
����������	
��
��������������
���������������-3 ����������� !�"#�$
�$�#$ �#��%��#�� 
 

 
 
 
 
 
 
 
 

 
 

������������ ����� 

 
 
 
 
 
 
 

 
 
 
 
 

���������	
��&��'�����
�()�# ����*(�+����
����,�����--������*�����
���./�� 
��#���0������*����
���1���
 

�.�1���*����
   234�����.
�
��������� 
�5���*(�+�  2553 

��#���	�8# �234�����.
�
��������� 



 

THE ASSOSIATION BETWEEN MATRIX METALLOPROTEINASE-3 AND     

ANTERIOR CRUCIATE LIGAMENT RUPTURE 
 

      
 
 

 
 
 
 
 
 
 

Mr. Somkait Malila 
  
 
 
 
 
 
 
 
 
 
 
 

A Thesis Submitted in Partial Fulfillment of the Requirements 

for the Degree of Master of Science Program in Medical Science 
Faculty of Medicine 

Chulalongkorn University 
Academic Year 2010 









& 
 

 

�������������	
 

  ����
������������Z�
�
	a�T
�	"L�N����!��
����X	�� � �# %	����
�	����V!L
���
�
�Y
� $!�	
�$!��	��N� 	F. ��. �����F�� �G  �		E
��� !
L
	����C�	D�E
����
������ ��CM�%
�!�
�M��
	FD�E

�!	� ���	�UU
�� Q��M�%�T
Q���T
 �T
��C��!� 
�! R���	������
M�
�
	FD�E
 Q����K���C�	D�E
��C �M��
	�T
����
��������Z�M��	VC!��
		��	��$%!�X� �
	� �!� 
�
	�T
	X����� Q���
	�T
���! L��T
�	"L!��
����X	�� $!�	
�$!��	��N� 	F. ��.��F�F�� �G   
�N�
������� !
L
	����C# %M�%�T
�	D�E
 �T
Q���T
 Q����
�!�N��	
���M��
	�� �	!�
��!��
�
WX%�Y����CMR%M��
	��L����K�!��
� � $!�	
�$!��	��N� 	F. �U.��#� R�����F Q�� 	F.  	. 
�!���� �a�	�N� �	��
�Q���		��
	�!�����
������ ��CR���
	�L�!�Q��Q�%#$����
������L�
�T
�	"L�N���� $!�	
�$!��	��N���
L
	���N���
���CR����	������G�	��
���R
��
�	X%
�
� � ��C
L��T
�
MR%M��
	�T
����
������Q����CL��T
MR%
�!M��
	�	��!�!
R��M�!�
�
 $!�	
�
$!��	��N� ��. �N	����E� ��
������G ��CM�%��
�!�N��	
���M��
	�� �	!�Q��M�%��
�
R������V!��"�
��!��
�M��
	�T
����
�������	�Z���Z  

$!$!��	��N� �L%
��%
��C�N���
���Z��Y
�WX%�Y���!�Q���%!�W�

�  QW��!!	����� ���� 

D�WX%�Y���L	�U��F	�R�Z� 4 ��CM�%��
�!�N��	
���Q��R������V!�
	��"�
��!��
� $!$!��	��N�
�L%
��%
��C�Y
��N	�
	S
�R������ Q���Y
������
FD�E
 ���Q���F
�
	� LNO
���	��
��
����
����N���
���CM�%��
�R������V!	!� %
� $!$!��	��N��L%
��%
��C�N���
�M�FX�����L��
���Q���F
�
	� LNO
���	����
����
��� ��C�	N�
M�%��
�R������V! ��
�	X% �T
Q���T
M�
�
	MR%!N��	����L��S
�M�FX�����L�� $!$!��	��N��N��
	FD�E
	����
��	���L
������

����
��� LNO
���	����
����
��� # %Q�� �N�WX%R����!�Q���N���L��	�R 
S��E����SR�� ���
Q���F
�
	� LNO
���	����
����
���  

�%
��N ��Z $!�	
�$!��	��N� �N���! �N�Q�� ��C��K�WX%!N��
	��N� �  %
�$!�R���
 
$!��N�U

���C�%!� ��VC!� � 	� ���	�UU

	� �	�UU
�� Q����VC!� � M��%!������
��
	�N���
��CR����T
�
�Q���!�M�%�T
���ML���!�
 

 
 
 

 



R 
 

 
                 
 
 ���� ��!S
E
#���������������������..�����..�.. � 
 ���� ��!S
E
!����E�����������������������..��  L 
 ��

��		��	��
F���������������������������.  & 
 �
	��U..................................................................................................................  R 
 �
	��U

	
������������������������������  � 
 �
	��US
������������������������������..  U 
 ����C 1 ���T
���������������...������������.�. 1 

 ��
���K��
Q����
��T
��U$!��PU�
����������..��....� 1 
  ��
aN�	�����$!��
	��L����������������������..� 5 

 $!��$
$!��
	��L��������������������..���..... 5 
 $%!
�����VZ!�
%��������������������..����� 5 
 �T
LT
�� ��
���CMR%M��
	��L�������������������.......... 6 
 �	���R����C�
 ��
L�# %	��������������������..�� 6 
 ���� T
�����
	��L�������������������������� 7 
 �	!�Q���� ��L�������������������������� 8 

 ����C 2 �!��
	Q���
���L����C���C��$%!������������..�����.��. 10 
 !
�
	�
 �L"�$!��!"�#$�%��%
$%!�$�
 �����.�................................... 10 

  ��
���������	����
��PLL��M��
	��� �
	�
 �L"�$!��!"�#$�%��%
$%!�$�
�.. 14 
  	X�Q��$!���
�
	
���
!	�M��
	����C��Q���$!��
	R������S
����� 
  �
	�
 �L"�$!��!"�#$�%��%
$%!�$�
 ������������................... 16 
  ��
���
���
��
�����N�		���C���T
 �����
�
����
T
Q����� ���......��.. 17 
  �PLL���
�����N�		���C��W�
�!�
	��� �
	�
 �L"�$!��!"�Q����%
���VZ!......... 18 
  ��	��	%
�Q���
	�T
�
�$!��!�#������	������

����	
�����  ����.. 20 
  	X�Q���
	����C��Q���$!�������	������

����	
����� ..���............. 24 
  	X�Q���
	����C��Q���$!�������	������

����	
�����-3....�����.. 24 
 ����C 3 ���� T
�����
	��L���..................................................................................... 27 

 �	�R
�	�������������������..���..���..... 27 
 ��	VC!��V!Q���
	������CMR%M��
	��L�������..����..��.����. 28 

�	��
� 

��%
 



� 
 

 
  
 �
	��"�	��	��$%!�X����������.����������.��.. 31 

�
	 T
�����
	��L���������������������.���.... 33 
  �
	����	
���$%!�X� .....................�����������.�.���...  40 
 ����C 4 W��
	����	
���$%!�X�................................................................................. 41 
  $%!�X����E���
��
�S
�$!�WX%�Y��....���������..................... 41 
  W��
	
	�L�	������
	�����X�S
�$%!�$�
WX%�Y��S
������
	W�

� �.......... 43 

 W��
	
	�LL���#���$!� SNP MMP-3��..�������..����� 47 

 ����C 5 �	N�W��
	��L�� !S��	
�W� Q��$%!���!Q���............................................ 52 
 �	N�W��
	��L���������.����������������.................. 52 
 !S��	
�W��
	��L��................................................................................................ 57  
 $%!���!Q��........................................................................................................... 60         
 	
��
	!%
�!��������������������������................. 61 
 S
�W���............................................................................................................. 66 
  S
�W��� �.............................................................................................. 67 
  S
�W��� $.............................................................................................. 73 
  S
�W��� �.............................................................................................. 77 
  S
�W��� �.............................................................................................. 81 
  S
�W��� L.............................................................................................. 83 
 �	���
�WX%�$�������
������.���������������................................. 85 
 
 
 
 
 
 
 
 
 
 

��%
 



� 
 

     �	��
��	�	�      
          ��%
 

 

	
���C 1 R�� $!��!�#������	������

����	
�������C��M���NE��..������ 22 
 

	
���C 2 
T
Q����$!��
	��� �
	����C��Q���$!��
	����N�		�$!���� 
  ���	������

����	
�����Q���	���C���C��$%!����������.���... 24 
 

	
���C 3 �N�����
�$!� primer MMP-3 ��CMR%M��
	�T
 PCR  ��������� 38 
 

	
���C 4 �	��
��
	
�
� � �T
�	���
	�T
 PCR ���������..����. 38 
 

	
���C 5 $�Z�
!�	
����!��  �T
�	���
	�T
 PCR  �������������. 39 
 

	
���C 6 �	��
��
	��CMR%M��
	�T
 digestion ����������.����� 39 
 

	
���C 7 �	��
��
	��CMR%M��
	�
	��� 8% polyacrylamide gel 
�! 1 gel ��.�. 40 
 

	
���C 8 $%!�X����E����C�#�$!���N��WX%�Y��Q����N������N����������.. 41 
 

	
���C 9 $%!�X����E����C�#�$!�WX%�Y���!"�#$�%��%
$
  Q��

��
��
N$!� 
  �
	��� �
	�
 �L"����������������������.�� 41 
 

	
���C 10 $%!�X���C�#�$!�WX%�Y����C# %	���
	W�

� ����C�� 

�!"�#$�%��%
$%!�$�
��Z��!���N��������������������.... 43 
 

	
���C 11 $%!�X���Q�� IKDC Subjective score ��	��������	����
���N�� BPTB graft  
  Q�� Hamstring graft ����������������������. 44 
 

	
���C 12 $%!�X�LT
���WX%�Y��Q���

�	� ���
	����
��$!�WX%�Y��

���Q��  
  IKDC Objective score�����............................................................. 44 
             

	
���C 13 W��
	�	������
	� �!��	��  $
� ��� M�WX%�Y����Z��!���N�� ���� 45 
             

	
���C 14 W��
	
	�L��
��
����!�$!�$%!�$�
$!�WX%�Y���!���N��.......................... 46 
             

	
���C 15 	X�Q���
	�	�L
�
��$!�L���#���Q��!����� 
  M���N������N�Q����N��WX%�Y��................................................................  49 
             

	
���C 16 	X�Q���
	�	�L
�
��$!�L���#���Q��!�����M���N��WX%�Y����Z��!���N��....... 50 
 

	
���C17 �PLL����C��W�
�!��
����C��$!��
	��� �	�$%!�$�
��VC!�����	
���� �MR%   
  Logistic regression�������������������. ��� 51 
            

	
���C18 W��
	����	
����
	FD�E
$!��
	��	��������W������S
������
	W�

� ��!� 
              �!"�#$�%��%
$%!�$�
��Z��!�	X�Q�� ��.����...�������.............  53 
            

	
���C 19 W��
	����	
����
	FD�E
�
��
����C���
�����N�		�
�!�
	���  
             !
�
	�!"�#$�%��%
&��$
 ...................................................................................  55 
 



U 
 

�	��
��	� 

  ��%
 
 

 	X���C 1 ���E���
��
�S
�$!��!"�#$�%��%
$%!�$�
��������..�����.. 10 
 	X���C 2 ���E���
	&��$
 $!��!"�#$�%��%
$%!�$�
�������.�������.. 12 
 	X���C 3 �
	W�

� ��VC!�T
�
	�	%
��!"�#$�%��%
$%!�$�
� �MR%�!"�L
��	�����X����%
�.. 14 
 	X���C 4 Q��LT
�!�aD��PLL����C���C��$%!�����
	�
 �L"�$!������O
............................... 15 
 	X���C 5 ��
���������$!��PLL����C��W�
�!�
	��� �
	�
 �L"�$!��!"�#$�%��%
$%!�$�
...... 15 
 	X���C 6 �
	��� �
	����C��Q���$!��T
 �����
T
Q����� ���................................�� 17 
 	X���C 7 ��	��	%
��VZ��
�$!���%��!"�..................................��..�������� 18 
 	X���C 8 ��	��	%
�����$!��!�#������	������

����	
��������.......................... 21 
 	X���C 9 Lachman test � �MR%��	VC!� Rolimeter ���������������.. 33 
 	X���C 10 	X�Q��
�
� � $!� hop test����...���������������. 34 
 	X���C 11 Single Hop for Distance������.��������������. 35 
 	X���C 12 �����
	��"�
��!��
�.��..������..��������������.. 36 
 	X���C 13 �	
�Q���Q� �	%!���$!�WX%�Y�� � �Q���

�	� ���
	����
��$!�WX%�Y��........ 45 
 	X���C 14 �	
�Q� �	%!���$!�LT
���$!�WX%�Y��  

Q���

�W�
�
�$!���
����!�$!�$%!�$�
����������������..... 47 
 	X���C 15 W��
S������C# %L
��
	�T
 PCR $�
  120 bp�����....������. 47 
 	X���C 16 ���E��$!� ��!"��!M�Q��L���#���
�
� ��������������� 48 
 



1 
 

�����  1 

����	 


�	�
����	���
�	���	
���������	 
 ������	
��
��
���
� (anterior cruciate ligament; ACL) � !�"
	�#$%&"%
�&'()

"*�$+,��&�
���
� #-./($	�/"*�$+,0�1�%.2-1%3-415
���6731%3-41��
�6�
&�	
-
	.1+� #-.83
'*���
�'()%
	/1+9�����(1 3 �"
� $;� ������	
�7+&�
���
� ����-
���
�&�
���
�-
��0� 673����-
���
�&
�
���
�-
����1 ������	
��
��
���
��(<� !�"
	�'()/(#�1�"�1=-1�%9�-�8�9�-
9
�.'()">-0�%3�	
�&1�%
�7
�1(?� @2)&1�%9�-�8�9��&������	
��
��
���
��(<%
�&1�.�/
"�/�%A'()83BCD�B4��&�-
 -+&�+<�82&
8*�� !�'()83-
�&'*�1�%%+1E�#-.1�%F
�5+-�G(.&�.
�&�-(.	 @2)&1�%F
�5+-�+<�83� !�1�%F
�5+-�G;)�
@
�/6@/������	
��
��
���
�0�/
 #-.�*��������9%=�	H�;)� �I
� ����9%=�	H741"39
��+	��
� (bone-
patellar tendon bone) �%;�����9%=�	H5
���-
��0� (medial hamstrings) /�6'�������	
��
�
�
���
�'()�"(.�  �%;�/(1�%0I
	+"->�;)���
�/�'-6'�����'()��-� (1) 673�7+&8�1'*�1�%F
�5+-67
	�+<�
F4
 P	.8*�� !�5
�&'*�1�.Q�G9*�9+-� !��	7���� 6739�&%�.��883�/
"�/�%A17+9� �7
�1(?�
�-
��/;���.
�&�$. ��18�1�(<��883'*�0�
�1=-Q�	36'%1@
��5�//��-
 �I
� 1%3-41�+	��
�5=-1+�
�-
�/
"�=' /(1�%�8�99%=�	H�
���
� �%;�/(1�%�";)�/��&�/��%�&1%3-41�
���
� '*�0�
��883�1=-
 R,��0�I(	=5 %38*�	+��-
 @2)&��1�%��7
��(<"�/�%A�*�� "4
1�%�1=-#%$�
���
��";)�/ (knee 
osteoarthritis)(2) �-
0�'()">- 

 A2&6/
	
�"���5>"
	�0�,
��&1�%�1=-������	
��
��
���
���-�+<� "
	�0�,
83�1=-
8�1"���5>Q�.��1 �I
� 1�%1%36'1�.
�&%>�6%&9%=�	H�+	��
�0�%3�	
�&1�%�7
�1(?��%;��1=-
8�11�%�$7;)����	F=-8+&�	3��&5+	F4
 P	.��&(3) �I
� /(1�%9=-���G;)�� 7().�'=U'�&��&%
�&1�.
�.
�&%	-�%�	 1�%0I
���G;)��.>-8+&�	31�%	=)&�.
�&1%3'+��+� �%;�1�%1%3#--67
	7&/�F=-'
� @2)&
7+1EH3'()�"().&5
�1�%9�-�8�9��7
��(<83G9�-
/�10�17>
/ �+1B>59�7 �+1"1( �+19�"�1�59�7 
673�+1��/%=1+�B>59�7 65
1��/
8*�� !�	
��+11(?�'>1$�'()�1=-�>9+5=��5>0�%3�	
�&1�%�7
�1(?� �%;�
�-
%+91�%1%36'1�.
�&%>�6%&9%=�	H�+	��
�83�1=-1�%V(1��-��&������	
��
��
���
�'>1$� �(1'+<&
��1�%'()�1=-�2<�0�65
73%�..+&/($	�/%>�6%&��&��1�%�/
�'
�1+��(1-
	. -+&�+<� R88+.Q�.0�'()
"*�$+,�.
�&�I
�7+1EH3'�&G+�W>1%%/��&F4
 P	.��&82&�
�83/($	�/"+/G+�WX1+91�%�1=-��1�%
-+&17
�	$	9$4
� 1+9 R88+.Q�.��1�.
�& �I
� GY5=1%%/673$	�/A()0�1�%�7
�1(?� %	/'+<&
�>9+5=1�%HX��&1�%�1=-������	
��
��
���
�V(1��-�+<�G9�-
/�10��GU�,=&/�11	
��GUI�.�(1
-
	.(4)  

   



2 
 

 0� [ G.U. 2551 Alejandro J. 673$H3(5) �-
/(1�%U21E�0�%3-+9#/�71>7��&
��;<��.;)�5%&9%=�	H������	
��
��
���
�'()/(��1�%9�-�8�9 G9	
�/(1�%6"-&��1��&.(� collagen 
type 1 (COL1), collagen type 3 (COL3), matrix metalloproteinase-3 (MMP-3), matrix 
metalloproteinase-8 (MMP-8), tissue inhibitors of metalloproteinase-1 (TIMP-1), tissue 
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�F4

'()'*�&��9�%A�B� !� %38*� 673/(��.>�V7(). 21  [ @2)&F7-+&17
�	"�-$7
�&1+9&��	=8+.��& 
Takahashi M. 

