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Abstract

BACKGROUND: Anterior subtotal corpectomy, decompression and fusion is a conventional method to treat cervical degenerative diseases. A titanium cage is an
important implant to maintain the stability of the cervical spine after subtotal corpectomy. In recent years, many patients have complications such as titanium
cage sinking, which are highly controversial.

OBJECTIVE: To investigate the internal biomechanical relationship between the tilt angle of the titanium cage and postoperative titanium cage subsidence after
anterior subtotal cervical corpectomy, decompression and fusion.

METHODS: A three-dimensional finite element model of the C,~C, segment was established by CT images of a normal human cervical spine, in which the
anterior subtotal resection, decompression and fusion of the C, vertebral body were simulated, and titanium cages with different tilt angles (—-6° to —1° negative
angle, that is, the front edge of titanium cage is shorter than the rear edge of titanium cage; 1° to 6° positive angle, that is, the front edge of titanium cage is
longer than the rear edge of titanium cage) were placed. After setting the boundary conditions, preloads of 50, 100 and 150 N were applied respectively on the
C, vertebral body. The stress value of each contact point between the titanium cage and C, lower-end plate and C, lower-end plate (seven stress contact points

on the contact surface of titanium mesh) was recorded and statistical analysis was conducted.

RESULTS AND CONCLUSION: (1) The tilt angles of the titanium cage of the positive angle group and negative angle group under 50, 100 and 150 N stress
respectively were found by Mann Whitn test, with P < 0.05, which was statistically significant. The dispersion coefficients of the positive angle group were
smaller than those of the negative angle group under 50, 100 and 150 N stress conditions. (2) Under 50, 100 and 150 N stress conditions, the Wilcoxon sign
rank test in the positive angle group of titanium cage tilt angle found that when the angle was set to 1° to 5°, the difference was not statistically significant (P >
0.05). However, when the tilt angle of the titanium cage was set to 6°, the difference was statistically significant (P < 0.05). (3) Under 50, 100 and 150 N stress
conditions, the Wilcoxon sign rank test in the negative angle group of titanium cage tilt angle found that when the tilt angle was set to —1° to—6°, the difference
was not statistically significant (P > 0.05). (4) It is concluded that in the sagittal position, the titanium cage with a positive tilt angle is more stable than with a
negative tilt angle, which is more suitable for clinical use. The tilt angle of the titanium cage is relatively stable in the range of 1° to 5°. When the tilt angle is 6°,
the stability starts to decline, which is easy to cause complications of titanium cage sinking after surgery. It is more suitable to select the titanium cage with a
tilt angle of 1° to 5° according to the clinical situation during surgery to improve the efficacy.
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Figure 1 | Normal C,~C, three-dimensional finite element model
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Figure 2 | C,~C, three-dimensional finite element model of anterior
subtotal cervical corpectomy, decompression and fusion stripped steel plate
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Table 1 | Material properties and related parameters of each part
