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Abstract 

BACKGROUND: Evaluation of the newly formed bone at the distraction site by the imaging technologies is the 

cornerstone for terminating the limb lengthening successfully�In the early stages of the distraction, the X-ray 

cannot detect any evidence of new bone formation within the distraction sites, whereas ultrasound can acquire 

wealth information about new bone and surrounding soft tissues.  

OBJECTIVE: To explore the application value of Doppler ultrasound in the evaluation of limb lengthening in order 

to promote its clinical application. 

METHODS: A computer-based search was performed on the CNKI database and PubMed database for articles 

related to ultrasound in the evaluation of limb lengthening published from January 1989to October 2014. The 

keywords of “distraction osteogenesis, ultrasonography, external fixation, fracture healing” in English and 

Chinese were used to search the articles by title and abstract. Finally, a total of 24 articles were included to 

review. 

RESULTS AND CONCLUSION: Ultrasound is an effective method to evaluate the limb lengthening in early stage. 

It can not only detect the formation and maturation of the new callus, but also can evaluate the forming speed and 

the quality of the new calls. Moreover, ultrasound can be used to evaluate the situation of the soft tissue near the 

distraction site. Complications associated with the limb lengthening can be observed timely by the ultrasound. 

Ultrasound is of great significance in the evaluation of distraction osteogenesis. 

 



 

����. ����	
���������������������� ! 

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH 

3227 

www.CRTER.org 

Subject headings: Ultrasonography; Fracture Healing; Fractures, Bone  

 

Liang Q, Zhang K. Doppler ultrasound monitoring of complications and callus blood supply at distraction site during 

distraction osteogenesis. Zhongguo Zuzhi Gongcheng Yanjiu. 2015;19(20):3226-3230. 

 

0  ��  Introduction  

1905�Codivilla�������	
�����

������19��50��Ilizarov��������

� !"#$���	%
&'�!()�*+,-.

/01234567
89���:;<=>12?@


A&�	BC12DEFGH��5A&�IJ��

�	(distraction osteogenesis�DO)K%

[1-2]

L 

MN���	%OPQ��RST�U���	

,VWXY&	Z[F\]^_���`Wab�


cXdefg

[3]

�hE	i��jkUXdelm�n

o�X��jkY&12
pqFr7
stu�v

wXdefgX	xyzD{Ur7|}~�

[4]

L5�

��|h�jkpq�Y	��$`��12
&�

���5�|{U�����d��:������

�dXde

[5]

�MN��O�������K%�� 

�¡¢
£¤L 

 

1���������Data and methods 

1.1  ����  ¥¦r§���¨©ªf«PubMed¬

CNKI®¯W1989�1°�2014�10°±R��pq

���	²±
³´�f«µ¶����	·]¸¹

��·�º7·	xyz »¼W½³f«L 

1.2  ����	

����¾¿ÀÁÂB��pq���	ÃÄ²±


³ÅL 

����¾ÆBÇÈÁÂ|É
ÊËLÌÁÂÍÎ

ÏÐ£ÑÒ�u³´L 

1.3  ��
�������  ¨©ªÓf«�112 Ô

³Å�`W½³³Å86Ô�W³³Å26Ô�ÕÖ×È

BØÙ»¼ÚÛ�ÜÝÊËM
BÞ³m±$ÁÂÒ

�
³Å�aßÓàá24Ô³Å»¼âàãÀL 

 

2��	
��Results �

2.1  ����  ä20��90��#��å!æçè

é���êëìíu�îïé»�ðñòóôõO�

bö��R	¬¬C	÷ø
êëL��K%}��

�ôõæ�r7�ù
����vwúûUôqü�

Á¿�dý
ý�þ�������|v���¬

|v���u
12�:�&|v
�dB����

��o	c}�
�|v
�dB����®ý�ù

�U~�����|v
����n���5n�

�0
ë���oL����|���	��h:�

�Hn�	�Z��o !"¶#4
e$%&�ù

ý��'�Y&	i)!"¶(�)*
+$,ý�

�'�`��C12-./0��!"�E1�

Chen2

[6]

