o A R B A A 2022 455 32 558 3 W1 Chinese Jowrnal of Spine and Spinal Cord, 2022, Vol.32, No.3 285
ZRIK

HEEZ A RITERBENES M HTER

Construction and application progress of finite element model

of intervertebral disc

IR EF M

0, &b

(REEMKENES - EREH CTEIHECEREE ZEB S TR EALEE 116011 KEF)

doi: 10.3969/.issn.1004-406X.2022.03.13
E 5% S :R318.01,R681.5 X ERFRIRAE A

e ) 2838 AT PR B R AT B AR S e e,
SR E TG R, 4y BE FE Bl ok H o R& B
H o ERTIA A A ) 2 09 12 2~ AR 2 AR S 28 e A
JE 1Y EE B (R R, BIE TR T Mk ] A ) 0 2 0 0
2 A A 1) 25 0 40 M PO L R A 0 | R R R R P AT
PE VLB Z R Al B R T e AR AR A sk 8688 AL W R A T AR
SR T T e ] 808 A7 1 AR, ol A A A% A )
A IR 8] 25 B AT 78 5 A ) R LD A% S8 0 A )
SETE I VAR W I (4 HOAR JR) B R A8 R R PRk 27
AT G G ME ] 27 BROCAE R AT A= ) 1 2 0T B
X AFE ) 25 A PROTASE B (9 o 28 I P 2 45 B 0 ) 0 35 5
FEFEAT I B, Sy A (A] 48 B AT PR B 19 995 IR 43 B IR T B
B HE IR ORI PR A e 5

1 #HEENBHNESENNERR

HE 1] 55 () 45 49 L Be 52 A% | P BEAS | 2T 48 35 71 AR A
LN, PRAIE T A A B R 7R DI RE L ME IR] 55 7R $H HE 4 8]
T3 e T, 3 S8 R HE A 1 25 R L A G2 Bl R R I
i L A G vh ply B o) R AR IR AR R i, A R ok
AT 280 8 D p R, H v R A B o 2 AR B TR ) ) T A
A T 258 1) e B2 T B | AR Sy o LIR30 g 25 AU ™
W ) B A XA I 2 09095 05 TR A T A T 0 T 52 e A 1) 5%
B A ) 3 2 RS A B4 ) 2 e T A R 2 A AR 45 T
AR 1) T (LR A i A T 5 T A0 R 16 [ A G I A
() 5856 4% 3 2 P IO 1) [T AL, 2T e 3R A0 2= oy 1 e s 27
YE RS, N2 IR 5 AT A 2 RUIR 5 4 S8 R Y
LT YEFR AT Wy T BRI B AL, R A GO T A A
JE, A0 AfE 8] 8 0 A Wy ) 2 4 v b 3 250G T B R £ I 4
B NI TME ) 8 bR S A — )2 3 WA R I 4 B

ESWE K& TR BB 4R R H (20201J27SN070)
K3 HL TR AL T B AN K BOR T 72 90 T 5 52 0 28 F 0 RS
&% B H (20210101)

FE—EE BN P (1997-) W W58 A e 5, DR 58 07 1] RS R
HL7% 2 (0411)82635963  E-mail : suntianze1997@163.com
WIEE . 228 E-mail . lizhonghaispine@126.com

