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Abstract: Spinal trauma can cause simultaneous injury of intervertebral discs (IVD) and anterior longitudinal liga-
ments (ALL). Injury of IVD is an important factor causing intervertebral disc degeneration (IDD). However, the rela-
tionship between ALL injury and IDD has rarely been discussed. Therefore, the purpose of this study was to inves-
tigate the effects of ALL injury on degeneration of injured IVD. Thirty-two rabbits were randomly and evenly divided
into four groups including sham group, Group A (simple IVD punctured), Group B (IVD punctured with half transverse
injury of ALL), and Group C (IVD punctured with entirely transverse injury of ALL). Then, computed tomography, HE
staining, intraoperative exploration, immunohistochemistry, and TUNEL staining were used in detecting the degen-
erative changes in corresponding IVD. At 2 weeks postoperatively, in response to the extent of ALL injury, the middle
height of the punctured intervertebral space was reduced. The IVD structure was disorganized and the number of
IVD cells was decreasing. The percentage of IL-1B- and TNF-a-immunopositive cells was increased and the percent-
age of TUNEL-positive IVD cells was also increased. There was a significant difference between Group C and the
other groups in the results of immunohistochemistry and TUNEL staining (P<0.05). At 8 weeks postoperatively, the
middle height of intervertebral space was significantly lower in Group C than in other groups (P<0.05). Intraopera-
tive exploration found that there was obvious instability of intervertebral space in Group C. Compared with 2 weeks
postoperation, the pathological changes were severe. The percentage of IL-1B- and TNF-a-immunopositive cells
was decreased and the percentage of TUNEL-positive cells was increased in the corresponding groups. There was
a significant difference between Group C and the other groups in the results of immunohistochemistry and TUNEL
staining (P<0.05). These findings indicate that IVD injury companied with completed ALL injury might cause obvious
spinal instability, which might correspond to severe IDD.
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Introduction

Spinal trauma is one of the main causes of
intervertebral disc (IVD) and spinal ligaments
injury [1-5]. Many studies have reported the
effects of IVD injury caused by vertebral frac-
tures on intervertebral disc degeneration (IDD)
[6-8]. However, the effects of spinal ligaments
injury on IDD have rarely been discussed.

As magnetic resonance imaging (MRI) has been
widely used recently in checking patients suf-
fering from spinal trauma, more and more spi-
nal ligaments injuries have been found such as
anterior longitudinal ligament (ALL), posterior

longitudinal ligament (PLL), and posterior liga-
mentous complex (PLC) [3-5]. All of these liga-
ments are important structures in maintaining
spinal stability. Spinal instability is a crucial fac-
tor resulting in IDD [9-11].

ALL injury is one of the most common types of
spinal ligaments injury after cervical trauma.
Because ALL and IVD are closely interlinked in
anatomic structure, injury of IVD often accom-
panies with ALL injury, especially in cervical
hyperextension injury [3-5, 12]. Many studies
have reported that ALL injury might decrease
spinal stability [13-15]. However, to the best of
our knowledge, there have not been any studies
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Surgical approach

Before the experiments, the
rabbits were routinely housed
for at least one week. Rabbits
were deeply anaesthetized
with 3% sodium pentobarbital
(1 ml/kg, ear vein injection)
and placed in the supine posi-

Sham group Group A Group B

Figure 1. The illustrations of IVD puncture and ALL injury. Sham group: Ex-
posing ALL and IVD without injury; Group A: Simple IVD punctured without
ALL injured; Group B: IVD punctured with half transverse injury of ALL; Group twelfth  rib
C: IVD punctured with entirely transverse injury of ALL. ’

focusing on the effects of ALL injury on IDD.
Thus, the aim of this study was to build punc-
tured IVD with varying degrees of ALL injury
models of rabbit. This model permited further
investigation of the effects of ALL injury on
degeneration of injured IVD by analyzing the
changes in the imaging examination, histology
examination, the expression of pro-inflammato-
ry cytokines including IL-1B and TNF-a, and
apoptosis of IVD cells.

