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Biomechanical study of different kinds of Pedicle lag screw in posterior fixation for the fracture of
the ring of axis: a finite—element analysissfOUYANG Jianyuan, GAO Yun, LI Guangzhou, et al//Chi-
nese Journal of Spine and Spinal Cord, 2020, 30(1): 62-71

[Abstract] Objectives: To evaluate the biomechanical stability of posterior fixation of fracture of the ring of
axis (FRA) with semi-threaded and full-threaded pedicle lag screw using finite element analysis, and to
provide theoretical reference for clinical selection of pedicle lag screw. Methods: A 28-year—old healthy male
volunteer was scanned by 256-slice spiral CT from CO to C3 with a slice thickness of 0.625mm. Using
Mimics 20.0, 3-matic 13.0 and Ansys 16.0, a three—dimensional hexahedral mesh finite element model(FE/
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Intact) of CO-3 segments of normal cervical spine was established and validated. Three models of axis ring
fracture (FE/Fracture A, B and C) were simulated and validated by weakening the strength of mesh element
A semi—threaded screw and a full -threaded screw internal fixation model were

and used to fix the FE/Fracture A, B,

on the validated model.
established, and C fracture models respectively. After boundary
restraint, four kinds of physiological loads were applied: forward flexion, backward extension, lateral flexion
and axial rotation. The three—dimensional angular range of motion(ROM) and the displacement of fracture end
The ROM of FE/
B and C models increased significantly compared with the FE/Intact model under the same
loading conditions. After the FRA was fixed by the semi-threaded screw, the C2-3 ROM of the FE/Fracture
A model in the flexion, extension, lateral flexion and axial rotation were 2.9°, 2.2°, 2.0°, and 1.8°, which
were 37.18%, 37.93%, 41.67%, and 50.00% prior to fixation; As for the full-thread screws, C2-3 ROM were
3.0°, 2.3°, 2.1°, and 1.9°, which were 38.46%, 39.66%, 43.75%, and 52.78% of the ROM prior to fixation.

the C2-3 ROM of the FE/Fracture B model in the

nodes under different working conditions were compared among these models. Results:

Fracture A,

After the FRA was fixed by the semi-threaded screw,
flexion, extension, lateral flexion and axial rotation were 2.9°, 2.2°, 2.0°, and 1.8°, which were 37.18%,
37.93%, 41.67%, and 50.00% prior to fixation; the full-thread screws C2-3 ROM were 3.0°, 2.3°, 2.1°, and
1.9°, being 38.46%, 39.66%, 43.75%, and 52.78% prior to fixation. The C2-3 ROM was 3.2°, 2.4°, 2.3°,
2.5° in each working condition of the model after the FE/Fracture B was fixed by semi-threaded screw.
Compared with 8.1°, 6.2°, 5.0°, and 4.0° before fixation, they were respectively 39.51%, 38.71%, 46.00%,
and 62.50%; the full-thread screws C2-3 ROM were 3.3°, 2.4°, 2.5° and 2.6°, being 40.74%, 40.32%,
48.00%, and 65.00% prior to fixation. The C2-3 ROM was 3.6°, 3.0°, 2.8°, 2.5° in each working condition
of the model after in each working condition of the model after the FE/Fracture C was fixed by
semi—threaded screw. Compared with 8.9°, 6.3°, 5.7°, and 4.6° before fixation, they were respectively 40.45%,
47.62%, 49.12%, and 54.35%; the full-thread screws C2-3 ROM were 3.7°, 3.3°, 2.9° and 2.7°, being
41.57%, 52.38%, 50.88%, and 58.70% prior to fixation. In the same fracture model, Wilcoxon's signed—rank
test was used to analyze and compare the node displacement after two kinds of screws were fixed. The
difference between the two groups was statistically significant (P<0.05). The semi-threaded pedicle lag screw
internal fixation system was superior to the full-screw screw in fixing the fracture of FRA and limiting the
Conclusions:

displacement of the fracture end node. Semi —threaded pedicle lag screw fixation for FRA

provides greater biomechanical stability than full-thread screw. It can meet the normal physiological activities
of the C2-3 segment and achieve the purpose of stabilizing the fracture end to reconstruct the stability of the
upper cervical vertebra.

