 

0 3 3 0 0 

1 6 6 0 0 

2 14 12 2 0 

3 3 2 0 1 

4 3 2 0 1 

Total 29 25 2 2 
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Figure 6-1 Computed tomography image of atlantoaxial subluxation in a dog, with and without 

complication by atlantooccipital overlapping.  

 

Atlantooccipital overlapping was defined in a three-dimensional multiplanar reconstruction of the 

midsagittal section as the arcus dorsalis of the atlas being located closer to the cranial aspect of the 

occipital bone than a straight line (the McRae line) joining the opisthion and basion of the 

occipital bone. A: Complicated by atlantooccipital overlapping, B: Not complicated by 

atlantooccipital overlapping. 
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Figure 6-2 Sagittal magnetic resonance image of a dog with atlantoaxial subluxation complicated 

by a high signal level in T2-weighted imaging of the spinal cord substance at the atlantoaxial joint 

area. 
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Figure 6-3 Comparison of the neurological status of dogs in two groups: the atlantooccipital 

overlapping (AOO) group and the non-AOO group.  

 

The AOO group had significantly higher neurological scores before surgery and at 1 month after 

surgery. However, no significant differences were observed between the groups 2 months after 

surgery.  
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Figure 6-4 X-ray image (left: lateral view; right: dorsoventral view) of a dog that underwent a 

ventriculoperitoneal shunt after ventral stabilization of the atlantoaxial joint. 
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Ǒ 7ǐ� ƦȰŰ{ýÿƯǫİƞ%
�8Ħɥɬ-ƦŰDv\vnU_tH"ǷĂĿò%Ɍ

�8ƿǋ 

 

7-1 ǣȖ 

� ƞ&ƦȰŰ{ýÿƯɲatlantoaxial instability; AAIɳ'�ɥɀy�ɦŰģĶƫē

ɲcraniocervical junction abnormality; CJAɳ%Ñ/98ƭİ!�8ɲMarino DJ, 2012ɳ	AAI

'�Ȅɱ&Ĉèƞǉ%
� øƴ�8ǵɭŋ įƭİ!�8ɲBeaver DP, 2000; Denny HR, 

1998; Downey RS, 1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995; 

Parry AT, 2010; Watson AG, 1989; Zaki FA, 1980ɳ	AAI%Ć�8Ŵ�$ȋĝ4 AAI&ƮĴ%

Ɍ�8ëÔ'ñőûä�8�ɲAikawa T, 2013; Beaver DP, 2000; Chambers JN, 1977; Cool JR, 

1981; Denny HR, 1998; Dickomeit M, 2011; Downey RS, 1967; Forterre F, 2015; Gangopadhyay 

S, 2003; Geary JC, 1967; Hara Y, 2002; Johnson SG, 1989; Knipe MF, 2002; Ladds P, 1971; 

McCarthy RJ, 1995; Parker AJ, 1974; Parry AT, 2010; Platt SR, 2004; Renegar WR, 1979; Rochat 

MC, 1999; Rylander H, 2007; Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Shelton 

SB, 1991; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Takahashi F, 2018 a; Takahashi F, 

2018 b; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980ɳ�ķ�&Ƽ8Ɏ7�CJA&ƮĴ

4�&ƮÞ'�ȟ��¯�� �$�	 

 ^X&ɥȈęɑ§Ưɲbasilar impression or basilar invagination; BIɳ'�Ó�%ï���ò

Ħɥúɲforamen magnum; FMɳ+ɑ§��ƦŰǲĞ�ĈǷĊ�ãȵɲcerebellar compression; 

CCɳ&ÃÞ"$7�8ƭİ!�8	BI "ƞ&Ħɥɬ -ƦŰDv\vnU_tH

ɲ atlantooccipital overlapping; AOOɳ'�ɫ���ƭİ!�8"Ƞȣ�9 �8

ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016; McGregor M, 1948; Rao PV, 2002ɳ	̂ X

& BI'Ƿę½Ǵ�6&ȉƍ4ǷǵɭƐɲcerebrospinal fluid; CSFɳ&ĩƦɕă<ȡƴ�8
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�"%57�ǵɭǌƌƯ<ğ
ȩ��Êǳį��8"3ëÔ�9 �8ɲErbengi A, 1994; 

Levine DN, 2004; Milhorat TH, 1995; Pearce JM, 2007ɳ	^X& BI"ƞ& AOO'�Ĝɭ&

Ċ�ɀ�ɦɭ&ɥ�ɀ
5)ĈǷĜɭŵ&ãȵ&ÃÞ"$7�8"Ƞȣ�9 �8	/

��ĈǷ+&ɑ§3ğ
ȩ���8"Ƞȣ�9 �8ɲCerda-Gonzalez S, 2009 a; 

Cerda-Gonzalez S, 2016ɳ	Ş%�ĜɭɦɭŅÎɀ%
�8 CSF&ĩƦɕă%5� �CJA

&ƞ%
�8ǵɭǌƌƯ4ƇɥƯ�Ǡƴ�8"Ƞȣ�9 �8ɲCerda-Gonzalez S, 2009 a; 

Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW, 2013ɳ	/��AOO'ɥɦɀŅ

Îɀ%ƫē��8ƞ&ǾĘƯƟ4ƉƲ�Ħ%Ĥɢ<|	�8ƮĴ!�8�"3ëÔ�9

 �8ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016ɳ	ȴĖ�AAI&ȋ¶%MRI
5

) CTűū<Ȋ��"!�Ŵ�$ɥɦɀŅÎɀ&ģĶƫē&�ƴ�ȜŔ�98Ż��î	

 �8	Įį&ǾĘƯƟ&ı¿�Ƞ2698 AAJ��ǶȀ�� CJA�ƴ AAIǫİƯ�

!'�¤¦Ƶ$ðǆƵ�§�Ĭȑ"�98	ñ�& AAIǫİƯ�!'�AAJ&Ǻ�Ű�

âÿȋ<āŖ�8�"!�Ȃø$�Ħ<ħ8�"�!
8ɲAikawa T, 2013; Denny HR, 

1998; Takahashi F, 2018 b; Thomas WB, 1991ɳ	Ǒ 6ǐ%
� �ķ�'�AOO'�AOO

<�ƴ�� AAIǫİƞ%
�8ǾĘƯƟ%Ĥɢ<|	�8��ȋĦ&�Ħ%'ƸŅƵ%

Ĥɢ<|	$��"<ëÔ��ɲTakahashi F, 2018 bɳ	AAIǫİƯ�&~%'�Ⱦ°$

AAJ &ýÿ¿�Ȋ;9�"� 3�ȋĦ%ǵɭɕă&ŏÛ�Ƞ269$���7�ı¿

��7�Ş%'Ƃ��8Ư�3ûä���96&Ư�!'�ƴ�� CJA&ƮĴ&Ɍ|3

Ƭ;98	Ïś% CJA&ƮÞ<ȝ��8�"'àɛ!�8�2��Ýķ�'�AOO�ƴ

&šƚ%
�8ǷĂJ?N%ƺƷ��	 

� ŤűȘ&ƷƵ'�AAIǫİƞ%
�8 AOO&�ƴ&šƚ��&ǷĂJ?N%#&ǈĚ

Ĥɢ<|	 �8�#��ȝ��8�"!�8	 
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7-2 ťœ"ŕƋ 