 0� [ G.U. 2552 Posthumus M. 673$H3(8) �-
'*�1�%U21E�A2&1�%�1=-1�%
� 7().�6 7&��&5*�6��
&�9"�G(.&5*�6��
&�-(.	0�.(� COL1A1, COL12 673G9	
�/(
$	�/"+/G+�WX1+91�%�1=-$	�/�"().&'()'*�0�
�1=-��1�%��&������	
��
��
���
���-�-
/�1�2<��.
�&/(
�+."*�$+, (9, 10)    

 0� [ G.U. 2553 Han-Yan Yuan 673$H3(11) �-
/(&��	=8+.'()U21E��1().	1+9 1�%
�1=-1�%� 7().�6 7&��&�9"5*�6��
&�-(.	9�.(� MMP-3 /($	�/"+/G+�WX1+91�%�1=-1�%�";)�/
��&�/��%�&1%3-41"+��7+& 673.+&G9�(1	
�A
��*�$	�/"+/G+�WX�(<� $=-%	/1+9GY5=1%%/'()
1
�0�
�1=-$	�/�"().&5
��/��%�&1%3-41"+��7+&�";)�/.=)&'*�0�
�1=-$	�/�"().&/�11	
�F4
'()/(
GY5=1%%/�.
�&�-(.	1+�65
�/
/(1�%� 7().�6 7&��&5*�6��
&�9"9�.(��-(.	1+� 
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 8�11�%U21E�A2&$	�/"+/G+�WX��&1�%�1=-������	
��
��
���
� #-.-48�1
F71%3'9��&q�%X#/��GU5
�1�%�1=-1�%9�-�8�9��&������	
��
��
���
� #-. Slauterbeck J.R 
673 Hardy D.M 0� [ G.U. 2542 G9	
�/(5+	%+9��&q�%X#/���"#5%�8�673# %�8"�'�#%��.4
9�
������	
��
��
���
� (12) @2)&F7��&q�%X#/�'+<& 2 I�=-�(<83� /(F75
� "�%I(	�$/(0�17>
/ MMPs 673 
TIMPs (13) @2)&/($	�/"*�$+,0�1�%$	9$>/"/->7%3�	
�&1�%$&�.4
�%;�1�%"7�.� ��&��;<�G;<�
Q�.��1�@77X (extracellular matrix, ECM) (14) @2)&A
�/(1�%6"-&��1��&q�%X#/���"#5%�8�673
# %�8"�'�#%�F=- 15=�  ��883'*�0�
����9%=�	H�
���
�/(1�%� 7().�6 7&�%;�V(1��-�1=-�2<��-

&
�.1	
� 15= @2)&"�-$7
�&1+9�
��'�88%=&'()	
�/(1�%G9�>9+5=1�%HX��&��1�%��7
��(<0��GU�,=&
/�11	
�0��GUI�. 

 8�11�%U21E�'()F
��/�G9	
�1�%�1=-$	�/� 7().�6 7&'�&G+�W>1%%/ � !�
"���5>��2)&'()'*�0�
�1=-Q�	3������	
��
��
���
��";)�/�-
/�1�2<� 673.(�'()�1().	�
�&"
	�0�,
/(
1�%U21E�� '�&.(���&$�77��8� ��;)�&8�1$�77��8�� !�"
	� %31�9�7+1��&������	
��
��
�
��
� 673/(&��	=8+.'()%+9%�&'�&-
���(<�.
�&5
���;)�& �I
� &��	=8+.��& Posthumus M 673$H3 (15) 
0� [ G.U. 2550 '()G9	
�1�%�1=-1�%� 7().�6 7&��&�9"5*�6��
&�-(.	��&.(� collagen 5A1 
(COL5A1) "
&F70�
�1=-$	�/�"().&5
�1�%�1=-������	
��
��
���
�V(1��-�.
�&/(�+."*�$+, 

 ��18�1�(<.(�0�17>
/$�77��8�/($	�/"+/G+�WX1+91�%�1=-#%$'()�1().	1+91�%
9�-�8�9��&����5
�&m �.
�&�I
� 1�%U21E���& Malcolm Collins 673$H3%�.&��	
�A
��1=-1�%
� 7().�6 7&��&�9"5*�6��
&�-(.	9�.(� COL5A1 673 tenascinC (TNC) 83/($		�/"+/G+�WX
1+91�%�1=-#%$����%
�.�	�.V(1��-�.
�&/(�+."*�$+, 65
0�'�&17+91+�17+9�/
G9$	�/"+/G+�WX
%3�	
�&.(� COL1A1 1+91�%�1=-����%
�.�	�.V(1��- 65
&��	=8+.��& Khoschnau S. 673$H3
(16) 0� [ G.U. 2551 '()G9	
�1�%�1=-1�%� 7().�6 7&��&�9"5*�6��
&�-(.	9�.(� COL1A1 '*�0�

�1=-$	�/�"().&5
�1�%�1=-������	
��
��
���
�V(1��-6731�%�7>-��&�
���7
�.
�&/(�+."*�$+, 
  65
1�.+&/(.(�0�17>
/�;)�m �(1'()�
�"�08 �I
� .(�0�17>
/ MMPs 673 TIMPs 
��;)�&8�1/($	�/"+/G+�WX1+9$�77��8�� !��.
�&/�1 17
�	$;� .(�0�17>
/ MMPs 9�&I�=-/(
$>H"/9+5=� !� collagenase 673 TIMPs /($>H"/9+5='()83.+9.+<&1�%'*�&����& MMPs �-
 
��18�1�(<.(�0�17>
/ MMPs #-.�VG�3�.
�&.=)&.(� MMP-3 '()G9	
�/($	�/"*�$+,0�1�%'*�0�

�1=-1�%9�-�8�9��&����5
�&m�-
/�1�2<� 673$	�/"*�$+,��&.(�0�17>
/ MMPs �+<�G9	
�A
��1=-/(
1�%� 7().�6 7&��&5*�6��
&�9"�1=-�2<��+<� 83/($	�/�1().	�
�&1+9#%$5
�&m �I
� �7�-�7;�-
�+	085(95+� 0�&��	=8+.��& Tamara Djuric 673$H3(17) 0� [ G.U. 2551 G9	
�A
�/(1�%
� 7().�6 7&��&5*�6��
&�9"�1=-�2<���8'*�0�
�1=-$	�/�"().&5
�1�%�1=-#%$17
�/��;<��+	08��-
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�7;�- (myocardial infarction) /�1�2<� 8�1&��	=8+.��& Samnegard A. 673$H3(18) 0� [ G.U. 
2546 '()G9	
�/(%3-+9��&����@/X MMP-3 0�1%36"�7;�-�G=)/"4&�2<�@2)&"+/G+�WX1+91�%�1=-1�%
� 7().�6 7&��&5*�6��
&�9"9�.(� MMP-3 673.+&/($	�/"+/G+�WX1+91�%�1=-#%$�+	08��-�7;�- 
�(1-
	. "*��%+9#%$1%3-41"+��7+&�+1�"9I�=-.2-5=- 0�&����& James Cheng-Chung Wei 673
$H3(19) '()G9	
�1�%� 7().�6 7&��&5*�6��
&�9"5*�6��
&�-(.	/($	�/"+/G+�WX1+91�%-*���=�� 
��&#%$�.
�&/(�+."*�$+, ��18�1�(<.+&�1().	�
�&1+9#%$'()�1=-8�11�%� 7().�6 7&��&��;<��.;)�
�1().	G+� �.
�&�I
�#%$ %='�5X�+1�"9 @2)&/�8�1&��	=8+.��& Astolfi CM. 673$H3(20) 	
�1�%�1=-
1�%� 7().�6 7&��&5*�6��
&�9"�+<�"+/G+�WX1+91�%�1=-#%$�I
�1+� 
  ��18�1�(<1�%BCD�B4��&�
���
�Q�.�7+&1�%F
�5+-1�� !� �(1 R88+.��2)&'()�
�/(
1�%U21E�6735=-5�/ ��;)�&8�1	
�1�%F
�5+-�G;)�@
�/6@/������	
��
�'()��-�+<� #-.�7+167
	83/(
�.4
"�&699 $;� 1�%0I
����'()9%=�	H741"39
��+	��
�/�6'�������	
��
�'()��- (Bone tendon 
bone grafts) 6731�%0I
����9%=�	H5
���/�6'�������	
��
�'()��- (Semitendinosus-gracialis 
grafts) @2)&'�&'YEz(67
	1�%0I
����9%=�	H741"39
�A;�	
�� !�/�5%{����&1�%F
�5+-� 7().�����
��	
��
��
���
� 65
/(�7�.1�%U21E�'()6"-&0�
����	
�1�%0I
����9%=�	H5
��� "�/�%A'()83
�*�/�0I
6'�1+��-
#-.�/
/($	�/6515
�&1+��.
�&/(�+."*�$+,'�&"A=5=  
  @2)&0�17>
/F4
 P	�������	
��
��
���
�V(1��-'()�-
%+91�%F
�5+-� 7().�������	
��
�
�+<� G9�-
	
�/(%4 6991�%F
�5+-'+<&"�&%4 699 @2)&1�%U21E�A2&F71�%BCD�B4"Q�G�
���
���&F4
 P	.
'+<&"�&17>
/�+<�0�#%&G.�9�78>?�7&1%HX.+&�/
�$./(1�%U21E�/�1
��82&/($	�/�
�"�08'()83
�*�/�U21E�     

 8�1$	�/"*�$+,-+&'()�-
17
�	/���&.(�0�17>
/ MMPs 673��;)�&8�1	
�
1�%U21E��1().	1+9$	�/"+/G+�WX��&1�%�1=-1�%� 7().�6 7&'()/(7*�-+9�9"5
�&1+��G(.&5*�6��
&
�-(.	��&.(� MMPs 0�F4
'()/(Q�	3������	
��
��
���
���-�+<�.+&�/
/(1�%U21E�/�1�+1 -+&�+<�F4
	=8+.
/($	�/"�08 '()'*�1�%U21E�1�%� 7().�6 7&��&7*�-+9�9"9�.(� MMP-3 ��;)�&8�1G9	
�/(
1�%U21E���& Raleigh SM. 673$H30� [ 2008 A2&F7��&1�%� 7().�6 7&��&5*�6��
&�9"9�
.(� MMP-3 �(<0�F4
 P	.'()��1�%9�-�8�99%=�	H����%
�.�	�. (Achilles tendon) G9	
�/(
$	�/"+/G+�WX1+��.
�&017
I=-673/(�+."*�$+, (21) 65
1�%U21E�.(� MMP-3 5*�6��
& -1612 5A/6A 
(rs3025058) 0�F4
 P	.'()/(��1�%��&������	
��
��
���
���-�+<�.+&�/
/(1�%U21E�/�1
�� -+&�+<� 82&
� !� %3#.I�X0�1�%$
���"���5>673�+�83�*�� I
	.0�1�%G.�1%HX1�%�1=-#%$�%;�I
	.0�1�%
5%	8$+-1%�&#�1�"'()83�1=-������	
��
��
���
���-�%;�� !� R88+.I
	.0�1�%-*�%&I(	=5��&F4
 P	.
�-
� !��.
�&-(      
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����������
���� 	��!"�# 
1. �G;)�U21E�%4 699$	�/�7�1�7�.'�&G+�W>1%%/��&.(� MMP-3 0�F4
 P	.������	
��
�

�
���
�V(1��-	
�/($	�/��/;���%;�5
�&8�1 15=�.
�&�% 
2. �G;)�U21E�$	�/"+/G+�WX%3�	
�&%4 699.(� MMP-3 6737+1EH3��1�%'�&$7=�=10�

F4
 P	.'()������	
��
��
���
�V(1��- 
3. �G;)�U21E�A2&"���5>��&1�%9�-�8�9��&������	
��
��
���
� 	
�/("
	��1().	�
�&1+91�%�1=-

1�%� 7().�6 7&��&"�%G+�W>1%%/�.
�&�% 
 

���
����� 	��!"�# 
1. F4
 P	.#%$������	
��
��
���
�V(1��-'()�-
%+91�%%+1E� 6F�1��%X#W }-=1"X #%&G.�9�7

8>?�7&1%HX "Q�1�I�-�'. @2)&.=�.�/��
�%
	/#$%&1�%-
	.$	�/"/+$%0857�-
%3.3�	7���&1�%U21E�	=8+. 

2. 17>
/$	9$>/ (control) � !���"�"/+$%$� 15='()�/
/( %3	+5=1�%�1=-#%$������	
��
��
�
��
�V(1��- '()/(��.>673�GU017
�$(.&1+9F4
 P	.�
���
��";)�/  

 

�$�� ��
�%&���$� 
1. �$%;)�&/;�673I>-1�%'-"�95
�&m '()0I
0�1�%'-"�9� !��$%;)�&/;�'()F
��1�%'-"�9

$	�/�'().&5%&673$	�/6/
�.*���&1�%'-"�9�$%;)�&/;�673I>-1�%'-"�9�+<�m 
2. F4
��
�%
	/#$%&1�%U21E�	=8+.� !�F4
 P	.'()�$./�%+91�%F
�5+-@
�/6@/������	
��
��
���
� 

673F4
 P	.'()/(��1�%������	
��
��
���
�V(1��-65
.+&�/
�-
%+91�%F
�5+- H #%&G.�9�7
8>?�7&1%HX "Q�1�I�-�'. 

3. F4
��
�%
	/#$%&1�%U21E�	=8+.0�
$	�/%
	//;�-
	.$	�/�5�/0857�-1�%U21E�	=8+. #-./(
1�%7&7�./;�I;)�0�09.=�.�/ (informed consent) -
	.$	�/"/+$%08Q�.�7+&�-
%+9
1�%I(<68&0�
'%�90�'>1-
�� %	/A2&$	�/�"().&'()��8�1=-�2<� 
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�	"�	 �'
�	����()$(� 	��!"�# 
  Polymerase chain reaction (PCR) -  z=1=%=.�1�%�G=)/"�.-(������ 0�9%=�	H'()
8*��G�3�8�38& #-.0I
1�%'*�&����&����@/X DNA polymerase '*�0�
"�. primer "�/�%A8+91+9
"�.-(������5
�699�-
 @2)&1�%'*�&��'+<&�/- %31�9-
	. 3 %�9 $;� denature $;�1�%6.1"�.-(����
����18�11+�#-.0I
$	�/%
�� 8�1�+<�83��
�"4
 annealing �G;)�0�
"�. primer 8+91+9-(������5
�699 
673">-'
�.0�I
	& extension �G;)�'*�1�%"+&�$%�3�X-(������"�.0�/
5
��   
  Gel electrophoresis - �'$�=$1�%6.1I=<�"
	���&-(������-
	."��/�BB�� 
��;)�&8�1-(������/( %38>798�1�/4
B�"�B5 A
�-(������/(���-0�,
 %38>1�83/�15�/� -
	. '*�0�

�1=-6%&�"(.-'����&1�%�$7;)��'()5
�-(�������2<� 17
�	$;�I=<�"
	���&-(������'()/(���-0�,
83/(1�%
�$7;)��'()I
�1	
�I=<�"
	�-(���������-�7�1 '+<&�(<1�%�$7;)��'()��&I=<�"
	�-(������.+&�2<��.4
1+9$	�/
��
/�
���&�87'()0I
'*�1�%6.1�(1-
	. 

Genotype - %4 699'()G90��+77(7'()/($	�/8*��G�30�65
739>$$7 
Promoter � 7*�-+9��&-(������ @2)& RNA polymerase � 8+9�G;)��%=)/5
�1%39	�1�%

"+&�$%�3�X6/
699��& RNA 
Primer � Oligonucleotide �%;� -(������"�."+<� m '()0I
0�1�%� !�6/
699��&1�%

"%
�&-(������"�.0�/
 
Restriction enzyme � ����@/X'()�-
8�169$'(�%(.'()"�/�%A5+-"�.-(������ 0�

5*�6��
&'()8*��G�3 
Buffy coat � I+<���&�@77X�/�-�7;�-��	'()�-
8�11�% R��6.1G7�"/�1+9�@77X�/�-

�7;�-6-&��18�11+� 
 

���*#)�����
	'�+	"�,'$��� 
1. �G;)�� !�6�	'�&0�1�%U21E�	
��/;)�/(1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%/�2<�67
	 

'*�0�
/($	�/�"().&'()83�1=-��1�%��&#%$/�1�2<�1	
� 15=�%;��/
 
2. �G;)�'%�9A2&$	�/�7�1�7�.'�&G+�W>1%%/��&F4
 P	.#%$������	
��
��
���
�V(1��- #-.

��80I
0�1�% %3.>15X'�&$7=�=10�
'%�9A2& R88+.�"().&'�&G+�W>1%%/5
�1�%�1=-#%$ 
3. �G;)�'%�9A2&F77+GWXQ�.�7+&1�%F
�5+-� 7().�������	
��
���&F4
 P	. '()/(1�%0I
%4 699

1�%F
�5+-'()6515
�&1+� 
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�!-� 	�'�	
�!� 	��!"�# 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients underwent ACL 

 Blood collection  

Variations in the DNA sequences 

Presence of single-nucleotide 
polymorphism 

Absence of single-nucleotide 
polymorphism 

Data analysis 

Patients underwent ACL rupture after 1-5 years 

Clinical assessment  

Healhty controls 
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 ������
!' 	��!"�# 

 1%�96�	$=-.
�.�%;)�&1�%	=8+.A2&$	�/"+/G+�WX%3�	
�&.(��/'%=1@X�/5�#7# %5(���"-3
1+91�%�1=-������	
��
��
���
�V(1��- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Why do some patients have ACL rupture easily than other? 

Patient�s anatomy 
e.g. limb 
alignment.  

Patient�s behavior 
e.g. history of knee 
injury, type of sports 
(contact/noncontact 
sports) 

Genetic risk factors e.g. Matrix 
matalloproteinase gene (MMP-3) 

Collagen gene (COL1A1) 
 

If genetic risk factors increase, it increases 
chance for ACL ruptures in patients. 

Extrinsic risk factors Intrinsic risk factors 

What are risk factors for ACL rupture? 

Genetic risk factors increases by 
gene polymorphisms. 

Comparison of gene polymorphisms 
between patients and controls. 
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 1%�96�	$=-.
�.�%;)�&1�%	=8+.A2&1�%� %(.9�'(.9F77+GWXQ�.�7+&1�%F
�5+-@
�/������	

��
��
���
�'()�"(.��. %3�	
�&1�%F
�5+-"�&%4 699 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Comparison between the outcomes of two different ACL reconstructive surgery.  
 

Bone pattelar tendon bone 
(BPTB) graft 

Hamstring graft 

Nowadays surgeons have two main choices for ACL reconstruction. 

Outcome after ACL reconstruction can be measured by 
International Knee Document Commitee (IKDC) forms. 

