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Application of nonlinear model in analysis on viscoelastic properties
of the intervertebral disc

LI Rui, GUO Li-xin( School of Mechanical Engineering and Automation, Northeastern University, Shenyang
110819, China)

Abstract: Objective To construct a variable-parameter nonlinear model for the research on stress relaxation
properties of human intervertebral disc under the cyclic strain. Methods The variable-parameter nonlinear model
combined with experimental data on stress relaxation and creep response of the intervertebral disc were used to
study stress relaxation properties under the cyclic strain and compare the differences of linear and nonlinear model
in viscoelastic properties of the intervertebral disc. Results The cycle modulus and relaxation coefficient ob-
tained by the variable-parameter nonlinear model under the frequency 0.01 Hz were very close to the experimen-
tal data, and the cyclic modulus under the frequency of 0. 1 and 1 Hz was also close to the experimental data, but
the relaxation coefficient obtained in 0. 1 and 1 Hz had serious distortion. Conclusions The intervertebral disc ex-
periences a nonlinear stress behavior under the compression strain, so the variable-parameter nonlinear model is
more suitable for studying the stress relaxation response of the intervertebral disc under the cyclic strain.
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Fig.1 Two-parameter model Fig.2 Three-parameter model
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Fig.3 Variable-parameter model
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Tab.1 Preload and parameters

T 77, Mgz, NAE PR,
F/N K/(N+mm™") &/ % E,/MPa
0 438 0 3.36
250 1 700 1.65 13.03
500 2 420 2.32 18.55
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Fig.4 Prestressed relaxation curve
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Fig.5 Cyclic stress relaxation curve (a) Cyclic input of linear

model, (b) Cyclic input of nonlinear model
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Fig.6 Pulse stress relaxation curve (a) Pulse input of nonlinear

model, (b) Local curve of pulse input for nonlinear model
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Fig.7 Contrast of the simulation model and experimental data

(a) Relaxation coefficient, (b) Cyclic modulus

3 itig

U A2 B) — A LR A IO AR i AR A 8] 55 8
AR ARG o SO o T 2 HE ) S IR
R, HENI B RE 3 P, XFHEE] L2847 1
PO E R AR LR AR LR B I T
0.01 HzJii=RF 30 AN SR AN S RA s . %
117, JoV8 2 i 2 Al AR L 0 B v 3 % (0. 1
AT Haz) T IS A st B 7 IR JEE ARG, 3 m] g
IR SIS R =Y T S N B DO ST TNES G R kA €[N ER
/o XFHE IS R HIN A /N ] BE U A T AR AR R
R R B B AR R 3 2 s ks

HE ) 20 AR i MR B3 s e ] P T A R
AP ARFRAR S R e R AR AR B 8T
JEREE AR AZAL . FESNER S BT, Bl
A FL BRI , S5 T 246 107 AR 386, 2HL 218 i 4
YN AR TS AR R K, U

WX EE T B AR PE o AR RS HE ] 28 g AR
TRFRAY S A AL I AN, WA R FR Y 2 A 3R A 2 ]
FERPERRPE R AR A RN . B3RS RAT B TS
SCHRFS AR FIATARAH G Y 66 2R B0 5 22, AR T X
SEFFA AW BT [, A 5E B AR 28 A
3R AH S 1 22 B5OGTHE I 8 17 3 FA 5t SR B4 500
AMIFFE R FH R S5 B0 F TS AS [R] B 2 36
gz . Gardner-Morse 25" fif 4o PEEME 12 ~3
F 1A ~5 328745 BE, 1fii Holmes 257" {ifi Fij 53 1k B A
13 ~4 iz 8 Bt, S TR B Ve 2 5 T B
J3E 22 S FIDUE A S B B A 0 22 5, S 1 (2 7%
FIRIEEERHEAT T 00— ab BT T8 17 1 X 4 Sy
FRL: | AR SOt FH A S MR AR A A5 ) A (] 28 7 i A5 400
N BYIG PR i FIUIN A0S 90 45 SR AR B3, IR T
AL TR & BRI o TASHIFSE b i YR F ik el
N HEE RO B A G SR04 LA AT S0 U , SO I AN
HEATHE— 2D A IHE 5 (A5 10 2 A 2 AR R ik o i A
NS R ESINN oS un LN EIR NS A WA AR AP

/N,
4 #ig

(1) WFFEAHE ) £ Fh 3 24 ) 0, H i 9k 4%
HRAG GRS IR T A e I i o AR SCIERI A S
BRI AR B G ) — S50 = S BOBm i S 2%
B PRIE B R R — P B 2R, S S g 4l
SRR, Xt K it ] Jon 28 A0 AR AT 2 1) 17 150 5 45
BRI E

(2) ] 8 ) B A A e i 5 45 o7 745 T AR 4k
(R, 6 406 07 ARV FE I A [ 28 28 g A e — s A e bk
(IR FIAT M