7-2-1 �Ȟƞ 

� ŤűȘ!'�2007Ė 10Š�6 2015Ė 10Š/!&ɋ%řŤƢÀƧ×ǆüòü�č½ƛ

ÀƲOtRv
5) YPC Ũ�½ƛŒģðǆƮɏ% �AAJ &Ǻ�Ű�âÿȋ<Ȋ��

AAIǫİƞ 61ɥ<ȢūĆȥ"��	̈  &Ćȥƞ%
� �ȋ¶%ɥɦɀ%
�8MRI


5) CTűū�āŖ�9�	ķ�'ȼÄ&ëÔ% �ŤűȘ"-.ÏŴ&Ţɋ%
� �

180 ř�y&ȋĦȶȭ�Êǳ!���wɀ�ɃȐ�� 41 Ư�%Ɍ� ëÔ��

ɲTakahashi F, 2018 bɳ	/��ȋ¶& CTƪ¢57�AOO�ƴ&šƚ<Ȣū��ĆȥƯ�

< AOO�ƴǬ" AOOɞ�ƴǬ%¯ɫ��	ÍǬ%
�8ȋ¶&ƉƲƁɲHpIIpT

I?Y�ɞMVr?YįƏƘɇư·�IpOUX$#ɳ�ƞǉ�į´�Ĺȋś&Šɱ
5

)Ĺȋś&�Ƀ<Ȣū��	/��CT ƪ¢57�FM &J?N3ȝ���	MR ƪ¢�

6'�ǵɭǌƌƯ�CC�dorsal compressionɲDCɳ
5)ÍǷĂ%
�8ĿĠ&ǈĚ<ȝ

���	 

 

7-2-2 MRI
5) CTűū%
�8ɯɁarXIvp 

� İǯ'�ǀɂ>Xr_tɲ0.05mg/kg, ƶzļ|, Mitsubishi Tanabe Pharma Co., Osaka, 

Japanɳ!ɯɁ¶ļ|<Ȋ��10¯ɋ&ɂǗ¿<Ȋ���	!ɯɁć§<āŖ��	ɯɁ

ć§%'�fSQngɲ0.02 mg/kg, Astellas Pharma Inc., Tokyo, Japanɳ&ɝǴªļ|"a

rd`Cvpɲ4–8 mg/kg, Fresenius Kabi Japan Co., Tokyo, Japanɳ<�ƨ��ƆǔªŃǔ

<āŖ��	ɯɁ'Oc`pntɲ2.5–3.0%, Mylan Pharma Co., Tokyo, Japanɳ% ǡŁ�

�	 
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7-2-3 CTűū"ģĴüƵȝ� 

� CTōĤ%'�80±/160Mn?MCT Aquilion PRIMEɲTSX-303A, Toshiba Medical Systems 

Co., Otawara, Japanɳ<�ƨ��	ŤŻ&MFjtȸĚ'�0.5s!�7�Mn?MÂ' 0.5mm�

Mn?Mɋɒ' 0.5mm !���	CT ōĤ~&ɥɦɀ&dLKl[tH'�Ȓ��y&

AOO&ǈĚ%Ĥɢ<|	�8"Ƞȣ�9 �8ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez 

S, 2016ɳ	����CTűūś&ɥɦɀ&ȼĚ$�ČdLKlt<"8"�ÀÃį&ǵɭ

ŋ <ğ
ȩ���8oMG��8	���� �ĆȥƯ�'�ɥɦɀ<[kvXnp

$�Č�"��Ǻǽ�!�ÿ��¨ȮɯɁz% ōĤ<Ȋ��	ģĴüƵȝ�'�ƪ¢

¬ƥP`X@A>ɲOsirix DICOM Viewerɳ<ƨ� āŖ��	ÍƯ�& CTƪ¢ DICOM

WvR< 3D-MPR%«ųǖ� �AOO&šƚ" FMJ?N&ȝ�<āŖ��	3D-MPR

& CTƪ¢&Ň®Ŧ�'�Parry6&ëÔ%Ɣ� �WW 2500HU�WL 500HU"��ɲParry 

AT, 2010ɳ	AOO'�3D-MPR&ž~ƻƟŔ¢%
� �ƦŰǲĞ�Ħɥɬ&Ħɥƙ"ê

ęƙ<ǜ=�ƸǤɲMcRae lineɳ57ɥ�%�Ǫ� �83&"ÿǭ��ɲFigure 7-1ɳ

ɲMcRae RJ, 1953ɳ	ĦɥɬģĶ{¨&ȝ�&�2%�FM&şòĔ%Ć�8 FM&ɮ�

&ƅƣ"� �FM indexɲòĦɥúłőɳ<ȗƒ��ɲFM index=FM&ɮ�/FM&şò

Ĕ�Figure 7-2ɳ	 

 

7-2-4 MRIűū"ģĴüƵȝ� 

� MRIōĤ%'�çƸǃìƈ�ǃƾ&DvatMRIKMVg!�8GE Signa EXCITE 

3.0T systemɲGE Healthcare Japan Co. Ltd, Tokyo, Japanɳ<�ƨ��	MRIōĤ'�¨Ȯ

ɯɁz% �CT ōĤĦƸ�%�CT űū"ÏŴ&�ÿ��% āŖ��	ōĤŦ�"�

 �Mn?MÂ:2.0mm�Mn?Mɋɒ:0.4mm�a repetition timeɲTRɳ:5000 mseconds�an 

echo timeɲTEɳ:85.1 mseconds% �T2ġȢƪ¢<ōĤ��	MRƪ¢%Ɍ� 3�CT
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ƪ¢ÏŴ%�Osirix DICOM Viewer<ƨ� �ģĴüƵȝ�<āŖ��	ȝ�ɣƷ"� �

