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Upright posture combined with noninvasive axial loading—-induced rabbit intervertebral disc degenera
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[Abstract] Objectives: To establish a novel in vivo rabbit model of early intervertebral disc degeneration
(IDD) that can better simulate the IDD process in humans. Methods: 24 four—month—old male New Zealand
white rabbits were randomly assigned into two groups (experimental group and control group). FEach rabbit in
the experimental group(n=12) was placed into a plastic tube specially designed to maintain the animal in an
upright posture. A collar weighed 600g was placed onto the neck of each experimental rabbit, 6 hours for
one day. Rabbits in the control group(n=12) were regularly fed in their cages throughout the experiment. Be-
fore the experiment and at 4, 8 and 12 weeks after the experiment, lumbar lateral radiographs and MRI were

taken in the lateral decubitus position for both the experimental group and the control group to monitor the
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signs of disc degeneration by measuring disc height index(DHI) and grayscale values of nucleus pulposus(NP).
At 14 weeks, all animals in both groups were sacrificed. The NPs of L5/6 were obtained for quantitative real
time—-PCR(rt—PCR) analysis. Disc segment 16/7 was obtained for histologic analysis. The specimens were cut
midsagittally and stained with hematoxylin and eosin(H&E) and picrosirius red. Results: Two rabbits in the
experimental group died during the study, and their data were not included in the final results. The lateral
radiograph of rabbits in the experimental group which had been placed into the tube and maintained in an
upright position showed that there was an obvious kyphotic curvature on the lower lumbar spine, and the disc

height of 1.2/3,

decubitus position,

[A4/5 and L6/7 was much smaller than the height in the image of the same rabbit in lateral
75.1%, 54.8% and 47.9% respectively for each segment (all P<0.05).

showed no significant difference between two groups at any time point. Serial MRI scans showed that animals

DHI measurement
in the experimental group presented a progressive decrease in the signal intensity of their lumbar discs over
the 14-week period. In contrast, NP signal intensities in the control group decreased more slowly during the
same period. Significant differences between two groups were observed since 12 weeks in [4/5(P<0.05) and 8
weeks in L6/7(P<0.05). The result of rt-PCR showed that the collagen type I mRNA expressions were sig-
nificantly greater(3.06—fold), whereas collagen type Il and aggrecan mRNA expressions were significantly less
(0.35-fold and 0.37-fold respectively)

Histologic examination showed significant difference between the control and experimental group. In the exper-

in the experimental group than those in the control group (all P<0.05).

imental group, there was a large increase in fibrocartilage lamellas in the inner border of posterior AF, result-

ing in a significantly decreased gelatinous NP area. Conclusions: The upright posture combined with
noninvasive external loading method can induce accelerated degenerative changes in rabbit lumbar discs.

These mild degenerative changes closely resemble those which occur in the early phase of disc degeneration
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in humans, which suggest its use in future studies.
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Figure 1 Rabbit sitting in the tube maintaining an up-
right posture and loaded with a heavy collar to increase

the axial load on the lumbar discs
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Figure 2 The method used in disc height measurement
and DHI measurement a Disc height measurement, h=
(A+M+P)/3, where A, M, P represent the height of an-
terior, medial and posterior portion of the disc respective-
ly b DHI was calculated by averaging the height mea-
surements obtained from the anterior, middle,and posterior
portions of the IVD(A, M, P respectively) and dividing
that by the average of the adjacent vertebral body heights
(A1, M1, P1 for the upper vertebrae, and A2, M2, P2 for
the lower vertebrae), DHI=2x(A+M+P)/(A1+M1+P1+A2+
M2+P2)
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Figure 3 Lateral radiograph of an experimental group

rabbit sitting in the tube maintaining an upright posture
a Lateral X-ray of the lumbar vertebra was significantly
convex b A locally enlarged lumbar image of (a), showed
the narrowing of lumbar disc space ¢ Lateral radiograph
of the same rabbit in the lateral decubitus position show-

ing larger disc space without loading

F2 HMFUEMEMIEEMSENSEER
(mm ,x+s)
Table 2 Difference in disc height measurement

between the upright and decubitus positions

B N
Upright posture Decubitus position
L2/3 1.125+0.123" 1.530+0.253
L4/5 1.126£0.271% 2.079+0.357
L6/7 1.221+0.3227 2.643+0.373

