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Biomechanical study of posterior plate -rod system for instable atlas fracturessfCHEN Cheng, GU
Qingguo, WANG Zhanchao, et al//Chinese Journal of Spine and Spinal Cord, 2015, 25(4): 349-354

[Abstract] Objectives: To test the stability of atlas fracture fixed with posterior plate—rod system, and to
provide the rationale for its clinical use. Methods: Six fresh human cadaveric upper cervical spine specimens
(CO-C3) were harvested and embedded in polymethyl methacrylate(PMMA). Three dimentional movements in-
cluding extension, flexion, left and right lateral bending, left and right axial rotation were tested on the me-
chanical testing machine. The movements were measured by range of motions(ROM). The CO-Cl and CI1-C2
segments of specimens were distributed and tested in these status: the intact specimens(group A), the speci-
mens with atlas fractures(group B, including the posterior arch fracture as subgroup Bl and Jefferson fracture
as subgroup B2) and the specimens of group B with the posterior plate-rod system placement(group C). Then
the three dimensional motion stability index(Sf) of group A was defined as 100% in the six types of motions.
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The Sf of group B and group C was calculated,

Results: Level of CO-C1: the ROM of group A of six movements was 11.06°+1.00°(extension,
7.08°+0.62°(left and right lateral bending), 13.24°+1.24°(left and right axial rotation)
ROM of group B(including B1 and B2) increased significantly compared with that of group A(P<0.05). ROM
And the
meaningful decrease could be seen between group C2 and B2(P<0.05). ROM of group C1 decreased compared

also in six motions to compare the stability among different
specimens.
flexion), respectively.

of group C1 decreased significantly compared with that of group Bl in all movements (P<0.05).

with that of group A, but it was not significant(P>0.05). ROM of C2 increased insignificantly compared with
that of group A(P>0.05). Level of C1-C2: the ROM of group A of six movements was 10.07°+1.12°(extension,
5.56°+0.54°(left and right lateral bending), 20.8°+32.12°(left and right axial rotation)
ROM of group Bl and B2 increased significantly compared with that of group A(P<0.05). ROM of group Cl

Mflexion), respectively.

decreased compared with that of group Bl (P<0.05). When compared with group B2 in all the movements,
ROM of group C2 decreased significantly(P<0.05). ROM of C1 decreased insignificantly compared with that of
group A(P>0.05). ROM of C2 increased compared with that of group A, but the increase was not significant
(P>0.05). In level of CO-CI, 70%(left and right lateral
bending), 64%(left and right axial rotation) respectively. The Sf of group B2 was 61%(extension, /flexion), 55%

the SI of group Bl was 71%(extension, /flexion),

(left and right lateral bending), 58%(left and right axial rotation). The Sf of group C1 of the movements was

respectively 102%, 108%, 108%. The Sf of group C2 was respective 91%, 90%, 92%. Conclusions: After

placing posterior plate—rod system, the stability of fractured atlas recovers. Moreover, the flexibility of the atlas

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.4

is maintained, which has better outcome for Levine [ atlas fracture than Jefferson fracture.

[Key words] Atlas fracture; Posterior fixation system; Range of motion; Biomechanics
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Figure 1 Posterior plate-rod system,including the screws,the blind nut and the plate-rod Figure 2 Fixing the plastic

models with the posterior plate-rod system a The posterior view b The lateral view
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Table 1 The results of ROM of the CO-C1 level

A4 B1 41 B2 41 cl 4l 24l
Group A Group Bl Group B2 Group C1 Group C2
Fif e/ A 11.06+1.00 15.56+1.457 18.23+1.767 10.28+0.982% 12.22+1.2329
Flexion/extension
EAE 7.08+0.62 10.06+1.027 12.89+1.207 6.57+0.647% 7.78+0.7429
L/R-lateral bending
e A i T e 13.24+1.24 20.66+2.10" 23.0242.247 12.28+1.3229 14.36+1.3820

I./R-axial rotation

(D5 A 4 P<0.05;:@5 A 4 HE P>0.05:3)45 BI 41 L4 P<0.05;@5 B2 411L4% P<0.05
Note: (DCompared with group A, P<0.05; @Compared with group A, P>0.05; @)Compared with group B1, P<0.05; @Compared with B2,

P<0.05
£2 ClI-C2 TEHW=4Zz1EH (ROM) (n=6,x%s,°)
Table 2 The results of ROM of the C1-C2 level
A4l BI 41 B2 41 c1 4l c24l
Group A Group Bl Group B2 Group C1 Group C2
oo DA 10.07+1.12 14.41+1.347 17.12+1.657 9.57+0.962% 11.121.1220
exlUn/t‘XtCnSlUn
ZE /Ll fﬁ"l E @® @ 23 @
i e 5.56+0.54 9.18+0.92 10.22+1.03 5.01+0.50 6.16+0.58
2o o 20.83+2.12 34.50+3.347 37.0243.66" 19.78+1.872% 22.60+2.14%7

I/R-axial rotation

(D5 A 411L5 P<0.05;@45 A 414 P>0.05:3)5 Bl 411L4E P<0.05; @ B2 41144 P<0.05
Note: (DCompared with group A, P<0.05; @Compared with group A, P>0.05; 3Compared with group Bl, P<0.05; @Compared with
B2, P<0.05
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Figure 3 Using the long screwdriver to reduce the fractured anterior arch with leverage a Before the reduction of the

fractured anterior arch b The fractured anterior arch had been reduced



354

ot [E R 2 R 2015 AEES 25 5 4 1)