Statistical analysis of the outcomes after ACL 
reconstruction between BPTB and Hamstring grafts. 
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�����  2 


� �	�����	��!"�#���
 ��#��$�� 

 
 �	 	��	'
"/����
�/�,��$��$	�$�
�+	 (Anterior Cruciate Ligament Injury; ACL Injury) 
  Q�	3������	
��
��
���
��";)�/"Q�G (ACL insufficiency) � !�Q�	3'()G9�-
9
�.
'�&��%X#W }-=1"X Q�.�7+&1�%9�-�8�9��&�
���
� @2)&'*�0�
F4
 P	.9�&"
	�'()/(1�%�"(."Q�G��&�
���
�
� �.
�&A�	% �H3'()9�&"
	�.+&�/
/(��1�%673"�/�%A0I
�
���
��-
'+<&0�I(	=5 %38*�	+�673�7
�1(?�
�-
 65
A
�F4
 P	.'()/(��1�%9�-�8�9��&������	
��
��
���
�67
	�/
�-
��
�%+91�%%+1E��.
�&5
���;)�& 83
'*�0�
�1=-F7�"(.5
��
���
� #-.83�1=- 1�%�.
����&�
���
� $	�/�/
/+)�$&��&�
���
� 1�%9�-�8�9
��&�/��%�&1%3-41 1�%9�-�8�9��&1%3-41�
��9%=�	H�
���
� 673�1=-�
���
��";)�/ ��&��
��+<�0�
'()">- (4)  
  #$%&"%
�&��&������	
��
��
���
� %31�9-
	. small anteromedial band 673 
larger anteromedial band, bulky posterolateral band #-. ACL /($	�/1	
�& %3/�H 10 
/=77=�/5% 673/($	�/.�	 %3/�H 38-40 /=77=�/5% /('()�1�35%&1%3-415
����.4
'�&-
��0���& 
lateral femoral condyle #-.�.4
�7+&5
� longitudinal axis ��&7*�1%3-415
��� 0�7+1EH3$%2)&
	&17/'()/("
	�#$
&�.4
'�&-
���7+& �G;)�'()83/("
	�I
	.0�1�%��.(.-�
���
� "
	�'()�1�35%&1%3-41
��
�6�
& �+<��1�3�.4
$
��� '�& anterolateral 5
� anterior tibial spine 

 

 

(http://www.youcanbefit.com/ACL.html) 

�D���� 1 7+1EH3'�&1�.Q�G��&������	
��
��
���
�  
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  @2)&1�%�1=-�>9+5=1�%HX��&������	
��
��
���
�V(1��-0� %3I�I�'+)	� �-
/(
1�%U21E�#-. Nielsen 673 Yde (22) G9	
�/(�>9+5=1�%HX��&��1�%-+&17
�	�.4
'()�+5%�"
	�"�/5
�
��2)&%
�.5
� [ 6730�"+-"
	� "�&0�"�/ � !� isolated ACL tears #-. ��2)&0�"�/ � !� sports 
related "
	�1�%U21E���& Miyasaka G9	
��>9+5=1�%HX1�%�1=-������	
��
��
���
�V(1��- � !�
�+5%�"
	�"�/8>-6 -5
���2)&%
�.5
� [ 673G9	
��1().	�
�&1+91(?�0�"+-"
	�A2& "�&0�"�/@2)&�1=-
8�11�%�7
� B>59�7 �9"9�7 %+19(<B>59�7 "1( 6739�"�1�59�7 #-.1�%�1=-�>9+5=1�%HX0��+11(?�
G9	
�/($
�$	�/�"().&A2& 100 �'
��/;)��'(.91+9 %3I�1%'+)	�   
  65
�/;)�-4A2&1�%�1=-1�%9�-�8�9��&�
���
�#-.69
&5�/�GU G9	
��GU�,=&/(
�>9+5=1�%HX��&1�%�1=-1�%9�-�8�9��&������	
��
��
���
�/�11	
��GUI�.A2& 2-4 �'
� /(�7�.
��5>F7'()G.�.�/�W=9�.A2&"���5>-+&17
�	   R88+.Q�.��1 �-
61
 $	�/6��&6%&��&17
�/��;<� 
'
�'�&��1�%�$7;)����	��&%
�&1�. 673  R88+.Q�.0� �-
61
 $	�/�.
����&�
� 7+1EH3��&
#$%&"%
�&��&%
�&1�. 673q�%X#/��GU � !�5
�  
  0� R88>9+�.+&�/
� !�'()'%�96�
I+-�1().	1+9  %3	+5=Q�.�7+&1�%9�-�8�9��&������	

��
��
���
� ��;)�&8�1"
	���2)&��&F4
'()�-
%+99�-�8�9#-.'()�/
�-
%+91�%5%	8	=�=8V+.673.+&-*���=�
1=81%%/5
�&m�.4
�-
#-.�/
5
�&G96G'.X 82&�/
"�/�%A�*��
�/47��&F4
'()9�-�8�9��7
��(</��-
 "
	���&
F4
 P	.'()�*�/�U21E�673%�.&���1().	�
�&1+91�%%+1E��1;�9'+<&"=<� 65
0�1�%U21E�65
73&���+<��/

"�/�%A�*�/�� %(.9�'(.91+��-
 ��;)�&8�15+		+- 5+	6 7F7 17>
/��.> 6737+1EH3��&1=81%%/0�65

7317>
/��8/($	�/6515
�&1+�/�1 ��18�1�(<.+&�/
"�/�%A5=-5�/F71�%%+1E���&F4
9�-�8�9�-

�.
�&$%9A
	� '*�0�
1�%U21E�A2&  %3	+5=Q�.�7+&1�%9�-�8�9'*��-
.�17*�9�1 

 %3-+9$	�/%>�6%&0�1�%V(1��-��&������	
��
��
���
��+<�8369
&�-
� !� 2  %3�Q'
�-
61
 

1. 1�%V(1��-�G(.&9�&"
	� (partial Tear) F4
 P	."�/�%A0I
��
��-
�.
�&�1;�9� !� 15= /(
�G(.&��1�%5=-�+-��&�
���
�0�9�&�	7� @2)&1�%�1=-1�%V(1��-�G(.&9�&"
	��+<�"�/�A
'()83G+���� � !�1�%V(1��-��&������	
��
��-
�.
�&"/94%HX 

2. 1�%V(1��-�.
�&"/94%HX (complete Tear) F4
 P	.%4
"21��/;��	
�1%3-41��
�6�
&�7>-
��18�11%3-415
��� 673�/
"�/�%A�.+9���-
 /(��1�% 	- 9	/9%=�	H�
���
�� !�
�.
�&/�1 @2)&1�%%+1E�5
�&'*�#-.1�%F
�5+-�G(.&�.
�&�-(.	 
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(http://www.nlm.nih.gov/medlineplus/ency/imagepages/18002.htm) 

�D���� 2 7+1EH31�%V(1��-��&������	
��
��
���
� 
 
  1�%	=�=8V+.������	
��
�V(1��- #-./�1F4
 P	./+1/( %3	+5=��&1�%9=-��&�
���
� 
%4
"21	
�/(�"(.&-+& � �� � '()�
���
� �/
"�/�%A'()83'*�1=81%%/5
�� �-
 673/(��1�%9	/Q�.�7+&8�1
�	7�F
���  "�&A2&"�/I+)	#/& �%;�F4
'()/(1�%9�-�8�9��&������	
��
��
���
��+<�/+183/(1�%�$7;)��
��&�
���
� 17
�	$;�%4
"21��/;��1+9	
���6735
����$7;)��'()�7>-8�11+� � %(.9�-
1+91�%���1*� RD�
	�&@
��1+�67
	'*�7+1EH3�7;)��� /� @2)&17�1'()'*�0�
�1=-1�%9�-�8�9/�1'()">-$;� 1�%9=-��&�
���
�
#-.�/
/(1�% 3'3%
	/-
	. @2)&G9/�10�1(?�B>59�7 6739�"�1�59�7 
  ��18�1�(< %3	+5=9�-�8�9��&�
���
�0��-(51�/($	�/"*�$+,��;)�&8�1F4
 P	.'()/(
��1�%9�-�8�9��&������	
��
��
���
��%;<�%+& /+1/�G96G'.X-
	. R,����&  	-9%=�	H�
���
� /(
$	�/%4
"21	
��
���
��/
/+)�$& �%;� ��
�9	/�<*� 65
A
�A�/ %3	+5=.
��� 1���8�-
 %3	+5='()��
�1+91�%V(1
��-��&������	
��
��
���
� 65
�-
%+91�%%+1E�6991�%%+1E�������
��+1�"9 67
	��1�%-(�2<��7+&
8�1�+<�82&/�/( R,��1+9��
�0�$%+<&'()/�G96G'.X 
  1�%5%	8%
�&1�. 0�%�.'()/(��1�%������	
��
��
���
�V(1��-�.
�&�V(.9G7+� �
���
�
/+1/(1�% 	-9	/ �8�9/�1673#-./�1�1=-8�1 17�1��&1�%9�-�8�9699'()�/
�-
�1=-1�% 3'31+�
#-.5%& 82&/+183�/
G9 %�.A7�1 673%�.B1I<*� 8�1�+<�82&�%=)/'*�1�%5%	8�
���
�#-.�%=)/8�1�
�&'()
�/
�-
%+99�-�8�91
���G;)�0�
F4
 P	.'%�9�+<�5���G;)�'()�	7�5%	8�
�&'()9�-�8�983�-
0�
$	�/%
	//;�
6730I
� !�8>-�
�&�=&�G;)�0I
� %(.9�'(.91+9�
�&'()9�-�8�9 1�%5%	8$	%'*�0�
F4
 P	.%4
"21F
��$7�. 
673$	%'*��.
�&I
�m 673�=)/�	7 8�1�+<�82&'*�1�%1�%@+1 %3	+5= A
�83-4G="+.��&1�%�$7;)����	 
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(range of motion, ROM) $	%0�
F4
 P	.�.+9��
���&�G;)��7(1�7().&$	�/�8�9 	-5
�F4
 P	. "
	�1�%
5%	8 Lachman test @2)&� !�1�%5%	8'()0�
F7�	'()">- varus/valgus stress test, anterior drawer 
test @2)&� !�1�%5%	8�+<�G;<�{�� "
	�1�%5%	8'()/(1�%�$7;)����	'()%>�6%&�I
� pivot shift test 673 
Mc Murray test .+&�/
$	%1%3'*��G%�35%	8.�1 673'*�0�
F4
 P	.�8�9/�1 
  "
	�0�%�.'()/(��1�%9�-�8�9�%;<�%+& ��18�11�%0I
	=W(5%	8 Lachman test 673 
anterior drawer test 67
	 1�%-4�
���
�'()/(��1�%5=-�%;��+-6731�%5%	8 pivot shift test 1�/(
$	�/"*�$+,-
	.�I
�1+� ��18�1�(<1�%A
�.Q�G%+&"(��&�
���
�1�$	%'*�$	9$4
1+9� -
	.'+<&0�%�.'()/(
��1�%�V(.9G7+�673�%;<�%+&�G;)�83�-
I
	.0�1�%5=-5�/��1�%9�-�8�96731�%5+-"=�08�7;�1	=W(%+1E�
5
��  
  1�%%+1E�F4
'()/(��1�%9�-�8�9��&�����
���
��+<� 5
�&'*�1�% %3�/=� %3	+5=��&
F4
 P	. 1�%5%	8%
�&1�. %	/A2&1�%0I
I(	=5 %38*�	+��G;)�	�&6F�1�%%+1E�0����$5 @2)&1�%%+1E�
69
&��1� !� 2 I�=-�-
61
   
  1�%%+1E�#-.�/
5
�&F
�5+- 	=W(�(<��/�3"*��%+9F4
 P	.'()�/
5
�&1�%F
�5+- 65
5
�&��
�
%+91�%'*�1�.Q�G9*�9+-6'� ��/�31+9F4
'()�/
�-
0I
&����&�
���
��.
�&%>�6%& �I
� F4
 P	.'()�/
�-
� !�
�+11(?��%;�� !��+11(?�'()$�-	
�83�/
17+9� �7
�1(?���/;���-=/ 65
"�/�%A'()8317+9� 0I

I(	=5 %38*�	+��-
5�/ 15=  
  1�%%+1E�#-.1�%F
�5+- � !�1�%F
�5+-�G;)��G=)/�5=/"
	���&����'()�"(.��.�  #-.0I

����8�1"
	��;)���&%
�&1�.0"
��
�� 6'� �%;���8/(1�%0I
�����'(.//�'-6'��-
�I
�1+� 65
��;)�&8�1
������	
��
��
���
�� !�����'()/(7+1EH3G=�UE'().+&�/
"�/�%A��	+"->/�'-6'�0�
/($>H"/9+5=
��/;���-=/�-
 -+&�+<�1�%F
�5+-�G;)�@
�/6@/������	
��
��
���
�82&� !��G(.&1�%��"=)&'()/�'-6'�5+	
����'()9�-�8�9�G;)��7(.�6990�
/($>H"/9+5=$7
�.1+95+	������	
��
���&F4
 P	.��& @2)&1�%0I
����
'-6'��+<� R88>9+��=./0I
 bone-patellar tendon bone 673 medial hamstrings 0�1�%'*�1�%
@
�/6@/������	
��
�'()I*�%>-�  65
Q�.�7+&1�%F
�5+-/(%�.&�� R,��'()5�//�/�1�2<�'()G99
�.m 
�I
� 1�% 	-��&9%=�	H"
	���
���&�
���
� @2)&G9�-
A2&%
�.73 50-60 673'()G9�-
�
�. �I
� 1�%��-
��&����.2-741"39
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(Fares Haddad, Consultant Orthopaedic Surgeon, 2006) 

�D���� 3 1�%F
�5+-�G;)�'*�1�%"%
�&������	
��
��
���
�#-.0I
����8�19%=�	H741"39
� (Bone 
tendon bone grafts)  
 

�	����F��-�����+	���""�#(� 	�
 !' 	��	'
"/����
�/�,��$��$	�$�
�+	 
   R88+.��&$	�/"+/G+�WX��&1�%�1=-1�%9�-�8�9��&������	
��
��
���
�/(�-
�7�.
 R88+.-
	.1+�  R88+.Q�.��1 �I
� %�&�'
�'()"	/0"
 1�%�9�>
�%
�&1�.1
��7&�7
�1(?� �%;� R88+.
Q�.0��.
�& �I
� 7+1EH3'�&1�.Q�G��&���� 1�%$	/$>/��&%399 %3"�'"
	�7
�& %3991�%
�$7;)����	��&���� $	�/.;-�.>
���&���� 673F78�1q�%X#/� � !�5
�(23) @2)& R88+.'+<&Q�.��1673
Q�.0���8/("
	��1().	�
�&1+� �I
� 1�%�7;�10"
%�&�'
�'()�/
��/�3"/��883'*�0�
7+1EH3'�&
1�.Q�G��&����� 7().��  �%;�1�%��1@
�/'()�/
A415
�&��8'*�0�
1�%$	9$>/��&%399 %3"�'
"
	�7
�&� 7().�� 8�1�-=/�-
 -+&6"-&0�%4 '() 4 
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�D���� 4 6998*�7�&A2& R88+.'()�1().	�
�&1+91�%9�-�8�9��&�+11(?� (23) 

 
 R88+.%
	/%3�	
�& R88+.Q�.��1673 R88+.Q�.0� "
&F71%3'95
�1�%�1=-1�%

9�-�8�9��&�����
���
��-
/�1'()">- #-.%4 6998*�7�&'()6"-&A2&F71%3'9��& R88+.%
	/'()'*�0�
�1=-
1�%9�-�8�9(24) -+&'()6"-&0�%4 '() 5  

 
�D���� 5 $	�/"+/G+�WX%3�	
�& R88+.'()/(F75
�1�%9�-�8�9��&������	
��
��
���
� (24) 
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 	�
����#��������)�&��'�	�

��I	#���� 	��	'
"/����
�/�,��$��$	�$�
�+	  
(Changes in biochemical parameter after anterior cruciate ligament injury) (6) 

  8�11�%U21E�0��<*����
���&F4
 P	.'()/(1�%9�-�8�9��&������	
��
��
���
� G9	
�/(
%3-+9��&����@/X673�@#5�$�X�7�.I�=-'()�1().	�
�&1+91�%"7�.�"
�0.$�77��8�6731%3-41�
��
�G=)//�1�2<�@2)&"�-$7
�&1+9�7�.&��	=8+.'()/(1�%17
�		
� 1�%�1=-1�%9�-�8�9��&������	
��
��
�
��
��+<��*�� "4
1�%�1=-#%$�
���
��";)�/�-
 ��;)�&8�1/(1�%�G=)/�2<���&����@/X673�@#5�$�X'()�1().	�
�& 
   ����@/X'()�1().	�
�&�-
61
 %3-+9��&����@/X MMP-3673 TIMP-1 '()�G=)/"4&�2<��.
�&
I+-�8� @2)&1�%�G=)/�2<���&%3-+9����@/X MMP-3 0��<*����
��+<�/("
	�0�1�%1%35>
�0�
�1=-1�%"7�.
$�77��8�673�&$X %31�95
�&m ��&1%3-41�
���G=)/�2<� ��18�1�(<%3-+9��& MMP-3 '()�G=)/�2<�/(
"
	�0�1�%1%35>
�1�%'*�&����&�@#5�$�X�(1�7�.I�=-'()�1().	�
�&1+91�%�+1�"9 �I
� interleukin-1 
673 Tumor necrosis factor-α @2)&83$7
�.1+9%4 699'()�G=)/�2<�0�F4
 P	.�
��+1�"9 @2)&8�11�%U21E�
��& Lohmander 673$H3(25) 0� [ G.U. 2549 0�'�&17+91+�G9	
�%3-+9��& TIMP-1 '()�G=)/�2<�0�
�<*����
���&F4
 P	.� !�� 0�'�&�-(.	1+�1+91�%�G=)/�2<���& MMP-3 ��;)�&8�1 TIMP-1 /(��
�'()0�1�%
.+9.+<&1�%'*�&����& MMP-3 673 ��&1+��/
0�
�1=-1�%"7�.��&$�77��8�673�/'%=1@X5
�& m 
-+&�+<��/;)�/(1�%�G=)/�2<���& MMP-3 %
�&1�.82&/(1�% %+90�
/(1�%"%
�& TIMP-1 "4&�2<��G;)�G.�.�/'()
83$&"Q�	3"/->7Q�.0� 65
G9	
�$	�/"+/G+�WX��&�+5%�"
	���&%3-+9��&��/�@/X MMP-3 5
� 
TIMP-1 0��<*����
���&F4
'()/(��1�%9�-�8�9��&������	
��
��+<�/(�+5%�"
	�'()/�11	
���2)& #-. 15=
G9	
�$	%/(�+5%�"
	��'
�1+9�%;��
�.1	
���2)& �+5%�"
	�'()�G=)/�2<�673�/
"/->7�(< '*�0�
�1=-1�%"7�.
��&1%3-41�
��/�1�2<�1	
� 15= 
  %3-+9��&�@#5�$�X'()�G=)/�2<�0�F4
 P	.'()/(1�%9�-�8�9��&������	
��
��
���
� G9	
�/(
�G(.& interleukin-6 (IL-6) @2)&1�%�G=)/�2<���& IL-6 /("
	�0�1�%1%35>
�1�%'*�&����& MMPs /�1�2<� 
673/("
	�"*�$+,0�1�%�1=-1�%�+1�"9 �(1'+<&.+&G9	
�/("
	�0�
�1=-1�%-*���=�� ��&#%$�
��+1�"9
�G=)//�1�2<� ��;)�&8�11�%$&�.4
��&"�%�@#5�$�X673����@/X /(1�%$&�.4
� !��	7��.
�&�
�. 50 
"+ -��X @2)&F7��&1�%$&�.4
��&"�%I(	�$/('+<&"�&5+	-+&17
�	�(< 83/(F70�1�%'*�7�.��;<��.;)�1%3-41
�
���.
�&5
���;)�& @2)&83�*�� "4
#%$�
���
��";)�/�-
0�'()">- (6) 
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�	���	 ��	#�	�F��-� ����������	'��
���+	� ����	���+�
'�#�  
(Single Nucleotide Polymorphism, SNP) (26) 

  � !�$	�/�7�1�7�.'�&G+�W>1%%/'()G9�-
9
�. #-. %3/�H	
�G90�'>1 m 1,000 
�9" #-. 2 0� 3 ��&'()G9'+<&�/- !�1�%� 7().�5*�6��
&8�1�9"�@#5@(� (C) � � !��9"�'/(� (T)  
 

 
(http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism) 

�D���� 6  1�%�1=-1�%� 7().�6 7&��&7*�-+9�9"5*�6��
&�-(.	 
 

