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dUTP nick end labeling )TUNEL �(  

Sperm chromatin dispersion )SCD �(  

Sperm chromatin structure assay )SCSA �(

Single cell gel electrophoresis )SCGE  �����

COMET 	 (Acridine orange staining )AOT (

��$ %��)�.  m	� &��� ��1� �  m	� ���� TUNEL   ���

���,7 "� m	� H1L� '�� �;���  �h��Q4)  ���� 

"� ��)� �� 	  ���)� 	� �� DNA ��  ���51�  2e��R� 

m��
! %�) ) ';�13-10(.  

���P,��� &1� c�<��� &11��    	 "��X�8����� ����

 'Q4) ��
1�DNA     �1�i �� ����� '�1#�� 9�:;�

m	� n���� �,1� "#$ ��� � .���� ��	���  ����� �* 

 �� �$���	oi &�� 9�P�� ��� 2��8�K�  ��	��Y� �� 

���,1� ���;��� �   �����	�$ ���M���; c���<���&1  ����

X�8������ ��:;	���6!�1  ����! 2��0���� �� &�� 

H1RY� &1���	�$  9�:�;�  ������  @���L  ������ �  &��� 

����#1� ���� �;��� ���L '��!.  

  

��� 	
  

&���� ��	o��i "��� ����8�K� � d��� ����	�! %���,�* ���h� 

)Cohort (  �	� ��� ��$ ��� 33  ����  3��<�  ���  ����#1� 

��1��:;	�<6! �<Q� 	 44 ��� �� 9��!���:;� ��1<=   ���

H��<= �������1�� ) '��)���� ������� ������;WHO ����

World Health Organization�( ������ %�,,$ ��  
�$�� 

��	��� 	 ��	����� %�h5�	oi ���	� 2��0 '��!.   

���#� �� � H��= Masturbation ���� �  @L���- 4-3 

	� 
1��i � c�<��� �Q,� +#� ��	* �).  � ��#QL

���#�   ���:�;� ���������i �;��� '�� &#; +��� �

 9������ ������ ( �����Y� 	 ���������)  ��
������CASA   

)Computer-aided sperm analysis �X��8����� 	 ( 

9�:;� �� p�� m	� �[e�41��i�i �
1�*  ��1�� q�;� ��

    �L��� 	 ��) 9��P�� '�)���� ����� ����;  %�����  �

 �h���Q4) ���0�� �������� '���� �����#�DNA  ����

 m	� 	� � %��G���;�TUNEL  	SCSA  ����� ���� �

.����! �����h� �X	��1� "��� �� ����* 9�P��  

� ��1� ������ ��!�,,$ ��  %�h�5�	oi  �����	�  %	��! 

��#1� �� ������ @145� ����� �$ ��  ��;���  +����  &#�; 

�* ��  ���� �  p���  �
�1�*   ��[e�41���i�i90 -20  ��0�� 

9�:;� �� ����� �X�8����� �	�$ �; �����. %	�!  ����) 

�� ������  @14�5�  ������  ��$ �����  9��!���:�;�  ���1<= 

)�X�8����� �1� � 7 ��0�� ��#P�  '�$�-  �1�� � 

40 �0�� 	 ����� 9�:;� �1� � 20 �0�� (�����.    

�L�� � �&#; +��� 
18��* � ri %����   '��� �* �

 'Q4) �;���DNA    m	� 	� ��� 9�:�;�SCSA  	

TUNEL .�) %��G�;�  

m	�SCSA ���#� ����� �m	� &�� �� :   
���� ���

   r:�; .����) t	u '7�; ��200   ��18	�$���PBS 

)Phosphate-buffered saline �� (100   � ��18	�$���

      2��� ��� 	 ����Z� &#�; +����5   �� ��R1L�g 1500 

  ��� 	 �) ��T�� �	� ��	� D�6Y� .����! X��������;

200 ���#� � ��18	�$��  �%�) ��Q) �400   ��18	�$���

  �������) ��1;� D�6Y�100×    �1�;� �����6$ d���; �

 	 ����! ���Z� ("�����6$	��1�40    ����� �� ��1��S

 %��� ���L w���       ��1�;� ��� %��) ���#1� D��6Y� �� .�)  

2/1 �61�  �� ��1�;� "���1; �h�� D�6Y� ��18   d���;
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���� DNA ���� 	
���������� �� ����  ����� ��	
� )�%��*�+ 

�� &61�� �2�GQ� �X	��1�     ��1�;� "1��;� ����� &1�*

   %�	
��� o����	� &�����$* ����6$ d��; 	   '7��; ��� 

� N����;��%�h�����; ������������;�6�  m��#����))  

10000 �;��� (9�:;� �) .�� ���#� � ���)  
�1�  ��� 

���  �1�;� � PBS  %��G��;�  ��) 	  r:�;  ��6-�� � 

p�� �
1�* 9�P�� .����! �0�� '1�#�  �8�6�;  ��$ 

p�� 
��L � ��M 	�� ������  ���5�  %��,�� �  ��
�1� 

'Q4) DNA �� ��#) ) '��15-14.(  

 m	�TUNEL�6#� � m	� &�� : "1,4� �  ���

    ��1C 9�:�;� ����;�,) �� �0�x�M� 	 q�Q- ��1Q�

9�:;� � ��1<=      '�1$ .'�;� d8��; ����TUNEL  �

  ������ �m	� &�� �� .�) �1�� �4���* ��h�	�i '$�)

9�:;�  D�6Y� � %��G�;� �� ��PBS   ����#� t	u � ���

    .�����! ��1�� �1#�;� �9e �	� �� r:; ��) �5�Q)

� �9e ��) "5M � ��200    ��1[�8�������i ��18	�$���

4   ����L w���� ���� �� '7�; "� 2�� �� 	 ���Z� %

 D�6Y� �� r:; .�) %���PBS     ��� 	 9��P�� ��5�Q)

 ) ��U�iu�G� D�6Y� ��*1/0    ������� ��0��100×  ��

1/0    � ����� .���) �����Z� (2���1��; d����; ���0��  

10   �� 	� �w���� ���� �� &���! ���L �R1L�  ��� ��PBS 

  ����$ ���Z� �r:; .�) 9�P�� �5�Q)50   ��18	�$���

%�,,$ �,$�	 g1$�� �    �4����� �� 9e ��� �� D��� �

9e ��1���;���4�� 	  ���������4�� �� �����37 �������  �

����;     ��� ��5�Q) ���� 	� ��M* �� .'��! 9�P�� ���!

PBS   ������$ ������Z� 	PI )Propidium Iodide (  

  .�) 9�P��  

 &����� q����;� ����� ',���;��6� p����� �"���1,4�

Fluorescein-12-dUTP   d�
�����* � %��G�����;� ������

Terminal deoxynucleotidyl transferase )TdT (

 ������ ��-OH  �3DNA` ��Q4) 2��KL)  �DNA (

 ��� D�x��   .�����Fluorescein-12-d UTP �DNA  ��

��5�    %����5� ���4�� �%���#� ���    d����� �� �* d1R��Q� �

�� .���#�      �9�:�;� ��� �� %��) %����5� ',;��6� p��

��5� ��)� �� ��)� �� �h�Q4) �!  ���DNA   ��� .';�

  �� ',��;��6� p���� ����z- 9���7 ���� ����z- q���;�

�1-�� 9�:;� �9�:;� �; �     ����,7 ��� ���TUNEL   '�<{�

  �h��Q4) ����� 9�:;�)DNA   9�:�;�) ��G,� ��� (   ����

 �����DNA   ��� �����! �|� �� (d8�;   e ��� �� .���) �9

 @L��-100 �� ��1!�0�� 	 m��#) 9�:;�  ��))16(.    

%��� ����* 
18��* ���* � %��G�;� �� ��   �����* ���

 ) �h��Q<#� g��ZPearson Correlation test 	 (t 

9���������� ��  ��
����������SPSS �T��������Q�  �16   

)version 16, SPSS Inc., Chicago, IL 9���P�� (

 ������R� 	 '����!P  � ����#$05/0  ������* }���Y8 �

�,�� �) t�QY� ���.    

  

���	 	
  

   ������ �� ���:�;� ���������i ������ � @0�- n����

   ���Q��R� 	 �<��Q� ��1��:��;	�<6! ����^�  ���� �* �

 D	�� �� ���) ����� ���:;� ���������i1  %��� ��5�

  	 ����) %	�! 	� &1� ���:;� ���������i .';� %�)

 ��= �� ��#1��,�� .��� 2	�G�� ����  

 g1;* 2����DNA    	� ��� � %��G��;� �� 9�:;�

%	�! "14G� �� m	�  D	�� �� ��#1� 	 ���) ���2 

 ��� �|-3� .';� %�) %��� ��5�     &1h���1� ��$ ���)

DNA fragmentation index )DFI �� � %��G�;� �� (

  �<��Q� ��1��:��;	�<6! ����^� ������#1� �� m	� 	�

�,�� ���
�� ��� ')�� �)05/0 < P.(   

 D	�� ��3m	� n���� c�<��� �   ����TUNEL  	

SCSA    ���� �* c���<��� �����= &1��#� 	 �h����4� ����
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���� DNA ���� 	
���������� �� ����  ����� ��	
��%��*�+ ) 

    }���Y8 � .'�;� %���) %��� ���5� 9�:��;� ����������i

�K��� �����* �,�� �    	 m	� 	� ��� n����� &1� ����

�,�� c�<��� �&1,~#�    &��� � "�� �� n���� &1� ����

m	�  �0�� �� ���� .�) %���5� ��!�; 9�:;� ��Y� 

��$ ��  ���
���     ��
�1� ������ ��!��; ��0��  g1�;* 

DNA ��51� ) ��� %�)001/0 < P ]484/0  =r(.  

