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Matching between intergrated anterior cervical plate cage benezech implant and biomechanical

environment
Yang Yue-zhou', Xu Yao-zeng?, Du Xing-ye?, Geng De-chun?, Yang Hui-lin?

Abstract

BACKGROUND: Studies demonstrated that intergrated anterior cervical plate cage benezech implant (PCB) superior to used
plates and fusion cage theoretically. However, reports concerning biomechanical analysis of the PCB are few.

OBJECTIVE: To investigate biomechanical characteristics of the PCB.

METHODS: Five types were made in 6 adult cadaveric cervical spines: normal, simulated vertebral disc removal, PCB fixation,
CBK fusion cage fixation, CBK fusion cage and Secuplate titanium plate conjoined fixation. Their stability was tested by
experimental stress analysis at Cs 6.

RESULTS AND CONCLUSION: The cervical spine became unstable and the range of motion increased significantly after the
removal of vertebral disc. Compared with simulated vertebral disc removal group, after instrumentation of cervical PCB fixation,
the strength increased 24%, the flexibility decreased 31%, the stiffness increased 14.3%, and the migration decreased 15% (P <
0.05). There was significant difference between the PCB fixation group and simulated vertebral disc removal one (P < 0.05). And
the range of motion of the cervical spine after the insertion of correct size of PCB was similar to that of intact condition. The CBK
fusion cage group was unsatisfied under extension and torsion tests, but there was significant difference between CBK fusion
cage fixation group and simulated vertebral disc removal one (P < 0.05). Compared with simulated vertebral disc removal group,
after instrumentation of cervical CBK fusion cage and Secuplate titanium plate conjoined fixation, the strength increased 27%, the
flexibility decreased 38%, the stiffness increased 17%, and the migration decreased 17% (P < 0.05). But the motion of the
segment following insertion of CBK fusion cage and Secuplate titanium plate conjoined fixation almost lost and the range of
motion of the adjacent segment increased. PCB has occupied advantages of both secuplate titanium plate fixation and CBK
fusion cage fixation which could match the biomechanical environment.
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Table 1 Load-strain relationship of cervical vertebrae in

each group (xts, UE)

Granp Load Axial Anterior ~ Backward Lateral

(N) direction flexion extension flexion

Normal (n=6) 50 705 92+8 60+4 8416
100 14112 18314 119209 167+14
150 210418 276+21 180120 252+27

Vertebral disc 50 11549 14512 78+6 128+11
removal (n=6) 100 229+19 289+25 157413  257+24
150 344+31 43540 234421 385+36

PCB fixation 50 7716 10219 675 93+8
(n=3) 100 148114 195420 12512  177+18
150 215421 286125 188118 270+24

CBK fixation 50 797 104+10 68+6 979
(n=3) 100 158413 208+21 136113  194+19
150 238+23 312+27 205+20 291+24

CBK+plate 50 656 8417 57+5 777
conjoined 100 13111 16714 11210  155+13
fixation (n=3) 150 195417 253423 170115 232421

PCB: plate cage benezech

RATT W, OIUMEDRA TR B AT AR RN HE Ay HE 1)
247 B 20 >CBK [l 2 20 >PCB [i] i 2H > 1F ' 41 >CBK+4H

7£32%(P < 0.05). ®1F 4. PCBIH 42 [AIFH 7 9%
(P > 0.05), {EHMEIELMERLAL. PCBIH 2 42 i M 25 ik
31%(P < 0.05). @CBKI& & 41 WA C I IEH 4P >
0.05), {EHER) IR 4] . CBKH & 41 2 [AAH 2224 % (P <
0.05). ®IEH Ul CBK+ERAIEA il & 41 2 (M AH 227 %
(P>0.05), HENIELIERE . CBK+ENHR I A il 2 412 1]
M1 721%38%(P > 0.05).
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Table 2 Load-displacement relationship of cervical
vertebrae in each group (xts, mm)

Load Axial Anterior Backward Lateral

ety (N) direction flexion  extension flexion

Normal (n=6) 50 1.21£0.11 1.54+0.13 1.07£0.09 1.38+0.23
100 2.41+0.23 3.07+0.30 2.13+0.20 2.77+0.26
150 3.63%0.34 4.62+0.44 3.21+0.30 4.14+0.41
Vertebral disc 50 1.57+#0.10 1.92+0.17 1.29+0.12 1.70+0.16
removal (n=6) 100 3.15+0.30 3.85+0.37 2.59+0.24 3.14+0.32
150 4.72+0.44 5.78+0.53 3.88+0.34 5.09+0.47