[Key words] Fracture of the ring of axis; Pedicle lag screw; Finite element
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Table 1  Material properties used in the finite
element model
e Hono SRR I R
P km mowe) g B o)
Spinal +" Poisson’s .
Element  Young's . Section-
level ratio
type modulus al area
HEM
Vertebral
iz Cco C3D4 12000 0.29 —
Cortical
bone C1-~3 C3D8 12000 0.29 —
P T
Cancellous C1~3 C3D8 450 0.29 —
bone
AR
Facet C0~3 C3D8 10 0.3 —
cartilage
A
Disc
LR
Endplate C2/3 C3D8 2000 0.2 —
ESRAE2N
Annulus C2/3 C3D8 34 0.4 —
fibers
A%
Nucleus C2/3 C3D8 1 0.49 —
pulposus
Pk
Ligaments
)
Transverse Cl1 1}\)/[em— 20 0.3
ligament rane
&
T
Anterior C0~3 T3D2 10 0.3 6
longitudinal
EENLiH
Posterior C2~3 T3D2 10 0.3 5
longitudinal
Y
Joint C0~3 T3D2 10 0.3 46
capsules
Eaki
Ligamentum C1~3 T3D2 1.5 0.3 5
flavum
1B
Apical C0~2 T3D2 10 0.3 5
ligament
R
Alar C0~2 T3D2 5 0.3 22
ligament
B
Tectorial C0~2 T3D2 10 0.3 6
membrane
R )
Interspinous C0~3 T3D2 1.5 0.3 10

ligament
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Figure 1 Retrograde scanned image of the front parts of the semi-threaded pedicle lag screws Figure 2 Retrograde

scanned image of the front parts of the full-threaded pedicle lag screws
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Figure 3 An image which is
processed and modified by reverse
processing  software and divided into

hexahedral mesh elements by 3-matic

13.0 and ICEM software Figure 4 Schematic diagram of FRA model of type A Figure 5 Schematic diagram of
FRA model of type B Figure 6 Schematic diagram of FRA model of type C Figure 7 Model of FRA fixed with

lag screw
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[A 548 19 FRA, # T Levine—Edwards 437 &
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TR S Uk S B TN R ) FRA FEHE S AR
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WA R R, IR SO IR SUHE 5 AR )
BRETAE A B T [ AR C2/3 T BERY ROM #4945 [
SE HAH R RIRRAG, AR S S o B2, X U]
C2 J& B HE S 17 IRAT fE [5 72 FRA A7 AP T
T e AN e VE T 255 LA 18l 0 ZE AR [R) S50 T
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NS (1 ANE o % N N iR AR = - N 2
T 7 AR (R P 51 2 P Ay, TR MR AT T i AL

T2 BEH CQIEZEIATHTEENTEER (°)
Table 2 ROM of C2-3 in different test models

etk (FRLTE) ) ERe (BT )

FIEEXEH ExErIzon B?nding R?tation
(single) (single)
L 4 3.1 2.8 25
B FE/Fracture
%y"i N 7.8 5.8 48 3.6
%ﬁi 5 8.1 62 5 4
%y%‘i c 8.9 6.3 5.7 46
LR e 24T [ 2 B FE/Semi—threaded screw
%ﬁi \ 29 22 2 1.8
TBy?i 5 3.2 24 23 2.5
fyme 36 3 28 25
RGO ET [ 2 A A FE/Full thread screw
%yg% A 3 23 2.1 1.9
fﬁy’i 5 33 24 25 2.6
%y’;{ c 37 33 2.9 27

