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Abstract 

BACKGROUND: Studies have shown that traditional models of atlanto-axial joints have good 

biomechanical properties, but they cannot completely meet the requirements of the human body. Based 

on the basis of predecessors’ research, this article will explore a kind of atlanto-axial joint which can not 

only prevent its instability but also make the structure of axis parts a certain flexibility to make it meet the 

needs of the human body through the analysis of the requirement of atlanto-axial vertebral joints. 

OBJECTIVE: To analyze the torque change at the junction of cranial cervical vertebra lateral atlanto-axial 

joint by using finite element analysis, and discuss three-dimensional motion mechanical properties and 

fatigue life and safety factor of the atlanto-axial vertebral models using statics analysis. 

METHODS: Fatigue analysis was conducted in the static analysis for the optimized structure in the 

three-dimensional atlanto-axial vertebral models using finite element analysis. Torque of 0.5 N•m was put 

on the fixed plate. The performance and life span of the optimized model were evaluated by analyzing the 

results of simulation analysis.  

RESULTS AND CONCLUSION: The traditional model of the atlanto-odontoid joint is fixed by a pin in the 

body. The axis cannot rotate and the appearance is defective. The optimized artificial atlanto-odontoid joint 

can rebuild the good stability of atlanto-axial joints and can retain its movement function. The improved 

structure not only has a certain rotating angle, but also can limit the rotating angle of the model in a certain 

torque by the limit block. Because of the actual requirements, in order to lay solid, easy to operate, keep 

the motor functioning and avoid injury, atlanto-odontoid joint should use titanium alloy material. The 

selection of parameters has certain requirements. These results suggested that the optimized artificial 

atlanto-odontoid joint has met the commands of creativity and utility, which has feasibility in mechanics. All 

the parameters meet the requirements in the optimized structure.  

Subject headings: Tissue Engineering; Atlanto-Axial Joint; Finite Element Analysis; Fatigue 

 

Cite this article: Xiong S, Chen XL, Wang YF, Hu Y. Optimization design and simulation analysis of 

artificial atlanto-odontoid joint structure. Zhongguo Zuzhi Gongcheng Yanjiu. 2016;20(48):7169-7174. 

 

0  ��  Introduction 

��������	
�����������

���������� !"#$

[1]

%&��'()*

+�,�)-.��/012�34���5�678

9:;��<=>?@AB��C�DC�EFG>H

IJ/#$KL�MNOPQRSTNUV%WX(�Y

Z[\��34]^_`)�ab<cd(�YZe7f

gF&��YZh[)���4ij(7'k�lm�n

op<��i)���4qrstuv�3��F�wx

yAB,z{�|}~t�������������

���.����

[2]

%����������.��2

�34�����cdHI.�����0�F�

[3]

%

�;�������������.� ¡Ft¢%�

�����£¤��¥�¦§¨©ª«¬	����

E®�z	ª�.���F>f¯ª�°�

[4]

%�±²

³��´.�3��������µ.��<�¶2·

¸�¹º.¦§F�»¼

[5]

%½¾¿ÀÁÂ�34��

.Ã�ÄÅ���ÆÇÈÉÊFG$ËÌ�3��F

��ÍÎ$Ï34/Ð��É�.Ñ,<.'(�ÏÒ

Ó����.�Ã% 

��±ÂÔ�3ÕÖ���×ØÙÖ��Ã�.

1.5 NÚm§Û�ÄÅÜ�Ý���ÀÁÞßàá�'â

ãäåæ.çè

[6]

%��±ÀÁÂ��×Ø1.5�1.0�

0.5�0.3 NÚm.éêÛ�Â��4¦§��ÄÅ�|}

���tfëºFì�Û!�í��¦§îïwª�î

ïðë³ñ.òï<�ó�ôõ�ÛöØ�¨0÷øù

?@úh�Íû/0�.ª�?@ö-

[7]

%ühý

[8]

Â

������ÄÅþ���á�.von-misesª��

�������.�	çè�
�ù¥.�����

�'(%���±�;ÉÊ�.�34ÕÖ����

|}���t��µ.�¿�34ÕÖ�.¯��Ý�

<%ÀÁþ����È'���34ÕÖ[\.¯��

Ý� t$�Á�+A��Á�+A��Ê����

[9]

%

�����±ÀÁÂ !"�.�#��ÄÅòï<



 

����. ����	
���������� 

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

7171 

www.CRTER.org 

�|}����$���%à�¸¥Â�&��ÄÅÜ

#Þß��ß'��.�(<

[10]

%���Ý)�É*

�|}���̧ ¥{Adams+Ð�É*�ù¥.ÓÕ

,.���'â²³�Ê��<$�2�-..Î�/

ß0�.12�ÉQ�'â3456óàº���7$

�

[11]

%��±ÀÁ{89:;.<'=>v�3���

��<$�
-?©@A�¶2| Ï{EB����.

