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Finite element analysis on adjacent segments for its biomechanical
changes after artificial cervical disc prosthesis

LI Bin', ZHAO Wen-zhi', CHEN Bing-zhi*, SU Jin', HE Sheng-wei', FANG Xu'(1. De-
partment of Orthopedics, The Second Affiliated Hospital of Dalian Medical University, Dalian 116027, China;

2. Institute of Traffic and Transportation Engineering Dalian University of Technology, Dalian 116028, China)

Abstract: Objective To study the range of movement (ROM) in adjacent vertebral segments and the changes
in intervertebral disc stress after implanting artificial cervical disc. Method A 3D finite element model for normal
cervical spine was established using CT images scanned from a cadaver cervical spine. Simulation of bone graft
and fusion of vertebral bodies as well as implantation of intervertebral disc prosthesis were performed between C5
and C6 . Then the ROM of adjacent functional spinal units (FSU, C4/5.C6/7) and the stress in C4/5 and C6/7
intervertabral disc were analyzed. Results (1) The model including the structures of ligaments, joint capsule
and other soft tissue is built with high reality and accuracy; (2) Vertebral fusion increased movement range in ad-
jacent FSU, and the stress in corresponding discs is significantly raised as well. The stress in nucleus pulposus
and annulus fibrosus is increased about 70% at upper segment and 40% at lower segment; (3) After implantation
of artificial disc, only the extension of cervicle spine is limited( P <0.05) ; the stress in adjacent intervertebral
disks is increased less than 10%. Conclusions The implanted artificial cervical disc can appropriately reduce the
stress in adjacent vertebral segments, which is beneficial to improve the movement of the cervical spine.

Key words . Cervical vertebrae; Biomechanics; Finite element model; Bone graft fusion; Artificial intervertebral
disc

R H H9:2009-12-09 5 &[5 H #7:2010-02-20

EEWH : F5 A RBLEE BT H (30970708)

EF B A 2 (1981-) , 5 BFF 05 1 BBk AR R TR e W 02
IS B SCE(1965-) B, 19, BAEEEIE, LA RIW, E-mail : drowz@ 163. com,



= X% AIHASEANREFRSETREVNHESHHERTIF
LI Bin, et al. Finite element analysis on adjacent segments for its biomechanical changes

after artificial cervical disc prosthesis 95

BRI PR AR R R, B 20 tiE48 50 244
T, 858 248 R R LA R b PRIIE , TRV 7 HE ] 23R
HE % S5HE ) SR AT M AL Oy TR AR W AT YT AL, &
U2 TSN | SR ] 4528 e AE AR E ARG
i7. HEE AR HRRE, 55 ST BE 3h
Y BRI B2 LA B A 4T 55 B AR 0 I ) BB ZE , DTS 3
FIARTT BOMERI AL AR AR B T I R g
PR AR 70 ~90% , 3k, T HiMERL & T 24P
VT Rl 7 BOHER] St FOR AT HAZ I i Bl RAEIR B9
TEUIGERIE 2 | g 58 B 4 Tk & 48R
WEHYRE, 20 405 HI N THEE £ B B8 R s
Ak, RE R AR R ], A LHER] A B AR
YEH T HE(RIE 5 19035 30 B, 4 ek (R B ms BT
PUIE B SUHE ] BRI Zh RE , (5 By TBF 9 Oy ik i BR 1l , X
TN L BHE ] 5 B 4 5 4R T HE ] iR 1] B2 2L R 1
VWA G Y2 - 98

Galbusera 2" 1 HaSK "' 4351|3857 T C4.,C5 Fil
C5.C6 A FRITHLEL, i+ 5 7EA A N T SUHER]
BT JRERBHE I A W) J1 44T Ty o SR X S AR BT
A SR BT B W 17 R HEA T B, A A B &
BREHE I 1 AT U

AR SCE ST A BUHER BROTAR BUAR B, B4 AT B
HEIRIAE B Al B 180 A CHER] BERE A B FICIRZS , 24
FESBIE BN B LR 7 2 8 A, DA K AR A HE (8] it [
FARNFREI R BE

