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Abstract: Low back pain is a global health problem, which is related to intervertebral disc degeneration (IDD) , but the mechanism is

unknown. At present, it is possible to explore the pathogenesis of intervertebral disc degeneration and new therapeutic targets through the

establishment of animal models. Animal models of intervertebral disc degeneration can be roughly divided into 4 types. This article mainly

reviews the different methods to create intervertebral disc degeneration models, and compares the advantages and disadvantages of various

models to meet suitable research fields.

Key words: low back pain, intervertebral disc degeneration, animal model

9% (low back pain, LBP) J2&4=¥KvE [l P4 e 2 22
PRz — ", 2k2) 2/3 NOTE—A A
Btifiz LBP 4T 0 1990~2015 45, PR i i
REHBRIFNBRET ARG N T 54% , NI R h
MABIRBURRR E SR Y B TR SRS
PR R EMIFN Ty, Wk T ERMFESET R
AERESFPENESE  (non—specific low back pain, NLBP) &
SCR A S o B2 BRG0P L TR S R R
(specific low back pain, SLBP) AR,
R . M BB . BT BRI . RITER
AR PRERLESANE ., BRLGEEESE V. gagtit, fiR
PERR AT UL, W o rh R T I B T o L B
AEN15%, LA 84% M N H— 22 % NLBP,
Hor 2 239% %% Jg 18 ¥ NLBP, 11% ~ 12% M T 12 1
NLBP K HBLRES) 0 T2 W . S FIAYT
NLBP, BE2AAWSRIZEANG Ry . (Hi2, 12

DOI:10.3977/j.issn.1005-8478.2022.09.11

491k NLBP B Z L A HIeG , 20 AKEe, 1677
BRI

o fli NLBP {697 15 3 — b ke, 5 BRyT 9%
M, HEERAME NLBP (& 45 & RO, H7
Bi 56T M R B RE R 7 5 B TEA LI (7135
Sreb, RRETR, SERNEE . AR AR AR RS K
NLBP f9 F 250 1 Fse pHER] SR SRR 5T
AL T R A RORFEHE R SR AR HLER 2R, il
IRECGH BT R S B AT AR o AR SORHAE 7] 28 1R A8 A5
R, AL FERIRL A B 5 R S ISR U TR
DU TE A PR AL 1 7 ik

METE] 2% (intervertebral disc, IVD) &—Fp£f 44K
HEH, HhRIEERCIREER . SNZ LT 4ER A BT
BB HEM B AR R T MAEHL, &
Y5 5l o B 2R (cartilage endplate, CEP) 4
MARALR . AR AEPR ) F LM E AT 4E 4, ©

ABETE : HEARFEESTH (45i'5:81701117) ; M I AN HFFRRAATH (45 : YNWR-QNBJ-2019-184)
FEB B PR BRI L AE 2, P 7 1) B AR T2, (FBI% ) 17686890929, (HLL {54 ) 1047858489@qq.com

= EEVEE  MRF I, (H135) 13888658116, (HL T-54# ) jiayuchen.spine@qq.com

821



5530 45 55 9
202245 H

T LSRR S
Orthopedic Journal of China

Vol.30,No.9
May.2022

I E BZRER, 5 R R . SR A
HABIRR R . PR BB RO, IRt
SRR BE A2 VR, PRI 2 A ] 452 2 b ) |
JRERE RS B A 5 S AT I, BRI AL 5L 7

ME 18] 4% 3B 2¢ (intervertebral disc degeneration,
IVDD) J2— 220, ZINFE R, VD [EA IR
BUA AT . B BRYE . M RE SR
Tt — BATHE 7RSSR P-4, RS TVD dnfifr %
AINREREAR, RN EREE AN AMERT (extracellular
matrix, ECM) P, 52 IVD IER S5

I AiAE ] 50 AR R TT =X AR (1)
PRAFHETE, ENARIRE . TS IIREfR . AR KAt
R WAL FIYTEE; (2) fr Afit, 0
RERSEA N [ B S A RlB R 555 (3) SMRETAR,
HEEREDIER . Ava A JERIGARFEIE AL, At
Fil 3 RS2 H HO AP B bR T R, T LR
I RAER , (HANBERRDIETE AL 0o A AfE i) 4%
RS YIEHIIESE , SC T HERI LR AR IR T A
TS B, s ZORLARA 1 2 (mitofusin
2, Mfn2) " PRSI EIX Y HEAE T 9 (sex—deter-
mining region Y—box 9 protein, SOX9) ' JL i 4> g i
i 20 23] 591 -3 (tissue inhibitor of metalloprotein-
ase—3, TIMP3) " @A RHE[E IR E 1 8 (chromobox
protein homolog 8, CBX8) ZERERYY . ARG, AR
TR T A HER] SR AR AR P AL SR S AE R
SYRERL, MER BB SRR B . TR
SRR, N R R E R A =
S RIMENR] BARX T AR RN - VT e 3 AR )
J1% . HUA R AR BRI R 2 HEE] SR AR 1 3h )
BRBIREAT Lo PR H A MM ] SR AR R
N 755 A MENR] fHR AR

