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 !H

!� ���' �
 ����� � %�M� �	��4��= ��>
� �
 ���4 �
 .�+�    ����" ���*

f����N �� %&' ��N�� ��" �
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 !-	() %+��
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 �9 � f�6�� �+�DXA :f����N �+� �
       ��" ���� ��
 ����4 ��
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 ���
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a��>� ��+^N� �	Z�� �� f�� $N�
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!� ���R f����N �� a��>� !��	���Y= %�V� .$N��  ���
 5���<= f�6�� �

 $���Imm 4       f��6�� ���< X��' ��
 (�	4+�#�@�� � $Y�Z a��>�)

    f���	�	��Y=�8�� $�����I +� �����
 W��Z��� ����� !�����4 + $��N��

a��>�) .&���� ���94 �
�;� G��S �
 (!>	Hb + �	�#�@� � ��*  
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 �� ��&�
�      $����I ��
 cu�� !��9-# �mm 5   ^�	� �+�
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  ���
 +� ����" �N�I� �
 .$N�� ���R �= �+� ���
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��
 A��6� ��= �+� cu� !�9-#  �
 �cu� !�9-# ��*3  �" ��
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 ���N� �

  ) ������ � 3"���4Norland XR-46 system; Cooper Surgical, 
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    �����6� ��
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 �g	4�4 �	�* �
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 ���N� �� f�� $N�
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 ��+^N� ��
 �* �
 .&' �N�I� �9 � ��*  ��
�� �+&
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%<�&�� ��	� ! ��
 ���
 �* .$N�� ���R %��L� � ���� ����= ��*  

    %��� ���<�4 ����
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 �&�
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!� �� ���
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   �����T� ����
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 ���*

���<= !� %��L� � �������#�� ��*  q&'�
 ^�   ������ �	T
 �� ����� ��

050/0 < P ��
  �$-� �	�* �
 +$	�"      ��* <� %&��= $� � ��
 ��*

 �9 �)BMD �BMC  +BA(   !8���H�* g��I i��b <�Pearson 

 ��	�� ��� ^	Y����= +   f���� <� %��L��� � ���
 ����������#��  ��^��N�SPSS   

���� �  20 )version 20, SPSS Inc., Chicago, IL( ��^64 ���� 

$N�� ���R W	-V4 +.  

  

���
	 	
  

 %<�&��� ��*������# ��	>� t��V�� + �	8��	�      <� %��L�� � ��
 %&�' ���	�

 %�8��� �Dual-energy X-ray absorptiometry )DXA a&��� (

Norland XR-46  a+&� ��1 .$ � %&�=  

  

���� 1 .�	
��	
 � ������ ��	�
 �����
���� ������ ��	� ��� �� ������� �� 
����� Dual-energy X-ray absorptiometry   

)DXA (��
 Norland XR-46  

BA )cm2( BMC )g( BMD )g/cm2( ) ��� �
	� ��	��cm( ����  

29/0 ± 00/68 28/0 ± 34/33 0040/0 ± 4887/0 5/1  ,%"�-. ��  
 54/0 ± 37/68 57/0 ± 47/33 0050/0 ± 4896/0 0/3  

37/0 ± 94/67 38/0 ± 39/33 0030/0 ± 4913/0 5/4 
89/0 ± 52/67 51/0 ± 04/33 0070/0 ± 4925/0 0/6 
56/0 ± 68/68 45/0 ± 17/34 0020/0 ± 4974/0 5/7 
11/0 ± 82/67 36/0 ± 58/49 0040/0 ± 7311/0 5/1 �/�-. �� 
22/0 ± 95/67 25/0 ± 85/49 0010/0 ± 7336/0 0/3 
09/0 ± 65/67 14/0 ± 99/49 0010/0 ± 7357/0 5/4 
17/0 ± 94/67 32/0 ± 00/50 0020/0 ± 7359/0 0/6 
13/0 ± 91/67 47/0 ± 33/50 0060/0 ± 7379/0 5/7 
33/0 ± 84/67 18/0 ± 99/65 0070/0 ± 9727/0 5/1 �0123 
05/0 ± 79/67 56/0 ± 13/66 0030/0 ± 9729/0 0/3 
02/0 ± 87/67 16/0 ± 18/66 0020/0 ± 9750/0 5/4 
08/0 ± 87/67 10/0 ± 10/66 0010/0 ± 9751/0 0/6 
12/0 ± 10/68 09/0 ± 54/66 0010/0 ± 9770/0 5/7 

