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Biomechanical analysis of anterior and posterior C1~C2 articular screw internal fixation after odontoidectomy

MA Sheng—hui, FENG Yu, GUAN Jiang—heng, ZHANG Zhi— hao, LU Jin-jiang, XIE Tian—hao, SONG Jian, MA Lian— ting.
Department of Neurosurgery, General Hospital of Central Theater Command, PLA, Wuhan 430070, China

[Abstract] Objective To compare the biomechanical characteristics of anterior and posterior C1~C2 articular screw fixation after
odontoidectomy in order to provide a biomechanical basis for clinical selection of anterior and posterior internal fixation treatment
options. Methods Based on the finite element model of the whole cervical spine that had been constructed in the previous study, the
odontoid process resection model was further constructed, and then the anterior C1~C2 internal fixation model and the posterior C1~C2
internal fixation model were constructed in the odontoid process resection model. ABAQUS 6.12.—1 software was used to calculate the
range of motion and internal fixation stress of each segment of the surgical model in flexion—post extension, left—right rotation and left—
right scoliosis. Results Odontoid resection caused a 55% increase in the flexion and an increase of 128.2% in the extension of C1~C2
segment. The anterior approach and the posterior approach have basically the same internal fixation effects on the C1~C2 segments, and
both can obviously limit the mobility of the C1~C2 segments and made it in a relatively fixed state. The maximum stress of anterior and
posterior C1~C2 internal fixation was in the direction of flexion. Conclusions Odontoid resection can significantly reduce the stability of
C1~C2 segment, and both anterior and posterior C1~C2 internal fixation with articular screws can significantly limit the motion of C1~C2
segment. Anterior and posterior transarticular screw internal fixation surgeries have basically the same effect on C1~C2 fixation. Patients
should try to avoid excessive forward bending after the surgery. C1~C2 internal fixation with articular screws directly reduces the risk of
changing positions after resection of the odontoid process, which is relatively convenient and direct.

[Key words] Odontoid resection; Internal screw fixation; Anterior cervical approach; Posterior cervical approach; Biomechanics

WARREYIBRA 22 B T UR M A VRSSO AR S T AR R IR T A5 50 , 3k S8 P
PR ZE AT 3 i+ | SR S ESATIN. AR, = 5

doi:10.13798/j.issn.1009—153X.2020.10.012 PR DY e L AT, AR U IR VI B AR T L3RS
AT I FRRRE S (81701355) s BT AR BE 2 B T A WURSCR BTG 5 AW 12 AT, R 3
AR MERFR™ . VRIR R UIBR AR TN A7 [ AR F A

ﬁgf{;;;z@gﬁ&;@g ;ff mfj:;f; Jrfj ; AT A5 B AR 8 SR T , P T 2 A G O 3
LA 2 > It N Z K= z =

5%, HET 5 2RI 2
VT, U LA KA S RN K B ) i, H Hﬁﬁﬁ&ﬁjﬁ M PIETE A ﬁf’f" A%
JHRAER R , E-mail : xrang@163.com Ig{ég‘i ] E%’TTJV—‘IL}H‘(%{QJ IK/%* ’ ?‘}S}ﬁﬁﬁé/ﬁ‘ C1~C2 éJX:

R i, E-mail : docsongjian@gmail.com %%ﬂ%!ﬁf Ij;J Iﬁlﬁ}.’* o ’@ﬁ% %ﬁﬁééﬁﬁ%ﬁ?ﬁ%%



NI R A2 ABE 4%k 2020 4F 10 H 2 25 #5103 Chin J Clin Neurosurg, October 2020, Vol. 25, No. 10

-697-

DIBRA, 2R RIS ol 0047 i B C1~C2 R T IRET
PIFEAR o ASHTTERE TR O A A AL 1 A i
A RO, S IR R VIBR AR R C1~C2 B8 7
FER IE IR 2B A DA B PR T A P [ E T 2
(A8 12 e, DRl PR B 45 P I 58 O SRR 1A
PAESITITR