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Figure 3 | Tilt angle a of titanium cage
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Figure 4 | Stress points of a titanium cage
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Table 2 | Stress values of various angles under 50 N preload Table 3 | Stress values of various angles under 100 N preload
RiJjf 1°50N 2°50 N 3°50 N 4°50 N 5°50 N 6°50 N RiJ74  1°100N 2°100N  3°100N  4°100N  5°100N  6°100 N
AJJE s 4.449 5.201 5.894 4.290 4361 4.807 AKJGE  8.898 10.400 11.790 8.580 8.723 9.614
AJE 3.220 3.473 2.866 3.345 3.285 9.882 AJGE 6.440 6.946 5.732 6.690 6.571 19.760
ALJE S 4549 4.415 5.611 4.769 8.986 10.310 ALJE S 9.099 8.291 11.220 9.537 17.970 20.630
AfitPs 4371 5.062 4.240 5.098 4.181 4.195 Afih 8743 10.120 8.480 10.200 8.362 8.390
ALHTA 3.590 4,907 3.441 3.837 3.716 3.114 ALHTS 7.180 9.813 6.883 7.674 7.432 6.228
A JEHT A 5 4.899 7.997 4.758 11.400 4.947 4.342 AJERTA S 9.799 15.990 9.516 22.800 9.893 8.683
AJirfigi 7.489 4.572 3.801 4.979 5.122 3.774 A i 14.980 9.144 7.602 9.959 10.240 7.549
B/ifas  4.809 4.908 6.401 4938 7.929 10.300 B AJGs  9.619 9.816 12.800 9.876 15.860 20.610
6.149 5.440 7.537 5.516 8.957 11.750 B Ji5 i 12.300 10.880 15.070 11.030 17.910 23.490
3.945 4,781 6.093 4.775 8.018 6.212 B 4iJ5 5 7.890 9.561 12.190 9.551 16.040 12.420
B A4 9.391 9.559 12.880 8.119 10.310 14.830 B4 17.780 19.120 25.770 16.400 20.610 29.650
{ 16.600 13.260 24.110 19.230 27.440 29.970 B 475 33.210 26.520 48.220 38.470 54.890 59.930
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MiJjf -1°50N -2°50N  -3°50N  -4°50N  -5°50N  -6°50N RiJ7M -1°100N  -2°100N  -3°100N  -4°100N -5°100N  -6°100 N
AJJE R 3.896 4.991 6.510 6.730 4.567 4.200 AJfEE 7793 9.983 13.020 13.460 9.134 8.399
AfG 8.024 3.773 10.850 6.383 3.011 2.976 A 16.050 7.545 21.700 12.770 6.023 5.952
ALJEE 4773 4.186 5.054 4.439 3.613 4.012 ALJG s 9.546 8.372 10.110 8.879 7.227 8.024
ALt 4435 4.446 4.393 4.075 4.547 4337 AL 8.869 8.892 8.787 8.149 9.095 8.674
AT 4.263 4.421 4.217 3.345 3.674 3.599 ALHTE 8.526 8.842 8.434 6.690 7.347 7.197
AT 7.444 4.795 4,728 3.805 3.770 4.286 A LRI A 14.890 9.589 9.457 7.690 7.540 8.571
AL 4.287 4.669 5.200 4,041 7.694 4.139 ALihdi 8575 9.339 10.400 8.082 15.390 8.278
B/ifGas  3.162 3.388 4,523 2.650 3.219 2.648 B JGs  6.324 6.777 5.897 9.241 6.437 5.296
B Ji 4,622 3.886 4.145 3.452 3.359 3.553 B Ji5 i 9.243 7.772 8.291 6.905 6.719 7.106
B A5 4.827 3.848 3.832 3.166 3.437 3.553 B 454 9.653 7.695 7.665 6.331 6.874 6.878
B A 9.991 9.870 12.690 12.890 14.120 13.700 B 414 19.980 19.740 25.390 25.790 28.240 27.400
B 44 12.830 14.940 16.440 16.510 15.900 16.890 B 475 25.890 29.870 32.870 33.030 31.600 33.790
B /i s 24.650 19.050 8.845 16.692 30.140 16.880 B /R 49.300 38.090 32.010 33.840 60.280 33.350
B/ 7.575 8.658 2.949 9.935 10.830 10.880 B /25 15.150 17.320 17.690 5.299 21.650 21.770
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Table 4 | Stress values of various angles under 150 N preload

C, *&MST SRR S FE BRI JG A A A
Thi, CoMEMR EEMUS) BB J  A ART AL AJGH 13.350 15.600 17.680 12.870 13.080 14.420

E AL e, LR 3. AJEs 9.661 10420 8438 10040  9.856 29.650

. _— AFJG4 13650 12440 16830 14310 26960  30.940
2.2.3 7 150 N T#R a7 N5 M E N 1M 7E 150 N #3847 R, AE;).*—?. 13.110 15190 12720 15290  12.540  12.590

C, *gﬁﬂi AN T EBEEPEL G S, AaA. AF k. A AARIE 10770 14720 10320 11510 11150  9.342
AZERAL 22470 23990 14270 34200  14.840  13.030