Materials and methods
Animals and groups

All experimental approaches were performed in
accordance with the National Institute of Health
Guide for the Care and Use of Laboratory
Animals. The study’s approach was approved
by the Institutional Animal Care Committee of
Shanghai Ninth People’s Hospital, Shanghai
Jiao Tong University School of Medicine. Thirty-
two healthy adult male New Zealand rabbits
(10-12 weeks, weight 2.5-3.5 kg) obtained
from the Animal Laboratory of Shanghai Song-
Lian Co (Shanghai, China) were randomly and
evenly divided into four groups. (1) sham group
(n=8): exposing ALL and IVD without injury; (2)
Group A (n=8): simple IVD punctured without
ALL injured; (3) Group B (n=8): IVD punctured
with half transverse injury of ALL; (4) Group C
(n=8): IVD punctured with entirely transverse
injury of ALL. The rabbits were housed individu-
ally and fed on a twelve-hour light-dark cycle
with food and water available ad libitum.
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tion. The anterolateral retro-
peritoneal approach was us-
ed to expose the disc of the

Group C lumbar spine. After steriliza-

tion using povidone iodine, an
8 cm skin incision was cut
between the iliac crest and
about halfway

between the ventral and dor-

sal midline. Fascia and mus-
cles were carefully separated. The white inter-
vertebral disc of the L-L, segment was
exposed. The corresponding ALL of the L-L,
segment was carefully separated by vessel
clamp, ensuring no additional injury to the ante-
rior annulus fibrosus (AF). In the sham group,
ALL and IVD were fully exposed without injury;
in Group A, the ventrolateral aspect of the inter-
vertebral disk was punctured to a depth of 3
mm by a 16G needle; in Group B, the ALL was
half transversely cut with eye scissors after
puncturing the IVD using the above method; in
Group C, the ALL was completely transversely
cut with eye scissors after puncturing the IVD
using the above method (Figure 1). The abdom-
inal wall was then closed.

Examination time

Inflammation of the punctured IVD usually
occurs early (within 2 weeks). In addition,
according to Martin JT, IDD was apparent at 8
weeks after the puncture injury [16]. Therefore,
we chose 2 weeks and 8 weeks postoperatively
to conduct the following examinations.

Computed tomography (CT) scan

Computed tomography (Philips Briliance iCT,
Amsterdam, Netherlands) scans of the lumbar
spine were performed at 2 weeks and 8 weeks
postoperatively for each rabbit and the middle
height of the punctured intervertebral space
was calculated on CT sagittal reconstruction
images. The following technical specifications
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Figure 2. CT sagittal reconstruction images and the middle height of punc-
tured intervertebral space in different groups at 2 weeks and 8 weeks post-
operatively. A. CT sagittal reconstruction images of the rabbit lumbar spine in
different groups. The intervertebral space gradually narrowed in the L-L, IVD
from sham group to Group C. There was calcification in Group C at 8 weeks
postoperatively. B. The middle height of punctured intervertebral space in
different groups. There was a significant difference between Group C and
other groups at 8 weeks postoperatively (*P<0.05, unit: mm).

were used: 5.2-sec anatomical scan time with
0.75-sec rotation time, a 500-mm maximum
diameter field of view (FOV) with 120 kV voltage
and 30 mA current.

Intraoperative exploration

After intravenous anesthesia, four randomly
selected rabbits in each group were routinely
sacrificed by injecting air into the ear vein at 2
weeks and at 8 weeks postoperatively. Ope-
rators tugged the vertebral bodies by using for-
ceps to confirm the motion range of punctured
intervertebral space. If there was obvious
increasing mobilization range of the vertebral
bodies we believed that there was instability
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of punctured intervertebral
space.

H&E staining

After intraoperative explora-
tion, the corresponding VD
was completely removed and
kept in 4% PFA for fixation
overnight. After dehydration,
the IVDs were embedded in
paraffin. Serial coronal sec-
tions were then collected at
5 um thickness and were
further subjected to H&E st-
aining using well established
methods. Two independent
observers blinded to the ex-

* periment collected images us-
* ing an inverted fluorescence
microscope (NIKON ECLIPSE
I T3-S, Tokyo, Japan).
I Immunohistochemistry and

imaging analysis

The paraffin-embedded sec-
tions of the IVD were subject-
ed to immunohistochemical
staining. Briefly, tissue sec-
tions of 5 uym were deparaf-
finized, rehydrated in a series
of descending concentrations
of ethanol, and were placed in
an antigen retrieval solution
(20 min microwave irradiation
in 0.05 M tris buffer, pH 9.0).
Endogenous peroxidase was
blocked using 3% H,0,. After
three rinses in phosphate-buffered saline for 5
minutes each, non-specific binding was blocked
by incubation in 10% normal rabbit serum for
30 minutes at room temperature. Sections
were incubated with primary polyclonal anti-
rabbit IL-13 antibody (Abcam, Shanghai, China;
1:200 dilution) and primary polyclonal anti-rab-
bit TNF-a« antibody (Boster, Wuhan, China;
1:200 dilution), followed by secondary goat
anti-rabbit antibody (Boster, Wuhan, China; 1:1
dilution) labelled with horseradish peroxidase.
Negative controls in which IgGs replaced the
primary antibody at an equal protein concentra-
tion were used. Immunoreactivity was visual-
ized using the DAB chromogenic reagent
(DAKO). Sections were counterstained with

