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Biomechanical study of two different pedicle screws combining "' transverse connection in the
treatment of type II Hangman fracture/YAO Jian, JIN Genyang, LI Xinwu, et al/Chinese Journal of
Spine and Spinal Cord, 2019, 29(7): 635-640, 649

[Abstract] Objectives: To investigate the biomechanical characteristics of two different C2 pedicle screws
(common and new) combining "Q" transverse connection for type Il Hangman fractures. Methods: CO0-3
vertebrae of a healthy male adult were scaned by CT, and the original data of CT images were obtained. The
finite element model(including intervertebral disc, ligament and other tissues) of normal CO-3 was established
by Mimics10.01 et al, and the validity of the model was verified. On the basis of the verified finite element
model, the following models were established: Hangman fracture model, Hangman fracture + common C2
pedicle screws + "Q)" transverse model, Hangman fracture + new C2 pedicle screws + "Q)" transverse model.
Range of motion (ROM) and implant stress of each model in different working conditions were compared.
Results: Under physiological load, the ROM of Hangman fracture model in flexion, extension, lateral flexion
and torsion was significantly higher than that of normal cervical spine model, mainly in C2-3, which
increased by 3.89°, 5.65° and 2.10°, and the ROM of C2-3 of two internal fixation models was significantly
lower than that of fracture model. The ROM between two internal fixation models was similar. The stress of

screws in two internal fixation models reached the largest when they extended back, which was 403.3MPa and
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370.4MPa respectively,

fracture line.

pedicle screws in all working conditions. Conclusions:

combining "Q"

and the stress mainly concentrated in the part of the screws passing through the
The maximum stress of the new C2 pedicle screws was lower than that of the common C2
Two different C2 pedicle screws (common and new)

transverse connection can effectively restore the stability of cervical vertebra while retaining

the physiological activity of cervical vertebra. The new C2 pedicle screws had better anti—fatigue effect than

the common C2 pedicle screws.
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[Author address]
214044, China

Hangman B 47 42 H1 T 300 19 1 22 il Je =3 1ty
SERMMESE R BE I, 2R T3 FH &
SR M e s B P b, DR HCE A ME ) B B
S5 VR0 17 24k 5 R AR AR (AR B sl B AL, IRk )
P PERX A1 B B35 5811 Hangman ‘B 91 29 5 200HE 15
i) 4%~7% HEMER T 9 209%~22%", 1965 4,
Schneider 55273 #7 8 {51 52 3 i #4 Ir 50 ) X ME 15 7
S I, e G I e 3 ) AR A i B B AR R
(A ARABL 1 | 220K s A HE B T 1w 44 4 “Hangman ‘B
oo, JF BT K5 # Pk H . Hangman & 47
W 22 HE, IR C2-3 FH ml 4 [E
EAR | B B AL C2 ME S AR BRET [ E AR (C2-3
HE 5 HLURET /0N B MR ET#8 R G I R A5, ABIESE
BAZ5 A Hangman HYTASE P E 2 7 200 A5 F
il tE C2 A AR ET I < QT A i [ e E R
FHEEURE RS 1 (] Ao e R PR32 b O B T SR 17 A
WG S HH T il ARG 97 A F20E 1 Hangman
T, B T R AR RI7 R I 7R I Rl b 3
THH BT B RUR S b 23 J7 ) C2 HE =5 AR MR T 1Y 58t
Pr il s W RS E P o ASWF SR T = 4E A IROCIT i)
B AR 6] C2 HE = AR BRET (5 38 Aok 84 Qv
JE A% [5] %2 Levine—Edwards Il Y Hangman ‘& 4t
(A1) 2 IR TR Y C2 HE S AR IR AT < Q”
TR i [ 3% ¥ 1) A= 0 e ke M

1 MBR57HE
1.1 R EE

I 1 A48 30 & AR 75kg B & 177cm
R I {8 T R R, R TC UM A5 TR B
FHUME S, 525K 2 HEBR L 305 B 3 W R MR AT
PR, EHAE R E S >R 64 HEIRE CT LI
JZJE 0.5mm X H ALK CO-3 MET HEAT 14, Of
A Dicom #% 20K CT FURJE 4R B £ 17

"()" transverse connection; Three—dimensional finite

Department of Orthopaedics, Wuxi Clinical School of Anhui Medical University, Wuxi,

1.2 AR
1.2.1  AS7IEH HikE CO-3 HETTRIAL 4 iR %
P& T A Mimics 10.01 K F (Materialise /A ) ,
USA) H AR 46 CT BIHG Hh AH B i 2H V3 A 45 A Al
LR IR BEABLIX., e B4 A 4 3 o) o 4 o A CO-
3METT AMAMAEELIRL . FIH Geomagic 2012 K4
(Geomagic 22 v ,USA ) ¥ H AU 5 1L NURB i 1 45
B, IR BT 5 A Hypermesh 12.0 84 (Altair
23] USA) Hhxsd kA7 A% 0] 43 BRI AR 422 ik
FE SCAERb PR OE R BUME CO-3 MET —4EA
FROTHAY (B 1),

