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[Abstract] Objective:To evaluate the biomechanical features of anterior transarticular screws placement by
finite element method.Method:A healthy male volunteer aged 21 years old underwent CT scan at CO-C3
(slice width=1mm ).Three—dimensional finite element model of upper cervical spine was established by MIM-
ICS 13.0,Freeform Plus and ANSYS 9.0. C1-2 instability was simulated by removing transverse ligament,and
transarticular screws were placed based on standard surgical protocol.Specimen was subjected to flexion—exten-
sion, lateral bending and axial rotation load.The ROM of screws and load transfer under different direction
were evaluated biomechanically.Result: Although the ROM after screw placement was small in all direction,the
ROM in flexion—extension (0.72°,1.08°) was obviously bigger than that of lateral bending and axial rotation
(0.39°,0.32°).Stress was found concentrating around the transarticular area under all directions and had the
maximum value of 10.58x107Pa under extension movement.Conclusion: Anterior transarticular screws show ex-
cellent biomechanical effect,especially under lateral bending and axial rotation.The transarticular area which
the screws pass through is apt to develop load bearing,which predispose the instrument at failure.

[Key words] Upper cervical vertebrae;Internal fixation;Biomechanics;Finite element method

[Author’s address] Department of Orthopedics, Wuhan General Hospital of Guangzhou Command,Wuhan,
430070, China

fisog + ANk {7t 1 O 57,
EETE AT FEBSE | T H I (086031) SEMCHEA DA B R e 22 AR 2
E— (R BN T (1985-) BUEBCE e B i A kesis BVEIB BRI, (A AL TR B RS

eSS A B R e, B e Mk TR TR
HL 3 . (027)68878520 E-mail : gkysliuzc@163.com {é\ffo Eﬁ%g}_%ﬂz;@"ﬁﬁ%ﬂ‘p\] %%gﬁzﬁ‘[igg

WIRE#  ZE B4R E-mail : wecaixh@163.com



882 o[ A R ZL R 2010 4E45 20 55 11 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.11

FEMCME R E J7 3%, JUHOE T HE L8 ufk LUl 47 i %
P T 5 TR B 10, % T I 2 A G Y MR ET
AW SRR S, AT ST Al i = 4
A FRIT I 7 1 68 e ol oA [ 5 R AT A2 9 0 2 e i
DAy s AR L P i A3 5 36 580

1 #MRER*
1.1 GEH FSUMEA BR TR A 1Y i N7 K gk

-2 @EREBHEARE, 5
171cm AR 61kg, 17 L BUME 5K 110 & SUHEMI 47 X
2 A A HE IR UM 5 K T Ko 2 i 3 MR é
CT X HL i ~C3 MEABEAT M Z 19 (Tmm ), $148
184 DA Dicom % =X/ ATHE ML, 1 B Mimics
13.0 A4 (H A B Materialise 2 &) ) 3 8 Ak & Ji ~
C2 MEAREY - PES5# o JUfT AL RS 32 A Freeform Plus
At (32 SensAbole 23 7 ) FEATAT I | AL, 25 M
Ab B TE R T TE 8 L AR] SE AR AY

JUAR SEARBE R 52 A Ansys 10.0 B 4F (32 [
Ansys 22 &) ) PEAT S Sl 4, 8 ST A5 A 1 A BR
JURRERY (1 1), MRk 3704 A ke 1k A B 8 T AR
TR 15 PR 2 A8 SR /YT s A DU T AR BT AR AL
) Ko CO-C1 Ry OG5 & 7 [a) A R /5 A
4 IO T A BR T ASEALL  BEOIR AT | R S A I
DG YNNG N NN 3 )% 1
Jo REE BRI T L0 45 4 SR PR 19 i 4 =R
JUREAL B, RN AR SRR 1, AR
55371 50 86050 19 s AL, AEHL - BRI
I 40N F 3 B ) T H g A0Sk R 4 S5t
15N ~m (% J7 FE A A A8 72 A i et | J5 Ao 00 e A e
NGB, THACEAKHE RIS 3 B JF 5 Panjabi 4B
PRAI S g0 (1 235 SR A6 LU B IE s 45 07 [ 3 3 2
W TICREEZE R (K 2),
1.2 i P& 28 B X O T R ET I 1 2 VA 97 R AR HEAS
Fa A BR T AL (1 T 5 A= ) g S PR R 4 BT