1 BxMEHEE BT R

PR 25018 A2 1 B A 5 A2 B HE ] 250118
VL ILRIRHE, #)8E TR 1L
1.1 VR

U B —F G U E R/ N RR AL, BlE AR i1
K, BRHER S A RRL . FEZBI rp i ) £HR AR
JERRERY, I H ARG ARAENE, i BB
2E L 222 AR A 5 NS HE ] 53R A28 1 A8 f R 7 A
for e wesh, VR AT DAE I B AN R AE Y B . M
i), e ) M 8 R R R TS 2 R R A A
AL BRI, BTV RN, MR TR
822

FEFAAM WIS, RE2xmiilm EOR A EARPRAR,  FRi
TR E T AR GUS Y BT B (8L
1.2 RFER/IN B R AR

AR, FZ2WF5E ANDUL B, IVDD 1Y &4 &
R, B R EE AR HEAE] . Bauie il
Videman &5 " BFREA R IR, AT TEtE R 1)
HE ) SR AR L 3k 74% . P, SRR BR B R T
AEJE FRAR AR Y7 MEIR] BB A2 1A %077, o Millecamps
O T B P R A 5 0 R P 1
(secreted protein, acidic, rich in cysteine, SPARC) FE[H
RN BV, 5 IN R AT SR 8 (RS 1 T
FHRAE . 2013 4F, Bedore %5 ' K BUIEHB R 5
CCN2 [N E bR/ U B T, SRR R A
B D, WA R AR, B3
BB Pl o B TR A5 (RN, T RLZ A L RS
ARSI R 2%, i o (o YA B PR R PR
ANER, AT AR ME ] 3838 A% rp R B R P PR
B2, 27 X 2/ BB AU A J AR ]
1.3 KA

I A MEHEN] SR AR SRR rh RS L
KR ™, 2012 4, Bergknut 25 ' AR THCEE R
K (chondrodystrophic, CD) #1dF X & & £ A R
(non-chondrodystrophic, NCD) R HEN] &, K& IAE
BAERE (<1 4) 1Y CD RAI5~7 % 1) NCD K g m]
DA BIMER) SR AL R4 . SR, SR RAE AL
IVDD WFFE AR, HE 22 2R E] CD H NCD
RZIE VDD Y225, B EFRARRERT, 4k
BAEBERARRIFHES ™. 75 CD R, HitfEag
Jfy JEEE A ) M i) 28 2 e i UL RSB TR AL 5 7E NCD R
t, SECIVDD By EEF RN R QI E
17, IVDD Z R /EEFM S BT X,
JFEERFNIEHEER o

T RW, K5 AM VDD A iFZ MLz AL,
CD RAAZER) IVD 1A AL AR AR, 1t
Hb, NIEFRAHAL Sl e) S AT RO ARL A . RN
HB2x H AR R A AR TVDD, 3 i 5 95 25 A A
LU RAE P S BRI PRARAIE . R IVDD PR ALZAE
VAL TVD AHSCHY A AL UG LBP (% 4635 7 SR
R —MEA AR AR, RABHEE 2 BRI
PEIE PEPR AT B 2 A, R IVDD 7Y
ARSI ER AR S R P LA A A, LA ks
AT AR A E MR B U A O P R
i, R ) 92 50 A — L6 [ R Bl X A S B
W, PR T IZARRL R R



5530 & 35 9 ) TSRS Vol.30,No.9
202245 H Orthopedic Journal of China May.2022
1.4 JHEAY PU A A PERAR | S5 MBI PR Y | Al AR

