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Abstract

This study aimed to investigate and compare the lumbar biomechanical characteristics after
AR

XEFH: TBT, S0, KM, 4. SHERILMERBLS ALY Coflex Mo AN w45 B I AEY 125405 K )], B
54Ji ¥, 2022, 11(2): 238-247. DOI: 10.12677/m05.2022.112021


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2022.112021
https://doi.org/10.12677/mos.2022.112021
http://www.hanspub.org

EmeT %

transforaminal lumbar interbody fusion (TLIF) and lumbar interspinous process device Coflex,
and provided reference for clinical application and innovation of lumbar spine surgery. The fi-
nite element (FE) model of L3-S1 lumbosacral spine was constructed based on the medical im-
age data, and the FE models of TLIF and Coflex were established based on the clinical guide-
lines. The range of motion (ROM) of the lumbar spine and stress distributions on instruments
were observed in extension, flexion, lateral bending, and axial rotation motions. Results
showed that the TLIF and Coflex had a similar influence on the lumbar flexion-extension ROM,
and TLIF had a stronger effect on the lateral bending motion for surgical segment, and more
significant effect on the ROM of the adjacent segments. Furthermore, the maximum stress of
two fixation instruments both occurred in extension motion, and the overall stress of the TLIF
nail-rod system was higher than Coflex, thus, the excessive extension motion should be avoided
to minimize the risk of device fracture.
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1. 5l

N R IG A, JEME IR 25 2 IR AT VU, PR 2 IR R S5 G A LB A (A B o o,
HE VB BRD AR 5 B A2 2, SR TFIRIT B EE T EFARTWL] [2] [3]. 2 8] FLHE A fl & A
(transforaminal lumbar interbody fusion, TLIF)/E Mk E A R IRRE A, FRFIEMERRAL T R 9% 1t E
YE, WD T RAVERYREER, &SZIGIRTE R, (R KRG U0 9T 3R B S AT B B B ROk R A S T
VeSS RN S B IR 23 38 BOHT I A2 0 0 R B AN AR, s A B iR AR [4] [5] [6] [7]. TR =T,
TREAEHZE . OB RS DA e MESAR H, BRR A 1 T 56 B e HARERHR . & FDA #itifE
WIER Coflex s&—Fh “U” R G SMRNSISHEAY, 235 E AN, e 545 1A R
FEXS T JeE AT 96k AR R AT M 28 BRI A IR, P &I 3T BEAE W ) SR MR /N, ) V2 N T AR
AT YEBIR BT TT[8] [9] [10]. WA RIEMEF AREBARTEEY S = MG IRR I E 8 A5, ThFdt— B4
W FNFAR T IR B A SR 5% .

A BRTTI Ve —FhIC BRI ST 7 4 2 S T A AR it s . 1974 4F, Belytschko %%[11]
KA R T TV E TR TR AR J15, bR S35 A BRIC AE E R SO N ) oy, S L P A
B GG RIRPE A G AR F AR R T EINE . AMEE=4EA oA [12] [13] [14]
[15]. TEABRICITE T, FAERRRGR . MRHE A G 35 vT DL R A B 2s, o] - TRIPE A iz
RGN NS ATEEY I IERE, ARG, PTEE, IR 2 1538 R A IR o 3 7oa ik
W 775 J 5 FEE R [ 5 SR A FH R B 2 AR 28R i IR SO AR B A A MR R R SR 41
Z:25[16] [17] [18] [19] [20]. ASCHAIH A RIC 5, EEUR 5 K A48 1) T JEME(L3-L5) A HEAHE (S1) At
AT, EEL LA/ILS 5 BOWNME 5 ARBZET [ € TLIF T ARG BR oA AUR A 98 7] Coflex ZhA[H 2 A IR
TR, LR SRIEMEAR AW ) P RE I 57 7]

il

[

DOI: 10.12677/m0s.2022.112021 239 e RSE TR


https://doi.org/10.12677/mos.2022.112021
http://creativecommons.org/licenses/by/4.0/