PCB fixation 50 1.33+0.12 1.68+£0.14 1.20+0.10 3.02+0.30
(n=3) 100 2.66+0.23 3.36%0.33 2.40+0.24 3.02+0.30

150 3.90+0.40 5.00+0.50 3.41+0.34 4.30+0.44
CBK fixation 50 1.91+0.17 2.35+0.22 1.44+0.12 2.04+0.18
(n=3) 100 2.81+0.36 3.71x0.45 2.87+0.25 3.07+0.37

150 3.92+0.53 5.05+0.66 3.61+0.43 4.42+0.60
CBK+plate 50 1.29+0.11 1.66+0.15 1.23£0.11 1.49+0.13
conjoined 100 2.59+0.25 3.33%0.33 2.17+0.23 2.19+0.28

fixation (n=3) 150 3.88+0.37 4.99+0.47 3.20+0.43 4.17+0.43

PCB: plate cage benezech
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J% 42 20 >CBK [ 5 20 >PCBIiH 5 £H >CBK+4M Fi Ik 7 [ i
YUI>IEH AL, QMR LI 55 20405 o3 Al () 28 2 i B S A7
B, sMERRR, 5 1E % AH AR 2%1820%(P < 0.05).
OHMER AL bR 41 5 PCBil 2 414/ 22 15%(P < 0.05), #E
()4 B 20 1 CBKIH i 21 AH % 13%(P<0.05). @WCBKIH]
E4L. PCBIE w4l 705 I LA b, 08 DB 1%
FRABIKE, 22 5IAH 27 % 6%(P > 0.05). ®CBK+4
RIBC A ] 5 4 5 M TA) 25 40 B L AH 217 %(P < 0.05),

CBK+HNAR I & i 5 41 5 11 3 4 AH 224 % (P > 0.05).

2.3 BUFAEMAMIRAE T/ WES.

K3 SUIHERR AN 150 N )5 BE 34K
Table 3 Strength changes of cervical vertebrae after 150 N
loading in ecah group (xts, MPa)

Axial  Anterior Backward Lateral

Grou, s ’ X .
P direction flexion extension flexion

Normal 6 7.06+0.626.14+0.58 7.48+0.70 6.07+0.61
Vertebral disc removal 6 5.1840.493.19+0.32 6.72+0.58 4.61+0.45
PCB fixation 3 6.77+0.575.72+0.42 7.20+0.67 7.08+0.72
CBK fixation 3 6.77+0.685.63+0.51 7.13+0.69 5.93+0.53
CBK+plate conjoined 3 7.27+0.68 6.46+0.537.67+0.69 6.75+0.72
fixation

PCB: plate cage benezech

30T W.: O FF4 20k 5 K/ N HEF ) CBK+EIAR
A 1] 52 41> 15 5 241 >PCB [ a2 41 >CBK ] s 21 > #E: ] 48 4
BRefl. @IEHAL. MEMIZBRERAILLER, 58 TR T18%
(P <0.05). @PCBIH 4. CBKIE w47 5 iE 4Lt
B, ZSRWIBEEE (P > 0.05). SHERZEHERZAA
Lt PCBI| s 41 A CBK ] i 21 (1) 5 B2 43 ) 14 15 24%
19%(P < 0.05) . @CBK+ARR I 7 [ sz 2RI [B) B B 4L
LbAsE, REEHIN T 27%(P < 0.05), 1My H.CBK+ERH I & [
SE L ORI BlGEE L 1 H L5 ZKSF(P > 0.05).
2.4 ZMFAMEARARG G RE TR LKL,

b i) 4 BE 189558 12%~15%(P < 0.05). ®CBK+H &
] 52 20 DB IE % AR A (P > 0.05), CBK+EHIE: & [ i
2 55 HE TR B A PR ALAH 221517 % (P < 0.05).
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Table 5 Torque-torsional angle relation ship of cervical

vertebrae in each group (xxs)
Torsional angle [(*)/cm]
Group n
0.2 0.4 0.6
Normal 6 0.26+0.02 0.62+0.03 1.01+0.05
Vertebral disc removal 6 0.23+0.01 0.52+0.03 0.72+0.05
PCB fixation 3 0.25+0.01 0.59+0.03 0.99+0.05
CBK fixation 3 0.26x0.01 0.57+0.03 0.96%0.05
CBK+plate conjoined fixation 3 0.27+0.01 0.68+0.04 1.02+0.06

