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Effects of shear force on vertebral endplate/LIN Shenglei, WANG Yongli, XU Hongming, et al//Chi-
nese Journal of Spine and Spinal Cord, 2015, 25(3): 245-251

[Abstract] Objectives: To investigate the effect of shear force on the endplate of rabbit lumbar vertebra and
the relationship between shear force and degeneration of the IVD. Methods: A stainless external shear
loading attaching to 14 and L5 vertebral bones of the rabbit in a dorsoventral direction device was made to
apply a constant shear. 38 skeletally mature female Japanese white rabbits (aging 5-6 months) weighing an
average of 3kg were used. The rabbits were randomly assigned into non—operated group (n=8), non-loaded
group (n=10) and two experimental groups of shear loading for 1 and 2 months (n=10 for each group)
respectively. In the experimental groups, the discs were subjected to shear force by using an external loading
device. In non-loaded group, the external loading device was situated, but the discs remained unloaded. After
loading, the loading devices were removed at 4 and 8 weeks and the animals were given X-ray and MRI
examination, then radiological hallmarks and the signal intenity on T2-weighted MRI were analyzed. After
X-ray and MRI examination, the rabbits were killed and lumbar vertebra samples were harvested for micro-
CT and histologic studies to demonstrate the influences of shear force on the endplate and disc degeneration
in animal model. Then, the porosity was calculated as the average of 1-BV/TV for analyzing the influences of
shear force on endplate mobility. Results: All the animals tolerated the application of the external loading
device. After 1 month of loading, radiographic findings showed narrowing of 14/5 discs, and the surfaces of
endplates were flat. The narrowing of intervertebral space at 2 months was significant less and rough surface
or slight lumbar spondylolisthesis was observed. MRI showed a significant decrease in nucleus pulposus area

and signal intensity in T2-weighted images. Histologically, disorganization and hyperplasia of the chondrocyte
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occurred. The porosity of the endplate in group A ranged from 28.4% to 37.0%, which showed no significant

differences with group B(ranging 26.2% to 40.0%). However, significant differences were found between the

experimental and control groups. Conclusions:

Shear force can relieve the injury to the vertebral body.

Cartilage degeneration and the reduction of endplate mobility can be induced by long term shear force

loading, which may result in disc degeneration.
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Figure 1 Loading device schematic. The loading device was fixed by four stainless steel attachments which attach to
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the rabbit’s lumbar vertebral body and the shear force would be created by a calibrated spring which can

be adjusted by a regulating nut Figure 2 a The arrow showed there were slight stenosis of intervertebral space in L4/

5 discs of the animals,

and little endplate ossi cation were observed b The stenosis of intervertebral space were

obvious and distinct ossi cation accompany with vertebral osteophyte was observed were observed ¢, d C, D, Sham

operation
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Figure 3 a Scaning image on T2WI at 4 weeks after
loading(group A): The disc of L4/5(white arrow) showed
a moderate decrease of signal intensity, and the

corresponding end plate was a little morphologically

abnormal. The adjacent discs (red arrow) also shows degeneration b Scaning image on T2WI at 8 weeks after loading

(group B): The disc of 14/5(white arrow) showed a severe decrease of signal intensity, and even the "dark dics" was

found. The adjacent discs(red arrow) also showed degeneration ¢, d No significant change were seen in group C and D.
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Figure 4 Histology of the cartilage endplate and the subchondral endplate stained by HE( x40) a Group C/D showed
the number and structure of chondrocyte were regular b Group A showed the outlier quantity of chondrocyte and the
part ruptured collagen bril network ¢ Group B showed the disorganized chondrocyte in abundance, with significantly
ruptured collagen bril network d The organized trabecula was found in group C/D e The destruction of trabecula

structure with primitive trabecula bone were observed in group A f A great many trabecula bone were developed and

the subchondral endplate was almost completely ossified
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Figure 5 micro-CT
images of endplate a
The sham (control)
group (group C/D)
showed the fine inner

permeability area of

endplate (yellow line) b The group A showed the obviously decreased inner permeability area of endplate (yellow line)

compared with group C/D ¢ The group B also showed the obviously decreased inner permeability area of endplate(yellow

line) compared with group C/D Figure 6 The illustration of force on the end plate of disc. The erect force at this

part is divided into two forces: one is parallel and the other is vertical to the contact face
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