1 MR57T%

1.1 JE % o Aog & B A IR TAR A 69 A 32 2 30 4
SR 9] A (R 1 S0 A R TS A, ik
TR B EEEE (25% , & 175 em K E 72 ke)
BB DX CT 4 AL B B 4 S A FROTRCAS 4 CT 1Y
DICOM %4 #ii 5 A Mimics 17 # 4 (Materialise Inc.,
Leuven, Belgium) , #4 7 = 4k )5 =& 8, gEm A
Geomagic Studio 12.0 {4 (Geomagic Inc., Research-
Triangle Park ,NC, USA ) #47 i i 4 & J it i i 4k,
T ) 2 T 4 ) NURBS 4 250HE i e 452780 (g~
1) B A ZpE il AR 7 S Hyperworks v10.0 3K
4 (Altair engineering Inc., Executive Park, CA, USA)
HEAT AR PSR 53 T B HE R SAR AR P
(B S SCOR T T 42 ik LA K B 43m7 AL AL A S5 0ok
i, DTS BAL B~ 1 1) A S0 SRR B4
AR AL, 5 PR S X K S T A il )2 454,
FEHEAAR HEM] B A B NI 55 TR 2% Ak 235
¥ EA ER AR, Has A BRI IEY, 5
LB 1 7R

1 AR FRTAEA 69 4230

1.2 SRR RGN E LA ZE S

1.2.1 FAR R rk B A e Hy 2 RAFY C 4y
AU R BRI PR rh VR R VI B AR iR E L 2 VTR
C1HT 5 J 5 HAHER C1~2 Fig\ar KX = ReaiiE, ¥
R VIR 98 B 55 10 IR 9% B8 8 R A BRI RN A R 28
R T LAIER , IFDIBR IR 58 5 O B4
VAR SEVIBRA S BT an &1 2 s o

B2 FREmEE
HEARAE A FRTAE AL

A EALE;B. MALE ;C.
AL

Cc

1.2.2 HRE G+ C1~C2 2 % TIRATH B 2 4
AR ARAT S A B R AR AL 7 BRI PR PP R C1~C2
2T TNEET N [ O vk, ST T I C1~C2 £ 50T 18
ET N EER, ET HA N 3.5 mm (K 3A) . 7E1K
ARG BRI SR L, e BE SR A2 I PR Hhiz o 18
T ST A (3B .3C)

123 HKREWR+/E % C1~C2 4% % T IRAT ) B & 4%
AR ARG %A E 2 AEA) F7RIlGIK P 5 C1~C2
Z T NRET N D7 vk, BT I C1~C2 £ 50T I8
FIRSN [ e AL IR ET A28 3.5 mm (B 4A) o FEAR
RYIBRBERIILRE I, 3% )5 [ C1~C2 2 TR ET N

A3 FREWMR+ATHCI~NCQEX T ATHE E A
FRAAEAL

A BRATHEA BB, WK R Irh R g AT % C1~C2 & X 7 8347
FAVBEAL; C. AT 1 B A FRITAEE R o Ak 4 0L



—698—

rp I R A2 MR 2k 2020 4F 10 H 25 254555 1049] Chin J Clin Neurosurg, October 2020, Vol. 25, No. 10

®1 OFAHERTEERFEENE

HBRICAR A HJE Je i eSS ln) et
1E R R 16.1° 10.8° 9.3° 68.0°
PRtR IS DB 25.3° 24.7° 23.9° 90.3°
PR FE B3+ T % P [ g A 0.99° 3.67° 1.54° 7.33°
VAR ZE DR+ 6 A [ R 0.88° 3.41° 1.51° 7.43°

FE TR A (] 4B (4C) o

13 FARBA G &4 ) F 54 Hifar LGSR
TE R BBARIE o B TIHER T 40805 1
BT W E R 0, Bfar 500k  AEA T
XoF 45 Tl T A AL 43S0t LA =47 ) (SR Ty ) il ]
75 16 K S AR 77 1)) 1.5 Nm A9 4fi #1146 2% 6T, 78
ABAQUS 6.12.—-1 A v it 38 T AR B AL A~ 5 BUAi
Jer—JE A e A TER G B A A I et 40305 20 M) 1 i
JIIEBL, A4S F R I R i 45 A 0T L

2 & R

2.1 HRR ARG RAA A E 7 X3 E#AEE
B #rh IERBA AR SEUI R | HT R P
TR S5 (6 P [ AR P 36 S BE T 0 L3R 1. ARG
[ A TR 1 66 A ) R B TR A C1~C2 1 B DY [T
AR IEAAH A .

