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$�� ����� ",�� \�#T�  %  �� �� ��^��@D #
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T� �� �I �^� )�! �� �	7� ��$� ���� -./ 0%�

 ",�� �!��! �TI, �� ���� -./ +!�� ����� ",�� &�!�h +!��MATLAB  &��h )�! +!�� ���	�� �!#=� .���

 � ��I� E��� 0�	�413 .��! :#9 :�!�  

  

 �^�!� )�! ��p = {LL, HL, LH, HH}   % Th .��! ���	�� �!#=� "�  

��3�� F?� ����� �� �#=M \� +%��� ��
� �T��<� ��D!�G�� 24��� �� (�M6  2��X �� �� :��� +�@
D!� "�

� (� + �T��<� % ��� #D!�X \@Z �����7 F�5 
�J� #��� &��
� ���I� )	7�� ��[
� �� .��� #D!�X �� :��� ����

 )�� �X!�
$� ��5 �� :#9 O�*�� + ���	�� ����=� +!�� !� �����0  %1  + ���	�� "� �� .����@� �T��<�06  �!#I�

 "���� #��� �D��C #C��0%  #��� #C�� 
�� %100% ��/ )�Z �� .#9��6  + ���	�� "� ��16  ��D!�X ��[	�!

#C�� +�D��C �9!�6 100% #C�� 
�� %6 0% !.  .#9��6  +�D 2
<
�2  #

$�� O^� !� ���#@D �^=� �� ��@�

���	� �� .����@� ��[
� �!�	9! )�! �� !� 2?� + ���	�� ���!�	�� %6  �!�	9! �^=�2  \$9 �� 2
<
�1  #�!�	��

��$� 2��G	�! B%��	� 2?� + ���	�� ��[
� +!�� .�%�  

:%_Z ��6 �� )���1 ����� s�^� �� &�!�h ����� ��
$�� #����6 +%� �� !� +�	3�� ����� �W!  
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\/ :!� "� .#
$�� ��@Z! ��N�� ����� s�^� �� &�!�h �� �T�� ����� �����6 �� ����� + ����� E=7  "�

",�� +*��*�� .#9�T�� �X� ]^� �� ����� ����� +�, �� ��X ]^�6  ���� k�,����	�� ]^�) 211 !� (

 s�^� �� ����� 0*!��1 *! % #
$�� 2
�	��5-2  0%� KT5 ���	�� �!#=� + �T��<� �� !� ��%��� .#
$�� :���	�!

 \$9) ��
$�� 0*!��1 ���I� 24#
�!�1 
��162.(  

) ���� �	 7	 2" 89��CNR) �:�# 
�;� �� 3	�� � <= + (RMSE(  

 �
�� ���� 
���7N1 ��9)���4�� ����� �6 �����6 (����� 2?1 +�D�%�
9 % 
�� �7�� *! ()1!v6  )�*����1! % 2

�� .��3�� \�$3� B�
��� ���?�� + :*!#�! �� 2Z�
�� (�37! ��� + �3�9 �#� Y�� *! +��� +�D 24#�8  �	@�?��

2� \�$3� )�@D (���%! F� *! % #���� �^� 2� �!�� ��� + �=^
� �D �� �A�� .#�#9  +�D 24#���� % #
	7�4

) -#D \��=� ����=� .#�#3�� f�G	�! 2��X +�A4� �� :#9 &���� �� �D ��� +�D �T  �%��� +�D 24#�!�� (

] 2Z�
�� +��� =200 ) #?�7���D #/!%HU.#�#3�� )��I� 2Z�
�� ��� +���
� �7�� + �
��* +�
T� �� [(  

���1 :#9 &�� ��* +�D�	�!��1 �� 8
$7! ����� �D O,�� 2D�6 120 kVp, 160mA 2D����1 (��*R6 ms 3,2 R

��!#��	�! +�D 2D����16  25 mA  %ms 1,6 )���1 2D����1 %6 mA10  %ms 1,42D����1 )�! .  
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�� ���� )$�! E�!�9
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�� *! :���	�! �� !� 2D����1 E�!�9 �D +!�� �W�� *%� .(PCXMC  (v�%
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@�! O,�� R6 2$
��?D6  .����� f��/ (#�_
7PCXMC  :#9 f., *%� +*�� ��T9 +!��

 �  2,%�X +!�� :#9 f., +�D*%� .�7� ��$� �W�� *%� )��I� % 
�	��7 �� O3I3� "� *! :���	�! �� P$�! �I9! �

2� 2, +! P?4 �
$� ���9) #9 +��4 :*!#�! +! �3�9 S
�6 �T�M6  :�!�� R)1!vGD-352M 2D����1 E�!�9 .(
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 ��DT  ���1 *! :���	�! �� B�TW! 2Z�
�� + �
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�	��7 +��� +�D 24#�!�� +!�� F?	G� +�!�������� +�D 2D�

