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Establishment of rabbit lumbar intervertebral disc degeneration model induced by penetration under
CT guidance/CUI Yunneng, LI Shaolin, ZHOU Rongping, et al/Chinese Journal of Spine and Spinal
Cord, 2014, 24(3): 234-243

[Abstract] Objectives: To establish a rabbit model of disc degeneration by induced annulus fibrosus pene-
tration under CT guidance, and to verify its degenerative procedure radiology and pathology. Methods: Eigh-
teen New Zealand white rabbits aged about 3 months and weighing 2.7-3.3kg were used in our experiment,
all of them were taken radiographic and MRI examinations preoperatively. The L5/6 discs(stabbed group) were
punctured by 18—gauge needle into a depth of about Smm inthe lateral annulus fibrosus guided by spiral CT.

The 1.3/4 discs(sham group) were punctured at the margin of the disc with no injury to the annulus fibrosus,
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while the 14/5 discs were taken as control group. Each six rabbits were executed randomly at 4, 8 and 12
weeks postoperatively after radiographic and MRI examinations at 24 hours. The intervertebral space, the

changes of vertebrae on radiography and signal intensity of discs on MR images in all groups were analyzed.
The disc height relative value(DHRV) was calculated based on intervertebral space of pre— and post— opera-
tion(DHRV =postoperative intervertebral space/preoperative intervertebral space x100), and modified Thompson
scoring based on MRI were performed in all groups. Histological and immunohistochemical analysis was as-
Results: At 4, 8,
showed no decrease of the intervertebral space,

On MR T2 weighted images,

signal intensity. Histologically, nucleus pulposus contained a great number of cells with even distribution, and

sessed in each group. 12 weeks postoperatively, the discs in control and sham groups
no endplate sclerosis and formation of osteophyte of verte-
brae on radiography. the discs in both control and sham groups showed high
annulus fibrosus presented as concentric lamellae shape. Immunohistochemistry demonstrated strong positive
type I and negative type Il collagen in nucleus pulposus of control and sham groups at each time point.
At 4 weeks postoperatively, disc height decreased slightly(DHRV=70.78+4.55), and MRI showed lower signal
intensity in stabbed discs. Histologically, cell count of nucleus pulposus decreased slightly, while annulus fi-
brosus became disorganized. At 8 weeks postoperatively, significant decrease of intervertebral space was evi-
denced(DHRV=50.63+4.04), and endplate osteosclerosis was seen either. MRI revealed a moderate decrease of
T2 weight signal intensity images.

Histologically, nucleus pulposus was separated by proteoglycan matrix into

multiple elliptical shape of cell islands, and the concentric fibrous lamellae distorted, or even fractured. Fi-
brochondrocyte was found in nucleus pulposus. At 12 weeks postoperatively, successional decrease of interver-
tebral space(DHRV=44.78+4.55) was found, with obvious endplate sclerosis and formation of vertebrae osteo-
phyte. The T2 weighted signal intensity of the stabbed discs decreased continuously. Histologically, nucleus
pulposus was replaced by fibrocartilage tissue, while the fibrous lamellae was induced into fragmentation, and
its architecture disintegrated. Immunohistochemical analysis exhibited a progressive increase of type I colla-
gen and a progressive decrease of type II collagen at 4, 8, 12 weeks postoperatively. The statistic analysis
revealed that there was no significant difference of DHRV and modified Thompson scoring between control
and sham groups at each time point. But the stabbed group demonstrated decrease of DHRV and increase of
modified Thompson scoring, showing significant difference compared with those of control and sham groups at
each time point (P<0.05). There was a progressive decrease of DHRV and a progressive increase of modified
Both DHRV and modified Thompson scoring in stabbed

group showed statistic differences between 4, 8, 12 weeks postoperatively(P<0.05). Conclusions: The percuta-

Thompson scoring in stabbed group, respectively.
neous puncture of annulus fibrosus under CT guidance can induce disc degeneration in rabbit. The procedure
is feasible and minimal invasive, which can be confirmed by radiology and pathology.