Torsional angle [(")/cm]  Torsional

Group n stiffness
08 1.0 (N-cm/Deg)
Normal 6 1.52+0.07 2.54+0.09 22.69+1.43
Vertebral disc removal 6 1.33£0.06 1.88+0.08 16.35+1.24
PCB fixation 3 1.49+0.07 2.39+0.09 21.36+1.40
CBK fixation 3 1.44+0.07 2.20+0.08 20.52+1.37
CBK+plate conjoined fixation 3 1.60+0.08 2.66+0.10 23.78+1.67

PCB: plate cage benezech

FSTT e O SIZU0 U35 L5 P9I FEE R4 R O/
H 51 2 CBK+ 4N A 1k A 8] i 41 > 1F 5 41 >PCB [#] & 41
>CBKIH 5 2H > 0] 540 941 o @) 11 ZHFIHE ') 2840 B 41
(14 ~F- 35 HHL 2 A B2 0 26 /N, A 4 99 ) AH 2 31 % i
17%(P < 0.05). @5HMEMELIFRAAHLL, PCB &4,
CBK] i 41 ~F- ¥ 1 % NIl 5 1 %% 43 9 384 T T 23%
15%: 13%, 12%(P < 0.05). PCBFiE4. CBK[H &
HEEFHAML, ZxLEFEEREX (P > 0.05).
@OCBK+ I A [ i 4 Bk 1EH 415%(P > 0.05), 1M
ESMER] S BR 20 AH LG 5 T 31%H121%(P < 0.05).
2.6 BAMMMEARAMEE R R WKE.

K4 K LHIHERRAINZL 150 N )%l 1r) NI B2 A2 4k
Table 4 Changes of stiffness at axial direction of cervical
vertebrae after 150 N loading in each group

(xts, MPa)
Axial Anterior  Backward  Lateral
Group . . . .

direction flexion extension flexion
Normal 6 41.38+3.78 32.47+2.94 46.73+3.47 36.23+2.78
Vertebral disc 6 31.78+2.76 25.95+2.44 38.66+3.72 29.47+2.70

removal

PCB fixation 3 38.59+3.66 29.86+2.78 43.67+3.19 34.84+3.20
CBK fixation 3 38.27+3.70 29.70+2.86 41.55+0.69 33.94+3.22
CBK+plate 3 38.66+2.97 30.06+2.12 46.58+3.78 35.97+3.44

conjoined fixation

PCB: plate cage benezech

FeAn] W OASLIEFTME T35 %k 1 W EE R NHES
1 21 >CBK+ER AR kA5 [ 5 41 >PCB il i 41 >CBK [il i
>HEMALREPRAL. @5 IEW ML, HERBRMRA T
[%20%(P < 0.05). @ IF# 41 5PCBEEHAMEL, EH
4 5CBK sE AL, Z2R73 0 B#F & X (P> 0.05).
@ 55 HEN) S R 41 AH B, PCBIE 5 41 M CBK# 5 4171
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Table 6 Changes of imtervertebral space of cervical
vertebrae after 150 N loading in each group

(xxs, mm)
Axial Anterior Backward Lateral
Group . . . .
direction flexion extension flexion
Normal 6 0.65+0.04 0.68+0.05 1.08+0.09 1.12+0.09

Vertebral disc 6 1.62+0.13 1.74+0.15 2.26+0.20 2.08+0.18
removal

PCB fixation 3 0.15%0.04 0.19+£0.02 0.38+0.03 0.30£0.03
CBK fixation 3 0.22+0.01 0.28+0.02 0.51+0.03 0.42+0.04
CBK+plate 3 0.11%0.01 0.14£0.01 0.20+0.02 0.16%0.02

conjoined fixation

PCB: plate cage benezech
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distraction:

FRIFEBRGIA: ARFIZFCHE

n. K, i, FeR

n. LIS, g0, RO, BUR, W
KRR

® mental turmoil

@ an obstacle to attention

® an entertainment that provokes pleased
interest and distracts you from worries and
vexations
[7) L]«

@ the act of distracting; drawing someone's

beguilement

attention away from something
[ S -
AR BIA:

Results showed that individualized titanium

misdirection

mesh can simulate the normal disc shape,
and under certain interbody distraction, it
can effectively restore the physiological
curvature of cervical spine and angle of the

surgical intervertebral segment.

transfusion:

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

REMR:
@ the introduction of blood or blood plasma
into a vein or artery

[i) S i)

@ the action of pouring a liquid from one

blood transfusion

vessel to another

ATIGIE -

Allogeneic transfusion and transfusion-
induced complications in total joint
replacement have aroused increasing

attention.
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