EheT %

2. MR5H*®
2.1. ASEEBRHME L3-S1 HER AR TERNET

BT NAHE CT Hdi 4R e ST BB HEME L3-S 19 BrA BRI, RO IEMEIR (R B3, Eha AN
JG TG BTT)  MEIR) B (AR GEIER, BERZANECE AAR) A 7 R E MR T (RO . SR AT S
RIS« R LA . AR AR ) (141 1),

(a) (b) (c)
Figure 1. Finite element model of lumbosacral spine of L3-S1: (a) Rear view; (b) Side view; (c) Sectional diagram
1. NPRRERRHME L3-S1 ERAMRITIEE: (a) FHE; (b) MAE; (o) BE~EE

A 55— 4 A R AT R R, IR E CT HRMU B E A g A7 3 4, 4 55 4F 4 500 mA,
120 KV, FAFGTEEAE RS E, A2 CT ERM#EE 822 5k, JZE N 1 mm, S H NbriE
DICOM #& S ARAE I F 5 2 UG AL BRI A Mimics S BCR & PE M CT BEGEEE, 7RG 315
Y, AR 1) X S E A G s, 45 B RE RO T B(L3-S1) =4k M m AL, s B
$ A\ #| Geomagic studio FAFH, X5 R 1 S S BB AT S L T A A AR B AR 34T i 1T
orEl, WA EE MR i, DIMER BRSO A R A, £35) L3-S1 FTELY NURBS
BT AR . 76 R OGHT AL ER#R A4 Hypermesh rfoid il 17 A A5 8S30 47 J LT3 B 5 RS &I 43, L3. L4 Al
L5 A Sl o3 1 9 BT 5 RS 7 G5 R BTG, AR AR S BOR A 1R 285 4% JR 4R 4 20 5 ME (R B85 1 56%, i
¥ i 44% 4 1 TF SR [15], B B2 50 10 P RS 1) A 0 B 1.0 mm T B A 5, 300 B AR 90 A G 3o b T M A
RIS E 1.0 mm JER[21], 5 TSN A T BEAR I P AN ME T I8 Bl I #2 kT [15] A3 FH 2R AT
BT T3D2 KB W 4E Ky, LM 60 B A Bk . B RS E R0, MR T 5 77 4
BTG (A MEMRI A S b A ()3 AT LT A AR EE . SR DU 1) AR A2 47 ) 500t 5 5 BR G T 5
[14] [22] [23], XASCH) L3-S1 MEHTAHE G PR TH A AN H G510 8 UM RS 8, BERL (1 58 2 40715 Al
MR 1R,
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Table 1. Material properties for the finite element model of L3-S1
% 1. L3-S1 FEBM AR TER MR B

Y AR FIGRA i/ MPa THRALL i i A/ mm? % [ /Kg/mm?
B s C3D4 12,000 0.3 - 1.70E-06
AR E C3D4 100 0.2 - 1.10E-06

JE 77 454 C3D4 3500 0.25 - 1.40E-06

B4R C3D6 23.8 0.4 - 1.20E-06
YR C3D4 295 0.35 - 1.05E-06

% C3D4 1 0.49 - 1.02E-06

NG T3D2 7.8 0.3 63.7 1.00E-06

G T3D2 10 0.3 20 1.00E-06
HH T3D2 15 0.3 40 1.00E-06

B B) 07 T3D2 10 0.3 40 1.00E-06

b TIki T3D2 8 0.3 30 1.00E-06
BB T3D2 10 0.3 1.8 1.00E-06
B T3D2 75 0.3 30 1.00E-06

2.2. TLIF 5 Coflex [ i E EEHEB R TRE g9 3L

FENEHHE L3-S1 15 By BR e (R At b, e B 5 R AR AR (1) LAILS 5 BONRENTTBL, KR I R T
AR5 G AUMME 5 ARMRET [ 78 TLIF FARA BR e BRI A 5% (7] Coflex # [il E FAA PR G

