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i- Dual X ray absorptiometry 
ii- Quantitative ultrasound  
iii- Speed of sound  
iv- Brond band ultrasound attenuation  
v- Stiffness index  
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vi- Iranian multicenter osteoporosis study  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

17
 ]

 

                               2 / 6

http://ijem.sbmu.ac.ir/article-1-111-fa.html


��� �� ����� ���	
�� �
� ��������� ����
����� ����� ������  ��������	
� � 
���� �
�� 

 

 ��������	�

� ��
� ������  

 

 

 

 

 

 �����������   ���Stiffness Index (SI) ���� �� 
���
!" ���
� 

 

 

 

 ������#����   ���Stiffness Index (SI) ���
� �� 
���
!" ���
� 

 


���
 �	 

 "v��!� ����4�Mean±SD  "SOS  "BUA   � SI   ���@ �� 

   \���� ��7>/D>7j±j>/rk  "D/D>±w7/D7D  "E7/Dj±wk/Ew  � 

        \���� �� �
��� ��78/wr±kr/D>>r  "8E/Dr±m8/D7j �  

jj/Dm±DE/D88       ��� ��� ��   .     $� _V�
�     �� */� �

  ��&��f!�QUS     ��� �
� �/�� )8>/8p<.( p-value   _V�
� ��

         @
 �!#6 ��f!� �� �& �� �J88D/8 ���   .    �� �@� _V�
�BUA 

  �SI     ��� �
� �/�� )p-value     \���� �� �&887/8    � 87w/8 

���  .(     ;�� �
��� _V�
� ���@ �� $�/x#&     �� �'(p�� ��&SOS "

BUA   � SI    ��� �
� �/�� )p-value�&     ���(� \���� �� 8wr/8 

  �8Dm/8    � 8r>/8 ��� (.     ;�� �
��� �T
      �� �'(p�� ��&

       ��I� ��)�� ���@ �� $� @
 ���� F
���f�  .  $�'����SI  �
�� 

    �
��� � ���@w8l78         �
�� 	�'!�� �� d��� �
�,
 �� �<�� 

  _I��b�T-score   ��
�� ��
� �/�� X�!%
   .   �!J� �=�!� ��

   ����4� @
SI    ���#� �� w8l78      ����4� �
�/, �� ��
��
 _<�� 

     $���� � d���T-score        �� �
�
!�
 �6�B ��
�� �
�� 

�6��              �6�B ��
�� y��� "�� 	��Z!�
 z�� ��-�//6

    �6�� �� �
�
!�
           y��� �� ��
� �/�� F��Z� ��-�//6

   ����4� \(L�� SI  ���#�78lw8     ���n _<�� )  �� �����

               � �
�� d��� ����4� �
�/, �� 	�'!��   �6�B ��
�

�
�
!�
  (��
��  .        ���#� d��� ����4� $�� �'�� F��I, ��

            �
�� ���% ��
�
#& ���n ���#� d��� ����4� � ��
��


 ��
� ���� �
�
!�
 �6�B ��
��)K=0.875.( 

 

 ������� 

���/��� ��/��	 


�/�
±�
/�
 

)
���
( 

 ���� �� 

)���( 


�/�
±��/�� 

)
����( 

  ����	 �� 

)���( 

��/��±��/� 

)
����( 

������ �� 

)���( 


�/�
±��/�� 

)������( 

���� ��� 

)���( 

��/�
±
�/�� 

)�
����( 

����	 ��� 

)���( 


/�±
�/��
 

)������
( 

���� �! 

)���( 

��/�±��/��� 

)������
( 

����	 �! 

