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Three—dimensional finite element analysis of stress distribution of lower cervical intervertebral disc and
articular process cartilage in different O —-EA angles after occipitocervical internal fixation/CHEN
Taiyong, YANG Xi, XIU Peng, et al/Chinese Journal of Spine and Spinal Cord, 2020, 30(11): 1007-
1015

[Abstract] Objectives: A three—dimensional finite element model of the whole cervical spine with external
auditory canal of occiput and external acoustic meatus to axis angle(O—EA angle) of 80°, 95°, and 110° and
equipped with occipitocervical internal fixation system was constructed to study the stress distribution of the
lower cervical intervertebral disc and articular process cartilage. Methods: Based on the CT source data of
the total cervical spine with external auditory canal of a 29-year—old healthy man, and computed by Mimics
19.0, Geomagic Studio 2015, and Solid Works 2018 software, to establish a three—dimensional finite element
model of the whole cervical spine with external auditory canal of O—-EA angle of 80°, 95°, and 110° and e-
quipped with occipitocervical internal fixation system. A net torque of 1.5N-m was applied along the skull
base surface above the odontoid process, and 75N was applied to simulate skull weight. The stress peaks of
C5/6 and CO6/7 intervertebral discs and the articular cartilage of C6 and C7 under the conditions of forward
flexion, posterior flexion, left flexion and left rotation were measured and compared. Results: The finite ele-
ment analysis model with external auditory canal was successfully established to simulate occipital and cervi-
cal fixation at different O-EA angles(80°, 95°, and 110°). The Von Mise stress peak values of C5/6, C6/7

intervertebral discs, and C6, C7 superior articular process cartilages under flexion, extension and left rotation
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conditions were smaller than those of the models with O-EA angle of 80° and 110°. Under the left flexion
condition, the stress peak of the C5/6 intervertebral disc and the upper articular process of C6 and 7 at O-—
EA angle of 95° was greater than that at O-EA angle of 80° and 110°, while the stress peak of the C6/7
intervertebral disc at O-EA angle of 95° was greater than that at O-EA angle 110° and less than O-EA an-
gle 80°. Conclusions: The results of three—dimensional finite element analysis indicate that the O-EA angle
should be paid attention during occipitocervical internal fixation. The improper O-EA angle may cause the

increase of Von-Mise stress peak value of C5/6, C6/7 intervertebral disc and C6, C7 superior articular
process cartilage, and then accelerate the degeneration of the lower cervical spine.

[Key words] Complete cervical model with external auditory canal; O-EA angle; Finite element; Biomechan-
ics
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Figure 1 A three—dimensional finite element model of the whole cervical spine with external auditory canal was applied

to the internal occipital neck fixation system a O-EA angle 80° b O-EA angle 95° ¢ O-EA angle 110°
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Table 2 Von Mise stress distribution of lower cervical intervertebral discs and articular process cartilage in the

three kinds of model under the conditions of flexion, extension, left flexion and left rotation

O-EA ffj i 5 7Y ) 4t L i Ja J5 A e iy g
0-EA angle model Measuring parts Flexion Extension Left flexion Left rotation
C5/6 Hla] &
C5/6 intervertebral disc 0221 0.142 0.153 0.167
C6/7 Hila] &
0-FA ffi 80° C6/7 intervertebral disc 0246 0217 0240 0.181
O-EA angle 80° NG e O 2 f
¢ C6 LRI 0.604 0772 0.735 0.587
C6 superior articular cartilage
C7 bR RHE
C7 superior articular cartilage 0.886 Lot 1213 0.867
C5/6 Hfila] &
C5/6 intervertebral disc 0.172 0.141 0.158 0.162
C6/7 il &k
O—-EA 4 95° C6/7 intervertebral disc 0.195 0.191 0221 0.180
O-EA angle 95° M L
& C6 ERAIRAH 0533 0.554 0.803 0.555
C6 superior articular cartilage
C7 BRI RHHE
C7 superior articular cartilage 0821 0822 1517 0.778
C5/6 Hila] &
C5/6 intervertebral disc 0.192 0.159 0.151 0.182
C6/7 Hi[a] &
0-FEA ffi 110° C6/7 intervertebral disc 0213 0208 0.196 0.197
O-EA angle 110° - S % g L
© C6 ERTRAH 0.567 0.621 0.581 0.573
C6 superior articular cartilage
S e e g L
C7 EXRWR A 0.942 1.250 1.052 0.863