ǵɭǌƌƯ�CC
5) DC&šƚ<Ȣū��CC indexɲĈǷãȵłőɳ<ƒÿ��ɲMarino 

DJ, 2012ɳ	Ş%�òǷɮ%Ć�8�ǷĂɮ&ƅƣ!�8 VB ratioɲKii S, 1997ɳ�òǷɮ

%Ć�8ǑxǷĂ&şòɮ"şòĔ&Îȗ&ƅƣ!�8 TB ratio�ĈǷɈ%Ć�8ǑÜǷ

Ăɮ&ƅƣ!�8 FHC ratio��� �ĈǷɈ%Ć�8ǑÜǷĂĔ&ƅƣ!�8 FWC ratio

&ȗƒ3āŖ��	ǵɭǌƌƯ'�ǵɭ~īǔ&ĿĠ<Ƞ2�3&"ÿǭ��ɲFigure 7-3ɳ	

CC%Ɍ� '�ɥɦɀ& T2ġȢƪ¢&ž~ƻƟŔ¢%
� �ĈǷ&ɑ§�Ƞ269

83&"� ÿǭ��ɲMarino DJ, 2012ɳ	CC index'�Marino6&ëÔ%Ɣ� �ƒÿ

��ɲFigure 7-4ɳɲMarino DJ, 2012ɳ	DC%Ɍ� '�ɥɦɀ& T2ġȢƪ¢&ž~ƻƟ

Ŕ¢%
� �AAJɤé%
�8ǲ��6&ǵɭãȵĸȒ"ÿǭ��ɲFigure 7-3ɳ	�Ƿ

Ă&ĿĠ&łŶ"� �VB ratio<ƒÿ����©�Ƶ%'�ɥɀ& T2ġȢƪ¢&ŸŔ

¢%
�8ȔĘɋźqbp%
� �òǷɮ%Ć�8�ǷĂɮ&ƅƣ"� Ǔ®��

ɲFigure 7-5ɳɲKii S, 1997ɳ	�ǷĂ%ďËĐ�ûä�8ìÎ%'�ĿĠ�ò
��%
�

 �ǺǲŕÐ%ş3ǷĂɮ�ĿĠ�8"�:<�ǷĂɮ"� ƒÿ��	�Ý&űȘ!

'�ǑxǷĂ&ĿĠ<ÿɄƵ%ȝ��8�2% TB ratio<Țÿ��	TB ratio'�ɥɀ&

T2ġȢƪ¢&ŸŔ¢%
�8ȔĘɋźqbp%
� �òǷɮ%Ć�8ȔĘɋź&ǲ�

"Ǻ�&ǑxǷĂ&�9�9&şòɮ"şòĔ&Îȗ&ƅƣ"� Ǔ®��ɲFigure 7-5ɳ	

ǑÜǷĂ&ĿĠ%Ɍ� '�Laubner6&ëÔ%Ɣ� ɲLaubner S,2015ɳ�FHC ratio"

FWC ratio<ȗƒ��	©�Ƶ%'�FHC ratio'�ɥɀ& T2ġȢƪ¢&ž~ƻƟŔ¢%


� �ǺǲŕÐ%ş3ǑÜǷĂ�ĿĠ��Ȭɚ<ĈǷ&şòƸĥ!¹��3&"ÿǭ

��	/��FWC ratio'�ɥɀ& T2ġȢƪ¢&ž~ƻƟŔ¢%
� �ǑÜǷĂ&ǲ

�ɑ­&¶Ǧ"ĦǦ&Ȭɚ<ĈǷ&şòƸĥ!¹��3&"ÿǭ��ɲFigure 7-6ɳ	 
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7-2-5 ǟȗ¬ƥ 

� ǟȗüƵ¬ƥ'�ǟȗ¬ƥP`XɲSPSS version 23.0, IBM, Corp., Chicago IL, U.S.A.ɳ<

ƨ� Ȋ��	AOO�ƴǬ" AOOɞ�ƴǬ%
�8ȝ�ɣƷ%Ć� �Mann-Whitney

& Uűÿ�3��'Ćĭ&�8 Student tűÿ<ƨ� ƅȲűȘ<āŖ��	WvR'�

ĕå ± ŶƔ�Đ!Ȍș��	��93 P<0.05<3� šĳ"³ÿ��	 

 

7-3 ǜũ 

7-3-1 KHZphtX 

� Ćȥ 61ɥ&���ȋ¶&CTűū% �AOO&�ƴ� 23ɥ!Ƞ269ɲAOO�ƴǬɳ�

38ɥ!' AOO&�ƴ'Ƞ26$���ɲAOOɞ�ƴǬɳ	AOO�ƴǬ&ƞǉ&ªț'�

mvGKjvVo> 9ɥ�Tss 9ɥ�X?avYp 2ɥ�epTvN 1ɥ�KvNv1

ɥ�əǉƞ 1 ɥ!���	AOOɞ�ƴǬ&ƞǉ&ªț'�Tss 13 ɥ�X?avYp

11ɥ�mvGKjvVo> 5ɥ�əǉƞ 3ɥ�f[Tk>SUGM`tY 2ɥ�dhn

[>t 2ɥ�Fj\o>FtHTjvpNM][Bp 1ɥ�Ơ 1ɥ!���	AOO�ƴ

Ǭ&į´'�ţÄ¾ɖ 8 ɥ�Ä¾ɖ 5 ɥ�ţȿùɘ 10 ɥ�ȿùɘ 1 ɥ!���	AOO

ɞ�ƴǬ&į´'�ţÄ¾ɖ 9ɥ�Ä¾ɖ 7ɥ�ţȿùɘ 13ɥ�ȿùɘ 9ɥ!���	

ĹȋśŠɱ'�AOO�ƴǬ!'�ĕå 41.0uŠɱɲ5�127uŠɱ�~ô� 12.5uŠɱ�

ŶƔ�Đ 44.1uŠɱɳ!�7�AOOɞ�ƴǬ!'�ĕå 47.4uŠɱɲ5�143uŠɱ�

~ô� 36.0 uŠɱ�ŶƔ�Đ 42.5 uŠɱɳ!���	�Ƀ'�AOO�ƴǬ!'�ĕå

2.0kgɲ0.9�4.3kg�~ô� 1.8kg�ŶƔ�Đ 0.9kgɳ!�7�AOOɞ�ƴǬ!'�ĕå 2.5kg

ɲ1.2�9.0kg�~ô� 2.3kg�ŶƔ�Đ 1.4kgɳ!���	ĹȋśŠɱ"�Ƀ%Ɍ� �}

Ǭɋ%
� �šĳ$Đ'Ƞ269$���ɲĹȋśŠɱ P=0.332��Ƀ P=0.060ɳ	 
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7-3-2ĦɥɬģĶ{¨&ȝ� 

� AOO�ƴǬ 23ɥ&ĕå FM index'�1.45ɲ1.15�1.96�~ô� 1.34�ŶƔ�Đ 0.25ɳ

!�7�AOOɞ�ƴǬ 38ɥ&ĕå FM index'�1.45ɲ0.81�2.19�~ô� 1.39�ŶƔ�

Đ 0.38ɳ!���	ĕå FM index%Ɍ� �}Ǭɋ%
� �šĳ$Đ'Ƞ269$�

��ɲP=0.852, Table7-1ɳ	 

 