““’ C *EMSJ: mﬁﬁﬁi%%qu):““‘ EP““‘ Eﬁﬁ AE‘:F:';—;": 13.350 13.720 11.400 14.940 15.370 11.320

R JjM  1°150N 2°150N 3°150 N 4°150N  5°150 N 6°150N

,m\ f HU J=1N ZEEP“.\’ ﬂ% 4, B /)G 14.430 14.720 19.200 14.810 23.790 30.910
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= Y (P<0.05), WLEK 6. B J5 A 13.860 11.660 12.440 10.360 10.080 10.660
L BAiJ5 A 14.480 11.540 11.500 9.497 10.310 10.320
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Table 5 | Comparison between positive and negative angles under various
stresses

N 3 n Guitit PME i 73 n gt PME

1°50 N 14 67.00 0.379 -1°50N 14 69.00 0.315
2°50 N 14 76.00 0.149 -2°50N 14 51.00 0.950
3°50 N 14 80.00 0.090 -3°50N 14 63.00 0.530
4°50 N 14 74.00 0.187 -4°50 N 14 64.00 0.490
5°50 N 14 87.00 0.033 -5°50N 14 60.00 0.660
6°50 N 14 89.00 0.024 -6°50 N 14 50.00 0.900
1°100 N 14 105.00 0.001 -1°100 N 14 105.00 0.001
2°100 N 14 105.00 0.001 -2°100 N 14 105.00 0.001
3°100 N 14 105.00 0.001 -3°100 N 14 105.00 0.001
4°100 N 14 105.00 0.001 —-4°100 N 14 105.00 0.001
5°100 N 14 105.00 0.001 —-5°100 N 14 105.00 0.001
6°100 N 14 105.00 0.001 -6°100 N 14 105.00 0.001
1°150 N 14 105.00 0.001 -1°150 N 14 105.00 0.001
2°150 N 14 105.00 0.001 -2°150 N 14 105.00 0.001
3°150 N 14 105.00 0.001 -3°150 N 14 105.00 0.001
4°150 N 14 105.00 0.001 -4°150 N 14 105.00 0.001
5°150 N 14 105.00 0.001 -5°150 N 14 105.00 0.001
6°150 N 14 105.00 0.001 -6°150 N 14 105.00 0.001

%6 | E. ifaEER TR A 50 N BT & fAE LA (427 Wilcoxon 5
SR )

Table 6 | Comparison of all angles when the stress is 50 N under positive
and negative angles

(3) 100 N J¥2 /g N & ffs 2 B2 B EEAL B -1° 8 -6°
100 N HN AL, ZRTRENER X (P>0.05), WK 8.

(4) 2 T4 A%, £148 100 N > 1544 100 N, A /)
BINANEY, PIBEIE S 100 N AEAEY) )52 ERIUEAL, WAk 9.

%9 | /17 100N FIIEAEMAAETRARLER

Table 9 | Comparison of coefficient of variation between positive angle
and negative angle when the stress is 100 N

A ¥IfE bRt ZE AR5 A

IEfAEE -100 N 16.70 11.80 70.64

U E 100 N 14.43 10.89 75.48

2.3.4 {E 150N N JJ N & G224

(1) IEAMEEIEHL R 150 N B 547 f 1 &L T 150 N ¥
Eeie, AR RA B2 U (P=0.019).

2) IEAEEULT, BN 150 NI, &7 B L o
1°-5° 150 N 20 Py bb s, 2 R I35 & L (P> 0.05); 6°150 N,
A REN R (P<0.05), ¥k 10.