3¶��:#FGpq	x
yzL���

	w4	5��
6ú78¶	�Zùý��'#4

uWë�5���n�$q[ë5
9:�+,q[

9:;5B<5
=>?7���	ë5ñ@$&

�yz
V>�q[Á�$Nß
9:=>:pq�

��	ë5�º7cABCFG·���	w4	5

��
9ú78¶	xë5sDE/��-"
mý

�%,ý��:�F�4	9:Y&	i
��$&

���L¿#��X���	
pqGHFG��:

¼L 

2.2  ������� 

2.2.1  ��X���	,VW	i��
pq  Xd

elB��I�pq���	,VWY	
���hX

delXjk	im�n~�vw]�XdelX	i

��Fr7V>
JK

[4]

LPoposka2

[7]

����X31

LúM���	��
��pq�3¶���N^_

	i��
V>��n�NROPXdelLYoung 

2

[8]

UQRWæ"¾��U%ß1�*:æ"Y&	i


���5UXdel��"²�
~o!!"ÙU%

ß4�16�LE1�§�3¶��:U��jkXY&

	i»¼pq�51wXdeX`Sm�n~L   

Higashihori2

[9]

3¶���	,VWXY&	i


fqG¤���¬CT²T�h��²UCTfg�V§

IW�X�Í,�5�mYd���Z��[\LLuk

2

[4]

+,]^Y_`abcd	���	
ef���

Xdel¬��vwXef»¼pq�æ"Xdel|

�FG^_jk	i���5��:#7u7[HX

���	HVW	i$g»¼^_LE1�§�3¶

��:+,����hÐ�d¬��
ij���

��	,VW	i
jkL 

lm���	|ë»¼�4	5�$ý�¬e$

ý�nop]�UÍý�~o
qf$`[:rs


�F�	i
&���(t�

��

�1)L4	59:
ý�

ù:^u	i
vkV>�9:W	iý�ù>¥

,nopù�aß-"�B	b�	Z²v
ùý

�Lvw��+
wxDy�Y	novk����

	
jWk�4	59::t(�)*
�+��:

�,9:L���	
ßk�	x9:W(�)*


�+wz�`ß¶�~�!�	iÃ>pð�	iv

k{|

[10]

L¿#�§�3¶U	i
��,VW��

cr�}~
pq��L 



 

����. ����	
���������������������� ! 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

3228 

www.CRTER.org 

 

 

 

 

 

 

 

 

 

 

2.2.2  ��X���	,VW	���C12
p  

q  �®���	K%¡Ñ�-	�r���
��

���	�$`��
C12(��Ð��ÐE�¬�

�)��v�&�

[11-12]

L5	���
C12$�
�

��X�����	W	�
E����±ÒÙ��

Byß6ú²±�¿#X���	���C12
p

q�FÒÙ��L 

��:#�?Hôq����	��,VW`��

C12
��ujk�5OP
Xdelm�fq`�

�C12jk

[12-13]

LNocini2

[12]

}���X12LúM�

�	���	��
��»¼����pqæ"�C1

2¥R���¿� 
./(t�

��

�2)ÐE/¬¡¢2I:

#U��� #0"LU£���,VW�¤Ð��1

2Ð��ÐE�Ð	�
jk��I�N��¡¢
~

oþ¥LSumer2

[13]

+,s¦3LúM��	���	�

�
��3¶��:#§?^u¨W©C12$	
&

���LE1}���U��,VWXC12»¼#4

upq��®����
þ¥X�"
ªÈ»¼²��

¡�:FG�����	��«}»¼L 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.3  ��:¬����	��w9$`h>  ��

�	,VW���
��w9¬h>ñÒÙL��

w9,j�4	5Â®�E��E/�|}R�	·

¯°)Â®� � 	��|{%±²yzL³¤±�

h>�n9R	i&�
h>�)�æ&±�5�Ny

z�´m�±��yk�>·²�³¤±�h>²XR

	i&�
h>¯µ�±�¶·
±�9:¸F¹N


Y&	iº»�)�� ±�¶·	¼±²yz½�|

yz

[2]

