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Establishment of a tethered cord syndrome model with neural axial stretch in pig

KONG Qing-jie, WU Zhao, SUN Jing-chuan, WANG Yuan, XU Xi-ming, YANG Yong, SHI Jian-gang”
Department of Spine Surgery (]I ), Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

[Abstract] Objective To explore a method for establishment of tethered cord syndrome model with neural axial
stretch in pig. Methods Eighteen adult pigs were randomized into three groups. Sham group: L,; spinal cords were
exposed; control group: L.s bilateral pedicle screws were placed after exposure of L5 spinal cords; and experiment
group: L5 spinal cords were exposed, then bilateral pedicle screws were placed, and finally L;5 intervertebral spaces
were extended axially, with six in each group. At different time points, the pigs in the three groups were subjected to X-
ray, hindlimb behaviors, urodynamics, somatosensory evoked potential, laser speckle imaging for blood flow and
histopathology examination, and the examination results were compared and analyzed. Results In the sham group and
control group, there was no obvious change in L, intervertebral space height, hindlimb motor nerve function scores,
urodynamics, somatosensory evoked potentials or laser speckle imaging for blood flow before and after operation; and the
spinal cord and nerve structure were normal or nearly normal in the histopathology. In the experiment group, compared
with before distraction, L5 intervertebral height after distraction was significantly increased, hindlimb motor nerve
function score was significantly decreased, latency of P-wave of sematosensory evoked potential was significantly
extended and the amplitude was significantly decreased, and blood flow on the surface of spinal cord was significantly
reduced (P<C0. 05). We observed low compliance bladder, detrusor-sphincter dyssynergia, varying degrees of neuronal
necrosis in the spinal cord, vacuolar degeneration and granular degeneration in the cytoplasm, tissue edema, sparse cell
structure, and partial perineurium injury in nerve root after extension of L5 intervertebral height. Conclusion The
spinal cord and nerve root injury model can be established by loosening posterior column structure and extending

intervertebral space, and this model can be used to simulate the clinical tethered cord syndrome patients with sensory and

[ EH] 2017-08-15 [#=ZHHA] 2017-09-17
CEHEmA]  FLPSHE, M+ A BE BRI, E-mail: 15900558565@163. com
S E1E#E (Corresponding author). Tel: 021-818885631, E-mail: jiangangshi812@163. com



55 9 . FLIRBE 55 R B R EE O AR P A VL2 B R Ay ST

+ 1159 -

motor dysfunction in the lower extremities, and sphincter dysfunction, which lays a foundation for studying the

pathological mechanism and exploring the surgical treatment of tethered cord syndrome.
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Tab 1 L, intervertebral height of each group

h/mm, n=6, rts

Group Pre-operation Post-operation t value P value
Sham 137.496+1. 157 137. 466+1. 453 0. 089 0.933
Control 136. 865+0. 928 137.455240. 981 2.163 0. 083
Experiment 137.12840. 910 160. 54141. 256 48.125 <0. 001
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Fig 1 Pre- and post-operative urodynamics examination results of experiment group
A: Pre-operative urodynamics results were nearly normal; B: Urodynamics results at 7 d after operation showed decreased bladder compliance,
which was 1. 15 mL./emH; O (normal value >>101. 15 mL/ecmH;0, 1 emH2O0=0. 098 kPa) . and detrusor-sphincter dyssynergia. Qurn: Urine

flow rate; Pger: Detrusor pressure; Pyes: Intravesical pressure; Pua: Abdominal pressure; EMG: Urethral sphincter electromyography
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Tab 3 Detrusor-sphincter synergia of each group

N=6,n
. Pre-operation Post-operation 7 d
Group r .
Normal(—) Dyssynergia(+) Normal(—) Dyssynergia(+)
Sham 6 0 6 0
Control 6 0 6 0
Experiment 6 0 1 5
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Tab 4 Amplitude and latency of P-wave of each group

n=6, rts
. Amplitude ¢/mV Latency ¢/ms
Group - - - ;
Pre-operation Post-operation ¢t value P value Pre-operation Post-operation t value P value
Sham 5. 55640. 080 5. 60340. 095 4, 485 0. 006 20.357+0.203  20.20840. 269 3. 468 0.018
Control 5.44540. 042 5.41040. 039 4,134 0. 009 20.518=40. 184 20. 45240, 222 3.953 0.011
Experiment 5.420%0. 039 1.06240. 048 142. 958 0. 001 20.69240.272  33.307240. 904 35. 551 <20. 001
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Fig 2 Laser speckle blood flow imaging of each group
A: The laser speckle imaging of sham and control groups showed tip vessels and their branches were circulating in good condition and filling with
rich blood (arrow); B: The imaging of experiment group after operation showed that red vascular branch gradually decreased (arrow),
suggesting that the blood flows on surface of the spinal cord gradually reduced; C: The imaging of experiment group after 0. 5 h of operation
showed that the vascular branches were almost blue (arrow). suggesting that the blood flows on surface of the spinal cord disappeared, or

completely blocked
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Tab 5 Blood flows on surface of spinal cord of each group

n==6, rts
Group Pre-operation Post-operation t value P value
Sham 184, 20040. 959 -
Control 185. 01740. 828 179.583+1. 683 14. 892 <0. 001
Experiment 179.11740. 471 73.16740. 505 397. 157 <0. 001
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Fig 3 H-E staining of spinal cords and nerve roots in each group

Ay, By : H-E staining of spinal cords in sham and control groups showed that the boundaries of gray matter and white matter were clear, and the
nerve cells were morphologically intact; Az, By: H-E staining of nerve roots in sham and control groups showed that the root fibers arranged
neatly, structure of the axons and dendrites were intact, myelin sheathes arranged closely, and no broken axon myelin, demyelination,
interstitial edema or bleeding was observed; C;: H-E staining of spinal cords in experiment group showed that the boundaries of gray matter and
white matter were fuzzy, and varying degrees of nerve cells necrosis and granular, vacuolar degeneration in the cytoplasm were observed; C;:
H-E staining of nerve roots in experiment group showed that edema, sparse cell structure, partial injured perineurium, and hemorrhage;

degeneration and necrosis were observed in nerve root tissues. Original magnification; X200
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