
��������  � 21 � � 12 �  2017	04	28 
� 

Chinese Journal of Tissue Engineering Research  April 28, 2017  Vol.21, No.12 

 

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

1889 

www.CRTER.org 

������

���������	
 

 

����������

	
���������

������� !��

"����#$%�&�

��  545005  

 

�����:R318 

���	
:B 

����:2095-4344 

(2017)12-01889-05 

�����2017-03-06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

He Qing, Master, Attending 

physician, Department of 

Orthopedics, Fourth Affiliated 

Hospital of Guangxi Medical 

University-Liuzhou Worker’s 

Hospital, Liuzhou 545005, 

Guangxi Zhuang 

Autonomous Region, China 

 

Corresponding author:  

Li Bing, Chief physician, 

Department of Orthopedics, 

Fourth Affiliated Hospital of 

Guangxi Medical 

University-Liuzhou Worker’s 

Hospital, Liuzhou 545005, 

Guangxi Zhuang 

Autonomous Region, China 

 

�

��

�

��������	
����� 

�

��

�

�  �

1

��  �

1

����

2

�	
�

1

��  

1

 (

1

��������	
���������������������  545005�

2

�����������������  425000)�

���������������	
���. ����������������[J].�� !"#$%�2017�21(12):1889-1893. 

DOI:10.3969/j.issn.2095-4344.2017.12.015      ORCID: 0000-0002-4385-663X(��) 

 

������� 

 

 

   

 

 

 

 

 

 

����	 


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

+,���-./01234��534678/9:;<=>?@���ABC 


�	�D�&�E"FGHIJKLM�NOE"  PQ�RS��T�U�VW"VWXYZG[C

\D� 5]���̂ _]���`M��DaLM�bcdeC�Ffgehi��hj�DLgke�l�

mn�lNo�ie�'�f�9paqrst�2]�Du �vw�xy�� !C 

 

�� 

�	z��i{|}~����������@����SU���`��z��i{|}NV���C 

��	}�z���������������i{|}~���������������i{���C 

��	U ¡¢ 64£¤¥ CT¦§ 20¨© ª&«z�¬ 140W��¦§®¯�}�z�������

��°± L

1-7

�D�i{�²³������f0���|}6´µW¶�·¸~�C 

�����	�© ª&«z��¹��i{�º»·¸¼z L

1-7

W¶�D½¾Y¿ÀÁÂÃÄ &ÅÆÇ�

È L

7

W¶ÉÃ��½¾Ê�(1.12±0.18) cmËL

1

W¶�DÌÍÉÃ��(1.03±0.15) cm�L

1-7

W¶¹�DÎÍ

�W¶/·¸�ÃËL

1-6

W¶�'ÌÍaÎÍÏÐÑ�&�L

7

W¶Ò"Ó·ÃË�hQ¾È L

1-7

W¶ÐÑ�

&��·¸IÔË�hÕ½¾È L

1-5

W¶IÔ·¸�L

6-7

W¶Ö×"Ó·Ã�j�ØW¶NÙÚ&�Û L

7

W

¶ÒÉÃ�Ê�(0.58±0.11) cmËE"Q¾aÜ¾È L

1-6

W¶IÔ�&�È L

7

W¶·ÃËÌ"Ü¾È L

1-3

W

¶ÐÑ�&�L

3-6

W¶�IÔ�L

6-7

W¶ÝÞ·ÃËÌ"ßàÈ L

1-6

W¶Ùá¾Ã��È L

7

W¶ÝÞ�&�

�(58±2)°C�|âã�¼© ª&«z��i{�°±Rä��Û���f0���|}6´µW¶�i{

·¸~�������������åæ���i{�²³®¯C 

���	 

 !��& !"#&��&'()&*+,-&.�&/0&����&12&34&CT&56�&78

9:;<=;>?)@A 

���	 

 !"#&���*+&/0) 

����	 

78=;>?)@A(2010GXNSFA013257) 

 

Establishment of a three-dimensional model of rabbit lumbar vertebrae: its 

morphological characters   

 

He Qing

1

, Li Bing

1

, Deng Yan-qing

2

, Zhuo Xiang-long

1

, Jiang Yu

1 

(

1

Department of Orthopedics, Fourth Affiliated 

Hospital of Guangxi Medical University-Liuzhou Worker’s Hospital, Liuzhou 545005, Guangxi Zhuang 

Autonomous Region, China; 

2

Departemnt of Orthopedics, the Central Hospital of Yongzhou, Yongzhou 425000, 

Hunan Province, China) 

 

Abstract 

BACKGROUND: Morphological characteristics of the rabbit lumbar vertebrae are of great significance for animal 

experiments about lumbar spine, but there is a lack of study on the lumbar morphology in rabbits. 