[Key words] Intervertebral disc degeneration; Anular fibrosus stabbing; Spiral CT; Magnetic resonance imag-
ing; Rabbit
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Figure 1 CT-guided puncture of intervertebral disc a Puncture, and CT scan, then measure the distance from target

disc center to located needle b Puncture,

Adjust the orientation of the needle under CT guidance,

then measure and confirm the distance from the needle to cutaneously ¢

puncture towards the target disc, and confirm the pinhead of

needle after touching the margin of the disc d Puncture into the centre of the disc, and confirm the position and depth

of the pinhead on CT axial image



o A A 2 R 2014 4EAE 24 4255 3 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.3 237

B, AN 5 B B O R K B i m] S
TG Ak R 3R R S5 TG S B S RS AT T
1.5 AL

RJF 4.8 12 J&, HHEHLEE 6 KAk, ki
P A7 HEHE X 28 A e MRI K64y (AR S5 AT ) |
TE PACS R4 & 45 AR AT . A 45 i [ 5
HEMIAE X 2 R M (B BR AT 2% | &8 5 2 B2 B
S SAAEL AR Shy M T B B, LA OR S M D Bt i /R
I HE B) B B <1007 T 55 A 18] 2% 5 J AH X {E
(DHRV) 2 75 A [0] 8 7 1 BE AR A, S 30 45 51 LIS
BrabR e 22 0% , TR) Bk U2 4% 21 A [ 485 A 408 i 22
M K HEAR 0 25 B B 4B 0 . 75 MRI MR E L8 45 20
HE ) 45 B8 A% 5 45 4R IR IE S M AR 5 A8k, HER] &
AR B R Thompson 73 EPHETTEAR |
1.6 JRERAAG A

KWL . 0 F ARG 4.8.12 J& , 7EH#H# X
2 R & MRI K Ar J5 24h ARBESh Y, 43 85 H A
L1 E) L7 BB IRIEAE . WLEE 3 4L HE ] 50 S E K&
JE B B RGO, I U0 FF 45 Ak ) 45 24 7 K14
W5

HE e A A e £ 4140, DL 4% 2 R T
M [ 5, W R G K ,0.5mol/L £ % MY 2R
(EDTA) JI 55 % i 45 20d , A7 542 51 20 20 ) 4pum
JEREY) ST U B, B AR AR R D 2
DA R S AT 2 SR SR e B R D) B A TR R
HE et b2 0 308 W 5% 2F 4k 34 1 B i 1 TE
B2,
1.7 GEdifbrd

TEIF A A W ) P A ME R B2 2 GEEERURR
[ b)), A7 Z W R B a5 B L BEK AL T % 1
100 Fo A e i i iy T A9 s 1T Y Jie I — e, 78 4°CHi
B, HBR T A Y- R bR IC i L
W s DAB B, 3 B e, MR AR
SEY PR 3t ISR A A A T S
W B AT S SR A AU G (e I 0 A% 4 i 2T 24 4
it PR e ok e £ S A v G BN SR P, 2 R 59
PR, Jo Y (038 R 4
1.8 Siil=#ortr

SZHG K UG ] SPSS 17.0 4¢3 2 B b
DHRV B R F B 2 1 05 2240 B, SNK I 32E 47
2 I) A . MER) 4 MIRT 3 G205 SR FH Rk R RS, 56 3
15011, P<0.05 HESAGIT¥E X,

2 #R

21 KA

2,11 EHEMIAL X kR kA ZE 4] DHRV 7E
R 4.8 12 JH R IEATHE T Bk R ) 5
25 5 i o B L (P<0.05) ;-5 A [R] B 1a] 5 4 it
PRZH fBRCZF 2 L85, 29 20 DHRV B I B AR (P<
0.05,% 1), KRJ5 4 .8 12 J& , xF HE2H K AR 27 i 41 1)
HE T B g B AR S AR AT — 2, R WA T AL
BB HIE s, 25 i) 500k AR 4 5 1 2 o 4 /Y
DHRV J4tit=42 5 (P>0.05), ZHl4 . R)5 4 &
i D)t v A B AR, LR DAL AR IS A A 28 i Bt
b BB HIE I AR5 8 TR, ME ] Bt = 3 B B T B,
I HE BB B ) 2B B R AL RS 12 A A [ B
o BEATH AR SR /I | AH AR AEAR BB e A A B o
T Ak KB BT i (] 2)