L 

Liantis2

[14]

X67LúM���	��
��»¼

ÊË�3¶U���	,VW,¾¿��
±�h>c

�À	|yz2�æ¢
ÒÙEÁL���Njkf

q�±�¶·Y&
	i¬��	x59:

[15]

�
U

\aV>�:#¬�jk±�
h>(t�

��

�3)L1��

����^usD
EÂjk¬E�ÃÃV>�5s

DEÂ[B	±�h>FÃÄ
±Ä�l±�h>


pÅ5²��À

[7]

L 

 

 

 

 

 

 

 

 

 

 

Selim2

[16]

+,��fq��	
��,V�3

¶+,öÆ5ÇÈ
��pq:#�����	
�

ÉL��:+,pq4	59:�	i&���$`

sD
EÂjk¬E�ÃÃV>2¬×¶��
h>

¬Çó��:C
�®�Ê���	ËM��TªÌ

���#�3	
�g¬£Í67LÎRMNU�Ï

·
ÊËÍÀ�ÐÑ]^Ò3
^_×§�ÊË�]

ÓÔäÕ�R}���pq¬����	
»V�7

[fq×§
]^�FÖ×]
ÊËL 

2.2.4  ��X���	,VW	�E�
pq 

Ilizarov

[17]

+,ÊË	��C12ØÙ	�¬��2X

���	
~�¾ÚñÛXÜ��12Ð�ëÝÁE

�Ð�ë	�E�
ef»¼	±�QRÊË�£¤

æ"mÝÁE�XY	&�~�aa�Ü	�¬��

12~��Þ�3�E�I�ë)mY	&��3¶s

D	ß�BEÂ[ÃÄ²±L¿#E�X�����

	,VW	
&�ÐÒ]FmÒÙ
���E1X�

��	,VW	�E�
pqà¶ÒÙL 

Weinberg2

[18]

3¶áâ]¸¹��:+,pqã

�äåÐ	�EÂÐ��E�
EÂþ�
]À$j

k�^_	xë5&�Ðyz¬Ò]L��:#¶

���	,VW	�
E���^_�®L 

Augat2

[19]

Ê�áâ]¸¹��K%�34pq	

x��
	xë5
EÂ�æ"	iÁD$�æFç

è
EÂþ���	iré��{|�5	iÁD$

�æêëEÂþ���ìì	i��|{L¿#��

� 1  �������	
�� 

� 2  �������	����� 

� 3  �������� 



 

����. ����	
���������������������� ! 

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH 

3229 

www.CRTER.org 

	EÂþ�
ij*�F`E���L	iÁD$�

æEÂþ�
]À��`E�
���5E�íX	

i
	b&�*mÒÙ§��¿#��:+,pq�

�	
EÂ(t�

��

�4)�^_���	
Y	��L�

�+,^_E�pq���	��,V
�î�c

`Úpq��|�ï
L 

 

 

 

 

 

 

 

 

 

 

2.2.5  ��X���	,VW�æ¢
pq  ��,

VW:��"=>UST�|®¦ð
�æ¢�³E

/Ð~ñÐ	k,j2�h
>�æ¢ìì:� ò

óu
ß¤

[20-21]

L��+,X���	
? pq�

ìì�jkæ"�+,²�
�¡���æ¢
æ

&LYoung2

[8]

����X12LúM���	%��


��»¼pq�`W2LU��,VWU��¶·æ"

ôuõ/��+,���;K%ö��÷âô0L5

ôuõ/�~�	i
&�$±8	iøkw9�}

���X���	»¼pq:nùú,æ&�	|{

$ûæu	x2�æ¢
üýL���Njkfq�

±�¶·Y&
	i�
U\aV>�:#¬�jk

±�
h>�:��E��h>,µ%,9þ�4	

5
±²yz%�Nyz

[2]