7-3-3 ǵɭǌƌƯ&ȝ� 

� ǵɭǌƌƯ&šƚ%Ɍ� '�AOO�ƴǬ!'�23ɥ~ 5ɥ!Ƞ269�AOOɞ�

ƴǬ!'�38ɥ~ 9ɥ!Ƞ269�	�&ƞǉ&ªț'�AOO�ƴǬ!'�mvGKj

vVo> 4ɥ�Tss 1ɥ!�7�AOOɞ�ƴǬ!'�Tss 4ɥ�X?avYp 2ɥ�

mvGKjvVo> 1ɥ�dhn[>t 1ɥ�Fj\o>FtHTjvpNM][Bp 1

ɥ!���	ǵɭǌƌƯ&�ƴƣ%Ɍ� �}Ǭɋ%
� �šĳ$Đ'Ƞ269$�

��ɲP=0.862ɳ	 

 

7-3-4 CC&ȝ� 

� CC '�AOO�ƴǬ!'�23 ɥ~ 18 ɥ!Ƞ269�AOOɞ�ƴǬ!'�38 ɥ~ 13

ɥ!Ƞ269�AOO�ƴǬ!'�AOOɞ�ƴǬ%ƅȲ� �šĳ%ɮƣ! CC�Ƞ26

9�ɲP=0.001, Table 7-2ɳ	�&ƞǉ&ªț'�AOO�ƴǬ!'�mvGKjvVo> 9

ɥ�Tss 5ɥ�X?avYp 2ɥ�KvNv1ɥ�əǉƞ 1ɥ!�7�AOOɞ�ƴǬ

!'�Tss 7ɥ�X?avYp 2ɥ�mvGKjvVo> 2ɥ�Fj\o>FtHT

jvpNM][Bp 1ɥ�əǉƞ 1ɥ!���	AOO�ƴǬ&~! CC�Ƞ269� 18

ɥ&ĕå CC index'�11.4%ɲ7.4�22.6%�~ô� 10.3%�ŶƔ�Đ 3.8%ɳ!�7�AOO

ɞ�ƴǬ&~! CC�Ƞ269� 13ɥ&ĕå CC index'�10.6%ɲ4.6�20.2%�~ô�
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10.0%�ŶƔ�Đ 4.4%ɳ!���	 

 

7-3-5 DC&ȝ� 

� DC'�AOO�ƴǬ!'�23ɥ~ 2ɥ!Ƞ269�AOOɞ�ƴǬ!'�38ɥ~ 10ɥ

!Ƞ269�	�&ƞǉ&ªț'�AOO�ƴǬ!'�Tss 1ɥ�epTvN 1ɥ!�

7�AOOɞ�ƴǬ!'�Tss 7ɥ�X?avYp 2ɥ�mvGKjvVo> 1ɥ!�

��	DC&�ƴƣ%Ɍ� �}Ǭɋ%
� �šĳ$Đ'Ƞ269$���ɲP=0.096ɳ	 

 

7-3-6 ÍǷĂJ?N&ȝ� 

� AOO�ƴǬ& VB ratioɲĕå 26.5%�şĈ 6.4�şò 39.8%�~ô� 27.5%�ŶƔ�Đ

8.0%ɳ'�AOOɞ�ƴǬ& VB ratioɲĕå 20.7%�şĈ 6.9�şò 43.4%�~ô� 19.7%�

ŶƔ�Đ 8.8%ɳ%ƅȲ� �šĳ%ɮ�<Ǆ��ɲP=0.011ɳ	AOO�ƴǬ& TB ratioɲĕ

å 51.5%�şĈ 35.4�şò 66.1%�~ô� 49.9%�ŶƔ�Đ 9.6%ɳ"�AOOɞ�ƴǬ&

TB ratioɲĕå 47.6%�şĈ 32.7�şò 60.1%�~ô� 47.9%�ŶƔ�Đ 6.8%ɳ"&ɋ%

šĳ$Đ'Ƞ269$���ɲP=0.300ɳ	AOO�ƴǬ& FHC ratioɲĕå 17.0%�şĈ 7.6

�şò 28.4%�~ô� 16.8%�ŶƔ�Đ 5.4%ɳ'�AOOɞ�ƴǬ& FHC ratioɲĕå 11.3%�

şĈ 4.3�şò 20.7%�~ô� 11.4%�ŶƔ�Đ 4.1%ɳ%ƅȲ� �šĳ%ɮ�<Ǆ��

ɲP=0.001ţƓɳ	şĦ%�AOO�ƴǬ& FWC ratioɲĕå 17.8%�şĈ 6.2�şò 30.6%�

~ô� 16.9%�ŶƔ�Đ 5.8%ɳ'�AOOɞ�ƴǬ& FWC ratioɲĕå 14.2%�şĈ 4.7�

şò 22.4%�~ô� 14.0%�ŶƔ�Đ 4.2%ɳ%ƅȲ� �šĳ%ɮ�<Ǆ��ɲP=0.013, 

Table 7-3ɳ	 

�  

7-4 Ǯą 
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� ȴĖ&ƢÀƲ%
� �MRIűū
5) CT űū�ŜÆ���"%57�AAI ǫİƯ