  

���  

m	� � %��G������;�  "�����#$ ��������  ��	��������

)Assisted reproductive technology  ����ART (

 �	 234�5� +�� ���� �,�
! &�����    �	������ ����

 '1R��� ��
1� .';�m	� &��    ������� @����7 �� ��

      .���� �h��Q� 9�:�;� 	 "�#T� @���$ '�3�; �1|�

2��8�K� ��5� %���   ��$ '�;�  9�:�;�  ������  �	������ 

����� W��R� ����� �����46#7 	 ����M���; ��	���G�� 

�� �)��. �%	���  �������  ��18	� �  +����  �&#�;  �
�� 

&18	� 2����L� 9�P�� ����! �� �;��� &1�	  �	������ 

]';�  ����  
18���*  +����  &#�;  ���  �����,�  ��#�  ������  

  
 ����1���	 � 
��� ����� ��� ������ ����� . 

����  
  ����  

)106 ������/ ��� ���!(  

�#�$ %��& 

'�()*  

�#�$ +,�!���� 

 -�./  
�#�$ �) $��  

�*+� ,�-�./�#01*�2    -3��-�± 4�.5�� ���������  38/20 ± 01/15  52/14 ± 68/12  60/0 ± 36/0  82/20 ± 00/48  

78��9  30/0  00/0  00/0  20  

.:;��9  84  45  2  90  

���
    -3��-�± 4�.5�� ���������  26/29 ± 86/79  52/12 ± 04/66  17/2 ± 20/9   -  

78��9  21  48  7   -  

.:;��9  151  91  16   -  

  
 ����2 ���	  �
� .DNA  !�
 �� � "�#��TUNEL  �SCSA ���	 � 
��� $��% �� 
�  

  ���� 01*�2 �34*�2  5�67	�� ±  8*��7*$�*�7	�)* 

 =+	
 ���-�DNA  >#� �!TUNEL  �*+� ,�-�./�#01*�2  5  80  68/18 ± 81/24  

���
  4  20  23/4 ± 50/11  

 =+	
 ���-�DNA  >#� �!SCSA  �*+� ,�-�./�#01*�2  5  65  69/16 ± 57/26  

���
  4  42  24/9 ± 75/14  

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling; SCSA: Sperm chromatin structure assay 

  
���� 3'(�
 . ) �� ����� !�
 )�� TUNEL � SCSA   

  
  TUNEL  SCSA  

 +,�!����

'�()*  
'�()* %��&  '�()* �9��  $���) �#�$  

TUNEL  r  
(P-value)  

1  )001/0 < (484/0  )001/0 < (432/0 -  )001/0 < (468/0 -  )001/0 < (388/0 -  )001/0 < (620/0  

SCSA 
r  

(P-value) 
)001/0 < (484/0  1  )001/0 < (418/0 -  )002/0 (355/0 -  )028/0 (250/0 -  )028/0 (383  

�.2 .� ���� r  
(P-value) 

)001/0 < (620/0  )028/0 (383  )023/0 (396/0 -  )172/0 (243/0 -  )430/0 (142/0  1  

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling; SCSA: Sperm chromatin structure assay 
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���� DNA ���� 	
���������� �� ����  ����� ��	
� )�%��*�+ 

��1� %�,,$ � W1T5� ��KL �� ��	����� �����  ]�)��

��$ ��^ ��,�  '�1�Z	  �������  �X��8����� 	   ��Y� 

9�:;� �� &11�� ��  ��,$ 	  ���1�  %��,,$ �  ��!o�	  ���� 

9�:;� �,��� '�3; DNA� �$ �  '�1#��  ��0�M �� 

2����L ��	����� �'��;� �������M�� ���#� ) ���)��17 .(

 ��	��� 2��L 'Y0 � ��51� ��,1#=� ���� �&�����,�

'Q� 9�P�� ����   	 9e 9�:�;� ��46#7 �� c���� ���

.';� ��	�Z    

 �0�� ���,$ ��DFI    '�Q4) WM��) ��DNA 

    ��;��� ����� 9�:�;	�<6! ����#1� � �#$ ����� ��

       ����8�K� %���� �� ���6$ ���= ��� .'�;� ����! ���L

 �;��� ���� @��$ ��1��:;	�<6! ��^� ��#1� %�
��)

����! ���L    ����!��� 2���8�K� �� ��#1� %�
��) &�� ���

�,�� ���
��    ��0�� ��
�1� �� ����DFI    ��� '<�Q�

 %	���!) ������� ����5� �����)25-18�� .( ����51� &���� 

�2��8�K� ������  '�Q4) DNA  ��� m	� TUNEL 

2��0 ����! ';� .��,� ��  "��  ����8�K� Larson 	 

�����4#� '�� ������  ��
�1�  '�Q4) DNA �  	�

m	� SCSA  	COMET %��G�;�  ���8�K� �� .����$  

9�7 ����* 2	�G�  '�Q4) �� DNA   ���#1� ������  ��

 �Q��R��� ����� %	�!  ���
��� ����)  '�Q4) DNA 

9�:;� �� ����� �1��:;	�<6! ��^� �� �� ) ��$19( .  

  �� �<�Q� ��1��:;	�<6! ���#1� d$ ��1Q� ��1)

���#1� ��1� �� 	 ����� ��	����� �� c���� ���   D��<��

    ���1�� ��;��; �� %��) ���;�,) ����#1� d$ ����� ��*

�	���Y� 2����8�K� ���� '��;� %���) g<��; �������1i �

�<,� ) ��1! 9�P�� ���#1� &�� `6�T� ���19 �5.(  ��

 'Q4) ��
1� �;��� �� ���8�K� &��DNA  �� �9�:;�

    ��� %��,,$ ������� �<Q� ��1��:;	�<6! ��^� �����

  m	� 	� � .d1�M�����i �����	� %�h��5�	oiSCSA  	

TUNEL    g1�;* ��
�1� �P,; '��DNA   9�:�;�

 �;��� 	 e�� '1;�Q- @18� ��)  '�Q4) �DNA   ���

 �����) 	 ����#1� ������� � "��� ���� �� (d1R���Q� ����=

 .d���$ %��G�;�  

�&1,~#� 9�#� 2��8�K�  2���0  �����! ��  ����� 

������ ��
1� 'Q4) DNA ��  ����,$  ������   ���^�

��1��:;	�<6! @��$     ��� 	 %��� ����L _��� ���� ��

2��0 ����� �;��� 9�P��  %��)  ]'�;�  ���  ����,$ 

 '��Q4) ���;��� DNA 9�:��;� �� ������#1�  ����^�

��1��:;	�<6! �<Q� �� 2��0 ��	�! 9�P��  %��5� 

.';� ��,� �� 	� ��8�K�  ������� �  @�$ �� 	�  ���#1� 

��1��:��;	�<6! ����^� �<��Q� ������ ���;��� �����L 

����! ]��� ������ 'Q4) DNA ��  ���8�K�  ��#�� 	 

����4#�  ���  �61�;	 � m	� SCD  	CMA3 )20	 ( 

�� ��8�K� � Brahem   m	� � %��G��;� �� ����4#� 	

TUNEL 9�P�� %�) ';� .�� �� 	� ���8�K�  ���
��� 

�,�� ���� �� ��
1�  '�Q4) DNA  &��� ��  �����#1� 

%���5�   .';� %�)  

  ����
18��* 	 ����* 9�P�� � ri ���8�K� &�� ��

 m	� � %��G�;� �� ����*TUNEL   '�Q4) ��0�� �

DNA   ��<�Q� ��1��:;	�<6! ��^� ����#1� �� 9�:;�

 ��,�� ���
�� ���) %	�! ����� �� '<Q�   ���5� ����

��8�K� .��� � Brahem 	 �� ����4#� %��G�;� � m	� 

TUNEL 
1� ��5� ���   ��
�1� ��$  '�Q4) DNA �� 

����#1� �1��:;	����� ��^� '<Q� �� �����  ����)  ��� 

��= �,�� ���� ���
�� ��  ����)25 ���5� n���� &�� .(

m��
! D�; ��� %��� ��5� �$ ';� �1M� ���    ��$ ����

      ����1<=�1C �������i ��� �	������ ������ &#; +��� ��

 ���� 9�:��;� ���0��DNA  '��;� ����51� %����� g1��;*  

)25-18n������ .( ����8�K� � ����Z�- &1��,~#� ����5� 
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���� DNA ���� 	
���������� �� ����  ����� ��	
��%��*�+ ) 

%�,�� � ���
�� 'Q4) DNA  9�:�;�  ���  %��G��;� � 

m	� TUNEL �� "� %	�! � ���3�<� ��  &�������� 

���  �1��:�;	����� ) �1��:�;	�<6! ( '�;� . �&������,� 
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Abstract 
Background: Infertility is estimated to affect up to 15% of couples of reproductive age. 
Globozoospermia is a rare (incidence < 0.1%) but severe disorder in male infertility. It is characterized 
by the absence of acrosome in round-headed spermatozoa. Cases with partial globozoospermic are a 
group of patients whose semen samples show only a fraction with this typical head shape. It is possible 
that round-headed sperm may have an abnormal chromatin structure and/or DNA strand breaks. 
Moreover, sperm DNA fragmentation is shown to be associated with teratozoospermia. This study 
aimed to assess the sperm DNA fragmentation in the patients with partial globozoospermia.  