[F] T AR AU AR L, 2 AR 2 DB i B C1~C2 77 Bt
I 1% 20 B Y S B, 30 i 38 559% 5 C1~C2 N [#]
FE A C1~C2 15 BT 6 s R 3R 0. 1R
B3 B C1~C2 77 B Y i A % 3 B2 15 128.2% , 1 5
Fofr P [ Y8 AT A i I 5 0 s Sh B R 2 ] A T
IERBAL, W1,

TRl DA [T S4 AT A0 253 0 B e 22 ) I T 1 E

B4 FREWME+EHCI~NC2E AN BATHE T H
FRTAZ A

A SATHER BB, SR Rtk KB G #% C1~C2 & % ¥ 84T
FEAMAERL;C. JG 34 W B T AT FRITAE AL 64 AR 4 9L

TR PR PN [ 5 B4 (s A i e 1 Bl e 2
AT IE R

22 AAY R B RAMAE R KZ A TR AR
F5e KL 3 A6 T e Ao B i e D ), At 5 1) Rz g 85
P o i i PR [T TR A5 A g A e e e i it 7
[i], 27 [ N IR WP 5 36 2.

33 #

S G R SRR St SR BT
T B A SR 98 AT S BCR AR S B U TR B
PRRZEE AT, i Rl I S S 2 D REb G, P2
fE IR ANA AR R TR LERE C1~C2 IEH 1% 8l i
M ICHEEEH . R ARRVIBR A S VI BR 35 KR 2% . C1
IR 2 /N7 KNSR INAEANS 7K N 3 18 Dk 0N
C1~C2 HrHAIAT FERL R A E B X LU0
IR 2 T BUBTEISS I IX A P B 1~ R AR Tl

B5 HKRER+CI~C2 2 X 77 84T N B T 9] A i
R A1 H
A BRI B E;B. SR N E £

®2 MMABEEREETT ERANE(MPa)

WARERE piEAEE JRENEE
S5 fif 164.1 173.7
i 165 174.8
iy 78.5. 57.1

e e 94.2 113.4




NI R A2 2B 4% 2020 4F 10 H 26 25 %55 103 Chin J Clin Neurosurg, October 2020, Vol. 25, No. 10

-699-

IRtz WA IR R VIR AR 5 23 & A Eisg FtIX.
WA , 5 Je B2 Y C1~C2 P 7] 52 2k 4 5 11 201 52 L X 1Y)
FOEME . MRAEABFF AR B IR A G (£ 127
M, ARG C1~C2 75 B 036 sh EE s Al 7 .35, Rl
T R VT B A S5 EAT C1~C2 Y [ 5 R L 2
o BRI, C1~C2 A E L L TFARAMAIRZE
WAL JG MU S IE R s T AMUA RS, C1 AT C2
MM Z 0] 1) Rl B0 8 >R F Gallie 5% Brooks 1572,
I 22 s BE . o T 3 mAR e P, Magerl 1
Seeman & T4 T B C1-C2 ¥24T , iX PR 4TS 2|
TR Y, RIGRAR ST BN B A 5
K 100%™, 28 5T HRET [ Bt T —A 3 %l 1 o
R (2L, AT DL RR 02 At o) 4%, X M
B HC I THEMN T 1) 48 2 AR A

Magerl £ AR R 128 5715 S BRET 11 52 3 T 54X
HERRSE , B2 N IR 3R AR R A7, E T, I
PR H P AR AT C1~C2 22 1T HRET TN 1 5 K 6
C1~C2 28 5 SR ET N [E |, (EL T I 181 5 0 I 181
NAS AMEs . BAT, WIREVIBR AR+ AT 4
FTIRET P 2 AR 22 R Ry i, 7F A B e a
BT T80 KU I 567 BRET AR A AR O e
Bl FARAB R, RFE A 1.6 em A YIT,
TEEIRZE TE48 B N B3 B2 (5 BT ke v] A SE B C 1R
5 R AYIRR L C1AYARALLIIR (4 56T IRET Y
7 72 DA BAH SR R, DD T ALY 1) 34 i R
57 AEXHASAS /NI 1 58 ST — A28 5T SR T A
AT IV 93 5 T B P [ B 8 TR, K,
AT XF 300 N BB T S ATERS , nf LAAEF AR
HFRAG T2 FUE TS I A SR . i T S B B
BEAT LATROR MG, PR AT RS 5635 pEA T4 42 1Y
VR o TRIEE, £ PBE Rt mT AR S BT BB A ek
A RET AR o (R AR P R R R X — e
S ks NS DA I i < ) 5 AL S
(N R A M U AT A A2 TN AS 1]
OB A, MELUA S8 M T . ARG 24
7 B W R ME S I A, — B 3~5 d AT HATIFE,