Int J Clin Exp Pathol 2018;11(2):595-603
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Figure 3. H&E staining of the boundary between the AF and NP of punctured IVDs in different groups at 2 weeks and
8 weeks postoperatively x200. At 2 weeks postoperatively, minor inflammatory cell infiltration and vasculogenesis
was observed in the AF. At 8 weeks postoperatively, the disorganization of the peripheral layer structure of the AF
was gradually increased, and the number of NP cells gradually decreased from sham group to Group C. New blood
vessels were found in the AF. The above pathological changes were obvious in Group C.

haematoxylin. Two independent observers bl-
inded to the experiment collected images using
an inverted fluorescence microscope (NIKON
ECLIPSE T3-S, Tokyo, Japan). At least 100 IVD
cells were counted for each IVD specimen.
IL-1B- and TNF-a-immunopositive cells were
counted with respect to the total number of IVD
cells. A positive immunohistochemical exami-
nation was reported as the percentage of
immunopositive cells out of the total number of
IVD cells. The mean score was obtained by two
observers.

TUNEL staining

TUNEL staining examination was performed
using an In Situ Apoptosis Detection Kit (Roche,
Switzerland). The paraffin-embedded sections
of IVD were subjected to antigen retrieval pro-
teinase K (Roche, Switzerland) for 30 minutes,
then washed 3 times with PBS. The preparation
of the TUNEL solution and the staining were
performed according to the assay kit's instruc-
tion manual. Two independent observers blind-
ed to the experiment collected images using
an inverted fluorescence microscope (NIKON
ECLIPSE T3-S, Tokyo, Japan). At least 100 IVD
cells were counted for each IVD specimen and
TUNEL-positive cells were counted with respect
to the total number of IVD cells. A positive
examination was counted as the percentage of
TUNEL-positive cells out of the total number of
IVD cells. The mean score was obtained by two
observers.
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Statistical analysis

Data analyses were performed using the SPSS
19.0 (SPSS Inc., Chicago, IL, USA) and results
were represented as the mean + standard devi-
ation (SD). A one-way analysis of variance with
Bonferroni correction was performed to com-
pare the middle height, the percentage of
immunopositive cells, and the percentage of
TUNEL-positive cells in corresponding VD
between all groups. Significance was accepted
at P<0.05.

Results
CT examination

All experimental animals survived until they
were sacrificed. At 2 weeks postoperatively, a
sagittal reconstruction CT examination revealed
that the middle height of the punctured inter-
vertebral space was 1.45 + 0.06 mm in the
sham group, 1.38 + 0.10 mm in Group A, 1.30
+ 0.08 mm in Group B, and 1.15 + 0.13 mm in
Group C. The height in Group C was significantly
lower than that in sham group and Group A
(P<0.05). At 8 weeks postoperatively, the mid-
dle height of the punctured intervertebral sp-
ace was 1.40 + 0.08 mm in sham group, 1.30
+ 0.12 mm in Group A, 1.10 £ 0.14 mm in
Group B, and 0.83 + 0.10 mm in Group C. The
height in sham group was significantly higher
than that in Group B and Group C (P<0.05) and
the height in Group C was significantly lower

Int J Clin Exp Pathol 2018;11(2):595-603
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than that in Group A and Group B (P<0.05). It is
worth noting that there was calcification in
Group C (Figure 2).

Intraoperative exploration finding

At 2 weeks postoperatively, there was not obvi-
ous instability of punctured intervertebral sp-
ace in all groups confirmed by operators. At 8
weeks postoperatively, there was not obvious
instability of punctured intervertebral space in
sham group, Group A, and Group B. In contrast,
there was obvious instability of punctured inter-
vertebral space in Group C confirmed by
operators.

Histological examination

Sham animals did not show abnormalities of
morphology. At 2 weeks postoperatively, H&E
staining showed minor inflammatory cell infil-
tration and vasculogenesis in the AF. Mild disor-
ganization was found in the peripheral layer
structure of the AF and the number of nucleus
pulposus (NP) cells was slightly decreased. The
above pathological changes were obvious in
Group C. At 8 weeks postoperatively, H&E stain-
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Figure 4. Immunohistochemical exami-

nation of punctured IVDs and calculation

of immunopositive cells with respect to
] IL-1B in different groups at 2 weeks and
8 weeks postoperatively x400. A. The
number of IVD cells gradually decreased
and the percentage of immunopositive
cells (marked by the arrow) gradually in-
creased from sham group to Group C. B.
The percentage of IL-1B-immunopositive
cells in punctured IVDs in different
groups and there was also a significant
difference between Group C and other
groups (P<0.05) ("P<0.05).

ing showed new blood vessels in the AF. There
was obvious disorganization in the peripheral
layer structure of the AF and the number of NP
cells was decreased. The boundary between
the AF and NP could be distinguished with dif-
ficulty. The above pathological changes were
also observed in Group C (Figure 3).