TLIF IR T ARESR: EREVIFEY, VIBRTUETTBRAM ETRAKRTTR, MK, LR
Ir ARYEIR DL SR NIAL I3 28R, OREEISR . RIA) 0 FOpR B0, SRS 16 2c JE ARHM TR 54 Cage,
MR FESRIH A, o fa AT SUMIAE 5 AR R AT [ 2 (LS RAMZYI L SRR 42 s BRN, HES
HRARET 5 ST e £ 157) [241 AT AR FITR HI # P4 [ 52 #5399 DePuy Expediu #E 5 HUERET - 5 R G (15
ETHUA% 5 mm x 45 mm, EHHEEAR 5.5 mm, MESSREMAE S, MEFMERE S 113,000 Mpa, 114
Et 4 0.3 [25])F1 Zimmer Ardis @l & 28 (K Z 22 mm, 56 % 9 mm, &5 9 mm, 15 A S B# kR (polyether ether
ketone, PEEK), #1345l 3500 Mpa, WAL A 0.3 [25]). 7E Solid Works {4 H g 57 Py [ 52 g i =
Her Y, DA stl 4% 3K 5\ Geomagic A 5¢ Bl AR Bk IEAE AR TR 11 25 T . 7F Hypermesh #07 F oG 3E BE 4 1 TLIF
S YERRIEAT AR R A, AR BIANEE 2 BRI TLIF BEAEAR BR e o 7EA PR OTAR AL Hh Rl G 25 3 10 1) 145 S5 T
PRIRSON LA B, G a8 SHER W], RG34 51 2 M AT R G5 MEvR 2 R iz fab 1o B 3 47 3
T RACEE, UM RS

Coflex ZhAs w3 E /R —Fh “U” EHEKA SR MZSEANY), & FDA #HLER L%, RiE
ANE BE R ER, F5MAREMS: 8mm. 10 mm. 12 mm. 14 mm. 16 mm, LL&E N )R 5 ]
Pi . &5 Coflex 7= i F-Mt, 76 Solid Works #f: Hh 22 il B ) = 470, -4 o FEBEAE A ) B30 0 1)l i,
EFE 10 mm K/ Coflex 2% 8 58 4 3% IR R AR U/E Geomagic studio X AFALFUAE A LA/LS 5B, XI5 M
1432 3 R Coflex A BRIGIEAY  TEAE R, BUE MHE-F L4 B T 2%, 258 AT ImSEITHERR . Coflex
BEE I RSP B B S O S, BT TR A EAE R O “tie” 203, DLCRAEAL Coflex
b EERER 57, Coflex 3B MBI NEL S 4.

m
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(c) L4/L5T B TLIFF R R E (d) TLIFME#RAMEAR PR T

Figure 2. Finite element model of TLIF: (a) Interbody cage; (b) Pedicle screw-bar system; (c) Schematic diagram of TLIF at
L4/L5; (d) TLIF finite element model for lumbosacral spine of L3-S1

2. TLIF BIRTIES, (2) HERLEES; (b) HSIRIEST - BR%; (c) L4/L5 T5E TLIF FARERE; (d) TLIF B
HEA PR TSR

(b) L4/L55 Bt Coflex F RN (c) Coflex /i PR TR

Figure 3. Finite element model of Coflex: (a) Coflex device; (b) Schematic diagram of Coflex at L4/L5; (c) Coflex finite
element model for lumbosacral spine of L3-S1

3. Coflex BFRTTAER!, (a) Coflex BRRBIFNSEIELRE; (b) L4/L5 T5EX Coflex FARREE; (c) Coflex FERRHEBR
TTER
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2.3, WRFHSHME

HFEA: HE (SEAFUH FEE S o [EE rPER, HAUWECRTT B35 20 6 AN H B4
HE . L3 MEfR BRI A T L7 — 5, A infEfmE S b, RS EmRE. HET 755
JreEk otz E) . MERIEE S BN AR R AT 3L A AN 2 R B AR A OC R, FE NSRS A
fik 8 3 EAT HE T RUERGE E AU, AT AS 80T o] DA |31 R A% 6 31 AN IEREAME A PR oY |

BT BT S IR BT A BT o 8 TE AR 2R it -5 N 8 S S AR R R AN [R] ) ) A
B3R SR LSS R AE S [F) 000 S PR A V5 3 2 (rangee of motion, ROM),  B&-ERE L A5 Rk, RiTJE . JfHf
25 A HIAE 73908 8, 6, 46, +4 Nm [26]; B A 400 N R4 8 R, SR T Ak
M A£7.5 Nm AR [27], 2 BIREINE SRR, TLIF BEAYR] Coflex #58Y I, DA SRAL E F11F T
MEFIRE A . (S RO e i i5 5. fd SR AR %8 Abaqus/standard #EAT SRR, ¥ B IFRERY (30 A4 58, 9T
FEIUTAEZE VT O (NIgeom), ARADEMERIHTIE 5. M. A0, AL eissh /S fh Lk, b
SEAR AT R HEE ROM K 285 1 994

