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Finite element analysis on anterior and posterior internal fixation
for treating type [l Hangman’s fracture

LIU Hai-bo', LEl Jian-yin', ZHANG Bao-cheng’’, LI Zhi-giang', CAl Xian-hua’”,
WANG Zhi-hua' (1. Institute of Applied Mechanics and Biomedical Engineering, Taiyuan University of
Technology, Taiyuan 030024, China; 2. Department of Orthopedics, Wuhan General Hospital of Guangzhou

Command, Wuhan 430060, China; 3. Postgraduate Institute, Southern Medical University, Guangzhou 510515,
China)

Abstract: Objective To evaluate biomechanical differences between anterior titanium plate internal fixation and
posterior pedicle screw internal fixation for treating type Il unstable Hangman’ s fracture by finite element analy-
sis. Methods An intact finite element model of the upper cervical spine (C0-3) was established and validated,
and an unstable model was also established. Two different internal fixation models, i. e. anterior titanium plate +
Cage with bone graft ( Plate + Cage) and C2 pedicle screws + C3 lateral mass screws ( C2PS + C3LMS) were es-
tablished, respectively, based on the unstable model. The vertical load of 40 N was applied on the occiput to sim-
ulate head weight and 1.5 N - m torque was applied on the occiput to simulate loading conditions of flexion, ex-
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tension, lateral bending and rotation. Range of motion (ROM) of C2-3, force pathway and strain at the fractured
line were calculated and analyzed. Results Compared with the unstable model, the Plate + Cage model could
decrease the ROM by 92.4% , 97.1%, 96.5% and 90.0% , while the C2PS + C3LMS model could decrease the
ROM by 88.6%, 90.2% , 95.7% and 90.3%, in flexion, extension, lateral bending and axial rotation, respective-
ly. The maximum stress of the Plate + Cage model was smaller than that of the C2PS + C3LMS model under 4
loading conditions. Conclusions The anterior Plate + Cage fixation possesses better stability than the posterior
C2PS + C3LMS fixation in flexion and extension, while both fixation methods show similar stability in lateral ben-
ding and axial rotation. The anterior Plate + Cage fixation is more reasonable in structure and stress distributions,
and can achieve reduction, decompression, fixation and fusion in one step, thus it is an effective operative proce-

dure for treating type [ Hangman’ s fracture.
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Tab. 1

spine model

Material properties and parameters of the upper cervical

_ e
Ly ig ﬂ'%fay YA Wﬂi’u‘/
FE R C3D8 12 000 0.3 —
B C3D8 500 0.2 —
ECEELS C3D8 2 000 0.3 —
KHH C3D8 10 0.3 —
B C3D8 20 0.3
BTN CREALRTA®)  T3D2 10 0.3 6.0
JEHIA (AR T3D2 10 0.3 5.0
BT 3G T3D2 10 0.3 46.0
pinlkite T3D2 1.5 0.3 5.0
YRR BA T3D2 10 0.3 5.0
TR T3D2 5 0.3 5.0
B T3D2 10 0.3 6.0
b2 W ki T3D2 1.5 0.3 10.0
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Fig.1 Finite element model of the upper cervical spine (a) Unstable model, (b) Plate + Cage model, (c¢) C2PS + C3LMS model

2 #R

IR RITE R 5 00 e T &
B 7% 3 B (range of motion, ROM ) Y5 Panjabi
S22 B 92 i 25 SR Brolin %7 Z5TME A R
TR R BEAW) &, ) 25 1 S Wi g g 46 vp i
U5 Brolin %5 47 PROGAS B IEA W) &, B03IE T IF
WAL A RE (LR 2) .

FEAA [R) 0 5 26 A R8T T, R AR A ROM 85
IER BRI R (L6 3) eI 5 i 0 A
i 4 TOU T ROM LUIEF R 73| B i 1758, 1%
28.6% \19.5% 20.0% , 1 T W3R 547 Al G AT

K] 5 A BEIR , 2R A B 7R i i T80~ ROM 1
liEESSLRTA

5 R FAAERIAE L, P2 N [ 1 B8 A R AIR
C2 ~3 95 ROM ( ), 3 3), Plate + Cage 15 &I ¥E R
e A e BN ) R (B ) T 1) B AR FE R
a4 B W20 T 92, 4% . 97. 1% . 96. 5% .
90.0% ,C2PS + C3LMS FIAIAESS Ty ] b AH Lb 2R FR A
B4y 38/ T 88. 6% 90.2% 95.7% ,90.3% , -
RZEJARIR  HT % Plate + Cage P [ 52 76 B FS £
T.40 R LS #% C2PS + C3LMS P [A E BA7 B4R
FEE A Ji e 00T P R e AR 2, 53¢
KL 18,22 J i A=) g 2 AR S B 4 SR — 30



Mg, % BEBRNEZERT IEFRIEE Hangman S HERITH
LIU Hai-bo, et al. Finite element analysis on anterior and posterior internal fixation for
treating type I Hangman’s fracture 329

*2 IEELHHEFRITELE ROM 530iksE Rt L IgHiE
Tab.2 Comparison of ROMs of intact finite element model and

those reported in the literature

#3 WANETHEE C2~3 FREFFEST ROM L
Tab.3 Comparison of ROMs in segment C2-3 for two internal

fixation models
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Fig.2 Stress contour of the Plate + Cage model under different loading conditions

(a) Flexion, (b) Extension, (c) Lateral bending, (d) Axial rotation
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Fig.3 Stress contour of the C2PS + C3LMS model under different loading conditions

(a) Flexion, (b) Extension, (c) Lateral bending, (d) Axial rotation
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