  $	�/� 7().�6 7&�(<��8"
&F75
�1�%6"-&��1��&.(� 673 %=/�H�%;�1�%'*�&��
��&# %5(� �%;���8�/
"
&F70- m �2<��.4
1+95*�6��
&'()�1=-1�%� 7().�6 7&9�"�.-(������ @2)&
"�/�%A69
&�-
��1� !� 2 I�=- $;� 
 1. "�= '()�1=-�2<�0�"
	�'()�/
/(1�%A�-%�+"  
 1.1 Regulatory SNP @2)&� !�"�= '()/(F70�1�%$	9$>/1�%6"-&��1��&.(� �1=-�2<�9
�.5%&
9%=�	H# %#/�5�%X /($	�/"*�$+,0�1�%$	9$>/0�
.(�/(1�%6"-&��1��&1�%"%
�&# %5(�0�
/�1�2<�
�%;��
�.7&�-
 
 1.2 "�= '()�1=-�2<�9%=�	H%�.5
�%3�	
�&���1@��1+9�=�'%�� '()�%(.1	
� splicing site @2)&/(F7
'*�0�
1�%5+-5
���%X������F=-� 8�1�-=/ "
&F70�
8*��	�1%-�3/=#�0�"�.#G7(�G �'-XF=-�  
 1.3 Intronic SNP � !�"�= '()�1=-�2<�9%=�	H�=�'%�� @2)&"
	�0�,
�/
/($	�/"*�$+,/�1�+1 
 2. "�= '()�1=-�2<�0�"
	�'()/(1�%A�-%�+" 
 2.1 Non-synonymous SNP $;� "�= '()�1=-�2<�0�7*�-+9�9"'()0I
0�1�%A�-%�+" '*�0�
�1=-
1�%� 7().�6 7&��&I�=-��&1%-�3/=#� 
 2.2 Synomymous SNP � !�"�= '()�1=-0�7*�-+9�9"'()0I
0�1�%A�-%�+" 65
�/
'*�0�
�1=-1�%
� 7().�6 7&��&1%-�3/=#� 
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   R88>9+�/(1�%U(1E�A2&$	�/"+/G+�WX%3�	
�&"�= 1+97+1EH3'�&$7=�=$/�1/�. 
1�%U21E�7+1EH3�(<8*�� !�5
�&5%	8"�9"�= �7�.5*�6��
&'()�.4
017
1+� ��18�1�(<.+&/(1�%
 %3.>15X0I
"�= '�&1�%6G'.X�.
�&�7�1�7�. �I
� 1�%0I
"�= �G;)�1�%	=�=8V+.#%$'�&G+�W>1%%/ 
�%;�1�%	=�=8V+.#%$@2)&0I
	=W(1�%5%	8�;)�5%	8	=�=8V+.�-
�/
"/94%HX �I
� #%$'�&8=5 %3"�' 57�-8�
1�%'*���. R88+.�"().& �%;�.(�I+1�*�Q�	31�%1
�#%$ 1�%U21E�$	�/"+/G+�WX%3�	
�&7+1EH3'�&
G+�W>1%%/5
�1�%5�9"��&5
�.�0�65
739>$$7 %	/A2&1�%0I
"�= 0�&��	=8+.%3-+9#/�71>7 
��18�1�(<"�= .+&"�/�%A0I
� !�5+	I(<	+-��&1�%�1=-#%$�-
�(1-
	. 
   
��""�#
���#��	�F��-� ��������V��+� 	�
 !' 	��	'
"/����
�/���� �$	�
�%&�  
(Genetic risk factor for musculoskeletal soft tissue injuries) (27) 

  1�%9�-�8�9��&����67317
�/��;<�� !�1�%9�-�8�9'()G9�-
9
�.0�1�%�7
�1(?�
5
�&m 6731�%'*�&��0�	=A(I(	=5 %38*�	+�'+)	�  @2)&1�%9�-�8�9/(%4 699'()G9�-
9
�.$;� 1�%�1=-1�%
9�-�8�9%>�6%&�.
�&�V(.9G7+�@2)&��8�1=-8�1�>9+5=��5>�%;�1�%0I
&��'()��+1�1=�1*�7+& 5*�6��
&��&
����'()G91�%9�-�8�9�-
9
�.�-
61
 ����%
�.�	�. ����9%=�	H�+	��7
 673������	
��
��
���
� @2)&1�%
9�-�8�9��&����%
�.�	�.673������	
��
��
���
�"
	�0�,
�1=-8�1�>9+5=��5>0�1�%�7
�1(?�673�1=-
�.
�&�V(.9G7+� 0��H3'()1�%�1=-1�%9�-�8�9��&����9%=�	H�+	��7
/+1�1=-8�11�%0I
&����&����'()
��+1�1=�1*�7+& 
  7+1EH3#$%&"%
�&��&�"
����� %31�9� -
	.�<*�/�11	
�"�&0�"�/"
	� 
��18�1�+<� %31�9-
	."�.$�77��8�I�=-'() 1 673.+&/("
	� %31�9%�&'() %31�9-
	. $�77�
�8� %3�Q'5
�& m �I
� $�77��8�I�=-'() 3, 4, 12 673 14 @2)&83�.4
7
�/%�9��;<�G;<�Q�.��1�@77X 
-+&%4 '() 7 673.+&/("
	���&# %5(#��176$�5
�& m �I
� �-�$�%=� 74/=6$� �17#$# %5(��.
�&�I
� �(
7�"5=� 673�'��=@=� @( � !�"
	� %31�9'()"*�$+,�I
��-(.	1+� 65
�.
�&�%1�5�/"
	� %31�9'()/(
$	�/"*�$+,'()">-$;� $�77��8�I�=-'() 1  

 
 �D���� 7 #$%&"%
�&G;<�{����&�"
����� (27) 
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  1�%"%
�&"�%# %5(�'()� !�"
	� %31�9��&�"
�����67317
�/��;<��+<� 83A41$	9$>/
#-.7+1EH3'�&G+�W>1%%/��&9>$$7 -+&�+<�1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%/82&�*�� "4
1�%
� 7().�6 7&1�%6"-&��1��&1�%"%
�&# %5(�'()F=- 15=�  @2)&� !�"
	�0�
/(1�%�1=-1�%9�-�8�9��&
����67317
�/��;<��-
/�1�2<� 
  7+1EH317�1��&1�%�1=-1�%9�-�8�9.+&�/
/(1�%U21E�673��
�08/�1�+1 ��;)�&8�1
1�%�1=-1�%9�-�8�9��&����67317
�/��;<�  %31�9-
	.�7�. R88+.'()�1().	�
�& '+<& R88+.Q�.��1
673 R88+.Q�.0���& 65
 R88+.'()8*��G�31+95+	9>$$7/�8�1 R88+.Q�.0���&5+	9>$$7�+<� @2)& R88+.
Q�.0���7
��(<�-
/(1�%U21E�67
		
��1().	�
�&1+91�%�1=-1�%9�-�8�9��&�����7�."
	�0�%
�&1�. '+<&
699�V(.9G7+�673699�%;<�%+& -+&�+<�82&/("/>5={��	
�1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%/'()
5*�6��
&�VG�3/("
	�5
�$	�/�"().&0�1�%�1=-1�%9�-�8�9��&����67317
�/��;<��G=)/�-
/�1�2<� 
  .(�'()/("
	��1().	�
�&1+91�%�1=-1�%9�-�8�9��&����'()"*�$+,�-
61
 
 1. .(�$�77��8�I�=-'() 1 ��;)�&8�1$�77��8�� !��&$X %31�9�7+1��&����5
�& m 673
$�77��8� %31�9-
	.# %5(� 3 "�. �-
61
"�.�+7B���2)& 2 "�. 673"�.�+7B�"�& 1 "�. @2)&A41
$	9$>/#-..(� COL1A1 673 .(� COL1A2 $	�/F=- 15=��&.(� COL1A1 � !�"���5>'()'*�0�
�1=-
1�%"%
�&1%3-41'()�/
"/94%HX 673#%$ Ehlers-Danlos  
 "
	�1�%�1=-1�%� 7().�6 7&��&�9"5*�6��
&�-(.	9�.(� COL1A1 #-.�VG�3'()5*�6��
& 
intronic Sp1 binding site (rs1800012) '()/(1�%� 7().���&�9"1+	�(� (G) � � !��'#%@(� (T) '*�0�

�1=-1�%8+9��&# %5(� Sp1 /�1�2<� 82&/(1�%6"-&��1��&.(� COL1A1 �G=)//�1�2<� 
 0��H3'()%4 699��&8(#��' �'()� !� TT 8(#��' � �+<�8�11�%U21E�0�17>
/ %3I�1%F=	��	
I�	6�B%=1�05
G9	
�/("
	�I
	. ��&1+�1�%�1=-1�%9�-�8�9��&����%
�.�	�.�-
/�1�2<� @2)&F7
1�%U21E�-+&17
�	.+&"�-$7
�&1+9&��	=8+.0�17>
/ %3I�1%I�	"	(�-�'()G9	
�8(#��' � TT /("
	�
 ��&1+91�%�1=-1�%9�-�8�9��&������	
��
�673����9%=�	H�+	��7
�G=)/�2<� #-.G98(#��' � TT 0�
"+-"
	�U4�.X8>-"()5
���2)&%
�.0�17>
/F4
 P	. 673G90�"+-"
	�"()8>-��2)&5
���2)&%
�.0�17>
/ %3I�1%
 15=  
 2. .(��/'%=1@X�/5�#7# %5(���" 
 17>
/��&.(�'()'*���
�'()0�1�%"%
�&"
	� %31�95
�&m��&���� 673'*�1�%$	9$>/1�% %+95+	 
1�%%+1E�5+	��& 6731�%"%
�&�2<�0�/
5
�& m ��7
��(<  %31�9-
	..(�'()$	9$>/1�%"%
�&# %5(�0�17>
/
�/'%=1@X�/5�#7# %5(���" (MMPs) ADAMTSs (a distntegrin like and metalloproteinase-
thrombospondin with type 1 motif) TIMPs (tissue inhibitor of metalloproteinases) � !�5
� 
 /(�7+1{��'()6"-&0�
����	
�1�%6"-&��1��&.(� MMPs /("
	�0�1�%"7�.��&�"
����� 673
/("
	�0�1�%� 7().�6 7&1�%%+9�<*���+1�I=&17��&����%
�.�	�.7&�-
 6738�11�%5%	80�@(%+)/��&



20 
 

F4
 P	.'()/(��1�%9�-�8�9��&����%
�.�	�.G9	
�/(%3-+9��&# %5(� MMP 2 673 MMP 7 �G=)/"4&�2<� 
"
	���&1�%5%	80��<*����
���&F4
 P	.'()/(1�%9�-�8�9��&������	
��
��
���
�G9	
�/(%3-+9��&
����@/X MMP 3 "4&�2<��I
��-(.	1+� 
 1�%� 7().�6 7&7+1EH3'�&G+�W>1%%/��&.(� MMP-3 /(�7�.5*�6��
& (rs 6796220, 
rs591058 673 rs650108) '()�1().	�
�&1+9$	�/�"().&0�1�%�1=-1�%9�-�8�9��&����%
�.�	�.0�17>
/
 %3I�1%I�F=	��	I�	6�B%=1�05
 @2)&�+77(7'()�
�"�08$;� �+77(7 G 0�5*�6��
& rs6796220 @2)&G9	
�
A
�G9 �+77(7 G 9�#$%#/#@/'+<&"�&�"
�83'*�0�
�1=-$	�/�"().&5
�1�%9�-�8�9��&����%
�.�	�.
�G=)/�2<�� !�"�&�'
�  
  #-."%> 67
	.(�'()�1().	�
�&1+91�%�1=-1�%9�-�8�9��&���� 83 %31�9-
	..(�0�
17>
/ COLs 673 MMPs ��18�1�(<.+&G9 TNC %
	/-
	. ��;)�&8�1.(�'()17
�	/�'+<&�/-�(</("
	�0�
1�%"%
�&# %5(�'()� !�"
	� %31�9��&�"
����� @2)&1�%�1=-1�%� 7().�6 7&��&.(�-+&17
�	��883
�*�� "4
1�%�1=-1�%9�-�8�9��&�����-
/�1�2<�  
  65
'+<&�/-'()17
�	/��(<.+&5
�&1�%1�%G="48�X'()/(�7+1{��/�11	
��(< 0�-
��
$	�/"+/G+�WX��&.(�I�=-5
�&m 1+9��1�%9�-�8�9'()�1=-�2<� 5
�&/(1�%�1�95+	�.
�&0�8*��	� %3I�1%
'()"4&�2<� 673/(�'$�=$0�1�%��7*�-+9��&"�%G+�W>1%%/'()-( 1�%'*�1�%	=8+.6995=-5�/F7�.
�&
5
���;)�&$	%�*�/�0I
�G;)�'*�1�%.;�.+�"/>5={��'()5+<&�2<� 1�%�� R88+.�"().&'�&G+�W>1%%/�(<� !��G(.&
%4 699��2)&'()0I
'*�$	�/��
�080�17�11�%�1=-1�%9�-�8�9��&����67317
�/��;<� @2)&"�/�%A�*�� 
 %3.>15X0I
0�1�% ��&1+�1�%�1=-1�%9�-�8�9 1�%%+1E� 6731�%BCD�B4"Q�G%
�&1�.��&F4
 P	. 
 
*
����$	���� 	���	�	����
��,Z��
���! Z�
��	*�*�����
��  
(Structure and function of Matrix Metalloproteinases) (28) 

  1�%"7�.��&��;<�G;<�Q�.��1�@77X (extracellular matrix) � !�"
	� %31�9'()
"*�$+,��&1�%G+���%4 %
�&��&��;<��.;)�@2)&A
�1�%'*�&��5%&"
	��(<F=- 15=� 83'*�0�
�1=-#%$5
�&m 
/�1/�. �I
� #%$�7�-�7;�-6-&6��&5+	 1�%5(96$9��&I
�& %3"�'��"+��7+& Q�	317
�/��;<�
�+	08�
�&7
�&@
�.���5+	 Q�	3�"
�#7�=56-&# P&G�& Q�	3�
��+1�"9 Q�	3�5�+1�"9 /3�%�& 1�%�1=-
G+&G;-0�9%=�	H5
�& m (29) � !�5
� @2)&��/�@/X'()"*�$+,0�1�%'*�0�
�1=-1�%"7�.5+	��& ��;<�G;<�
Q�.��1�@77X$;� �/'%=1@X�/5�#7# %5(���" (matrix metalloproteinases; MMPs) @2)&0�/�>E.X�+<�
G9	
�/(.(�'()"%
�&�/'%=1@X�/5�#7# %5(���"�.4
 24 .(� 65
/(1�%6"-&��1/��-
 23 %4 699 0��H3
'()%
�&1�.�.4
0�"Q�	3 15=�+<�1�%'*�&����&�/'%=1@X�/5�#7# %5(���"�+<�835)*�/�18�A4173�7.�  
65
83/(1�%6"-&��1A2&1�%'*�&����&�/'%=1@X�/5�#7# %5(���" �G=)/�2<��.
�&/�1 A
��1=-1�%
1%35>
�#-. "�% %3�Q' �@#5�$�X growth factor q�%X#/� �%;� z=1%=.�%3�	
�&�@77X @2)&"/->7��&
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1�%$	9$>/1�%'*�&����&����@/X-+&17
�	8*�� !�5
�1�%"%
�&673"7�. ��;<�G;<�Q�.��1�@77X� !�
�.
�&.=)&  

 #$%&"%
�&�7+1��&�/'%=1@X�/5�#7# %5(���" %31�9� -
	. catalytic domain @2)&
/(1%-�3/=#��.4
 %3/�H 170 ��
	. a linker peptide of variable lengths, specificity 
determinants, MMP prodomain @2)&/(1%-�3/=#��.4
 %3/�H 80 ��
	. 673 heropexin-like 
domain@2)&/(1%-�3/=#��.4
 %3/�H 200 ��
	. ��18�1�(<0�9%=�	H catalytic domain 83/( zinc 
binding motif HEXXHXXGXXH @2)&/(1%-�3/=#� histidines %
	/�.4
-
	.673/( �cysteine switch� 
motif PRCGXPD �.4
0�9%=�	H propeptide @2)&/(1%-�3/=#� cysteine '()'*���
�'()8+91+9 Zn �G;)�0�

ProMMPs �.4
0�%4 '().+&�/
/(1�%1%35>
�@2)&A;�	
�� !�"+,7+1EHX��&����@/X %3�Q'�(< 

 ��
	..
�.'+<&�/-�(<��86515
�&1+�� 5�/65
73I�=-��&����@/X�/'%=1@X            
�/5�#7# %5(���" 0�5��6%1�+<��/'%=1@X�/5�#7# %5(���"83A41"%
�&�2<�/�0�%4 ��&# %�/'%=1@X
�/5�#7# %5(���" @2)&.+&�/
"�/�%A'*�&���-
8�1	
�83/(1�%1*�8+-"
	���&# %5(���"'()�%(.1	
� 
�bait� ��1� '*�0�
# %�/'%=1@X�/5�#7# %5(���" "�/�%A�.4
0�%4 '()"�/�%A'*�&���-
 @2)&1�%
'*�&����&�/'%=1@X�/5�#7# %5(���"�+<�  

 

 
�D���� 8 #$%&"%
�&�7+1��&����@/X�/'%=1@X�/5�#7# %5(���" (28) 

 
 ����@/X�/'%=1@X�/5�#7# %5(���"� !�����@/X %3�Q' ���#-# %5(���" 