)���( 

��/�±��/
� 

)�
/�����/�
( 

BMI����  

)���( 



/�±��/
� 

)��/�����/
�( 

BMI����	  

)���( 

0

20

40

60

80

100

120

140

160

20-
29

30-
39

40-
49

50-
59

60-
69

>70

Percentile 2.5

Percentile 50

Percentile97

0

20

40

60

80

100

120

140

160

20-
29

30-
39

40-
49

50-
59

60-
69

>70

 �
��

�
 �

�
��

)
SI(

 

������� �	


��
�/�
 ��
��

��
�/��

��
�/�
 ��
��

��
�/�� 

�

�

*

�
 

�
 

*

�
*

�
 

�
 

*
�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

17
 ]

 

                               3 / 6

http://ijem.sbmu.ac.ir/article-1-111-fa.html


���� ���� ,��	
� � 
 �	���	����� ���� ��� �	
� ��
 	 
�������� ����� ��� 

 

��� 

����         ��� �	 �
��
�
 ��
�� ���� ���
� �� ��DXA �

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


   $�� %WHO         �
��
�
 ���& �'���� ���(� �
��) �	 �

   ��
 �
*� ��� �	  . +�,
�� #�
  +�,
�� ��-    /	�0��1 ��
�2 ���-

      �(3
 4"��� "�5�� � /67X "�3�	 ��   .    +"3 8)�	 9:;� #�6-

           ��� ���<- �� $�- ��� �	 �
"�6��
� �=�� +%���
 �� ��


     +�,
�� � �� /67 /	�0$�-    ��3 9:=   . 
�2���� ��� �*

   �
��
�
 �6�)QUS  (   ��� #�
 %
 �@� ���-  .   �� A"0 #�5�


                ��"7 #��(� ����<- �� � ���B ��� #�
 %
 +��C
�
 +
�

     ��
 �(��= �� �B �(�D!  .      �� ��
 �3�� �E�7 F(5�;�

           ����	 ���� F(��= �(�D! ����G� #��(� �H=  .����  ��

         $"�	 +��2 #�	 �	�I ��
��6- ��
C2      �	 �'���� $�-

��C
�
             �� F(5�;� %
 /J�7 �
")
 � +�,
�� K=�� �
")
 %
 +

)              K=�� ��
��� �� � ���@���B K=�� �+�,
�� �� ���% ��

    ��
 +��	 �L� ���� ���65B  ( �3
� ��=�  .    ��
 �5�7 �� #�


         ��� �	 +"3 A���
 M�(5�;� �� ��DXA     �� N�O� �
��) �	 

   ��
��
 F(5�;�iIMOS   P�;� BMD     ��"7 ���
��
 �(�D! Q %

       ��
 +��	 ���@���B ��(6= �(�D! "7 %
 �
6�.��   #�
 ��6-
 

             �(�D! �
<�� �� �����B %
 �5ST�BMD     $�-�
U� �� 

     M�(5�;� �� �V:
��DXA M��C� �       � �
3
� �=�� /	�0 $�-

                 �	 M��C
� �
U� �� %
 $�
�*
 �W ��
 +"3 +"-��� �
7

BMD             X�
�) $
�	 ����C
� �;I �� ��
 #@6� ��T@� 

 ��& $��6�	   "�3�	 �
��
�
 �  .       �� �=�� /	�0 M��C� A")

