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Abstract 

Ergonomic factors have a direct influence on the quality of spine support during sleep. Previous studies 

have shown that a mattress with a homogeneous stiffness can not necessarily maintain the natural spinal 

alignment. Using mattresses with components of different stiffness could be considered as a possible 

solution instead. In this research a new mattress system having elements with different stiffness has been 

designed. The springs used in this mattress has been combined with a special slice of polyurethane foam, 

and each of them has its own specific spring constant. After acquiring the anthropometrical data of 25 male 

volunteers, they were asked to lie in a lateral position on soft and very stiff surfaces according to predefined 

conditions. Then the coordinates of  the markers mounted on their spinous processes were registered 

through the optical tracking methods. In the next step the arrangement of the foam-spring elements were 

changed for each subject several times, in order to spinal alignment in a frontal plane was close to his 

normal alignment corresponding to the upright position. The post-processing of acquired data was 

considered off line.In order to qualify our experiments the BRG.LifeMod was used to model body position 

when lying on a mattress. The anthropometrical data of 4 subjects were used for the dimensional indexes of 

model. Several numerical models were built with several surfaces corresponding to the experimental essays. 

Once again the spinal alignment extracted. Results of both experimental and numerical modeling   showed 

that the mattress with custom-made arrangement of the elements is an appropriate solution for the optimal 

support of the spine during sleep. The numerical modeling was able to predict the spinal alignment. The 

results of this research can be very useful in designing the custom-made sleep systems according to the 

ergonomic factors.  
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6 Lateral midline                                        7 Flexion                                            8 Mapping 
 
 

"�� 0��K /��J .�;>\� -� D��0-� �� ]0>� ��	'�F  0�
���;�	PZ M��F �*F��	   ���!~ -
	 *;��J.  

  
1-4- 
)D +)(,�")I 4(58	  

0>� �� *��>A� >$�% �� �� *& ����>! V$�-�� �F P� �#;
 "�� u�_9� �� �>�? - D��0-� �_9� 0� -� /�% NC�

*&�� . �0 �>! /��K>	 V$�-�� �#�	��F �0�>	 
!�� 0�
 �F ���	 �>�� �� /�+� H- ��� u����� /�>% ���� 
	 ���l�
 �*[�P S_	 �� �0 ������ �0��-� b��_� 0�����  -*& 
	 �R��<

��� 
	 I����� H0�!.  
� D��0-� �;>\� �*F��	 �� *& 
	 ����>! V$�-�� P�  d�

 I���R� �_9�  0� gF �0 ��F�0 ������ ��>! @!�: �� ��
 �*& D���� H����0 0� ��#	� *� �� I���-�� �_9� 0� gF -

*� H��J>$< �F ���	 �>�� @r�% P� �� *F� 0��K.  

 Y! �� *;��J g�x� H0>�  '�� ��� �F �� �;P =�9�0�
� NC� �� ���J H�F ���	 
X�� V���� D;� �� *&�� HP�>	 b�

 
$% H�F �;d �� D��$�-�� ���& �;P �=�9�0� T��� �� ��
 �P�� ���0>;)���J �� ���& �$��� T��� �� ( �% d�� 
�9� ��

*&  �m� ���J ����� H�F ���	 �>�� H����0 �� @B�� �m� ��
�0�O�� .
���	 Y! D�� �;-�P ��� �;-�P �
+�B `-0 Y�>�6 

0>�� �� �� v135
J*��! �;-�P - �<0�7  >��P90  �<0�
 *& W�A��� . /��K>	 �;�-P D;� ����� H�F ����; �� �<>� ��

*&�� 
	 �q?� D;� H��� 
i!]21 [  H��J 0��K /��X-
/��J 0��K 
i! /��X- 0� '�� �F /��.  

 *[�-P - �F������ ]�\�A	 �� t>��	 
��#	 H�F /��K>	
*;��J L��A��� H0�! .'�� M�� L�<>?� �� t>��	 H�F�C! 0�

 0� �d�� D��0-� P� �*& O!� ]�?p�� Y�>� �0 �;>\� *��� -
 H�C! ������� '��	 
�*F ��#	 D���; �� - ����J �x�

*���0 
	 SK�*� �� �0 W�A���.  
  
