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A sheep model of chronic cervical compressive myelopathy via an in -vitro control compression
device/LLI Zihe, ZHANG Youyu, LIU Shanshan, et al/Chinese Journal of Spine and Spinal Cord, 2019,
29(5): 449-456

[Abstract] Objectives: This study applied an in-vitro control compression device to sheep model of chronic
cervical compressive myelopathy to make the compression digitalized and precisely controllable. Methods: The
compression device consisted of two parts, intervertebral compression part and percutaneous control part, and
was controlled by an Android phone in vitro. 12 male small tailed han sheep were divided into 3 groups
randomly on average, control group (A), 10 weeks group (B) and 20 weeks group (C). The compression device
was implanted into intervertebral space of C2/C3 and fixed. Control part was implanted subcutaneously. The
control group (A) ran no compression after surgery. Group B and group C were pushed 0.lmm every two days
while awake. Tarlov score was assessed in each group before and after push. The Tarlov score was recorded

at 1 week, 5, 10, 15 and 20 weeks after surgery. CT scan was performed immediately, 1, 5, 10, 15 and 20
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weeks after surgery and the spinal canal encroachment rate was calculated at the same time. Electrophysiology
examination (SEP) was performed immediately, 1, 10 and 20 weeks after surgery. The spinal cord specimens
at C2/3 level were collected, and HE, Nissl and TUNEL test were performed to observe the histology results
at the end of experiment. Pearson correlation coefficien t (r) and general linear regression was used for the
analysis of the encroachment rate(ER) of group B and C and time (i, week). The relationship between ER and
Tarlov score was analysed with Pearson correlation coefficient(r). All results were analyzed via SPSS software.
Results: One control part of sheep in group B broke down and was repaired after reoperation. No behavioral
changes were noted in group A and all Tarlov scores were 5. The final Tarlov score was 5 in 2 sheep and 4
in 2 sheep of group B, 3 in 3 sheep and 2 in 1 sheep of group C. The results of Tarlov score showed sig-
nificant difference(P<0.05). The final radiological findings showed that the average spinal canal encroachment
rate was (33.0+1.8)% in group B and (64.8+1.9)% in group C. Pearson correlation coefficient(r) of ER of
group B&C with time (1, week) was r=0.998 (P<0.001). The linear regression equation of ER and time (t,
week) was ER=3.197t. ER and Tarlov score showed negative correlation(r=-0.862, P<0.001). The latency and
amplitude of SEP during and immediately after surgery showed no obvious changes. The electrophysiology re-
sults revealed that there was no statistically difference between group B, C and A both for amplitude and la-
tency immediately and 1 week after surgery, while the animals in group B&C showed obvious prolongation of
latency and decrease of amplitude at 10 and 20 weeks. The histological results of group A showed normal
structure of neuron and nerve fiber. The pathological examination of group B showed atrophy of anterior horn
motor neurons and reduction of Nissl body. There were also mild demyelination and vacuolar degeneration of
corticospinal tract in group B, while more remarkably in group C. The proportion of abnormal cell of three
groups demonstrated significant difference (P<0.001). The amount of TUNEL positive cell obviously increased

with the prolongation of compression time(P<0.001). Conclusions: This compression device can be used to es-
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tablish a reliable and precisely controllable sheep model of chronic cervical compressive myelopathy.

[Key words] Cervical spinal cord compression; Chronic; Animal model; Digital control
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Figure 1 A silicone sealed compression device in-
cludes intervertebral compression part and percuta-
neous control part. It is controlled via an Android

cellphone in vitro
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Table 1 Tarlov score of group A, B and C after surgery

AH B4l CH P
Group A Group B Group C P value

1 1 week 5.00£0.00 5.00+0.00 5.00+0.00 1.000
5/ 5 weeks  5.00£0.00 4.75£0.43 5.00+0.00 0.368
10/ 10 weeks 5.00£0.00 4.50+0.50 4.25+0.43 0.111
155 15 weeks 5.00+0.00 — 3.50+0.50 0.013
204 20 weeks  5.00+0.00 — 2.75+0.43 0.011

2 CHE¥Y CT KA KR a, 1 FAIRRIAL CT 52 AR AT KSR W AR AMEE b, 5 WAL CT #2458, 7T DL AT Sk 8 xf
R I — B TR e, 15 JI SR AL CT 5248, AT DU AT Sk 3000 2 4R A, X6 ¥ i i i — 7 J300 5.d, 20 JEI I il i CT 5%
5,1 DU T Sk 350 71 AR AHE S, X A B 1™ W T3 s, TR I 3R TR Y =252 AR

Figure 2 CT-scan of group C: a, axial CT-scan 1 week after surgery, the push rod hardly reached the spinal canal; b,
axial CT-scan 5 weeks after surgery, the push rod mildly compressed spinal cord; ¢, sagittal CT-scan 15 weeks after
surgery, the push rod encroached the spinal canal and compress spinal cord moderately; d, axial CT-scan 20 weeks after

surgery, the push rod compressed spinal cord severely; e, 3D image of compression device after implantation
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Table 2 Encroachment rate of group B and C

B4l C4l
Group B Group C
1 1 week 2.8+0.4 2.4+0.6
5/ 5 weeks 15.8+0.9 15.6+0.8
108 10 weeks 33.0+1.8 31.2+1.3
158 15 weeks — 46.9+1.4
20J8 20 weeks — 64.8+1.9
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Figure 3 Pearson correlation coefficient (r) of the en-
croachment rate(ER) of group B&C with time(t, week), r=
0.998(P<0.001). The linear regression equation of ER and

time(t, week): ER=3.197t
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Table 3 Latency and amplitude of SEP

AR 5
RIE Latency (ms) Amplitude(uV)

Postoperative A4l B&C4L PIiL A4l B&C4L Pifi
Group A Group B&C P value Group A Group B&C P value

HIZ] Tmmediately 12.33+1.63 12.55+1.6(n=8) 0.828 2.80+0.41 2.90+0.54 (n=8) 0.758
& 1 week 12.59+1.61 13.56+1.42(n=8) 0.141 2.63+0.63 2.56+0.29 (n=8) 0.174
10/ 10 weeks 12.33+1.84 19.59+1.23(n=8) <0.001 2.86+0.37 1.37£0.20(n=8) <0.001
2004 20 weeks 12.15+1.62 23.78+2.71 (n=4) <0.001 2.67+0.53 0.99+0.22 (n=4) <0.001
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Figure 4 Histological results of C2/3 spinal cord in 3 groups: al-a3, normal structure of neuron and nerve fiber in

group A(HE/Nissl %X20). a4, Few TUNEL positive neuron in group A. b1-b3, neuronatrophy, reduction in the number of
neuron, increased gap around the neurons, mildly demyelinated and vacuolar degeneration in group B(HE/Nissl X20). b4,
Significant increase in number of TUNEL positive neuron in group B. c¢l-c¢3, Significant degeneration and atrophy of
nerve cell body, flattening of the cell body in the compression direction, reduction in number of Nissl body and severe

demyelination and degeneration of nerve fiber in group C(HE/Nissl X20). ¢4, A large number of TUNEL positive neuron

in group C, much more than group B
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Figure 5 Statistical results of histological examination: the results of Nissl staining of group B(10 weeks) and group C

(20 weeks) show that the proportion of abnormal motor neuron in the ventral horn of spinal cord significantly increases.

The TUNEL positive neuron in group C is much more than group A and B(: test, P<0.001)
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