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[Abstract] Objectives: To evaluate the hiomechanical stability of a newly developed aliform internal fixation
system. Methods: Six occipitocervical cadaveric specimens of fresh human were chosen, including 3 males
and 3 females, aged 20-35 years old. In normal models(group N), bony structures, ligaments and articular
capsules ranging from occipital protuberance to C6 were preserved, and the muscular tissue at the craniocervi-
cal junction was carefully removed. Then the transverse atlantal ligaments were cut off to make the atlantoax-
ial dislocation models(group UN). The Motion Analysis was used to measure the CO-C3 ROM in the group N
and UN. After that, the cadavers with atlantoaxial dislocation were fixed by the aliform internal fixation sys-
tem and SUMMIT system. According to different fixation methods, the cadavers were divided into 4 groups:
aliform occipital plate with 11 screws fixation in group A, aliform occipital plate with 7 screws fixation in
group B, aliform occipital plate with 3 screws fixation in group C, SUMMIT system fixation in group D. The

biomechanical stability was compared among the 4 groups in flexion, extension, lateral flexion and rotation.
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Results: In the six different dimensions, the biomechanical stability of group A, B, C and D was better than

that of group N and UN(P<0.05). There was no significant difference of stability among the four fixation meth-

ods in flexion, extension and lateral flexion(P>0.05). However, in left and right rotation, a significant differ-

ence of stability among the four groups was observed.

There was no significant difference of biomechanical

stability among group B, C and D, while the biomechanical stability of group A had significant difference

with that of group B, C and D. Conclusions: Both the newly developed aliform internal fixation system and

the SUMMIT system can eaually provide effective mechanical fixation strength. However, the newly developed

aliform occipital plate with 11 screws fixation is better in rotation dimension.
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Figure 1 a-c Realistic models of the aliform internal fixation system Figure 2 a-d The postoperative AP X-Ray

images of cadavers showing good positioning of the internal fixation e—g The postoperative reconstruction CT images of

cadavers showing good positioning of the internal fixation
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Figure 3 The four different fixation groups a aliform occipital plate with 11 screws b aliform occipital plate with 7

screws ¢ aliform occipital plate with 3 screws d SUMMIT system Figure 4 An example cadaveric spine specimen

setup for range—ofmotion measurements
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Table 1 Comparison of CO—C3 ROM of 6 groups

ol Jei i T 7 i A 7z Ji i Jie
Group Flexion Extension Left lateral bending Right lateral bending Left axial rotation Right axial rotation
AL (N 41)
Normal occipitocervical 8.64+091  7.71x0.72 4.71+0.46 6.42+0.50 17.45+0.78 18.11+0.70
cadavers(N group)

RIHIA (UN 4)

Atlantoaxial instability 11.79+1.24  10.80+0.42 6.33+0.32 7.35+0.37 25.26+0.72 24.53+0.49
cadavers(UN group)

TLETF 2 4 (A 4) . . ) ) ) )
Aliform occipital plate with 2.91+0.40%  2.63+0.34" 3.37+0.297 3.22+0.247 1.99+0.39% 1.52+£0.37%
11 screws fixation(A group)

757 IE 52 4. (B 41) ; , ;
Aliform occipital plate with 3.44+0.49%  2.76x0.33" 3.65+0.31% 3.58+0.37% 3.61+0.18" 2.55+0.31%
7 screws fixation(B group)

3ETRE L (C 4H)
Aliform occipital plate with 3.92+0.32%  3.05+0.30" 3.82+0.35" 3.69+0.30" 4.20£0.24" 2.74£0.32"

3 screws fixation(C group)
SUMMIT & ¢ [ & 2 (D 1) - - R
SUMMIT system fixation(D ~ 3.47+0.387  2.93+0.24" 3.59+0.397 3.38+0.347 3.78+0.11% 2.48+0.337

group)

.M N 41 UN 41 4% P<0.05;@) 5 HAx 4 41 L #% P<0.05

Note: DP<0.05 in comparison with N group and UN group; @P<0.05 in comparison with all other groups



540 o A R 24 AR 2018 4R5R 28 58 6 )

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.6

SLRVERT, B AU M RE 9 25 2 PEMM AL TN
[ 5 2 A 1) G B B A HIF ST 25 SR 2 B, 5 H A [
SE T UM EL A L, DA 1T RO AT 1 52 114 7 T R
90PN [ 7 ZR G0 1) AE P02 A e e O T A R O
BB AR GBI B RS E PE IR, 3 A [
FE RGN AR LG B SR A AR A LR =
5 T A A 3% - QOB SREAR 52 11 1) 8 AL B Bk A, 7T A
SRR VD3 [ 5 5 Qi ad S IE 2% AT LAy i AR 4
Fo B SN AT B AR ST | (AR B AR 5 B 1 ) B
BERGAr TE 5E 2 A 5 A M A i 18 o v 3 1%
THAL BB, H T S8 H & SUMMIT £k 19
415, FOA B TR A T 4l LA B R N 1Y
g8 R TR R M T LA RS R JE A
R E 7 1) XU