(endoproteinase)'()8*�� !�5
�&0I
 Zn I
	.0�1�%'*�&�� #-.69
&��1� !� 5  %3�Q'�7+1 $;�      
1. collagenases @2)& %31�9-
	.����@/X MMP-1, MMP-8, MMP-13 /(��
�'()"*�$+,0�1�%

.
�."�.$�77��8���1� !�"
	�m ��18�1�(<.+&.
�."�% ECM 5
�&m�-
�(1�7�.I�=- $	�/"*�$+,
��&����@/XI�=-�(<�.4
'()1�%6"-&��10���
�'()��&1�%5+-"�.$�7��8� 
 2. gelatinases  %31�9-
	.����@/X MMP-2, MMP-9 @2)&/("
	���&�B#9%��15=�6'%1�.4

0� catalytic domain @2)&��
�'()��&1�%'*�&��0�����@/X17>
/�(< $;� 1�%.
�.$�77��8�, �87�5=�, 7�
/=�=� 673 aggrecan 65
83/($	�/"�/�%A'()-
�.1	
�����@/X0�17>
/ collagenases  
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 3. stromelysins  %31�9-
	.����@/X MMP-3, MMP-10, MMP-11 /("
	� %31�9��&
#-�/�# %5(�$7
�.1+9 collagenases 65
�/
"�/�%A'*�1�%.
�."�.$�7��8��-
 MMP-3 673 
MMP-10 83� !�����@/X'()/($	�"�/�%A0�1�%.
�."�% %3�Q' ECM �-
�7�1�7�.I�=-673G9	
�
/($	�/"*�$+,0�1�%� 7().�6 7&%4 %
�&��&��;<��.;)��(1-
	. 
 4. matrilysins /("/�I=1$;� MMP-7, 673 MMP-26 ����@/X0�17>
/�(<83�/
/( hemopexin 
domain 65
/($	�/"*�$+,0�1�%5+-"
	���& ligand, syndecan, 673 cadherin �-
 
 5. membrane-bound MMPs 8369
&��1� !� 2 I�=- �-
61
 type 1 transmembrane 
proteins 673 glycosylphosphatidylinositol-anchored proteins @2)&'+<&�/-'*���
�'()� !� 
intracellular enzyme '*���
�'()1%35>
�����@/X0�17>
/ MMPs 5+	�;)�0�
�.4
0�"Q�G'*�&�� #-./�1
G9�.4
9%=�	HG;<�F=	��&�@77X 
 
17>
/ "+,7+1EHX I;)��%(.1 5)*�6��
&9�"�.G+�W>1%%/ 
Collagenases MMP-1 

MMP-8 
MMP-13 

Collagenase 1 
Collagenase 2 
Collagenase 3 

11q22.3 
1q22.3 
11q22.3 

Stromelysins MMP-3 
MMP-10 
MMP-11 

Stromelysin 1 
Stromelysin 1 
Stromelysin 1 

11q22.3 
11q22.3 
22q11 

Gelatinases MMP-2 
MMP-9 

Gelatinase A 
Gelatinase B 

16q21 
20q11-q13 

Membrane-type MMPs MMP-14 
MMP-15 
MMP-16 
MMP-17 
MMP-24 
MMP-25 

MT1-MMP 
MT2-MMP 
MT3-MMP 
MT4-MMP 
MT5-MMP 
MT6-MMP 

14q11-q12 
16q12-21 
8q21 
12q24.33 
20q11.2 
16p13.3 

Other MMP-7 
MMP-12 
MMP-19 
MMP-20 
MMP-23 
MMP-26 

Matrilysin 
Macrophagemetalloelastase 
- 
Enamelysin 
- 
Endometase 

11q22.3 
11q22.3 
12q14 
11q22 
1p36 

�	�	���� 1  I�=-��&����@/X�/'%=1@X�/5�#7# %5(���"'()G90�/�>E.X 
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  1�%'*�&����&�/'%=1@X�/5�#7# %5(���"83A41$	9$>/#-. 1�%1%35>
���& 
precursor zymogen  673A41.+9.+<&#-. endogenous inhibitor �I
� α2-macroglobin @2)&� !��17#$
# %5(�0�G7�"/� /(���- 725 kDa  %31�9-
	.��
	..
�. 4 ��
	. @2)&'*���
�'().+9.+<&1�%'*�&��
��&����@/X#-.1�%8+9����@/X�/'%=1@X�/5�#7# %5(���"��
�/�.+&macroglobulin67383A41"7�.
#-.receptor mediated endocytosis @2)&����@/X�/'%=1@X�/5�#7# %5(���"83A41$	9$>/#-. α2-
macroglobin � !�6�
&6%1 673 tissue inhibitors of metalloproteinases (TIMPs)@2)& %31�9-
	.
1%-�3/=#� 184-194 I�=- @2)&83'*���
�'()8+91+9"
	�#-�/���&����@/X�/'%=1@X�/5�#7# %5(���" 
#-. TIMPs 83/(%4 %
�&��/;��1+97=)/673/("
	���& N-terminal '() %31�9-
	.1%-�3/=#��-
61
 
Cys1-Thr-Cys-Val4 673 Glu67-Ser-Val-Cys70 '()8+91+�-
	.G+�W3�-@+7�B5X'*�0�
 TIMPs /(%4 %
�&
'()$&'()673"�/�%A6%1��
�� 1+91+99%=�	H active site ��& MMPs '*�0�
"4,�"(.��
�'() 673"7�.� 
0�'()">- -+&�+<�"/->7%3�	
�&1�%'*�&����& MMPs 673 TIMPs 83/(9'9�'0�1�%$	9$>/1�%
� 7().�6 7&%4 %
�&��& extracellular matrix 
  ��18�1�(<.+&G9	
�/(# %5(��(1�7�.I�=-'()"�/�%A.+9.+<&1�%'*�&����&����@/X
�/'%=1@X�/5�#7# %5(���"�-
 �I
� # %5(�'()�7+)&��1/�8�1 β-amyloid "�/�%A.+9.+<&1�%'*�&��
��& MMP-2 �-
 � !�5
� @2)&�+<�5���7+10�1�%$	9$>/1�%6"-&��16731�%'*�&����&.(��/'%=1@X�/
5�#7# %5(���" �-
61
 1�%$	9$>/0��+<�5����&1�%A�-%�+"��&.(� 1�%1%35>
�0�
/(1�%'*�&����&
����@/X 6731�%.+<9.+<&#-. TIMPs @2)&�+<�5��'()"*�$+,'()">-$;� �+<�5��0�1�%A�-%�+"��&.(�
��;)�&8�11�%6"-&��1��&.(��/'%=1@X�/5�#7# %5(���" 836"-&��11�5
��/;)�%
�&1�./($	�/
5
�&1�%0�1�%� 7().�6 7&%4 %
�&��&��;<��.;)��VG�38>-�'
��+<� 65
/(�
�.1�	
�0� ����@/X�/'%=1@X�/
5�#7# %5(���"-2 @2)&/(1�%6"-&��10���;<��.;)��7�.I�=-6730�%3-+9'()/(F75
���;<��.;)��.
�&/(
�+."*�$+, 
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�D���� 	�
����#��������#��
���! Z�
��	*�*�����
��  
(Polymorphism in matrix metalloproteinase) 
  8�11�%U21E�G9	
�1�%� 7().�%4 699��&"�%G+�W>1%%/��&����@/X�/'%=1@X�/
5�#7# %5(���" 5%&5*�6��
&��&# %#/�5�%X� !�"
	�'()/($	�/"*�$+,0�1�%�1=-#%$5
�&m 673/(F7
1+91�%6"-&��1��&.(��/'%=1@X�/5�#7# %5(���"(30) �+<� -+&5�%�&'() 2 
 

.(� %4 699��&1�%
� 7().�6 7& 

5*�6��
&'()/(1�%
� 7().�6 7& 

7+1EH3��&1�%
� 7().�6 7& 

#%$'()�1().	�
�& 

MMP-1 -1607del/ins -1607 + / - G Ovarian cancer 
MMP-3 -1612del/ins 

(5A/6A 
polymorphism) 

-1612 + / - A Coronary 
atherosclerosis 
Myocardial 
infarction 

MMP-9 C-1562T -1562 C to G Coronary 
atherosclerosis 
 

Microsatellite -90 (CA)n Abdominal aortic 
aneurysm 
Multiple sclerosis 

MMP-12 A-82G -82 A to G Coronary 
atherosclerosis 
 

�	�	���� 2 5*�6��
&��&1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%/��&.(��/'%=1@X�/5�#7# %5(�
��"673#%$'()�1().	�
�& 
 
�D���� 	�
����#��������#��
���! Z�
��	*�*�����
�� 3  
(Polymorphism in matrix metalloproteinase-3) 
  �/'%=1@X�/5�#7# %5(���"-3 � !�����@/X0�17>
/ stromelysins '()/($	�/"*�$+,$;� 
$	�/"�/�%A0�1�%"7�.��;<�G;<�Q�.��1�@77X'()"*�$+,�-
�7�.I�=- �I
� aglycan, collagen type 
4, fibronectin 673.+&"�/�%A'*���
�'()0�1�%1%35>
�0�����@/X MMPs 5+	�;)�'*�&���-
(31)  -+&�+<�
1�%� 7().�6 7&0�"
	���&# %#/�5�%X9�.(��/'%=1@X�/5�#7# %5(���"-3 �+<�82&/($	�/"*�$+,673
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/(1�%U21E�1+�/�1#-.�%=)/5+<&65
1�%� 7().�6 7&��&�9"�G(.&5*�6��
&�-(.	��&����@/X MMP-3 A41
$
�G9$%+<&6%1 [ G.U. 2536 #-. Ye 673$H3 @2)&9%=�	H'()/(1�%� 7().�6 7&83�.4
5%&5*�6��
& 
�1612 8�1# %#/�5�%X @2)&/("�.��2)&��&�+77(7/(�9"�3-(#�@@(� 5 5+	 (5A) 673�(1"�.��2)&/(�9"�3
-(#�@(� 6 5+	 (6A)   
  0��H3'()"�.'()/( �9"�3-(#�@(� 5 5+	 /(1�%'*�&��6731�%6"-&��1'()-(1	
�"�.'()
/(�9"�3-(#�@(� 6 5+	 65
A
��1=-1�%� 7().�6 7&��&"�%G+�W>1%%/'()5*�6��
&-+&17
�	 ��8"
&F7A2&
1�%'*�&����&.(��/'%=1@X�/5�#7# %5(���"-3 ��;)�&8�19%=�	H-+&17
�	� !�9%=�	H'()/(1�%8+9��& 
transcription factor 65
A
�1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%/�1=-�2<� '*�0�
/($	�/A()��& 5A 
0��+77(7/�1�2<��.
�&I+-�8� @2)&1�%�G=)/�2<���&5*�6��
& 5A 9�"�.�+77(7� !�1�%�G=)/$	�/�"().&5
�
1�%�1=-#%$ �I
� #%$�+	08��-�7;�-�.
�&&�V(.9G7+� (14) ��18�1�(<1�%�1=-1�%� 7().�6 7&��&"�. 
�+77(7'()/(5*�6��
& 6A '()'*�0�
/("�.�+77(7 6A �G=)/�2<� 1�G9	
�/($	�/"*�$+,5
�1�%�1=-Q�	31�%
"3"/$��7"�5�%�7'()F�+&�7�-�7;�- 673Q�	31�%���5+	�2<���&�7�-�7;�-6-& @2)&"���5>0�'()�(<
�
�83/�8�1 1�%9-9+&1�%6"-&��1��&�+77(7'()/(5*�6��
&�9" 5A '*�0�
/(1�%6"-&��1��&.(��/'
%=1@X�/5�#7# %5(���"��1/��/
/�1�'
�'()$	% 6731�%�1=-1�%� 7().�6 7&��&�9"0�5*�6��
& -
1612 5A/6A .+&/($	�/"�-$7
�&1+91�%�G=)/�2<���&%3-+9��&��/�@/X MMP-3 0�1%36"�7;�-��&
F4
 P	.#%$17
�/��;<��+	08��-�7;�-(32,33) 
  0�1�%�1=-1�%� 7().�6 7&��&"�%G+�W>1%%%/��&.(� MMP-3 '()�1().	�
�&1+91�%
�1=-#%$�/��%�&1%3-41"+��7+&�";)�/8�11�%U21E���& Takahashi M. 673$H30� [ G.U. 2545 
G9	
�1�%�1=-1�%� 7().�6 7&��&.(� MMP-3 0�17>
/F4
 P	.#%$1%3-41"+��7+&�";)�/'()/(��.>/�11	
� 
64  [�2<�� 8*��	� 49 %�. G9	
�1�%� 7().�6 7&%4 699��&"�%G+�W>1%%//($	�/�1().	�
�&1+9
$	�/%>�6%&��&#%$'()�G=)/�2<� #-.G9	
�0�17>
/F4
 P	."4&��.>'()/(7+1EH3G+�W>1%%/699 5A 83/($
�
$36��1�%"7�.��&�/��%�&1%3-41"+��7+&'()"4&1	
�17>
/��&F4
 P	."4&��.>'()/("+1EH3'�&
G+�W>1%%/699 6A 65
0�17>
/F4
 P	.'()/(��.>'()�
�.1	
� 28  [ 17+9�/
G9$	�/"+/G+�WX%3�	
�&1�%�1=-
1�%� 7().�6 7&��&"�%G+�W>1%%/-+&17
�	1+91�%-*���=�� ��&#%$ 
  �(11�%U21E���2)&'()"�+9"�>�1+�$;� 1�%U21E���& Han-Yan Yuan 673$H3 (34)    
0� [ G.U. 2553 @2)&�-
'*�1�%U21E�0�17>
/F4
 P	.'()/�%+91�%%+1E���1�% 	-�7+&'()/("���5>/�8�1
�/��%�&1%3-41"+��7+&�";)�/8*��	� 178 %�. @2)&F4
 P	.A41	+-1�%�";)�/��&�/��%�&1%3-41673'*�
1�%5%	8��%4 699��&"�%G+�W>1%%/ %
	/1+91�%@+1 %3	+5=�G;)�U21E� R88+.%
	/0�1�%�1=-#%$ 
G9	
�1�%�1=-1�%� 7().�6 7&��&.(� MMP-3 0�%4 699 5A '*�0�
�1=-$	�/�"().&0�1�%�1=-#%$
"4&�2<� 1.96 �'
� 65
A
�/(7+1EH31�%0I
I(	=5 %38*�	+�'()�1().	�
�&1+9&��'()5
�&/(1�%�+)&� !�%3.3
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�	7���� �%;�5
�&1
/�7+&�.
�&5
���;)�&83'*�0�
�1=-$	�/�"().&5
�1�%�1=-#%$�/��%�&1%3-41"+�
�7+&�";)�/�G=)/�2<�� !� 2.91 �'
� 
  "
	�1�%� 7().�6 7&��&5*�6��
&�9"5
�& m 9�.(� MMP-3 �-
�%=)//(1�%U21E�1+�
/�1�2<�0�#%$5
�& m �I
� #%$/3�%�& (35) #%$�7�-�7;�-�+	08�>-5+� (36) #%$�
�%4/�5�.-X (37) @2)&F7��&
1�%�1=-1�%� 7().�6 7&��&�9"0�5*�6��
&5
�& m -+&17
�	83/($	�/$7
�.1+91�%� 7().�6 7&0�
5*�6��
& -1612 �%;��/
.+&�/
/(�
�"%> '()6�
I+-	
�1�%�1=-1�%� 7().�6 7&'()5*�6��
&0-83"
&F75
�1�%
6"-&��1��&.(� MMP-3 /�1'()">- -+&�+<�5*�6��
&��&1�%� 7().�6 7&��&7*�-+9�9"��&.(�  
MMP-3 '()/(F71%3'95
�1�%6"-&��1��&.(�/�1'()">-82&5
�&/(1�%U21E�5
��  
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�����  3 

�!-�'�	
�!� 	��!"�# 

���)	 � 
1. 17>
/ %3I�1%� ���/�. (Target Population) 

 1.1 inclusion criteria F4
 P	.'()/�%+91�%%+1E���1�%9�-�8�9��&������	
��
��
�
��
� 8�16F�1��%X#W }-=1"X #%&G.�9�78>?�7&1%HX "Q�1�I�-�'. 

 1.2 exclusion criteria F4
 P	.'()/�%+91�%%+1E���1�%9�-�8�90�"
	�'()�/
0I
��1�%
9�-�8�9��&������	
��
��
���
� 8�16F�1��%X#W }-=1"X #%&G.�9�78>?�7&1%HX "Q�1�I�-�'. 