Cho &5 ' WL Kk IUAERE I 2k R rpr, M fR) 4
S L R B LA AL, X AR Ak 5 B I 4 T 2R
FIRG-1 FIR MG INA G . FEMER] Bl . LA
2EMTIRERFIE 5 A SSHE R ALARL . B ARt A A — L
JRIBRPE, RIS AE BUAE S R N AR 1 — B
FE], Sh A e AT AN e M, U AGE R
PEFTVEAL . SEBGIE R, R VERRMEESE , RO
(USRS, MEPEREE RS, (8 T FRIAE 2
HR, A e ] BB AL Y A, T
PR B ] B AR AR, XA T LI BT A B
fi) 7
1.5 Fhpinl

FIeth TAEEHZE . RSN Y% R
TEPERN A SRME R S B A 5 T 5 AR, Fol
BN A — T AE A (] BB AR Y KR SR, AT
BRI ILTA S EAMERIEHRAS, AR R s
rh, SRR YT B ) 28R A 114 T g o3 AR B A
A > A 47% W AR, BAH AN
[ 5 SR A [ AR A S5 DL R AR IR 2 A4S
FMEN] £ 0 FIRARAVECK, FRIH TR 25 AR H
R, —AVESR RS —e P . WRA o
TG, S0 AT DUVE Sk S50HE (] 258 AR A OG0 1
Al
1.6 REKFEHIA

N RS ATE T [a] SR AR, Hoh HA AR
RAERRPIRAERE, AR LD 1 A &R
FHRAR 0 R B PBIR G . 5 A
IRIHER SN, ABIRRRRIEE T, B & MpE R AR
A5, DN FE TS B AR s . AR
il FH W 2 sh 4 mT DLW Gy Mo #5055 A8 TVD 1 A9 )
2, ABXTHE AR R KLY TE A PR
PR, T EARE AR =

SIMHZ, MEEERITHAR R A KB, RTRE
FEIRIERAE 25 e R SR AR B A, 2SR L
RS NSRRI . Bl A (R AR AR
A M AT A, IR Ak AR ) T AR PR AN S ) A Al A
XRMBRUR G e i, QiR N B R 5
YA & IR EHR AR, T RNEST RO AR e
PRIXE

2 AT FESHHEEZIBRTRE

N5 S (R ] B AR AR R R BT LAy o =2

2.1 HUAH 7 far A A
. =45 . T LG e i far gL A, Pl E
IR 07 58 215 45 W e 2 2 B2 1) 45 A e ] 2 461
o WA I 1) SRR S0 e P SR DAt e T 2R 2 1)
B, SRR LSS AR FE4 4
RN, WIER A BIRER T E N, (A AR
A, AR RS NS HEA AR AR 2500 T
Bk RA AR E A S (RDRUR i
ST B8 SRR R 2R S A [ At i e 2 A A LA
F1o (1) . D R R B R R 7 M
BRI A2 — FIRASRI IR, 2 Mo
[CAHI> W2 Be 3 AEF 8. 10 RHERY TR B, 7E4 8~10
JFEME 2 )25 i A (] 4%, — 52 0 67 fer 4 45 BUR 2 il R
Ao MR EIRREE AR, #AS R SE MRI T2
MBS BER AR 5 AT MR, 8B R R AR
An B AR ST TR R B, Bl S R AN I
JE, MEMBR BARMER AEIRAE 0 (2) WHMSE, R
A B Wistar K EUFT DBA §h & /N BT T 382/
BRI B PP ARS8 ) A
e, RIS RIEERZTE 3~12 A H (B ] P %
RAFHEAE  MEB IS A B R SUE N, 4
TR N ES, 783 A 0] s iR AR A
MU AR S SR, R AR R, R A
MR )T AT AZ B . WFIEe M, R JE 3 57 /N B
TN B AR 3 T 8, AR R
2 USSR Y T B S | 0 W S o L S
e R DR R BRI B A A v DA T ME RS Ty 2 sk
HEMR) SR AR, A S A ), R sh AR f A i) 45
RS RS A BRI AR, R OR35S A ) 23R
AR St N AN R EMNEE S R, X Fh sz
SyAfA%, W, (3) MR, AR
TR 1 25 R ) 30 2 e 44 A R U A A I 8L 1%
H o H Hizarov =25 8 B K UK B HE, &8 RA
M, PRALRRES R T, SCIRAE SRR, #
AMEIBFE MRIE SmEERER, 248 T NP AR/
A, Bl AF HLUZEEL, FRAL T ARt i i 2
K, BT IR R B ek L R TR AY R 4R
P FECT AR AR AR, O A ) S AR AR B 2 B
o IO 7 B4 26 TS8OI T A5 A5 5 o e
HIUAR A7 o P S AR B 8B AR EE fr il
W E S ET S SO R A, (R, BEh 2
SE S WG R AR TR RN e PR S B0 w5 2L TL R i
], SR HER B SRl BT, 3 ) 5 2
823