1 X&E7*

1.1 #A&

Y—fE R RIEE, B, 29 & (TREAE SUHE W
5 FSIHESEAT CT W2 B, FAREYE LA €1 ~ €7,
HHERE 0.75 mm, 3t 196 3¢ CT E K-,
1.2 HIEFBSHE
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Tab.1 Finite element model of the material parameters

UG PR/ MPa AR ARE Y mm?
iy 10 000 0.3 —
WIE 450 0.25 —

JRHREH 3 500 0.25 —

BEER 2 000 0.2 —

B 3.4 0.4 —
ETTY 3.4 0.36 _
GIENEIk 30 0.3 6.1
JEPF 20 0.3 5.4
KR 7 0.3 46.6
H 8 0.3 50.1
boEvg . A7) 8 0.3 13.1
wE 10 000 0.36 —

1 2HEHRTRE B2 £HEARTER
(IERX) (TUER)

Fig.1 Finite element model of Fig.2 Finite element model of
the cervical spine (front view) the whole whole cervical spine

(lateral view)
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NI Z W B Sh 8 A, S E BN T —%E
MBUE I & AR AR, I BRZJ7 1 AR X
TRBNBEE , MR ST T E SOl BT, A SC
TUISRFH ANSYS 3 &£ i 5. 50 A 119 TR — T8 4% Ak 800
B LT R RCE Z H i sh . RITREE
PRPEREEL Y 2 GPa, JARALL 0.2, JEFE 0.2 mm, 3%
T2 [A] R 2 0.3 mm, BEHE R HN 0. 1 #7443
(L& 3) .

B3 XPRXTHZHEGERREE
Fig.3 The contact between the facet joints
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AL 2% Bryan A T HiME [A] 2 ( Medtronic
Ltd. ,Memphis, TN, USA) , B} — 18 5 BIG TiAME A
T 2 (7« e BR A Ay o ) P A 06 Y 7 4 3
WATLHENR 8%, B8 LW, A RE A Tl ge ) , HETE]
ERAEHPIFRSHAR, BEH L TR REREG4E
A H [ R i S PR A BT SR P i 22 AR A% 4
B BERNBEREAS S I# 00T LR ) R
L ER R B MR R R =R, T &
Z 151 EARA BT R e yFm, 37 R A - T
T SRR, BN ER 1.5 mm, 756.0
mm R4, A ANSYS At sy A ROTHE, R)5
BEOTRT N L3R A B A, VIBR C5/C6 HEH #
B EAR T 5 AT, FEx C5 MR T I
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A4 AR A PR O AR B R B SRR, [ 78 CT HE

B4 Bryan ATHBERENTREGHRTER
Fig.4 Bryan artificial disc implantation segments of the finite ele-
ment model

x2 AIEBREMAHRIEME
Tab.2 The material properties of artificial disc

AL ) Pk R/ MPa HEL /N4
B 110 000 0.3
WAAR 25 0.45

R RME, T C1HEE ERTE ST 45 N K BT
Ja , PN EART R/ e e NS e e 6 F2.0
N - m S5 AR 6 105 1) A A B 3

2 &R

2.1 HERIGIE

C 4/53z 376 B (ROM) 2546 5 B 77 1 SCER B s
XPHILFR 3 ~ 6, HFRTAIIL, B @ SR TERT B/
Jafp e/ M Ao/ AR 6 A Jr i) ROM, 52
B, EG T LB EER . AR
SLEVHE = 4E AR PR U B AR AR AR 0L BME Y A= s
3, B T IO A K.