Methods: In this prospective cohort study, 77 subjects including 33 infertile men with round-headed 
sperm (above 20%) and 44 normozospermic men as control was recruited over a 30-month period. 
Semen examination was based on World Health Organization guidelines. Sperm chromatin structure 
assay (SCSA) and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay were 
done for evaluation of the chromatin structure. 

Findings: The analysis of sperm DNA fragmentation showed statistical differences between patients 
with partial globozoospermia and control group. Patients with partial globozoospermia had a higher 
mean level of DNA fragmentation than the men with normal spermogram in SCSA (26.57 ± 16.69 vs. 
14.57 ± 9.24) and TUNEL (24.81 ± 18.68 vs. 11.50 ± 4.22) methods, respectively. The results of 
TUNEL and SCSA showed a strong relationship (r = 0.484; P < 0.001) in both groups. 

Conclusion: Some specific morphological abnormalities were shown to be predictive of chromatin 
alteration. The present study demonstrated that men with round-head sperm have elevated risk for 
DNA fragmentation in their sperm compared to control group. There are just some case reports about 
DNA fragmentation rate in men with globozoosprmia and further confirmation in a larger scale study 
is needed. 

Keywords: Globozoospermia, Sperm DNA fragmentation, Sperm chromatin structure assay (SCSA), 
Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay 
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����� ��� 	
��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

��#R;�+ ,�$ ����S �  ����,  �	�9��  ����  ���  ���7 

�� 3;�� .��#R;�+ ,�$ � 
! 3
;�� ��P � �9
+ �� �	J7 

�� R�/�� T�� 3
 R$ � ,��/R� ��  ��PU�  ,��$  �� 

��#R;�+ E	4K� �� 3;��3; . O��  ��#�R;�+  ��$ ��  ��	�� 

��/9F 3
;�� �� 7 � *.	4! � � 8�9/7��   
!/� 3
;�� 

�4+ 3/�D �!�� "3) �!� � �9/0 � 2�/.�  �	�� �� �� 

��� �� ,�� ��  ���V�P )5-4 .( ���  "�Y���  ���  � �R� 

��� "3/9RZ��D �� �J� � ����3/$� �� 7

3 �  ���/; 

�� [	�� ��(� � �9\���  ,�� �!�+  ��;��$��  3�;��� .

"����]� , ����$�/P ������� ;��/* �����, ������� � ��� 

,�/P	4� ��  ��;	S� ��  ��#�R;�+  ,��$  � 
�!  ��	�� 

"��S !� ���\ � 0�P  ��!� . "��S �!� ��  �;��$�/P  3�
;�� 

���	.D �� �/;� T��  ��!� �  ��R�  *�/;  �� � �K�!�� , 

�PU� ,�$ �� N; �/^�� ��  ������  ����  ��$�����7, 

���;����0 ���� )9-6 .(�� ������ ������.�K� �� ��/���
 , 

"��S !� �� ���	.D )11-10(� ��	� )12(�  �3�
7 )13 (� 

�P �	$�� )14(� 	�, �!�� )15 (�  ��R� )16( �� 

�	9�� ��� 8�	5 � 0�P �!�.  

�� 3
Z �$� , +/6� ��#R;�+ ,�$ �J� ��  ��	�
� 

���3;� !� �9\��� �� ���  ��$  ���  ���7  ���  3�
 0� . O�� 

��#��R;�+ ���$ ���� EV��� � ���/M9� b���! 8������ � 

8�')��  ����  c��	�  ��J�  �3�)  b��!  ���� 

�� 3;	) .�� O� �7 ��#R;�+  ,��$  ��J� ��  ���� �� 

����� c/!D ,�$ �3A�  ��)�; ��  ����	�  ��;��/� �  ��� 

,��3� �� ���&� ���	� ��/#/) � ����(/�  d/�'� 

�N0�'� �� �3

7 �/ef� �;�3
Z �� 3;�� g�/ .� �  �	�9�� 

��� 3;��3; .LJ7 E��(/� �  ��/
(�  ,��$  �� �!� 

���7 �� ��\ "��	;  ,�Y/�d!	�  �	 �!�+ �  ������ 

�A
� �� C	'� �� ��#R;�+ ���  3�) .��  C��! 1963 

"��S !� �� �  ��h ,  ��4+  �������  ��#/;  ������  ����, 

�R�b 3;�� ��!���,  �+�� 4� �/g	 �� "�� � ���A  d/�'� 

E	F�� ,��� ��� 0���� ��P3 )17(.  

23$ �� g�A;� �#$ , �O 8��.�K��   �!�/���  ��� 

����� �b�! �7 �j��� � �� O/� C�� �7   ��
*$ , 

��� "�	� �!� .�� �O �	���  ���  O��  ������  k/�$ 

g�37 �� ��	� ��/#/) � �$�/P �0��� "3)  � R;�	 ;  

��!  ���  ��	�
�  �� ^��    �/ef�� ��� ����7  �/�5	�   

�	) )18(.   

�( �� ^�� ��$ �7  "������  ��	��  ���	�  ����\ 

��� 0�P  ����!�"��S ��!� �� ��	��� ���4+ ,���� �� ���/�� , 

��#R;�+ ��  3)��)19( .C-��3/$  ��$  � �!� ,� ��  ��	�� 

�4+ ,�� �� �� ��! �(9) ,� � ,���� ,�$3;	/+ �j�� 

�(*/0 � ��/#/) 3
 R$ �7 �/4��\  g�	�� �  EV�� 

ED �h���� 3��;��� )20.( ���O ��	��� �� m���#� ���� 

C	4'� ,�$ ��D 6
7�� ��J; "���� 3;���\ ��*/� ��/R� 

,��� �� b�� '�/d 2��F� �� �� ���� �(9) ,  �	�� 

EV� 3

7 .�$�����7, �R� �()*+  C-��3�/$  ��$ 

6/� �� 60 C�! �&��! ���� )22-21(. 

C-��3/$ �$ ���� �� �PU�  ,��$  �/��
���3�/$ 

C- ,���$ ���-	.	/� ���0�� ���$ � C	4��! ���$, �3��� �� 

C3� ,��! �� 3

7 )23(. �/$�� g�; � �/ !h� ���� 

�� C-��3��/$ ���$ n�(K��5� �'K��! O��� ��	��� �� ���� 

�0�� ,�$ 2��F� �7 �� 3
7 .6$�7 n�(K5� �'K! 

c9! �� �	) ��  o	K�!  ��#/���  ��!	+  ���  g���
$ 

[	��  ��#�R;�+ ��  pK�!  ����  �3��  �	�J; )24(. 

��#��R;�+ ,���$ ���\	� �� q
��� C-��3��/$ ���� ������ 

��!���, O*��� +�� g	/4� �� �!�  �� 0� ,  ��!	+ 

���� �	��). ,�/P	��4� �� ���� ,� 7���� ���$ �� ����� 

�PU� ,�$ ��#R;�+  C-��3�/$  ��!� )25.(  ��#�R;�+ 

C-��3/$� ��3� O� �7 ��  ,� 7���  ��$  "����� ,  3�)� 
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����� ��� 	
��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

"���� � �A
� �� �(J� 6/� �� "��3;� ,  ����  �	�)� 

p��)��  �0���j� ����� �� EV��� ���� 3��
7 )26(. ���O 

��#R;�+ 
r#$/O ��  3�;�	� ��  ���� �  ��0��  2���F� 

�s�S� "��7� t���  6$��7 ��� �  ��R�b  ���!���, 

+�� g�� �	) )28-27(.  

C-��3/$ �$  d/�'�  E	�F�� �  �9�!�
� ��  ���� 

�/��� ��� �/�� "��7 )26(� C��9�  ,���P  O/��  pK�! 

����� � d/��'� �����/� �� �/���R� ���� 3��

7 )29( .

,�$��7���! �����0  ��/N;  �/��R�  8������  ��.	4�! 

��'� �!Y���9/0 �$ ,���  p�)��  ��-Y�7  �/(�J� 

� ��R� c��!�
� ,����� C���& ;� �K��!�� ���$, ��)/#/��� 

��'� �$-�0��7�� � �/�R�  ���3����  ��/ //.	�� �� 

3��;�� �����/� ����� d��!	� ��#��R;�+ ���$, $��/C-��3 

�.��� 3;��� )30(. C-��3/$ �$ �/5��  �P3;	�)�� 

��/R� �E	� �� 0� �(/ !h� h�� �  ��R�  ,��P���! 

�9!�
� �� �	� ��J; "���� �� 3
;�	� �� ���  ���	F� 

3��
$� � �� 8�	��5 ����� ��	��� 8�'��)�� ������ 

��	F� ,�/P 3

7 .�� q#.� �
� 3
 R$ ���  3�
;�	� 

��� ��#/� �� 6$�7 3
$� � ��  ����  ,��$  �� �	�! 

"��S !� , �����0 3;���.  

"� RP ,  ��/�!� ��  ��4+  ��$��  ����)  ��4+ � ��/
 

��3����/.��/+ )PVP  �����Polyvinylpyrrolidone(� 

�������R7	��7 �������/ � *.	4������! )CMC  �������  

Carboxymethyl cellulose(� �4+ �R7��3/$ �*.	4! 

���4+ ����/
 ���(.� )PVA  ���Polyvinyl alcohol(� 

 ����!	 /Z  ��/;��	.�/$  3/�!� �  O/��h-  ,���� * 
��! 

