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Abstract; Objective Aiming at the clinical problem of the low matching degree with the patient’ s anatomical
morphology for traditional cervical fusion cage, a cervical fusion cage with the function of adjustable height and
the shape matched with the vertebral body was established, and its biomechanical properties were evaluated.
Methods A cervical C4-5 segment fusion model was established according to anterior cervical discectomy and
fusion (ACDF), so as to simulate different motion conditions, i.e. anterior flexion, posterior extension, left/right
lateral flexion, left/right rotation, and stress of the fusion cage and vertebral endplate was calculated. After three-
dimensional (3D) printing of the fusion cage, an in vitro mechanical experiment was conducted to explore safety
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and stability of the fusion cage. Results The fusion cage could keep the range of motion ( ROM) of cervical
vertebrae at the fusion segment with 1°-2. 8° and reduce the ROM to 40% -80% of the natural segment. In the

in vitro compression test, the yield load of the fusion cage was (2 721.67+209) N, which met the maximum

demand of the physiological load in service state. Conclusions The designed fusion device with adjustable height

shows better biomechanical properties and can reduce the selection step in operation.

Key words: cervical spine; adjustable height; fusion cage; finite element analysis; biomechanics

WFSE 26, 50k I 411k i3s3 i) 29 1) RE i
TRAE [ B BB 3R 10% ~15% , Hid 50 2 L4 A
BERUWR N 25% 1, X TIRSFIRIT AR B R
BT A il et FH AR (] e oA A 2 28 A ]
%, PR A Rl A R

T AT S L B Kk 25 TR
— RUST ) Rl 48 3 R AR TG 2 I R 5 oK, s ZE AN
] A A g oead e ) I B r 30 3 e e e
RIS R A g b3 [a] 8, ORI 7 F AR P58, i
HARRRIE RS 52 A ih . ARG & @
K, AT RE S 5| 2R SRR, 5 B oy 2
il FE 3, PR A IR R I A Rl R T UL 5 T A
PR o5 /0N D JTC 7 38 380 A - A ) DA 1y
FE B Y, i 25 S0UME A 38l R R AR AR AL i T
Pip e R, 36 A AR A e A R TR
55 30 ME 7] B A DT G A R A 5 250 B AS 110 2 B R
M PRUE S RE D RE IR, DR ARG 2% N U0 Al G
KRR A& m IR hae I al A 28 B
A U v PR FH I 5%

S Rl 42 R A5 40 AT 43 S0 R SO T PR AR
Frg Ay o WRZCRY fh A 2 ELA B i R 2R
PR 8 0 9 B A H TR AR HE B A0 A 1) i B PR
il , S S AR P R AIG, AR RS AR T
DLARIE 0 s BRI Gl A 2 7 1o B 0 25 B A i
U AH R T BT AR T Lt - A 1) 422 fik e
B RI R 22 GRS AR N
R A 22 fk T A KB 254, LRI 1A B 4 1) 1 B I
B — A R ) LA SR ST R B I G A
REIUE AlG 255 &R A A 280 B, 1T DK R IR
I 20% 3 6% ' DRI, AR I A i i 25 48
KBTHIME B SR RO BEAR

H T, XAl A # e BEPE A (1 ik A MR N
SRS, RN TEA, i ARSI 5 s W Se 5,
A LRSI Gl AR 5 AR W R g, 5 A8 B S R A ok

a5 e S ) L, BRI 1 AT AT M, (R AMTE M
FEAEA Ty 2 MR BRI o BT, B ) 2 T AR
Y5 3¢ 5 b1 KL 5L 565 P25 ( American Society of Testing
Materials , ASTM ) F2077 Fr R 247 , 7% I R 1 B 1fE
R E 2o T A B AR S A S A BRI T
FE4s Y UV RH L AP RE S . A BRIT A
Je& ] 7R 58 4 Al 45 5 ] H A R BRI T X Rl A 4 0 )
SEVERE SN S BGIEA TR 5 A A ET DL
AN, 3 R0 AR 3 A AT BIFSY, i TS ME A 3
J (range of motion, ROM) 3K ¥F # @l & Y 2 &
Aré[lﬂ 3

BEX Rl 5 i B R R A5 A4 [R) B A DG g i 5
FEh G A% T LRI A ), A S — 3 B
FERTIE JEARMG 5 Lt i) SUHEHE ] il 5 2% . 2 BRE
FE R U Bl S R (anterior cervical discectomy and
fusion , ACDF ) 2 7 SUHE il 552 B, BF 7 HE ] il 15
FEAN R A BB AT T BOASE 15 2 4, 0T 5 1 B
il fR AT o 3 A Rl T AR AR | i 4 A 1]
G ARG ASTM F2077 brifie, % Hogk R AE 1 k47
AR

1 #REFE

1.1 SEERERIET

AR SCHR T — AT L 3 25 0 T e ) SR Tk Tk
fili] ( poly-ether-ether-ketone , PEEK ) Fil & #% , i 1 $2
e -5 AR 10 DT E R Ok B IR AR L g, Gk B RE AR T
UURM E Y, PEEK ARG & 2 T 5808 £
W —KIAE e m RS o, HAr S5m0 2 1Y s AR
7 TR /N, I HnT DL X 0 B 5 4h,
PEEK {E 9 3TENHRERL, B A 183 2L, ROFTER Y
AT A ) PB4 DR 50, ) T B R T A e L R
TG AR £ 3D FTEDAY ME R @& &% . fil5 4% 4h
TV T HEAR 19 P R R IE——Z AR A 58,
THMEBITIEAZ R EANRELZ N 40 2 UL E K



KEE,%. 3D FTED 5 WA B B BA TR 2 4 1B B & 28 O AL AL S5
ZHANG Tongtong, et al. Optimization Design and Evaluation of Three-Dimensional Printed PEEK Cervical
Interbody Fusion Cage with Adjustable Height 179

AR IR 40~ 50 2 AR M HER S5 i T
SEORAFWE Y f 2, [A) AR m] DL o 25 B /b i B0k
TG 5, Horlr, 54 5 1780 A 4 58 I A0 ) e e
SE RS A 7K TR R B 5 BT 2R A R E Rl
G T AR5 K P T 5 A B 5 R i R E
il A T I T A R R T AT Rl A v R
BT R B RST S R 6~ 8 mm, 3X R HENE]
B e B 1T

WNIEL 1 BTz i e e B U1 AL S A AL
H, LURET 7 A BIE XA HEAFT 3 mN#e s, &5
FUBHER SCHERT 4 e 3l IR B2 5 SCHEAT 4 B
Al A B3 1 2T 2 R R AT H Y,
[7i] of PR AR ATLAS 7 I8 5 50 Bl N AR E 1, s sl J
WER A 1 mm, @l A28 5 BT 0. 67 mm, Bl —
B 2~ 3 P 59 AT 51 IR DA i A1 21 e v 114 7 B R0

4 /1
/|

4 Yars
Yo S

() BRFAR
18

=

(b) WL

13

(c) REERT
Bl1 BASRITIMNE

Fig.1  Shape of the fusion cage (a) Overall shape,

(b) Internal structure, (c¢) Dimension of fusion cage
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Fig.4 Stress distributions on the fused segments under different motion conditons (a) Flexion,(b) Extension, (c) Left lateral bending,
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Fig.3 Picture of physical clamping in compression test

(a) Compression test, (b) Special fixture, (c¢) Fusion cage
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