1-5-  	 4&� 	 �)# GN� +	� )� �.��Q ���#"

����(V  ����&�  
 � H-0 �� 0�� -� *& ����>! V$�-�� �F P� - /9� NC

 b�� >$�% �� �*���>! /B�� 0� M�� NC� H-0 �� 0�� -�
 �F /B�� D;� 
	��� 0� - ������ 0��K �*& �[�0� S#�-�%

*;��J O!� �;-�\� .Q% P� 0��K ��� H��J ��  ��	*�: H-0
��B-� - L��A��� �>�� H����0 ���	 0� ��F �� 
�0>� 

��	*�: ��B-� /+��>� 
�� �>�� H����0 ���	 �F �0 0� �_9� 
I���R� �*� ";�'� 
i! H����0 ��� D;� �� �F0�� *�-0 
Up�� ��	*�: 0��#� �� *;��J 
	 �>�� H����0 ���	 0� �F 
/B�� �*���>! �� >$�% 0� 0��K 
i! H����0 ���J . /;��� 0�

 W�A��� ��� �Z H��� ���� ��	*�: ��>? �� ���	*�: D;�!Z
*;��J 
	 .  

� b�K� 
�0�� H��� /+;�� 
	 �F����0 M��� ��F ���	 �>�
*�>& T���	 gF . H�F��	�0�% D���� - ���� T���	 gF H���

/&���8  0�'�� M�� P�MATHLAB  *;��J ���9���.  
  
2- +��� _��  

Z 
� 0�'�� M�� P� �F S�$_� M�R�� - I*	 /!�� H��� 0
 *	 c;d 
<BRG.LifeMod  @;��;-2007 *& ���9���  

 �� ���& ��? /�+� �� 
����	 �]����_� �rA;0�� b��
 P� ����� ���Z D�B ��?1.45  ��Z P� ���� - 
i$i	 �*&��

*�>& 
	 �*�	�� 
���	]1[.  ]���>\! ����$�-�� D�� P�
 - 
i$i	 c;��� b�� �� a!�& V$�-�� *: H��	>%-���Z

>� 
���	 - *& ���� "��� �0�- *��4 ��	 I*	 ��	 �0�\�!� ��
 
i$i	 D���HTM  *K ��181  �P- -103  /�+� - M�J>$��

1.59 
���	 D��� ��	 �HSM   *K ��183  �P- -99  -
/�+�1.33 �  
i$i	 "�� ��	LTM  *K ��182  �P- -74 -

 /�+�1.52  
���	 "�� ��	LSM  *K ��184  �P- -76  -
 /�+�1.28 �*�*& �*�	�.  

       �|� �|� �0 �|F ��|�	 �>�|� ��|� @�% 0>� �� 0�'�� M��
   D�|� Y|�� - *� 
	 g�+�� H��� - H� ��� �
���J /�+K

*F� 
	 0��K S\9	 /�+K �� D;� . 0� /K� M-'B �� �<>� ��
 *& ��!���% �F ���	 �*R	 HP�+B*	 �� �F ���	 �>�� H����0

 S\9	 c;��� ��#	� c$�A	 H�F ���	 D�� ��  *|;��� �>|<>�.

© Copyright 2012 ISBME, http://www.ijbme.org

www.ijbme.org


 ������ ����� ������ ����������� ��	
 ���� ����� ��	
1390 �161-170    ��� 

 

9 MSC ADAMS 2005                                   10 Block                                      11 matching 

 �;���	 P� H� ���	 D�� S��9	 P� ��k �*� S��9	 
	���
 *;��;�F �0�*�����III   *;��J ���9���. - 
�9� ��R;� 0>x	 ��

 V;�X �H� ���	 D�� S��9	 H��� �x� �0>	 
���� �P��
 
���� 
���� �P�� - S\9	 
;���	 V;�X �S\9	 
�9�

*& �0�- S\9	]22[ .*� H��J 0��K /��X- �� �<>� �� I*	 �
*& I��?� 
��R� �>	PZ 0� ���9��� �0>	 S#�-�%.  