T (D5 H AL AR P<0.05
Note: @C()mpared with decubitus position, P<0.05
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L Figure 4 Representative serial lateral radio-
graphs of the experimental group a and con-

trol group b rabbits obtained before treatment

LE-T LE-7 and at 4, 8, and 12 weeks after treatment
*3 LWHSIIEA DHI% L3 (x%s)
Table 3 Comparison of DHI% between experimental and control groups
i il L.2/3 14/5 L6/7
Time TWAL(EG)  AIRLL(CO) SRA(EG)  MIRHL(CC) SA(EG)  RRLL(CE)
45 (4 weeks) 93.4+12.3 86.4+14.8 84.2+15.3 87+18.5 83.3x11.7 81.6£17.0
8JH (8 weeks) 80.6+4.8 80.5+£14.8 80.7«11.3 80.3x15.1 73.3x£16.6 77.0£15.0
12J8 (12 weeks) 78.0+7.8 77£13.7 71.4+7.3 74.9+14.9 70.4+16.1 71.5+13.1
T AR A) A5 DL R 4% B, S 4l 5 0 IR 4 18] DHI% 2 AL T 4e 124 24 5, P>0.05

Note: No significant difference(P>0.05) was observed between the two groups at any level and at any time points

L23
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Do)

5 SCUS A5 6 IR AL IEME MRI R 5 AR A 45 % a LKHAF— RAWTE 0.4.8.12. 14 JB B IEHE MRI T2 INALEEAZ =
BE AU SR A 14 J8 0 S2 0 W 0 0 B R ATk 83 NI b X IR AL W) — S Bh 4 4% B a] 5 A MRT T2 WA (2R
% 20 25 5 5 J3E A A AR X A )

Figure 5 Serial MRI scans of the lumbar spine in the control and experimental groups a Images of the experimental
group, showed a progressive decrease in the signal intensities of lumbar disc b Images of the control group showed
signal intensities decreased more slowly during the same period. The images were obtained before treatment and at 4, 8,

12, and 14 weeks after treatment

JuHAERT 8 FIWEIA A (P<0.05), 76 12/3 7% 0.05); 7 L6/7 5B, 2 41 BEk% K FE(EAE 8 JA it
B, SCURZH 50 IR BER K BEEAEAT s (R) A2 BRJF AR A W ME 25 5% (P<0.05) , IR F5 48 2 S 50 2%
TG E 25 (P>0.05) s 76 T4/5 1B 2 4B R (FE4),

JKBEAEAE 12 R R A G it 24 22 5 (P<0.05) , 46 2.3 Real-time PCR A& {l%%

2 R I 2 AT 98 B 1 3k 25 % (P< SCHG A X IR AL T AU I mRNA %Gk & 4
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*4 TWASHRAWZBNREELR (axs)
Table 4 Normalized grayscale values of the NP in the control and experimental groups

i il L2/3 LA4/5 L6/7

Time FHAL(EG) AL (CG) AL (EG) AL (CG) SH AL (EG) FARAL(CG)
Ow 0.721+0.025 0.729+0.022 0.684+0.027 0.694+0.019 0.670+0.021 0.682+0.020
4w 0.732+0.020 0.713+0.024 0.624+0.021 0.651+0.028 0.597+0.023 0.636+0.015
8w 0.664+0.026 0.650+0.031 0.597+0.021 0.633+0.015 0.498+0.020% 0.558+0.016
12w 0.622+0.028 0.637+0.027 0.51620.023" 0.587+0.020 0.465+0.015% 0.522+0.017
14w 0.592+0.016 0.613+0.025 0.506+0.024" 0.570+0.023 0.459+0.018% 0.514+0.021

1 (D5 0 4L A P<0.05
Note: (DCompared with control group, P<0.05
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Figure 6 Histological sections of disc L6/7 in the midsagittal plane a The control group with H&E staining, exhibiting
a clear demarcation between the NP and AF b The control group with picrosirius red staining, revealing a normal
pattern of fibrocartilage lamellae and a well —defined border between the AF and NP ¢ The experimental group with

H&E staining, showing a large increase in fibrocartilage lamellae at the inner border of the posterior AF. Arrows indicate

the distinction between the functional NP and AF d The experimental group with picrosirius red staining, showing newly

formed birefringent collagen fibers infiltrating the NP from the margins of the cartilage endplates(arrows)
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