10 | IE. tafAE]

TSR )
Table 10 |

N33 150 N B % A3 BEEE 33 ( 4B Wilcoxon

Comparison of all angles when the stress is 150 N under

FEA n IEFIRE b0 positive and negative angles
ik PAE Grita P1d [E¥N n IEFIRE iG]
1°50 N 14 59.00 0.706 82.00 0.069 Giitit P{H Giihht P{E
2°50N 14 60.00 0.660 64.00 0.490
1°150 N 14 59.00 0.706 82.00 0.069
3°50N 14 69.00 0.315 78.00 0.117
2°150 N 14 60.00 0.660 63.00 0.530
4°50 N 14 60.00 0.660 69.00 0.315
3°150 N 14 69.00 0.315 83.00 0.060
5°50 N 14 84.00 0.052 63.00 0.530
4°150 N 14 60.00 0.660 69.00 0.315
6°50 N 14 85.00 0.045 50.00 0.900
5°150 N 14 84.00 0.052 63.00 0.530
6°150 N 14 85.00 0.045 50.00 0.900
#7 | EAASON R EAREMAREESRAKLR
Table 7 | Comparison of coefficient of variation between positive angle L
and negative angle when the stress is 50 N (3)150 N N7 % 5 A fEMﬁ AR R R -1° & -6°
Ak S bR BERRH 150 N AN LbAL, ZR MR L (P>0.05), W3 10.
iE 1 50 N 8.398 5.937 70.70 4) BT R RH, 7 150 N> IEf 150 N, HAHRN )
T E -50 N 7.140 5.365 75.15

2.3.3 £ 100N B ) R & M EG 445

(1) IEAEEHLE 100 N B 547 1% 4L T 100 N ¥y
bbas, el 2z B L (P=0.013).

(2) IEMFEREGLR, N/ 100 N IR 4% ff BE L 7
1°-5°100 N ZH Ay b4, ZR TR #E M= X (P>0.05); 6°100 N,
ZREREMRE L (P<0.05), ILFES.

8 | IE\. AaaEBER TR A 100 N FIE AELLE ( 2AA Wilcoxon FF
SHKIEW )

Table 8 | Comparison of all angles when the stress is 100 N under positive
and negative angles

FEA n LA A
giiti PiE giit i PfH

1°100 N 14 59.00 0.706 82.00 0.069
2°100 N 14 60.00 0.660 63.00 0.530
3°100 N 14 69.00 0.315 83.00 0.060
4°100 N 14 60.00 0.660 62.00 0.572
5°100 N 14 84.00 0.052 63.00 0.530
6°100 N 14 85.00 0.045 50.00 0.900

AN, KUEIEff 150 N fEAEY fy 2 LRI, Wk
11,
FT 11 | R19 150 N RIEAREMAAE TR RHLE

Table 11 | Comparison of coefficient of variation between positive angle
and negative angle when the stress is 150 N

At 118 fFE &R RHK

IEff % -150 N 25.03 17.71 70.75

)% -150 N 21.83 16.33 74.84

2.4 %itFeE R oM

241 IS ERES M 454G IE A BT A S ) )

7E 50, 100 F1 150 N I} Mann-Whitn 545 BRI, 271
HREMEE N (P<0.05). e HPAHANEN B RS, BHl
FRHOHN,  FLAS RN R g 22 080 kA A T B ZE TR AR
SE o IEMEHAE 3 TR %M T, BRI NTHMEA,
B % RN Ay 2200/, R )% ElaTiaE . Wk
T 3% W IE F B2 ZH R P K5 o IR BR 8 TR B 47 A1 FE AT Ak
PR I K R B TR BE NS E
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MREZE

2.42 1E3 PRI T IEMBEHAN BT AE 3 TR
JIEAER, IFEfEEH A Wilcoxon 45 RS 16 R I 1°-5° %2 5
T EME R X (P>0.05); 6° i 7 A i M X (P<0.05),
FAE 1°-5° XA N 5 s ) ZRIAK, B TRE. 1M 6°
I 2% RN T ST FE AU A A R 20, TR AR E
AL, BRZE TR f 7E 1°-5° X [A] N T2 BAT K 5 0 R R 28 T AR
HEntE, A% Til.