�&ñ�!�Ŵ�$ CJA&�ƴ�ȋ¶%ȜŔÊǳ"$� �8	�����96&Ŵ�

$ CJA&ƮĴ'ƤƟ!'{ȟ$ɀ¯�ñ���96&š¼$ƉƲƋ'ǂǏ�9 �$�	 

� ȼÄ&ëÔ%
� �ĦɥɬģĶ{¨'�ɥɀ X Ǥűū&ɊÉÓ�¢%
� �FM

&ƫē$Ŀò"� ÿǭ�9 �8ɲBagley RS, 2005 bɳ	ȴĖ%
� '�ƢÀƲ%


�8ƪ¢ȜŔĻȋ&Ðy%���XǤűū573 CTűū<ƨ�8�"!�57ȟǘ%Ħ

ɥɬģĶ{¨<ȝ�"� �FM &Ŀò<ȝ��8�"�!
85�%$� �8	FM

&J?N&łŶ!�8 FM index'�CTƪ¢3��'ɥɀ&ɬŭŶŤ<ƨ� �FM&ş

òĔ"ɮ�<ƒÿ�8�"%57ȗƒ�98ɲJaneczek M, 2008; Madadin M, 2017; Onar V, 

1997; Simoens P, 1994ɳ	ȼÄ&ëÔ%
� ɲEsteve-Ratsch B, 2001; Kii S, 1997; Laubner S, 

2015ɳ��ǷĂ&ĿĠ&ǈĚ%Ɍ��MRƪ¢<ƨ��ëÔ�ûä�8	�Ý&űȘ!'�

Kii6&ŕƋ%Ɣ� �ǷĂ&ƒÿ<Ȋ��ɲKii S, 1997ɳ	ǑxǷĂ&ĿĠ'�ȼÄ&ë

Ô!'ɲLaubner S, 2015; Mackillop E, 2011; Ryan CT, 2014ɳ�ȔĘɋź&ĕæ¿4ɡyɀ&

Ƿŵ&ǧĈĸȒ%57ȝ��9 �8��ÿɄƵ$ȝ�Ƌ&ëÔ'ûä�$�	��!�

�Ý&űȘ!'�ǑxǷĂ&ĿĠ&łŶ"� TB ratio <Țÿ��	ɈȤĎ6'�ɮɱ

& =�=ƴ�Ư�!'�ǷȆǧ�ȺȊ���9%���ȔĘɋź&ò
��Ĉ��$

8�"<ëÔ��ɲHasegawa D, 2005ɳ	ǷȆǧ%���ȔĘɋź&ò
��Ĉ��$8

&!�9(�ǑxǷĂ<Ñ1ǷĂĿò�Ƨ�8Êǳį3ǄØ�98	����ŤűȘ&

Ćȥƞ%'�ƴ�<Ƞ28Ư�'Ñ/9 '�$�	���� �TB ratio&ƒÿ%Ɍ�

 �ǷȆǧ&Ĥɢ'-"=#$�"Ǯ	698	/��ȼÄ&ëÔ%
� �ǑÜǷĂ

&ĿĠ&ǈĚ<ȝ��8�2%�ǑÜǷĂ&şòɮ"ǑÜǷĂ&ǲ�ɑ­&¶Ǧ"ĦǦ

&Ȭɚ<ȗƒ�8ŕƋ�ëÔ�9 
7ɲLaubner S, 2015ɳ�ŤűȘ!'�&ëÔ%
�

8ƒÿƋ<ÅǮ"��	 
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� �Ý&űȘ&KHZphtX57�AOO'mvGKjvVo>!ƅȲƵǫİƣ�ɮ�

¡Ð�Ƞ269�	/��AOO ǫİƞ!'�Ĝɭ-ɦɭŅÎɀ%
�8 CSF &ĩƦɕă

%5� �ǵɭǌƌƯ
5)ƇɥƯ�Ǡƴ�8�"��8"Ƞȣ�9 �8

ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW, 

2013ɳ	Cerda-Gonzalez6'�AOOǫİƞ 4ɥ&���̈ ɥ!ĦɥɬģĶ{¨�Ƞ269�

2ɥ!ǷĂĿò�Ƞ269�3ɥ!ǵɭǌƌƯ�Ƞ269�"ëÔ��ɲCerda-Gonzalez S, 

2009 aɳ	Ş%�Cerda-Gonzalez6'�ǵɭǌƌƯ&�ƴƣ'�AOOǫİƞɲ20/71ɳ!'�

AOOɞǫİƞɲ9/82ɳ573šĳ%ɮ���ɲP=0.0053ɳ�"3ëÔ��ɲCerda-Gonzalez 

S, 2016ɳ	ŤűȘ!'�AOO�ƴǬɲ5/23ɳ" AOOɞ�ƴǬɲ9/38ɳ&ǵɭǌƌƯ&�

ƴƣ%Ɍ� �šĳ$Đ'Ƞ269$���ɲP=0.862ɳ	ǵɭǌƌƯ%Ɍ� '�Fj

\o>FtHTjvpNM][Bp%
� �MRƪ¢%
�8ŸŔ¢% �ǵɭ~īǔ

&Ƹĥ� 2mm�y&3&"ëÔ�9 �8ɲRusbridge C, 2006ɳ	����Ĉèƞǉ!'�

�&�ŭĐ<Ǯĵ��ìÎ��&ÿǭ<Ģ '28�"'àɛ!�8"Ǯ	698	5

� �ŤűȘ!'�MRƪ¢57Ś6�$ǵɭ~īǔ&ĿĠ<Ƞ2�3&<ǵɭǌƌƯ"

ÿǭ��	/��ŤűȘ!'�AOO �ƴǬ!'�AOO ɞ�ƴǬ57�ǷĂ"ǑÜǷĂ

&šĳ$Ŀò�Ƞ269�	^X& in vitro&ƿǋ%
� ��ǷĂ'�ǑxǷĂ
5)

ǑÜǷĂ%ƅȲ� �Itan?>tM�Ĉ���ĄǊï¿%Ć�8ãï¿�ş3ò


��"�ëÔ�9 �8ɲKimura M, 1989ɳ	ŤűȘ%
� 3�AOO�ƴǬ%
� �

�ǷĂ"ǑÜǷĂ&šĳ$Ŀò�Ƞ269�%3Ɍ;6��ǑxǷĂ&Ŀò�Ś6�%

Ƞ269$����"%Ɍ� '�ÍǷĂ&Itan?>tM&Ƚ��Ɍ|� �8Ê

ǳį�ǄØ�9�	AOO&�ƴ%57��ǷĂ"ǑÜǷĂ�šĳ%Ŀò� ���"%

Ɍ� '�AOO%57ƦŰĦɥɌǕÕá&GiǻƘ4ĈǷ&ï���ŽƵ%ȡƴ�9�

Êǳį��8	GiǻƘ$#&Ĥɢ%57�ǑÜǷĂ�6GiǻzǸ+ǷǵɭƐ<ěƐ
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�8pKkEú&ɀ¯Ƶ$ɉí<ȩ�� �8Êǳį3ǄØ�9�	/��AOO�ƴǬ

!'�šĳ%ɮƣ$ CC�Ƞ269��"�6�CC%��ĈǷ&ï�%ȩÞ��pKk

Eú&ƛƥƵơǎ3�ǷĂ"ǑÜǷĂ&Ŀò%Ĥɢ<Æ.� �8Êǳį3Ǯ	69�	

Ɯ%�mvGKjvVo>! AOO&�ƴƣ�ƹĆƵ%ɮ����"�6�ɥȈ&ģƟ�

ǷĂ&J?N4 CC &�ƴƣ%Ɍ;� �8Êǳį3Ǯ	698	/��ŤűȘ!'�

AOO�ƴǬ" AOOɞ�ƴǬ%
�8 FM index%šĳ$Đ'Ƞ269$���	Ş%�

AOOɞ�ƴǬ%
� 3�CC� 34.2%!Ƞ269��"�6�AOOɞ�ƴǬ%'�½

Ƶ$Ʈï"� �ƖäƵ$ AOO
5)Ħɥɬ-ƦŰ{ýÿƯɲatlanto-occipital instability; 

AOIɳ�ûä�8Êǳį3ǄØ�9�	AOO'½Ƶ$Ʈï!�7�AOI"&Ɍȹį�ł

Ō�9 �8���&hE[Ng'ȟ��;�� $�ɲCerda-Gonzalez S, 2009 aɳ	Ħ

ɥɧ%Ć� �ƦŰ&Ýŗ�Ƞ2698�"'�AOO4 AOI&İǯ!5�Ƞ2698ĸ

Ȓ!�8ɲGreenwood KM, 1978; Rylander H, 1997; Steffen F, 2003ɳ	Ş%�Ħɥɧɤé&ɬ

żŋ%57 AOI�ûä�8ìÎ%'�Ĝɭ-ɦɭŅÎɀ%
�8ǝĺƮï�ûä�8Êǳ

į3Ǯ	698	ƦŰĦɥɌǕ&ȼĚ$Ê½į4ãȵ'�ƦŰĦɥɌǕÕá&Ǥǡ¿&

ÃÞ"$7�8"ëÔ�9 �8ɲDenny HR, 1998; Nakamura N, 2000ɳ	�&5�$ǝĺ

Ʈï"-.Ï�3&!�8"�9 �8òĦɥú&Ċ�ɟ%ģĶ�9�Ǥǡį\tY��

ǵɭǌƌƯ<ğ
ȩ��ȑÞ"$7�8�"�ëÔ�9 �8ɲCerda-Gonzalez S, 2009 a; 