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.4

ARG O T S8 BEE, WA S5 B 2 R AR
PRI RLEIR , SEER A5 R WoR | 52 RS ROM I 4
SRR Panjabi SEURY I £ 25 R AH— B, BHE
HIrd FHHE CO-C1 f& C1-C2 15 B 45 77 17 ROM
] e B ARV LU I A et 7 22 7, BARUIRE
P [ AT 2 b BHE = 4 i g [ e AR T A L 3
ZRIGFE S, W IR R 2 5 A 5
T X, ULHZ RG] LUK B R R L A A2
SENE, [ EEALR B T ESHEE B 5,

BEAh, FRATTE = 4 i 3h B e Pk FE B (S &
WL LGBV 2 AL AR E 1, 4 SRR N [
RGN R AR TR RS E M, R T
BIREESR (R SR [ E S RS PR A AT
LA RS P T B A AL T B Jefferson ‘B 47 45
B TR N PRAGE I, AT 3 2 98 2R 5 582 BT Il
B[R] A Ay ROR TS 2L

A% S 55 o A ) A ok AR rhxE b SUHE ) A A AR
JeHGE T A AT TORE DR S B AR -
BN [ E R G167 B A1 58 R B ME S AR E
1o BTG 00 B 53 18 R A A B 4T
AR ) AT T 2 S e o R R ROR R
BBl AR Rl A AR BEATIRYT . 0 I S8 R
P B VR {E N [ 4907 5 R B RE A R S A 1)
5K I3, A= g 2 bk 3 BH T8 B Al R M E
XF T I 2R A R A B LA AN R A T R A R
i AR N [ E RGHEATIRYT, BRATEAES TS
HE— B WETE I Ah , o T S AR DG SRR BR 1, 7E C2
20 A Y VR A R C1 ZH Y R 4T 0E B B AT,
SRR R MR ET IO I O] R R, R A S

Erﬁ%: o
4 SEXH

L e, £, I, S X REMEE T IR ST SR W R () 28
Wi E)I]. T EE A R E, 2005, 15(1): 8-11.

2. Hadley MN, Dickman CA, Browner CM, et al. Acute traumat-
ic atlas fractures: management and long term outcome [J].
Neurosurgery, 1988, 23(1): 31-35.

3. Kelly BP, Glaser JA, DiAngelo DJ. Biomechanical comparison
of a novel Cl posterior locking plate with the harms tech-
nique in a C1-C2 fixation model[]J]. Spine, 2008, 33(24):
£920-925.

4. ARHVE, SOBH, BT, S BEHENGE XL )R S M PR gT
[ 38 3 P ISR LD). R R R AR, 2002, 12(1): 5-8.

5. Tessitore E, Momjian A, Payer M. Posterior reduction and

fixation of an unstable Jefferson fracture with C1 lateral mass

10.

11.

13.

14.

15.

16.

17.

18.

screws, (2 isthmus screws, and crosslink fixation: technical

case report[J]. Neurosurgery, 2008, 63(1 Suppl 1): ONSE100-
1; discussion ONSE101.

. Li L, Teng H, Pan J, et al. Direct posterior ¢l lateral mass

screws compression reduction and osteosynthesis in the treat-
Spine, 2011, 36(15):

ment of unstable jefferson fractures[]J].

E1046-1051.

. Dvorak MF, Johnson MG, Boyd M, et al. Long—term health—

related quality of life outcomes following Jefferson—type burst
fractures of the atlas[J]. J Neurosurg Spine, 2005, 2(4): 411-
417.

. Bransford R, Falicov A, Nguyen Q, et al. Unilateral C-1 lat-

eral mass sagittal split fracture: an unstable Jefferson fracture

variant[J]. J Neurosurg Spine, 2009, 10(5): 466-473.

L ORISR, BB X R A T IR RR T R PR I R

A28, 2013, 23(5): 395-397.

Dickman C. Re: Ruf M, Melcher R, Harms J. Transoral re-
duction and osteosynthesis C1 as a function—preserving op-
tion in the treatment of unstable Jefferson fractures.
2004; 29: 823-7[J]. Spine, 2004, 29(19): 2196; author reply
2197.

WABE, SRR, WA, . OB N [ IR YT IR
M TR IR RO )], B AESMR A, 2011, 9(3): 131-
134.

Spine

. Koller H, Resch H, Tauber M, et al. A biomechanical ratio-

nale for CI -ring osteosynthesis as treatment for displaced
Jefferson burst fractures with incompetency of the transverse
atlantal ligament[]J]. Eur Spine J, 2010, 19(8): 1288-1298.
Wang J, Zhou Y, Zhang ZF, et al. Direct repair of dis-
placed anterior arch fracture of the atlas under microen-
doscopy:  experience with seven patients [J]. Eur Spine J,
2012, 21(2): 347-351.

Turner—Stokes L, Reid K. Three—dimensional motion analysis
of upper limb movement in the bowing arm of string—playing
musicians[J]. Clin Biomech(Bristol, Avon), 1999, 14(6): 426—
433.

Seo SJ, Kim HR, Choi EJ, et al. Unrecognized cl lateral
mass fracture without instability; the origin of posterior neck
pain[J]. Korean ] Pain, 2012, 25(4): 258-261.

Panjabi MM, Oda T, Crisco JJ 3rd,

study of atlas injuries (I):

et al. Experimental
biomechanical analysis of their
mechanisms and fracture patterns [J].  Spine, 1991, 16(10
Suppl): S460-465.
BZE L. A SR I SN RRA ST AR I [)]. AR R R,
2011, 9(3): 192.
FENLAE, BN, MR, AR LR AME 0N PR ET [N A e R
TRIT AN TRE SR IT I AR T2 007 (0] o e A i 2
i, 2014, 24(1): 68-73.

(Wi A :2015-01-11 & 12l A 11:2015-02-07)

(EXLmE  F ORITITH)

(KL% FHE)