C-��3/$ �()*+ ���
J/+ "3) 3;� )32-31(.  

 ��4+ � ��/
  ��3�/.��/+ ����  ��4�  �����; 2���K�;� 

�,�V+  ��#/\  c�!�
� �  ���;�	�  ,��3���; ED� �� 

��#R;�+  ,�$  �.-��3�/$  ��	��  "��S �!�  ����\  �� 0�P 

 �!�� ���9/7�� 3
;�� ��PD � �4+ O4/�� C	(/4P ;/*  ��� 

�O �	N
� �� c/7�� �� �D �� ��7 ��  3�;�� )34-33(. 

��)� , ���P  */;�� * 
! ��#R;�+ ,�$ �.-��3/$ ���, 

��A� +/ �$3�;	,  �j���  O/��  O��  8��9/7��  ������7   

���� )35(.  

�4+ O4/�� C	(/4P �� ^��! ,�V+ �h�� �/#! �7 

� 4��\/� �� �3) �� ED� 33;�7 ��	� ,��� ��+ , 

��#R;�+ �$, �.-��3/$ �!� .O�  c�/7��  ����, ���D 

,��! ���� � 6�$� C	(.	�	/� �$ � ,�$�	 7�0 3)� 

c!�
� �!� )37-36(.  

���O 6$�U��+ ���� 23��$ ��!���� ���e� ��#��R;�+ 

$/C-��3 4+� �
/� +/.��/��3 ��  ������  ���� � ���A 

"3) �� ���'5 ^	� g�A;� 3).  

  

��� 	
  

����� � �	
� ������  

�� �3 ��� �4+ ��/
 ��3/.��/+ �� �4+  O4/���  C	�(/4P  ��� 

�9R; uMJ� c/7�� � qv! ��PD �� �D �0�j�   3�)

� �� 2��s �/ !Y+ C3� ) ���  ��K\ 5  � ;��!  �� � � 

G#� 2 �� 3  ��4/�  �� � ( ����\ "���  3�) � ��, �D �� 

,��� 37  ����� ,  � ;��!   ��� ����P  �/�)  ��4+  O4/��� 

"3;�)	+ 3) .C-�  ����  ���A� +/ �$3�;	,  �j��� � 

"*/4� !� �3) �'� 6��� ��)� , �;�� (.�  ����P  ��� 

83) 25 	4/7  ,��P  ����\  ��0�P �  �� ���!  ,3�
� 

��P3 )40-38(.  

O� ��.�K� , ���A� �$��J���D �� ,�� 30  ��! 

^	� ���'5 �� R� �; w.�� 3 �$�� �� ���  ��9�&� 

210 �� 250 g�P g�A;� 3). ^	� �$ �� *7��  ̂ ����+ 

8�;�	/� �$��J���D "��J;�� g	4�  �)*+(�  ��/&� �... 

 (T�)�/�� 3;3) � q+ �� C�& ;� ��  ��;h ,  8��;�	/�� 
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��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

�� 83� � � S$  ���  d/�'�  ,��P���! + �/�3  3�;��7. 

�����)d ��3�����;, �D ����$� 8������� 24 ������� , 

� ;�! ���P �  ���	F�  �9�R; 40  3�5�� �  ����Z , 

��
)��- �(��� 12 � ��! �� qS\  ��;�P�3�  �	��. 

�Vx�  ,^	� �$ �� �4+ "���D 8�	5 �0�P � ED �� 

�	F �y�� �� ��/ �� ��;D ���\ �)��.   

�(���+ O� ��.�K�  G���K�  C	�5�  ��\Y��  ��	�� 

�f3/ � /#7 ,�$ O/� �44#.� ��#� �� z	&� 8�;�	/� 

�$��J���D �/�� 3) � ��	�  3�/��  �� /#7 ,  zY��� 

 ��R�  "���J;��  ���S�5� �  "���J;��  g	�4�  �(�)*+ 

���S5� ���\ �0�P.  

�� �	N
� ��A� ��� ��� �� �/��; �J+ ^	�  ,��$ 

���'5� O/�� 7 1035�� �� ��*/� 50  ��4/�   g��P  ��� 

,��� �$ g�P	4/7 �� ��� �3� � O�Y�� 2  3�5��  ��� 

��*/� 5 �4/�  g�P �� ,���  ��$  g�P	�4/7 ���  �3��  ��� 

8�	5 �\�S5 G�*� 3) )11 -10.(  q�+ ��  ��)	�/� 

��	/�� ,�$	� �/��; ,  ��J+  d�!	�  O/�)��  oY�5� 

� )���� � pK! �!	+  d�!	�  w�/�  *�/�  "3/�)���  3�) 

)41� 7.( �'� ��	� �N;  ����,  ���A�  �����  �3� ��  �� �

�4/!� , �(.� 3j �;	S� 3��P. �!	+ �/��; , �J+ 

�� 3� �5�0 ,�� ;� �S4� ��	M !� �$, L 7 ��  ������ 

1 × 1 �;���J; ,��V��P ����P3 )42 (� ���7 ���!	+ � 

$/g��	v �� "��S !� �� �r/\ � w/� ����� � )����  3�). 

g�#� ��� �$ d!	� � o��� ��A� � ��  C����;  O/.��! 

	J R) "��� 3) .^	� �$ �� 8�	5  �0���]�  ���  ��! 

"��P 10 ��� �/R&� 3;3). �� "��P  �3$��)  ����  ��$ 

�'� k/$ �;���� ���\ �0��; ."��P g�� �'� ����� 

�� ��#+ O/4(�!�� � ;/� 35�� �� 8�	5  ��;����  ����\ 

3
 0�P � "��P g	!� � ��4/!� , C-��3/$  * 
�!  "3�) 

�� 8�	5 �;���� ��#R;�+ 3;3) )�() 1.(  

  
��� 1. ����� � ������ �� ��� ������  �!  

  

��
�"�� �#!�#$���  

�� �	N
� ������ ,� �	 R/$� �45�0Y�  3��� ��  ���A� 

��� )��� �S5( � O/
r#$ �� ,�$��� �g	!  �� �S$ 

 ���$� Z��$������ �$3��S$ � ���R/� � ���(� q��+ �� 

�)	�/� �� ���� ���]� |	��� d!	� O/����  C�� /A� 

SONY �� }�� m�/&� �� ��
7 ��� �� �5�	0  �N
�� 

� ���e �/�� 3) .���R� ���]� d!	� � m3
�� 

������� "��S �����!� �� g������; ��*�����0� 2012AutoCAD   

)Autodesk, Inc., San Rafael, CA (�� 8�	5 �	7 

�9!�'� 3��P .,�	9�� ��� ��  G��F  "��3�;�  ,��/P 

pK! ��� � 35�� ,�	9�� ������ 3) .q+ �� C�& ;� 

�	]� �$ ���  ���  g��;  ��*�0��  �3� ��  m��/&�  � �R/! 

"��3;� ,�/P  g��;  ��*�0�  ���  E��M ;�  |��&;  ���  �4�5�0 , 

� ��
) "3) ��  ��$  �	�]� � ��  ��( �� ��  ���� 

�&0� � ,�	#� �� ,�� m�/&� �(� � �7 ��  g���
$ 

�/�� , �	]� �� ��
7 ��� ���\ "��� "3) �	�� "�9/.�7 

�� 3) .q+ �� "�9/.�7 ���7� ���  ��/��; ,�  ��7  �	�
$ 

d!	� �0�� �J)	+ "3/)	+ "3J; �	�� ��  ���  ��7�� 

�� ����D ��(� ��#;  ��7  g��;  ��*�0� ��  ���/ ��  ����\ 

�� ���� uMJ� "3)� �/��; , ��	� �N; ��  �/��j� 

E�M ;� "3)  ����\  ���  ��0�P �  qv�!�  ����R� �D 
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����� ��� 	
��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

d!	� g�; ��*0� �9!�'� � �9e �� 3). ^��  6A
�! 

,�	9��  ���� ��  G��F  "��3�;�  ,��/P  pK�!  ���� � 

�9!�'� , 35�� ,�	9�� ���  �	��.  pK�!  ���� �� 

������$���, 0� 3� 7� 10� 14� 17 � 21 ������� ^�� 

Ferguson  �Logan ����� 3������ ����4/� ���� � b������ 

"��3;� ,�/P 3) )15�10(  

"��3;� 35�� ,   �9�!�'� �� C	��0 G�F �� ���

:3)  

Wound	size	�percent� =
A0

At
∗ 100 
  �C	���0 O� ��A0  "��3�'� ,  ����R�  ��/.�� , 

��� ��A� "3)  �At  "��3�'� ,  ����R�  ���� �� 

���� t �� 3)��  .  

35��  :��9&;�   ����) ,�	�9��  ���� (��  G��F 

C	��0 �� �9!�'� 3) )43-42(:  
Wound	size	reduction	�percent�

=
A0 − At

A0
∗ 100 

  �C	���0 O� ��A0  "��3�'� ,  ����R�  ��/.�� , 

��� ��A� "3)  �At  "��3�'� ,  ����R�  ���� �� 

���� t �� 3)��.  

��
�"�� ��%�&
'�#$��  

��� �!���  ��0��  ��!�
)  ���� �  ��!	+  �/���� 

"3)� �� ,�$��� � S$ � �$����Z "��� ,  6����D� 

��� ,�$ �� C�� �/��� ��  ��J+ ��  ��	�/� ��  ��$ 

"��P� �� �() b��� "��#$ ��  �73�;� ��  ��!	+  �.��! 