(3) 55075 T 6 AH S A 86 B 2 O HE ] 4511
HEIR FRFOCA TN 0, 6 AR O bl S A v
BBRIIER HIEER,

(4) o FHAE S AR R RIS A A 1o A8 A ) 25 71
IO TR ol B2 R, LA B4 A EAASE B R AS st 2R AR 7E
0.01 Hz 5500 AI A 5 Bl , 75 A1 AR 7
0.1 F11 Hz N 5540 (HAH T, HJ27E 0. 1 A1l Hz
AR PR R B B

(5) AHHFE AIGIT FBRE ARG BT &
A=) 12 SRR B R A TR AR, X iz B
BB RER I B G g 1 SRR



Z F.% FEUEREEREFEERES T PEER

LI Rui, et al. Application of nonlinear model in analysis on viscoelastic properties of the intervertebral disc 527

S Lk

(1]

[2]

[4]

(5]

[6]

[9]

Kittusamy NK, Buchholz B. Whole-body vibration and pos-
tural stress among operators of construction equipment.
A literature review [J]. J Safety Res, 2004, 35(3) . 255-
261.

Pope MH, Wilder DG, Magnusson ML. A review of studies
on seated whole body vibration and low back pain [J].
Proc Inst Mech Eng, 1999, 213(6) ; 435-446.

T, BOCEE, BRFER, . L A AT BR T £ fl A Y
[J]. ERAY 2, 2010, 25(3) : 200-205.

Su J, Zhao WZ, Chen BZ, et al. Establishing finite ele-
ment contact model of human L1-L5 lumbar segments[ J].
J Med Biomech, 2010, 25(3) : 200-205.

B, BRI, R MEMER] 828 O ) 2= AR 0 05 Bt
BWok[J]. EHAY I, 2012, 27(1) ; 96-101.

Huang JY, Li YH, Wu H. Simulation calculation on biome-
chanical properties of lumbar disc herniation [ J]. J Med
Biomech, 2012, 27(1): 96-101.

Arjmand N, Shirazi-Adl A. Model and in vivo studies on hu-
man trunk load partitioning and stability in isometric forward
flexions [J]. J Biomech, 2006, 39(3) : 510-521.

Franklin TC, Granata KP. Role of reflex gain and reflex de-
lay in spinal stability: A dynamic simulation [J]. J Bio-
mech, 2006, 40(8) : 1762-1767.

IMNZR, s, B, S5 IR R (R) 2T 4R R 2
VSRS J]. h E AR B A AR A, 2005, 24(3)
257-261.

Johannessen W, Vresilovic EJ, Wright AC, et al. Interver-
tebral disc mechanics are restored following cyclic loading
and unloaded recovery [ J]. Ann Biomed Eng, 2004, 32
(1) 70-76.

Edwards WT, Hayes WC, Posner |, et al. Variation of

lumbar spine stiffness with load [ J]. J Biomech Eng,

[12]

[13]

[15]

[19]

1987, 109(1) ; 35-42.

R, RIUE, Tk — 55, HEN] S AT AE SR 1 255
FE[J]. HMOREM . BE2AR, 1990, 16(5) : 443445,
Groth KM, Granata KP. The viscoelastic standard nonlin-
ear solid model. Predicting the response of the lumbar in-
tervertebral disk to low-frequency vibrations [ J]. J Bio-
mech Eng, 2008, 30(3) : 031005.

Gardner-Morse MG, Stokes IA. Structural behavior of hu-
man lumbar spinal motion segments [ J].
2004, 37(2): 205-212.

XA e s T A Tl 458 o A 5 9500 O g KR TR 43 A
[J]. ERAEY %, 1996, 11(1); 20-25.

Liu BK. Viscoelastic stress and radial bulge analyses of in-

J Biomech,

tervertebral disc under a constant compression [J]. J Med
Biomech, 1996, 11(1): 20-25.

JEIERE, FUIHE, AT, S MO UAME ) % 0 2 e 1
SLIFSE[J]. ERAEY 1%, 1996, 11(4) ; 219-223.

Lu TS, Wang YJ, Wan NY, et al. An experimental investi-
gation on the viscoelasticity of the lumbar vertebra and dics
[J]. J Med Biomech, 1996, 11(4): 219-223.

Burns ML, Kalep I, Kazarian LE. Analysis of compression
creep behavior of the vertebral unit subjected to a uniform
axial loading using exact parametric solution equations of
Kelvin-solid model—Part I. Human intervertebral joints
[J]. J Biomech, 1984, 17(2) . 113-130.

WiEsg , ARZRWT, IMEAL, S5 A ACHER] 5 280 50 e A 1
FE[J]. b ES# TR, 1989, 8(3): 129-135.

Holmes AD, Hukins DW. Analysis of load-relaxation in
compressed segments of lumbar spine [ J]. Med Eng
Phys, 1996, 18(2): 99-104.

Cheung JT, Zhang M, Chow DH. Biomechanical respon-
ses of the intervertebral joints to static and vibrational load-
ing: A finite element study [ J]. Clin Biomech, 2003, 18
(9) : 790-799.

KRR N7 Ay B AT SRk RO I FFE [ D], AL HiE
Bl AR A L2183, 2006: 34-52.