X EHS :1004-406X (2022)-03-0285-04

L T A 9, HC ) RE R I8 S ISR (8] 55 ) ) A 48 LA L i
R MNET 435 2 6] 1) ) 28 4,

2 MEEEHRITERE AN A

FITH G T i) 2528 9 07~ ) T 98 4 4 3 ) 92 4 4K
WSS AT FROTAN M4 . SRS R I RE SR 4T i PR NI B9
A, TE AR B AN (5] 123 B4 157 3 53 A1 W0 AR A AAS P AT A
TUBETE 2290 MAC BRI, ik SR PR 1 AfE 18] 28 AH SC A 52 19
S A BRIT T MR T e TRE P S 2R 1Y 1
LA STk 7 2 RAS AR 3 AT A5 ) L I ok A A A5 A )
T)Z IR . 1974 4F | Belytschko 2007 YEAT T A ] 4%
T W &I AE H 1A BROT AP AT o b T A A AR i) 2 )
e S T R ST SR O A A ) AR T N Ah S AT
T 2 PRI RN TR R, DR L B R
FJ5 R W AR L AR DA TR AE (8] 2 59 JL AT IR IF A B4
it o F) 280 T 2 AR R AR AL s FEAR SRR LB Sl L 3
ok A S A IR ) R A A A A ekt BRE A V) S ASE Y | A AL
AW Al 2 2 R 93 A1 X A 1] 55 A W 24 (W B2 o T LS
A ) 258 A oy R, i R 22 1) A5 B T e 25 R A
DAL T AR PR 95 025 2 5, A 1) 8 A9 A7 BR ST A2 SIRAS: 108
RO o AR (] A FROTAR B 32 2200y =26 RIIR e 1
B 22 FLAR PR A SRR R 25 1808 1 2 RO SR A
2.1 ARZEAT BROT A Y

A BR AR 5 T F 50 A 1] 255 18 A48 A AR W) ) 2 i E 4
AR (ALY 5 AR IR A Y AR IR 3 e S SR B R AT LA
FEAR, T A% A () 3 7 670 4T B0 8 R A A s A Y 2k
A, Kurowski S5 £ T — 4EA [RITALRY  BIF 5T 4 4 7%
J7 3V T B v RIHE 1) 285 B AT T RE S AL B 3, AT O
[ P 4 [ P A ASE UL 2 2 B, 1] 2F 48 P BE b it i v 7K T A
PUBEAZ | 308 3 8 A v K T PRl /D RS AULAE 1] B A R A L 78
5T M) 8 A9 Al e 1 AT BR T AR 2 A RE AR IR A8 i AR
BRI BE , X BB A QR BB AL (G0 (R IR BRI 2 I B, X — T
PSS 3 A [70) 2 205 A48 75 A A 30 % R 3 B4 AR | I HE
BB LM it i s 1z 7, AR 1 R e IR A2 i AR v i A%
A S0 A (HR AT S0 UE B T IR AR W 4R B B R AR AE 2R
DX L SRS A A B STAS B F 7 i i) s 246 A0 Jid ity



286 o[ A 2L R 2022 4EA 32 4555 3 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.3

BT T LT PR AR AR Y A R RS B BB AR 2T 4
B, FH K 0 A AR B A e A K R I B | 4
SR £ 2 AR AR I T 2T R B N AR Y AL HE )
5k B T 553 3007 A e SRR AR R AT DR SR iz Ak R sz T
2R A R0l 1) P 4 2 A R SR R T O TR SER AR ER Y ) A
1728, Kandil ST [F) B4 RHAS 0L 2 4k 1 1 4 B4 2 PR
AN T AL AT YRR (R A R RE A BROCRE R Gs 1T A
FE PR ESCHIE 50 i ) 48 PAY 98 1) 8 42K YL 203 R 20 i A0 2 T 114 K B
P, & BT e o A ADURE 18] B B R R 19 AT R

H T HE (8] OG5 M A TR, TEAS RN 2877 1) M 1) % 1
DI 2 A7 AR T 25 5, P AR AT 445 A0 25 5 A 2 i i g %%
ANEE A, IR X T I 25 0 i A D A SR TF 5 3 20,
Natarajan 516060 A7 BR 504 R it in A 7] H< /N FEA [/ J7 18] 1)
A, B2 ) A% 3R AR 1 R AR R TR R 3k A vk e e
LT 2 PR e I 3 TRAAL 5T 4G 2R R W HE 1R] 2 Ay IR
ARG T AN IEE— 2 UE W AR B T AT S5 A X A )
FHIRAR M FZ A TE K, Masni SR AL T L4~L5 19 B D fE Pk
S HEARL AT BROTAE B B 50 HE [R] 320 2L bR S X T
B AL TT ) A 1 52 TR 38 2o AR RN BRI P rh g LR AR ]
T o MU [o) i ) ] 5 3R A 4 it ok AR 3R A e ] 8% 119
AL B S RHE R] 4% 9 TR D0 5 30 B IR S B0 R AT LE 5 5
UE TSRS (A5 20 ) B IR BT A D A% P ) B A e 1S
A R 1] 2 1 AR AR E M