2��F� ��� ^�� "��� 3) � �3� 3��P . ��;	#;  ,��$ 

� 0�� � )���� "3) �� O/.���0 10 35�� 9H�/� 3) � 

q+ �� F� ����� Tissue processing� �� n	4� �$, 

0���+/
� ��/� "3)�  ���  "��S �!� ��  "�� �!�  g	����(/� 

^�� �$, 5 ;��(/�� �/�� 3��P. ^�� �$ ��  8�	�5 

�j�� � ���) �!	+ �.�! � �!	+ �/��� "3) �	� 

� �������� �� ^�� Hematoxylin � Eosin )H&E�( 

�������  "3$�����J� ,  -	����.	0�	�,  �����0��� �   

Masson's trichrome )MT�( ������ "3$����J� , 

�-Y7� �;� */�D, 3;3).  

�� B	#A�� �� "��P ,�$ �! �;�P , ��	�  ���.�K�� 

�F ,�$��� 7 � 14 ��3�� 24 c.�\  0���  ��/��  3�) .

����� L4 M� �/��� ���) ��� !	#$  �/(�J�  �3�A� 

����0�� ����J)	+ )Re-epithelialization(� (���J�/� 

����;�	� ,  ���)	P �)Granulation tissue(� T���R;   

��(�����!� Scar tissue)(� :������9&;� ��������   

)Wound contraction(� I� ��� )Angiogenesis(� 

���(; � 0�� � b#A� �-Y7 �� �	(!��(/�  ,�	�; � 

�� "��S !� �� �!3� ,�$  ,�� ���(/�  G�9F  8���.�K� 

Scardino ) ����(#$ �43 (� Abramov  ����(#$ �

)44 (��	��� ���!��� �����\ ���0�P .���/47 , �����]� 

�+	(!��(/� d!	� �	(!��(/�  *��A�  ���   ���(��

�	]� �,���� C� /A� � 0�P 3).  

��*��/� �	��S; E����(/� �� ������	� ���� ������&� 

$/C-��3 �� �!���  ��*�/�  �	�9�  E���(/� ��  pK�! 

C-��3/$ �� ,�� ��� ��	� �!��� ���\  ��0�P . ��� 

������O �	�����N
� ������! ������;	P , �������� 7��   

Pseudomonas aeruginosa )27853(� Escherichia 

coli )25922 (� Staphylococcus aureus )25923 (

�7 �� ���#� ��� �$ �0�  ���  3;	�)�  ��	��  ��!��� 

���\ �0�P .,� 7�� �$ �� ^	! uMJ� �� "��J���D 

E��(/� !�
)� �� !��#/�  ���$*.�,  (m) ���S�5� � 

"��J���D  E���(/�  �!�
)�  "���P  ��R�  ��!�
) 

"��J;�� ���S5� �/�� 3��P.  

24 ���! 3�� �� 3)� ,� 7�� ��  d/�'�  ��J7� 

�� d/'�  "���J���D  E���(/�  �!�
)��  ��  ���K\ 
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����� ��� 	
��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

C-��3��/$ "*/4� ��!� "3��) ���� ���M��j 2 � ���K\   

15 �4/� � � �� ,�� pK! d/'� �J7  ���PD  |	���� 

�� �$ g�37 �� ,� 7��  ��$  ����\ "���  3�) .,��  pK�! 

C-��3��/$ ;��/* d��!	� �	/��R;�v!	! ,� 7���� �����) 

Staphylococcus aureus� Escherichia coli  �

Pseudomonas aeruginosa  �)	+/"3 3��) � qv��!� 

'�/d �$, �J7 �� �	���	(;� 37  ����� ,  � ;��!  ����P 

�� 83� 24� 48 � 72  ����!  ����\ "���  3�) � ��  ��$ 

�4���� ��	� �!���  ����\  ��0�P . O��  ��!���  ����) 

6A
! ��*/� �	9� ,� 7�� �� pK!  C-��3�/$  �� ����� 

�D � �	S; �D �� d/'� �J7 �	� .��*/� 3)�  ,� 7��� �� 

pK! O�� C-��3/$ � �9.  ,��$ �D � ��  ��.�$ ,  ���A� 

"3) �� 2��F� �D� ��	� �!��� ���\ �0�P.  

(��	 ������  

g�	� �V+ ,)EV� ED(  

��*/� g�	� ,�V+ C-��3/$ ��;�/�  ��*�/�  EV�� ED 

d!	� �D ��  �����  %��� � ��  ,����  O/���  ��!� .

EV� ED �( �� � �PU�  ,��$  �4�5�  C-��3�/$ �� 

�fO/� �  ,��3���;  d/�'�  E	�F��  ����  ���  3�)��   

)46-45(.  

,��� O� ��7� � ��K\ C-��3/$ �� ���  ��/.�� , 

uM��J� ���� 83��� 24 ���� 48 �����! �� ,�����   

37 ���� , � ;�! ���P � ��	F� 35 �� 3�5 ��  �� 

2�s �J/) ,� ,��� ED �K&� �� d/'�  "���J���D 

���\ �� �0�P � �� "��� ,�$ �;��� uMJ��  � �)���� 

"3)� pK! �D �� �� 7 �J� �� 3) � q+ �� �� /�/O 

���� "�����  ���  2��s  ��JP�� "���  ���  3�).  ,���� 

�9!�'� , 35�� g�	� C-��3/$ �� C	��0 �� "��S !� 

3) )46(:  

Swelling�percent� =
Ws − Wi

Wi
∗ 100 

  �C	����0 O��� ��Ws   ���.�� �� C-��3��/$ ���

 � g�	 �Wi ��� �/.�� , C-��3/$ "���D "3) .�!� 

����3/$� �3) )�� �!� ���� ���(  

 ��*�/� �� ���!� ���� ���  ��;��/� 6$���7 ��*��/� ED 

C-��3/$ ��  ,���� 37  ����� ,  � ;��!  ����P  ��!� .

3
D�0 ����3/$� �3)� �� �	N
� �/9) ,��! � !���� 

��(4#� C-��3/$ ��  ��	�
�  ��#�R;�+�  ��	��  ���.�K� 

���\ �0�P .,��� �9!�'� , O� ��*/��  ��  ��;	#; , 

10 × 10 � ;�!  ,�� � ��  C-��3�/$  ���  83�� 48  ���   

72 �����! �� ��� ���/4+ ���J/) ,� �� ,����� 37 

���� , � ;�! ���P ),��� �3� (� ��	F� 35  3�5�� 

�� d/'� ,���  ����\ "���  3�) �  6$��7 ��� �D �� 

"��� �$, ;���� G9F C	��0 �� �9!�'�  3��P)47(:  

Weight	Loss	�percent� =
Wi − Wr

Wi
∗ 100 

 �C	��0 O� ��Wi ��� .�� �/� ,  C-��3�/$  �Wr 

��� C-��3/$ q+ �� �� �!� ���� ED .�!�  

��������� , �	�����9� �������M� ED )WVTR  ������  

Water vapor transmission rate(  

!���� ������ ��	F� C-��3/$ � ��4/!� , "��3;�  ,��/P 

���� , C�& ;� ��M� ED  ���  "��S �!� ��  ���3;� �!� ASTM 

)American Society for Testing and Materials (

�R/� �!� )48(. �� �O �	N
�� �  ���K\  C-��3�/$ 

�� �K\ 25 � ���Mj 3 �4/�  �� � ��  ��;�$� ,  ��.	. , 

�(/ !Y+ �� �;�$� , 24 �4/� � � ,	 '� 10 �4/�  �� /. 

ED �K&� ���\ "��� 3)� �� �;	P ,� �7 �	9�  ���M� ED 

�� �9.  �$, �.	. ,  !Y+/(� ��(��  �V�+  �	�9; . qv�!� 

���.	. ���� 83��� 24 �����! �� ,����� 37 ������ , 

� ;�! ���P � ��	F� 35 ��35 ���� �	���	(;�  ����\ 

�0�P )49(. �.	. �� "���  ,��$  �;����  uM�J� ��� 

3��) � "������� �� �	�����	(;� �����\ ���0�P. ,����� 
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����� ��� 	
��
� ������� �������� 	�������� �� 	
��� ��� ��� ����� �	
�� ����(�) � 

�9��!�'� , ��*��/� �� ���!� ���� ��� �  �������;� 

�9!�'� , ��*/� ,�V+�	S; )��  c�R� g/m2/day( �� 

C	��0 �� "��S !� 3) )50(:  

WVTR	�percent� =
Wi − Wf

24 ∗ A
∗ 10# 

O� �� �C	��0 Wi ��� C-��3/$ �  ��.	.  ��9\ �� 

�����\ ���� �� �	�����	(;� �Wf ��� $��/C-��3 � ���.	. 

q+ �� ���\ ���� �� �	���	(;� �� ����  uM�J�  �A 

���R� �;�$� , �.	. )�/4� � � b���( .�!� 

�� �	N
� �/4'� "��� ,�$ � ��!� "3�D� �� � R� , 

g���; ,��*��0� SPSS �M��R; , 21 ���'� ��3��
� 7   

)version 21, SPSS Inc., Chicago, IL ( "��S �!�  3�). 