L 

U���	
°k�³¤��	ËB	b	5|�

	byz�ìì�Ù�%�yLXdel��
c��

 o�m�X	x�����»¼^_L��:+,�

�	x5����X	yz»¼^_���	xyz


§?þ¥(t�

��

�5)L#¬��r���L 

 

 

 

 

 

 

 

 

 

 

 

 

���N��Hn�±�¶·�Z	¬Ý	
�

����¬����w[Ò/ä�y
ûæu	x2

�æ¢L��D�Nfq�4	5�5
X����

�`2

[22]

}���X104L�0±���»¼	i

yz
pq�fq,VW$wæ"�L4	5���

*w-.²��¡��5�������
æ&L:

t��X���	pq,VW�:jkæ"�æ¢�

�5Ê%� #jkX`»¼�y�
Xú,���

	,VW�æ¢
æ&ó�FÒÙ��L}���p

q���	,VW
�æ¢��¶r�Y
ÊË�

�L 

2.2.6  ��pq���	,V
stu  ����U

pq���	
,VW�ï�]�î�hUq[±�

�@Ðs¦�e¬�ë�wÜÝ�º7��2ªÈ�

��Ð{U|¹L��^

[23]

ÊËsq�Þabcd	

±��30%w�����aDñ�±�¶·¿���

lm4	5�Z	
|ë&��±�¶9
�:no

���Q�
±��>+,]¸¹�� Þm�Q"

�?q[L 

Nocini2

[12]

+,ÊËæ"U��
W°kY&	

�Z
&���!����
�,�m�X"Ý�º

7��»¼¬�LÎR��
#d��Í¶st�U

s¦	�9
�eW�n{U�î�5Xdel):

#X���	»¼H�ñ$

[24]

LE1�Xdel¬�

�Icpq���	|:%ê
��������

î��`%z����N¶���	��×]×§?


þ¥L 

 

3���	��Discussion �

ã�¿À���Upq���	jk��,VW

�F&bÒÙ
_'L]¸¹��§¶r�PQ��


~o!(��Upq	i
��B�)

,VW

�FGHÐ:CÐägÐ:Ò�
����N^_	

i&�
h>$`Z[�pq��¶·$4	¶*;


C12���jkæ"�0±�,VW�"
�æ

¢�pq4	5	iE+��LU¬���h>Ð,

-����Ðy
�æ¢2���FÒÙ��L��

UST�]¸¹��Upq���	��O �r7

ü�
���hST�X��pq���	ÐmPr


^_×§L³¤�N.7Prpq^_×§���

�/å�¾¿���R���	
STQ0W�1�

��ð���	
���Éó�2äIlizarovK%
æ

çL 

 

��	
��������	
���������

��
���������������� !�	"#�

$%
&'(

� 4  ��������	����� 

� 5  ����
���� !"# 



 

����. ����	
���������������������� ! 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

3230 

www.CRTER.org 

����
&)*+,-)./0123'(

�����456./789:23;*+'(

�����<=�>?@�AB5CD;EFGHIJ;

KL< �MN>OP;�QRST�UVWXY>)Z[

\]EF;^W_S�`ab<=�>cd'(

�����
&bef�g�hijkl�hmn)o

pRq0rs�*+)tuvX�
	w�'(

 

4  ���  References  

[1] ���,���,��	.
�����
������� ��

��������[J].�� !"#, 2012, 50(5): 461-461. 

[2] $%,���.������&'()*+�,-�!�./

[J].�� !"#, 2005, 43: 540-543. 

[3] Aronson J, Shin HD. Imaging techniques for bone regenerate 

analysis during distraction osteogenesis. J Pediatr Orthop. 

2003;23(4):550-560. 

[4] Luk HK, Lai YM, Qin L, et al. Computed Radiographic and 

Ultrasonic Evaluation of Bone Regeneration During Tibial 

Distraction Osteogenesis in Rabbits. Ultrasound Med Biol. 

2012;38(10):1744-1758. 