OBJECTIVE: To establish a three-dimensional model of rabbit lumbar vertebrae, and to observe its 

morphological characteristics, thereby providing anatomical basis for the animal experiments about lumbar spine. 
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METHODS: Twenty New Zealand rabbits were subjected to 64-row multi-detector CT (Siemens) scan, and the 

three-dimensional models were constructed based on the CT data from 140 lumbar vertebrae. The morphological 

parameters of L

1-7 

were measured, and the internal and external structures of lumbar vertebrae and changes of different 

segments were observed.  

RESULTS AND CONCLUSION: (1) Changes of the morphological parameters of each lumbar vertebra: the L

1-7

 height 

first increased and then decreased, and the shortest height was in the L

7

, which was (1.12±0.18) cm. L

1

 vertebral body 

exhibited the shortest transverse diameter, (1.03±0.15) cm, and the longitudinal diameter did not differ significantly 

among vertebrae. The transverse and longitudinal diameters of L

1-6 

spinal canals were on a rise, but decreased abruptly 

at L

7

. The pedicle width of L

1-7

 increased gradually; the pedicle height of L

1-5

 increased gradually, and then began to 

decrease markedly, and the shortest at L

7

, (0.58±0.11) cm. The width and length of L

1-6

 spinous process increased 

steadily, but decreased at L

7

. The length of L

1-3

 transverse process increased gradually, tended to be steady at L

3-6

, and 

increased notably at L

6-7

; there were significant differences in the transverse process angle at L

1-6

, but the angle 

increased markedly to (58±2)° at L

7

, (2) These results indicate that the internal and external structures of lumbar 

vertebrae and changes of different segments are obtained through morphological measurement of lumbar vertebrae in 

New Zealand white rabbit, which provides a detailed anatomical data for relative animal experiments. 

Subject headings: Tissue Engineering; Models, Animal; Anatomy 
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Table 1  The average values of morphological parameters in the New Zealand white rabbit lumbar vertebrae   

����       ��  

 L

1 

 L

2

 L

3

 L

4

 L

5

 L

6

 L

7

 

���	(cm) 1.45±0.12 1.52±0.26   1.59±0.18 1.58±0.17 1.56±0.24 1.47±0.28 1.12±0.18 

��
�(cm) 1.03±0.15 1.13±0.10 1.24±0.17 1.36±0.11 1.45±0.20 1.48±0.21 1.35±0.17 

����(cm)  0.59±0.08 0.61±0.13    0.67±0.09 0.70±0.12 0.71±0.15 0.71±0.11 0.66±0.08 

�
�(cm) 0.38±0.10 0.39±0.08 0.43±0.11 0.42±0.12 0.56±0.10 0.58±0.09 0.51±0.06 

���(cm) 0.28±0.04 0.28±0.05 0.29±0.04 0.30±0.06 0.34±0.05 0.36±0.05 0.27±0.03 

���	(cm) 0.16±0.02 0.17±0.01  0.19±0.03 0.18±0.02 0.20±0.03 0.21±0.02 0.28±0.04 

����	(cm) 1.17±0.06 1.15±0.05 1.17±0.09 1.24±0.10 1.18±0.07 0.85±0.06 0.58±0.11 

���	(cm) 1.17±0.08 1.19±0.10  1.21±0.05 1.24±0.07 1.34±0.11 1.39±0.08 1.03±0.06 

���	(cm) 0.33±0.03 0.34±0.05 0.40±0.05 0.45±0.07 0.48±0.04 0.52±0.08 0.49±0.06 


��	(cm) 1.15±0.18 1.69±0.12 2.27±0.19 2.16±0.22 2.23±0.18 2.20±0.15 1.22±0.10 


��	(cm) 0.62±0.08 0.68±0.07 0.70±0.09 0.66±0.10 0.65±0.08 0.52±0.06 0.35±0.07 


���(°) 46±2 44±4  44±3 45±2 45±3 46±5 58±2 

 