AR am ) EE o Bk, B Von—Mises b 714315 &
A TR SUMETS S BTN ) AR TR R H
g S R o e R WL 43¢ v Jhc B, ACAFEAFE =5 AR 1 4
R A T AT KA AR, T BT T8 i ) A A0
HORSEREN, MRET I E 0 FEAER ) FEORIE T
WRET (A2 43 S O R A AR, i R
HXHEAFE A 254 R 70 58 55 ' 6~8mm R Z Hi ]
FEA RS RS = IR SR ET AR [E 2 FRA
J& , 3T v B S A Gz Bl v T e 2x B R R T )
% 2 B Pl , A B T e 7 BEL L B AT O
t N S ECEIR SN BT LA LT R IR S S AR
PLITELE TE FRA S F1 R i & 4 3 32 B8 I 11 AR
FEEFAUREOL . PR A BRAR DL | 2 R S0AHE =5 AR
P BRETTE[E € FRA I 5 BB 2 SUHE i £2E 1
oK, 5 Wang 55" I8E 19 245 R — 2,

A FEAAFTE—E W Jm BRPE . A [ 558
b AR S I J B UOAS W] 1) 10 A [ 4
IRSCHYIRET AH h T B AR BRI, 020 4R
R T AH R SO B 7Y 2 MR SR ET TR [ 5E FRA
AR E ME 22 5 3 TR IRADRE XA [F] 20 B FRA 9
o PR TEAT B 3A [ A BR IC 0 A 220 1 8 Ak 5

3 AEBTERE=FEMEREEERNHT B

FEEAEENRXMAB (mm)
Table 3 The maximum displacement of different

pedicle lag screw in each direction of fracture

end node path after fixation of fracture

i ek

I i Ji i (Hhpm)) (Him)
Flexion Extension Bending  Rotation
(single) (single)
FE/Fracture AV
A 0266 0307 0276 0342
Semi—threaded screw
IR SR ET
Full thread screw 0.290 0.332 0.298 0.380
FE/Fracture BY
R SR ET
Semi—threaded screw  0-339 0.253 0.211 0.221
IR 0252 0301 0222 0308
ull thread screw
FE/Fracture CY
IR R ET
Semi—threaded screw 0273 0.322 0.338 0.314
SBIURET 0297 0377 0390 0352

Full thread screw

1 : DWilcoxon £545 B 96 4 £ 22 5345 B2 1 18 L (P<0.05)
Note: DWilcoxon's signed—rank test showed significant differ-

ence between the two groups (P<0.05)
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Figure 8 The stress of the two kinds of screw fixation is mainly concentrated on the tip and tail a The Von-Mises
stress distribution of FE/Fracture A model left pedicle lag screw under flexion, extension, right flexion and rotation
conditions respectively; the top is semi—threaded pedicle lag screw, and the bottom is Von—Mises stress map of the same
fracture type under the same condition b The Von—Mises stress distribution of pedicle lag screw in the right side of FE/
Fracture B model under buckling, posterior extension, right flexion and rotation ¢ The Von—Mises stress distribution of

pedicle lag screw in the right side of FE/Fracture C model under buckling, posterior extension, right flexion and rotation
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Figure 9 a Showed the displacement of the fracture end node paths in the forward flexion, posterior flexion, lateral
flexion and rotation directions in the FE/Fracture A model, respectively b Showed the displacement of the fracture end

node paths in the forward flexion, posterior flexion, lateral flexion and rotation directions in the FE/Fracture B model,

respectively
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Figure 9 c¢ Showed the displacement of the fracture end node paths in the forward flexion,
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posterior flexion, lateral

flexion and rotation directions in the FE/Fracture C model, respectively

5o 5 USRI M, Ttk s R RSN
SR, AR U A R A BT
LT —

4
1.

S Uk
Effendi B, Roy D, Cornish B, et al. Fractures of the ring of
the axis: a classification based on the analysis of 131 cases
[J]. J Bone Joint Surg Br, 1981, 63-B(3): 319-327.