o, RS S 2 ) A% BT i Jacobian Lt 4% il
TE 0.6 LA b, SHE A B PEZS#4 v | Je i B 24 4y
R HAEE R EE N Imm A1 0.5mm [#) C3D6 BT
(— B PO A ) s 44 BH R C3D4 3T (— B =%
FE) o MEM B0 S A A b MEME] B (3% 2R 4R 2R HE
1) SR TG 530 e 45 1] 0% = 4 7 T AR 98 4 AR
C3D8R; s >R HI H AT Al 1] - B F #R JEE B RUTY A
SPINGA HLIC , £ 2H4NbHRLE P BEE 73 51 A 1)
(L HEIN BEAZ ) R A o] TR 40 1) SRR R AN
BT (R 208 C2-3 2 [A] i S 4T 2 1 5 W
BB A IE 5S4 m) SRR RHE M B MABTE A
Johnson—Cook YA PR EL @1 5 AWl 2 T 5 9
PEM BB PEFE T (R 1.2) $2filE L, Oy
(i) AF B AR T DA Al 42 T T 3 4 ik OG 2R R AT A
L5 e AR R FE AT S ARAS & B AR
R #Aar A8 T i 2 i) Al b, MR SCHR A i 4R 5
BBRBOE A B R A, SR 2 9 RAE L v
FEPRITAEE 12 Fp AR
1.2.2  BUEIE % SiME CO-3 M BRI AL ME  H
TE B HUHE CO-3 ME 7 1888 5 A R IT 43 Hr 3K 1
Abaqus 6.9 (FEE K RAF )P, I FLMHRE N
C3 T AR 6 A [T, eI CO HERe il 2



o E A HOE A 22 R 2019 4E5S 29 B T Chinese Journal of Spine and Spinal Cord,2019,V0l.29,No.7 637

—RNSFHE, NS G L)1 B
TR A A T CO T AT A, e
CO ERmMIARTITHRSMESE AN
Distribution Coupling, EEL [ T il 40N J& 1 T
BB SRR AL Sk i Sy, I [ I fn 7 1) 29l Ay
XY Z @R br (X2 1 e R T Y-Z K
AT XY K1) AN 1.5Nm 1)) T 2%
SRR AT S A U AL A2 B T R
HET A5 ) (ROM) |, 5% FH X L 363 19 J7 125, 39
UEH S A SCIE b S0 S 96 Bl iy — Btk . 2521
7R AR 255 ST IE S CO-3 METT AT BRI
1) 25 AE 15 15 3l 5 55 Panjabi 55 5 {4 S 52 5 2
FRIEAFAVY G (3R 3), NI AIE 1A (1A %0t
1.2.3 4 37 Hangman ‘B 37 K HC [ @ #5780 76 GF
HHUHE CO-3 HETTBIAL P 4R 3] C2 HE = Wl iy =
A AR B i, F5 I8 Hangman B 37 19 5 31 26007 M 2
AH R B BTT T B — 45 98 0.8~1.0mm B 74k ; $8 2]
FEM B C2/3 1] 3 43 HE ] 4% 20 21 % 5 9\ A0 27 A i
WG, N EE Y Levine—Edwards I 0 Hangman
ST i B R Y1 = T i B S S S o & VA
Hangman & #1+35 18 C2 # 5 HIRET+<Q” TEH %
I Hangman ‘B r+51 8 C2 #E 5 HIRET+“ Q7%
HERA(E 2.3),
1.3 SEE s

W DL A BR TR A S ACH R G 43 BT AR
Abaqus 6.9 (£ E KR A F ), H KR E N
C3 F&M4aH8 6 4> A M, HI CO BEs: il B4
—MASE N, NS m L2 TG B
SR A AT T CO A AT R B, O T
CO EXMmMMmAR LT R EHSH AW
Distribution Coupling, #EEL [ F i il 40N FJ)F
e B BR ALK e Sy, I [ I 0 7 1] 23l Ay

1 CO-3 ik
JC A5 ) T A
(a) L IET W (b)
Figure 1 The
side(a) and posi-
tive view (b) of
the CO -3 finite

element model
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Table 1 Material properties of the bony structure and

the transverse ligament

LA 44 B gi'ﬁ*ﬁ%/Mpa A FLIGHL

S Elastic Poisson’s Number of
tructure . .
modulus ratio units
F
Cortical hone 12000 0.3 35208

i R

Cancellous bone 300 03 97588

ZAR
Endplate 500 0.4 9088

Hp ity E1=86,F2=6 0.016 —

Transverse ligament

x2 HEEMBEN
Table 2 Material properties of the intervertebral disc

I j{ERAYEM

(kg/mm®)  Poisson’s C10 Co1
Density ratio
1 4 I
F.b;r A3 1.00E-06 0495 0.12 003
1brous rll’lg
A%

1.20E-06 0.45 0.18 0.045

Nucleus pulposus

R3 APHRPERE LFHERBEEERINEY NZELE

CO-3 BHETH=ZHFNE ()
Table 3 Three—dimensional range of motion(ROM)
of CO-3 of normal upper cervical vertebra model in

this study and vitro biomechanical experiment
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Ranee of motion of Scope of activity in the

& literature

cervical vertebra models

Cco-1 Cl1-2 (C2-3 Cco-1 C1-2 (C2-3

JE A
" 26.0+ 25.0+ 6.8+
Flexion } and  20.3 23.5 9.7 80 12.0 3.0

extension

i) et 8.5+ 9.5+
Bend 6.1 6.7 12.7 30 6.3+4 40
Filk 3 9.8+ 55+ 5.2+
Tosion 0 383 36 20 100 30
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Table 4 The three—dimensional range of motion of
different vertebral segments under different working
conditions in this study

AR Sy Jet A M BN ) 7L A% (B )
e o Flexion+ Bend Torsion

Models Joint extension  (Both sides) (Both sides)

CO-1 20.27 6.14 9.60

Normal cervical — C1-2 23.45 6.68 58.34
vertebra

C2-3 9.71 12.72 5.59

Hangmna CO-1 21.93 6.78 10.99

Hont il c1-2 26.35 6.88 61.96
angmna

fracture C2-3 13.60 18.37 7.69
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i 75 AR U
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pedicle screws+
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e SR
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pedicle screws+
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Table 6 Maximum stress of internal fixation model

implants under different working conditions
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Table 5 Relative stability of C2 -3 under different
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