[5] Hughes CW, Williams RW, Bradley M, et al. Ultrasound 

monitoring of distraction osteogenesis.Br J Oral Maxillofac 

Surg.2003;41: 256-258. 

[6] Chen T, Lai RF, Zhou ZY, et al. Application of ultrasonic 

inspection in monitoring dynamic healing of mandibular 

fracture in rabbit model. Asian Pac J Trop Med.2012;5(5): 

406-409. 

[7] Poposka A, Atanasov N, Dzoleva-Tolevska R. Use of 

ultrasonography in evaluation of new bone formation in 

patients treated by the method of Ilizarov. Prilozi. 2012;33(1): 

199-208.  

[8] Young JW, Kostrubiak IS, Resnik CS, et al. Sonographic 

evaluation of bone production at the distraction site in Ilizarov 

limb-lengthening procedures. AJR Am J Roentgenol. 1990; 

154(1):125-128. 

[9] Higashihori KM, Baba Y, Tetsumura A, et al.Ultrasonographic 

assessment of new bone formation in maxillary distraction 

osteogenesis. J Oral Maxillofac Surg. 2008;66(8):1750-1753.  

[10] 01,234,5678, 9:;<=>?@�AB�CDEF

G�HI[J]. �J��KG()�LMNO, 2008, 12(48)P

9489-9492Q 

[11] ���. Ilizarov��R�[J].���!"#, 2006, 26: 642-645.  

[12] Nocini PF, Albanese M, Wangerin K, et al. Distraction 

osteogenesis of the mandible: evaluation of callus distraction 

by B-scan ultrasonography. J Craniomaxillofac Surg.2002; 

30(5):286-291. 

[13] Sumer AP, Ozer M, Sumer M, et al.Ultrasonography in the 

Evaluation of Midpalatal Suture in Surgically Assisted Rapid 

Maxillary Expansion. J Craniofac Surg.2012;23(5):1375-1377. 

[14] Liantis P, Mavrogenis AF, Stavropoulos NA, et al. Risk factors 

for and complications of distraction osteogenesis.Eur J 

Orthop Surg Traumatol. 2014;24(5):693-698 

[15] Babatunde OM, Fragomen AT, Rozbruch SR. Noninvasive 

quantitative assessment of bone healing after distraction 

osteogenesis. HSS J. 2010;6(1):71-78. 

[16] Selim H, Elbargothy N, Nabil Y, et al. Evaluation of distracted 

mandibular bone using computed tomography scan and 

ultrasonography: technical note. Evaluation. 2009;38. 

274-280. 

[17] Ilizarov GA. The tension-stress effect on the genesis and 

growth of tissues: Part I. The influence of stability of fixation 

and soft-tissue preservation. Clin Orthop Relat Res.1989; 

(238): 249-281. 

[18] Weinberg ER, Tunik MG, Tsung JW. Accuracy of 

clinician-performed point-of-care ultrasound for the diagnosis 

of fractures in children and young adults. Injury. 2010; 41: 

862-868. 

[19] Augat P, Morgan EF, Lujan TJ, et al. Imaging techniques for 

the assessment of fracture repair. Injury.2014S45: S16-S22. 

[20] Hughes CW, Williams RW, Bradley M, et al. Ultrasound 

monitoring of distraction osteogenesis. Br J Oral Maxillofac 

Surg. 2003;41: 256-258. 

[21] Liantis P, Mavrogenis AF, Stavropoulos NA, et al. Risk factors 

for and complications of distraction osteogenesis.Eur J 

Orthop Surg Traumatol.2014;24(5):693-698. 

[22] T#U,VWX,T#Y,8.�Z[�\�]DEFG�^_`9

:HI[J].�J9:ab"#,1997,13:45-46Q 

[23] cde. Xfghi^_`9:jklmAZ[��nopq

[D]. rsa!tb,2009. 

[24] Issar Y, Sahoo NK, Sinha R, et al. Comparative evaluation of 

the mandibular distraction zone using ultrasonography and 

conventional radiography. Int J Oral Maxillofac Surg. 2014; 

43(5):587-594.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