:%_Z �� .#96  0*!��1 ��$?@Z ",�� ���� -./ 8�1-�1 % +*��*���-
��) ����� ����=� !� +*��*��-
�!�1 24#

 0*!��1 :���I� ",�� ���� -./ 8�1-�1 % +*��*���-��1 :��,�� +����� �	���� ! R+*��*��+*��*�� P1 0*! .(

 *! +*��*�� 8�1 0*!��1 ",�� ���� -./  �$� �/ �� #
$�� :���	�! :#9 2
$7! 8�1 ����� +!�� :#9 F��I�

 0*!��1 +*��*�� ��1 *! ",�� ���� -./  �	���� ! .#
$�� :���	�! :#9 +*��*�� ����� +!�� :#9 F��I�1 ��

 +*��*��
��-8�1 �� ��T9 ���I� +#
�!�1-+*��*�� �1 +!�� E=7 ��! ����-
$� B!�W! .�7��� ��$� +*��*�� +�A$�



 0*!��1 ",�� ���� -./  &�/ �� -��9 + �<�C +!��CNR6 RMSE  0*!��1 �� � �/ )�� ����=�) -./

 ",�� ����  (%#� % ",�� ���� -./) (���N%#� ��=	�! O��� % (MTF.�7�4 �!�� 2���*�! ���� (  

CNR  B��C �� #9 F��I�6  ��
�! �� ��N16 ��! ��	X�� )�! �� )������ \�$�1 �!#=�6 N0  �!#=�

 % ��! �
��* P1 ��/�� �� )������ \�$�1  .��! �
��* P1 �� \�$�1 ����=� ��!#��	�! -!�<�! 

.#
� ��� !� ��	X�� #�!�	�� �� ��! +��	X�� ���� �$?� S��	� �� �A
� �� "��%�	$ ! ���� % (���7 ���� \��9  

RMSE :��3�� F��I� ��* B��C �� 

  

 �^�!� )�! ��yk6 ��! :#9 :#D�3� �����6   % ��! Y�,�! ���� �����n  + �Z�@�� �� B�T���� �!#I�

.��! :#9 \�?<�  

?� @A 
*�B+�#  

) 2^X 24#
�!�1 O���LSF)$�! �<�C �� (6  % �%��� ��$� 2$�7!�4���� 2��>7 )9� %*� F�C�� +!�� !��$�

MTF  *! #�!�	��LSF 2��>7 )9� %*� 2���*�! .��9 K	3�6 ) :#9 +*��*�� ��� ����� *!0.252 mm/pixel (

 �^� ��) 2�� ��� "� (� �� �� ����@� 2/!�5 !� 23���*� E�!�9  .��� :���	�!0,89  "� ���� �� (�	@�?��

) B_����	� \�	� 2?1 &I$�200×200×200 @Z ��5 �� ��� .#9 ��!% (�	@�?�� 2���� �4��$9� ��I��� �� +��

�4��$9� ��I�! *! ��� ��5 .�7�4 �!�� 8�%� �A, ��6  .��T� )�� *! !� ��	X�� + �T  *! \C�/ �W! �� ��� �	4���

���I� 2,%�X .�7� ��$� -��9 �<�C +%� :#9 +*��*�� ��� �����6  O�*�� �� 2^X OT
� �D &��h K��5 *!

 8��1 E��� �D��	X�� B#9LSF ��<� .#9 �TMTF  8��1 +#I� "� �����7 \�#T� "� *!LSF  .#�� ��#�

F?	G� 2D����1 E�!�96  0*!��1 �� �?@, *! ",�� ���� -./ (� (%#� %6  ��
� .#9 ����=�MTF  ((� ��T� ��)

(� �� (%�7! .#9 �T��<� F?	G� +�!�������� *%� s�^� ��6  0*!��1 +�D��$?@Z ",�� ���� -./  8�1

 % +*��*��1 +*��*�� ��
��) .����@� ����=� !�- 0*!��1 :���I� 24#
�!�1 ",�� ���� -./ 1 % +*��*�� 8�1 P

 0*!��1 :��,�� +����� �	���� ! R+*��*�� ",�� ���� -./  +*��*�� ��1(  

�# �� ��B ��  



 2���*�! +!�� +���� +�A���*� .�7�4 �!�� 2���*�! ���� P����!% + �D!� #
M �� ��� "� �� ����� ���� -./ B!�W!