FEBRIE R b e A BR oA AL R B Y BT A
0, BV AR O R #i BUE R MR BR T
R Y 260 Dy 2t n s EAT RS, A5 RN 2
Jr7n, MRS TR (Y = 2R3 Bl B A 1E R B
IG5 T A IR A OIS DU ) 40 45 R A
KATARFRBYTE 3 B2 A a2, B Freeform
Plus #4722 i il % 28 BEAK OG5 BRET P [ 2 1) JL AT
BERY | DURKHERT 55 T 2% 55 X HEAE (A0 2% 28 575 1
T5 Amm A0S FEET 5, 28 RERK TS 3 91 [v) P B AN

Beoh b b AT, %k P fE LA R A 1T )
3 (K 2)

A ST P T IS 28 B KOG 1 BT PN [ A R A
B BB it N AON () 3 B 1 R R S B Sk R g
JE I 15N »m SRR ASEAY 7= A wi S A O B
BERE 15 3, 43 BIAE Ansys 10.0 B0 (4 J5 &b B 25 o
RABIARL . B E C2 HEUR R 2k T 17 o545 7 1) 11
PRSI N O, ZWIRET 5 8 5 2 [ 9 30 .

WRET B 52 TS BL LAY T = s e i A
DB B A RS T IR AT Ay s X 0 7 28 & — 4k iz
S,

2 #R

TERTE 5 0 JE B RS i 4
X OG5 R ET /Y = 4k 1z 3h 38 Bl BN, 2 Bl
0.72°.1.08°.0.39° 2 0.32°, JH ik 2 =42 3
P B 8 R M | IR A SR T 28 B X DG B AL
I 3 43 A R AR T B KAE 23 51 5.44%107Pa
10.58x107Pa  1.29x10Pa & 3.64x107Pa, Ji 41 st fif
ZRE B R MBRAT H A XN T A A A (K
3~6),

®1 ARTERBREXEHHHBSH

fife ) 45 ¥ PRI (MPa) WA H
=y 12000 0.29
P4 450 0.29
214 35 3.4 0.4

Bt 1.0 0.49
Nk 30.0 0.3
EENL 20.0 0.3

Tl A (C1-C2) 10.0 0.3
KA (C1-C2) 10.0 0.3
F AR (CO-C1) 1.0 0.3

LR A 5.0 0.3

ik 20.0 0.3
Witk 242 iy 20.0 0.3
i) Al 20.0 0.3

3 it

X EARHEATRBEAT AN P A 2200 T
ARAT R 2 (RS E E , fe R RERK S 1B R RS,
I X 2% b B AR [81 7 7 2XtE A R W) ) 2 M RE DA
SRR EHE A RIT/ I LA
BUBLILL 25 S 2 AR 485 4 B BEAE £, ] L2 A
PRS2 56 J7 1 A BE AR MEWT 58 /9 N 0N 0 B AR, H



o A HE A 2% 2010 4E5S 20 555 11 81 Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.11 883

2 FARITEE CO-C1.C1-C2 FTE=4IE31EE 5 Panjabi S ZH LR

i Panjahi %1 EH AT BROCRE B 5105 A LG A A
€0-C1 C1-C2 Co-C1 C1-C2 €0-C1 C1-C2
J1% (Nm) 1.5 1.5 1.5
HIJE (%) 3.5+0.6 11.5+2.0 3.1 11.7 3.3 23.6
Ja i) 21.9+1.9 10.9x1.1 20.5 9.5 21.2 12.7
i (°) 7.9+0.6 38.3£1.7 7.6 38.7 9.1 49.1
e (°) 5.6+0.7 4.0+0.8 5.1 4.1 5.8 6.2

(6

B teEmRESU A RO a fim b MW B2 AEREAOCTT IR A EM BT AL a B
L b N B3 AR AT BRI T 2R (a) ST 2 B () (B A R Dy BRI S £ A B A Ak A
BEIIE 8 G R B /N LR R e R, TR B4 R T RET N Ik (a) RV = - (b) B 5 fUl)E
RETIRETI Iy ith £ (a) i 1 =K (b) B 6 e RS BET By 2k (a) K J1 = 151 (b)



884 o LA R 44 A 2010 AR5 20 55 11 )

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.11

A ERG K] A AR, BEI#T TS
SEOHTO, IS Panjabi 5B RSLE < 4N 2h
JEE B B T AH S AV DR ) A 405 R BURE K G
AT Bh B (B E te g, FRATTIA AR AL
8 BT N7 1) = 4 PR DT AR A BB A R UL S
L5 5z SRS, FE AR b R A 0 B A
SEATIRET PN [ 1 ) M BT T LA AT AT

