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Abstract Using ultrasound to evaluate the bone development of neonates is very important.The feasibility of evaluating

the bone development was studied in this paper by using ultrasonic backscatter signal.Ultrasonic apparent integrated

backscatter (AIB) coefficient was introduced to assess the cancellous bone status of the neonates.The correlations between

AIB and weight, AIB and birth days of the neonates in different ultrasonic frequency were studied. The results showed

that AIB of the term infants is apparently higher than that of premature infants and it has little correlation with the

weight; while the AIB of the premature infants was highly correlated with the birth days (R = 0.633). Therefore,using

ultrasonic backscatter signal and AIB coefficient has the potential to evaluate the cancellous bone developmentof the

neonates.
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������� ��������� Ü��� ú Ý ¾�� �ºÂºÅ Í ç�	��������������� ºØ! �#" Ü%$ �����#&����ÏÅ Í ç�	#'#�#(#)#*#+
ð�, Ü�-�.�/ ã ÿ����ºÂ�0  [5−13] , 1�2�3 X ���
(DEXA) 4����#576 Ü8$ �����#9 ô�� �:�#��� Ü<;
�Ï× Ü<=#>#?#@ÏÜ<A#B�'#@ 4�C#D Ø 1�E�� $ ��F��� " âÏã $ � �#G#H#I#JLK#B#M#N#O ¸#4#PÏ¸#576 Ü
E � $ ��Q�R � � ã ) Â�Pá¸���S�3�T�U�VáÅ�W�XI Â#Y#Z ÜL[ Á õ 3�U#V ÐÏÍ Å#&#\#]#^ '#� Â#_#`
Y�Z [5−7] Ø�a�b ����E�� $ ��Q�R�� � Â�cºÆ�d�e
ñ � ��f�g ÜêÙáÛ ��&áË�h�i�j í cÀÆ�k�l '���m
9 ô�n �ºÂ�C�o Ø

Hakulinen 4 [10]
ëÏìºö ÷ Ü 	��ÏÌ�� ÐÏÍ Å Ü &� þ#p#q#r7s#t Üu$ �#Q#R�� O ¸#1ÏÅÏÂ#v#w#PÏ¸ í

\�]�^�Pº¸ ( Å�x�y�z I í Å�x�y�{�| ) mºô ��}ºÂ
��~ 5��áÕ Ø�� 5�6 � �������ÀÂ�� M�N������ Â$ ��Q�R � O ¸ Ü Hoffmeister 4 [11] ��� Ê�� ö��
( � ô 	 M�N 0�� ��� ) ����Q�R � O ¸ (AIB) > 
þ�� ÐáÍ Å ç 	 Â�Q�R���PÀ¸ ÜêÙ �� n��������
	�&�����hºÂ AIB cºÆ Ø���� 4 [12] � � 10.0 MHz

Â���3�� Ü ëºì ÿ AIB 1 ÐºÍ Å�\�]�^�Pº¸ºÂ�5��
Õ Ø ëºì ]�� öø÷ Ü AIB 1ºÅ�x�y�z I Ë���}ºÂ��
5�� (r = 0.898, p < 0.05), 1áÅ�x�y�{�|áË���}áÂ� 5�� (r = −0.916, p < 0.05) Ø

h��áÂ����áÕ�& ��U���� $ ��Q�R ��Y� ÀÂ ö� �¡�¡Q¡R � O ¸ (AIB) " ë ì ú Ý ¾ Ð Í Å ç
	ÏØ¢�#£ ÿ 100 ¤#¥ ¾ Â ÐÏÍ Å $ �#Q#R��#Y#  Ü¦~§ - �#¨ �#©Ï¾ í#ª � ¾ J � [Ïß �#p#q#«#¬ Á { J
�áð�4� '��áÙ�®�¯ 	�°�± PÀ¸áÂ�_�` ¯�	áÜ³²�´ã ) 	 $ ����� ú Ý ¾ ÐºÍ Å ßºàºô�µ�¶ Â�]�� Ø

1 ·¹¸¹º¹»¹¼¾½
& $ ��Q�R�� �À¿ Ü�$ ��Q�R � O ¸ (BSC) éÁ Æ#Q#R��#3ÏÆÏÂ � �ÏðÏñ#PÏ¸ Ü � ô#Â �Ïþ#� ÐÏÍ

Å#} IÏÜÃ-#Ä ���#Å#ÆÏÅ ÍÏÎÏÐ Ø � Â#9��Ïþ ¶ºé ¹
&#1#Ç��#�#ÈÏË 180◦ '7ÉËÊ Â#Ì#k��#� í Ì�k�Í��Î Â�\���R���Ï � 3ºÆ Ü ��9�� ~ §�Ð�Ñ�Ò ° [6] :

BSC(f) = 8.68 ln

(

〈Ss(f)〉

Sr(f)
Cau(f)F (f)

)