     %
 /J�7 Y��
�QUS        M��C� �� V:
�� $�-�
U� #�	   $�-

          �
DO� F
@� "�
�� �� �"��
� $%��	 �,�-�* � �)�6
=
 �Z�
�[

           �
��
�
 ���& ����� �� ��� #�
 %
 �
��	 4��C
�
 ��

     �B �:) � "3�	        ��� ����
�� �� �
�
	 "��3 
�QUS  �DT� 

  �	DXA           �2U�� $��2 +%
"�
 �	 ���0 �W �T�
����-   %
 

  �
��
�
)   �B ��
�� �	 +��)  (      ��� �	 �� ��
DXA  /	�0 

 "�
T�� $��2 +%
"�
.���   �,�� M�(5�;� �	��� ���    �� F(5�;� �� 

         $�-�
�
��& �	 \�= � #� F;	
� <��QUS)  SOS  �BUA  � 

SI  (                �� ]�T^� M
���_� #�
 ����% �� � ��	 �
� ��(�

+"-��� "3   .            �	 �,T`�� �a
 ��� F(5�;� �� �@��
 �	 �=�� �	

                 M�(5�;� �� � ��D� �
� ��(� ���% �� ��� M
���_� #�


DXA          �-�� 4"��
<*
 "��� �� �H� /��) Z� bc�6(� �,T`�� �

            �� +"3 +"-��� M��C� �:) ���
 ���% �� �
��
�
 ��
��

           �(5�;� �� � ��
� $�
��	 8^	 �	 %��� �� Y��
�  �	 $
  �
"(� 

         �*�� �-��_
� #�
 #�	 $���
� ��(� F;	
� "��3 ��
��	 F��6�

��3  .              � �
� ��(� �� F(5�;� �� �-��_
� �	 �%� � "0 F;	
�

    ��	 �DO�)      �	 dG* �%�BUA     ��
 �
3
� �;	
�   (  �� ��

      �	 �:D0 M�(5�;�QUS            �� � �
� ��(� ��
�� �e(	 �� �

      ��
 +��	 ��(� �	 ��
�� �e(	.	��   ��C� #�
 M     "��3 
� �-

    M��C� %
 �3�� �
�
	   �T�
� $�
U� $�-.     95�;� �	 �=�� �	

        ��� "�� �� �L� �	 �c�	QUS        "0�* � ���B �3�� �� 

            ��� V(E f�G� �e(	 %
 $�
���I�	 A") �	 ��
 �(3


DXA         � ����� �$�,5�	�1 �� 9���� �3�� "�
�
	 "��3 �

         *
�_= V:
�� g!��� �� �
��
�
 ���& ����� $��,�& ����

   "3�	 ��2���2 $�-�
U� �  .      �(5�;� ��(5�;� #�
 N�7 �- �	  $


               F(5�;� Z� �� �-��_
� #�	 F;	
� �	��%�
 � ��
 �(;G�

         M��-�� �a
 %
 $��2�:= /�5� �	 M��-��ii   ��
� h�=��  .

                  ���& $��6�	 X�
�) ��6-
 �	 �=�� �	 #�
 �	 +��)

    �,
T@3 "���� �
��
�
       ;	
� "��	 �Z�[�5���& $�-   #�
 F

  �-��_
�)  $�-��_
�(QUS        +"���� $��6�	 #�
 X�
�) �	 

��3  .            ��c�! M�(5�;� �	 %��� ���� #�
 �� �(;0 �L� ��Hi


            Y��
� F;	
� 4��	�� �
��	 F��6� �
"(� �	 � �H=� "�� �M"�

QUS��
� �B ����� � �
��
�
 ���& $��6�	 X�
�) � . 
 

 

 
 

References 
1. WHO study group. Assessment of fracture risk and its 

application to screening for postmenopausal 
osteoporosis. Technical report series 843. Geneva: 
WHO, 1994 

2. Heaney RP, Kanis JA. The interpretation and utility of 
ultrasound measurements of bone.Bone. 
1996;18(6):491-2 

3. Gluer CC. Quantitative ultrasound techniques for the 
assessment of osteoporosis: expert agreement on 

current status. The International Quantitative 
Ultrasound Consensus Group.J Bone Miner Res. 
1997;12(8):1280-8 

4. Langton CM, Palmer SB, Porter RW. The measurement 
of broadband ultrasonic attenuation in cancellous 
bone.Eng Med. 1984;13(2):89-91 

5. Wasnich RD, Ross PD, Heilbrun LK, Vogel JM.  
Selection of the optimal skeletal site for fracture risk 
prediction.Clin Orthop Relat Res. 1987;(216):262-9 

i- Iranian multi center osteoporosis study 
ii- Cohort effect 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

17
 ]

 

                               4 / 6

http://ijem.sbmu.ac.ir/article-1-111-fa.html


��� �� ����� ���	
�� �
� ��������� ����
����� ����� ������  ��������	
� � 
���� �
�� 

 

6. Black DM, Cummings SR, Genant HK, Nevitt MC, 
Palermo L, Browner W. Axial and appendicular bone 
density predict fractures in older women. J Bone Miner 
Res. 1992;7(6):633-8. 