Cerda-Gonzalez S, 2016ɳ	^X&ȼÄ&ëÔ4ƞ&F>oŴöģ&ëÔ%
� 3�ƦŰ

ĦɥɌǕ
5) AAJ%
�8ÏŴ$Ǥǡį\tY��CSF&ĩƦɕă"Ɍ;� �8�

"�ëÔ�9 �8ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016; Chamberlain WE, 

1939; Nakamura N, 2000ɳ	Ħɥɬ%Ć�8ƦŰ&ȼĚ$Ê½į%57�AOOǫİƯ�!

'��&Ǥǡį\tY�ģĶ�9�8ȑÞ"$7�8ɲCerda-Gonzalez S, 2009 a; 

Cerda-Gonzalez S, 2016ɳ	�&5�%�AOO" AOI'�ƦŰĦɥɌǕ%
�8ģĶƫē
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"Ɍȹ� �8	AAI" AOI&�ƴƯ�!'�AAJ&ýÿ¿<Ȋ��"!�ƦŰĦɥɌ

Ǖ&ȼĚ$½Ŋ�µ½�98Êǳį3Ǯ	698	 

� ĦɥɬģĶ{¨'�X?ƞǉ4Ĉèƞǉ!wȁƵ$ƮĴ!�8Ƞȣ�9 �8

ɲCerda-Gonzalez S, 2009 aɳ	ŤűȘ!'�AOO�ƴǬ" AOOɞ�ƴǬ%
�8 FM index

%šĳ$Đ'Ƞ269$����2�ĦɥɬģĶ{¨'�AAI ǫİƞ%
�8ǷĂJ?

N%'Ĥɢ<|	$��"�ǄØ�9�	ȼÄ&ëÔ%
� 3�ĦɥɬģĶ{¨��

!'�ǅǛüƵƫē<Ǆ��"'$�"ëÔ�9 �8ɲParker AJ, 1974; Zaki FA, 1980ɳ	

/��̂ X& BI!ëÔ�9 �85�%ɲBarnes PD, 2000ɳ�ƞ!3ĦɥɬģĶ{¨�û

ä�8"�òĦɥú+&ƦŰ&ɥ�ï�<ğ
ȩ��4��&�3�9$�

ɲCerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016ɳ	̂ X& BI!'��&ÃÞ"� �¦

óį&ɥȈɬģĶƫē�ɥȈɬ&ƮƵ$ȯ¿ɲo@eT�ɬģĶ{¨��8Ʈ$#ɳ�

ëÔ�9 �8ɲMcGregor M, 1948; Pearce JM, 2007ɳ	ƞ& AOO!3^X& BIÏŴ%�

¦óį&ɥȈɬģĶƫē�Ɍ;� 
7�ǜÎǚǩ&ƫē�ğ
ȩ��9 �8Êǳį

��8ɲCerda-Gonzalez S, 2009 aɳ	/��̂ X& BI&İǯ%
� '�Ħɥɧ&�ģĶ�

ĕæ$Ħɥɧ
5)ƦŰĦɥɌǕ&ģĶƫē�Ɍ;� �8�"�ëÔ�9 �8

ɲGoel A, 1999; Rao PV, 2002ɳ	ƞ!3ɥȈɬ&ƾƗ¿�{¥¯$ìÎ%'�ɦɀ&Ȱy

ǒ%58ɥȈɬ-ɦŰɋ%ƴƧ�8ãȵº%57�ƦŰĦɥɌǕ�ȼĚ%ɥȈª%ľ�ȳ

/985�$ƫē�ğ
ȩ��98Êǳį3Ǯ	698	/���Ý&űȘ!'�AOO

ɞ�ƴǬ!'�AOO�ƴǬ573 DC�ɮƣ%�ƴ�8¡Ð�Ƞ269�	�&�"5

7�AOO�ûä�$� AAIǫİƯ�!'�ɥɀ&ċ�Ȼ½�ƦȰɌǕɲatlantoaxial joint; 

AAJɳ&0%Ĥɢ��AAJ&ǲ�ɀ&ɰȃɠĒ��£į%ǱÂ��Êǳį3Ǯ	698	

�9%Ć� �AOO��ƴ�� AAIǫİƯ�!'�ɥɀ&ċ�Ȼ½%���ƦŰĦɥɌ

Ǖ�ȼ¸%Ê½�8�"%57�{ýÿį�8ƦȰɌǕ%Ć�8Ȧȅ��AOO�ûä�
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$� AAIǫİƯ�%ƅȲ� ȱĪ!���Êǳį<ǄØ� �8&�3�9$�	 

� �Ý&űȘ%'�����& limitation �ûä�8	/�w�'�CT ōĤ%
�8ɥ

ɦɀ&dLKlt<şò�Č�!'Ȋ$� �$��2%�AOOɞ�ƴǬ&~%'�Ɩ

äƵ$ AOO<�ƴƯ��ûä�8Êǳį��8�"!�8	ŤűȘ!'�AAIǫİƯ�

<Ćȥ"� �8�2�ƪ¢űūś%ɥɦɀ&dLKlt<ȼĚ$�Č�4ċŝ�"�

 �/�"�ÀÃį&ǵɭŋ <ğ
ȩ�� �/�oMG��8	���� �ƪ¢

űū'�ɥɦɀ<[kvXnp$�Č�"��Ǻǽ�!�ÿ��¨ȮɯɁz% ōĤ<

Ȋ��	ƪ¢űūś&dLKlt[tH'�CSF ĩƦ%Ĥɢ<|	�8Úɨ!�8�"

�ǄØ�98	��Ʒ& limitation"� �TRtȏ&?tantX<�ƨ�9(�ȋĦ

&MRI%58ȝ�<Ȋ	8��ŤűȘ%
� �AAJ&Ǻ�Ű�âÿ%�ƨ��?ta

ntX'MVtqMȏ!����"�6�ȋĦ%MRI%58ȝ�<Ȋ	 �$��"!

