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Abstract 

BACKGROUND: Fragile bone in senile osteoporosis patients easily weakened pedicle screw fixation 

capacity. Therefore, bone cement leakage and screw removal cannot be solved during pedicle screw 

repair in osteoporotic patients with degenerative lumbar spine.  

OBJECTIVE: To investigate the biomechanical properties of novel pourable pedicle screws and bone 

cement application effect in osteoporotic patients with degenerative lumbar spine.  

METHODS: Six lumbar specimens (T���L�) at the mean age of (72.9±4.2) years were selected, totally 42 

vertebrae. The average bone density was 0.696 g/cm

�
. Any side of all vertebrae was inserted with 

pourable pedicle screws. 2 mL of bone cement was perfused under the X-ray fluoroscopy with cement 

push rod and filling cylinder. The same number of conventional screws was inserted into the opposite side 

of the samples. Three-point bending test was performed in two kinds of screws. The maximum vertebral 

axial pullout force test and the maximum spin torque test were conducted in vertebra to observe the 

destruction of the vertebral body and implanted effect.  

RESULTS AND CONCLUSION: (1) The ultimate strength and yield load of novel pourable cement pedicle 

screws were significantly more than conventional screws (P < 0.05). Ultimate displacement and yield 

displacement were significantly less in novel pourable cement pedicle screws than in conventional screws 

(P < 0.05). (2) The maximum vertebral axial pullout force and the maximum spin torque were significantly 

higher in novel pourable pedicle screws than in conventional screws (P < 0.05). (3) In summary, novel 

pourable cement pedicle screw is simple to operate, can effectively control bone cement penetration, and 

improve screw stability in osteoporotic vertebrae. Moreover, after treatment, the removal of screws is 

convenient, cannot evidently destroy vertebral body or screw channel, and promote early recovery.  

Subject headings: Lumbar Vertebrae; Osteoporosis; Biomechanics; Tissue Engineering 

 

Cite this article: Liu Y, Liu D, Xiao YX, Chen HD, Zhao HW. Biomechanical properties of a novel pourable 

cement pedicle screw and its application to osteoporotic lumbar degeneration. Zhongguo Zuzhi 

Gongcheng Yanjiu. 2016;20(31):4671-4676. 

 

0  ��  Introduction 

��������	
��
�������
�

������������
����� !"#$%

&'()*��+,��-.

[1]

/012345016

7$189:!;1<=>?�@����ABCDE

F�!G�HI�JKLM*��NO�PQRS�

TUVW$XYU�
�Z[1\]^$�_$`a

Ubc��de�3f�+,��-.

[2-5]

/gh��

�iB��U0123jkl_m�nopq�rs

�tuvDw����Ixy2zU�
�{|�Z

[��no}�~�

[6-7]

/1������BE���

��� ��������������U/���

iB�������@��������T���!

��1���������1������&��?�

Z[��� ¡�¢{£]��¤¥a�¦C§*¨

©ª/«¬����­®¯°$±²����1\�

1����³´���U�µ¶�&�7?·���

���*tu¸¹/ 

Vº����Utu»¼½¾�pq¿Ài~s/

À{a�tuÁÂeÃ�ÄÅ]�����UeÆ²B

Äy���C��ºÇr²/ÈÉa�ÊËÌÍÎ��$

ÏÐ1\hpÑ��·ÒËÓÔÕÖ×ØÔÙºf�p

q�Vº�����U

[8-9]

/gh�	Ë�Ú���]Û

��ÜWÝFbÞßà��àáâ�ãäå�45ÓÔ

ÕÖ×ØÔæ$çØè�éê)�cb�ë~ì�1�

�����¡Â

[10]

/����éêíËî��?��é

êïðîñò$��ó?)·���Z[��ôËõw

~Ì�ö÷/À{a�øùi��úzûüUýþ�·

��¯3�éêºfpq�!�������	

[11-12]

/

���
ÁÂ���\�ôË¡Â·'eÆ�
ËB�

��õw�s�	

[13]

/ 

���ó�����01��(T

11

�L

5

)6����ü

��ïð�éê1�������`aUb;Cw�

���U0123��D�ôË¡Â/ 



 