"��� �$ �� 8�	5  O/�;�/�±  ��/�� 2��';���	�  ��!��� 

���\ �0�P. ,��� �R�&� ,  3�5��  ,�	�9��  ����  ��/O 

"��P ,�$ ��	� ���D6� �� �	��D  ,��$  */.��;D  q;����� 

��� ���0�F )One-way Analysis of Variance( � 

Tukey’s "��S ��!� 3��) .���R�&� , O/��� �� "����P ���� 

"��S !� �� �	��D Unpaired-sample-t  g��A;�  3�) .P 

� #7 �� 05/0 �� ��	
� pK! �
�� ���  8���S� "���  ��$ 

O/��� "����P ,���$ L��4 M� �� ���N; ��� 0�P ��).3

  

���	 	
  

O/�;�/� � 2��';� ��/��  ����R�  ����  ,��$  ������ 

"3) �� C-��3/$ PVP �� �R�&�  ���  "���P  3$��) � 

O/4(���!�� � �� ��� g	��! "3$���J� , ������ ��;���/� 

8��S� �
�� ��� �	� )05/0 < P) ( �()2(.  "��3�;� , 

��� �� "��P O/4(�!�� � �� ��� g	! �� �R�&�  ��� 

��� �S5 )��� B��) ��.�K� ( �*�0�6  ���J; ��� .�� 

,�$��� g	! �� 3��� "��3;� , ��� �� �$  ��!  "���P 

6$�7 ��J; ��� � ��
r#$�  8���S�  ��
�� ,���  O/�� 

"��P C-��3/$ �� ��!  "���P  ��$ ��  ,��$���  �� �S$ 

�$� � �$����Z �"3 3) )05/0 < P.(  

��*/�  ,�	�9�� �� ���  � �S$ ��  "���P  C-��3�/$ 

72/4 ± 31/79� �� "��P  3$��) 92/4 ± 21/63 � �� 

"��P O/4(�!�� � 03/4 ± 13/22  35���	�. �� ��� 

14� ��*/� �	9��, �� "��P C-��3/$ 46/0 ± 53/99� 

�� "����P O/4(���!�� � 83/0 ± 16/83 � �� "����P 

 3$����)83/0 ± 26/89  3���5���	���� ����7 8�����S� 

�
�� ,��� �� �/O "��P �$ ��J; ��� )05/0 < P.(  

�� ��� � S$�  �v(!��(/� �!��� ��bF�&� � 0�� 

��/� "3)� "��3;� , Gap �� "��P $/C-��3 �9R;  ���  

  

  
 ���2.  ��*���+"���� �  ,	"�� -$. ���* �* �� +��/ *��! �����  
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�� ����(�) � 

�� "��P 3$�) � O/4(�!�� � ��/R� � #7 � �7��� 

�!Y���9/0 � I�  ,��$  �;	��  �9�R;  ��� ��  "���P 

����� �/� ��J �	��� .�� ��#$/O ���� ��*��/� ���M��j 

�+� g�� �� "��P C-��3/$ �9R;  ��� ��  "���P  ���� 

� J/� �	� � ��*/� ���(; � 0�� � ,*�;	� �  E��� .� 

�� �\�3� "3/!� �	� )�() 3 � 4(.  

 �v(!��(/� �!��� ��bF�&� � 0�� ��/�  "3�) �� 

��� �$����Z� ���Mj �+� g�� ��  "���P  C-��3�/$ 

�� 3� �!	+ �.�! !�/"3  �	�� pK! �+� g�� ���) 

"3) � ���Mj �+� g�� �� �� "��P ��� � J/�  �	�� .

C	(/.	0 ,�$ 	� �� ��3�� ��� "3$�J� ��  3�).  ��0�� 

.	;��P/OJ ��, �	� �� ��  ��0��  ��(�!� "���   �	��� 

� )�  ,�$ �-Y7 �� 8���	� �+�  g	�/4� � �"3  ���  3�) .

�7��� I� ,�$ �;	� 6$�7  ���J;  ��� ��� .��  ��;� 

,*/�D MT�  ��0��  �-Y�7  �� � 8�	�5  ��J 
�  "3�� 

�� 3) .�O  �� 0��  �;��J; �, ��  �	�9��  ����7  ���� � 

�/#(� �0�� ��(!� �!� .g�#�  u���)   ��$,  ����/� 

��� �� "��P C-��3/$ �9R; �� ��  "���P  3$��) � 

O/4(�!�� � �j�/� � ��, ��  ���J;  ��� ��� ) �(�)   

5 � 6(.  

  

  
��� 3 .+"����  �Gap � 1�2�! "
�"
�� '�� 3&�4� � 2#5� 167 �* +��/ �
� 8�3��
���#& ):;(��
� = )>��(  ������� )����( 

�* "�� ,#?�  ,	" *
@�� "� A')B��  �2�!CH&E ))Eosin & Hematoxylin ((D�2� � ��
�� 40 (×  

  

  
��� 4 .1�2�! "
�"
�� '�� 3&�4� � 2#5� 167 +��/ �* �
� 8�3��
���#& ):;(��
� = )>��(  ������� )���� ( �*"�� ,#?�  A'

 ,	" *
@�� "�)B��  �2�!CMT )Masson's trichrome (D�2� � ��
�� 40(×  

  

  
��� 5. +"����  �Gap � 1�2�! "
�"
�� '�� 3&�4� � 2#5� 167 �* +��/ �
� 8�3��
���#& ):;(��
� = )>��(  ������� )����( 

�* "��  ,	" *
@�� "� A' ,�*�
I;)B��  �2�!CH&E )Eosin & Hematoxylin (D�2� � ��
�� 40(×  
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�� ����(�) � 

  
��� 6. 1�2�! �"
�"
� �'� 4��3& � 2#5� 167 �* +��/ �
� 8�3��
���#& ):;(= ��
� )>�� (� ������ )���� (�* "�� ,�*�
I; 

A' "� *
@�� ,	" )B�� �2�!C MT )Masson's trichrome (� D�2� ��
�� 40(×  
  

��*/� �	9� ��	F�  ��*/�)������ ( C-��3�/$ �� 

24  ���!  ��� ������ �/.�� g/m2/day 5380  ���	  �� �

,����$��� ����D�  ��O��h�����   ����� �	���� ��3���&�  

g/m2/day 6000 !�/3 ) �()7.(  t��� � #7 ������

 ��� pK! �� ED �/M9� g3��"3) b�! �/��� ��   ���

� ���� �e.�!�  

  

  
 ���7. �L�* ��*��� � ��MN �
O� PC "� ������  

WVTR: Water vapor transmission rate 

  

���� , �g�	� u��) �� �9�!�'� �� ,�e , � ��*�/ 

EV��� ED d��!	� C-��3��/$ ����!�  ��*��/� O��� ��  

24 C�� ���!� 750  6/� �� ��3&� O� J/� �� � 35��

 ��800 �� 35�� 3!� ) �()8.(  u���) O��  2���� 

 C-��3/$ d!	� ��� ,���*P� EV� ��*/��!�.  

����3/$� �3)� 2��� ��*/� ��  ��!� ���� ED �� 

C-��3/$  .�!�  ��3�&� O��� �� 5  C�� ����!  ������   

33  35�� �	��� �  ���!8� ��  6/�� �� 40  3�5�� 

 3/!�) �()9.(  O�u��) �� O/�f� ED ��  pK�! 

��� � �� ��A� ��	F� � �/��� ��� 6&; ����.  

  

  
 ���8 ��*��� .�L�* � PRL PC >��& ������  

  

  
 ���9 ��*��� .�L�* � "� ��* 1*�* PC >��& ������  

  

8���J���D ������(/� ��#��R;�+ C-��3��/$ ��	��� 

"��S !� ��J; ���  ��7  ���(��  �	�S;  ,� 7��� ��  ��h , 
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��
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�� ����(�) � 

�;�\	0 C-��3/$ � ����� �D � �� d/'� �J7� �S5 

�!� .�� �O �	��� k/$ �.�$ , �0�S) �
9�  ���  g3�� 

3)� ,� 7�� �� 2��F� C-��3/$ ,�$  ����\ "���  "3�) 

�� d/'� �J7 "3$�J� 3J;.  

  

���  

��� TR; �� �$  � �RRP ,�  ��!�  ��7  ���  c9�! 

���	� L4 M�� �� !	/+ ��/9F �	� �� �� �!� "��� 

�!�. ��� �!� O(#� �� �e� ���	� ;	P�;	P�  3�
;�� 

������ �����  C��#��  ������ �  ��  � �R�,  ;h	�F� 

83� )���  � �R� ( ���A�  ����P.  �/����  ����  �� 

"33+ , �-	.	/� �!� �7 b�R� 3;�� �D ��  3�;�	� 

���� "3;������ , ,��/R� �� ,��#/� ,�$ c\�� � ��� 

3)��.  3�
D�0  �	�9��  ����  ��5��  ������  ��	�;�� �� 

C	4��! ����$ q(������ }����� .	4��!� � �K��!�� ���$, 

)/#/�� �/N; �$�	 7�0, 3)� �!� �7 ��  ��$�  3�;�� 

��!���, �0�� � (J�/� �0�� 3
9#$ �� +/6 ��  3�;�� 

)51( . ���  ���	�  ��� 3��
D�0  ��-	.	/�  �/���� ����N ;� 

�� ���  �7���3� �9H� �� ����� L4 M� �O  3�;�� 

3;�	 � �/��� ��� �� b�R� 3
7  .  