�8	AAI&ȋĦ%MRI%58ȝ�<Ȋ	9(�ŤűȘ&ǜũ"Î;� �CSF&ĩƦ

ɕă<57Ⱦ°%ȝ�!
8�:�	3�w�& limitation"� �X?ƞǉ�"&žē

$ǷĂJ?N%Ɍ�8ëÔ'ûä�$��2��Ý&ƒÿ!ħ69�ǷĂ&J?N'Ĭ

��3ƮƵ$ƟĴ!'$��"!�8	ŤűȘ!'�ƞǉɋ&Đ<Ȏž�8�2%�Í�

&ƞ&òǷɮ"ĈǷ&şòĥ<ȗƒ��ÍǷĂJ?N<ƒÿ��	 

 

7-5 Ĉŀ 

� �Ýķ�'�AAJ&Ǻ�Ű�âÿ<āŖ�� AAIǫİƯ�%
�8 AOO�ƴ&šƚ

%
�8ǷĂJ?N"�MR ƪ¢
5) CT ƪ¢<ƨ� �ƴ� �8 CJA&ƟƊ<Ȣ

ū��	ŤűȘ57�AOO<�ƴ� �8Ư�!'��ǷĂ
5)ǑÜǷĂ&Ŀò�š

ĳ%Ƞ2698�"�Ś6�"$��	  
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Table 7-1 The size of foramen magnum. 

 

 FM index 

 Mean Range Median SD 

   AOO group 1.45  1.15 - 1.96 1.34 0.25 

   Non-AOO group 1.45 0.81 - 2.19 1.39 0.38 
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Table 7-2 Comparison of concurrent conditions. 

 

                                                              *P = 0.001 

 

  

 
Syringomyelia 

ɲ%ɳ 

Cerebellar 

 compression 

ɲ%ɳ 

Dorsal 

compression 

(%) 

AOO  

group 
21.7ɲ5/23ɳ 78.3ɲ18/23ɳ

*
 8.7ɲ2/23ɳ 

Non-AOO 

group 
23.7ɲ9/38ɳ 34.2ɲ13/38ɳ 26.3ɲ10/38ɳ 
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Table 7-3 Ventricular dilatation. 

 
 

VB ratio (%) TB ratio (%) FHC ratio (%) FWC ratio (%) 

 

Mean Range Median SD Mean Range Median SD Mean Range Median SD Mean Range Median SD 

AOO  

group 
26.5* 

6.4 - 

39.8 
27.5 8.0 49.7 

35.4 - 

66.1 
49.9 9.6 17.0** 

7.6 - 

28.4 
16.8 5.4 17.8*** 

6.2 - 

30.6 
16.9 5.8 

Non-AOO 

group 
20.7* 

6.9 - 

43.4 
19.7 8.8 47.6 

32.7 - 

60.1 
47.9 6.8 11.3** 

4.3 - 

20.7 
11.7 4.1 14.2*** 

4.7 - 

22.4 
14.0 4.2 

                                                                              *P = 0.011,  **P = less than 0.001,  ***P = 0.013 
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Figure 7-1 Computed tomography images of a dog with (A) and without (B) an atlantoaxial 

subluxation complication by atlantooccipital overlapping (AOO). AOO was defined using a 

three-dimensional multiplanar reconstruction of the midsagittal section, when the arcus dorsalis of 

the atlas was located closer to the cranial aspect of the occipital bone than to a straight line (the 

McRae line) joining the opisthion and basion of the occipital bone. 

 

 

 

 

 

 

 

 

 

 

 

McRae line McRae line 

A B 
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Figure 7-2 Computed tomography image in the foramen magnum (FM) of a healthy beagle dog. 

The calculated FM index was the ratio of the height of the FM to the maximum width of the FM. 

The maximum internal height of the FM (FMH) and maximum internal width of the FM (FMW) 

was measured in a three-dimensional multiplanar reconstruction of the axial section.  

 

 

 

 

 

 

 

 

 

 

R 
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FMW 



 

117 

 

 

Figure 7-3 A midsagittal cross-section of T2-weighted magnetic resonance image of the head and 

neck of a dog with atlantoaxial instability and complicating syringomyelia and dorsal compression. 

Syringomyelia was assessed only in the cervical spinal cord, and was defined as dilatation of the 

central canal of the spinal cord (red arrow). Dorsal compression was defined as the compression 

of the spinal cord from the dorsal side in the atlantoaxial joint (white arrow). 
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Figure 7-4 A midsagittal cross-section of T2-weighted magnetic resonance (MR) imaging of the 

head of a dog with atlantoaxial instability and complicating cerebellar compression. A circle 

formed by the maximum diameter (CD) of the cerebellum was traced in a midsagittal 

cross-section of T2-weighted MR image. The distance (d) from the perimeter of the circle to the 

cerebellar parenchyma with greatest compression was measured to find the cerebellar 

compression index (cerebellar compression index = d/CD). 

 

  



 

119 

 

 

Figure 7-5 Measurement of the height of the lateral ventricles and the maximum height and width 

of the third ventricle, compared to the height of brain using a canine head T2-weighted magnetic 

resonance (MR) transverse image. The measurements were made by calculating the ratio of the 

height of the lateral ventricles (VH) to the height of the brain (BH), at the level of the 

interthalamic adhesion in a transverse image of the head T2-weighted MR image (VB ratio = 

VH/BH × 100). If there was a discrepancy between the left and right sides, then the side with the 

greatest dilation was used. The ratio was calculated from the sums of the maximum heights (TH1 

and TH2) and maximum widths (TW1 and TW2) of the third ventricle (on the dorsal and ventral 

sides of the interthalamic adhesion) to the height of the brain (BH), at the level of the 

interthalamic adhesion in a transverse image (TB ratio = (TH1 + TH2 + TW1 + TW2) / BH × 

100). 

L R 

BH 
TH1 

TH2 

TW1 

TW2 

VH 
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Figure 7-6 Dilatation of the fourth ventricle measured using a midsagittal section of T2-weighted 

image from a canine head magnetic resonance imaging. The FHC ratio was determined when the 

height (FH) of the area of greatest dilatation of the fourth ventricle in the ventrodorsal direction 

was divided by the maximum diameter of the cerebellum (CD) in a midsagittal section (FHC ratio 

= FH/CD × 100). The FWC ratio was determined by measuring the distance (FW) between the 

anterior and posterior margins of the dorsal recess of the fourth ventricle, and dividing this 

distance by the CD (FWC ratio = FW/CD × 100). 

