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The biomechanical study of different kinds of anterior internal fixation for the transverse fracture as-
sociated with Hangman's fractures of the axis: a finite—element analysis/CAI Xianhua, WANG Wei,
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[Abstract] Objectives: To explore the biomechanical stability of three kinds of anterior internal fixation for
the transverse fracture associated with Hangman's fractures of the axis by finite element(FE) analysis, and to
provide theoretical reference for the clinical surgery. Methods: Thin—section spiral computed tomography
(0.5mm) was performed on occiput(CO) to C3 region. A three—dimensional hexahedral FE model of upper cer-
vical spine was established by software(Mimics 10.01, Hypermesh V 10.0 and ABAQUS 6.11), and the finite
element model of intact(FE/Intact) was verified with availability. Then the weakening of the strength of grid
was performed to simulate the finite element model of the transverse fracture associated with Hangman's frac-

tures of the axis(FE/Fracture) and was verified with availability, the three internal fixation models: anterior

EEWMAB: 2FEEERZR T — 17 i8OS (445 :08G031) 5 o BT i B £ AR 7l & AT 8 i1 ) MO (45 .
201260523184)

F—EEE N T (1952-) B2 B2 W9 05 ) A ESNRE 5 AR W) 7 2%

M35 2 (027)68878519  E-mail : wgcaixh@163.com



258

o[ 2 R 2014 4EES 24 455 3 1Y)

C2/3 discectomy+cage bone grafting+anterior cervical fusion and long plate(FE/cage+ACFLP), anterior odontoid
screw fixation+C2/3 discectomy cage bone grafting+anterior cervical fusion and short plate (FE/AOSF+cage+
ACFSP), anterior odontoid screw fixation+C2/3 discectomy cage bone grafting+ anterior cervical fusion and long
plate(FE/AOSF+cage+ACFSP) were simulated on the FE/Fracture model. Flexion, extension, lateral bending and
axial rotation were imposed on the FE/Intact, FE/Fracture and the three fixation models respectively. The
ROM of different models and the displacement of fracture end were compared. Results: The model of FE/In-
tact was established clearly with good geometric similarity and realistic appearance, which was verified with
availability. The ROM of FE/Fracture increased obviously compared with the FE/Intact under the same loading
conditions, and the ROM of C2/3 in flexion—extension,
203.3%, 188.9%, 200% respectively. The ROM of C2/3 of the FE/AOSF+ cage+ACFLP in flexion—extension,
lateral bending and axial rotation was 60.5%, 70%, 66.7%, 62.5% of the FE/Intact respectively; the ROM of
C2/3 of the FE/AOSF+cage+ACFSP increased 118.4%, 123.3%, 148.1%, 175% respectively in flexion—exten-
sion, and the ROM of the FE/cage+ACFLP
was 123.7%, 143.3%, 122.2%, 137.5% of the FE/Intact. The FE/AOSF+ cage+ACFLP presented with highest

stability and the displacement of the fracture end was the least; FE/AOSF+cage+ACFSP had least stability, es-

lateral bending and axial rotation increased 244.7%,

lateral bending and axial rotation compared with the FE/Intact,

pecially in bending and rotation, and the displacement of fracture end was the biggest, the ROM of FE/cage+
ACFLP and the displacement of fracture end was the highest in respectively flexion—extension. Conclusions:

The FE/AOSF +cage +ACFLP is effective for the transverse fracture of the axis associated with Hangman's
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fractures, which can ensure good stability.
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Table 1 Material properties used in the finite element model

L2 K L ST L AR I (MPa) HEL /A T (mm?) ER PN
Components Spinal level Element type Young's modulus Poisson’s ratio Sectional area References
HEAK
Vertebral
ﬁﬁ}i% Co C3D4 12 000 0.29 6.7
Cortical bone C1-C3 308 12 000 0.29 6
\
FR i ) C1-C3 C3D8 450 0.29 6
Cancellous bone
S b o
AR C0-C3 308 10 03 6.7
Facet cartilage
HE ] 5
Disc
¥
2 C2/3 C3D8 2000 0.2 6.10
Endplate
B 32 . .
Annulus fibers C2/3 C3D38 34 0.4 6.11
e
i % X C2/3 C3D8 1.0 0.49 6.11
Nucleus pulposus
ki
Ligaments
ﬁﬁ-ﬂ]ﬂT ) C1 Membrane 20 0.3 12
Transverse ligament
S ey
A C0-C3 302 10 03 6.0 6.12
Anterior longitudinal
2 %)
ROAR €2-C3 T3D2 10 03 50 6.12
Posterior longitudinal
KAl C0-C3 302 10 03 460 6.12
Joint capsules
e c1-c3 302 1.5 0.3 5.0 6.12
igamentum flavum
I C0-C2 302 10 0.3 5.0 6.12
pical ligament
R C0-C2 302 5 03 2 6.12
Alar ligament
=1
L . C0-C2 T3D2 10 0.3 6.0 6.12
Tectorial membrane
HRIEL Bty €0-C3 T3D2 L5 03 10 6.12

Interspinous ligament
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Figure 1

The finite element model of the transverse fracture associated with Hangman's fractures of the axis
(FE/Fracture, The red parts standed for the fracture line) a the complex fractures model of axis b the A-P view of the
finite element model of FE/Fracture ¢ the sagittal view of the finite element model of FE/Fracture, the cortical bone,
cancellous bone, disc(endplate, annulus fibers, nucleus pulposus) were visible Figure 2 The finite element model of
FE/cage+ACFLP a the A-P view b the sagittal view Figure 3 The model of FE/AOSF+cage+ACFSP a the A-P view

b the sagittal view Figure 4 The model of FE/AOSF+cage+ACFLP a the A-P view b the sagittal view
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at the transverse fracture end of the axis
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Figure 6 Graph demonstrating comparison of results of the three internal fixation models for the displacement of the

transverse fracture end of the axis. The maximal displacement of FE/cage+ACFLP was in flexion—extension direction, but

in the bending, rotation of the FE/AOSF+cage+ACFSP,
cage+ACFLP

the minimum displacement of the all direction was FE/AOSF+
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