"��S !� �� C-��3/$ �� ���/� ����  ���  ���	�  ��� 

�� ��! � �PU�  ��$, �D� ��  C��!  ��$,  ��/��  ��	�� 

��	� ���\ � 0�P �!� .�O  ��PU�  ��$  ����)  EV�� 

 �0��7  8�����  ��0��j�  ,�/P	�4� ��  ��7  �3�) �ED 

,�/P	4� �� ����  �E���(/�  �/��j�  ,��/P���\ � 

�P3
9RZ ,�� ���� 4��\/� �(/ !h�  �h���  8�3�\ 
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Abstract 
Background: Different compounds and methods have been used for wound healing over years. New 
dressings such as hydrogels have shown remarkable effects on wound healing. Hydrogels have been 
considered as favorite wound dressings due to their transparency, exchange of respiratory gases, 
adsorption of water and exudates, regulation of wound temperature, prevention of infections and easy 
replacement. This study was designed to investigate the effects of polyvinylpyrrolidone hydrogel 
(PVP) dressing on wound healing in rats.  

Methods: 30 male Wistar rats weighing 230 ± 20 g were equally and semi-randomly distributed into 3 
groups of control, treated with tetracycline and treated with hydrogel. After anesthesia and shaving the 
area, a 1 x 1 cm section was made on the skin of the back of the rats. The treatment period was 21 
days and measurement of the wound area was performed on the days 0, 7, 10, 14, 17 and 21. Wound 
tissue samples for histopathologic examination were taken on the days 7 and 14. Data were analyzed 
via SPSS software using ANOVA test. 

Findings: Wound recovery in hydrogel group was significantly faster than other groups (P < 0.05). 
Duration of the wound presence and skin discoloration was also significantly shorter in hydrogel 
group (P < 0.05). 

Conclusion: The results of this study indicate that the hydrogel dressing leads to quick recovery of 
cutaneous wound. 
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Abstract 
Background: Strabismus is a common eye disease which symptoms is visible in most of the children. 
It can cause poor vision and decrease performance, especially during the study. However, despite the 
high prevalence and serious consequences of the disease, epidemiological studies had not been 
conducted on this disease in Iran before the current study. We aimed to determine the types of 
strabismus in 100 children admitted to Feyz hospital, Isfahan, Iran, during 2012-2013.  

Methods: In a cross-sectional study, 100 children with strabismus were enrolled. Demographic 
characteristics, type of strabismus, visual acuity, history of trauma, and previous surgery were studied. 
Data were analyzed using SPSS software. 

Findings: Of 100 children with strabismus with a mean age of 7.05 ± 4.50 years, 32 were boys and 68 
were girls. Type of the strabismus was isotropia in 56, exotropia in 34 and hypotropia in 10 patients. 
The strabismus was in right eye in 17, left eye in 57 and of both eyes in 26 patients. Visual acuity was 
0.532 ± 0.137 and 0.078 ± 0.160 in the right and left eyes, respectively, with a statistically significant 
difference (P < 0.001). History previous surgery in 15, history of the trauma in 2 and history of 
underlying diseases in 4 patients was positive. 

Conclusion: Stabism is one of the prevalent diseases in our community and early diagnosis may lead 
to better prognosis and vigual aquity. Thus, improving general awarness and pediatric ophthalmology 
examinations and appropriate actions should be done. 

Keywords: Strabism, Vigual aquity, Hypotropia, Isotropia, Exotropia 
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�� � �� �����  ������  �����   �� �����

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

'�
 �'���+! � %�'"��! ,�-.��/ �  0'��1'  �/'��! �� 

2�3 �' ��'%& .! ����� ���� �� �5�   (�16�� 7-%8�

�5��+ / ��#�  ��� 9:� ���  ��5�  /�����!  ��!  ���;�  �� (

<�%�� �  � �16� � '���  ) ��'� ����� ��	
 �����1 .(

��@�  0�����;�7 ���A�B ������� ���5� ��-�C�!  ����

 �D�;��!   �%/
 �����E� "�/��! � �� ��C! �  F�'��D 

3/�����! � �G ����0'9  �����H/! I������ )��*%����' #' 

'� � �9�J���B 	'��K! �E �� "� ��' ))2 .(  

BM ��
� �5� ��/� D��%�! ����� ��	
 ����� ���� 

������! )"��� ���%/ ��N ��'���� � �'�)"����	�'�" '�  O���� 

K��! � ��EEP� #'�����+ )"� ��' ��'(  �
 0��Q��.�   ��5

R-S'   ��D��G� � )���� A�	 �   ���� ��'�����!   $��%�	
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' �� ����� ������B �#���( ��#
 �'"EM�V  ��5�  M���[ ! 

����� #' )"� $�%�	 �5� �� ���� � ��/ � ���9  '����   ���	


�������  ��+/ '�!� "5� )4�5 �� .(�B �� ��I  ��� ( �� 

����#
�V M����[ ! #' ������ ����/� "����" )IPL  ����  

Intense pulsed light�] #' (���^ iPULSETM '���� '�� 

B�9� 9��W $�	�� �����(   #' ��� ��	  ��;�0�Q  ����%�'! 
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�/ _���!  ("5� �� Y�G/'/���"�U.  
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Q���5��� ���� �� �Q��.� I��� ��d& IW'"& N�� 
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� �������%��    $��i� �'���D ��)Nodulocystic  ��� 

����	
 � �E����� (()"/���� U��K# � J�-	���"( ��%�-�����( 
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��	 � �Q��.� B�'
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      B��' �'������ ."�/��� ���M ��5 0��@ kA � ��'�

������ ���-	 #' �Q��.�     Y��-D )���+/'� !%���� ��5

 ."/��� )"� l���' ���*@' !C�9�  

#' ���'��� �%�'�K "� �     �� ��5 ��� '� ��	
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 #' ��K 0��@ I	 ���� �  #�S
���   �� ) �Q��.�3   )���
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���+� ������@�."�  ������� Y���� IPL � O���� �U%��� 

iPULSETM ���5�%�'��� �����  g���� $���]1100-530 

"/' (�%��/�/)#' � �.E/  �33  ×27 ��-!  � �%�� <�� 

�� ��� O��%� #' 2J/cm 16-14  ���# 0"� ."� Y�G/'

� �����U%� �� ���/�� �5�  s���	 7-%8��� ��  $��%�	 

"�t  ��Q��.� �� �  (���   �� ��� ����/���2J/cm 18-14 
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 "�; Y��	
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��A "W�M! u �%	�)�`' (��'�  ."��	 )��*%�' (  
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IPL  �1  �3 ��-� #' �� )�� � #' Y�� V8�  k�A 

� ��'� 0��@ ���'��� �CD �M�:.    ��9� ��

 (���� v[8%�  �'������ �/�:'"� ��] �� '�  #' I�3W

��-� �5 � IPL  � � �3 ��-� #' �� )�� �   Y���

�9� .�'� �'�W !���� ����(   ��� '� 9��W $�	�� �'"Q 

�CD #' )��*%�'  � �5�@ �� 9�/0� !�����( ��   !�����

�'����� 0��@(   .���	 Z���� ��' #' ��B    Y'"�	 ��	

 �� )��A #' e�]IPL   )��:
�/ (�%M�: �'�W ����� �P 

 ' (�
 ��� )�`D .��� ��B �� �'���� 1  ��%*5  "�Q� #'  ��5 

��-� � IPL( �H/ #' 3/�� F�'�D ! ����%&'!   �����

����!  ."�%M�: �'�W �� 2���� 0�D`]'  ���'� e�]

  ."� �31 �/�:'"� ��] �� 0��@ kA �  

������� -P �����I )�'� �����5( �������#
 #' �����5�   
Repeated-measures analysis of variances 

)Repeated-measures ANOVA ( � 

Mauchly's test of sphericity �� Y���/ �'9��M'SPSS 

 �8��/ � 15 )version 15, SPSS Inc., Chicago, IL (

"� )��*%�'.  
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 � ����A � )�G��� ����    �� � "/"�� ,��8%/'35 �� ���� 

��5 � Q���5��� �Q��.� �� ���� ��M� "� �  '�������B 

�� �Q��.� �31 "/"� .�! � �� �����(  �-�� #'8  ���

 �25 �#(  B� O��%� ��5/2 ± 0/24 � ���'� � 16 �  

42    9G  $���+� � "�/��	 I���	 '� �Q��.� $�� ���  �

-P �I  )�'�"/"�  .  

5�x � #' Y'"	��'��� ������/ ��	
 ���%��   `%�3�

 ."/��3/�H/ #' � �%M�k M) ������ ��9%�(( � �%M�k 

2  ��9 � �%M (�*/ ��k 3  ��24  ��*/ � � �%M ��k 4  ��  

2 �*/ "� �H&`�.  

('"��%�' �� #'  �'�����/BOXPLOT '�����  !������

���/��B �'"Q   $�	���  ��5�     ������ 0���-� �� 9���W

'�� � U5 �� �+��     )��*%��' 0���@ e��] �� �5

�� ."� IC� )���� � 1(  ����'�  �+5�	!   �'"�Q  ��
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 �� )"�IPL )"5�+� (�! ���.  
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 $�"�1 '�'�.��' )"� �  

�%/�N 9G  ��� -P  � ��I  )�'� �����
   ��5  ���  ����#


Repeated-measures ANOVA  $�"������ ��2   

�
  .��' )"  

#'  ����
 ���#
� Wilks’ lambda  '����  !����� 

+8� �1'! /���� Z��!   �'��%� 0���-� ��!   )��*%��'

�"' �'"E� .�B Q���� 525/0  �#' ���
 �H/� �Q�!  �'�

) ���001/0 < P  $�	��� �'"�Q  �	 �'� ��+/ � (  ��5� 

      k���A ������ ����� �����'� ������ �� 9�����W  

� 0��*%�!   ."���  

 ���#
Mauchly's test of sphericity $"� ��	� 

) �'� ����+/ '�001/0 < P����� � ( ���� '���B( ������ � 

#�'���! �Q�! �'� Greenhouse-Geisser �� ���3�   ��1'

  � ���#X1�� H�  ����� �� ���#�U �%/ ."��N  �'� ��+/

   ��H/ #' ������ � ���# I��E%� �1' � ���# �1' �� �5 �	

���
� �Q�! ) ��� �'�001/0 < P ���� .(  ��� ' ��B' ( ��B 

S ���#
��  ����� ���� �16�IPL '� ��  ���	 �  ��%/�N 

I@�& #' �Q��.� ��+/ '�    ��� ������ ��	 �IPL   �'"�Q 

$�	�� �5� 9��W '� �� $�] ���# V5�	 �! "5�.  