Je B 26 O BT N 1 T LA SR A R R M, R
BV A8, mT DLAE BT 58 OB 28 56 37 IR ET 11
Ao AN R a2 S AT IR ZE IR A AT A 2508
JE 5 Bl % e 2 B T AR S VIBR A 5 ek
FEMFRRE . (HRFEATRIE CLATS (AR oS 451 41
VIBR )G , B AR ARTE K MY 1T J5 B FaE
A R R B B DOV E KU K, S B0
BT [ h T SR AL IR B S 3 Iz AR 4

i, S HIE XS T B AR A sE R

TCVE A I I A A 5 5 D9 [T, 0 BE R 5 X 2k
AT B AR A M, -T2 CT Rl =i
TRLE IS

AHIEFE BT LA IR P i A i A
ZOCTTIRET D [ AR 2 e S R R B i
FJe i C1~C2 I E J5 AUTE C1~C2 15 Be i N B e 4%
SRILAHR , Y] 4R C1~C2 (AR 1k, T .
B C1~C2 MG SHEE , /N IEH N3G sh B, U HOE A
JRTESNE LT NE, AT IRERIGTT C1~C2 N
S [ SCHR AR 25 3%, AT F otk 28 DB
ARG, A7 1T C1~C2 28 15 14T N [ 2 K )
C1~C2 2T URET N [ 5 1R A= W 0 2 T O G ol
FEAHHI] , # AT LA RO TG SN TIE A,
FIFEEAEH . ARSCh A S B e B R 1 B de
71N PR Rl P ] S A XA 7 i i s 7 A e R A I i
PEIR AR5 R S B R DA S S 30, i
G 1 R BURETFA S EL B W2 T BE

B2 VR VI bR ™ R C1~C2 B RS E I, ™
21 B A B, R, RS C1~C2 15 Bt
DA S A A A XA ) 4 M A IR e AR A
() ) D1 25, 3R Sl C1~C2 285617 IR
ET PN 8 7 sUFE C1~C2 735 B 1 7Y [ 58 3OR JE AR A
], BT R AR C1~C2 pFasE M . PRIR VIR AR+
B 2 T MRET N [ E R DU 3%, /b, R
PRI TR 2 A (R AR B AR

(&% 30Hk)

[1] Ning SH, Yang SD, Ding WY, et al. Posterior atlantoaxial
dislocation without fracture or neurological symptoms
treated by transoral— posterior approach surgery: a case
report and literature review [J]. Eur Spine J, 2019, 28: 37—
40.

[2] Chang PY, Yen YS, Wu JC, et al. The importance of atlanto—
axial fixation after odontoidectomy [J]. J Neurosurg Spine,
2016, 24(2): 300-308.

(3] R, EM, EAESE, 5. A s = A T
BERY A S A2 ) 0024 M (D). v s PR b 22 S0 ) A
,2019,24(11) :681-684.

(4] WERHE, SARE, TR, A5 IR VIBRA R Pl i
P T 05 3R R ) T 2 LA (). o el PR o 2 SR 2
i,2020,25(7) :447-450.

[5] Wu YS, Chi YL, Wang XY, et al. Microendoscopic anterior



—700—

PP I R 2 SN2 3k 2020 4F 10 F 26 25 455 1039] Chin J Clin Neurosurg, October 2020, Vol. 25, No. 10

approach for irreducible atlantoaxial dislocation: surgical
techniques and preliminary results [J]. J Spinal Disord Tech,
2010, 23(2): 113-120.

Dickman CA, Locantro J, Fessler RG, et al. The influence of
transoral odontoid resection on stability of the cranioverte—

bral junction [J]. ] Neurosurg, 1992, 77: 525-530.

[7] Wang J, Zhou Y, Zhang ZF, et al. Minimally invasive
anterior transarticular screw fixation and microendoscopic
bone graft for atlantoaxial instability [J]. Eur Spine J, 2012,
21(8): 1568-1574.

[8] Tang XS, Wu XJ, Tan MS, et al. Endoscopic transnasal

anterior release and posterior reduction without odontoi—
dectomy for irreducible atlantoaxial dislocation [J]. J Orthop
Surg Res, 2019, 14(1): 119.