C7 superior articular cartilage

0.70% .11.98% .28.24% F1 18.69% , 5 O-EA ffi
110°4 A e 5543 3k /N 11.32% .8.17% ,10.79% il
34.24%, ZEMJE T.00F ,0-EA ffi 95°KiR 5 O-
EA £ 80°#% B v &% | C5/6 ME 8] 4 A1 C6.C7 E &
7B Von Mise IV 7 W {F 43 51 3% K 3.27% |
9.25%F01 25.06% , 1fii C6/7 HElE]#% Von Mise 1 /1
WEAE IR /N 7.92% 3 5 O-EA 1 110°H 54 kb, C5/6
HE ] 48 . C6/7 HETH] A1 €6 .CT7 LT R Von
Mise I JJ W {E 53 il % K 4.64% .12.76% .38.21%
M 44.20% ., ATERE TOUT ,0-EA ffi 95°#i % 5
O-EA ffi 80°#5 &1 [b 45, C5/6 .C6/7 HE ] 5 F1 C6
C7 bR 8CE 1Y Von Mise I 7 0 F 43 5] ek /N
2.99% .0.55% .5.45% 1 10.27% , 5 O-EA ffi 110°
FEAL AR EE 43 0 0/ 10.99% (8.63% (3.14% Fil
9.85%,

SRR O-EA i 95O RITERTE | 5
RIZETess T.O0F €5/6 .C6/7 HEMI L1 C6.CT7 L%
TRE Von Mise N JJIEH I E O-EA ff 80°
M O-EA ff 110°82 88 /N s FEZEMJE T4 T C6/7
HET] 2 Von Mise N JJ U8 O-EA ffi 95°Hi R L,
O-EA 80°ffi 15 R /IN | C5/6 HEIA] 3% F1 C6.CT7 F 5

TR ECE Von Mise I JJUE{H O-EA ffi 95°45% #4
It O-EA ffi 80L& FIl O-EA 1 110°85 5 K, i
T3 A 4R C5/6 .Co/7 HENM L1 C6 .CT7 I
KT REECE Von Mise b S IE{ETE O-EA £ 95°
BA /N

3 itie

W58 R LM SR Gl e b, AL SiR &5 AR 2
AN, BEARE S-S HUHA LI K
SiE, PR RR A AR A S L 2 A 45 A M TR X A
W PRI X 211 R a2 AP SR 5 A 88 aek /Nl R
Ko 1T S h B AR AL, T RE 23 T iME IR
AR5 AR Y D 7 XALEE i MeGregor's 2k
Chamberlain’s 28 McRae’s 2643 51 Fl C2 HEAAR T £
B AT A B I ff, HH McGregor's 261 C2 HE
TR LA LM i e g B O-C2 ff1, T4
A A AT M T A T Nl R I 0
Z e SCHRARIE T 5 AL S A4 OC3A Hil POCAP,
1B 1R AL 390 A 18 G JF S B 2 v AN BRI
FEAE S A7 B PSSO B AR R A2 A O-EA A
RETR AN EIRAL A B R BREY, 7256 T O-EA )%



o A R A 44 A 2020 4F55 30 58 11 Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.11 1011

L

O (C=BEALLF) O30 ((REARE®) C&hn (O=EAHD)

O {O-EARD")

Caf? {O=EASE)

Cat [CeEATID")

2 Rl O-EA b S [ 152 R £ iR S A Ze U A ZE e RE T80T C5/6 ,CO/7 MENL L Von Mise Ji7 U6 f 53 Aii
Figure 2 Von Mise peak stress distribution of C5/6 and C6/7 discs under three kinds of O-EA angle models of

flexion, extension, left flexion and left rotation conditions
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Figure 3 Von Mise peak stress distribution on C6 and C7 superior articular process under three kinds of O-EA angle

models of flexion and extension

15°% 57 O-EA i 43 5 #E 80° 95° il 110° =4
FROCAETRY it o [7) 25 28 fif i %o T SR A ) % B G
T GEIRE NN ) o A A S EA TR SR

A BRIl B2 v, A SCHRCR A R
iy ZE e A e 22 MJE B AT O 7S A sh 1
PLETUME 1% 2h R AT 1% 2l B RS AR SRR AL 1 g 2]
U A SCHRR TR IR 5 AR Ze e | 2 e g

A B AVEREAU SIUHE IS Bl 64715 20 B R g 2 D K10 201
A58 R UG — P 7 32 0 28T SO AR ) 4% B O
G NI 3T DR Ry SIOMEASE ) A A FEAR KRR, A2
A JeE 60 A 00 Jek DA B e T e A o e A4 Sl A T L
T3 Ry AT TR] 7 T 0 288457 7 T, A ) SR i 2 i
1.ON - m FH 5 247 127 A5 1Y SCHER Hiz 3B i il 1.5N - m
FH A8 Aap 1O A BIF 5 o SR BOPE D AR 28 b R



o A B 44 A 2020 455 30 B58 111 Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.11 1013

7 [D-pANS) 7 (sEAR"] O (OEA N U (A" £ {UhiEARE )

LT (O-EArnn=)

EME il 4

Bl 4 =Fh O-EA L3P & 2 A RUE 22 i A2 TR C6.C7 BT R Von Mise M J1 W 43 A

Figure 4 Von Mise peak stress distribution on C6 and C7 superior articular process cartilage under three kinds of O-

EA angle models of left flexion and left rotation
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