�m�5�(B ���'9 0��*  ��B e�]  ���'� �  k�A 

)0��*        ��H/ #' ("5��� )���: ��� �3��/ ���� )��:

���
� �Q�! �'�  ���)$�"� 3(.  

�:'  �A ��35 "@�� #'  �'��M'( ' ̀ %��  ���   Z#���

*K�7 �' ��U%   ��� )"� ����� ��� ��IPL   )"5��+�

"� �	 ( ��� ("���G/' $�] �� �D�� "�A ��� !   ����A

�' � ��� �� `%3� �*/�U% I��W ���  �)� �%�+  #'1  (#��

 ."/"� (�'�M' B�' ��#' ����� �5�  I�C���H/ Y�	 �5� 

 "�� )��*%�' )"��	 Y�/ � ,�%M
";t  ' ��� ��B  ($��& 2 

����� �� ���I '���G F�'�D #' �Q��.�  g���K  "/"�� .

���C! #' '���B �� ������� "��� ��� ����A��"  (���M�] ��

9��W�( Y�� ( �%��� �%��� �"� � ���&�� ��  ���/ 

"�  $�"�)4 .( ��� R��W 10   "�@��� #'� �'����  9��/ 

*K Z#�� �� `%3��7 �� �� )��A e�] �� �5 ���I 

��� #' )��*%�'��� Q;��! �'�����%���B "/"�.  

  
���" 1� .������ �� #� ��$�� ����  	�����
��� ��� ��� %���	 #� &' � ��( �	 )�*�  

  
�����  

���  ������ � ��� 

IPL 

���  ������ � ��� 

IPL 

�� �	� �  �� 

���� � ��� IPL 

��  �� �  �	�

���� � ��� IPL 

*���  28/1 ± 82/6  55/1 ± 33/5  51/1 ± 21/5  56/1 ± 48/4  40/1 ± 82/4  

,-  35/1 ± 30/6  54/1 ± 27/6  43/1 ± 15/6  48/1 ± 09/6  58/1 ± 06/6  

IPL: Intense pulsed light 

  
���" 2,!-. ���" . %
�#/ 01�2� Repeated Measures Analysis of Variances  

!�"�  SS df  F  P  

���. (�0�1)  312/64  4  676/26  001/0 <  

���34 (567)*���.  982/42  4  827/17  001/0 <  

����39�!  303/154  256      
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���" 3 . 01�2�%
�#/ 4� ��� 5
6
�7  

!�"�  
#�$%� !&'� 

#�( 3  
df !&'� *�+(	��  F Signification  

Partial eta 
squared  

:63;<�1  88/10927  1  88/10927  073/1288  0  953/0  

567  548/58  1  548/58  901/6  011/0  097/0  

�=>  97/542  64  484/8        

  
���" 4 .9��
5 *��"7 :��7 ��	 %���	  

  �� ��,
 �  �� *���� ���� �   

IPL  

�� ��,
 �  �� *���� ���� � 

IPL  

�� ��,
 �  �� *���� ���� � 

IPL  

  -���  ./  -���  ./  -���  ./  

��� �?�
  1  4  0  0  0  0  

:���?�� �?�
  1  4  0  2  0  2  

*3��0@ :�<�  1  2  0  2  0  1  

"�<4 �?�
  1  1  0  0  0  0  

�#�4  0  0  0  0  0  0  

*�<� *�<� ��
  1  1  0  0  0  0  

IPL: Intense pulsed light 
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)"/�� #' ,��%�' �;�0�Q ��	
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���%�'(! $�3-: ��G  �� �G�� �	  ��5�  9���W � '� ���G 

V�	'� �5� ��/�-���:!� (�G�%/ �� �   � ���3�� yD��

�; V5�	�0�Q ���%�'! � ��	
! ��� !�� ��G�' (  ����: 

)5 ����� .(IPL �%	��� �5� %���! ��6 #' '� ��	
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��B  ��!  ����    ���' B�C�� � #' #����  )�E���� �   ���	


������� ��V :��� ) "�	6 .(  

BM ��
�   ���/ ������   P�@ �'"�E��z  ���/ '� �� 

)#'"/' � �.E/ '� '�� R����� %&'�g�  /�����! �� �'���� 

� U5'�M!  ."�	IPL �%	��� � #' '� �5�B )���(  ��'�
 ��! 

� Y�: '� �C� e'�]' ����! "�	  �  (���'�' ��  �u`�	

�� �" �! "�	 �	 "/�� ��3�� '� '9M'�V �! "5�. �����( 

 #' �%�	 R-S'30 W���E  $��]  ��!  "�+	 . ����3��  ��

 F�D2   ��%*5  � #��S
��   F��D3    "�Q� )���  I���	

�! � .������� BC�� ��' �-@�M`� #' ,�]�� )"��	 

)��*%�' "�	 � �� ��	 �� ��QM�� �5� �� ���  #���  ����: .

��U%��� IPL( �'���  �� '� 9����W � 93��� (��# ����/!  #'

������ ���5� ��� ���+%�� )��� �	! "���	 .����/ ��#93���/( 

�%	��� �5!� '� �	 �� ���� :"/#! �!   y�D�� � "��	

� ��	
! ("/�� #' ��B �! ���t ��& ��!   9���W ���/ �	( 

E%�� ��] ���U  ���A �"S!  ���V   $��QM "�& #'(   ��	

� yD���l� Z�� � �5! "/��(     �'��W e"�5 ����� '�

�! "5� .'�B 0�'�& yD�� (���� {��D' �� ( A�	

��A �"S �"�! � R�%-�!  ����  � ���  :��-���� #' 

�� �" ��V #' "& ��A! M�;'! �	 �!  "��	.   !�K��

!� ����+�� ��EEP� #' U��/�C� �	 "��	  � !�
 ��/ ��5

U5 ��] �� 9��W !� _��� �� �G�� ���# ) "/��7.(  
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Efficacy of Intense Pulsed Light Combined with Topical Erythromycin 

Solution 2% versus Topical Erythromycin Solution 2% Alone in the 

Treatment of Persistent Facial Erythematous Acne Macules* 
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Abstract 
Background: There is always a necessity for newer acne treatments. Intense pulsed light (IPL) 
technology has been used for this purpose but there are limited studies in this field. As macular and 
erythematous remnants of acne inflammatory lesions are very common, resistant, and long-lasting, we 
decided to evaluate the efficacy of IPL (as a tool for diminishing erythematous reactions in the tissues) 
for the treatment of residual erythematous macules following facial acne.  

Methods: Thirty five patients were registered in the study. Patient recruitment occurred between 
January 2010 and June 2011, and the study was completed in October 2011. Every patient received 
three IPL sessions, with a 2 week interval, on the right side of his/her face. Also, we recommended the 
patients to apply topical erythromycin solution 2% twice daily on their entire face from start to end of 
the study (i.e. until 3 months after the third IPL session). An independent physician counted the 
number of erythematous macules before every IPL session and 1 and 3 months after the last session. 

Findings: Thirty three patients completed the study and were enrolled in analysis. Results of the study 
showed that IPL therapy decreased the number of erythematous macules along the time. 

Conclusion: IPL can accelerate the improvement rate of the persistent erythematous macules 
remained after inflammatory acne subsides. More studies are needed to explain the exact role of it. 

Keywords: Facial acne, Intense pulsed light, Persistent erythematous macules, Topical erythromycin 
solution 2% 
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Abstract 
Currently, common used methods to obtain fetal material for prenatal diagnosis are potentially 
dangerous for fetus and mother; this has led to the effort by many groups to develop methods to 
recover fetal cells by non-invasive means, such as their enrichment from the peripheral blood of 
pregnant women. The fetal cell types studied by numerous investigators worldwide include fetal 
leukocytes, i.e. fetal lymphocytes and granulocytes, fetal nucleated red blood cells (NRBCs) and 
trophoblast cells. Fetal NRBCs have been the most commonly studied cell type, for this reason: the 
frequency of NRBCs in the fetus early in gestation is relatively high; these cells are also fairly well 
differentiated and likely to have a limited life span in the maternal circulation and finally, there are 
specific markers for the enrichment of these cells. However, the fetal cells in maternal blood are rare 
and a sophisticate technique is required for their enrichment; currently, the most commonly employed 
techniques are fluorescent activated cell sorting (FACS), magnetic cell sorting (MACS), and charge 
flow separation. Then, if the fetal cells can eventually be isolated, possible clinical applications will be 
included screening for fetal chromosome abnormalities via fluorescence in-situ hybridization (FISH) 
and for gene abnormalities by polymerase chain reaction (PCR). 
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