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parameter estimability

(gray → β not uniquely specified)

Design description...

Design : Two-sample t-test
Global calculation : user specified

Grand mean scaling : <no grand Mean scaling>
Global normalisation : AnCova by sF2

Parameters : 2 condition, +2 covariate, +0 block, +2 nuisance
6 total, having 6 degrees of freedom
leaving 34 degrees of freedom from 40 images
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&��  cK �� ]S+5 �UF � � ��)� ��+G*�F  �$�

    �+����% ��(�#T ��� ���� �0
G#� " 	/ �
p+ �
i=! �*

M"�5  �� ��ANCOVA +��� �f� ��  z���+� .�(. �

 ^�@+5 �� _-!� �K�(�X �Y  "Z    ��� �� y�
-U! "

?SE� ��$ t(� �� �(!���     ;"��� �� ���p ���$2 

� &�$�) �(..  

  

  
��� 5�'��7+ . ���+ L.M � � ������ A� �� ':�;MRI )Magnetic resonance imaging (� /0-�1 �C
��! ���D ��   

�� & �+ MCI )Mild cognitive impairment �EG�M N7� �� (B � ���8 !� �� K	+t ��� A� A�)G� SPM  K�C-
1� O6! ��050/0  

 



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���33  ���
 /353 ���� /��  �!� 1394 1657 

������� 	
� ��� � ������� ��� � ������ MRI ������� �� MCI  ������ �	
� ���������� � 

@��J 1/C0+ K	+B Q�� � . ���+ L.M �A�� �  K	+B �� �� ':�;Neuropsychiatry unit cognitive assessment tool K	+B �  �� ��,

�=	
.+ �  �+�� KBMemory 9Attention  �Visio spatial ��� A�  A�)G�SPM  

�����  ���	�  
���	� ��� ����� Td  

  
x  y  Z  K   �����P  

NUCOG  �)�� *+ ,�-�  �)�� *+ ,�-�  58 -54 -32 3541 002/0  

  /01 2)����3  ���342) ����56 7���  58 -60 -22 3541 002/0  

  �48� 2)����3  9: 6  -4 -74 -14 3541 002/0 

�;<�= /01 ���>*�  �0+01 ���>*� ����56  54 -42 48   050/0  

 /01 ���>*�  �0+01 ���>*� ���?0<  8 -68 58   050/0  

 /01 ���>*�  /01 ����56 ���>*�  -52 -32 42   050/0 

 /01 ���@ �48�  A01 , �48�  26 -66 -44  050/0  

 /01 ���@ �48�  A01 , �48�  30 -66 -44  050/0  

 /01 ����? �48�  B�1�C 24 -58 -26  050/0  

�D06 �-� ���2�  �-� ���2�  14 -24 2   050/0  

 *>A �+01  E��@ ��F� ,�  22 2 12 -    050/0  

 /01 ����? �48�  B�1�C -6 -54 -22  050/0 

,���>� - ���	�   /01 ���342)  HI	
 ���?0< ���3�2)  -60 -52 8   050/0 

  /01 J� ,*�  HI	
 J� ,*� ���2�  -48 -74 0   050/0 

 �0+01 ���>*�   �0+01 ���>*� ����56  -60 -34 38   050/0 

NUCOG: Neuropsychiatry unit cognitive assessment tool  

  
@��J 2. � ��Q �R�M � ST�-� A�+B� A� L.M ���+ � � ':�; K�C-
1� O6! �� �050/0 U&R� �� � Famil-wise error  

���	�  ����� TD   ����aal  
 �	�� �MNI )"��� ���(  

$�����  %

�& ��'()  

050/0 < P  

 �����P 

FEW  
 �����Z  

z y x k 

/01 ����*<  K!*>L ����*< ���2�  7��� ���?0< ����*<  10 66 26 1 025/0 85/4  

/01 ���342) ���3�2) ���2�  �0� ���	42) ���2� 9:  46 - 10 46 - 1 025/0 84/4  

FEW: Family-wise error; MNI: Montreal Neurological Institute 

  

-.�  

�� ��	 ���R �� &��<+/� �� #�! �
` ��$�  �%
�  �M�����% 

&�� � �+G*�F� UR! �p
B -E �� ?% " �.
7�  ���/� 

���q� �����  ������+��/�MNI �(���� \���c�� ���� "���$� 

Regression  "t� "�����@!�� "� &"������ ������  ����$   

�R��G �.  .  

/C0+ V���A� ���+ L.M �A�� �     �W� )W*+ �� W':�;

K��A K	+B  / ;�C�NUCOG  K	W+B �    �W� ��W,

�=	
.+ � KB  

��+�� ���  ��#7 �/��� ��    &���  �cK l��-!�� ���� � 

��"� �(���� �� &��<+��/� ���� ���p ��+��G*�F  �+F�#��.