Natarajan 558158 iof 228 M (0] 485 09 i B2 R AR g S T
N [i) 2R 72 R A A ) 8% AR 2 M A PR T AR Y | R MR (] £
R 4 R R R AR B DA R AR Y B 2 5 e A A A
(] 8% 119 32 Bl , 2 1075 BOMR AR HE ] SR 28 . Du SFME B MRI
HESL T 6 AR JE R 1 A ] 45 A R A8 20 0 % Lt AT T
AW T35 03 A 2 R R WY TR R S A g A T 488 LU R R 76T 1Y
HE ) 5 DO J3E e 3.1 A% DR Ot A B S I 7 A A ] 2805 2 )L
AT AR B S T 4 T ) 48 2T 40 A i E A 1
2.2 ZALBRER R I A PR TR A
221 i 2 AL AR A BR TR AL A ) T i T
P Bl m] LA A A 1 R R RE ), E IR R 2o B A )
B KD S EREAL BB BB E AL R TR B
BBEAT L, B 2o o AR 2 LIS HER IR 52 B
1% 55 HME A 22 1) 1R ) 5t S 45t A1 M AR A O 3 A (SO A ) 48 2
Wy iy WA AR A T LS e ME [R] 9 P Y B SR
B SR, 1 R AT 098 7 i 26 A 480 2% 1 o B v o TR
PR R, ARk | 4 AT I IR AR HE ) £ 09 BIF 5 b
FHZ LS BT e 7 3 SE AR v 25 17 e ] 8 P A 1Y
TR IAL 20, AL P 2 A A A% A1 43 A voRfE (8] 4 22 L 3 1Y
UBEEE I e

Simon 45 PO L 7E M (] 25 A A5 I 1 P 22 AL SR P A BT
RS fE g o B FHR] DR AR B AR 1 22 L [ R A 4L
P D60 25 14 T4 A FH 7 L B o 3L 2l 1 T A A DA 18] 3 174 YR
TR, TR IR 2 R 18] 3 179 550 1 4 5 R T VA 109 i
B R AL S5 R TE 0 S HE S AR R B

AT i AT TR SRR R KAk, DRI 30T 17 e A BT 3R ] ¢
MR BB IR 5 28 A R ST A 0 JB i UK A O AL Sy 3 i IR 78
AT WAL S ORI SR B . Wu SERUEE ST TR B g A
R ABATHE RSS2 BTN 4518 5 Simon 19K 1]
BEAS B faf AL . Lee ZE27E Simon MY 9% Femt b D) wkeadk |
WEGE T 2 SR fin 254 X NEE M G 3l 5 Be sz, 5 2R =10,
A B T 149 5 A B IR e 0T A G, g A T R AR T
el B B o B

i b R A TR AR A R AR A 1 I Tk, BT LA
T ik I [ 5% 2 0 B B I VR AR Y Il 3 . Laible 4578 7
S 2 AL A BRTRE T 25 18 T A U b ik I K e ) BRI
PR g A TR S 3S IT WMA A  fAer  E T SR T
BT BE T o Yang S5 RAIE A WA B e SROBE Y o A
53 A S 5 M TR] 3R 78 Xof % e 1 5 o, E B0 AR A
(1] 25 1 A= 0 A 27 1 53 R 3 A ) DB DU ] 28 L AR B AR 1)
Y. Liang 552U 4% 1] [F] P 0 A4 Rk 2 57 7 A 5 S0AE 7] %
VA5 (194G BT A Y | BE4BL T 200 1] 284S ) Rt Yy 2 o b
AR 145 M 25 3R W HE (] 48 28 10 00 /N RIS i BE R ik o
PRI BE RN AL B AR A0 AR Ak B 04 T A8 RN ) 4 AT
W 7 J R B (00 5 0 T 38 K 33 o O 9 T L — 25 TR
RUFTHERS 19 S R IL 5%