Francis WR, Fielding JW, Hawkins RJ,
spondylolisthesis of the axis[J]. J Bone Joint Surg Br, 1981,
63-B(3): 313-318.

Levine AM, Edwards CC.
spondylolisthesis of the axis[J]. J Bone Joint Surg Am, 1985,

67(2): 217-226.

et al. Traumatic

The management of traumatic

. Li G, Zhong D, Wang Q. A novel classification for atypical

Hangman fractures and its application: a retrospective obser-

vational study[J]. Medicine(Baltimore), 2017, 96(28): ¢7492.

. Xu R, Nadaud MC, Ebraheim NA, et al. Morphology of the

second cervical vertebra and the posterior projection of the
C2 pedicle axis [J]. Spine (Phila Pa 1976), 1995, 20 (3):
259-263.

. Panjabi MM, Shin EK, Chen NC, et al. Internal morphology

of human cervical pedicles[J]. Spine(Phila Pa 1976), 2000, 25

12.

13.

14. Lee SH,

(10): 1197-1205.

L EWE, B, R, 4F. ASEUEME Hangman ‘BT TR A i

PE[). b SRR, 2012, 22(6): 526-530.

. Prost S, Barrey C, Blondel B, et al. Hangman’'s fracture:

management strategy and healing rate in a prospective multi-
centre observational study of 34 patients[J]. Orthop Traumatol
Surg Res, 2019, 105(4): 703-707.

. Ying Z, Wen Y, Xinwei W, et al. Anterior cervical discecto-
my and fusion for unstable traumatic spondylolisthesis of the

axis[J]. Spine(Phila Pa 1976), 2008, 33(3): 255-258.

0. XA, B, AR, A MHEHE S AR5 BRET Rk o7

Hangman & 97 09 5 RAF5E[J]. vh g B 24k,
243-249.

2018, 38(4):

11. Wang S, Wang Q, Yang H, et al. A novel technique for

unstable Hangman's fracture: lag screw-rod (LSR) technique
[J]. Eur Spine J, 2017, 26(4): 1284-1290.

I, A, AL, S ORI A I E 7 SR I AL R
FF I [ 8 Hangman B IrIe 45 C2/3 i o] 45 45 2 2 1k 19
FRRITAHT[]]. e 224k, 2018, 98(31): 2489-2495.
Liu CL, Zhong ZC, Hsu HW, et al. Effect of the cord pre-
tension of the Dynesys dynamic stabilisation system on the
biomechanics of the lumbar spine: a finite element analysis
[J]. Eur Spine J, 2011, 20(11): 1850-1858.

Im YJ, Kim KT,

et al. Comparison of cervical



o A A A 2% R 2020 4R 30 B55 1 1 Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No. 1

Sl ke gk & BB PAERNTARER
Current progress in the research of the role of the exosomes

in the secondary spinal cord injury

NwA, % a7 R, EEH
(E7RIEERAA MRS — ERE R 150000 B RIET)

doi: 10.3969/j.issn.1004-406X.2020.01.10
B 5% S :R683.2,0Q257 XEAFRIRAS A

A i 451 03 (spinal cord injury,SCI) 43 4 Ji % P 5t 1
FGk R 05 A B B, SRR 1 460 47 42 i LA R 3% 0 i
TR LA S B G A 2, g IR R A L
RS AGS Ji JE g A e it | 4 o A PR 3R 0 R 8 6 4
TR Ay ik R PR 051 2 ik T P05 A D e M 5 B g 1 KL
AW (B4 R P A 40 9 a2 R T DL o Ak T A Ot
o] 300 ) Ak D A 45 405 HE R 2R YT SCI M G HER) . B X Ab
WMARBF 5 IR A, AN K (exosomes , Exos ) & #i # & L 7E £
ol A4 B R 5 BARAS rh AR B FE 2E(5 S5 A SR TR B oA
JRYT SCL F A &) I8 I HT5e9 . 5835 L AN I A A2 4k & T
SCI iy fE ik T