NUCOG �(�� " �T(�c ��� ��$ �   z#�% ,�. ��
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&�(K �  ���� ������� ���S�T ���(! ��f��K �+F�#.

    .��. ��+F���% ��+(���( M"� �� ����q� ����� "

��� 	+��� �� �6(a( 	�� 0
�$� &"���    ������
� ���$

 �� Z+-MCI �
% `� ��(#T �� " �(�   �� &��##* �#
�

 [
5)!MCI  � �� ��� �+��� 	��!  y
RC! 	�� ��$

  " ���f��K [��R� ���� Z+��- ������� ���/��� �� .0��/�

�+/�   ��� Z+- �����
� ��#�MCI    ��.(��� &"��� ��

)Amnestic  ���#
�E� hU/ �� (050/0   t(�� �K�(�� �

��A " �<SF \(
S��/ ����A(� ;�+��% �;�+��% ����� ��

.�(� �f��K �(�� �� 0-� ��+G-�$  

     " ����q� ������ [�R� ��� Z+- ����� �/��� ��

�+��/�  �������
� ����#�MCI  ���.(��� ���
W &"���� ��

)Non-amnestic  &���  �cK 	
� �( �    ��� ��+�G*�F

 ;��(v�! ���A(� z#�. �K�(� �
� ���q� ����� �(��

�G*� z#�. "   �#
���% ;(�(� " ���
 ;�+
%   ��
� ;��+��%

�#7 l�-!�� .0.�� �(�" ���  

�� ����� Z+- �� [R� ��(! � �
�  K�(���  ~(D��! 

�� �p 
��� " t(� t�/ ���(� " t(� ��A� S��/
\( 

l�-!�� #7����� ��  cK &�� �  �+�G*�F�   " 0�.��

�/ ���� �(���$� ����T(�c�   ����S�T " ���� ,�.

������ #7 l�-!������� �)� &��� .��	 ��+�� �$ �+� ���z 

�7��U� Schmidt-Wilcke "     ��� ��U��� �� �������$

�+G-�$� 
���  �� �f��KMCI ��(5�$� ) ����22.(  

���+ L.M /� '�
, �� �6; �+�	= �-�H� /!A�� � 

 �A�
-� � �� ':�;MCI   

  �
i=�! ��$"'% 	�� ��   ��UF ,��(T   �0
�G#� �	�/

  ���)� �^Z
@C! ���
  �R���/ " �(�F �  0�����   ���

M"�5 ��$�+���% ��(#T  �� ��ANCOVA   ��f� ��

 .�. �+���Resnick   ��7��U �� �� �������$ " ��   ���

 �
����Regression &�� �  ��(#T �� �� 	/ ���+G*�F

    �����
� ��� _-!�� " ��e��
i=! �+���%MCI   ��������

  &���T ^�(J �� �� ;�+��% " ;�+�"�� �K�(� " ����*

�G*� " ;��(v�! �K�(� "     ���+�* ^���A ��� �� ;�+
%

���)� � MCI ) �#+G���184(  ^�7��U �� �* ���K ��

Schmidt-Wilcke    `�� ��(�#T �� �� 	/ ������$ "

M"�5 �+���%     ��* ����(� ��R+7 " �+��� �f� �� ��

 ������
�MCI ���* ��&���� �$ �  ��
��G� ��+��G*�F

� 	/ ������ �
i=! �� �!�i� ) �.��22.(  

� ��)� �$"'% 	�� z��+�      �
i=�! ��* ����� ��$�

    �+�����% ��(��#T ���� �0
��G#� ���� 	��/ ����$�+���%

M"�5  �� ��AVCOVA   �K�(�� ��. �+��� �f� ��

   ����A(� ;��(�v�! z#�. �;�+��% t(� " ���
 ;��(v�!

 ��#
�E� hU/ �� ;�+�"�� z#�. "050/0   bZ�J� �� "

FWE �#7 l�-!�� �����  ����
� �� ����MCI   " �(��

 �+�����% ��(��#T ����  ��$ ^Z
��@C! �
i=��! ���* ������

M"�5  �� ��AVCOVA     ���#! ���. ��+��� �f� ��

 �K�(�     ����
 ;��(�v�! t(�� " ����
 ;�+�"�� z#�.

 ������
� ���� ��+��G-�$ �����MCI  	
���$ ���� .�(���

 ���/ 	+��� �f� �� �� �V
!�! �UF ,�(T �(F ��)�

�R��/ " � �
K�� ��#! �0���� �    ����
 ;��+�"�� z#�.

�+��� �� ��(! �� .�. M����   ��
f� 	
RRC ���� ��$

Schmidt-Wilcke ) �����������$ "22 (Whitwell  "

) ������$9&��  cK �$�* �* ( �  �� �� ��+G*�F

t(�  &���* M���� ;�+��% " ;��(v�! �;�+�"�� ��$   ����

)22-20 �8-7  �� l�-#+�/� (    ������
� ��* �(�.MCI 

    &���  �cK �"� ��� 0
�G#� " 	/ �
i=! �� �
� � 

� �
i=! ��+G*�F ��� ����E �� " ���e�    �
i=�! ��(�!