7. Sosa M, Saavedra P, Munoz-Torres M, Alegre J, 
Gomez C, Gonzalez-Macias J,et al, Quantitative 
ultrasound calcaneus measurements: normative data 
and precision in the spanish population. Osteoporos Int. 
2002;13(6):487-92 

8. Landin-Wilhelmsen K, Johansson S, Rosengren A, 
Dotevall A, Lappas G, Bengtsson BA,et al, Calcaneal 
ultrasound measurements are determined by age and 
physical activity. Studies in two Swedish random 
population samples. J Intern Med. 2000 ;247(2):269-
78.  

9. Pluskiewicz W, Drozdzowska B Ultrasonic 
measurement of the calcaneus in Polish normal and 
osteoporotic women and men.Bone. 1999;24(6):611-7. 

�� .                ������	 
 ���
 �	
�� ����� ������ ����� ������� .

         ����� �� ��!"#�� ���$
 %&��' (��))*'+,-/0  1&�� 23��

���4' .5!67 89 2
�6�:� 
� .;)=(�?=-?, 

�� .   @��� ����� �������      �
��� ���#�
 A���B �1)CD���
 E6


       F ��)D� �G�	H I�)�D ����
  .      �� G�66���7 2�J� 1#���

 K�� ����L!�!�      �� 2C��J
 �� �� 26DXA     ������7 A47 

         %3�� ���H H� ��!"#�� ��!� 2� M#�
 2CN�� ���H.  ��O 2��


����� %C)3!��#
 
 P�� �
��0 =QRQ S+) = (Q,-?; 

 
 

 

 

  ���� �� ���	�         
���
� 
���� �
��
� ���
���� � 
�
��      �� 	�� 
�	
��
� 
�!" �#
$� %&'(� )*+

 , 
�!" -!.� �	 �� /
0 � 
*$1 � 
��$2 3
���
� 
���� 3
���� �
"�4��
� 5�"� �
��
� 
�6�7�	��	 .

         9:6 ;
<"� -:!� �� =!:�� >'?�         =��� ���
:��	 � >:@@A�� 3
�!" �3
*$1 3�
���� 3B!�A� C
6 

?'� 
� ��" =� ��"	 �� D��	� >'� =!.� &�1	 =� 	�� �#
$� E
��� )*+ �
'�.���	 � �
��	 F�$2. 

            G�	� 
� 
H
"��� D
I'
� �	 =J��� >'� �	 C��&4 �
"���http://www.lmo.org.ir/ijlm  
�
:��	 ��
�

)��. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

17
 ]

 

                               5 / 6

http://ijem.sbmu.ac.ir/article-1-111-fa.html


Vol 7 No.2 Summer 2005 Iranian Journal of Endocrinology & Metabolism / 180 

 

 
 
 
 
 
Original Article 

 
 
 

Normal values of heel quantitative ultrasound parameters in 
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Endocrine and Metabolism Research Center,Tehran University of Medical Science, Tehran, Iran 
 

Abstract 
Introduction: Quantitative Ultrasound (QUS) is a noninvasive and inexpensive portable method 

for bone mineral densitometry (BMD). QUS measures some other parameters like elasticity and 
microarchitecture in addition to BMD. This study designed to determine the normal values of QUS 
parameters (SOS, BUA and SI) of the calcaneus in a normal population of Tehran. Materials and 
Methods: BMDs of the heel in 259 normal men and women, 20 - 76 Y/O (participant of the Iranian 
Multicenter Osteoporosis Study (IMOS) were assessed using Achilles+ (a QUS device from Lunar 
corp.) After assessment of normal values, Stiffness Index (SI) percentiles ( 2.5, 50, 97.5) in men and 
women were established. Results: Mean values of SOS, BUA and SI in women were 
s36/75±1527/25, 121/42±15/1, 94/46±17/92 respectively and in men were 1553/63±43/20, 127/80± 
13/09, 100/19±18/77 respectively. Mean of SI in men and women 20 - 40 Y /0, had no significant 
difference with reference data used for QUS device. On the other hand there was a good 
correlation between diagnostic groups in reference values and results of our study (K= 0/875). 
Relation between age and sex and QUS parameters was significant. Conclusion: Results of this 
study show a good correlation between normal values of QUS of an Iranian population in this study 
and reference values of the American and European populations.  

 
 

Keywords: QUS, Osteoporosis, DXA, BMD 
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