 
2. ���-��& %3I�1%5+	�.
�& (Sample Size) 

  1�%U21E�0�$%+<&�(<� !�699 case-control study 0�F4
 P	.'()/(��1�%��&������	

��
��
�V(1��
���- '()/�%+91�%%+1E�'()#%&G.�9�78>?�7&1%HX 673�*�/�� %(.9�'(.91+917>
/$	9$>/
@2)&� !�17>
/$�'()�/
/( %3	+5=��&1�%9�-�8�9'()������	
��
��
���
�/�1
�� � !�8*��	� 100 $� '()/(
$	�/"+/G+�WX1+�0���.>673�GU'()017
�$(.&1+� (age and sex-match) 
  ��;)�&8�11�%U21E�0�$%+<&�(<17>
/ %3I�1�%69
&��1� !� 2 17>
/673� !��="%35
�1+� 
6738�11�%U21E� pilot test 0�1�%1%38�.5+	��&.(�'()"�08 82&�*�/�"4
1�%$*��	���8*��	���&
17>
/5+	�.
�&8�1�% %3/�H$
��V7(). #-.0I
"45%-+&�(<  

 

   #-.  n   =      (Zα/2)
2 

     4∆2 
 

   '() α = 0.05;   Zα/2 = 1.96 
 
 n  =  ���-��&17>
/5+	�.
�& 
 Z  =  $
� Z score '()%3-+9$	�/�I;)�/+)� 95%  

 ∆  =  relative acceptable error @2)&.�/%+9'()$
�$	�/F=-G7�-�/
�1=� 10% 
  

-+&�+<�  n =         (1.96)2  =   96.04 
    4 x (0.1)2  
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 -+&�+<����-5+	�.
�&0�17>
/�'
�1+9�.
�&�
�. 96 %�. 82&83 %3/�H$
�%
�.73#-.
/($	�/F=-G7�-�/
�1=� 10% 65
�G;)�$	�/6�
���673A415
�&��&�
�/47 673 ��&1+�1�%"4,��.��&
5+	�.
�& ��;)�&8�18�1�1�95+	�.
�&83'*��-
1�5
��/;)�F4
 P	./���
�%+91�%5%	8%+1E��'
��+<� 82&5
�&'*�
1�%�1�95+	�.
�&0�
/�1'()">-�'
�'()"�/�%A�1�9�-
 $;� %3/�H 100 %�. 6735+	�.
�&8�117>
/$	9$>/
8*��	� 100 %�. #-.'()�GU017
�$(.&1+� (gender-match)  

 673/(1�%'*�1�%	=8+.699 pilot study �G;)�� !��
�/47�9;<�&5
�0�1�%	=8+. #-.0I

8*��	�5+	�.
�&'+<&�/- 30 %�. �G;)��*��
�/47/�	=�$%�3�X%4 6991�%1%38�.5+	��&.(� 1
��1�%
'*�1�%U21E�0�F4
 P	.17>
/0�,
5
��  

 ��18�1�(<0�17>
/F4
 P	.'()�-
%+91�%F
�5+-�G;)�@
�/6@/������	
��
��
���
� '()F
��/�
� !�%3.3�	7� 1-3  [ �-
'*�1�% %3�/=�"/%%AQ�G��&�
���
�#-.0I
699"�9A�/'()�
�&�=&/�8�1 
International Knee Documentation Committee (IKDC) (38) 673'*�1�% %3�/=�$	�/6��&6%&673
$	�//+)�$&��&������	
��
��
���
�Q�.�7+&1�%F
�5+-  



�%����%����()$(� 	��!"�# 
1. �$%;)�&/;� 

1.1 Autoclave (Hydroclave Harvey, USA) 
1.2 Automatic adjustable micropipette (Eppendorf, Germany) 
1.3 Balance (Sartorius) 
1.4 Beaker: 50 ml, 100 ml, 200 ml, 500 ml, 1,000 ml (Pyrex, USA) 
1.5 Centrifuge, refrigerated centrifuge (Eppendorf, USA) 
1.6 Centrifuge, microcentrifuge high speed (Eppendorf, USA) 
1.7 Combs (BIO-RAD, Hercules, California, USA) 
1.8 Cuvette 80-100 µl 
1.9 Cylinder : 25 ml, 50 ml, 100 ml, 250 ml, 500 ml, 1,000 ml (Pyrex, USA) 
1.10 Digital Timer 
1.11 DNA Thermal cycler (Thermo Hybaid, USA) 
1.12 Electrophoresis chamber set (BIO-RAD, USA) 
1.13 Flask : 250 ml, 500 ml, 1,000 ml (Pyrex, USA) 
1.14 Freezer -80 oC (Forma Scientific, USA) 
1.15 Gel Doc 1000 (BIO-RAD, USA) 
1.16 Multi-block heater (Techne DRI Block, USA) 
1.17 pH meter (Eutech Cybernataics) 
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1.18 Pipette aid (Tecnomara, Switzerland) 
1.19 Pipette rack (Autopack, USA) 
1.20 Reagent bottle: 100 ml, 250 ml, 500 ml, 1,000 ml (Duran, USA) 
1.21 Refrigerator (Sanyo, Japan) 
1.22 Spectrophotometer (BIO-RAD, USA) 
1.23 Stirring-magnetic bar 
1.24 Mixing Block (BIOER,USA) 
1.25 Test tube racks 
1.26 Thermometer (IR Thermometer, USA) 
1.27 Vortex mixer (Scientific Industry, USA) 
1.28 Water purification equipment (Water pro Ps, Labconco USA) 
1.29 Water bath, Thermostat shaking (Memmert, Germany) 
1.30 Rolimeter™ (Aircast, USA) 

2. 	+"->�> 1%HX 
2.1 Clotted blood and EDTA tube (vacuettee, Austria) 
2.2 Disposable gloves 
2.3 Glass pipette : 1 ml, 5 ml, 10 ml (Witeg, Germany) 
2.4 Microcentrifuge tube : 0.2 ml, 0.5 ml, 1.5 ml (BIO-RAD, USA) 
2.5 Needle, sterile (Nipro) 
2.6 Parafilm (American National Can, USA) 
2.7 Pipette tip : 10 µl, 200 µl, 1,000 µl (AxyGen, USA) 
2.8 Plastic wrap 
2.9 Polypropylene conical tube,sterile : 15 ml, 50 ml (Elkay, USA) 
2.10 PCR marker (Bio-Rad, USA) 
2.11 Sanitary tissue paper (Celox, Thailand) 
2.12 Kimwipe 
2.13 Syringe disposable (Nipro, Japan) 
2.14 Foil 

3. "�%�$/('()0I
0�1�%	=8+. 
3.1 "�%�$/('+)	�  

3.1.1 70% ethanol 
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3.2 "�%�$/("*��%+91�%"1+- -(������ 
3.2.1 RBC lysis buffer 
3.2.2 1X PBS buffer pH 7.2 
3.2.3 Proteinase K 
3.2.4 Lysis solution 
3.2.5 Wash buffer 
3.2.6 Absolute ethanol 
3.2.7 Elution buffer 

3.3 "�%�$/("*��%+91�%'*� PCR 
3.3.1 10X PCR buffer 
3.3.2 25 mM MgCl2 
3.3.3 2 mM Deoxynucleotide triphosphates (dNTPs) 
3.3.4 10 µM primer forward 
3.3.5 10 µM primer reverse 
3.3.6 Taq polymerase enzyme 
3.3.7 Agarose molecular biology grade (Sigma, USA) 
3.3.8 PCR marker (Bio-Rad, USA) 
3.3.9 Loading dye 
3.3.10 1X TAE buffer 
3.3.11 Ethidium bromide (Sigma, USA) 

3.4 "�%�$/("*��%+91�%'*�1�%5+-"�. DNA -
	.��/�@/X 
3.4.1 XmnI 
3.4.2 10x Buffer Tango  
3.4.3 nuclease-free water 

3.5 "�%�$/("*��%+91�%�5%(./ polyacrylamide gel 
3.5.1 30% polyacrylamide 
3.5.2 5X TBE buffer 
3.5.3 1X TBE buffer 
3.5.4 10% Ammoniumpersulfate 
3.5.5 TEMED 
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 	�
 /��������$��D� 
F4
	=8+.'*�1�%9+�'21$
�$	�/��
/�
� $	�/9%=">'W=���&"�%G+�W>1%%/ 6737+1EH3$	�/

6515
�&1+���&"�%G+�W>1%%/ 0�I
	&�	7�'()'*�1�%	=8+.#-.1�%9+�'217& record form 6739+�'21
�
�/477&0�$�/G=	�5�%X 

 
 Record Form 1: "*��%+99+�'21$
�$	�/��
/�
� $	�/9%=">'W=���&-(������ 6738(#��' ���& 
SNP MMP-3 

)%��-�	�� �� HN �	#� 
�	�
�$��$� '�
�/�
� 
(µg/200µl) 

"�*�,��e 

     
 
 

 Record Form 2: "*��%+9'*�1�% %3�/=�"Q�	3$	�/6��&6%&��&�
���
���&F4
 P	. 0�%�.'()
�$.F
��1�%F
�5+-F
��/�67
	 1-3  [ 
No. )%��-

� �� 

Fh �	#� �&�	���  �+���D� BMI.  	� ����	


�+� �j	 
Subject 
Score 

Object 
Grade 
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 Record Form 3: "*��%+9%4 6991�%0I
����'-6'�����'()�"(.� ��&F4
 P	. 673I
	&�	7�'()
�-
%+99�-�8�9 A2&I
	&�	7�'()�-
%+91�%F
�5+- 8�A2&I
	&�	7�'()/� %3�/=�F7�G;)�'*�1�%� %(.9�'(.9 
No. )%��-

� �� 

�+	�$	����
,'$���
�	'
"/� 

)+��
��	
���,'$���
�	'
"/� 

)+��
��	
���
�$	���
 	�V+	��' 

)+��
��	
����	���
 	�

���
�!� 

)+��
��	���F� 
(�

*��F#	�	� 

��#��+	�
����+	�
)+��
��	
�	'
"/�
"��l� 	�
V+	��' 

��#��+	�
����+	�
)+��
��	���
V+	��'

"��l� 	�
���
�!� 

���+�����	
���
�/�
�'��� 
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 	�'�	
�!� 	��!"�# 
1�% %3�/=�"Q�G$	�/6��&6%&��&������	
��
��
���
� 
  1�% %3�/=�"Q�G$	�/6��&6%&��&������	
��
��
���
���&F4
 P	.69
&��1� !� 2 
"
	�$;� 
 1. Subject Form $;�1�% %3�/=�"/%%AQ�G��&�
���
�#-.0I
699"�9A�/'()0�
F4
%+91�%
 %3�/=�� !�F4
1%�1699"�9A�/-
	.5���& �G;)�0�
�-
'%�9A2&Q�	3�
���
�5�/$	�/%4
"21��&F4
5�9
699"�9A�/��& @2)&699"�9A�/�-
�*�%4 699/�8�1699"�9A�/��& IKDC 673�*�/�'*�1�%
6 7� !�Q�E��'.#-.$H3F4
	=8+. (Q�$F�	1 �) 
 0�65
73�
���&699"�9A�//($36��1*�1+9�.4
 1�%�*�$36��'()�-
0�65
73�
�/�$=-%	/1+�
�G;)� %3�/=���1/�0�%4 ��&%
�.73��&$36���5�/  
 2. Object Form $;�1�%'*� %3�/=�$	�/"/94%HX��&�
���
�'�&1�.Q�G (Q�$F�	1 �) 
 2.1 Lachman test �G;)�'*�1�% %3�/=�$	�/6��&6%&��&������	
��
� 
 0�1�%5%	8 '*�#-.0�
F4
 P	.���7&9��5(.& 673&���
�� !�/>/ %3/�H 20-30 �&U� 
8�1�+<�F4
5%	8	�&/;��
�&��2)&7&9�5
�����&F4
 P	. "
	��(1�
�&8+9'()9%=�	H"
	�5
���&��
�6�
&
8�1�+<�'*�1�%��16%&-2&"
	�5
���&��
�6�
&�2<�0�'�&5%&�G;)�-41�%�$7;)����	��&�
���
� #-.0�

"
	���&5
����.4
�=)& 0�%�.'()/(1�%��-��&������	
��
��
���
� "�/�%A-2&�-
%3.3'()/�11	
� 15= 
#-.'+)	� 67
	�/
"�/�%A'*�1�%-2&�-
/�11	
� 2 /=77=�/5% 65
0�F4
 P	.��8A41-2&�-
%3.3'()/�11	
� 2 
/=77=�/5%�2<��  #-.0I
 Rolimeter™ 0�1�%	+-$
���1/�� !�5+	�7� 
 

 
 �D���� 9 Lachman test #-.0I
�$%;)�& Rolimeter 
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 2.2 Anterior drawer test �G;)�'*�1�% %3�/=�$	�/6��&6%&��&������	
��
� 
 1�%5%	8'*�#-.0�
F4
 P	.���7&6735+<&5
����2<�� !�/>/ 45 �&U�1+9"3#G1 673&���
�0�

"
	���&5
���'*�/>/1+9��
�6�
&� !�/>/ 90 �&U� F4
5%	8�+)&�.4
��
���
���&F4
 P	. 673'*�1�%8+9
9%=�	H"
	�5
���&��
�6�
& 	�&�=<	�+	6/
/;�7&9%=�	H741"39
� �=<	'()��7;��.4
-
���7+&��&��
�6�
&
F4
 P	. 8�1�+<�'*�1�%��16%&-2&��10�6�	5%& � %(.9�'(.9$	�/6�
���&�
���
�F4
 P	.1+9��
��(1�
�&
'()�/
�-
%+99�-�8�9  
 2.3 Effusion test �G;)�'*�1�% %3�/=�1�%9	/�<*���&�
���
� 
 #-.'*�1�%-4 673"+/F+"9%=�	H�
���
���&F4
 P	.	
�/(1�%9	/�2<��%;��/
#-.��883
� %(.9�'(.91+9�
�&'()�/
�-
%+91�%F
�5+- 
 2.4 Crepitus compartment �G;)� %3�/=�1�%$+)&��&�<*�0��
���
� 
 #-.5%	88�11�%"+/F+"�
���
���&F4
 P	.'()�-
%+91�%F
�5+- 673'*�1�%�.+9/;�� /�%	/A2&0�

F4
 P	.�.+9��
�%
	/-
	. �G;)�BR&�"(.&'()�1=-�2<���&�
���
�F4
 P	.   
 2.5 Single leg hop test �G;)� %3�/=�1�%'*�&��#-.%	/��&�
���
� @2)&� !�1�% %3�/=�A2&
F77+GWXQ�.�7+&1�%F
�5+-� 7().�������	
��
��
���
� '()�=./0I
1+�/�1 ��;)�&8�11�%'*� hop test 
"�/�%A %3�/=�A2& 1�%$	9$>/17
�/��;<� $	�/6��&6%&��&17
�/��;<� 673$	�//+)�080�1�%0I
&��
��&�
���
��-
 �(1'+<&.+&�/
5
�&0I
�> 1%HX�%;��$%;)�&/;�65
�.
�&0- 673.+&"�/�%A�W=9�.0�
F4
 P	.
��
�08A2&1�%'-"�9�-
&
�. 
 @2)&1�%'*� hop test 83/('+<&�/- 4 %4 699(39) $;� 

1. Single Hop for Distance 
2. 6-m Timed Hop 
3. Triple Hop for Distance 
4. Crossover Hop for Distance 

 
 �D���� 10 %4 6995
�&m ��& hop test (39) 
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@2)&8�1 IKDC Object form �-
1*���-0�
0I
 Single Hop for Distance 0�1�%'-"�91+9F4
 P	. @2)&
1�%'-"�9#-.0�
F4
 P	.�%=)/.;����-(.	673���/;���	
�7+&5%&8>-'()1*���- 8�1�+<�82&'*�1�%1%3#-- 
#-.'()�/
0�
/;�'()��	
�7+&�.4
�7>-��18�11+� -4%3.3'()F4
 P	.1%3#--�-
 8�1�+<�82&'*�1�% %3�/=� #-.
�'(.9%3.38�11�%1%3#--#-.0I
���
�&'()�/
�-
%+99�-�8�9� !�$
��
�&�=&  
    

 
 
 �D���� 11 Single Hop for Distance 
 
 8�1�+<��*�$
�1�%'-"�9'()�-
1%3'*�'+<&�/-'*�1�%69
&%3-+9��1� !� 4 %3-+9 $;�  
normal (A), nearly normal (B), abnormal (C), severely abnormal (D) @2)&1�% %3�/=��+<� 0�
'*�
1�% %3�/=�	
�F4
��
�%+91�% %3�/=��-
$
�0-$
���2)&'()�
�.'()">- 83A;�	
�$
��+<�� !�5+	8+-%3-+9��&F4
��
�
%+91�% %3�/=� 
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1�%�1�95+	�.
�& (Specimen Collection) 
 1�%�1�95+	�.
�&8�1F4
 P	.'()�$./( %3	+5=��&1�%9�-�8�9�����
���
� 83'*�1�%�8�3

�7;�-�G;)��1�9 whole blood -
	.�7�-/("�%1+��7;�-6��&5+	 EDTA � !� %=/�H 3 /=77=7=5% 8�1�+<�

'*�1�% R��6.1G7�"/���1 673'*�1�%�1�9%+1E��	
'()�>H�Q4/= 4  ̊C �G;)��*�/�'*�1�%"1+--(������
5
��  

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 �D���� 12 	=W(1�%�1�95+	�.
�& 
 
 

EDTA blood 

Centrifuge speed at 4,000 rpm 10 mins 

Freezer -80 °C Refrigerator 4 °C 

Plasma Pack Red Cells 
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1�%6.1"1+--(������8�1�@77X�/�-�7;�- 
 1�%"1+-"�%G+�W>1%%/0I
I>-"1+- illustra blood genomicPrep Mini Spin Kit (GE 

Healthcare, USA) #-. 
 1. �*�"
	���& whole blood '()'*�1�%6.1G7�"/���1� 67
	  
 2. '*�1�%�5=/ lysis buffer 7&�  %3/�H 3 ml. 8�1�+<�F"/0�
��
�1+� '=<&�	
'()

�>H�Q4/=�
�&� !��	7� 10 ��'( 8�1�+<�82&�*��  R��'()$	�/�%�	 4000 rpm � !��	7� 10 ��'( �'"
	�0"
'=<& '*�@<*��.
�&�
�. 2 $%+<& �G;)�0�
6�
08	
��-
1*�8+-�/�-�7;�-6-&��1� 8��/- 

 3. �5=/ PBS 7&�  200 µl F"/0�
��
�1+�67
	82&�*�� 0"
0� micro tube '()/( 
proteinase K �.4
 20 µl 673�5=/ lysis Buffer 7&� �(1 400µl �*��  Vortex � !��	7� 15 	=��'( 82&
5+<&'=<&�	
'()�>H�Q4/=�
�&� !��	7� 10 ��'( %3�	
�&�+<�0�
'*�1�% Vortex � !�$%+<&$%�	 �/;)�$%9�	7�83
����"(��&"�%737�.� 7().�8�1"(6-&� !�"(�<*�5�7  

 4. �*�"�%737�.0"
7&0� column  R�� column '()$	�/�%�	 10,000 g ��� 1 ��'( 
�'��&��7	0�"
	���& collection tube '=<&�   

 5. �5=/ lysis buffer 500 µl  R�� column '()$	�/�%�	 10,000 g ��� 1 ��'( �'"
	�
��&��7	'=<&�   

 6. �5=/ wash buffer 500µl  R��'()$	�/�%�	 10,000 g �'"
	���&��7	'=<&�  8�1�+<�
�*��  R���(1 3 ��'(�G;)�0�
 column 6�
&"�='  

 7. .
�. column � "4
 micro tube �+�0�/
 82&'*�1�%�5=/ elution buffer '()�-
'*�1�%
�>
�'()�>H�Q4/= 70 °C 7&�  200 µl '=<&�	
'()�>H�Q4/=�
�&� !��	7� 1 ��'(  

 8. �*��  R��'()$	�/�%�	 10,000g � !��	7� 1 ��'( '*�1�%�1�9"
	���&"�%737�.'()
�-
'()�>H�Q4/=  -20°C �G;)�%+1E�"Q�G��&-(����������	
 8�1�+<�82&69
&"�%737�.9�&"
	�� 	+-$
�
1�%-4-17;�6"&'() 260 673 280 nm �G;)���$	�/��
/�
�673$	�/9%=">'W=���&-(������'()"1+-�-
 
 $	�/��
/�
���&-(������ (µg /200µl) =  $
� OD '() 260 nm x 50 x dilution factor  
 $	�/9%=">'W=���&-(������                   =  $
� OD '() 260 nm / $
� OD '() 280 nm 
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1�%�G=)/8*��	���&"�%G+�W>1%%/#-.0I
�'$�=$ PCR 
1�%'*� PCR 8�1 -(������'()6.1"1+-8�1�@77X�/�-�7;�- 
 '*�1�%F"/ master mix -+&%�.73��(.-'()6"-&0�5�%�&'() 4 67
	�*�7&�$%;)�& PCR 