�"� ���� ^Z
��@C! �����
 MCI  .0����� &������� ��

�+���      �� ���)� �$"'�% 	��� ���$     l��-!�� ��* ��$�

�#7 ��� &��  cK 	
� �+-� �   �K�(�� �� ��+G*�F
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�@C! ���
 �� t(� ;��(v�! ;��� " ���(� t�/

  ����� ����� ���Y ���$ ��!����-T ���� .���� �(���" �����

  &��� ���"�!� ��Y� �+�* ��.�� ��+)
� ^Z
@C! � 

 �� ��+G*�F      ̂ D��R ��� z���+� 	��� .�(�. Luck  "

  ^Z
�@C! ���
  
R+G l�-!�� �� �U��� �� ������$

 ����
� ��MCI ) ���� ���(5�$7.(  

X�� G� �1 �C
��! ���D ��-0/    �W� & W�+ �MCI   �W�

!A�� � ���8 !�/ ���+ L.M�  � W':�;�   Y�A �W�
VBM  

��  �� Z+- ����� ��+��MCI      �(��� ^����� ��� ���(! ��

NUCOG     6(�� " l(��� [�R� �� ��(! �"�� "MCI 

/���� &��  cK " ���.�  �+�G*�F�     ��� ������ ��p

+/� �(f#
���  ��+�� ���	 K�� �
�     6"��. �� ��* ��p ��

�
����  ��"�!� ��Y��  �� �(�.  �/���� ��� ��� ��+� .�z 

VBM  ��SPM $
w   �#7 ^"��<! ��(������  "� �� ��

 �� Z+- "  ��/ &"��MCI   ���(! �� ����� �� .���� ��)�

#7 ������  ��(�Regression �(���$�   ���(! ��f��K

� �(�� "���� �q����    ��� Z+�- &"�� �� �����MCI   ���

) ���f��K [��R�Single domain " (MCI ���#Y �����	 

) [R�Multi domain (GR!
  ���. )8 .(��*� � ��+�� ��$ 

�� ^D�R �$�*   �cK  &��� �  �+�G*�F�   6"��. ��

�
������ K�(��� �� ���  ;��(��v�! t(��� ]��S+5��
��� 

 &���* M���� ���� )19    �;��� ��(�#T ��� .(Whitwell  "

 ������$)9( � "
� Chetelat  ������$ ")23(�  ��"�!�� 

�� K�(�� ;��(v�! "  ;��+�"�� �� ��  6"��. �
 �����  ��� 

��(�����#T ��������)� � �
��������� MCI  " �#+�����G���  

Schmidt-Wilcke " ������$�  ��"�!��    ;��(�v�! t(��
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����� Single domain  �� ��#���   ��R+7 "

� �� �* �#+G$
����� Multi domain �"�!��  K�(�� ��� 
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) �.(��� �"�� �����
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      �K�(�� �� ������� ����S�T " ���(! �(��� �� [R�

 " ~(D�!(v
$Mynert ) ��� �$�(F k�9.(  
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Abstract 
Background: With increasing average life expectancy in the world, Alzheimer's disease has become 
one of the important common diseases. However, due to the loss of brain cells, the patient's mental 
abilities are irreversible and it is essential to predict at early stage; so, pharmacotherapy is more 
effective in inhibiting the development of the disease. The diagnosis methods are biochemical and 
psychological. Recently, magnetic resonance imaging (MRI) has been attended as a noninvasive and 
low-cost method. In this study, we tried to compare and evaluate the changes in the volume of the gray 
matter using voxel-based morphometry in brain MRI of normal elderly people and those with mild 
cognitive impairment (MCI).  

Methods: This study included 23 patients with mild cognitive impairment and 17 normal subjects. All 
subjects underwent neuropsychological testing and neuropsychiatry unit cognitive assessment tool 
(NUCOG) and the subjects were scanned using 1.5T MRI. Images were processed and analyzed using 
SPM8 running on MATLAB 2013b software. Finally for statistical analysis, modulated images of two 
groups were compared and evaluated. 

Findings: In comparison between the two groups, we found statistically significant difference  
(P < 0.05) with family wise error (FWE). Patients with mild cognitive impairment had significantly 
lower brain gray matter volume in frontal (P = 0.013) and medial temporal (P = 0.025) lobes. 

Conclusion: In this study, we found several regions of local brain atrophy in the patients with mild 
cognitive impairment that could reduce the gray matter volume. 

Keywords: Voxel-based morphometry, Mild Cognitive Impairment, Gray Matter volume, Magnetic 
resonance imaging (MRI) 
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