BA: Bone area; BMC: Bone mineral content; BMD: Bone mineral density 
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������� �	
�� 
���� �� ��	 ���� ����� ����� ���� ���	
�� !���"
# � 

���� 2. ���� #$�% &
�'()� *��		+, -
�.% -/�� 0�� �� Bone mineral density )BMD (1�2.��� ��� 3&�	(4 &5�26��� � ����26���  

�	� �	���  �	� ����� � ! � ! �	���   "#�
#  

835/0- 396/0- 813/0- 073/0- 043/0-  �5 62�! 78"9Pearson  �0123  
371/0 741/0 395/0 954/0 724/0  ���:�P 

920/0 511/0 435/0- 961/0- 343/0-  �5 62�! 78"9Pearson  �/�-. ��  
256/0 659/0 713/0 178/0 424/0  ���:�P 

466/0 758/0- 319/0- 065/0 213/0  �5 62�! 78"9Pearson  ,%"�-. ��  
691/0 452/0 793/0 959/0 564/0  ���:�P 

3 3 3 3 3 ;< ���0=  

  
 a+&� �� �" ���� ���*2 !� %&*�;�      ����<= c�� � ��
 ����'

 !8��H�*Pearson       <� ��� }	�* ��
 f��� $�N�
 $����I G��		]4 �

������# ��*BMD �BMC  +BA �U
��  !��>� ����= �   $�'�&� ����

)050/0 > P   ��" &�' :�;� ���������#�� ��	 ��� <� %��L� � �
 .(

     ��������# ���
 f���� $��N�
 G����		]4BMD  +BMC   $�� � �ln���  

)050/0 < P ��������# ���
 ����� �(BA !���>� �	lm��4 }	��*  $��'�&� ����

)050/0 > P G��		]4 ������ .(BMD 	Hb) %+�� �   + !�#�@�� � �!>

G��		]4 �l� �� (<+�#�@� �  �f�� $N�
  ��
 f�� $N�
 G��		]4 $H~� �	lm4

    $�N�
 $����I 5��^�N� �
 �" ���b �
 q��� ��;� �� !����� � 3"��4

�f�� BMD !����� � %+�� �  �*   .���
 5��^N� �
 +� 3�u� g	' �


�	�)�*!�V�� W	-V4 �
 �     G���		]4 ��" &�' :��;� �%+�� �  ��* 

�	lm4 <+�#�@� � %+�� �
 f�� $N�
  W9') $ � ��'�� ���;	
1.(   

����������#�� ��	�� ��� <� %��L��� � ���
 �$����M� ���  ������= a&���

lm4 �
 g ����	 �
 f�� $N�
 G��		]4 �BMD    ��Y��>� .&��= $� � �
  �

!� ��;� �� ����= a&� ��� ��<   .&*�  
  

BMD = 0.977+ 0.004	∆��+ 0.004	∆��+ 0.002	∆��+ 
0.002	∆�� 

  

 a&� ��� ��t1∆ �t2∆ �t3∆  +t4∆   f��� $�N�
 $���I G��		]4 �

  a���>� 5��^�N� �
 h�
��      !�b f�����N �� (cu�� !��9-#) �= ���*   

4  <� g��	4�4 ���
 ���-Z��cm 5/1  ���
cm 3 <� �cm 3  ���
cm 5/4<� �   

cm 5/4  �
cm 6  <� +cm 6  �
cm 5/7  $H~� �
 ���4 �
 .��
  ����


 g���I !���4t∆ �	lm4 �f�� $N�
 $���I G��		]4 �" &' :�;� �

 �
 !�	T���BMD  .����  g����I <� �� �* ��&� ����T� �� $R� �


t∆�   !����� � 3"��4 5��^N� ��^	� ����;	
004/0  ��400/0   &�S��

!�  <� f�� $N�
 $���I 5��^N� �
 h�
�� �" &'�
cm 5/1   ��
cm 3 

 <� +cm 3  �
cm 5/4 
 .$ � %��
   ��
 f��� $N�
 �	lm4 ��^	� ���� �
 ��

BMD  <� ���"1   a+&��) &�= $ � �
 &S��3   ��^�	� �+� ���� <� q(

 3��	  !����� � 3"��4 �
 f�� $N�
 $���I G��		]4 <� !'�� ��U(

DXA t�S W
�R �! ��
 ���� ��
 �`�.  