Kim SEPOE DU A IR OCAEE R BE Al 1, 455 T12~L1
5 B AR R 1) I AL PR A Ny T AR AR AR S ek g 2 A I A
) B RIS e f 43 AT A ] 8 3R A8 RN UL PR O il A 2
BTG OC 2, 455 T 7 M ] 4 1R A8 B AR T 2R LA 1 7
ST VB AUPA B IS M, R A ) A P A e T e ek
8 T HE ] SR AR (W 3R B . Jacobs S5 PH) H & 4 HEEE MRI &
{RHEST T 1A-LS 45 BRITHE AL 77 TC AL HEAE 0T 50 TE AR 7]
Bk 75 SON R R I 1 1 ZE AR 1 DL . Chetoui 55200 ] MRT
iffy 7 () 5 9 LA ARR AL B R s T A E S 4
J0 A0 3 BT AR AR A, — > SRy 4% 1] ) 4 o — > Dy 4% 1]
P, TE A [R) i 22 M A SE R T 20 A S TRDAE [R] 35 A5 AU Y 22 5%
45 ML R W] 0 e AE T S R 68 5T 0L 280 L R Yy AR A i ot
AN TRV T T B B) A I R A7 A R G 43 BT, mI DA X R S A
] S AR AR AT PP AL . Oy T 3R AL A A AP A T
Thrahim %248 7 — R 09 4 KR oC 90K X 43 77 i, it i
HEIFIUE T — AN F B =4 A BROCHE AL, BORY AL % 1 ME H]
B MEdR R RE LD U S5 A ) 45 R R R ) S A )
FHIRAT RPN 1Y #E— PP B T Al
222 WEBBERMBEERENZALMEARICEA K
T T 45 9 TG o A AR A TR] 95 0 6 ) A A R e RO T
HCH LRI S JE I B AR AR 00 5 R A B R R AR 3
Wy 53 A 18 BCAE LA KRB R PN T8 7 2 I A Ak 2 1A )
TR AR AR AR A R 2 R R D R W A R DS O A
LI B Y 7053 25 TEAE ] 398 18 S 800 A2 4k

Riches % 4t 1T — A~ H1 3 S B0V S NS bR B 1Y
22 AL AT 2 T 9 M TR] 4 1) 858 A8 RN ik ), A A0 M 1
B )1 B S R SC IJE AS . Chagnon S5 PWE BL7E A 202K



o[ R 2 7S 2022 4EAR 32 455 3 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol.32, No.3 287

Taf N 2T 4 1 FIEAZ AR Ak U5 28 BE A% 135 3% T R e 1 HE [R) 4
9 18 3 73 A R B2 i . Williams 555237 T — 4> 2 4L
S AT BROCAEAY 90 T BEA% P TR A A BRI A A DL AR
AR 1 SROME (0 AR ELAE T, A% AR R R B A P i
AR VAE A [ 25 9 B 2y e 2 JaE HH A (8] 8 1R BEL g, > WAk
VBN, K T o2 h A [ G R L R AR SR Y
0 e (1 JEEATE 1) 2 55 A2 0 5 AR 5 v AT 1 45 2R AT
o #8 B e 1 A Y B A 0Pk TR R I S T T 0 A ] A
TR A T E Y AR 1] £ A2 W ) AT R I 284K . Galbusera 551
P DI 9 3R T TR] 9k P 40 R 80 260 00 e 2 I 18 107 30) 5 A%
NI S 0 1 T R RE A LB R | A IS T A
ESIEN E SR ATE S A DN R R =N R SN2
Wil 456 A% N 932 3% 1 . Soukane FBI7EBFSY & L, FLIR 1Y %
it DI LA ) R AZ v T T T A 33X T AN I A )
1R B )38 o R B ) e B AR AR AL B 0B A
FAIS (2209 B0OR M B AR B B (2, Derrouiche 55 FHE H
T TR Al 2 - T 2 7 A S AR 4 R N AE 11998 35 - TR T
PERRAE | b9 AR B 55 4325 18T 20 B 41 56 5 04 A o R
FNB AR T WA s 51k Ik , SCe 45 R R W B85 -
AR B G R A T T A R 2 A U AR S A 1 R] R R 4
TN T2 2 BRI OO0 55 A T AR R A A B P R A
.