2.1.2  EAME MRT T2 AL G UEE R 4.8,
12 J&), o HE ZH 2 A1 25 o) 201 1 e i) 5 5 4 24 52 1) 4
MG, S5 LT dE Aoy PG W, HoAs 50 8 5 R i
AHECJC B B T R, HENRI 82 R Thompson 43 2 G
B8 FH 5 4% Aot i) ot o 2 R B 20 ) 4 A ek R
Thompson 73R TG 11242573 (P>0.05) . 28 il 4 HE
[ ELBER G SRS 4 IR E T, KRG
8 FIREMAG S R/, B S gR R
NG ARG 12 RS 5 iR Ak S T B 5 A
R L IEFHES , RILBERALES (B 2), K
Jo 4 8,12 JH , ZF il A H] B T2 I AUAE 5 o B At
PEAT PEREAG e, 2 R Thompson 7328 % i 4 &
R T B [ A5 10 22 A e 2F B L (P<0.05) ; 5 M
[Fi) B ] 6 F %o B M 2 A L 3, 20 R 20 7 ol R
Thompson 43-Z% 3 & (P<0.05,% 2)

*1 AREAENESR3HNEEESEHENE
Table 1 The disc height relative value for different

group at each time point postopertatively —(xvs ,n=6)

4 8Jl 1274
4w 8w 12w
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112 i 4
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am group
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Stabbed group
1 (D5 [l s 1] 500k BE 4 K% (2 o 41 L e P<0.05; @2 TR 5
2% B 1] 5 22 ] LB 4% P<0.05

Note: (DCompared with control and sham groups at each time

point, P<0.05; @ Compared between 4, 8, 12 weeks postopera-
tively in stabbed group, P<0.05
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Figure 2 Imaging features of discs of pre —operation and post—operation of
different time point (arrow, L5/6 disc) a Radiography of normal lumbar spine
obtained preoperatively b Radiography obtained at 4 weeks postoperatively showed slightly decreasing of intervertebral
space of stabbed disc, without endplate osteosclerosis or formation of osteophyte. The intervertebral space and enplate did-
n't show any changes compared with that of pre—operation ¢ Radiography obtained at 8 weeks postoperatively showed
moderately decreasing of stabbed disc height, with mild endplate osteosclerosis. There were no salient abnormalities in in-
tervertebral space and endplate of sham and control discs d Radiography obtained at 12 weeks postoperatively showed
obviously decreasing of stabbed disc height, with endplate osteosclerosis and formation of osteophyte. Sham and control
discs remained the same, without decreasing of intervertebral space, endplate osteosclerosis or formation of osteophyte e
MR image of normal discs obtained preoperatively showed high signal intensity f MR image obtained at 4 weeks postop-
eratively showed slightly decrease of signal intensity of stabbed disc. The signal of sham and control discs remained un-
changed g MR image obtained at 8 weeks postoperatively showed moderately decreasing of signal intensity of stabbed
disc. There was no decrease of signal intensity of sham and control discs h MR image obtained at 12 weeks postopera-
tively showed obviously decreasing of signal intensity of stabbed disc. Signal intensity of sham and control discs remained

high as that of pre—operation
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Table 2 Modified Thompson scoring for different group at each time point postopertatively

Thompson 3 2% Xf HEZH 1B 2 il 21 2] 4102
Control group Sham group Stabbed group
Thompson
scoring 4W 8W 12w 4W 8W 12w 4W 8W 12W
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1 0 0 0 0 1 0 1 4 1
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T (D45 AR T8 475 06 B 2 B 2 AL L35 P<0.05 , )% I 41 A I 45 1 TR 4 22 ] HL 2 P<0.05
Note: (DCompared with control and sham groups at each time point, P<0.05; @Compared between 4, 8, 12 weeks postoperatively in
stabbed group, P<0.05
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Figure 3 Morphologic pathology of discs of control and stabbed group a Normal disc of control group showed nucleus
pulposus with affluent gel-like nature, and fibrosus annulus fibrosus with obvious concentric fibrous lamellae b Mild de-
generated disc of stabbed group at 4 weeks postoperatively showed disorganized fibrosus lamellae, and nucleus pulposus
with decreased water content. Chondroid tissue was seen around the pin hole ¢ Moderate degenerated disc of stabbed
group at 8 weeks postoperatively. Photograph showed annulus fibrosus with fibrocartilage tissue formation, and fibrotic
nucleus pulposus. Osteoid tissue formation was seen around the pin hole d Severe degenerated disc of stabbed group at
12 weeks postoperatively. Photograph showed osteoid tissue formation in both annulus fibrosus and nucleus pulposus, and