5+<& condition 5�/%�.73��(.-'()6"-&0�5�%�&'() 5 
 

)�!'  MMP-3 
primer 

Sequence Length 
(bp) 

Tm 
(˚C) 

Size 
product 
(bp) 

Primer forward(40) 5� �GAT TAC AGA CAT GGG TCA CG� 3� 20 52  
120 Primer reverse (40) 5� � TTT CAA TCA GGA CAA GAC GAA GTT T � 3� 25 53 

 �	�	���� 3   $>H"/9+5=��& primer MMP-3 '()0I
0�1�%'*� PCR 
 
 

�	����()$ ��!�	q���()$�+� 1 reaction 
(µl) 

10X PCR buffer 2.0 
25 mM MgCl2 2.0 
2 mM dNTP 2.0 
10 µM primer forward 1.0 
10 µM primer reverse 1.0 
Taq polymerase enzyme 0.2 
Deionized water 8.8 
Template (DNA solution) 3.0 
Final volume 20 

 �	�	���� 4   %=/�H"�%5
�& m "*��%+91�%'*� PCR   
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Step Temperature 
(˚C) 

Time (min) 

Initial PCR activation step 95 5 
   3-step cycling  

Denaturing 95 0.45 
Annealing 53 0.45 
Extension 72 0.30 

 Number of cycles: 35 cycles 
Final extension 72 5 

 �	�	���� 5   Condition "*��%+91�%'*� PCR   
 
  �7+&8�1'*� PCR 67
	'*�1�%5%	8"�9 PCR product #-.1�%'*� gel 
electrophoresis @2)&83F"/ PCR product 5 µl 1+9 6X loading dye 1 µl �.�-7&0��7>/��&  
1.2% agarose gel  6730I
 marker ���- 100 bp /( 1X TAE buffer � !�5+	17�&6738
�.
1%36"�BB�� 100 #	75X 0I
�	7� %3/�H 1 I+)	#/& 8�1�+<��*� gel � .
�/-
	. 0.1% ethidium 
bromide � !��	7���� 10-15 ��'( 7
�& gel -
	.�<*�� 7
� 2-3 $%+<& 67
	�*� gel � F
���$%;)�&V�.%+&"(
�+75%
��	#��75�G;)�A
�.%4 6A9-(������  
  1�%5%	8��8(#��' � ��& SNP MMP-3 

1�%'*� Digestion 
  �/;)��-
 PCR product 67
	 0I
����@/X XmnI (PdmI) � !� restriction enzyme 0�
1�%'*� digestion �G;)��� 8(#��' � ��& SNP MMP-3 @2)&83�5%(./"�%-+&5�%�&'() 6 
 

�	����()$ ��!�	q���()$�+� 1 reaction 
(µl) 

TANGO buffer 1 
SfaNI enzyme (1 unit) 0.25 
Deionized water 2.75 
PCR product 6 
Final volume 10 

 �	�	���� 6  %=/�H"�%'()0I
0�1�%'*� digestion 
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  8�1�+<�0�
�*��  incubate '()�>H�Q4/= 37°C � !��	7� 3 I+)	#/& 67
	82&�*�� 0�

$	�/%
��'() 65 °C � !��	7� 20 ��'(�G;)��.>-1�%'*�&����&����@/X 
  �7+&8�11�%'*� digestion 67
	�*�� '*�1�%5%	8"�96A9-(������ '()�-
-
	.	=W( gel 
electrophoresis #-.�.�- sample 10 µl '()F"/1+9 loading dye 2 µl 673 marker ���- 100 bp 
7&0��7>/��& 12% polyacrylamide gel 6996�	5+<&@2)&830I
"�%0�1�%�5%(./5�/5�%�&'() 7 #-./( 
0.5X TBE buffer � !�5+	17�&8
�.1%36"�BB�� 100 #	75X0I
�	7� %3/�H 1 I+)	#/& 30 ��'( 67
	�*� 
gel � .
�/-
	. 0.1% ethidium bromide � !��	7� 10 ��'( 7
�&��1-
	.�<*�� 7
� %3/�H 2-3 $%+<& 
8�1�+<��*�� F
���$%;)�&V�.%+&"(�+75%
��	#��75�G;)�A
�.%4 6A9-(������ '()�-
5
��  
 

�	����()$ ��!�	q���()$ 
30% polyacrylamide 4 ml 
5X TBE buffer 2 ml 
Deionized water  3.93 ml 
10% ammoniumpersulfate 70 µl 
TEMED 3.5 µl 

 �	�	���� 7  %=/�H"�%'()0I
0�1�%�5%(./ 12% polyacrylamide gel 5
� 1 gel 
 
 	��!

�	����$��D� (Data Analysis) 
  F4
	=8+.�-
'*�1�%	=�$%�3�X�
�/47#-."A=5=�I=&G%%H�� (descriptive statistic) @2)&
�*��"��0�%4 ��&  $
��V7(). (mean) 673 $
��9().&�9�/�5%{�� (standard deviation) 8�1�+<�
�*��"��#-.0I
1%�B6735�%�& 0�1�%�*��"���-
'*�1�%"%> %	/8�18*��	�F4
 P	.'+<&�/- #-.0I

"A=5=�I=&��>/�� (inferential statistic) �G;)�"%> F7��& %3I�1% #-.0I
 Chi square �G;)���$	�/
6515
�&%3�	
�&17>
/F4
 P	.1+917>
/$	9$>/673$	�/6515
�&0�7+1EH3��&8(#��' �673$	�/A()
��&�+77(7 #-.0I
# %61%/ SPSS16.0 "*��%+9$	�/�7�1�7�.'�&G+�W>1%%/ �-
'*�1�%�*��"��
8*��	�F4
 P	.67317>
/$	9$>/0�65
738(#��' � 673$	�/A()��&�+77(7� %(.9�'(.9#-.0I
 Chi square 
test $*��	H Odd ratio #-.0I
 95% confident interval 673$*��	H logistic regression analysis 
#-./(�+."*�$+,'() P < 0.05 
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�����  4 

V� 	��!

�	����$��D� 

1. �$��D��� sq��	� 	#I	F���VD$�t�# 
  ��+�
��
�� VD$�t�# P-value 

8*��	� (%�.) 100 100  
��.> ( [) 23.2±5.3 31.6±4.4 < 0.001 
"
	�"4& (@/.) 167.6±7.9 171.6±9.9 < 0.001 
�<*���+1 (11.) 63.8±11.5 69.7±9.8 < 0.001 
-+I�(/	71�. (11.//.2) 22.2±4.7 23.5±2.4   0.003 

 �	�	���� 8 �
�/477+1EH3'+)	� ��&17>
/F4
 P	.67317>
/$	9$>/ 

8�15�%�&G9	
�0�17>
/$	9$>/8*��	� 100 %�. /(��.>�V7().�.4
'() 23.2±5.3  [ /(
"
	�"4& 167.6±7.9 �@��5=�/5% �<*���+1 63.8±11.5 1=#71%+/ 673-+I�(/	71�.�'
�1+9 22.2±4.7 
1=#71%+/5
��/5%1*�7+&"�& 5�/7*�-+9 0��H3'()17>
/F4
 P	./($
���.> 31.6±4.4  [ "
	�"4& 
171.6±9.9 �@��5=�/5% �<*���+1 69.7±9.8 1=#71%+/673-+I�(/	71�.�.4
'() 23.5±2.4 1=#71%+/5
�
�/5%1*�7+&"�& 5�/7*�-+9 
  ��+�VD$�t�#���,'$���

�	'
"/�"	  	�
�+� �j	
����� 	����� ��*'#��� 

 ��+�VD$�t�#���,'$����	'
"/�
"	  	�
�+� �j	���,�+�� 	�

���� ��*'#��� 

P-value 

 8*��	� (%�.) 40* 46*  
��.> ( [) 29.2±6.9 31.9±9.5 0.07 
"
	�"4& (@/.) 172.6±6.9 170.9±7.0 0.24 
�<*���+1 (11.) 70.5±11.5 70.8±8.5 0.90 
-+I�(/	71�. 
(11.//.2) 

23.6±3.3 24.2±2.4 0.32 

 �	�	���� 9 �
�/477+1EH3'+)	� ��&F4
 P	.������	
��
���- 6.15�/"���5>��&1�%�1=-
1�%9�-�8�9 (*��;)�&8�1F4
 P	.9�&"
	��/
"�/�%A%39>"���5>��&1�%9�-�8�9�-
82&�/
�*�/�%	/0�
1�%$*��	�) 
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�/;)�'*�1�%U21E�%	9%	/�
�/47A2&"���5>1�%V(1��-��&������	
��
�0�17>
/
F4
 P	. G9	
�"�/�%A6.1�-
A2&"���5>��&1�%�1=-������	
��
��
���
�V(1��-�-
� !� "�&%4 699 
$;� 1�%9�-�8�9'()�1=-8�11�% 3'31+�#-.5%&0�9%=�	H�
���
���&F4
 P	.��& 673�(1%4 699��2)&
$;�1�%9�-�8�9'()�/
�-
�1=-1�% 3'31+�#-.5%&0�9%=�	H�
���
���&F4
 P	. 65
�1=-8�11�%9=-��1
8�11+���&1%3-415
���1+91%3-41��
�6�
&��&F4
 P	.'*�0�
�1=-1�%V(1��-��&������	
��
���&5+	
F4
 P	.��& 

8�1�
�/47-+&6"-&0�5�%�&'() 9 G9	
�F4
 P	.0�17>
/'()/(��1�%9�-�8�98�11�%
�7
�1(?�'()/(1�% 3'31+�#-.5%&G9	
�/( ��.> 29.2±6.9  [ "
	�"4& 172.6±6.9 �@�5=�/5%  �<*���+1 
70.5±11.5 1=#71%+/ 673-+I�(/	71�. 23.6±3.3 1=#71%+/5
��/5%1*�7+&"�& 5�/7*�-+9 0��H3'()
F4
 P	.0�17>
/'()/(��1�%9�-�8�98�11�%�7
�1(?�'()�/
/(1�% 3'31+�#-.5%&G9	
�/( ��.> 
31.9±9.5  [ "
	�"4& 170.9±7.0 �@�5=�/5% �<*���+1 70.8±8.5 1=#71%+/ 673-+I�(/	71�. �'
�1+9 
24.2±2.4 1=#71%+/5
��/5%1*�7+&"�& 5�/7*�-+9  

8�1�
�/477+1EH3'+)	� ��&F4
 P	.'+<&"�&17>
/G9	
��/
/($	�/6515
�&1+�'�&
"A=5= (P > 0.05) @2)&6"-&0�
����	
��
�/47G;<�{����&F4
 P	.8�117>
/5+	�.
�&'+<&"�&17>
/�+<�/(
7+1EH3017
�$(.&1+� 
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2. V� 	����"���
�!� 	�vwx�vD�I	F�$�
�+	VD$�t�#I	#���� 	�V+	��' 

 

 
�/��'���)�!' 
BPTB (N=16) 


�/��'���)�!'
Hamstring (N=33) 

P-value 

��.> ( [)  32.1±10.4 31.3±8.2 0.78 

�<*���+1 (11.)  74.0±9.9 70.4±8.8 0.20 

"
	�"4& (@/.)  173.6±5.5 172.1±6.9 0.45 

-+I�(/	71�. (11.//.2) 24.6±3.3 23.7±2.5 0.29 

%3.3�	7�5+<&65
9�-�8�9
8��-
%+91�%F
�5+- (�-;��)  

26.7±12.1 23.7±6.0 0.80 

%3.3�	7��7+&F
�5+-8�A2&
1�% %3�/=� (�-;��)  

39.1±4.8 23.6±2.6 0.003 

 �	�	���� 10 �
�/47'+)	� ��&F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�'+<&"�&17>
/ 

8�15�%�&'() 11 6"-&0�
����	
�$
� ��.> "
	�"4& �<*���+1 -+I�(/	71�. %3.3�	7�
5+<&65
�%=)/�-
%+99�-�8�98�A2&I
	&�	7�'()�-
%+91�%F
�5+-673I
	&�	7��7+&F
�5+-8�A2&1�%��
�%+9
1�% %3�/=�F7 0�17>
/F4
 P	.'()�-
%+91�%F
�5+-@
�/6@/������	
��
��
���
�#-.0I
����9%=�	H
741"39
�/�6'�������	
��
�'()��-$;� 32.1±10.4  [ 74.0±9.9 1=#71%+/ 173.6±5.5 �@�5=�/5% 
24.6±3.3 1=#71%+/5
��/5%1*�7+&"�& 26.7±12.1 �-;�� 673 39.1±4.8 �-;��5�/7*�-+9 "
	�0�
F4
 P	.'()%+91�%F
�5+-#-.0I
����9%=�	H5
���/(F7$;� 31.3±8.2  [ 70.4±8.8 1=#71%+/ 172.1±6.9 
�@�5=�/5% 23.7±2.5 1=#71%+/5
��/5%1*�7+&"�& 23.7±6.0 �-;�� 673 23.6±2.6 �-;��5�/7*�-+9 
@2)&�/;)�'*�1�%$*��	�'�&"A=5=G9	
��/
/($	�/6515
�&'�&"A=5=%3�	
�&17>
/5+	�.
�&'+<&"�&17>
/ 
.1�	
�0��+	�
�%3.3�	7��7+&1�%F
�5+-8�A2&1�% %3�/=�'()/($	�/6515
�&1+� 6"-&0�
����	
�
�
�/47G;<�{����&F4
 P	.8�117>
/5+	�.
�&'+<&"�&17>
//(7+1EH3017
�$(.&1+� 
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����� IKDC 
Subjective score  

BPTB graft  
(n=16) 

Hamstring graft 
(n=33) 

P-value 

73.7±10.5 72.8±14.9 0.82 

 �	�	���� 11 �
�/47$36��IKDC Subjective score � %(.9�'(.9%3�	
�&17>
/ BPTB 
graft 673 Hamstring graft 

8�11�%5�9699"�9A�/��&F4
 P	.'()��
�%+91�%'-"�9 #-.0I
699'-"�9 
IKDC Subjective form G9	
�0�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����
9%=�	H741"39
��-
$36���V7(). 73.7±10.5 $36�� 673F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	

��
��
���
�#-.0I
����9%=�	H5
��� (Hamstring grafts) �-
$36���V7(). 72.8±14.9 $36�� @2)&
8�11�%$*��	�G9	
��/
/($	�/6515
�&1+��.
�&/(�+."*�$+,'�&"A=5= (p=0.82) 

 

���� IKDC 
Object score 

BPTB (N=16) Hamstring graft (N=33) 
N % N % 

%3-+9 15= (A) 1 6.25 1 3.0 
%3-+9$
���
�&
 15= (B) 

10 62.5 25 75.8 

%3-+9F=- 15= 
(C) 

5 31.25 7 21.2 

%3-+9F=- 15=
�.
�&/�1 (D) 

0 0 0 0 

 �	�	���� 12 �
�/478*��	�F4
 P	.69
&5�/%3-+91�%BCD�5+	��&F4
 P	.5�/$36�� IKDC 
Objective score 

  F71�%5%	8 %3�/=�"Q�G�
���
���&F4
 P	.5�/699 %3�/=���& IKDC 
Objective form '*�0�
"�/�%A69
&%3-+9�
���
���&F4
 P	.�-
��1� !� 4 %3-+9 $;� %3-+9 15= (A) 
%3-+9$
���
�& 15= (B) %3-+9F=- 15= (C) 673%3-+9F=- 15=�.
�&/�1 (D) @2)&0�17>
/F4
 P	.'()�-
%+9
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1�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H741"39
�/�'-6'��+<� �-
F7 15= ��2)&%�.
$=-� !�%
�.73 6.25 $
���
�& 15= 10 %�. $=-� !�%
�.73 62.5 F=- 15= 5 %�. $=-� !�%
�.73 
31.25 673�/
/(%�.'()F=- 15=�.
�&/�1 0��H3'()0�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	

��
��
���
�#-.0I
����9%=�	H5
���/�'-6'��+<� �-
F7 15=��2)&%�. $=-� !�%
�.73 3 F7$
���
�&
 15= 25 %�. $=-� !�%
�.73 75.8 F=- 15= 7 %�. $=-� !�%
�.73 21.3 673�/
G9%�.'()F=- 15=
�I
��-(.	1+� 

 �D���� 13 1%�B6'
&6"-&%
�.73��&F4
 P	. #-.69
&5�/%3-+91�%BCD�5+	��&F4
 P	. 

