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Abstract; Objective To study the stability of lumbar spine after transforaminal lumbar interbody fusion ( TLIF)
surgery combined with a novel articular process fixation system ( APFS). Methods Based on the validated finite
element model of L3-S1 intact segment (Model A), TLIF surgery was simulated to establish bilateral pedicle
screw TLIF model (Model B) , right unilateral pedicle screw TLIF model (Model C), APFS combined with right
pedicle screw fixation TLIF model (Model D). The range of motion (ROM) of the lumbar spine model and stress
distributions on pedicle screws, APFS and interbody fusion cages under different working conditions were
observed. Results The overall ROMs of Models B, C, and D under different working conditions were
comparable, which were all smaller than those of the physiological model. Compared with Models B and C, the
maximum compressive stress of the right pedicle screw and the interbody fusion cage in Model D was the
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smallest or between Models B and C under different working conditions. Model D had the largest peak stress of

APFS and right pedicle screw during anterior flexion. Conclusions

APFS combined with contralateral pedicle

screw fixation can be used as a novel fixation method for TLIF surgery of lumbar spine.

Key words: pedicle screw; articular process; interbody fusion; finite element analysis

WE & T AR H 7 3G BB e /D | A 0 1 22
PR AR TR 8% 5 HYRE B N BTE A BT 2, R
ZHCEEITNY) AT TR EEDSTIRIT RCR R
b A BE A AT FARBIT . GIKZ R A
I B RS il 5 P T S R VR I A ) 28 5% E  (H
H R Z 2R FH 08 28 A ] LA B8 HE AR 8] 5 R 45
UAHE =5 AR R T 8T 7 T AR Q0 105 K, I HLOSUI A =5
HRBRET [ 5 b 23 15 fmpf 22 M R0 AfE Ta] 5% 453 5 19 K
G ML Z TR SR A AR BERET [ T DA AR
PLERUR: . WF 582 B, Sk F B M ME 5 AR AR AT IR T
TR 17 M s LA R AF 7 3L H A B
FUINN  TEREMERL & T AR b, BN HE 5 AR ET [ e
B U 5 HRMRET [ 2 AH LG, AT IKURS: 38 A, A6 7]
filtG A U0 RURS B, 3 2 PR ) P A & A
Maiash ™,

TR B OB AE AR R AT [ A ) 4% A AL
PO AR A TG R ET MR R
4t (articular process fixation system, APFS) A& B £l
WA (HE %K % o AL R S,
71.201821209904. 5) , Il PR fifl FH F 615K - APFS
BRI S ARBRET BE . 7 NEIR EERTHIZOR
T[] 5 2 B P T A T, AR SO ST AR RS B 3 AR
[F] PAY [T 2 ) A A FROTAR A WL [A] 0 T
I35 Bl BE (range of motion, ROM ) M AHE 5 AR 12
EI APFS [R5 Y T3 43 A AH O, i [ 1 2 ' 1)
e R IO 3 Bt P AR A

1 #MR5FE

1.1 FEHEEE=HAERET

NI BE CT XF 1 457 4% f BRE 55 4k i e 3
(43 % KT 70 kg, B 173 em) FEMEDE AT B
P Z S (240120 kV,200 mA) |, i
LL DICOM #gAAAETE T B AHL , A Mimics 15.0
= 2 R A BRAR A v ST AR AR D ) 3-matic $X
RS 4571 BOME ] £ 1T LA GEIFBIARL 4
Mimics 4% 44 5 HU A9 L3 ~ S1 BRI DL STL S0 S A

Geomagic Studio 12.0 M, Ff i 17 4 AF A2 7Y b 2L
F L3~ ST HEARA 2 i A Ay, 50 iU A 4515
BIRRI L IGES #8F i,
1.2 ABERESKEIFMEERBEL

BARIS A Pro/E 5.0 BAE R, X HER] 35 B
¥ LNt T {1 HyperMesh 12. 0 X143
RIS IFB AT AT 5 B E A
T 1B A AR 28 (B BT 45, g ST L3~ S1 A3
RS AT BRI (R A) | IZE R A A 3t B
FESERTIFZE AP BRTE " Bl TLIF FAR Ik, 551
VI L4 A0 F 398 L5 A T 5 R 55
L4 ~5 HEM &, PR AR, @it Pro/E #4F
Gy ST HE S AR IR ET R G APFS BOHE ] fill 75 #2545
B H AP HES ARIRET 42 5.5 mm 1K 50. 0 mm, %%
B2 6.0 mm K 5.0 mm; APFS J AL AR ; Hi:
(] @l A 2% A 5 Bt Bk W7 ( poly-ether-ether-ketone
PEEK) BB}, K524 22.0 mmx10. 0 mmx9. 0 mm,
FIFH Mimics B PFPEMEMR T2 F0 DL L PN [ 5, H e
[l #SAE A LA~5 HEMI PR, APFS iCE T 14~5 /2
ST GEIAT, 43 1) 2 <7 UM AE 5 MR B4 T [ % TLIF
PRA (REAY B) A7 PRI ME 5 HRARET [ 5% TLIF 4557
(1R C) (APFS BEA A7 MIHE = HLBRET [ 5 TLIF £
RICEEAR D) (WL 1), 4 4B AL A1 kHE P W
Fe 1 Ho RS A fL R 536 741 AT,
874 956171 A5 AL B AL 1 114 739 4~ HoE,
1 746 1464~ 75 5 A B C 40 % 961 756 4~ G,
1501 5574715 A B D A& 1 117 71448,
1 739 23345 45,
1.3 mEFHH

TE ANSYS 13.0 H 2y A FROTE AL S1 R BT
A4 AW IR L3 RN R
JFii 400 N AR ESRES . 78 L3 3 1 R i
Tt 400 N T J3 LK 10 N-m Sy K
PEATRIE | J5 i 22/ A S | 22/ 45 T 32 sl T 0L,
SELAEAN ] 00T MEAERT Y ROM SHE 5 AR ET |
APFS HME[RIFLG 2% 0 S At il



2 5,%. FHEXTRIWAGHRESEMNESIREBITEENEN HEHR
MIAO Wei, et al. Biomechanical Study of Novel Articular Process Fixation System Combined with
Unilateral Pedicle Screw Fixation 203

(a) EFRAHA (BAIA) (b) IMTLIF (EHIB)

(c) BAMTLIF (BERIC) (d) APFS+MUTLIF (BLAID)

1V &>

(e) HESARURET
E1 HRTEER

(f) APFS

(g) HEMI L& 4%

Fig.1 Finite element model (a) Intact model (Model A), (b) Bilateral TLIF model (Model B), (¢) Unilateral TLIF model
(Model C), (d) APFS+ unilateral TLIF model (Model D), (e) Pedicle screw, (f) APFS, (g) Fusion cage
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Fig.3 Deformation and stress distributions on the model (a) Deformation of the model, (b) Stress of the model, (¢) Stress

of bilateral pedicle screws, (d) Stress of unilateral pedicle screws, (e) Stress of cage, (f) Stress of APFS
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different working conditions
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Fig.5 Compression stress of interbody fusion cage for models

under different working condition
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