2.4.3 153 PR T A A N LT 7R 3 AN
F15AE T, IEfA YL Wilcoxon 75 5T K I -1° & -6°,
ZRLREER X (P>0.05). 4iaHEHREIIKT EME
HBELRE, RIS M) B2 MM MEZERN K. Hik, i
5 AR R AE —1° & -6° [X 8] N T B R K 5 5 0 4k
BRARE, H5% Nit.

3 i}if Discussion

ACCF 2 IRIT SR B EBEFRI7, WrEsa R o
Wi FHEREL R S AT AIE . S0 B £ 2%
Gt G AR A REIFEAL, BOCTTER. HEA
RlA S IR A, AT IE Sl RE IR B MEA B 2, IR ARG
K . Mk, BEEESEACFIRERE, A2 MR
YL, AR N ETEIG IR b VZaE L, HREUS T REFH
MR, ARSI IFIETE R, WAFE IR RNE, W%k
GE YT MEAREI YIS, X EE I RORE [ A A R S K 3
PRI ME ] = R K DA R SME I IR 2k S, X ACCF R
WUEr= A BN . ARSI RN, REEE. HEARE
FERERE . ERIEMURHA BR8240 A VA 1 2% 0 5 A2 SAfE
ACCF A Jm HBLEKZE N Ul el R, HEEFER. %
BICA AR BIEIMETh e TE I B0 R, FRTF R Z 2 5] ik
FUTRIE B A M,

WG VI 58N N AR 70 2 S S WA 12 T R I RCRE (1) 2 2 [
#, MBS EEEERGN SRR, DERERBR
FERRRNEY] . WERER BB W, 5% ERm kS Lk
TSHEAR A A 5 ROR AT, RS TE RN i A A IR,
N7 B8, BRI BCNERTE FULRIN Rz — B2, 3y
JE I TR B SO Wi T ] UK, FERRASET T id AR
G LRTEaAT 4 AR IMZ GO, A As B R
TERIE SRR, DRI AR T R UTER P A A
76 ACCF Rf1, N TR ERSE AL B 5K B 2 R B E AT 8
By, MEEY S BRI BIR], BN Bl K T Ut B
ERIE R LT iy S AR SR T S TR SR e A W, I — 2
JAl T AT o AR BT ARARE N 7 I SR B A Hh al A
MR PO EER R Z —.

BRI (PR} A 1 22 S 3 AN [R) B 8 X AR AR T I A
ST ZE s BRIE TR B R L B B R i T s, R
AR HEEEFERONE. IS 2 @ NP (&
B ) BKIES TR o i (AR P51 B A BV R ) SR AT I IR
XGRS, RIS # A BT o SO SR T R A, PR RAR
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8 N UURARG . A% P G [ oy BT, R AR T A S
PERFE NI fE S R 2, > 8.6° B3N gk 78 T Ui X
Ko A2 Logistic [BA 34T, #H 1HUR A AR R 10,
ERIETIRF RS R fe i 1152 MRMLN 8.4° I, AE
TEBC R, MY > 8.4° I, BRIE TR 1) f B 14 I S 484
i U X Bl R R I M UMAR B TR N 06, FEREAE
BRI AR A L9 0% I, BRI S A ETUME FA ATLBROR 4% fid
i AR A ORI, B DR D S ) AR BRI 5 52 707 T 5%
Wi, BT LA R ERAE LI B I B BARR L, R (A K
PUBRSS B, 327 itk 35 T A 2 (R AR B
RN < BILNITECES €75/ N i