  

  
78� 1. &���� �	9�, *��		+, -
�.% -/�� 0�� �� BMD  

(Bone mineral density) 1�2.��� ��� 3&�	(4 ����26��� � &5�26���  

  

���� 3. ���� *��		+, �	9;, -
�.% -/�� 0�� � �Bone mineral density )BMD 3(Bone mineral content )BMC( � Bone area )BA( �� 

������� �� 12	���� <$��
������  

 �#���P F �$�" %"#&' %  ���#�	(  

001/0 < 358/6606 14  
�
 >1?@= ��� BMD 

032/0 049/3 4 A��B9 C�"11D= 

000/0 246/4322 14 
�
 >1?@= ��� BMC 

002/0 563/5 4 A��B9 C�"11D= 
097/0 750/1 14 
�
 >1?@= ��� BA  
073/0 384/2 4 A��B9 C�"11D= 

BA: Bone area; BMC: Bone mineral content; BMD: Bone mineral density 

3&.�4  

5/7             6                  5/4              3                  5/1 

���+, &���')(��� 
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������� �	
�� 
���� �� ��	 ���� ����� ����� ���� ���	
�� !���"
# � 

)*�  

 �+� �
 ����� � 3"��4 56� DXA    �!8���9' ��U( !
��<�� ��

!��# + <+�#�@��� � :	���;4  $�� � �ln��� ������� ����	�)3-1( �+� .

DXA !
 �%��    �&���� � ������ �
 + �N�S �
 �+�T� ��U(  !��ub ��

    �&����� ����R ������ � !8��9' Q�>� �� �" ����N� !�� ��' ���


 $ � %&' ��(��')6-5(     + 
��
 $�R� W�	Y� ��
 �+� ��� ��	�)�* .

%<�&�� �
 ���R ���( ��&��# ��	 ��H	Y�"   !��^� G��		]4 ��	�  3"���4 ��

!� ����� �  &'�
)13-9   ��
 ^�"��� <� ���	�
 d �4 �W	Y� �	�* �
 .(

_ �# ��`��      !�# + ������ � !"��# ������ ��
 !���    $	>�I+ ���	�

      �9� � ������� <� F�# a��  +� ��� �� !b �����	
DXA   ��M��;	#

!�  ��')14(.  