3. &R 51He
3.1. HRBVIGHF

SRR PR ORI AT S, 7EREST 1Y L3-S1 AT FR R b hn 5 5 A S8 AR 5] f ik 7
2=, PREL L3/L4, L4/L5 RyJEfd. I 5 gk S ROM, FHSMEEINET = T BT AR s szi6 5038 XA TRt
R R TR WK 4 R, AP R ROM 1HE 455 Renner S5[26] 4456 A1 BR o0 F45 R
A B NI E, BAMERER . B NS T ROAR, BEABEFAATE—8, HEEBRR/N. &
PRSI, A SCRT R ST I FERTME A BR oA T DU REHE I8 3%, nTH T e 8L REMEAE Y 1240 5

15+ = Experiment by Renner 20+ = Experiment by Renner
w7z FE by Renner wzz  FE by Renner
) ACFEMLA 15 — ACFEMAE
104
s 7// S 104
(@] (@]
[v'4 14
5-
|
0 0
JE e 'z e JE A eSS e
(a) L3/L4 WB (b) L4/L5 HE

Figure 4. Comparison of ROM between the present FE model and the experimental data from Renner et al.: (a) L3/L4 seg-
ment; (b) L4/L5 segment

[E 4. AXHRTER S Renner FRSNLIEFNG R T/ EFEHE Rom SFtb. () L3/L4 F5EL; (b) L4/L5 F5E%

3.2. FE#i#E ROM

L3-S1 TCA IEREMER PR A TLIF #ERFN Coflex 7Y &N 45 BLAE AR [A LI R i ROM Wil 5 AR,
FGEE 53 At PR o A P 3 7 7 5O R i A %5 A THZ B (5 . SR BYARLE, TLIF AALF0 Coflex
BT (1) 54T 15 B (LA/LS 1T B)ROM #BA AR, 75 BT A S A ol AP AR (1 53415 B 3l FE 4
BRI, NS TR PEARRE R RNEE, Coflex BAMRE 1 H L2 MR BUS MG, MEE
BTUHUR, TLIF BT B0 KNGS IE . AEARIE I L3/L4 5B, S LI FHIA G ROM BT 445 L 1
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BTG, Coflex BRI & B KHIMZSWESNE . L5/SL F BRIIE SR/, SR, TLIF B
] ROM 14K, Coflex %! [) ROM M| 5 TG i B i A H5i0T

2.5- == ntact 4 == Intact
S =3 TLIF =31 TLIF
2.0 ] 1 Coflex 34 ) Coflex
< 1.5 3
3 32
x 10 4
0.5 l
0.0 T T T o T T T
i JE Jaf kS Jafil e ek
(a) L4/L577 B (b) L3/L4¥5 B
1.54 == |ntact
=3 TLIF
1 Coflex
~ 1.0+
<
S
(o]
X 0.5-
0.0

ekt

(c) L5/S1H5E

Figure 5. Comparison of ROM under different motion: (a) L4/L5 segment; (b) L3/L4 segment; (c) L5/S1 segment
E 5. FEIILAT ROM Fftk. (a) L4/L5 F5E%; (b) L3/L4 5EL; (c) L5/S1 T5ER

7 FLERAR W PISEFEME DY [ %€ T AR T7 s LU SR B Az e v, oG s iz sl g BR 1 1 2
FAAR, TLIF AR 232 3 i R/ I SE 58, Coflex R e 2 3 KM 5K o TLIF AR 4RI
Bt ROM R4 Coflex A N, WEZWIARY, iS5 BOBARSIR I A A5 A5 B3 B
N2 51 E AR E IR SR6] [7] [28] [29].

