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Biomechanical properties of Coflex and X-STOP in treatment of

lumbar spinal stenosis

GU Xue-lian, CAIl Fang-zhou, HU Fang-qiu, SONG Cheng-li( Shanghai Institute for Minimally
Invasive Therapy, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Objective To analyze different biomechanical properties between Coflex and X-STOP device in the
treatment of lumbar spinal stenosis (LSS), and provide references for design improvement of interspinous
process spacer. Methods Four finite element models, i. e. , the L2-5 healthy segment model, the mild degener-
ated L4/5 segment model, the X-STOP-fixed L4/5 segment model, the Coflex-fixed L4/5 segment model, were
constructed based on the normal lumbar CT images of a volunteer, and the models under flexion, extension, lat-
eral bending and axial rotation were simulated to compare range of motion (ROM) changes and stress distribu-
tions on the spinous process and interspinous process spacer. Results X-STOP and Coflex decreased extension
ROM by -48.12% and -75.35%, respectively, and released disc pressure by -58.03% and -80.75%, re-
spectively. Coflex even restricted flexion ROM by -59.58% and reduced flexion disc pressure by -52.84%. No
distinct changes appeared in lateral bending and axial rotation ROMs and disc pressure. The largest Von Mises
stress appeared at the U-shape place during flexion in Coflex and at connection between left wing and screw dur-
ing torsion in X-STOP, respectively. The largest contact pressure between Coflex and spinous process was
31.38 MPa during bending, and that between X-STOP and spinous process was 46.86 MPa during torsion. Con-
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clusions Both X-STOP and Coflex are an effective treatment for LSS, and can effectively restrict the ROM of ex-
tension and reduce the disc pressure, without affecting the adjacent segments.
Key words: Interspinous spacer; Lumbar spinal stenosis; Biomechanical properties; Disc pressure
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Tab.1 Material properties for the finite element model of lumbar L2-5
G P B/ MPa ISR /N HIEe I/ mm® REEE IR
Fe I 12 000!'%] 0.30 C3D8 — 6 492 12 000
AR 100 0.30 C3D8 — 26 273 22 876
2 500 0.40 C3D8R — 8 944 4256
J&i Iy B4 3500017 0.25 C3D8 — 34 281 26 931
R Mooney-Rivlin Cjy =0.18, C; =0.045!18] — C3D8RH — 5 460 3 744
BENE Mooney-Rivlin C,, =0.12, Gy, =0.03" — C3D8RH — 3705 2 640
IR 4ERR 1 ~2 5501201 0.30 T3D2 1. 148E - 001'1¢ 780 1248
JRIE LTI 3 ~ 4 485 0.30 T3D2 8.958E - 002 780 1248
R4 5 ~6 420 0.30 T3D2 7. 120E - 002 780 1248
IR SR 2T 4 35 7 360 0.30 T3D2 5.398E - 002 780 1248
ok — — P e i e T2 — 270 135
Ti 120 0001'7) 0.30 C3D8 — 10 027 7936
PEEK 3 500 0.25 C3D8 — 756 528
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Fig.1 Finite elment model of the healthy lumbar (a) Posterior
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Fig.2 Coflex model
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Fig.3 X-STOP model
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(a) Front view, (b)Side view, (c)Top view, (d) Coflex fixed-14/5 segment model

(e) fRHLE (d) HLA T4/5 Pt my

(a) Front view, (b)Side view, (c)Top view, (d) X-STOP fixed-14/5 segment model
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Fig.4 Schematic of extension loading
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Fig.5 Schematic of ROM calculation

%3 ROM IiE
Tab.3 ROM verification
ROM/(°)
B JE i il i s Eilk s
SCHR(24] A3 SCHk[24] A3 3CHK[24] A3 3CHk[24] A3

12 ~3 3.021.15 3.62 3.32+1.02 3.45 3.02+1.02 3.33 2.07 £0.45 1.94
13 ~4 4.07£1.92 4.46 4.62£2.26 6.17 3.91+0.62 3.74 2.39+1.08 1.95
14 ~5 4.58 +1.06 4.60 5.20+1.95 5.99 2.67 £0.40 2.90 2.39+0.78 1.84
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3.93% JAHAK L3/4 5B ROM FE R 5 {25 Fn
HIEEI 40 AR AL T = 3.22% . - 2. 14% 0. 33% #il
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Tab.4 ROM of healthy, degenerated and Coflex/X-STOP-fixed
L4/5 segment model

ROM/(°)
T4
fa g IR AR TR Coflex 1571 X-STOP 157
s 5.99 3.10 1.25 2.98
5 fif 4.60 2.66 1.38 0.65
M 2.90 1.52 1.53 1.53
i 1.84 1.12 1.16 1.15