 �+� �" �= �
 ���4 �
 a�ZDXA      + ���D�# ����94 �b��( ��


  �	�	>4 + ����� � !"�# :	�;4 !�ub ���&��� � ����� �
 �
�
 $R�

) $ � %&' ��(��' ���N� !����� � $	>I+10 :?��� ��9'^# + (

     � ������	
 �!������ � 3"���4 !��^� G���		]4 5���� W	Y� �
  ����
 �

!#          A����� ������ � !"��# :	��;4 ^�"��� ��
 ������ &��+� ��	�

!� !� X�U� a�n  ��� �&�*�  �" ��'»    f&�� W�	Y� ��
 �U( <+�
 ��^	�

  ������ �) !-" ,	>e4 <� f�� $N�
 ,	>e4 �
 h�
�� r	VS i��L4

�$ � �&To (f�� $N�
 + « +»     W�
�R &�Z �� ��U( <+��
 ��^	� ��� ��=

�$ � a�HR .« �U( <+�
 ��^	� �! ��
 ���� %�8� � �� �a�~� ����� �


 + f+� G�>���� ��  <� ����" �����	
 ��;	
 ��3  ) &�S��8/2   (&�S��

%�M� ���
 5	# ���" ��*     ����;	
 ���U( ����+ ���� �
 ��
 .&' !�	


!�     + &��= C���Z ��
 ���	
 $	>I+ �&' ��M
 �� �4&
 ����� �
 &���4

  i�	R� �	��4 �+� ��� <� .�<�  ����� W9;� �
 �� ����� &�+�BMD 

%<�&�� + � ��U( <+�
 ��^	� ��	�    :	��;4 ^�"��� !����4 �� !Y���Z

!� ���' �
 ��+�I ���� ������ � !"�#      �� ��" s��?( ��
 q&��=

   $� � %���
 a��>� &Z <� 5	
 �U( <+�
 ��^	� �!-HR G�>Y�U� !(�


)21-20.(  

�>Y�U� � �I�Z �
 G�>Y�U� G+�L4 !-HR �" ���� ��*  f&��  <+��
 

�U( �
 �
 ��	���" f����N �
 ��� �>Y�U� � �!����� !Z��b  f�����N  ��
 

$	-
�R  �� ��		]4  a���>�  ���*  !������ � +  $�N�
  f��� +  g� ����  ��
 

A�I�� �Y�T� �� + %��L� � <� f����N !��*  ��"  ����
  G����I��  ��8�� 

!Z��b �-�� ��� <� �$ � %&' .&��  

�>Y�U� ��    %��M� f�����N !�Z��b �
 �I�Z �     !>�  �����" ���*

lm4 �M�4 ��*�	]�� �8�� tDZ ��I &����     ��
 f��� $�N�
 $����I �	

   ��	� ��� <� %��L�� � �
 ��>Y�U� ��� �� .���� ! ��
 !����� � 3"��4

    $�	�" ��
 f��� $N�
 G��		]4 �" &' :�;� ��������#��BA   }	�*

 !��>� �	lm4  ) ���&�� ����050/0 > P   $�	�" ��
 ���� �(   ���*BMD  +

BMC !��� �ln��� &��'�
 )050/0 < P !Y�����Z� G����		]4 ��	���)�* .(

BMD �a����>� $�����I G����		]4 ���l� �  <� �����" �f���� $��N�
 ����*  

1 .&�= $ � �
 &S��  

��^	� ���� �
 ��
 ��U(  !�'�� <�  G���		]4  $�N�
  f���  ��
  3"���4 

!����� �  3��	 DXA ���� �! ��
  W�
�R  Q���p�  $� � . ����  ��

$ � !Y�Z �" �� �>Y�U� � ���8�� ��^	� �U( ���
 %�M� ��*   ����"

3/5 &S�� �	��4 �<% &' �" ��U( W
�R �`Zu� ��  ��
)22.( 

�
 tu(  %��L�� � �  �	� + <�  �9� � DXA  ����
  :	��;4 + 

G�>Y�U� �!Y�b �� $��+&V� 3M� ��� ��	�94  ���U(  ���6��  %&�' 

�� �	��4 i	R� BMD $ � .��� !'�� ��U( f&� <�  i���L4  r	V�S 

$N�
 f�� )�-e� + !
�o (<� ����� � !�  &'�
)16-15.(  

lm4	� N�
 ������ � 3"��4 �
 f�� $!   �+� <� W�S�ZDXA  ��

 ���� �,-��� G
�T��k  ���e���    ���
 .$� � %��� ���;� ���   �a��~�

 5*�"BMD  5*�" �+&
 �&
 W"BMC�  f�� $N�
 5*�" �l� ��

'��!  $ � %&' ���^� �<+ 5*�" <�)20(  +��  ���T��� BMC  +

BA �� $���I �*� 
	��;  <�cm 10
 �	5  �>R�+ &Z <�!   ��+=��


 $ � %&')21(.  