�������	���L

1

�L

7

����� !"#$%&�' L

7

��(%�)�	* 1.12±0.18cm�L

7

��+,-./�)�	0)1��234"5���
�

6�����L

1

����
�(%�)"%7 1.03±0.15cm�L

1

�L

7

��8����9��:;<4%5��
�6��=���L

1

�L

6

��
�6��>?@A

"�L

7

��B�C;%5���	' L

1

�L

7

��?@A"�;<DE�����	' L

1

�L

5

��DE;<�L

6

�L

7

��FG�C;%�0)1��234"�L

7

��

B(%�* 0.58±0.11 cm5���	6�	' L

1

�L

6

��DEA"�' L

7

��;%5
��	' L

1

�L

3

��?@A"�L

3

�L

6

��4DE�L

6

�L

7

��HI;%�


���' L

1

�L

6

��3J	%�K' L

7

��HIA"�)"%7(58±2) °L 

 



 

����. ����	
��������� 

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

1892 

www.CRTER.org 

3������Discussion�

3.1  ��������	
�������� ���

�����	
������	���������	

������������� !�������"#�

���$��%&'����()*+,-./0��	

1234567��89:;<=>

[9-10]

�*?+,-./

089@ABC$DEFG$H�IJK$LMNO$P

Q.R��(ST�U��67����NO	��V

W

[11-12]

)XYZ[0[\]^_`���Zab56W�

�cdefg	hi

[13-14]

jklmno9p��34�	

��.qrst6W

[15-16]

�u9����34���	v

wxy

[17-18]

�*0��34�Fz	��{|<pvwx

yj 

���}�CT~���������+,-./0

����	1234�����	��34���9�t�

:�����	��>~�������	��Z�j

�e����^0���� !�����s��� 

f¡��~¢_£��*��¤¥	12L¦§¨�©9.

�	ª%~«¬��l����1./0��	1234

ST�®¯£�
;�°±²³����	´µ$.¶

ª·¸¹º�£��	¢�F»c�5b��¼½�fg	

¾;

[19-20]

je¢_��¿Q�l���®¯���	�

ÀÁ34�����ÀÁ	Â;$Ã;$:;(��l®

¯�ÄÅ��NÆ.Ç;�:¿Q�j 

3.2 �������  ��34���	F�Èq,kl

É�9"ÊËÌ��$XÍÎÏ��$CTÐÑ��$ÒÓ

ÐÑ�����MRIÐÑ��(

[21-22]

jCT����UÔÕ

���	Ö×�cUklØÙÚÛ	��F�)9��Ü

CT���¶	��34���~Ý��Þ�\ßà

Ô

[9]

jMisenhimer(

[23]

��ÜCT��LM~Ý	áâ

��LMÈàÔ�bãhäåæ0.33 mmjFç�(

[24]

è

�éêCT~ÒÓ����ë���ÀÁ	34��¢_

�����ì5W12��LM<ØÙ�Û[íî��

F�	��LMïÌfðjCT����������ñò

óô�K.	���INõö÷�øÓ·ÒÓù�úû¾

;	��äz�ìNeüXäz¢_ýþ~ê�����

��]�$���XY�����N	��6
��	ã

h������	��;�:

[5]

)}�CT���N	e

�	��ë��n�12L¦~34�¢_�§	���

�

[25-47]

j 

������+,-./0	��34����N

	�����	n�L¦�üX��	34�!�ST�

[���������	34������[����

34������fîNO	��F�j 

 

��������������	
�������� 

������������������	��� !"� 

	
�����#$%&'()*+,-./(0-12345(

067��89:;<=>���?@ABCDEF(+GHI<

J�K6789LM�N��OP�QRSTU	DVWX���6

7YZ[\]^_`abc��Ndefghijklm*noUp

qrst�tuSvw��NxyLGHz{|�A}CJ67

��~�������X�OPR(ARRIVEOP)� 

���������%? CNKI��������bc 3

���� 

�����%D���c���V����f��T���

��� 

������,i�� ��SxyN¡¢�£N�¤c�

¥¦§¨�¡¢�	N©ª«¬�®(¯°�±²®³)´µ	

¶T�·¸��X¹º»�¼½S¾¿fÀÁÂÃ�� 

��������ÄÅ�L�~��ÆÇ5ÈÉC�Ç��

IÊ� 

�������ËÌiÍÎÏÐÑ�f����ÄÅ�L�

~��ÆÇ5ÈÉC�Ç��IÊ�Ò®JÓQ�½ÔÀIÊRÕÉ

Ö�×ØÙÚÛÜÝ��#Þ�½3.0ßàáfY�9âÜNãäaf

åÔæ5ç×ØÙÚèNéK©��GH�êëSìíf�îåÔ

¨ïÜðñò�aó�ôõ�ö÷�øù��ú�ûüýÁþ�f

g����úâfÜ���N��®�ræ¨ï�WÜ	� 

 

4  ����  References 

[1] ���,�����	�
��������[D].��:���

���,2007. 

