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Abstract

Objective: To study the role of cross-link in the treatment of thoracolumbar burst fractures (TLBF)
with pedicle screw fixation at fracture vertebrae (PFFV), and to study the optimal placement of
cross-link. Methods: The thoracolumbar model of healthy volunteers was constructed by finite
element analysis (FEA), and the TLBF model was established by osteotomy. The internal fixation
methods of Through spinous process cross-link (ESPC), Excision spinous process cross-link (TSPC),
and No cross-link (NC) were constructed, and three spinal models after internal fixation were re-
moved after recovery also established. The displacement and range of motion (ROM) and the equiva-
lent stress of pedicle screw and connecting rod were measured by simulating daily motions. Two
independent sample t-test was used to compare the difference in displacement and ROM. Results:
The displacement and ROM of TSPC were the smallest, followed by ESPC, and NC was the largest.
The displacement and ROM of TSPC were 20%~30% lower than NC in different motions, and those
of ESPC were 10%~20% lower than NC in different motions. ESPC reduced the equivalent stress of
pedicle screw of the vertebrae adjacent to the fracture vertebrae and increased the stress of con-
necting rod. After internal fixation was removed, the displacement and ROM of the excision spin-
ous process spine in flexion and extension were greater than those of the intact spine. Conclusion:
Internal fixation with TSPC had higher stability and safety, and should be used in the treatment of
TLBF with pedicle screw fixed at fracture vertebrae.
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Figure 1. Thoracolumbar spine and burst fracture model. (a) Com-
plete spine model; (b) Burst fracture model
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Figure 2. Different internal fixation and spine models. (a) TSPC; (b) ESPC; (c) NC; (d)
TSPCR; (e) ESPCR; (f) NCR
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(f) NCR
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Figure 3. Mesh generation and paraspinal ligament. (a) TSPC; (b) ESPC; (c) NC
3. IR FHES . (a) TSPC; (b) ESPC; (c) NC

Table 1. Material properties of different structures

1 NEISEHEMRHER

name Young’s Modulus (Mpa) Poisson’s Ratio

Cortical bone 12,000 0.3

Cancellous bone 100 0.2
24 0.25

4.2 0.45
1 0.4999
24 0.4

cartilage endplate
anulus fibrosus
nucleus pulposus

articular cartilage

Internal fixation
(titanium) 110,000 03

Table 2. Stiffness values of different ligaments
= 2. NEHFHHSEEE

Stiffness (N/mm)
8.74
5.83
15.38
0.19
10.85
2.39

Ligament

anterior longitudinal ligament
posterior longitudinal ligament
ligamentum flavum
intertransverse ligament
interspinal ligament

supraspinal ligament
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Figure 4. Validation of spinal model
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Figure 5. The displacement nephogram of TSPC. (a) flexion; (b) extension; (c)
left bending; (d) right bending; (e) left torsion; (f) right torsion
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Figure 6. The displacement of different models under different motions. (a) TSPC; (b)
ESPC; (c) NC; (d) TSPCR & NCR; (¢) ESPCR
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Figure 7. The ROM of different models under different motions. (A) TSPC; (B)
ESPC; (C) NC; (D) TSPCR & NCR; (E) ESPCR
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Figure 8. The effect of CL on the equivalent stress of internal fixations. (a) Upper vertebral pedicle screw; (b) Fractured
vertebral pedicle screw; (c) Lower vertebral pedicle screw; (d) Connecting rod. A: TSPC, B: ESPC, C: NC
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Figure 9. The equivalent stress nephogram of internal fixations of TSPC; (a)
upper vertebral pedicle screw; (b) fractured vertebral pedicle screw; (c) lower
vertebral pedicle screw, (d) connecting rod
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