ERIEMURHA BRI T U R0 DS AR 2 22 1)
AT SR H R AR A BE TOR AR TOERTE AR A AR A Py
RGN I 22520, PRI ST A B A R IT 7 TR 3 HAE 50,
100 J% 150 N F s  HLA G T IR 284k, I8 OFF -1°
& -6° MEEMRA T, BT ST L A HE 5 K 17
W, FER) bk TAE P EMEAR T . EAEW IR, AR
% AN SUME ) A 0 52 D) o A o, MEAR DL B )&
2 64% WL MR R HE T T34k, HITHEARITAN R 260 1Y
PR, ARG R B AT I A S, HN TR/
PRJEEE > h il > JTES. TR TR AOBRTE 23 17 S5UHE e i 52
B Dy WO STME IR 3 I B AR, I8 N7 S8 I T HEAA I
i, PRI R S LR E I T UL R . X RIFEERTE - MEfR
Befid nd BB N R AEECE NN, N E M RR. &
NS RN 7 B i R R A R M B A, A
) i 2 AL I g s I B B A N B A W R 2
VUGN 5 BRI R YR RS . TTAERON L, AR Wolff 32 4,
LG AT S AN T E A BARE N, S o B A
SRR BT BRI b, SUMERT AR AR B RE VB 2Z . LA
UEYE AL, ORI ERIE T 5 T it. @FF 1°-6° HIERE
HURH AT, RSN LT KR MR ET IR, R R
LI AW A E AR . X5 AT 8 I [ 1S
i 1°-8° N ERIEMURL A BN % A 2518 KR — 2. T e AT
FUHE F) A0, B HE B AR 1°-5° AR BRZEUR] A
B2 Aoy AN 5], BAT A R e . IR RO 2k AF
N A 7 SHE T A A, HEAR DL R B2 64% JEi
HEfA o A T L PRI B, ARG TR E L /),
(TR e A 1 /N AR O U A S & SR = i A L P
HAERGENE LA, EE 60 Jn Ha% jiRL ) oA 7 A2 1 W)
WEER, BN RUOAR . HIREFRAE R EOR, 1°-50 2 —
PRI, ER S A IRIR PR iR E,  BRAEAE IR RAE AR
IRAMEIC 20— A LA, BRRRIT FTRY B A0t AN 75 24
R AN, A BHEEAE 1°-5° yaE W RIAT, BT
I PR b 22 B AR TE I R AT R CRAEERTE BURH A AE 1°-5° N

HARA PR TT /T AE B BHZ AR 2, (HA KT
ERARITCONE, PREAUTAL: OB
I ARESE 4 A 70 AR IR ISR O, AR SRR 2 [0t B Ay
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—E AR E . @HBHE CT I AR, R
W SR FRY FfTRE , PRI T g S AR TR A T 22 32 215
Wi o @I FT A BR T SR B R BRFE iR A, oAb DT
S LI I IR FETT 1] o AR LA T T BRI D) 0 %) Bk
TR UTHISEm, MR ZAERTIE . S, AhE. AESIEah
PER AN EI AT %8 ACC AR &THE -7 AR A 1 182 3 PRS2
RWRRKROFATT 2 —. @ULRBITRRY], IERMAE L
Wi7i2gias, SRZMERBIAE AT, WHTeas R A ETSL8,
iz F Tl AR AT i 25 F& A5 P B2 1 O o

gt OFRRA L, IEAEERIERIE R P B AT K
Ja RV AR FE TR EE A7 A FEE PRV R S MRE A1 B 2 FS ) IR K
RIETAR T InFe g, @ERFEBIR A 7E 1°-5° X [6] A R IR E »
6° MIFENETT 4R TN BE, F TR T UTHL S

fE& Tk -
AR FHA T T ERARI
A I .

FIFHZ: LFWLHRELFY, BRI LFETiTEF R
HEA B R,

FFMGRERARR: X 2 — B HGRIR L, AR (Gt T HT 0
“E 4 - AR - AR F XEF 407 K, ASHIIAGHLT,
RAFRAVLIET LB 6 KT RIA SR, AT R, BN AASE
TR P L. FTH. N A, 3T, k. BUR4EEIZ MK, A
ZHF R, VA AR R AT AR A IR,

WRAREELE: S AR AT kA B %830 F T LRGP,

HEME: ZXFRE5ET TEREFHNNAELER S (FRAFR
R EREFEFHT AL LEGEFEY , LFHRITCLiE+
AR B B IR R AT 3 AX FAE AT E, XFLIRATIFE
KRG FH, FATHFAALFAOHFLBEE.

BRE R T FEEIT. FARSE. WILEE; HF . K
APIR S 5 T S ER M R R TR
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