,

� ¿ Ü f éáß ��Y� �p�q Ü 〈Ss(f)〉 é ÐáÍ Å�Q�R
��Y� áÂ�Ó�{�Ô�Õ�Ö I�×áÜ Sr(f) é P�Ø�Y� áÂ�ÖI�×ºÜ F (f) é 	�Ù ÷:Ú J � H�K�I�JÜÛºç 4ºÂ ���Ý Ü Cau(f) é 	�� M�N Â ��� Ý Ø ö�� $ ��Q�R��O ¸ (BC) ��Ø#Þ 
#ß �#� Ý Â ~ § Ü ÙÏÛ�Ä « ? `

 °�� Â Û Ñ [14]:

BC(f) = 8.68 ln

(

〈Ss(f)〉

Sr(f)

)

,

à ô â / Â $ ��Q�R���Y�  Ü�á�â�ãÀß ��È Û� 3 mm ä ��å�~ § «�æ�ç ú Ý ¾�è�é ¬�ê Í Å�zI Â�ë�ì Ü�����/ Á { K�I  2.5 µs Â ��í�î È Üï «�Ù ÷:Ú Ü�ð ã ��ñ�q�Ö I�×ºØö�� ����Q�R � O ¸ (AIB) é ö�� Q�R � O ¸
(BC) & −3 dB p#q#r7s#t Â#Ô#ÕÏÄ Ü � ~ §�Ð#Ñ�Ò° [12]:

AIB =
1

fmax − fmin

∫ fmax

fmin

BC(f)df,

� ¿ fmin

í
fmax ��ò é f�g B�K Â�ó�xáÄ í ó �

Ä Ø

2 ô¹õ¹ö¹÷
$ ��Q�R ��Y� áÂ ��ø cáÆ O � Ò�ù 1

à�ú Üû ñ�ü�ý 5900PR þ $ ����¨�ÿ�� H54642A ¸ � þú È#����� ß�� ���#È K#B�� f#g (Panametrics), ¿	 p#q / B#K �#ò  ¹ 3.5 MHz/(1.43 ∼ 5.05 MHz)
í

5.0 MHz/2.62 MHz ∼ 6.32 MHz) Ø
 � Ê���O�� ã ) 100 ¤ ú��� ( � ¿ 79 �����������
42 � ����� 37 ��� 21 ����� ������ 11

� ����� 10 � ) ���������� �!�" � 79 ��� �� �
Ô#Õ�#�$�%�& 3286.8 g ± 418.4 g, ' ��(�) Õ�% ��* 1( � 21 �����  ��Ô�Õ�#�$�%�& 1633.3 g ± 307.1 g,

Ô#Õ�' ��(�) %�& 16.8 ± 8.7
(�+-,�.�/�0 Ò�1 &-2�34 �5�7678797:7;7<7=7>7? �77@5A7*5B7CED5��F* 4 �5�7G7HJILK7> A7*7B5M5N7O5P7,5.5+�Q7R !

"7S7T7U7V7W5X7Y7Z7[7\7>7]7^J_LG7H7`7a M �7bc7d7e �7f7 7�5�7!7" +�g7h !5"5i7j5�5�7W5X5Yk�l *�� i�����m�n�o�[�p�qsr�t *��vu�w�x t�Y OP�y�x���F�*�z i IEEE488
k|{~}��|�~����� O�P

,�.�� m�n M�� ( m�n�����% MATLAB2010)
+�,��

��� :�% 40 MHz, T 256 � O�P�� :���������� +

�
1 ������������� �



2 � ��������&�����������m����� �	 )�
�� ? ������� ��� P������ 179

3 ���������
����� _������ g�h !�"�i�j�� � �� �!�q#"�$M���* ���

AIB
+ >|_&% ��� 3.5 MHz

�
5.0 MHz1 �7� 7� � �7 AIB �7:('()7�(*(+(, �.- � 1g�x�+

/
1 3.5 MHz 0 5.0 MHz 1 AIB 2434540464748

94:4;
(n = 21) <4= ; (n = 79)

3.5 MHz −4.62 ± 1.52 −1.31 ± 1.36

5.0 MHz −5.07 ± 2.27 −1.23 ± 0.98

>
2 � x(? U �7�71 � �77� �7�  �(�(�(�

m � �  @	 ) (AIB), � _ > 2(a) � x 3.5 MHz,>
2(b) � x 5.0 MHz �(A �7+ > 2 _CB7�(D(�7��� � AIB, E~��D������  � AIB; F�G�*�� x��H )��.I G�*�� x AIB

+
Z > 2 _&����J�' � ��� �� � �� AIB ��,KML&NMO y�+ � �� � AIB

O y p�P����  � AIB,QRO � �7 � �(S((�UT(V P5�7� 5+ Z(W > _CX
��J�' � 5.0 MHz Y�� ���� ���  AIB ��Z�m�[
, O y�\ P 3.5 MHz

+

(a) 3.5 MHz

(b) 5.0 MHz�
2 ]4^4_4`414<4= ; 0 94:4; 2 /4a4b4c4d4e4f �4g (AIB)