A GE XTI P 28 B OGS IR AT 9 [ 22 J =4
T B0 BE I A3 AT 45 SR R D9 I AR R JE LSS
Jo RS T = 4ETE S BN A G R IR
SENE (BT S ARSI AT A = 4T o B A
) JeE 8 2 DR P S0 48 o I PR &0 DG i B 2 A
SEATIRET N [ R ST AT Bl ) T R BR A B ST A
ARMMZEE, Kim S5 R0, 5 5 S A HE
MIPET ARG 5 s 28 BERK ST IR | il % 28 A
SEATIRAET =K R 5 i = 4E S Bh B 22 R A ST
0 X RAETTE 5 S B TR e AR O
WEET PN T = AT Bl B B AR T A R
GLEAE I, Sen S Y ) 2 S04 F B J i
RS R I 20 FEAK ST R ET [ 2 — 48 s Rl 4
J5 R 2 BERR ST IRAT B A I 22 e s, 25
At EE L,

G3A, ABRST i A BT AL AR S i T
T % 22 KR ET (0 N R L ) AR Ak, WRET N ) B v
DBl 2 20 THIRET 2 KOG b, e R AR
16 J5 R4S, i 105.8MPa, 2 22 1K T 4k & 4 19 i
JIR 568 B 894 ~1034MPal™, 44 7% Hif % 28 5 HiX & 7 12
ETWRET nl BEMEACAIN,  H AT IR L 56 Tz F R Wi ET
i3 At 5 A0 (R G R A DG T R AT P [
(AR G B AT i 44y, ol TR/ W ET 1T e
P FRATT AL U % [ 2 5 A R X O T AR R
T EE A, A R URER A T SR TR
Goel I H A J5 % 220 8 A 0] B 22 5 X OG5 Bk AR
RETAT A AE [ 2 B T (AT T — A
FHEM WG SR AS, DVE T A 0
IR HER ALA

T BT T ik BRI, AR S A
S ARET Z IR Ry B e, W T E - URET A
T h BT T i IO A WSO g A R M 1 B i i
B EAR ZEBKE L, AR R RRifE—

PoEE

LR RTIR, WA A OGN I E BT T e
(A Jr A RE  (HIRETAE M BERIRZS T (9 )
SAVEREDL TR 5 MRS N 9857 5 K A T IR
BT Ao A O DX, A5 I PR TR 3

=

S Lk

Lo ZE R SERRT X0 S 4 3 AT A ) B R T 7 R[], o
LR, 1999,19(8) : 7-9.

2. Zhang QH,Teo EC,Ng HW et al. Finite element analysis of
moment —rotation relationships for human cervical spine [J].J
Biomech,2006,39(1):189-193.

3. Panjabi M,Dvorak J,Duranceau J, et al. Three—dimensional
movements of the upper cervical spine [J].Spine (Phila Pa
1976),1988,13(7) : 726-730.

4. Panjabi M.Cervical spine models for biomechanical research[]].
Spine (Phila Pa 1976),1998,23(24).2684-2700.

5. TR S0, T IO G AR AR AT T 0SB AT AR T 1Y B TR
[J].56 — B R F24 41 ,1996,14(1) :61-63.

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

7. Kim SM,Lim TJ,Paterno J,et al. Biomechanical comparison of
anterior and posterior stabilization methods in atlantoaxial
instability[J].] Neurosurg,2004,100(3 Suppl Spine):277-283.

8. Sen MK, Steffen T,Beckman L,et al. Atlantoaxial fusion using
anterior transarticular screw fixation of Cl —C2:technical
innovation and biomechanical study.[J].Eur Spine J,2005,14
(5):512-518.

9. ARTEIL, A MK, 4 Kb, A5 AT T i A SRR - SRR
FM]AL 5 N R4 EE A, 2008.65-66.

10. Li WL,Chi YL, Xu HZ,et al. Percutaneous anterior transar-
ticular screw fixation for atlantoaxial instability:a case series
[J].J Bone Joint Surg Br,2010,92(4):545-549.

11. Koller H,Kammermeier V,Ulbricht D,et al.Anterior retropha-
ryngeal fixation C1-2 for stabilization of atlantoaxial instabil-
ities:study of feasibility,technical description and preliminary
results[J].Eur Spine J,2006,15(9):1326-1338.

12. Reindl R,Sen M,Aebi M. Anterior instrumentation for trau-
matic C1-C2 instability [J].Spine (Phila Pa 1976),2003,28

(17):E329-E333.

13. Goel A.Double insurance atlantoaxial fixation[J].Surg Neurol,

2007,67(2):135-139.

(M F 8 :2010-06-09 & 15l 18 :2010-08-16)
(EXHF F /A ER)
(KLthit % ak)