 ����=� )�� +�A�%���CNR  %RMSE 2��� ���) ��,�� +����� +�D �	���� ! % ���I� 24#
�!�1 
��- �� (��!��

 0*!��1 ",�� ���� -./  0*!��1 (%#� % ",�� ���� -./ �) �� _� !� �A���*� .#
	7� ��$� (-! (��*5  ���@�

 *! :���	�! �� +���� �� ��� .����@� \�?<�SPSS  (v�% *%#
�% +!��21,0  �%#<� �� ���� �� ���9) �7�4 B��C

SPSS6 �4�$�96 �! +�6 ) ��@	/! ����=� \� .(:#<	� BN��!P (0,05< .#�#9 �!#@?� �!��
I�  

,� ��  

CNR  %RMSE  0*!��1 �� 2D����1 E�!�9 %� *! :���	�! �� :#�� ��#� + :#9 +*��*�� ��%��� ���� -./

% ",��  0*!��1 (%#�",�� ���� -./  +�A?$9) ����@� ����=� !�36465  �%#, %1:%_Z �� .(6  +�D ���@�

 0*!��1 �� 8�%� �A, ��5 �� B#9",�� ���� -./  +�A?$9) #
	7�4 �!�� 2���� ����6  %7 0*!��1 .( -./

 ",�� ����  ���� +�W�� ��5 ������	�
  0*!��1 �� :#�� ��#� + :#9 +*��*�� ��%��� �� ",�� ���� -./

 % +*��*�� 8�1 +*��*�� ��1
��)-:%_Z �� .�!� 8D�� !� (���I� 24#
�!�16  0*!��1 �� ",�� ���� -./ ��
- 

���I� 24#
�!�16 \��=� +*����$9� B�#�6  �� �T����,�� +����� �	���� !6 9 +*��*�� ��%��� �� .��� N�� + :#

"�
$� \� *! :#�� ��#�  0*!��1 +�D6 ",�� ���� -./  ���� ��	X������	�
  % )���1 2D����1 ��%��� ��

 ��%���) #9 �!�@D 2@� ���� ��	X�� % ��� !#�1 8D�� ��!#��	�!6  %7  �%#, %1 + :#9 +*��*�� ��%��� �� .(

��#� ��,�� +����� �	���� ! �� :#��6  +�A?$9) #3� U�/ ����� ��	X�� % #9 �!�@D % �7�� 8D�� ���� ��	X��

56667  �%#, %1.(  

 0*!��1 �� \��=� +*����$9� ��?��� B%��� ",�� ���� -./] ��� �!��
I� +���� �[� *!P < 0.05, F(1, 51) 

= 60.290,6  =)������ O���6,501[6  
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 B%���8�1 )�� \��=� +*����$9� B�#�-
�� "�
$� �� +*��*��- *! �%�� +����� �	���� ! % ���I� 24#
�!�1  �[�

] ��� �!��
I� +����P < 0.056 95% ) (�
�@5! �?C�7CI :(0,530-0,029[.  )�� +*�� ��$9� ��?��� -_	X!

P1- 
�� "�
$� �� +*��*��- ��,�� +����� �	���� ! % ���I� 24#
�!�1)P < 0.05, 95% CI:0.156–0.658 (

8�1 )�� \��=� +*�� ��$9� ��?��� -_	X! .��� �!��
I� �D +���� �[� *!-P1 % +*��*��-�
$� �� +*��*�� 
�� "

���I� 24#
�!�16 ) ��T� �!��
I� +���� �[� *!P = 0.442, 95%CI:−0.378  ��0,123 ����� +�^X -_	X! .(

 % +*��*�� 8�1 )�� +*��*�� ��1 "�
$� ��
�J�-  ���I� 24#
�!�1 ) ��T� �!��
I� +���� �[� *!P = 0.494, 

95% CI: −0.001  ��0,0028�1 )�� ����� +�^X B%��� .(- "�
$� �� +*��*��
�J�-  ���I� 24#
�!�1 % 

��,�� +����� �	���� !6 ) ��� �!��
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 )�� ����� +*��*�� ��1 "�
$� ��
�J�-  ���I� 24#
�!�1 ��,�� +����� �	���� ! %6 � �!��
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$� )�! 23
��4 ��	7�



1!.  R��� �
��* P6  f�?^��� KT^
� �D�� +�D��	X�� *! 2Ih�� �@����� (��� )�� *! K��5 *! +#�!��� ��5 ��
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!�4���� �!#	A, B�� (v�% "� +%�/ )�
M6 � ��T9 �
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