Guo FFPUR H RN [6) 18 35 2 800 Z AL s R oo 461 7
SYHT T AEIR) B BB AR 0 T3 o3 A LA KR Bl 45 R R Y
i) B P s 4 28 T A D) 25 9 L B I O 28 el | A RN g
BT TERS W ) 1 B vh | R M B i R R
YRR T G 0 A ) 28 ) 3 PR PR Ay AR ) 48 A EG ]
= KA AR 2, Castro EPMBET 1 — A & AL Rl IE
F135 05 B A 3 7E V-Biomech SR 25  H# AN T — A
BB B M 1 Z ALK AT IR TR AR IR T A RO
2 R FRWNIZARI T L) 3 53 B W HE [R) B i 5 AR B AE AT T
AR AL T] 285578 (1 31 25

3 EHEFRTEANRBETRE

HE 18] B AT R TT KR AT 25 45 50 07 ¥R AT LAl A %
— 7, BT DU B A A% i 2 SUEE R R R o,
1 A TR IR 55 F) AR 9 ) 27 P S IR Z R Y S 2R 55
— 7 T, € AT LA S 23 B A ) 25 7 2% 6 AR S T B
SEARAL X PR TR 5 58 HEAT A A A KOk T AR 9 A i
A7 B0 5 A A AT Aol — A28, i 2 TS HL AR RE A8 U 2 B
FEXT R A S5 R BRI

SR T A 1] 485 ) A BIR ST AR B s A7 — 9 R PR M, 0
AR ATAT BR TTARE B AR — B B ELAE Y , FLURE AL A T DL 5
LA N SIE 2% A i BRI, AN 2 B A A R 2 AR
BRAT B R S RO R e i 2 4 AT B T 20 52 B —
S A e it v PR 2R 00 B A ] L ) O ULARE D A
8 Al e P Rt L S LA A A ASE AL, L G UL A A /N A
D5 1) A A B 35 72 A T R A A6 RS R A B 2 AT L UL Y

LU T AR, oAb A7 BR T AR A 2% 1002 i b 2R
32 31— 2 FLAU XA 20 49 Al PR = A X AT FROG 23 B
PHRAR B SR AN I R TR AR 3 e R 7 3y e e A7 B
ANTR], VA B Bt #5 328 B3 A0 A ) 33, Hh R 22 1Y T fE A B
Z 3,

T HGE M R A BR G 7 3 e A 18] 4 Y 3t 47 A
J12E 03 Bt o5 B A I PR 101 48 2 A 1) 80 A8 I A 1A AR 37t
A T AT, L — 20 9 5 W PR 06 T 5 A i) 2 A6
R A RCPE [ i BE T 22 24 32 Ul G, 52 i I R
BT K, ASOD by A 18] 250 R G 20 Y 2 A 2 Jé iR 7 LA
B B R AR 2 09 S 6 AT