CDÒÉ2E�FGH�IJ.-h�"�

[12]

%��±º

KY0�LY0.Mý;CTN����{O*�P.

%àt�QRXS��).
�TURXV©

[13]

% 

�W�±È;MÊ�3�������Xµ.¯�

�Ý�<�¸ÍF$�&����.Ã��Y	Z��

±.Y[�½¾¿ÀÁÂ�34��.Ã�ÄÅ���

ÆÇÈÉÊFG$ËÌ�3��F��ÍÎ$Ï34/

Ð��É�.Ñ,<.'(�ÏÒÓ����.�Ã%

/ßÀÁsolidworks������̧ ¥P¤ansys14.0

+Ð\�����.�|}���]^_`Ã�º

ansys+Ð.Ü�Ý��ab\Â�|}��ÄÅ�ª

.Ø�%O�3/0ÄÅcd�Â34e«f�g1h

/×Ø0.5 NÚm.§Û�ij��.kød�"(ª�

���"(l<ªø����	çè�ÀÁmn��o

p.qó/r�s�2tu
vw(â.º¥xyz2

t�ÃÄÅ�ª.{Ä% 

 

1�������� Subjects and methods  

1.1  ��  à|ù[}/ß% 

1.2  �����  	2015~1�N2015~5�º��

�����xy�Ý/ß��v% 

1.3  �	
 �á�����Ýà�

[14]

���É0Q�

�/�X�_`wí����.v~���<��)�

��175 cm���P65 kg�ÀÁ�0w�0���í

�4ab<cd��ø�� íÉ&Ô[��4.CT

¡¢�£% 

1.4  �� 

1.4.1  :¤"�  ������¥¦¥�§íf¯¨©

�����ª���«.«¬ª�78Á-,uv®

R�HI¯�°��¯��[.��;��¹º¦§F�

.»¼%±²{Ä������"�³´�µ.CD!

Ã2�¶7·ú¢ª�°�¸¹ú¢®R¸ºö-�	

»©¸¼öØ������¥½.¾¿��<% 

�W.����À	'(F���t¦§¨©-�

�dFÁ�Â�ÃÄFÅ:=.ÎF�&ÙÖ��'(

Ã��±²½¾Â����ÄÅ;7!{Ä�¶���

b��a.'({Ä�Æd¸¹��ZÇa.ÈÉÊ"

�ËÆd���a.ÈÉÊ"�Æd¸º��ZÇa�

��a.�ds{�ËÆd¸¼º¦§1Ì��ÍÀ�

ÎÏÏ��a$ÁºÏÐ�É�.,�©¸Ñº¦§1

Ì�öØÉb|0a�| ¦§1Ì.§�% 

"�.������!ÃÀ�4/Ð�¦§1Ì�

34/Ð3*/ÐÒv%�4/ÐÓ�4ZÇ�I.Ò

v/�!ÃÔÕ�4ZÇa����b��aw¦§1

Ì%��Ö�e.�b�b��a×ØÂÙ��b��

a¾12.5 mm�Ú7.0 mm�aÛ2.0 mm�'(�¾:

dØËÆd�ðZÇY%���b��a�û"��*

¾12.5 mm�Ú9.0 mm.ËÆdÈÉÊ�OÈÉÊÄÅ

É�.Ü¨�=	ÈÉ.É¤%¦§1ÌðÝdÆ�

Y�ÐÞ3.5 mm�í��Öe«fßàáÖ�¦§1Ì

âÞ�8.0 mm���10.0 mm%34e«f.'(�ZÚ

¥ãägåæÝdY�34e«fÚ�s�9.5 mm%�3

4�e.�b�b��a×ØÂÙ�¾Ús�9.0 mm�

aÛ2.0 mm�'(�¾:dØËÆd��b��aû"