A Coflex J& ,1Z715 Bedne KW 3 7ERT L5 A 25 0
H 4% Bf 4r 5 A 46 T - 52. 84% . - 58. 03% .
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Ao TN e I 1 IR 2 i 1 R A A
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5B RN I TEFT S A S R L i A Ak
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L3/4 35 Brie K0 I AERTIE 5 A 00 25 AL 15
AL T —0.37% . —2.59% . —0.32% F1 -0.33% .,
12/3 75 Bed RN I TE T 5 A 25 R 5 53 5]
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AT -0.24% . -0.04% 0.17% 1 -0.38% ,
IBASHERIF 14/5 F A X-STOP F Coflex J5 1Y

MEMI BN Sy W3R 5

x5 BTHEBE L4/5 N X-STOP 0 Coflex f5# 8 £ 5 1

Tab.5 Intervertebral stress of degenerated and Coflex/X-STOP
fixed-L4/5 segment model

i 1/ MPa
T
IR AR AR Coflex 7 X-STOP #Ei %1
B 1.58 0.74 1.51
= 1.97 0.83 0.38
s 1.43 1.26 1.34
i 0.76 0.78 0.77

2.2.3 Coflex #= X-STOP s K & #7  Coflex fH A
LA/S BRI 0] J5 , Hofme KB I 7E I A H e 25 A4
EERF 4y 225.9 257.3 132, 1.,201. 6 MPa, #] %
AT U RIS 4b, X-STOP fH A 14/5 iR )5, Hix
KN SIAE G A 1T 5% B 43 51 A 150.9 (4.7 x
1077 \161.7 MPa, ¥ % H: 75 /2 38 FI4H G HE T % 40 &
Ab s FEMZS B, X-STOP (1) KN ) A 47.45 MPa, &
AAEFAYIA LS RIS Ee ik 1 .

2.2.4 1A/5 R HmE S Coflex FA 14/5 K
[B) Je , E S5 A iy Jee A 25 Fsf o 5 %) d5e S Nz g 4353l
7 16.50 ,17.50 . 18. 48 MPa, 4 % 4= 75 54 A ¥ 4%
filt T b FEFAIE BT, Coflex fRER KN 14 31. 38 MPa,
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S Ao e R 5 3R 5 1% B R 7 53 Ry 3470
1.38 .46.86 MPa, ¥ & L 75 SR A4 il b s A4
Eemy, Coflex W9 5 KW J1 B AETE U B 4b, Oy
43.96 MPa,
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LA/5 f A Coflex J5, HijJ& . J5 filt ROM B i i
/N, ES ROM 2 FE /b, #1%% ROM JLTF- %A 22 1k
LA/5 fi A X-STOP J5, 25 1. 35 B 3% 19 B iy I fif
ROM, il /1247 B A (i) 85 17 7, B e AR e 1k, 3
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[9,2526 | 53t &5 REEAW) & (I3 6) .

Coflex FEAM I3 (hin 'S i PR 38 58— A 28 3 B o€ 1Y
BRET) [ EAE LA/S BRIEZ 8] R A 1) U IG5 (L
TE HEAE FiT JE FUS A s s — &R 4 e, feifF—

*6 AHREEMSELH X-STOP/ Coflex ROM 1L L AT EE
Tab.6 Comparison of X-STOP/Coflex ROM changing ratio in

present study and literatures

ROM 74k L fE/ %

TH X-STOP #§ A J&i Coflex i AJ5
SCHk[25] scmk(26]  Asc Scik[26] SCER(9] A
FE 100 55 96.36 57 110 40.42
JEfh 30 ~24 35 24.46 68 50 51.88
s 130 94 ~97  100.45 94 ~97 110 100.51
HEE 150 94~97 103.30 94 ~97 120 103.93

Bl 8l X-STOP Ha 1] (1 [ i 2 D)2 S0 1R K 25
A —E B G PERE” SO Ja T, H AR Y
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(A REE o
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RN 55 3R SR AT R T AR | T R B G
TEAEA Coflex I, F5 2B RS, i 55 Coflex (1442 firh
T3 AR A X-STOP I3 A B8 . 45 fik
1 AR 7 T, Coflex 55 & AN 58 & & 17 18I 42 fih, 17
X-STOPAL 5 5 AL BB A 2 fink 5 LK X-STOP 1) 4%
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BHE LG, AT SR AT o AR T — SR L1
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I, A I TR SE IR A s 5 T, R AR
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AL [R) S K i Skl A S0 A 4 Ay 25 e Y B R
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T—EMHIE

A S i AR Y FURSEADL T M ) i PSS A A
A 3 IV T A ] LRl A JUL R ASE R, DARBE SR A2
HZ IR T IRDL . BB JRy BRAE T+ 3 5 2% A
FRAE G R85 N R, 3 Ty 2 38 2 I PR A4 S 5
B W AT B AR A, DA AR A A R SE I A
HIFJE T PSRAE AN B0 20 53 B, ABOE 2 FH BRAR 1Y
RIS (RIS U SR B G B X T A A Y %k
R HCE LB R R O, LA R A 5
R AL R B, TR e 2 AR e
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