Immunohistochemical examination and calcu-
lation of immunopositive cells

The immunopositive cells were stained yellow
and observed in the IVD (Figures 4 and 5). At 2
weeks postoperatively, the percentage of IL-13-
immunopositive cells in the punctured IVD was
3.87 £ 0.82% in sham group, 27.35 + 2.35% in
Group A, 31.62 + 2.30% in Group B, and 43.73
+ 2.26% in Group C. The percentage of TNF-a-
immunopositive cells in the punctured IVD was
4.75 £ 1.44% in sham group, 32.71 £ 1.61% in
Group A, 35.54 + 2.41% in Group B, and 46.84
+ 1.52% in Group C. There was a significant dif-
ference between the sham group and other
groups (P<0.05) and there was also a signifi-
cant difference between Group C and other
groups (P<0.05). At 8 weeks postoperatively,
the percentage of immunopositive cells in the

Int J Clin Exp Pathol 2018;11(2):595-603
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corresponding group was lower than that at 2
weeks postoperatively. The percentage of IL-13-
immunopositive cells in the punctured IVD was
3.66 £ 0.74% in sham group, 14.46 + 2.41% in
Group A, 18.02 + 1.48% in Group B, and 26.65
+ 3.00% in Group C. The percentage of TNF-a-
immunopositive cells in the punctured IVD was
4.70 £ 1.03% in sham group, 17.48 £ 1.84% in
Group A, 19.79 + 2.49% in Group B, and 30.04
* 2.64% in Group C. There was a significant dif-
ference between the sham group and other
groups (P<0.05) and there was also a signifi-
cant difference between Group C and other
groups (P<0.05).

Apoptosis examination

TUNEL-positive cells were stained yellow and
observed in the IVD (Figure 6). At 2 weeks post-
operatively, the percentage of TUNEL-positive
cells was 3.23 + 0.91% in sham group, 13.67 *
1.81% in Group A, 16.68 + 2.32% in Group B,
and 25.50 + 2.05% in Group C. There was a
significant difference between sham group and
other groups (P<0.05) and there was also a sig-
nificant difference between Group C and other
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Figure 5. Immunohistochemical examina-
tion of punctured IVDs and calculation of
immunopositive cells with respect to TNF-«
in different groups at 2 weeks and 8 weeks
postoperatively x400. A. The number of IVD
cells gradually decreased and the percent-
age of immunopositive cells (marked by
the arrow) gradually increased from sham
group to Group C. B. The percentage of TNF-
a-immunopositive cells in punctured IVDs
in different groups and there was a signifi-
cant difference between Group C and other
groups (P<0.05) ("P<0.05).

groups (P<0.05). At 8 weeks postoperatively,
the percentage of TUNEL-positive cells in the
corresponding group was higher than that at 2
weeks postoperatively. The percentage of posi-
tive cells was 3.86 + 1.15% in sham group,
18.35 + 2.94% in Group A, 21.81 + 1.73% in
Group B, and 32.50 + 2.17% in Group C. There
was a significant difference between sham
group and other groups (P<0.05) and there was
also a significant difference between Group C
and other groups (P<0.05).

Discussion

In our present study, we found that there was
obvious spinal instability in Group C at 8 weeks
postoperatively and there was more serious
degeneration of IVD in Group C than the other
three groups including significant middle height
loss, histological deterioration, upregulated
pro-inflammatory cytokines including IL-13 and
TNF-&, and increased apoptosis of IVD cells in
corresponding IVDs. Therefore, we considered
that IVD injury companied with complete ALL
injury could cause obvious spinal instability,
which might lead to corresponding severe IDD.

Int J Clin Exp Pathol 2018;11(2):595-603
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In this needle-puncturing IVD model of the rab-
bit model, we investigated IVD injury [17]. After
puncture injury of the IVD, hydrostatic pressure
was reduced. This caused changes in proteo-
glycan and collagen content, further accelerat-
ing IDD. In Group A, after simple puncture of the
rabbits’ IVD, CT examination showed that the
middle height of the punctured intervertebral
space was reduced. H&E staining showed that
the IVD structure was disorganized and the
number of IVD cells was decreased. These
imaging and pathological changes coincided
with the known process of IVD injury [16, 18,
19]. Therefore, we suggest that the IVD injury
model of rabbit is successfully built in our
study.