[9] Nagaria J, Kelleher MO, McEvoy L, et al. C1-C2 transar—
ticular screw fixation for atlantoaxial instability due to
rheumatoid arthritis: a seven—year analysis of outcome [J].
Spine, 2009, 34: 2880-2885.
[10] Haid RW Jr. C1-C2 transarticular screw fixation: technical
aspects [J]. Neurosurgery, 2001, 49: 71-74.
(I]RE 6, F 8 WSO, 4. AT B2 PERRHESC 1Y 2 4]
SE Bl IR T EIRMEATR]. PR E EEAN R,
2012,26(7) :769-772.
[12] Haghpanahi M, Mapar R. Development of a parametric
finite element model of lower cervical spine in sagital plane
[J]. Conf Proc IEEE Eng Med Biol Soc, 2006, 2006: 1739-
1741.
(2020-08~11 it , 2020-08-25 & [n])

00 00 00 .00 00

P S L VULV LL VS ST PPNV L VLY LI PRVS NS
([R5 673 51)
[2] Tumturk A, Li Y, Turan Y, et al. Emergency resection of

brainstem cavernous malformations [J]. J Neurosurg, 2018,
128(5): 1289-1296.

Aboukais R, Estrade L, Devos P, et al. Gamma knife radio—
surgery of brainstem cavernous malformations [J]. Stereo—
tact Funct Neurosurg, 2016, 94(6): 397-403.

Lopez—Serrano R, Martinez NE, Kusak ME, ez al. Significant
hemorrhage rate reduction after gamma knife radiosurgery
in symptomatic cavernous malformations: long—term out—
come in 95 case series and literature review [J]. Stereotact

Funct Neurosurg, 2017, 95(6): 369-378.

[5] Garrett M, Spetzler RF. Surgical treatment of brainstem
cavernous malformations [J]. Surg Neurol, 2009, 72 Suppl
2: 53-10.

[6] Porter R, Detwiler P, Spetzler R, et al. Cavernous malforma—

tions of the brainstem: experience with 100 patients [J]. J
Neurosurg, 1999, 90(1): 50-58.

(71 & AR, 5% TR R Y T
ARIRIFI]. h B4, 2001,91(6) :9-10.

[8] A, XUBAT J 7. 1~ PNl A5 BT 2 Wt L3 7 —— i 100
I B )], o E AR B2, 1999,21(6) :4-9.
[9] Cannizzaro D, Sabatino G, Mancarella C, et al. Management

and surgical approaches of brainstem cavernous malforma—
tions: our experience and literature review [J]. Asian ]
Neurosurg, 2019, 14(1): 131-139.

[10

—_

Zaidi H, Mooney M, Levitt M, et al. Impact of timing of
intervention among 397 consecutively treated brainstem

Neurosurgery, 2017, 81(4):

cavernous malformations [J].

NOETEEICEIEACEIEICEIEIEED

620-626.

[11] Bruneau M, Bijlenga P, Reverdin A, et al. Early surgery for
brainstem cavernomas [J]. Acta Neurochir (Wien), 2006,
148(4): 405-414.

[12] Ohue S, Fukushima T, Friedman A, et al. Retrosigmoid
suprafloccular transhorizontal fissure approach for resection

of brainstem cavernous malformation [J].

2010, 66(6 Suppl Operative): 306-312.

Neurosurgery,

[13] Abla A, Spetzler R. Brainstem cavernoma surgery: the state
of the art [J]. World Neurosurg, 2013, 80(1-2): 44-46.

[14] Giliberto G, Lanzino D, Diehn F, et al. Brainstem cavernous
malformations: anatomical, clinical, and surgical considera—
tions [J]. Neurosurg Focus, 2010, 29(3): E9.

[15] Georgieva VB, Krastev ED. Surgical treatment of brainstem
cavernous malformation with concomitant developmental
venous anomaly [J]. Asian J Neurosurg, 2019, 14(2): 557-
560.

[16] Gross BA, Batjer HH, Awad 1A, et al. Brainstem cavernous
malformations: 1390 surgical cases from the literature [J].
World Neurosurg, 2013, 80(1-2): 89-93.

[17] Maish W. Developmental venous anomalies and brainstem
cavernous malformations: a proposed physiological mecha—
nism for haemorrhage [J]. Neurosurg Rev, 2019, 42(3): 663~
670.

[18] Chen L, Zhang H, Chen L, et al. Minimally invasive resec—
tion of brainstem cavernous malformations: surgical

approaches and clinical experiences with 38 patients [J].

Clin Neurol Neurosurg, 2014, 116: 72-79.
(2020-04-27 it , 2020-07-25 & [ul )