5530 45 55 9
202245 H

T LSRR S
Orthopedic Journal of China

Vol.30,No.9
May.2022

FE4RTIR RN o Rty 5 a] RE 2 45 sh il Rk
A, L TR AL, HERR T RS R SR
o, [ AR 2K
22 Atk

A APPSR S5 i DL P e ok T A PR 45 A 3 5 2y
Zif# ABC (chondroitinase ABC, ChABC) B{AJREEFL
ARSI . ChABC 4 5V B A 25 11 SROM 0 JRir
AR R R MG, 7E MY (AN 4
M) A THER RS ChABC BT, EZELIR
FEAS AR AL AR . Hoogendoorn 55 % &P, ChABC
TSR L AR vy AR ) S (ORI BRI
BEFLAE P — PP KRR, mT U SR AR
JR A A, IF5 SRR AR S, SRR AR L
it ChABC K75 1R A8 B ™, i/ Tt 2 B
FIEEAOmTE ©Y, RN I AE ] SR AR,
FR R ) 25 B LT R FLHE IR . MR A X
fAT B, AT FHRPPAN FF AR . A s I Rl AR R Dy 5 i
MR AE B R AR, SIS QAP MA =, 7]
REAFTERGARVE LA A, MR SR g i
2.3 SEHRER R

HE M) 235 T AR 52— Fh A A5 A HENR] R A2 Y
Tk, ATLL RN . LT AR RBEAL I 254
T AR SAAE ] 25 F] Bl A 4.2, L An e R BRURSE2Y f)
G, IR ISR WL B AHDCTA , 1A H e W
FIHER AR AR R ™, MRS NLAZEH RS,
BOR W TRsh i RAT B IR B —E R, (Ao
G 1 BHERYIR AR, 3k AAH S IR £ BEUESE 1 BTHEA
FanT LA SR AR . Phillips 5 ) #2387 —Fhi ik
TEGR Ls o 7KV BEATASAU SR A Rl B A AP SR ME 7]
IRASRYHTIT . B HERLS BOH AR B Tz
ST BOHEIR] £ Los F1 LoS, 2 BN HEA T AR 18] 25E0R 22
Lipson F1 Muir " & YA A8 T A T3 3 45
B, ATIEE TR 20 Ko R W] BT R e
A, TR S, VR Tl . B
B R AT R ST e A T MR AR, Y AT
S ME ) BB AR R BUBTARYINE, (AT 18 54t Skt i
PR

RIS, MEIRZHGRAR & e SR HE TR 1Y
FEGRAR . FEILAEBA D, Sl ] L SEARSR Y 2 A
FREAREAAR P TR S 7K U8, A ok L 2 BEL BRI X 2 i 7 77 i
P&, 25 R 2 MR B IR T I Y ™ 0 R AT RE 2L
IVDD ™' Yuan 25 " il/E T —Fb ] K SRR HEHER Y
HREN TR TOK CBE, AR S B AR R P A 23
IRASAEARY S A R BB MENR] 82k 22 R I R, &
824

B B A e . IS NP 0 Se A=
2R TR R B AR AR A, PR S T AR AR

SERRE A (] SR AR S AR T IR it 3
FAAMERR RN E BT | A AN R A . X SRR
i EHEOIA IR AL, ASBEA OB ME ] £
FARIBAS G RE o R 18 P A ] 25038 A2 0 T 50
S, T DU RIS IR HER] SR AR A5

3 BUKRRE

TERIREZR , MBS B i) 2R 2 —,
M HAE BRGNS i NBEAES . 2 H Al
Mk, WEERIGTT LB nT e AR 5%, )
AT AL BARA TP AR A TR IR T, U e ME B] BRI 5T
Jr S T EREYSS Ty, AR O D R BIL Y T
FRUSATBR o H ATHAT R AT BRI, I HAUIE
TR AR TR O TR ER A R 4
AR AR, AR R 1 £ 2 e i —
WRRINGT T, WA R S PR B AR
B ShPRR T g TSR B A LR L R TR
AR AN A TT I, AR T A AN Y
BINAITHE A, LN TR IR

S 3 Hk

[1] Balague F, Mannion AF, Pellise F, et al. Non—specific low back
pain [J] . Lancet, 2012, 379 (9814) : 482-491.