3.3. /WA

AFIHR, TLIF 2415 Coflex 3% & AWM I 2 iR, &1 - ¥ RGEHIEAE N S N e AT - #
WA 13 3 f~F 22948 TLIF BT - #2 RGN Coflex e BL1E Jo {1 00 A 4 SRSy, PRI AE J& I8 3
AR ETHRA 4 R B 5 R XU, X 5 B A FE45 10 AH FJ[30] [31]: Cage FEANRI L T HIR: J14¢
FCAb PR S REE N, IR T PEEK FPRFEOIIR BT, BON S A RRE, (RIS th it A7 T AR J5 1 Y
PN I8 E o AR B R KIS

W P T AR 2 BT R K RS AR 0L R I TLIF 4T - B R4S Coflex 2% B AL R —ALbs 72 N 21
RiAior A B, Wl 6 frone TLIF £T - # RGN A EUEACT B8 T Coflex 3 &, WIS IRAIA KL
HNBEFIERE 4, BT TUIF 8T - MR S0 5 A AR B W O R DX I (7 TR ET S5 A AAHE 5 AR AR AR )
AEFXIE NN, WRET SR ), b B AR SZ TR R4 cns, TEIX ey B 25 5 I AR R AL
Coflex %% B AN JT AR, N ADAENTLE, NAHKKIERA TRE “U” JBERS TR
[6] Ji SE AR A 5 R A% X IR A T 2R o PSR N T3 70 A BRI 3 5 BT N O E TE 45 RG2S A8 [24] [30] [32],
WAER T 07 F A5 R AT SEVE
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Table 2. Maximum stress of fixation device under different motion conditions
F= 2. FRALATHEES=WIEERN

TLIF RGLEAA B 7/Mpa
Cage i -BR%
i 11.82 56.87 37.37

Coflex %¢ & WE{E B 71/Mpa

JE A 22.25 93.94 96.14
)25 34.59 47.50 39.27
e 21.64 52.59 75.64

S, Mises

(F1: 75%)
+1.048e+02
+9.606e+01
+8.733e+01
+7.859e+01
+6.986e+01
+6.113e+01
+5.240e+01
+4.366e+01
+3.493e+01
+2.620e+01
+1.747e+01
+8.733e+00
+1.415e-04

Figure 6. Stress distributions on the pedicle screws system and Coflex device under extension

E 6. FHIRTIT - BR%S Coflex RERIN NS

4, &Eig

RIFHET RS GEE, @30T ANMAREHHE L3-S1 19 BUA GBI BT INE, LS KA
LA/LS S5 BORNTT B, ARG R T AR T7 S SL 1 XUNHE 5 ARERET [ 52 TLIF T ARA BR TTAR 7R AT A R %
] Coflex ZhAS[E & FARAPRITIHA, FIFIA BRI I 270 M BUAEL 1 W SR EME T AR B B AW Ao 22 1k

DA RERW], WUAE S HRERET [E € TLIF SR S5WRGR IR Coflex 22 1 % B 4 RE PR i 51 4F 15 Be %
ANTTIRHESD, R m A ST BOAR E M TLIF B SRS BU ROM B/, X 515 Bl 2532 5)
(RIPREIE A S5, Coflex BAITTEITEUE ROM BT IR, JL-F-nl LAOR B JEAE 4 i i 25 32 30,
X TR IZ AN FEMA 3R TLIF HARXS 4B 7 B ROM [IEZm SR Coflex RAH MR, W fe oty RALIT 1Y
BORAR RS PSS A (] 58 S BRAE 5 IS shind 1T KU 85K, TLIF 4T - #2 R 404 Coflex 3 E 5 Kk
FEB, ARG NS R R 23]

]I A SRR AE AN AL, X35 38 20 2 G0 HOR AME (R LA Al S5 A S RO BRI A8 1 fT AL A 2,
2w T WA ZESKAE A, BRI AN RE 52 4 RS HUL H A SOSe i AR BRI B, (X RERLIIAN R 00 T I EAEZ 3h
s, ASHATERITEE RIGEN TLIF SR 5B IE Coflex ZhAR [ 4% & 1 AEY Atk sefe 5%, I
FEE PR ) 22 R B AE I R I A 0 2V RE T AR 75 R R R R BRI

o
R AR B G A A AR T
S5
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