H��� I*	 gR� P� 
&0�9� ��	*�: �� "�� ���� H�F 
V�#	 S�C�+	 M�� 0�'�� '	��Z9 ���9��� *;��J. �>$�10�F �;
����� ��20  =�9�0� ×100  ��? ×10  I>�) T��� �� �����

��	 
���� (*�*& 
���� .��F =>� 
B�\�� D�� �>$� ����� �F 
*�� �� *��>�� M�*��F �� ]0>� �����PZ S��+	 - P� gF 

/��� *�. �Q^� I*	 H�F ��!�� �*& �� H-0 NC�  D;�
 M�R��0��K ���� *�*& . T��� 0� H�F �>$� - �*� u�q?� D��

Contact *& 0��K�� . - 
;���	 �0�>	 �� t>��	 ]�?p��
�>� /��m �0�>	 ��F 0�  ��#C�� V;�X . 

 �F4  0��K /9� - M�� NC� H-0 �� �*��� a!�& I*	
*;��J M�R�� S�$_� - *�*& ���� . 0�*;�% /B�� ��R;� P� Q%

 �F H-0�� I*	�F H��� �F ���	 M�< '���	 
��#	 /��K>	
*& L��A��� NC� . 0� �� *& 
�� ��F �>$� 
�9� ���l� ��

����� �: �F I*	 H�F ���	 �>�� H����0 I���-�� �_9�  ��
���J ";�'� 
i! /��X- . ��	�0�% ���l� �0�>	 
q�� 0�

 0� �F ���	 �>�� H����0 ���l� �� �R	 NC� "; 
�9�
*& 
	 ��;�  
��>� . �� I*	 �F P��� �� *& M�R�� �F 0�� ���l�

�>& aA�	 -� �*� P� /�+K�F 0� NC� 
�9� .  
  
3-�; ��D��  
3-1- ��)�� +�; ��D��  

�0 ������ 
	��� H��� M�� NC� H-0 �� �F ���	 �>�� H���
*& L��A��� 
&0�9� ��	*�: D;�!Z - /9� - . S#& 0�1 

 /9� - M�� �
&0�9� NC� H-0 �� D��$�-�� P� 
#; �;>\�
/�� �*& ���� ����.  

  
  
  

 
 S#&1  ( M�� NC� H-0 ��  �*& O!� �;>\�)/��0( NC� �   
 /9�)�: /�� ( 
&0�9� NC� -)D�;�% (�� P� 
#; P�D��$�-  

  
 �	��� 0� S#&2      ��|�	 �>�|� 
��|�	 Y|! H����0 0��>��

 H�F)H0�! *[�-P ( 
|����	 gF ��R;� P� Q% D��$�-��11  D�|�
 ���	 P� �F 
_	L5  ���	 ��C7      ��	*|�: �|� NC|� H-0 �|�

 S#& �
&0�9�3       - /9|� NC|� H-0 �|� �0 0��>|�� D�|�F
 S#&4 *F� 
	 ���� �0 M�� NC� H-0 �� �0 �Z . 

  

 
#& S2  ( �F ���	 �>�� 
���	 Y! H����0 0��>��) *[�-P

H0�!  ( H-0 �� �F 
_	 D�� 
����	 gF ��R;� P� Q% D��$�-��
 ���	 P� 
&0�9� ��	*�: �� NC�L5   ���	 ��C7  

  
S#& 3  (0��>�� H����0 Y! 
���	 �>�� ���	 �F )*[�-P 

H0�!  (D��$�-�� Q% P� ��R;� gF 
����	 D�� 
_	 �F �� H-0 
NC� /9� P� ���	 L5 �� ���	 C7 

© Copyright 2012 ISBME, http://www.ijbme.org

www.ijbme.org


166                                               �"���; 	 +���# @(A  
 

12 Levene                       13 One Way ANOVA                     14 Welch                     15 Tomhans                           16  Post Hoc Tests 
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