Increasing expression of pro-inflammatory
cytokines including IL-13 and TNF-a and in-
creasing apoptosis of IVD cells may play roles
in IDD [20-25]. Previous experimental studies
have demonstrated that the disruption of ex-
tracellular matrix is one meaningful character-
istic of IDD [26-28]. IL-13 and TNF-a can pro-
mote the expression of catabolic enzymes such
as ADAMTSs and MMPs, which simultaneously
decrease the expression of anabolic extracel-
lular matrix proteins aggrecan and collagen II,
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Figure 6. Apoptosis examination of punc-
tured IVDs and calculation of TUNEL-pos-
itive cells in different groups at 2 weeks
and 8 weeks postoperatively x400. A. The
number of IVD cells gradually decreased
and the percentage of TUNEL-positive cells
(marked by the arrow) gradually increased
from Group A to Group C. B. The percent-
age of TUNEL-positive cells of punctured
IVDs indifferent groups and there was a
significant difference between Group C
and other groups (P<0.05) (*P<0.05).

finally accelerating IDD [29, 30Q]. In addition, the
increased apoptosis of IVD cells can reduce the
production of type Il collagen, proteoglycans,
nitric oxide, prostaglandins, and metallopro-
teinases which can reduce the osmotic forces
in the NP. This results in the loss of water con-
tent and the disruption of complete structure,
finally accelerating IDD [21, 25]. Therefore, we
believe that expression of pro-inflammatory
cytokines including IL-13 and TNF-a and the
number of apoptosis of IVD cells are effective
indications that reflect the degree of IDD and
the increasing expression of above cytokines
and the increasing apoptosis of IVD cells coin-
cide with the changes of reduction of interver-
tebral space and deteriorated pathology in our
study.

Spinal stability is maintained by the bones,
joints, IVDs, and spinal ligaments including ALL,
PLL, and PLC. Many studies have suggested
that instability of intervertebral space is an
important factor causing IDD [9-11]. In our
present study, at 8 weeks postoperatively, the
results of Group C show that the injury of IVD
companied with completed ALL injury might
result in obvious instability of injured interverte-
bral space, further leading to deteriorate IDD.

Int J Clin Exp Pathol 2018;11(2):595-603
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The results of Group A show that there is limit-
ed effect on stability of intervertebral space
with the simple injury of IVD. In addition, the
results of Group B show the injury of IVD com-
panied with partial ALL injury might not result in
obvious instability of corresponding interverte-
bral space, for the remains of ALL might be
helpful in maintaining the stability of injured
intervertebral space and injured ALL might be
repaired by fibrous tissue or scar soon.

Currently, it is easy to diagnose injury and
degeneration of IVD by MRI in clinical practice
but the method of detecting the injured degree
of ALL is still difficult. The main changes in MRI
imaging reflect the injured degree of ALL includ-
ing the increasing gap size of anterior interver-
tebral space, the hemorrhage degree of prever-
tebral fasciae, and the discontinuity degree of
ALL. According to the results of our study, we
suggest that surgeons should pay more atten-
tion to patients who have suffered from injury
of IVD companied with suspiciously serious ALL
injury, for those patients have high risk of sec-
ondary spinal instability and deteriorating IDD.
Patients with suspected injury of spinal liga-
ments confirmed by MRI should get early strict
cervical external fixator and surgeons should
inform them that there is an increasing risk of
secondary spinal instability and deteriorating
IDD.

There are several limitations in this study. First,
MRI is one of the most important means for
confirming the degree of IDD and ALL injury.
However, because of limitations in experimen-
tal equipment, we used CT in performing imag-
ing examinations of IVD. Second, based on ethi-
cal demands, we only selected earlier and later
time points. Subsequent research could be
conducted to add time intervals of observation
after establishing the above models, further
improving the accuracy.

In summary, our experiment confirms that IVD
injury companied with complete ALL injury
might cause obvious spinal instability, which
might lead to corresponding severe IDD, includ-
ing significant middle height loss, histological
deterioration, upregulation of pro-inflammatory
cytokines including IL-13 and TNF-&, and
increased apoptosis of IVD cells in correspond-
ing IVDs. Our suggestion for clinical work is that
surgeons should pay more attention to patients
suffering from basic injury of IVD companied
with suspiciously serious ALL injury and for
those patients at high risk of secondary spinal
instability and deteriorating IDD.
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