E—EHEAN T (1994-) W58 24 A 52, WF 98 07 1) RSB
LI - (0451)85552026  E-mail :1js_19941129@163.com
EIREH . £ E-mail :wys1975@163.com

XEH S :1004-406X(2020)-01-0071-05

1 SN RHY S R R Th&E

A1 UA A 20 AN T 1) 200 A0 B 35 v R f) — b AR
29 40~120nm FIFEVL . 5 A0 M ROE JE T A SE RN
(] 9 2, A1 A A T AN 32 by 40 M o T 2 2 T e
PEHLR I I AN R P A U T 30 PR A A PR A A
P VA ZE I I 2 A T Bk 22 B RS 2 B AR A
Ji Ml 5 I T PR ) 9 AR i 2 A ML A R 5T TR L AR s A
PR A R A TR b 2K B 2 B, I B R IR A A A )
TP R T 20 Bl A 28 AT 23008 A0 A R ] AR 2 S8 471 8 4
FEAE TR 2 A 5 RS VRS L VR PR ) M Y1)
FLUT SRR HR K BRI, A R T 4
HMNFR S o = Ay S AN Ak : (1) B2 SR AN
JRE5 5 M (40K 330 A ) ORI R A I 5 (2) Bk
i M AE AR 5 (3) AP AR I TiE AR EL B 5 HE A0
JHED 9 TR A2 A 5 DA S ) 9 7 PR A R R e 4 i
55 1L S AR .

spine biomechanics after fixed —and mobile —core artificial
disc replacement: a finite element analysis[J]. Spine(Phila Pa
1976), 2011, 36(9): 700-708.

15. Brolin K, Halldin P. Development of a finite element model
of the upper cervical spine and a parameter study of liga-
ment characteristics[J]. Spine(Phila Pa 1976), 2004, 29(4):
376-385.

16. #WtHe, ERi, Fkfe, & AFEH N EE I R 97 R HE
HEARE AT & 37 & IF Hangman 5 P78 2 M 00 A BR 040 0F []).
B AR B AR, 2014, 24(3): 257-265.

17. T3, SeHRRT, 27, 2. AILA Hangman & 5218 % 5
BRI EE)]. B RHRR, 2018, 38(19): 1177-1185.

18. Panjabi M, Dvorak J, Crisco JJ, et al. Effects of alar liga-
ment transection on upper cervical spine rotation[J]. J Orthop
Res, 1991, 9(4): 584-593.

19. Brifs, WRE, X%, %, Hangman 8 97 R H 8 B = 4847
FROT AR AN B A S ()] T A S T B A AR, 2012, 27(5):
389-392.

20. EA, BRI, FVERE, 5. C2 HESD AR RE PR R YT
Hangman ‘B ¥r[J]. AFRAE, 2002, 22(11): 16-19.

21. Ebraheim N, Rollins JR, Xu R, et al. Anatomic considera-
tion of C2 pedicle screw placement[J]. Spine(Phila Pa 1976),
1996, 21(6): 691-695.

22. ERAE, EAT, T, SE 5B S AR ET TR HORRTT 2
HESARBT I RLT]. AR AR, 2017, 33(4): 327-331.

23. Wang G, Jiang D, Wang Q, et al. A novel technique using
a pedicle screw and bucking bar for the treatment of Hang-
man’s fracture[J]. Orthop Traumatol Surg Res, 2019, 105(4):
709-711.

24, fTEE, Em, R S MRMEME S AE I B SCIRET [
EREMEZAGSE (). PEegRRE, 2015, 35 (5):
576-580.

(ks H 9 :2019-10-04 &1l H 81:2019-12-06)
(EXHF EILF/IFL &)
(AL mi 2HERE)