[2]  Deyo RA, Weinstein JN. Low back pain [J] . N Engl J] Med, 2001,
344 (5) : 363-370.

[3] Hartvigsen J, Hancock MJ, Kongsted A, et al. What low back pain
is and why we need to pay attention [J] . Lancet, 2018, 391
(10137) : 2356-2367.

[4]  Martin BI, Deyo RA, Mirza SK, et al. Expenditures and health sta-
tus among adults with back and neck problems [J] . JAMA, 2008,
299 (6) : 656—664.

[5] Airaksinen O, Brox JI, Cedraschi C, et al. Chapter 4. European
guidelines for the management of chronic nonspecific low back
pain [J]. Eur Spine J, 2006, 15 (Suppl 2) : S192-300.

[6] Lei M, Zhao K, Hua W, et al. An in vivo study of the effect of c—
Jun on intervertebral disc degeneration in rats [J] . Bioengineered,
2021, 12 (1) : 4320-4330.

[7]  Bhattacharya S, Dubey DK. Impact of variations in water concentra-
tion on the nanomechanical behavior of type i collagen microfibrils
in annulus fibrosus [J] . ] Biomech Eng, 2022, 144 (4) : 041004.

[8] Daly C, Ghosh P, Jenkin G, et al. A review of animal models of in-
tervertebral disc degeneration: pathophysiology, regeneration, and
translation to the clinic [J] . Biomed Res Int, 2016, 2016 : 5952165.

[9]  Mern DS, Walsen T, Beierfuss A, et al. Animal models of regenera-



5530 45 55 9
202245 H

T EBTESR RS
Orthopedic Journal of China

Vol.30,No.9
May.2022

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

tive medicine for biological treatment approaches of degenerative
disc diseases [J]. Exp Biol Med (Maywood) , 2021, 246 (4) : 483-512.
Qi DD, Liu ZH, Wu DS, et al. A study on COMP and CTX-II as
molecular markers for the diagnosis of intervertebral disc degenera-
tion [J] . Biomed Res Int, 2021, 2021 : 3371091.

Chen Y, Lin J, Chen ], et al. Mfn2 is involved in intervertebral disc
degeneration through autophagy modulation [J] . Osteoarthritis Car-
tilage, 2020, 28 (3) : 363-374.

Zhang S, Song S, Zhuang Y, et al. Role of microRNA-15a—5p/
Sox9/NF-kappaB axis in inflammatory factors and apoptosis of mu-
rine nucleus pulposus cells in intervertebral disc degeneration [J] .
Life Sci, 2021, 277 : 119408.

LiY, Zhang T, Tian W, et al. Loss of TIMP3 expression induces in-
flammation, matrix degradation, and vascular ingrowth in nucleus
pulposus: a new mechanism of intervertebral disc degeneration [J] .
FASEB J, 2020, 34 (4) : 5483-5498.

JEW, T, E BT, A /DN BUHE ) 2R AR B A CBXS Bl AE
1. PEBHESMHEE | 2021, 29 (7) : 632-636.

Singh K, Masuda K, An HS. Animal models for human disc degen-
eration [J] . Spine J, 2005, 5 (6 Suppl) : 2675-279S.

Gruber HE, Gordon B, Williams C, et al. Vertebral endplate and
disc changes in the aging sand rat lumbar spine: cross—sectional
analyses of a large male and female population [J] . Spine (Phila Pa
1976) , 2007, 32 (23) : 2529-2536.

Battie MC, Videman T. Lumbar disc degeneration: epidemiology
and genetics [J] . J Bone Joint Surg Am, 2006, 88 (Suppl 2) : 3-9.
Millecamps M, Czerminski JT, Mathieu AP, et al. Behavioral signs
of axial low back pain and motor impairment correlate with the se-
verity of intervertebral disc degeneration in a mouse model [J] .
Spine J, 2015, 15 (12) : 2524-2537.

Bedore J, Sha W, McCann MR, et al. Impaired intervertebral disc
development and premature disc degeneration in mice with noto-
chord=specific deletion of CCN2 [J] . Arthritis Rheum, 2013, 65
(10) : 2634-2644.

Bergknut N, Rutges JP, Kranenburg HJ, et al. The dog as an ani-
mal model for intervertebral disc degeneration [J] . Spine (Phila Pa
1976), 2012, 37 (5) : 351-358.