[2] ���,���,�� ,!,"#�$%���&'()*+[J].

��,-�./0,2012,14(9):7-10. 

[3] 12.34�
�5MRL$%67���[D].89::;����

�,2003. 

[4] <=>,?@,ABC,!,#�DEFGH#�DEIJK�LM

N��[J].��OP��/0,2011,22(6):644-646. 

[5] QR,ST�,U��,!.#�DE����[J].���VW�

X/0,2003,2(2):94-97. 

[6] �YZ,�[\,]9^,!.#�DE�_�67[J].��()6

7�/0,2001,19(3):226-228. 

[7] `ab,#��c����[D].de:de����,2013. 

[8] fg,�hi,j0k,!,lmEno#�pqrsCTHt��

�67���&()_�[J].��uv�/0, 2004,12(25): 

774-776. 

[9] Kothe R, O’Holleran JD, Liu W, et al. Internal architecture of 

the thoracicpedicle. Ananatomic study. Spine. 1996;21(3): 

264-270. 

[10] ?wx,yz{,Q|e.T

10

-L

5

�}~��X�����&'()

*+[J].��()67�/0,2001,19(41):302-304. 

[11] ���,���.����������&'���,�[J].�k

��/0,2000,20(6):378-380. 

[12] ��,���,���,!,�����������[J].����

/0,2009,30(2):124-126. 

[13] ��, h\,¡¢£,!.¤¥N������¦�$%�FX§

�¨©[J].�FMª«¬/0,2004,19(1):28-30. 

[14] @,®P¯,�q,!.°#����������&$%�±²

[J].³´���µ,2007,27(4):552-554. 

[15] Grobler LJ, Robertson PA, Novotny JE, et al. Etiology of 

spondylolisthesis. Assessment of the role played by lumbar 

facet joint morphology. Spine. 1993;18(1)10-14. 

[16] ¶·�,¸B¹,º»¼,!,½¾¿ÀÁÂ#�CTÃ%ÄÅÆ�

�&'()ÇÈ[J].��ÉÊÉË/0,2007,17(10):749-752. 

[17] �Ì,ÍÎÏ,ÍÐÑ,!,ÒÓ"#��F�pqroÔÕLM

Ö×�CT����[J],��()67�/0, 2008,26(6): 

642-646. 



 

����. ����	
��������� 

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

1893 

www.CRTER.org 

[18] ØÙP,ÚÛ0,ÜÝ,!,ÞßàáÉ�âãäÅå���æçN

��[J].��¤¥èé�,2013,17(1):7-11. 

[19] �ê,®P¯,ëìí.îtïðñòó�����Åå���¤

¥��[J].��ÉÊÉË/0,2006,16(4):284-286. 

[20] Niinimaki J, Rnohonen J, Silfverhuth M. et al. Quantitative 

magnetic resonance imaging of experimentally injured 

porcine intervertebral disc. Aeta Radilogica. 2007;48(6): 

643-649. 

[21] Dullerud R. Naksiad HCT changes after congervative 

treatment for lunbar disk herniation. Acta Radiol. 1994;35(5): 

415-419. 

[22] �3ô,]õö,()67�÷ø-"ù�ÉÊ±ú[M].�û:
ü

·íýþ�,1989. 

[23] Misenhimer CR, Peek RD, Wiltee LL, et al. Anatmic analysis 

of pedicl cortical and cancellous diamiter as related screw 

size. Spine. 1989;14:367-372. 

[24] �hi,fg,j0k,!,rsCTHt���#��pqÔo�

�_���[J].��ÉÊÉË/0,2004,14(2):96-98. 

[25] Li Bing, Jiang BG, Fu ZG, et al. Accurate determination of 

lumbar pedicle: amorphometric study by reformatted CT 

images. Spine. 2004;29:21:2438-2444. 

[26] ��,4�,�^,!,#��
��	
�ä��HtCT$%��

[J].��()67�/0,2013,31(1):60-63. 

[27] Q�,��,�B�,!.3D��ócÀÁ#����roÔÕ

�æçN[J].��������,2016,20(48):7232-7238.  

[28] Phan K, Mobbs RJ, Rao PJ. Foraminal height measurement 

techniques. J Spine Surg. 2015;1(1):35-43. 

[29] Chen X, Feng S, Guan H, et al. Radiological characteristics 

and clinical manifestation of isolated lumbar foraminal 

stenosis. Zhonghua Wai Ke Za Zhi. 2015;53(8):584-588.  