����. ����	
��
�������������
�����
� !�"# 

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

4673 

www.CRTER.org 

1  �����  Materials and methods   

1.1  ��  ��������	
� 

1.2  ������ �2015
1�11��������

����������� 

1.3  	
�

1.3.1   !��  "#$%�����������

���&'(�)*+ !��(T

11

�L

5

)6,-./420

!�1
264.6�83.93-45 (72.9±4.2)3167

169.1�178.2 cm-45(171.2±2.1) cm1�8968�72 kg-

45(70.1±1.2) kg145:;<(0.696±0.140) g/cm

2

� 

=$ !��5>?X@ABCDEF:8GHI

 !JK1LMNOIPQR:SRTU !� 

1.3.2  VWXY  XYZ[\]^�-_`6.5 mm-Y

a40�45 mm�XYb=cL

1

�L

3

XYd�efgh5°�10°

ijkl-L

4

�L

5

XY�efghm10°�15°ijl-L

1

�L

4

d�n4g4o�Z�L

5

!��6jp-qrstd�n

4gh10°� 

1.3.3  uvwxy:nz!{|XY  }~����

CD2v!{|XYF��qo��-�XY_`5.5 mm-

X��a40 mm-.15�X���XY��F����

��QX�-��t�����-���F�����

��QX�-X��<F1 mm-���XY(�� 

=-¡¢£¤¥¦§(¨©

[14-15]

�ªc-uvwxy:

nz!{|XY«¬­®��-_`2 mm-Uv¯i­

®�°i`¤¥¨©-±�

��

�1� 

 

 

 

 

 

 

 

uvXY��c«¬­®��-­®�²³�XY

­´�³-_`F2.0 mm-Uv¯i­®µ(�°i`

¨©-���¶·xy¸¹`º»(X�¼½�X�¾

1/3�¿6�ÀÁÂÃÄÅ/4LÆµ-Æµ_`1.3 mm-

Uv¯stÇÈÉ20-ÊË0stÉF30� 

1.4  �� 

1.4.1  	
s�  �/!�ÌÍ$%ÎÆ!{|b=

wxy:nz!{|XY-«¬nzÏÐ·xy¸�X

@AÑÒÈxy2 mL:nz(Ó¬(ÇÔ)�ÕÖ×/Ø

ÙÚ)-������Æb=ÛªÜÝVWXY-Þ=�

<FYß¥!�¿Æà8áâ(80%�90%

[16]

� 

1.4.2  ãäI¶åæs� 

������ç²è%100wxyznz!{|X

Y�é100VW!{|XY-êëìb�×íîÇ(ï

ðBOSEÙÚ)qo�ßñò	
�êXYìb��ó(

k,Ç-�XY!{|�ôõö©÷_ø£-_¥XY

ñò-ùúXYñòc(û�üý

[17]

� 

��	
��
��ç%200!�êëì�×íî

Çqoû�þt��£	
�«¬�ók,�æ�×í

Ç-��æ���!{|aþs��10 mm/min(©ü

�<qo��	
-�XY�	�
�-ùú�	c(

û�þt��£

[18]

� 

����
���ç%220!�ì=×íîÇ-«

¬�ók,qo�æ-�!{|XY�°Uv�³�b


�Ö-«¬240 (°)/minl<qo �-�XY���-

ùúû� �£�

[19]

� 

1.5  ������	 �2�XYqo�ßñò	
-�

$%!�qoû�þt��£	
éû� �£�	


-��!�(�	��éXYb=��� 

1.6  
��
�  «¬SPSS 18.0���«�¥(Ü

�qo²�-ë­�\��²�(Ü�qo� !s"

²�-#�$��Í%&�LSD�ËË�'�P < 0.05

&(>�'2^Ü�)"*/§+IÍ%� 

 

2������Results 

2.1  ������
�  ,=6,:8GHI !JK

��--�q=¼�²�-­./��\~0R1	��� 

2.2  �������������� !"#  uv

wxy:nz!{|XY(2Ø3<R45üý5§+

��VWXY(P < 0.05)-2Ø³6·45³65§+

7�VWXY(P < 0.05)-±�

��

�1� 

��

��

�2w�8�-uvwxy:nz!{|XY·

VWXYÛ�2Ø3<·453<"*/§+IÍ%

(P < 0.05)1uvwxy:nz!{|XY·VWXY

Û�2Ø³6·45³69:-Z;8�-uvwxy

:nz!{|XY9©<æ-ãä£�93� 

2.3  ��������$%&'("#  ¼�§(-

uvwxy:nz!{|XY(þt��£§+��

VWXY(P < 0.05)-±�

��

�3� 

2.4  ��������)*+'(,"#  ¼�§

(-uvwxy:nz!{|XY(û� �£�§+

��VWXY(P < 0.05)-±�

��

�4� 

� 1  �������	
��
� 

Figure 1  Novel pourable cement pedicle screw 
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Table 1  Comparison of three-point bending test indexes of two kinds of pedicle screws 
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Figure 2  Comparison of 

three-point bending test results of 

the two kinds of pedicle screws 
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Figure 3  Comparison of axial pullout force of two kinds of 

pedicle screws 
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Figure 4  Comparison of maximum spin torque of two kinds of 

pedicle screws 
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