P E RS PO AFTE R — 2N 2, B
5 SUMMIT W & 22 & GeAH Fb , o TSR 0] 32 1 3
T, B 2 88 RSB 1 S R, AR T AR
MBI, T B A RIME ik — DR
HR A A AT A L2 = 4 CT 3214 A0 bl 185 )5 1 53
ATk A A R T B S R, TR S Y A
AT B9 A BRIG 1250 B LA B 3D 4 @ T End Rt
TRttt 5340, i F LB BR A SRR Ry IR HE
AHEFE LS NFRAS S ) 2R AT OEAS , B
—E R B Rk A B e A B — E B 1
L P AR A B2 CT B, [R] I X A ] 4F 4
Bol AT 05T, da AW 2 0 S A R DT
B 53 BT 7 1%, (45 52 56 B3040 BT e = I R 52 8
R, R TR 2 T AR Ry b SR P R ) —
kb 78 [ 22 45 41

4 SEXH

1. Bisson E, Schiffern A, Daubs MD, et al. Combined occipital—
cervical and atlantoaxial disassociation without neurologic in-
jury case report and review of the literature[]]. Spine(Phila Pa
1976), 2010, 35(8): E316-321.

2. Nightingale RW, Winkelstein BA, Knaub KE, et al. Compara-
tive strengths and structural properties of the upper and lower
cervical spine in flexion and extension[J]. J Biomech, 2002,
35(6): 725-732.

3. Liao SX, Wang JH, Zheng YQ, et al. Three—dimensional fi-
nite element analysis of a newly developed aliform internal

fixation system for occipitocervical fusion [J]. Med Eng Phys,

2016, 38(12): 1392-1398.

4. Cristante AF, Torelli AG, Kohlmann RB, et al. Feasibility of
intralaminar, lateral mass, or pedicle axis vertebra screws in
children under 10 years of age: a tomographic study[J]. Neu-
rosurgery, 2012, 70(4): 835-839.

5. B4, DYk, EPK GBS BIRET B AT S EN O T TR
[J]. HEHEE &, 2016, 26(7): 658-661.

6. Lt Tim, JYPOK, . L EHRAEE S AR S AR AR ET DY [
SE R A ) 2 A SEL] R R R 5 R AT S AR A, 2013, 5
(6): 331-334.

7. Menezes AH. Craniocervical fusions in children[J]. J Neuro-
surg Pediatr, 2012, 9(6): 573-585.

8. Xu J, Yin Q, Xia H, et al. New clinical classification system
for atlantoaxial dislocation[]J]. Orthopedics, 2013, 36(1): €95-
100.

9. Papagelopoulos PJ, Currier BL, Hokari Y, et al. Biomechani-
cal comparison of C1-C2 posterior arthrodesis techniques [J].
Spine(Phila Pa 1976), 2007, 32(13): E363-E370.

10. Deng XW, Min ZH, Lin B, et al. Anatomic and radiologi-
calstudy on posterior pedicle screw fixation in the atlantoax-
ial vertebrae of children[J]. Chin J Traumatol, 2010, 13(4):
229-233.

11. Kim HJ. Cervical spine anomalies in children and adolescents

[J]. Curr Opin Pediatr, 2013, 25(1): 72-77.

12. Calvy TM, Segall HD, Gilles FH, et al. CT anatomy of the
craniovertebral junction in infants and children[]J]. AJNR Am
J Neuroradiol, 1987, 8(3): 489-494.

13. Mehrotra A, Nair AP, Das K, et al. Congenital paediatric
atlantoaxial dislocation: clinico—radiological profile and surgi-
cal outcome[]J]. Childs Nerv Syst, 2012, 28(11): 1943-1950.

14. Tauchi R, Imagama S, Ito Z, et al. Surgical treatment for
chronic atlantoaxial rotatory fixation in children[J]. J Pedi-
atric Orthop B, 2013, 22(5): 404-408.

15. Ruf M, Harms J. Pedicle screws in 1-and 2-year—old chil-
dren:technique, complications, and effect on further growth

[J]. Spine(Phila Pa 1976), 2002, 27(21): E460-E466.

16. Viswanathan A, Relyea K, Whitehead WE, et al. Pneumoth-
orax complicating "in—out—in" thoracic pedicle screw place-
ment for kyphotic deformity correction in a child[J]. J Neu-
rosurg Pediatr, 2008, 2(6): 379-384.

17. Grob D, Dvorak J, Panjabi M, et al. Posterior occipitocervi-
cal fusion: a preliminary report of a new technique[J]. Spine
(Phila Pa 1976), 1991, 16(3 Suppl): S17-24.

18. Henriques T, Cunningham BW, Olerud C, et al. Biomechani-
cal comparison of five different atlantoaxial posterior fixation
techniques|[J]. Spine(Phila Pa 1976), 2000, 25(22): 2877 -
2883.

(ki B 91 :2017-06-08 KW AZ 11 H 1] :2018-06-04 )
(EXHT  EATIHAY)
(AKXt F4HE)