��*âÞ�3.5 mmÈÉÊ�34e«f�.çf�â

Þ�7.0 mm���3.0 mm.Æ�Y�çf�g�É�

âÞ�3.0 mm���10.0 mm.Æ�Y1¸çf��Â

Ù�����èÞ�0.5 mm���4.0 mm.èÆ�Y

�YZ

[15]

%é��

��

�1% 

1.4.2  �wþ���  $�����û/0êë�º

solidworks\ÄÅ���¥�P¤�|}��+Ð 

Ansys 15.0��mnÙÖ��.9��ì È�ª.S-N

îï���

��

�2%¸¥Â��ÄÅ�åíî��ïðñÖ

ò9��Â�4/Ð�¦§1ÌÄÅcd�̧ ¥óô§1

Âhõ×Ø0.5 NÚm.§Û�ÄÅ�|}������È

������.kød��"(ª����	çè�Ã&

óà��������.Ï{çè2t��Ã�% 

 

2������Results 

2.1  ������������  /ß�.�3

4���|}���iö���/�O·�-<µ%�

3/0�¦§1Ì�|0b÷Ôø19 088*�ù�    

10 288*ú}¸34/0÷Ôø15 957*�ù�8 254

*ú}%ÀÁÂ��ÄÅ-Q./ß���tû���

º���¦§��!û/0��/ß'â���º�

-���üýÐ!.'â-��ì�ª�����ù

Z.Â��ß';��.tÅ<��þ<% 



 

����. ����	
���������� 

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

7172 

www.CRTER.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2  ����������������
 ÀÁÂ

{Ä¥.������ÄÅ�Ý����	��¥�


.��àátû�À�

��

�3Aû§Â������×Ø

0.5 NÚm.§Û¥���)-ødºØ���a.Ø!

¨���1.645 3×10

-5

 mm�ZÇa.ÊØ!�ød�

0¸À�

��

�3Bû��a.)hª�°�º�g1���

4.775 6×10

-11 

Mpa�)-ª�°�º34e«fh/�

�0.07 MPa¸À�

��

�3Cû�YZ.l<ªø�h��

6.643 8×10

-12

�4.856 2×10

-8

 mm/mm�²àá���Ã

���F>f¯_`¸À�

��

�4AûÄÅ�	��¥tû�

�������/0�YZ.�	çè�3×10

6

 cycles¸

À�

��

�4Bû�3����.Ã&óà�)-�15%Àþ

���'âtû�²�3����.Ã&óà�15¸]

1*��v~��3���b��200 cycles���tû

²�3����t��Ï{40~�� ô̧34e«f�

g1×Ø0.5 NÚm§Û¥��3�����ª��

(0.07�4.78)×10

-11

 MPa%Z�y�3����ñaÐ�

�!ª�°�/0!Ã�ÈÉy34e«fh/wÉ

Ê/�í)-�Èëº34e«fh/�ª�-h�

0.07 MPa%��tû��ù¥.�3����.Ã&<

$��	çè�»©s��Ã�% 

 

3��	
��Discussion�

ÀÁþ����/ßij�/ß"�.�����

�¥¦`FG$Ï��º�Ð�	����$�
í�

��¦§#$���W��������Ó-.Ñ,

<%²��ÀÁÂ9�ÄÅ{Ä�Ø|0bÂí��<

ÄÅ{Ä�t�/ë�`�.Ã��FG$@��3�

�.�	»©�çè��$Ï¥¦¥.�3���É�

.,�©�t�:=£¤���W������Ó=

.'(�Ó¾.Ï{çè%�ù¥.������º�

�Ý���Ý�2}Ý�(.

[16-29]

%��|}.��t

��È�º¦§Y#!��b���
.ª�)-��

�´�������Æ�.�dt�öØíª��|�

���� 

��� 

���� ��	
� 

���� 

���� 

��� 

� 1  � solidworks������	
�� 

Figure 1  Models of atlanto-odontoid joint established in solidworks 
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Figure 3  Statics analysis of models of atlanto-odontoid joint in workbench 
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Figure 2  S-N curves of titanium alloy 
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Figure 4  Models of atlanto-odontoid joint 
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