Zidan N, Medland J, Olby N. Long—term postoperative pain evalua-
tion in dogs with thoracolumbar intervertebral disk herniation after
hemilaminectomy [J] . J Vet Intern Med, 2020, 34 (4) : 1547-1555.
Bostrom A, Channon S, Jokinen T, et al. Structural characteristics
and predicted functional capacities of epaxial muscles in chondro-
dystrophic and non—chondrodystrophic dogs with and without sus-
pected intervertebral disc herniation— a preliminary study [J] . Res
Vet Sci, 2019, 123 : 204-215.

Cho H, Park SH, Lee S, et al. Snapshot of degenerative aging of
porcine intervertebral disc: a model to unravel the molecular mech-
anisms [J] . Exp Mol Med, 2011, 43 (6) : 334-340.

Yang SH, Xiao FR, Lai DM, et al. A dynamic interbody cage im-
proves bone formation in anterior cervical surgery: a porcine biome-

chanical study [J] . Clin Orthop, 2021, 479 (11) : 2547-2558.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Flouzat—Lachaniette CH, Jullien N, Bouthors C, et al. A novel in vi-
vo porcine model of intervertebral disc degeneration induced by
cryoinjury [J] . Int Orthop, 2018, 42 (9) : 2263-2272.
Stolworthy DK, Bowden AE, Roeder BL, et al. MRI evaluation of
spontaneous intervertebral disc degeneration in the alpaca cervical
spine [J]. J Orthop Res, 2015, 33 (12) : 1776-1783.
Wang Y, Wu Y, Deng M, et al. Establishment of a rabbit interverte-
bral disc degeneration model by percutaneous posterolateral punc-
turing of lumbar discs under local anesthesia [J] . World Neuro-
surg, 2021, 154 : e830-e837.
Xia W, Zhang LL, Mo J, et al. Effect of static compression loads on
intervertebral disc: an in vivo bent rat tail model [J] . Orthop Surg,
2018, 10 (2) : 134-143.
Ji Y, Zhu P, Zhang L, et al. A novel rat tail disc degeneration mod-
el induced by static bending and compression [J] . Animal Model
Exp Med, 2021, 4 (3) : 261-267.
RN, A8, WRaH, AF ST RS i U /N R AR R
FEMLM AR [)] . EFIE SRR | 2018, 26 (17) : 1605-1608.
Ao X, Wang L, Shao Y, et al. Development and characterization of a
novel bipedal standing mouse model of intervertebral disc and facet
joint degeneration [J] . Clin Orthop, 2019, 477 (6) : 1492-1504.
Sun F, Zhang YG. Animal models of disc degeneration based on
transgenic and stress methods [J] . Pain Med, 2014, 15 (9) : 1643~
1645.
Hoogendoorn RJ, Wuisman PI, Smit TH, et al. Experimental inter-
vertebral disc degeneration induced by chondroitinase ABC in the
goat [J] . Spine (Phila Pa 1976) , 2007, 32 (17) : 1816-1825.
Wang Y, Kang J, Guo X, et al. Intervertebral disc degeneration
models for pathophysiology and regenerative therapy —benefits and
limitations [J] . J Invest Surg, 2021, 2021 : 1-18.
LiH,Yin J,HuangY,etal. Establishment of cervical dynamic and stat-
icimbalance models and preliminary study on the mechanism of cervi-
cal degenerationinrats[J]. Innate Immun, 2020,26 (2): 107-116.
Phillips FM, Reuben J, Wetzel FT. Intervertebral disc degenera-
tion adjacent to a lumbar fusion. An experimental rabbit model [J] .
J Bone Joint Surg Br, 2002, 84 (2) : 289-294.
Lipson SJ, Muir H. Vertebral osteophyte formation in experimental
disc degeneration. Morphologic and proteoglycan changes over
time [J] . Arthritis Rheum, 1980, 23 (3) : 319-324.
Qian J, Ge J, Yan Q, et al. Selection of the optimal puncture needle
for induction of a rat intervertebral disc degeneration model [J] .
Pain Physician, 2019, 22 (4) : 353-360.
Yin DH, Zhao W. Inhibition of both endplate nutritional pathways
results in intervertebral disc degeneration in a goat model [J] . J Or-
thop Surg Res, 2019, 14 (11) : 138.
Yuan W, Che W, Jiang YQ, et al. Establishment of intervertebral
disc degeneration model induced by ischemic sub—endplate in rat
tail [J] . Spine J, 2015, 15 (5) : 1050-1059.
(Wi :2021-05-26)
(APPSR 0)
GRS TR
825