[30] Lee SJ, Binkley N, Lubner MG, et al. Opportunistic screening 

for osteoporosis using the sagittal reconstruction from routine 

abdominal CT for combined assessment of vertebral fractures 

and density. Osteoporos Int. 2016;27(3):1131-1136. 

[31] Siepe CJ, Stosch-Wiechert K, Heider F, et al. Anterior 

stand-alone fusion revisited: a prospective clinical, X-ray and 

CT investigation. Eur Spine J. 2015;24(4):838-851.  

[32] Allain J, Delecrin J, Beaurain J, et al. Stand-alone ALIF with 

integrated intracorporeal anchoring plates in the treatment of 

degenerative lumbar disc disease: a prospective study on 65 

cases. Eur Spine J. 2014;23(10):2136-2143. 

[33] Khiami F, Aziria SA, Ragot S, et al. Reliability and validity of a 

new measurement of lumbar foraminal volume using a 

computed tomography. Surg Radiol Anat. 2015;37(1):93-99.  

[34] Schnake KJ, Stavridis SI, Kandziora F. Five-year clinical and 

radiological results of combined anteroposterior stabilization 

of thoracolumbar fractures. J Neurosurg Spine. 2014;20(5): 

497-504.  

[35] Xu J, Mao K, Wang Y, et al. A feasibility research of minimally 

invasive transforaminal lumbar interbody fusion using 

unilateral incision and hybrid internal fixation for dural-level 

lumbar degenerative disease. Zhongguo Xiu Fu Chong Jian 

Wai Ke Za Zhi. 2013;27(8):955-959.  

[36] Gong Q, Kong Q, Li T, et al. Application of reduction by 

posterior approach to treat severe spondylolisthesis. 

Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2013;27(4): 

393-398. 

[37] Matsukawa K, Yato Y, Nemoto O, et al. Morphometric 

measurement of cortical bone trajectory for lumbar pedicle 

screw insertion using computed tomography. J Spinal Disord 

Tech. 2013;26(6):E248-E253.  

[38] Zhang Y, Yang H, Liu Y, et al. Percutaneous kyphoplasty in 

hyperextension position for treatment of middle and late 

period Kümmell disease. Zhongguo Xiu Fu Chong Jian Wai 

Ke Za Zhi. 2012;26(4):411-415.  

[39] Makino T, Kaito T, Fujiwara H, et al. Analysis of lumbar 

pedicle morphology in degenerative spines using multiplanar 

reconstruction computed tomography: what can be the 

reliable index for optimal pedicle screw diameter? Eur Spine J. 

2012;21(8):1516-1521.  

[40] Zweig T, Aghayev E, Melloh M, et al. Influence of preoperative 

leg pain and radiculopathy on outcomes in mono-segmental 

lumbar total disc replacement: results from a nationwide 

registry. Eur Spine J. 2012;21 Suppl 6:S729-736. 

[41] Delécrin J, Allain J, Beaurain J, et al. Effects of lumbar 

artificial disc design on intervertebral mobility: in vivo 

comparison between mobile-core and fixed-core. Eur Spine J. 

2012;21 Suppl 5:S630-640.  

[42] Yan L, Li J, Zhao W, et al. The study of epidurography and 

multispiral CT scanning examinations in the diagnosis of 

lumbar nerve root canal stenosis. Orthopedics. 2010;33(10): 

732.  

[43] Lin Y, Zhao YS, Li Q, et al. Clinical analysis of vertebral 

laminae reconstruction after laminectomy and pedicle screw 

fixation in treating lumbar spinal stenosis. Zhongguo Gu 

Shang. 2010;23(7):511-513.  

[44] Beck M, Mittlmeier T, Gierer P, et al. Which is the ideal point of 

time to perform intraoperative 3D imaging in dorsal 

stabilisation of thoracolumbar spine fractures? A matched pair 

analysis. Injury. 2010;41(10):996-1001. 

[45] Fokter SK, Repse-Fokter A, Takac I. Case report: femoral 

neuropathy secondary to total hip arthroplasty wear debris. 

Clin Orthop Relat Res. 2009;467(11):3032-3035.  

[46] Knop C, Kranabetter T, Reinhold M, et al. Combined 

posterior-anterior stabilisation of thoracolumbar injuries 

utilising a vertebral body replacing implant. Eur Spine J. 

2009;18(7):949-963.  

[47] Kolta S, Quiligotti S, Ruyssen-Witrand A, et al. In vivo 3D 

reconstruction of human vertebrae with the three-dimensional 

X-ray absorptiometry (3D-XA) method. Osteoporos Int. 2008; 

19(2):185-192. 

 

 

 

 

 

 