  $�R� �+� �
 f�� $N�
 $���I + i�� �	lm4 �!-HR G�>Y�U� ��

� � 3"��4  3���	  <� %��L�� � �
 �!����      3"���4 56��  ,�-��� ���*

����� �+� �
 ����� � ) &���� ! ��
 �!����� ��*3   !�e>
 �� ��" (

    ����+ ��
 ��" ��o q��
 �`Zu� W
�R �*�U( <+�
 ��^	� ������ ��� <�

  ���	����R $	>R�� �� �		]4 �-�� <� a���" W
�R �	p + !4�� ��*�U(

E�Y��^	N G��		]4 ����	
       ^	Y���= f&�� �����< $�'D� ��l� �� �&�
 ��

�9 � �+� ���9�  f�6�� ��
 �* �� �	��94 ��U( + ���	
 �&>�� ��*

 5����<= ���D# ���94 W�� �� ��9 �      $�R� !� ��
 ��6	�� �� + ��*

%�8� � ) ��
 ����� �&>�� Gu9;� �
 ����� � 3"��4 56�  ��*9 .(

 G�+��I <� !9� ���� �
 ��
    ��N <� %��L�� � ���*   ���>Y�U� ���� �� f���

.$ � %��
 ��" f�6�� �	Z �� %�TY�
 ��*�U( 5*�" �� tDZ  

�	lm4 s�?( �� !4�>Y�U� ��	�)�*   f��� $N�
 $���I + i��

   ����
 .$� � ��N�� f�6�� f����N <� %��L� � �
 !����� � 3"��4 �+� �


   %��M� !���	�	��Y= f�����N �i	TV4 �� �� �a�~�      ��� ��" ����" ���*

�>UR �� �%�M� �	��4��= ��>
� �
 g ���� !-	U�  �
 + $ � ���" ��*

   %�8�� � !�L	" a����" ��`��      ������ � 3"���4 56��  ���*Lunar 

%���) C= f��Z �� �� �$ � %&' !Z��b     ����R (f��� $�N�
 a��>� �

 G��		]4 �C= A�L4�� �		]4 ��
 �* �
 + &' %���BMD    �9� � f��6�� �


%<�&�� ) &' ��	�15�9'� <� .(!� ��>Y�U� ��� G
    f��6�� f&�� �
 ���4

   �� %��L�� � ����� C= 36Z �" ��o q��" %��'� 5���<= ���D# ���94

  !�� ��		]4 5���<= ���94 ��
 �*       !������ � 3"���4 �+� ��
 ��" &�
��

%<�&��        56��  %�8�� � $�R� !� ��
 + $� � ��D���	lm4 �%&' ��	�

�
+� !4�� ��U( �
 ����� � 3"��4 .$ � +�  
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������� �	
�� 
���� �� ��	 ���� ����� ����� ���� ���	
�� !���"
# � 

U� ���>Y� ��
 ���� ���R �
 ��8�� �  ����� �
 cu� !�9-# ��*

%���      %��M� f�����N �+� ��
 f��� $�N�
 a��>� �     A��� <� ����" ���*

 ) ��E�Y�*Hologic) &���� ! ��
 f�� $N�
 $���I �	lm4 �(15.(  

    ��" ���� ��-�� <� q��
 %���* !4
�9'� �
 �%&' ! ��
 G�>Y�U�

f����N �= �� ��N� ��" �
 ��*    $�N�
 $����I �	lm4 ! ��
 ��`�� �
 �*

 f�����N ��	�)�* .��
 %&;� !Z��b f��   $"��' ���*   %&�<��  ���*  �

%�8� �       W�
�R %�8�� � ����* ����
 ��M�4 ������ � 3"��4 56�  ��*

 %���� ��= �
 %+u� .$ � %��L� �      �� f��� $�N�
 + ������ � a���>� �

�= !� �		]4 W
�R �	p �* �� ���� �
 ��
 .&'�
$Y�Z �+� �>Y�U� ��9   ���*

  ��>Y�U� �� .���&�� ���+ f�� $N�
 + !����� � ,-���    ��
 ���I�Z �

%��� �� �		]4 $	-
�R �" !�����N <� %��L� �    $�N�
 + ������ � a��>� �

$���I ���
 �>Y�U� ����� �� f�� $Y�Z + ,-��� ��*    ,�-��� ���*

���� 3*��N (<+�#�@� � + !�#�@� � �!>	Hb) !����� � ��� ��	�)�* .&

%�8� � !���4 ���
 %��L� � $	-
�R f����N   �� ������ � 3"��4 56�  ��*

!� ��M�;	# + $'��      ��8�� $�R� ��= ���" ��
 �&>
 G�>Y�U� �� ��'

%�8� �   .���� ����T� �8�&9� �
 + ! ��
 ����� � 3"��4 56�  ��* 

!� �,-��� G
�T� ! ��
 <�       ���U( ��^�	� ��" $�N���� ����4
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Abstract 
Background: Bone mineral density (BMD) assessment by using dual-energy X-ray absorptiometry (DXA) plays 
an important role in diagnosis and treatment of osteoporosis. Variation in soft tissue thickness may cause 
probability errors in DXA bone values. The aim of this study was to assess the effect of soft tissue thickness on 
bone mineral.  

Methods: A spine phantom consisting of bone and soft tissue equivalents (Aluminum and Perspex, respectively) 
was made to simulate different status of bone (normal, osteopenia and osteoporosis) and abdominal thicknesses. 
BMD measurements were performed by DXA using a Norland XR-46 on 45 patients. The statistical analysis for 
determining the BMD, bone mineral content (BMC), bone area (BA) measurements was done using SPSS software. 

Findings: According to Pearson correlation test, variation of soft tissue thickness had no statistically significant 
relation on BMD, BMC and BA (P > 0.05). But non-parametric regression determined soft tissue thickness had 
some effect on BMD and BMC (P < 0.05), but no statistically effect on BA (P > 0.05). 

Conclusion: Variation of soft tissue thickness had no considerable effect (less than1%) on bone mineral results, 
so errors arising from soft tissue thickness in DXA are negligible. 

Keywords: Soft tissue, Dual-energy X-ray absorptiometry (DXA), Bone density 

 
Citation: Salamat MR, Keshavarz A, Salamat A, Shanei A. Assessing the Effect of in Vitro Soft Tissue 
Thickness on Bone Mineral Density Using Dual-energy X-ray Absorptiometry. J Isfahan Med Sch 2016; 
34(378): 347-54. 

 

Original Article 