osteophyte at lateral and anterior of vertebral body



240 E B AR 2014 4E5 24 B2 3 W] Chinese Journal of Spine and Spinal Cord,2014,Vol.24,No.3

R ZHL PO A ) B B A L LRI R BT R A R
ESAIRAVIY AvE =S e il ) NI RO N i DA BB 7S]
Zx _L-nl DL S 60 B B

HEZ: (0 (] 4) % I8 25 K B 2 ) 28 A6k 1] 23 7
A A I ) R R BLIC W] R 2250, AT 4R IR RS AL
W, ER A R A A TR AR 4
JEL 2T AE B JZ AR L S A5G 2T, A 20 M A i
7|i): 8 JAILTYEIR JZ ARG AT 0 W 22, B 0 JC It

LU BN SR WIE AR A sy, BT
ZE—?’“E‘H:QHH@; ARG 12 J8 25 4 30 JZ R 21 L
2L R BEAZ R e B AR LT A B FE A LU AR
ARG 4.8 .12 JH | Bt #5 o (8] (9 S 4 AfE ] 25 2T 2k 20
GUB TN, A AR AL 210 o0 BERL X RS, BRI
FREE/N TR

2.3 ppEdifer

ARG A& IS TR] L, 0 B 2H R fis 25 0] 20 M I 95 2T
RSN Z T BRI e by S ik P, P 4ER N )R
Pt MR LT IO g o i I 20 it A% 5t
SR PEG O, [ BB AT 2R PR, FL g (5 W a5
LR AEIR SR IO 10 Bt S I ) B9 <, 2 ol 2
HE 18] 25 2T 4 30 N J2= BB T 2R e it e €0 3 ¥
5, AR 4 SR RIAT DL RE R IR B, RS 8 JH A%
PG, 2o R 12 J5 ) 22 SR G R
B B X T B e (B Wi , R 4 JE
BEPERENEO, K5 8 B AL Y alk
Sepdi s, AN A 12 AR e AR B R AN Y
@ 5) ; R WIBEE A5 I 18] B 3E K, 28 30 4L A%
HGUp | R &t g b, I R It 5 5%

| 4 A FRZH R o ZE ME ) B2 S0 B TR a 0 BRATAE )8 [RLO BDR RS B9 2T ZE PR (HE Z¢ 5 x100) b FHIA ARG
4 JAER L ZEAZE LA AT 4E B0 (HE 2265 x100) ¢ ZFRIAARIG 8 Jal M ] S 4% , & 802 1 IB0E A0 i /Y 40 i & (HE Je s x
200) d FHRIAUARJE 12 JHER SAEAL , WA 2 A9 2T 4E Hcl 21 (HE Bt x200)

Figure 4 Pathologic images of discs of control and stabbed groups a Normal disc of control group with concentric ap-
pearance of fibrous lamellae(original magnifcation, x100; HE stain) b Disc of stabbed group at 4 weeks postoperatively
with disordered lamellae(original magnifcation, x100; HE stain) ¢ Nucleus pulposus of stabbed group at 8 weeks postop-
eratively with multiple elliptical shaped cell islands(original magnifcation, x200; HE stain) d Nucleus pulposus of stabbed
group at 12 weeks postoperatively with many fibrochondrocytes(original magnifcation, x200; HE stain)
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Figure 5 Immunohistochemical images of nucleus pulposus of control and stabbed groups at 12 weeks postoperatively(o-

riginal magnifcation, x400) a Collagen type | immunostaining of normal nucleus pulposus of control group, showed neg-
ative staining of nucleus pulposus cells b Collagen type I immunostaining of nucleus pulposus of stabbed disc at 12
weeks postoperatively, showed positive staining fibrochondrocyte in nucleus pulposus ¢ Collagen type II immunostaining
of normal nucleus pulposus of control group showed strong staining of nucleus pulposus cells d Collagen type II im-
munostaining of nucleus pulposus of stabbed disc at 12 weeks postoperatively, showed decrease of account of cell of

positive staining
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