4 SEH
1. Ke S, He X, Yang M, et al. The biomechanical influence of
facet joint parameters on corresponding segment in the lumbar
spine: a new visualization method[J]]. Spine J, 2021, 21(12):
2112-2121.
2. Wu PH, Kim HS, Jang IT. Intervertebral disc diseases(Part
2): a review of the current diagnostic and treatment strategies
for intervertebral disc disease[J]. Int J Mol Sci, 2020, 21(6):
2135.
3. Kos N, Gradisnik L, Velnar T. A brief review of the degener-
ative intervertebral disc disease[J]. Med Arch, 2019, 73(6):
421-424.
4. Hu BW, Lv X, Chen SF, et al. Application of finite element
analysis for investigation of intervertebral disc degeneration:
from laboratory to clinic[J]. Curr Med Sci, 2019, 39(1): 7-15.
5. Emanuel KS, van der Veen AJ, Rustenburg CME, et al. Os-
mosis and viscoelasticity both contribute to time —dependent
behaviour of the intervertebral disc under compressive load: a
caprine in vitro study[J]. J Biomech, 2018, 70: 10-15.
6. Silagi ES, Novais EJ, Bisetto S, et al. Lactate efflux from in-
tervertebral disc cells is required for maintenance of spine
health[J]. Bone Miner Res, 2020, 35(3): 550-570.
7. Long RG, Ferguson SJ, Benneker LM, et al. Morphological
and biomechanical effects of annulus fibrosus injury and re-
pair in an ovine cervical model[J]. JOR Spine, 2019, 3(1):
el1074.
8. Lipscomb KE, Sarigul-Klijn N, Klineberg E, et al. Biome-
chanical effects of human lumbar discography: in vitro experi-
ments and their finite element validation[J]. Clin Spine Surg,
2017, 30(3): E219-E225.
9. Newham E, Kague E, Aggleton JA, et al. Finite element and
deformation analyses predict pattern of bone failure in loaded
zebrafish spines [J]. J R Soc Interface, 2019, 160 (16):
20190430.
10. Belytschko T. Finite element stress analysis of an interverte-
bral disc[J]. J Biomech, 1974, 7(3): 277-285.

11. Kim Y. Prediction of peripheral tears in the annulus of the
intervertebral disc[J]. Spine, 2000, 25(14): 1771-1774.

12. Kurowski P, Kubo A. The relationship of degeneration of the



288

o[ A 2L R 2022 4EA 32 4555 3 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.3

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

25.

26.

intervertebral disc to mechanical loading conditions on lum
bar vertebrae[J]. Spine, 1986, 11(7): 726-731.

Lu YM, Hutton WC, Gharpuray VM. Do bending, twisting,
and diurnal fluid changes in the disc affect the propensity
to prolapse? a viscoelastic finite element model [J].
1996, 21(22): 2570-2579.

Kandil K, Zairi F, Derrouiche A, et al.

Spine,

Interlamellar —in-
duced time-dependent response of intervertebral disc annu-
lus: a microstructure—based chemo—viscoelastic model[J]. Acta
Biomater, 2019, 100: 75-91.

WP, %7, PhEEHR. E R 0 S 0o [l B T B ).
A 12, 2021, 36(2): 169-176.

Natarajan RN, Andersson GBJ. The influence of lumbar disc
height and cross—sectional area on the mechanical response
of the disc to physiologic loading[J]. Spine, 1999, 24(18):
1873-1881.

Masni—Azian, Tanaka M. Biomechanical investigation on the
influence of the regional material degeneration of an inter-
vertebral disc in a lower lumbar spinal unit: a finite ele-
ment study[J]. Comput Biol Med, 2018, 98: 26-38.

Natarajan RN, Andersson GB. Lumbar disc degeneration is
an equally important risk factor as lumbar fusion for causing
adjacent segment disc disease[]J]. Orthop Res, 2017, 35(1):
123-130.

Du Y, Tavana S, Rahman T, et al. Sensitivity of interverte-
bral disc finite element models to internal geometric and
non—geometric parameters|J]. Front Bioeng Biotechnol, 2021,
9: 660013.

Simon BR, Wu JS, Carlton MW, et al. Poroelastic dynamic
structural models of rhesus spinal motion segments[J]. Spine,
1985, 10(6): 494-507.

Wu JS, Chen JH. Clarification of the mechanical behavior of
spinal motion segments through a three—dimensional poroe-
lastic mixed finite element model[J]. Med Eng Phys, 1996,
18(3): 215-224.

Lee CK, Kim YE, Lee CS, et al. Impact response of the in-
tervertebral disc in a finite—element model[J]. Spine(Phila Pa
1976), 2000, 25(19): 2431-2439.
Laible JP, Pflaster DS, Krag MH, et al. A poroelastic—
swelling finite element model with application to the inter-
vertebral disc[J]. Spine, 1993, 18(5): 659-670.