 

  

FH 
FW 

CD 
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ő 8ŏ� Ŝå 

 

� µ�Ġņř¡ŉơ��	���ĨƎċW®¯ĴƮatlantoaxial instability; AAIƯ!�ųƭ

 B3ĢŋƮToy-breed dogs; TBDsƯ�¨Ĺ��ĨƎƘœƮatlantoaxial joint; AAJƯ �ĺ

�W®¯Ĵ�i��ƣƪơ��	�-Ď��ŊÃ ũƪƜ²0Ç�ƌ��ĲØ��-	

ĆĲØ!�ğĴuÖ��-��(�-��AAJ�_ŪŰ�����!�Tűĺ�ÕÖ 

ŮÂĴģƮƣƔĵ)�ŤW{ƬĶ��Ư0���Ī��Ƙ/-��(�-	ĆĲØ ĳ

Û����Ĩċ&�!Ǝċ z¤ĺ�ËÝį¾�Ƙ/���-���¢�	Ƒ¿ ĥ�

ķ�	��!�Įyſóàŷ�£�
�U�����*,�AAIŠØĴq ¢
��Ď�

�ƢƔUkƣċê�ƔËÝį¾Ʈcraniocervical junction abnormality; CJAƯ�oĹ���-

���ŀ+.��-	�
��CJA ĳÛ)�.+ �ĈƘs!ħģ�!WƂ�Ɣ~�

¢
�� ĕķė!łŎ�.����	AAIŠØĴq�³�- AAJ Ŭxċm�¯ŷ!�

Tűĺ�Ų¨�\Î�Ï+.-ßà��-�ƃƉ�.��-��� TƔ Ĵq�!�

ŷÎ�ăÍ�.-\Î�Ï+.��Ĵq�¶�
+�¬����.+ Ĵq�	��!�

AAIg¡ CJA ĳ��ƘX���-�ŧÖ�İ/.-��(�-	 

� gU ťü*,�ĆŁŌ�!�AAI� CJA ĳÛ �ĈƘs0a���+�Ģ AAI

 ſó	*#ĕķ�Ƙ���� TŐ0Żú�-��0Ľĺ����gV�Ń�ő 2 ŏ


+ő 7ŏ&� ČŽ0Ŷ��	 

� ő 2ŏ�!�đōƌËÝW{�Ƙ��ĿĽ��AAI0ĹĴ����� AAI¨Ĺ TBDs�

AAI¨ĹĢŋ�!��w¾FS6OĢ	*#AAI�ŠØ�� AAI¨Ĺ TBDs�	�-ƣ

ċ CT Įy0ī���Ǝċ ċmƗ�³�-đōƌƗ ēĦƮdens-to-axis length ratio; 

DALRƯ�đōƌ ťx$ ź ËźÃƮdens angle; DAƯ0żĝ��� ËÛ­ĺġÒ

0ēƏČŽ��	� ŚĈ�AAI�ŠØ�� AAI¨Ĺ TBDs�!�DALR�ĂÙ�lv



 

122 

0Ń��DA!ĂÙ�ƫv0Ń��	ĆČŽ ŚĈ*,�DALR �lv0Ń����!�

đōƌËÝW{ İ���,�&� DA! AAI ĹĴŹ���,�-���|ƃƉ�.

�	 

� ő 3ŏ�!�ĨċťÆ Ʃ�W{Ʈincomplete ossification of the dorsal neural arch of the 

atlas; IODAƯ�Ƙ��ĿĽ��AAI �³��¡ŉßŷ0°õ��ŮÂĴq�³�-�Ʀ

ĺƄĉ0°õ��AAIŠØ TBDs �	�- IODA oĹģĖ�ı­ĺġÒ	*#¡ŉĺ

ĕķ�³�-\Î�Ƙ��ČŽ��	� ŚĈ�AAIŠØ TBDs 70.8%Ʈ75/106Ư� IODA

�ƃ'+.�ġ�ťÆ Z¦Ɣ�ƃ'+.-���!�AAI  ĹĴ¿ƭ�ĂÙ�ƫ
�

���IODA Ăğ!ĕķ\Î�ÌƟ!X������ú+
����	gU ŚĈ*,�

AAIŠØ TBDs�!�đōƌËÝW{����
�IODA oĹ(ƤŞ�ƃ'+.�Ĩċ

ťxƝ½ eĿƔk�ŨÉ��-���*,�Zƫƭ� AAIĹĴ�Ç�ƌ��.-�

ŧÖ�Ń��.�	 

� ő 4 ŏ�!�AAJ  Ŭxċm�¯ŷ�	�-3QIMQB �­ĺ�¯ÊÃ�Ƙ��

ĿĽ��AAJIPSB�¯ėƮAPFƯ�JNK>OK=5NPSBƮpolymethylmethacrylate; 

PMMAƯ0pī��ìæ�¯ėƮPMFƯ	*#řƘœ�¯ė �­ĺ�¯ÊÃ0ēƏČ

Ž��	� ŚĈ�·ýÊÃƁƨ�	���PMF!ĂÙ�Ā(ƫ�·ýâáÖ0Ń��

�öÊÃƁƨ�	��!�PMF�ĂÙº!ƃ'+.�
����APF�Ā(ƫ��öâ

áÖ0Ń��	gU ŚĈ*,�Tűĺ�Á
°õ�.��- PMF!Ăī��¯ßà�

�-���|ƃƉ�.�&� APF!÷ÝIPSB0pī�-��
+��¯ÊÃ "+

��(¶�
�PMF�fÿ�-�¯ßà��,�-���Ń��.�	 

� ő 5ŏ�!�PMF� APF0õŷ��°ƨĢ�	�-ŷÎ řûĺ� CTČĉ0Ŷ��

�+�AAJ  Řş­ĺƀr0°õ��� ĸ���%�ÌƟ0ČŽ��	� ŚĈ�Y

Ţ�(�řûĺ� CTv Uù�ƃ'+.���ġ� APFŢ�!ĂÙ�Uù�ƃ'+.
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�	Řş­ĺƀr�!�PMFŢ�!ŭ�ŝś�*-ŝśÖĸ��ZÓ���� �³�

��APF Ţ�!ƍƩŖŦ&�!ƩŖŦ�*-ƩÖĸ��ZÓ�ƃ'+.���	gU 

ŚĈ*,�APF! PMMA pī�*-�ƥĞ0�Ɠ�-Ăī��¯ßà��-���Ń

��.�	 

� ő 6 ŏ�!�ƢƣƔê�Ɣ�į¾ �-Ģ ŮÂĴģ)ĕķ\Î�ÌƟ0X��-ĳ

Û��-�ƃƉ�.��-ÎƢƩ-Ĩċ4SDSM?GQ6Ʈatlantooccipital overlapping; 

AOOƯ�ĿĽ��AAI ŠØĢ�	�- AAJ  Ŭxċm�¯ŷ \Î�Ƙ���AOO�

X�-ÌƟ����ČŽ��	� ŚĈ�AOOoĹŢ�!�ŷ� ņř­ĺ:71�Ă

Ù�ƫ
����ŷÎ 2 Rāgƙ�!YŢ�ĂÙ�º!�
�:71 í�0ƃ'�	
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��ľêĺ� AAI ¡ŉĕķ \Î�ÌƟ!X������Ń��.�	 
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ĂÙ�ä£�ƃ'+.�	gU ŚĈ�ēƏ���dÎ! AAI ŷÎ MRI0ƀr�-
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� gU *���ĆŁŌ�!�CJA ĳÛ� �ĈƘs0a���+�Ģ AAI ſó

	*#ĕķ�Ƙ���� TŐ0Żú�-��0Ľĺ���UžČŽ0°õ��	ĆŁ

Ō!�CJA� �ĈƘs0a�� AAI ĳÛ�ĕķ�³��Ăļ�( ��-�ţ�-
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