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Abstract; Objective To investigate biomechanical differences of two posterior occipitocervical internal fixation
techniques for treating basilar invagination with atlantoaxial dislocation ( BI-AAD). Methods Intra-articular cage +
posterior occipital plate+C2 pedicle screw ( Cage+C2PS+0OP), and intra-articular cage+C1 lateral mass screw+
C2PS (Cage+CI1LMS+C2PS) models were established based on occipitocervical CT data of the BI-AAD and
clinical operation scheme, and the stability of atlantoaxial joint and stress distribution characteristics of C2
endplate and implanted instruments under different motion states were analyzed. Results Compared with the
Cage+C1LMS+C2PS model, the atlantoaxial range of motion (ROM) under flexion, extension, lateral bending
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and axial rotation in the Cage+C2PS+OP model were reduced by 5. 26% , 33.33% , 43.75% , —5. 56% , and stress
peak of screw-rod fixation system were reduced by 47. 81% , 60.90% , 48.45% , 39. 14% , respectively. Under two

internal fixation modes, stresses of C2 endplate and cage were mainly distributed on the compressive side during

the motion, and both the screw-bone interface and the caudal side of screw subjected to large loading.

Conclusions Two internal fixation methods could provide similar stability. However, the stress concentration of

screw-rod system was more obvious and the possibility of screw loosening and fracture was greater under Cage+

C1LMS+C2PS fixation.

Key words: basilar invagination (Bl) ; atlantoaxial dislocation ( AAD) ; intra-articular cage; screw-rod fixation

Fi RS W B3 AE ( basilar invagination, BI) J&—Fp &
F 1) P AE ST T | i PR 3 30k D AR 9 5t
52 PRI RIS i - 45 A1 A FE KB AL ( atlantoaxial
dislocation, AAD) F4 /GRS U FR Ay Fii JES 1141 o5 B X A
A7 ( basilar invagination with atlantoaxial dislocation,
BI-AAD) Wi, 8% FZRIN B S S S
MBS AMIBERR O 18 3 G AR RRAE
ARG FRE BUAIRYT BI-AAD 1Y EZ50Em, T
AR5 R F B 2 O 1 WA A 52 [ 5 i
PR TG R I i % 52 A2 [ 58 B PRl i 5 S 6
e E DT A, Hoh, 5 %2 ARG TR RH
AT B FES D R RIE KA AR A4 5, N
TAY7 BI-AAD BB TR, Goel %0 i 1 75
BI-AAD S SEAX I () A Rl 5 % ( cage ) B3I f
Yy, R C1 M B B2 £T (C1 lateral mass screw,
CILMS) FI C2 #E = B2 £ ( C2 pedicle screw,
C2PS) AT 5 B [ 7, R 5 2 BUE & S T A W) 2
FERY BT Rl AAD B A7, Yin 257 $2 A F C1LMS
I C2PS [ EF AR ZEALRL & BI-AAD (835 A%
WD T B AT A RN TR MR, A P il 4 A
FELE . Blgiahi % 75 SCHR[ 9 T4 iy < T &2
AN NAEE S 27 N i /o - T Sy el T e e
£ 5 BB B (occipital plate, OP) H1 C2PS BN
[ H AR, e IR WF 5045 R R, LB RGBT
BI-AAD %2445 %5, REAE 22 B0 19 52 B 28 52 A
BI-AAD & 1 T B i B R IR P, 7R AR AR AR S
BoNBEZ . HAT Cage+C2PS+OP Fl Cage+CI1LMS+
C2PS J5 #& [ 2 77 2R YT BI-AAD A9 1 24 Wi 5%
AR D A5 ) 2 B X I BB MR R 4 G Y [ il
Al C2 A ) A U T 50 A iR 0