>
3
y�x�h > ? U ����1 ��� 7� � �7 AIB

:�'�i  > � Z > _�����J�' �kj�l S 3.5 MHz X�S
5 MHz ��m� ��� � ���  � AIB : \ P�� ����n S�o�%���� �p L � ���q Q � � P�r�s�m�t �vu
j h >(w(xUy(z *({(| � �U}U~(� � � Z(�5#(�U�
��� ��� D

��� q.��q.������� S 3 ((? � �.�(�
'���Y ��S���������� � ? � [3] , Z��������������
�� ���T�� N�� � o�� AIB 	 ) N \�+

�
3 ]4^4_4`4142 AIB ���

��� Z > 3 _�������J�� � 5.0 MHz _�% ����1
��� �� AIB :�'�p�P 3.5 MHz _&% ����1 � ��
� AIB :�' � � 5.0 MHz _&% ����1 �����  AIB

:U' \ P 3.5 MHz _�% �5�51 �5�5�  � AIB
+

� 87�(�(�7:('7p \7� m(� >(� �5m7n � �5�( 5%
5.0 MHz

�7�71(¡(¢(£ 
(� ?(�  � � m(¤ U�7�n S�o�%�¥  � ��\�¦�§ a N \7� 5.0 MHz _&% �� �7�5�7t � ¡ \|� o(�7X(¨ ¡ V �7KU©(ª S(� �«�¬� � r�® ¡�¯ ��m�° � +>
4 � x � �� #�$�± AIB � p�²���� �|_ >

4(a)
� >

4(b) m K � x '(�(³ 1
(7� � * ³ 42

(
�(A �7� �J_L�7�(m7 �7� % 5.0 MHz

+ Z > _CJ
' � � �7 �7#7$ � AIB � p(²7� N \ (R = 0.27,

n = 79, p < 0.001
�

R = 0.105, n = 79, p < 0.001)
+

>
5 � x > 5.0 MHz

1 �7�  � AIB ´7'(�(�) ��µ�¶ + Z > _&����J�' � AIB
� '�� (�)�·h N(¯ �(¸ p(²7� (R = 0.633, n = 21, p < 0.001),

>����  '�����s�¹�V | Y §Mº~� AIB ´�» (�)�~
" h O y � ~ " � � h V�K���Y § � *�� AIB

~ "
�(¼ �(½(\7N(¾ P(¿7K + n SUo5%7�5�  >5'(� *À '�Á�Â�Ã�� � [3], ��Ä�Å�Æ�Ç � ��È�É�Ê N p �Ë�
��8�Ì ~ " �vÍ S�Î�Ï - � � � P ��Ð�Ñ�Ò�Ó�� ��Ô
Ì �vÕ�Ö� >�w�x º M P�×�]�Ø�Ù _ �vÖ�Ú�h�Û P ���� � ~ " � ��� � � ��Ð�Ñ�½�Ü [3,15],

g ����� 
��Ý�� ��Þ�ß Y �v������à�F�á P�U ß � ����ãâ �
Á�> > _~��¿�K�Y�� AIB

à�\ P�� �� � AIB
+
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(a) ����� 1 �

(b) ����� 42 ��
4 <4= ;�����	 AIB 
����

�
5
94:4;� ���4g 	 AIB 2�
���� ( ���4_4`�� 5.0MHz)�U� _ � ?U��� BU� �5�5�5�5�5 5!5" _����h ������� ����S�� ��f� �!�" � > AIB

��� _ �� j(Y��($7� /70(q���� n C m7!5"7� Ò(Ó5�.Í n� � M7�7/70 LCN��� � ��! � Ò(Ó5h�"7O V�#7�����+ ��� � !�"���!�S � j � ����G�H�[�\�>�¥$�
� A7*7B � D \ � o(� D \�%(!U�7�U,�&(� À�' q
V7K7�([(, � n �7� � jU��(�) D \�*UÊ * ! � :
� /�0�q�½�Ü [�, + ��� � S 1 V$# T���� �$+�� +

4 ���
H � ����h ?���� ( ����� � � � � )

B�� ���
���� �!�"���������m����� �	 ) (AIB),

N m�n h

AIB ±�?��$��#�$�q�'�� (�)$,�§ �$-�	 +k��� ¬$.
� O � � � ��� AIB

O y p�P����$��� AIB,
Q�O �� �7� �(S((�(T(V P7�5����/�> NU¯ �5�5� �5�1 � ¡�¢�£ 
�� ?��$��� � m�¤ �� / � � ����#�$�

AIB � p�²�� N \ / ������� AIB
� '�� (�)�·h N�¯ ��¸ p�²�� (R = 0.633, n = 21, p < 0.001)

+
�(�72�0(�(�7� ¬�. �7?(��� � m(¤ (� � 
U�7h
$ T�1�2�+

3 4 5 6
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