3 CA/5EauE ROM EASEA ML BIBET b [ B
(xxsd)°]

Tab.3 C4/5 range of motion ROM changes in comparison with
the existing literat. data[ unit: ( x+sd)°]

BRI VAR AZREE  SASoREE P

BB 20 6.487 £0.207  6.657 £0.172 0.05
=G 20 4.562+0.116  4.435x0.614 0.05
2 20 5.513+0.406  5.778 +0.534 0.05
A 20 5.833+0.398  5.913 £0.229 0.05
el 20 6.221£0.281  6.628 20.347 0.05
et 20 6.674+0.182  6.681 +0.496 0.05
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F4 =AEA C4-5EFTEE(ROM) ML B S FITEH AT B 4L: (x£50)°]
Tab.4 Three-group model C 4-5 range of motion { ROM) of the comparison and statistical analysis[ unit: (x+ sd)°]

B35 TR EFEAAHE AAARNE AT EHANH
BOJE 20 4,153 +0.186 5.953 0. 562 4,498 +0.386
J5 W 20 2.879 +0.105 3.897 0. 196 4,052 +0.296
R 20 3.699 £0. 068 5.366 £0.691 3.896 +0.646
A 20 3.756 =0.217 5.525 +0.368 3.727 £0.233
LoV 20 4,436 +0.256 6.455 0,122 4,688 +0.652
payiad 20 4,656 0. 174 6.602 0,247 4,992 +0.716

R5 ZEER C6-7EE1EE (ROM) ML B S Gt E [ &AL (x+s0)°]
Tab.5 Three-group model C 6-7 range of motion { ROM) of the comparison and statistical analysis[ unit: (x+ sd)°]

B35 TR EFEAAHE AAARNE AT EHANH
iR 20 2.653 £0.207 3.078 £0.172 2.847 £0.398
=] 20 1.879 +0.116 2.179 0. 614 2,645 £0.193
R 20 2.082 =0.406 2.394 £0.534 2.193 £0.328
A 20 2.136 +0.398 2.456 +0.229 2.052 £0.289
LoV 20 2.763 +0.281 4,022 £0.347 2,606 +0.201
payiad 20 2.945 +0.183 4,176 +0.496 3.158 £0.186

#6 HEESHE C4/5ERAREEHER L[ B (xxsd) kPa]
Tab.6 Flexion of extension when the C4/5 disc comparison of average surface compressive stress[ unit: ( x+ sd) kPa]

HAGH EWH RiG AR AL

C4/5 BB % 4.248 +0.177 7.268 £0.342 4.673 +0.114
£} Y3 4,378 £0. 149 7.972 £0.212 4,806 +0.681

= B 3.437 £0.238 5.809 +0.184 3.712 £0.523

ETYERR 3.971 £0.417 6.665 +0.293 4,273 £0.192

C6/7 BB % 5.685 £0.375 7.959 +0.183 5.982 £0.416
£} Y3 5.948 £0.162 8.164 +0.322 6.351 +0.293

e % 4.592 +0.401 6.303 £0.216 5.089 £0. 161

ETYERR 4,937 +0.374 6.751 0.415 5.396 +0.308
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PRRL I MR 24 40% , HE 18] 252 J 38, A1 4R Y B AL

B a2 s N, SR AR R & 35 B 3h i
i, 3o 2L R AN A AIE R AR AR 2 I 5 AR G A )
A=K (K S ~8) ] IR, W h FELE P AE
12 Bl 75 7] (A ) £ 14 25 g EL R B A7 BA s, i
I B AL A (] BB A, X T LA B BT T 45 2R —
ﬁ[[IS] .

N HER] AR A BT R 32 375 B AR 2/
s 2 ek 1A~z 3h Ty ) B iz S L, 3 P
>0.05, 748 it LR EMER, ML/ )7 P
<0.05,7E4it 5 A ZR N TIH B G AHLB
BeMEM 852 1 SR Ja — B (AR A R, £/
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Fig.6 Fusion when the annulus
fibrosus in flexion stress
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Fig.5 Fusion nucleus in the

flexion when the stress diagram
diagram
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Fig.7 After implantation of
artificial disc nucleus in flexion
when the stress diagram
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Fig.8 After implantation of
artificial disc annulus fibrosus in
flexion when the stress diagram
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