ACIHETHERNE BI-AAD % FARETE CT #
18, TR AR ( BI-AAD) LS Rl (8 P 1 2

BROCASERY | o3 By HCAE St il 00 25 R % 52 SRS T
BTG B (range of motion, ROM) ,C2 Z4l
FUP [ 5 d BB L g 70 A A PRI P RDAS [R) )i 6
W E RGIRIT BI-AAD (A9 J1 22 Pk A I IR
1AYT BI-AAD TR Z B HE e 5Ll

1 #R57EE

1.1 BI-AAD BRITHEE T

TEM 1 195 I BE R Rl WA TR 1) M 5 1P 3 AR A
IR ASE PG 1T o s 4] ( S5, 53 %), SR IR TE CT
XPZEH CO~T1 3y Bk AT S 474, 1438 623 K2
JE50.6 mm Y CT BH1E, 458%W], bR g
i Chamberlain’s £k 7.96 cm. & 3% #X #E /A K
126. 8°, WUIZI IR AL Wi by BERRARE I A5 I i 1]
B, SRR A [ DL 1(a) ]

F FiriT DICOM A% A& 3 A Mimics H#EAT 4]
G ALHR AR B £ CO~ 3 717 Bt BRAAY 1 FH B0
KRS AL D REFEATHIALAE S5 , L)L STL A% LS A3 1]
TR Geomagic H 3 X JLATBL R A BB R,
I I B ok 45078 FL D3 B 52 JIUAE 1] 28 LA 5 B4 7
a0 B R B SN HyperMesh H it
AR o, H2 R fire 791 45 ¥ P ASCSZ i A 288 A 790 4 R
JURLALL 9 Al 45 48, 43 ) S TN (anterior
longitudinal ligament, ALL) . J5 9\ #) %7 ( posterior
longitudinal ligament, PLL) . 8 ] #7 ( ligamentum
flavum, LF) JBE[E]#)H7 (interspinous ligament, ISL) |
B L ¥ W ( supraspinous ligament, SSL) . 7 Ji
(tectorial membrane, TM) . 5& 7 % ) 717 ( capsular
ligament, CL) 3EARHF)AF (alar ligament, AL) Fllik %
%)% (apical odontoid ligament, APL) . AR JE 4 2
PN [R) AL B8 A 0 g 2 R | o A5 25 2% 8 0 W 3
PHE A A SR LA B B AL



R 18,%. AEERERNEEESTSUR LB ERHER G E Y T FH R
SONG Mei, et al. Biomechanical Study on Atlantoaxial Dislocation Combined with Basilar Invagination by

Different Posterior Internal Fixation Methods 39

B JE SR | R BCR At HE ] B RN A A5
IR CO~3 5B A BR o BRI [ ULE 1
(b) . b 8 RL & 3 o5 A kL& P 2 50
%% 1:11-]6]0

H

B
Z5H FA IR

(b) FEFCO-33 BBI-AADA PR TTHE Y K 25+

1 BI-AAD 2% CT B RARTHER
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(a) Preoperative CT data of BI-AAD patient, (b) Finite
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element model and structure of occipitocervical CO-3 segment

of BI-AAD
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Fig.2 Finite element models with two different posterior
(a) Cage+C2PS+ OP model,
(b) Cage+CILMS+C2PS model, (c) Cage model,

internal fixations

(d) Pedicle screw model
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Fig.3 Comparison of atlantoaxial ROM under different motion
states (‘a) Verification of atlantoaxial ROM in BI-AAD
model, (b) Comparison of atlantoaxial ROM between BI-AAD

and two fixation models
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Fig. 4 Stress distributions of screw-rod system in two fixation models under different motion states

(a) Under flexion, (b) Under extension, (c¢) Under lateral bending, (d) Under axial rotation
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Fig. 5 Maximum von Mises stress and stress distributions of C2 endplate in two fixation models under different motion

states (a) Under flexion, (a) Under extension, (a) Under lateral bending, (a) Under axial rotation
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Fig. 6 Stress distributions of intra-articular cage and bone graft in two fixation models under different motion states

(a) Intra-articular cage, (b) Bone graft
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