8�11%�B6"-&0�
����	
��/
/($	�/6515
�&1+�'�&"A=5= (P=0.2) 0�%3-+95
�&m 
'()69
&5�/699 %3�/=� ��& IKDC objective form  

 
Hop index 
value 

BPTB (N=13) Hamstring graft (N=20) 
P-value  

N % N % 0.01 
90-100% 9 60 12 42.9 
75-89% 3 20 14 50 
50-74% 3 20 2 7.1 
<50% 0 0 0 0 

 �	�	���� 13 F71�% %3�/=�1�%'-"�91%3#--���-(.	 0�F4
 P	.'+<&"�&17>
/   
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F71�% %3�/=�G9	
�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.
0I
����9%=�	H741"39
�/�'-6'�/( 9 %�.�%;�%
�.73 60 '()G9	
��+5%�"
	���&1�%1%3#--��
�-(.	#-.0I
���
�&'()�/
�-
%+99�-�8�9� !��1H¡X �.4
%3�	
�&%
�.73 90-100 "
	� 3 %�.�%;�%
�.73 
20 G9	
��+5%�"
	��.4
'()%
�.73 75-89 673�.4
'()%
�.73 50-74 � !�8*��	� 3 %�.�%;�%
�.73 20 
"
	�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H5
���/�'-6'� /( 12 
%�.�%;�%
�.73 42.9 '()�+5%�"
	���&1�%1%3#--�.4
'()%
�.73 90-100 /( 14 %�.�%;�%
�.73 50 '()
/(�+5%�"
	���&1�%1%3#--�.4
'()%
�.73 75-89 673 2 %�.�%;�%
�.73 7.1 '()/(�+5%�"
	��.4
'()%
�.
73 50-74 673�/
G9	
�/(F4
 P	.17>
/0-�.4
0�I
	&�+5%�"
	�'()�
�.1	
�%
�.73 50 

F7'()�-
G9	
�%3�	
�&�+5%�"
	���&1�%1%3#--���-(.	0�7>
/F4
 P	.'+<&"�&17>
/
G9	
�/($	�/6515
�&1+��.
�&'()�+."*�$+,'�&"A=5='()/($
�$	�/6515
�&�.4
'() 0.01  

 

 BPTB  
(n=16) 

Hamstring 
(n=33) 

P-value 

< 3 //.  12 (75%) 25 (75.8%) 0.85 

3-5 //.  4 (25%) 8 (24.2%) 

> 5 //.  0 0 

 �	�	���� 14 F71�%5%	8$
�$	�/�.
����&�
���
���&F4
 P	."�&17>
/ 

  F71�%5%	8$
�$	�/�.
����&�
���
���&F4
 P	. #-.0I
��
��
�&�/
�-
%+99�-�8�9
� !��1H¡X�
�&�=& G9	
�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H
741"39
�/�'-6'� /($
�F75
�&��&$	�/�.
����&�
���
�'()�
�.1	
�"�//=77=�/5%�.4
 12 %�. 
$=-� !�%
�.73 75 F75
�&'()/($
��.4
%3�	
�&"�/A2&�
�/=77=�/5%�.4
 4 %�. $=-� !�%
�.73 25 "
	�
0�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H5
���/�'-6'� G9	
�
/($
�F75
�&'()�
�.1	
�"�//=77=�/5%�.4
 25 %�. $=-� !�%
�.73 75.5 673F75
�&'()/($
��.4
%3�	
�&
"�/A2&�
�/=77=�/5%�.4
 8 %�. $=-� !�%
�.73 24.2 67317>
/F4
 P	.'+<&"�&17>
/�/
G9	
�/($
�F75
�&
��&$	�/�.
����&�
���
�'()/�11	
��
�/=77=�/5% 673�/
G9	
�/($	�/5
�&1+�'�&"A=5= (P=0.85) 
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 �D���� 14 1%�B6"-&%
�.73��&8*��	���&F4
 P	. 69
&5�/F75
�&��&$	�/�.
����&�
�
��
� 

3. V� 	����""�*�,��e��� SNP MMP-3 

  8�11�%'*� PCR �G;)��G=)/ %=/�H-(��������& SNP MMP-3 '()5*�6��
& -1612 
83�-
6A9-(������'()/(���- 120 bp 

 
�D���� 15 %4 699��&F7=5Q+H'X'()�-
8�11�%'*� PCR ���- 120 bp 

 

100 bp 

500 bp 

1000 bp 
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   6A	'() M  -(������/�5%{�� 100 bp  
6A	'() 10   -(������$	9$>/'()0�
F779 
6A	'() 1-9, 11   -(������'()F
��1�%�G=)/8*��	� 

�/;)��*�� 5+--
	.����@/X XmnI G9	
�8(#��' ���& SNP MMP-3 '()5*�6��
&       -
1612 /( 3 %4 699 $;� 5A/5A /(I=<�"
	���&-(������ 2 I=<� $;� 97 673 23 bp , 5A/6A /(I=<�"
	�-(
������ 3 I=<� ���- 120, 97 673 23 bp 673 6A/6A @2)&����@/X�/
"�/�%A5+-�-
-
	.����@/X 
XmnI 83/(I=<�"
	���&-(������ 1 I=<����- 120 bp 
 

 
 
 �D���� 16 7+1EH3��&-(������0�6998(#��' �5
�& m  
   6A	'() M  -(������/�5%�{�� 100 bp  

6A	'() 1, 4   5A/5A (homozygous) 
6A	'() 2, 5   6A/6A (homozygous) 
6A	'() 3, 6   5A/6A (heterozygous) 
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  8�11�%U21E�G9	
�0�17>
/F4
 P	.������	
��
��
���
�V(1��-/(1�%1%38�.5+	��&
8(#��' � 5A+ 673 5A- � !�%
�.73 26.0 673 74.0 5�/7*�-+9 "
	�0�17>
/$	9$>//($	�/A()��&  
8(#��' � 5A+ 673 5A- � !�%
�.73 21.0 673 79.0 5�/7*�-+9 �+77(7 5A 673 6A 0�17>
/F4
 P	./(
1�%1%38�.5+	� !�%
�.73 13.5 673 86.5 5�/7*�-+9 "
	�0�17>
/$	9$>/� !�%
�.73 11.0 673 
89.0 5�/7*�-+9 -+&'()6"-&0�5�%�&'() 15 
 
 
  ��+�
��
�� 

(n=100) 
VD$�t�#
�/�,��$
��$	�$�
�+	{� 

�	' 
(n=100) 

P-value 

5A+ 8(#��' � 
(5A/5A+5A/6A) 

1+20 (21.0%) 1+25 (26.0%) 0.47 

5A- 8(#��' � 
(6A/6A) 

79 (79.0%)  74 (74.0%) 0.69 

5A �+77(7 % 11.0 13.5 0.46 
6A �+77(7 % 89.0 86.5 
 �	�	���� 15 %4 6991�%1%38�.5+	��&8(#��' �673�+77(70�17>
/$	9$>/67317>
/F4
 P	.
������	
��
�V(1��- 
 

%4 699��&8(#��' �'()G90�17>
/$	9$>/67317>
/F4
 P	.'+<&�/-/(1�%1%38�.5+	
'()� !�� 5�/%4 699��&"/1�% Hardy-Weinberg #-.0�17>
/$	9$>/G98(#��' � 5A+ 8*��	� 
21 %�. $=-� !�%
�.73 21 8(#��' � 5A- 79 %�. $=-� !�%
�.73 79 "
	��+77(7 5A G9%
�.73 11 
�+77(7 6A G9%
�.73 89 0�17>
/F4
 P	.������	
��
�V(1��-G98(#��' � 5A+ 25 %�. $=-� !�%
�.73 
26 8(#��' � 5A- 71 %�. $=-� !�%
�.73 74 �+77(7 5A %
�.73 13.5 �+77(7 6A %
�.73 86.5 673�/

G9$	�/6515
�&1+��.
�&/(�+."*�$+,��&%4 6991�%1%38�.5+	��&8(#��' �0�%3�	
�&"�&17>
/
 %3I�1% 
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  ��+�VD$�t�#���,'$���
�	'
"/�"	  	�
���� ��*'#��� 

 ��+�VD$�t�#���,'$���
�	'
"/����,�+�� 	�
���� ��*'#��� 

P-value 

5A+ 8(#��' � 
(5A/5A+5A/6A) 

13 (32.5%) 1+8 (19.6%) 0.04* 

5A- 8(#��' � 
(6A/6A) 

27 (67.5%) 38 (80.4%) 0.2 

5A �+�7(7 % 16.25 11 0.01* 
6A �+�7(7 % 83.25 89 
 �	�	���� 16 %4 6991�%1%38�.5+	��&8(#��' �673�+77(70�17>
/F4
 P	.������	
��
�V(1��-
'+<&"�&17>
/ 

 
 
0�17>
/F4
 P	.'()�-
%+91�%69
&17>
/#-.0I
"���5>��&1�%�1=-1�%9�-�8�9� !��7+1 

G9	
�0�17>
/17>
/F4
 P	.'()�-
%+99�-�8�98�11�% 3'31+�#-.5%&9%=�	H�
���
�/(%4 6991�%
1%38�.5+	��&8(#��' � 5A+ 11 %�. $=-� !�%
�.73 32.5 8(#��' � 5A- 22 %�.$=-� !�%
�.73 
67.5 �+77(7 5A %
�.73 19.6 �+77(7 6A %
�.73 80.4 17>
/F4
 P	.'()�-
%+99�-�8�9'()�/
/(1�% 3'3
1+�#-.5%&��&�
���
�G98(#��' � 5A+ 9 %�. $=-� !�%
�.73 16.25 8(#��' � 5A- 41 %�.$=-� !�
%
�.73 83.25 �+77(7 5A %
�.73 11 �+77(7 6A %
�.73 89 

�/;)��*�/�$=-$	�/5
�&'�&"A=5=#-.0I
1�%'-"�9�$�X1*�7+&"�&G9	
�%4 699
1�%1%38�.5+	��&8(#��' � 5A+ %3�	
�&17>
/F4
 P	.'+<&"�&17>
/'()$
�$	�/5
�&1+��.
�&/(
�+."*�$+, #-./($
� P-value '() 0.02 673�/;)�� %(.9�'(.9$
�$	�/5
�&��&�+5%�"
	���&�+77(7'+<&
"�&%3�	
�&17>
/F4
 P	.G9	
�/($
�$	�/6515
�&1+��.
�&/(�+."*�$+,'�&"A=5='() 0.01 

8�11�%	=�$%�3�X#-.0I
"A=5= logistic regression G9	
�8(#��' � 5A+ %
	/1+91�%
�7
�1(?�'()/(1�% 3'31+�#-.5%& /(�+5%�1�%�"().&5
�1�%�1=-������	
��
��
���
�V(1��- #-./( odds 
ratio �.4
'() 2.27 P-value �.4
'() 0.02 673 95% CI G9'() 1.18-4.39 
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"�*�,��e Odds Ratio 95% CI P-value 
5A+ 1.32 0.68 - 2.50 0.5 
5A- 0.75 0.39 - 1.45 0.5 
5A+ %
	/1+91�%9�-�8�98�11�%
�7
�1(?�'()/(1�% 3'31+�#-.5%&  

2.27 1.18 - 4.39 0.02* 

 �	�	���� 17  R88+.'()/(F75
�$	�/�"().&5
�1�%�1=-������	
��
��
���
�V(1��-	=�$%�3�X#-.
0I
 logistic regression 
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�����  5 

����V� 	��!"�# �I!��	#V� ����$�
������ 

����V� 	��!"�# 

��1�%������	
��
��
���
�V(-��-� !���1�%'()G9�-
9
�.0�17>
/�+11(?�'()�7
�1(?�
'()/(1�% 3'31+��.
�&%>�6%&�%;�0�1(?�'()5
�&0I
�
���
�� !��7+1�I
� B>59�7 9�"�1�59�7 @2)&�/;)�
�1=-1�%V(1��-�2<� 1�%%+1E�'()�=./0� R88>9+�$;�1�%F
�5+-�G;)�@
�/6@/������	
��
�'()�"(.��.#-.
0I
����8�19%=�	H1%3-41741"39
� �%;�����9%=�	H5
���/�'-6'�@2)&Q�.�7+&1�%F
�5+-G9	
�/(
F4
 P	.9�&"
	�'()�/
"�/�%A17+9/��7
�1(?��-
��/;���-=/0��H3'()F4
 P	.9�&"
	�"�/�%A17+9/�
�7
�1(?��-
��/;���-=/ -+&�+<�1�%U21E�0�$%+<&�(<"
	�6%1$;�1�%U21E�1�%BCD�B4"Q�G�
���
���&
F4
 P	. #-.� %(.9�'(.9%3�	
�&1�%F
�5+-"�&%4 699	
�1�%BCD�B4"Q�G�
���
���&F4
 P	./($	�/
6515
�&1+��%;��/
 

"*��%+91�%U21E�0�$%+<&�(<0I
5+	�.
�&8�1F4
 P	.'()�$.�-
%+91�%F
�5+-� 7().�����
��	
��
��
���
�0�I
	&%3.3�	7� 1-3  [ 8*��	� 49 %�. 69
&� !�F4
 P	.'()�-
%+91�%F
�5+-� 7().�����
��	
��
��
���
�#-.0I
����9%=�	H1%3-41741"39
�/�'-6'� 8*��	� 16 %�. F4
 P	.'()�-
%+91�%
F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H5
���/�'-6'�8*��	� 33 %�. F71�%	=8+.
G9	
�$
�$36�� IKDC subject, IKDC objective, 673$
�$	�/�.
����&�
���
� (knee laxity) 
%3�	
�&F4
 P	.'+<&"�&17>
/�/
/($	�/6515
�&1+��.
�&/(�+."*�$+, (P=0.5) 

0��H3'()$
�$36��1�%'-"�91% 3#--���-(.	 0�17>
/F4
 P	.� 7().�������	

��
��
���
�#-.0I
����9%=�	H1%3-41741"39
�/�'-6'� /($
�$36��1�%'-"�91%3#--���-(.	 
'()"4&1	
�17>
/F4
 P	.'()�-
%+91�%F
�5+-� 7().�������	
��
��
���
�#-.0I
����9%=�	H5
���/�'-6'� 
673/($	�/6515
�&1+��.
�&/(�+."*�$+, (P=0.01) 65
$
�$36��1�%'-"�91%3#--���-(.	 �(<�/

/($	�/"+/G+�WX1+91�%5%	8�
���
�#-.0I
 $36�� IKDC objective 673$
�$	�/�.
����&�
���
�
65
�.
�&0- 

�/;)�'*�1�%� %(.9�'(.9F71�%U21E�0�$%+<&�(<�'(.91+9F71�%U21E�'()�$./(1�%
	=�$%�3�X/�67
	F7� !�-+&5�%�&'() 18 
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 	�hl s	 ��#�
��	
{���#
��� 	����
�!�
I	#���� 	�

V+	��' 

�D������� 	�
�'������()$ 

"�	������ ��+�
BPTB/Hamstring 

V� 	�hl s	 

A. Heijne (41) (2552) 3, 5, 7, 9�-;��,    
1  [ 673 2  [ 
5�/7*�-+9 

Knee laxity, Pivot shift 
test, Thigh muscle 
torques, One-leg hop 
test, Postural sway, 
Anterior knee pain, 
Knee injury 
osteoarthritis outcome 
score, Tegner activity 
scale 

34/34 BPTB grafts '*�0�
�
���
�/(
$	�//+)�$&/�11	
� 
Hamstring grafts 

A. Matsumoto (42) 
(2549) 

5  [ International Knee 
Documentation 
Committee (IKDC) 
knee ligament 
standard evaluation 
form, IKDC subjective 
knee form, A side-to-
side difference laxity 
by KT-1000, Isokinetic 
muscle strength 
testing, anterior knee 
pain 

37/35 BPTB grafts '*�0�
�1=-1�%
�8�9��&�
���
�9%=�	HF
�5+-
/�11	
� Hamstring grafts 
"
	�1�%U21E�'()��7;��/
/(
$	�/6515
�&1+� 

P. Volpi(43) (2553) 2  [ Lysholm score, Tegner 
scale, IKDC score, , A 
side-to-side difference 
laxity by KT-1000 

20/20 F7��&%4 6991�%F
�5+-'+<&
"�&699�/
/($	�/6515
�&
1+��.
�&/(�+."*�$+, 
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1. 1�%�5%(./ red blood cell lysis buffer  

1.1 I+)& KHCO3 0.5 g, NH4Cl 4.15 g 673 EDTA 0.019 g 737�.-
	.�<*�17+)� %3/�H  
             100 ml 

1.2  �5=/�<*�17+)�8�$%9 500 ml  
1.3 �*�� 1%�&F
�� filter ���- 0.2 µm 

 
2. 1�%�5%(./ 1X Phosphate buffer saline (PBS)  

2.1 I+)& NaCl 8.0 g, Na2HPO4 1.16 g, KH2PO4 0.2 g 673 KCl 0.2 g 
2.2 737�.0��<*�17+)� %=/�5% 800 ml 
2.3  %+9 pH 0�
�-
 7.2 67
	�5=/�<*�17+)�8��-
 1000 ml 
2.4 �*�� ��
��$%;)�& autoclave 

 
3. 1�%�5%(./ Proteinase K 

3.1 �5=/ DNase-free water 3 ml  
3.2 �*�� F"/0�
��
�1+�#-.0I
�$%;)�& vortex 
 

4. 1�%�5%(./ 10X Tris-acetic EDTA buffer (TAE buffer)  
4.1 I+)& Tris base 48.4 g 737�.-
	.�<*�17+)�  %3/�H 50 ml 
4.2 �5=/ glacial acetic 17.0 ml $�0�
��
�1+� 
4.3 �5=/ 0.5 M EDTA, pH 8.0 7.44 ml $�0�
��
�1+� 
4.4 �5=/�<*�17+)�8��-
 %=/�5% 100 ml  %+9 pH 7.8  

 
5. �5%(./ 1 M Tris-hydrocholic acid, pH 8.0 

5.1 I+)& Tris (MW: 121.14 g/mol) 181.7 g 737�.0� deionized water 70 ml 
5.2  %+9 pH 0�
�-
 8.0 #-.�5=/ concentrated HCl  %3/�H 5.0 ml 
5.3 �5=/ deionized water 8��-
 100 ml  
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6. 1�%�5%(./ 2.0% agarose gel 
6.1 I+)&F& agarose 2.0 g �'7&0� flask ���- 250 ml 
6.2 �5=/ TAE buffer 8��-
 %=/�5% 100-110 ml 67
	�>
�-
	. microwave 8�737�.��
�1+�-( 
6.3 �'7&699G=/GX (tray) 

 
7. 1�%�5%(./ 10X Tris-boric EDTA buffer (TBE buffer)  

7.1 I+)& Tris base 121.1 g 737�.-
	.�<*�17+)�  %3/�H 50 ml 
7.2 �5=/ Boric acid anhydrous 55.6 ml $�0�
��
�1+� 
7.3 �5=/ 0.5 M Na2EDTA $�0�
��
�1+� 
7.4 �5=/�<*�17+)�8��-
 %=/�5% 100 ml  %+9 pH 8.3 

 
8. 1�%�5%(./ 30% polyacrylamide 100 ml 

8.1 I+)& Bis acrylamide 0.8 g 737�.0� D.W. 0�
�-
 25 ml  
8.2 �5=/ 40% acrylamide 75 ml 
8.3 F"/0�
��
�1+� 

 
9. 1�%�5%(./ 10% Ammonium persulfate 

9.1 I+)& Ammonium persulfate 0.1 g 
9.2 �5=/�<*�17+)�8�$%9 1 ml 
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1�% %3I>/�"��F7&��	=8+.%3-+99+H¡=5U21E�6�
&I�5= $%+<&'() 20   H /��	='.�7+./�=-7	+�'()

�*��"�� 2-3 1>/Q�G+�WX G.U. 2554 
673 

9'$+-.
�'()�-
5�9%+90�
"�/�%A�*��"��F7&�� 
 

F7&��5(G=/GX0�	%"�%'�&	='.�U�"5%X1�%6G'.X0�%3-+9����I�5= Genetics and Molecular 
Research 2011 (in press) 
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)%�� � �	�� ��   ��."/�1(.%5= /7=7� 
��� 
'%�� ��
 !'  12 1>/Q�G+�WX G.U. 2528 
������! 	�hl s	 	='.�U�"5%9+H¡=5 (�'$�=$1�%6G'.X) /��	='.�7+.W%%/U�"5%X 
 	���	
���V��	� 8+-'*�9'$	�/	=8+.673# "�5�%X8�19�&"
	���&	='.��=G�WX�G;)�

5(G=/GX673�*��"��F7&��	=8+.0�1�% %3I>/�"��F7&��	=8+.%3-+9
9+H¡=5U21E�6�
&I�5= $%+<&'() 20   H /��	='.�7+./�=-7 

  F7&��5(G=/GX0�	%"�%'�&	='.�U�"5%X1�%6G'.X0�%3-+9����I�5= 
Genetics and Molecular Research 2011 (in press)  
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