Yang B, O’Connell GD. Intervertebral disc swelling main-
tains strain homeostasis throughout the annulus fibrosus: a
finite element analysis of healthy and degenerated discs [J].
Acta Biomater, 2019, 100: 61-74.

Liang D, Tu GJ, Han YX, et al. Accurate simulation of the
herniated cervical intervertebral disc using controllable ex-
pansion: a finite element study[J]. Comput Methods Biomech
Biomed Engin, 2021, 24(8): 897-904.

Kim YE, Choi HW. Effect of disc degeneration on the mus-
cle recruitment pattern in upright posture: a computational
analysis[J]. Comput Methods Biomech Biomed Engin, 2014,
18(15): 1-10.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jacobs NT, Cortes DH, Peloquin JM, et al. Validation and
application of an intervertebral disc finite element model uti-
lizing independently constructed tissue-level constitutive for-
mulations that are nonlinear, anisotropic, and time—dependent
[J]. J Biomech, 2014, 47(11): 2540-2546.

Chetoui MA, Boiron O, Ghiss M, et al. Assessment of inter-
vertebral disc degeneration—related properties using finite el-
ement models based on[Formula: see text]-weighted MRI da-
ta[J]. Biomech Model Mechanobiol, 2019, 18(1): 17-28.

El Bojairami I, El-Monajjed K, Driscoll M. Development
and validation of a timely and representative finite element
human spine model for biomechanical simulations [J].  Sci
Rep, 2020, 10(1): 21519.

Riches PE, Dhillon N, Lotz JC, et al. The internal mechan-
ics of the intervertebral disc under cyclic loading [J]. ]
Biomech, 2002, 35(9): 1263-1271.
Chagnon A, Aubin CE, Villemure I. Biomechanical influence
of disk properties on the load transfer of healthy and de-
generated disks using a poroelastic finite element model [J].
Biomech Eng, 2010, 132(11): 111006.

Williams JR, Natarajan RN, Andersson GB. Inclusion of re-
gional poroelastic material properties better predicts biome-
chanical behavior of lumbar discs subjected to dynamic load-
ing[J]. J Biomech, 2007, 40(9): 1981-1987.

Galbusera F, Mietsch A, Schmidt H, et al. Effect of inter-
vertebral disc degeneration on disc cell viability: a numeri-
cal investigation[J]. Comput Methods Biomech Biomed Engin,
2013, 16(3): 328-337.
Soukane DM, Shirazi-Adl A, Urban JP. Computation of cou-
pled diffusion of oxygen, glucose and lactic acid in an in-
tervertebral disc[J]. J Biomech, 2007, 40(12): 2645-2654.
Derrouiche A, Zairi F, Zairi F. A chemo-mechanical model
for osmo—inelastic effects in the annulus fibrosus[J]. Biomech
Model Mechanobiol, 2019, 18(6): 1773-1790.

Guo LX, Li R, Zhang M. Biomechanical and fluid flowing
characteristics of intervertebral disc of lumbar spine predict-
ed by poroelastic finite element method [J]. Acta Bioeng
Biomech, 2016, 18(2): 19-29.

Castro APG, Alves JL.

osmo —poro —visco —hyperelastic

Numerical implementation of an

finite  element solver:

application to the intervertebral disc [J]. Comput Methods
Biomech Biomed Engin, 2021, 24(5): 538-550.

Alizadeh M, Knapik GG, Mageswaran P, et al. Biomechani-
cal musculoskeletal models of the cervical spine: a systemat-
ic literature review[]J]. Clin Biomech(Bristol, Avon), 2020, 71:
115-124.

Sharifzadeh—Kermani A, Arjmand N,

Vossoughi G, et al.

Estimation of trunk muscle forces using a bio —inspired
control strategy implemented in a neuro—osteo —ligamentous
finite element model of the lumbar spine [J].
Biotechnol, 2020, 8: 949.

(Wi A1 :2021-08-20 KW A& [ A 1 :2021-10-11)

(AL FRE)

Front Bioeng





