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The biomechanical stability of the thoracic extrapedicular fixation: An 3D ROM experiment
CUI Xin-gang, SUN Jian-min, JIANG Zhen-song, et al.
Department of Spine Surgery, Shandong Provincial Hospital, Shandong University, Jinan 250021, China
[ Abstract] Objective: To compare the biomechanical stability of the thoracic extrapedicular fixation

method with that of the transverse process-vertebra, the modified costre-transverse process and the
transpedicular technique. Methods: 14 fresh thoracic specimens were divided into two groups (group A with
screws of D /5.5mm and L/ 40mm, group B of D/6.5mm and L /50mm) and underwent seven fixation models;
The ROM of different models in three different techniques were tested and compared separately. Results: In
group A, the stability of the flexion/extension was M2>M3>M4>M]1, the stability of the right and left bending
M2>M3>M4>M1, and the stability of the rotation M2>M3>M4>M1, with no significant difference between M2
and M3; In group B, the stability of the flexion/extension was M6> M7> M5>MI, the stability of right and left
bending M6> M7> M5>M|, and the stability of the rotation M7 > M6 > M5>M1, with no significant difference
between M6 and M7. Conclusions: Adopting the wider and longer screws, extrapedicular fixation has the better
biomechanical stability than that of transpedicular fixation.
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Fig.1 The schematic diagram of pedicle screw fixation
1, pedicle fixation; 2, transverse process-vertebral fixation; 3,
rib- transverse process improved fixation; D,the midpoint of
transverse process
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Tab.l The three-dimensional motion experimental results in Group A  (Mean+SD)°

Groups Without fixed Pedicle screw fixation process-vertebral fixation  improved fixation

BB Anteflexion 6.07+0.76 3.28+0.34 3.68£0.33* 4.92+0.66 <0.01
HHEX Neutral area 2.34+0.21 1.42£0.16 1.51£0.19 2.12+0.16

J& {8 Retro-extension 5.7610.65 3.04:0.24 3.44+0.28* 4.620.62 <0.01
ZEWMZ Left bend 5.2620.59 2.7420.42 3.190.12* 4432049 <0.05
H#£[X Neutral area 2.20+0.18 1.32£0.14 1.4410.20 1.52+0.15

#MZ Right bend 5.2210.65 2.72+0.42 3.16+0.13% 4.40+0.50 <0.05
ZEHE Left rotation 8.59+0.68 4.76+0.82 5.0740.72% 5.4210.59" <0.01
t#£IX. Neutral area 3.420.16 2.10£0.20 2.0240.19 1.90+0.21

# I Right rotation 8.40+0.49 4,54+0.90 4.97+0.70* 5.4020.57" <0.01
* 55 M2 shiz P>0.05:# &5 M2, M3 tbdk P>0.05 *M2 compared with M2,P>0.05; # compared with M2.M3, P>0.05
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Tab.2 The three-dimensional motion experimental results in group B (Mean+SD)°

A7) SERTEEML) #DREEM2)
Groups Without fixed Pedicle screw fixation

BI/E Anteflexion 6.14:0.33 3.90+0.52
h#: X Neutral area 2.68+0.30 1.60+0.22
J&{d Retro-extension  5.99+0.19 3.69+0.52
7% Left bend 5.24+0.38 3.17:0.18%
£ X Neutral area 2.2110.17 1.42+0.20
42 Right bend 5.2020.39 3.12+0.22#
ZEJfE Left rotation 8.51x0.50 4.66+0.53

£ X Neutral area
e Right rotation

3.39+0.30
8.49+0.58

2.08+0.19
4.6520.50

B2E - BRI E(M3) BRI R E M4)
Transverse Rib- transverse process P
process-vertebral fixation  improved fixation
3.07+0.19 3.18+0.38* <0.01
1.40+0.16 1.36+0.17
2.88+0.26 3.07+0.20* <0.01
2.63:0.45* 2.86+0.14 <0.05
1.30£0.17 134:0.19
2.57+0.43* 2.79+0.20 <0.05
3.87:0.36* 3.24:0.33 <0.01
1.46+0.20 1.35+0.17
3.47+0.36" 3.06+0.59 <0.01

* 5 M6 i P>0.05;
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Tab.3 Changes of peak stress of tibiotalar joint in case of
cut fibula with the same length (10 cm) from different
positions>X (Mean+SD,MPa )

=g 5 s {ELR 7 My
Cut fibula from HR{ELILJ) Mpa
different positions B B4k =% FE4h

FERRER 3.34+0.50 3.71x0.48 3.1620.47 3.6420.51
Normal fibula : ' . . : . . !
TF 1/6 skt A A A A
At the lower point 1/6 3.98+0.46° 2.83+0.514 4.03+0.42° 2.5110.46
T 174 ik A A A A
At the fower point 1/4 3.67+0.42°% 3.26+0.43% 3.84+0.46° 2.8910.42
T 13 B4k a
At the lower point 1/3 3.46+0.51 3.5230.47 3.5620.50° 3.48+0.47
1/2 4k
At the point 1/2 3.38:047 3.67+0.46 3.28+042 3.57+0.41
XREPL TP 24 % Ankle joint in the neutral position

A5 MR T A4 P<0.05 /ACompared with intact fibula P<0.05
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