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Abstract. The aim of the present study was to develop a
novel animal model of lumbar facet joint osteoarthritis
induced by persistent compressive injury. An intraspinal
compression spring was randomly implanted into either the
L4/5 or the L5/6 spinal segments of 40 Sprague Dawley (SD)
rats to induce compression. Sham-operations were used in
the other segment of the same rats as the control levels. The
animals were sacrificed at 7, 14, 28, 42 and 56 days after
surgery, prior to the radiological confirmation of the spring
location. Degeneration of the lumbar facet joints was evalu-
ated by macroscopic observation in addition to histological
and immunohistological analyses. The results of this present
study revealed the absence of spring dislocation during the
entire observation period. Macroscopic and Osteoarthritis
Research Society International scores of the compression
levels were found to be higher in the compression levels
compared with those noted in the control levels (P<0.05).
In addition, interleukin-1f and tumor necrosis factor-a
expression in the compression levels were increased over
time compared with those recorded in the control levels.
In conclusion, persistent compressive injury may induce
degeneration of the lumbar facet joint. This novel animal
model could serve as a useful tool for further studies into the
mechanisms of action and potential treatment of lumbar facet
joint osteoarthritis.

Introduction

Lower back pain is a ubiquitous disorder that is associated
with limitations to daily activities that significantly reduce
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the quality of life. Its lifetime prevalence is >80% world-
wide (1-4). Symptomatic degenerative defects to the lumbar
spine are the main causes of lower back pain (5,6), which costs
over $100 billion each year in the US (7). Since the process of
degeneration itself does not always result in pain, factors and
mechanisms that are available to distinguish symptomatic from
asymptomatic degeneration remain elusive (8). Furthermore,
lower back pain is not caused by a known etiology or mecha-
nism. The origin of tissue pain may emanate from =1 sources,
including the intervertebral disc, facet joints, longitudinal liga-
ments, musculature and fascia (9,10).

Animal models have provided valuable insights into
the mechanism of symptomatic degeneration of the spine.
A number of disc degeneration animal models have been
established previously, which are important for mechanistic
studies and the development of treatment strategies (11).
However, the number of animal models of lumbar facet joint
degeneration that have been established remain insufficient.
As the only true synovial joints of the spine, facet joints are
highly innervated and as such are important load-bearing
structures in the posterior aspect of the vertebral column (12).
Stress overload may result in osteoarthritis of the facet joint,
which has been determined to be a possible source of lower
back pain (13). Despite its prevalence, few studies have utilized
animal models to study lumbar facet joint osteoarthritis.
Difficulties in creating animal models stem from the fact
that both chemical and mechanical interventions are more
difficult to perform in the facet joint compared with the same
procedures in the disc. Among these models, the majority
belong to the class of chemically induced model of facet joint
osteoarthritis, which induces a rapid and severe autoimmune
reaction by injecting chemical agents into the lumbar facet
joints (14).

In this present study, a novel rat model of mechani-
cally-induced lumbar facet joint injury was developed. In
contrast to previously described chemically-induced animal
models, the current model was created by physically loading
increased stress, which was closer to the etiology of human
facet joint syndrome (12). This rat model may provide an ideal
experimental model for further investigations into the etiology,
pathogenesis and development of therapies for lumbar facet
joint osteoarthritis.


https://www.spandidos-publications.com/10.3892/etm.2020.9117
https://www.spandidos-publications.com/10.3892/etm.2020.9117

LU et al: ANOVEL FACET JOINT OSTEOARTHRITIS MODEL INDUCED BY PERSISTENT COMPRESSIVE INJURY

Materials and methods

Ethics. All experimental procedures were reviewed and
approved by the Sixth Medical Center of the Chinese PLA
General Hospital Animal Ethics Board (Beijing, China).

Design and manufacture of the compression spring. A modi-
fied intraspinal compression spring was designed according to
the anatomy measurements of the male Sprague Dawley (SD)
rat lumbar spine (Fig. 1). The modified intraspinal compression
spring can provide persistent compressive stress to the lumbar
facet joints. The spring was manufactured by the Yongxing
Kangli Hardware Factory (Wenzhou, China) with the
following dimensions: i) External diameter, 2 mm; ii) length,
2 mm; iii) wire diameter, 0.4 mm; and iv) 2 mm accessory
length. The string was made of 316L stainless steel, which can
offer 50 g in force when stretched to 4 mm. The force of the
spring was set according to the biomechanics of the facet joint
in humans. Generally, the bilateral facet joints can bear ~20%
of the body weight (15). Therefore, for a rat weighing ~250 g,
the application of 50 g in pressure can simulate the facet stress
that is typically observed in humans (15).

Animal model induction. A total of 40 healthy male SD rats
(aged 6-8 weeks; weight, 255-320 g) were provided by the
Experimental Animal Center of the Sixth Medical Center of
Chinese PLA General Hospital [Animal production license
number: SCXK (Beijing) 2015-0012]. Animals were kept
in cages with the environmental temperature, maintained at
a temperature of 22-26°C and a relative humidity at 40-80%
under a 12 h light-dark cycle, and allowed free access to food
and water. Routine cleaning and disinfection were performed
daily. For each rat, one of the L4/5 and L5/6 spinal fragments
was selected randomly using a random number table marked
as Compression level for persistent compressive injury. The
other level of the same animal was indicated as Control level
treated with sham operation. All rats were anesthetized by an
intraperitoneal injection of ketamine (5 mg/100 g), xylazine
(0.5 mg/100 g) and acepromazine (0.1 mg/100 g). Following
skin preparation and disinfection, a posterior midline incision
was performed, where the multifidus muscle at the L4-L6
spinous process was resected to expose the L4-L6 spinal
processes. The modified intraspinal compression springs were
implanted into the defined compression level by attachment to
the spinous processes (Fig. 2). The control level in the same
animal underwent the same incision and exposure as that
of compression level without implantation of the compres-
sion spring. Subsequently, the muscle was sutured and the
skin was then closed at both compression and control levels.
The animals were treated with subcutaneous injections of
antibiotics (penicillin, 80,000 Units) once per day per rat for
3 days. Following surgery, the rats were allowed to recover
and were subsequently examined on days 7, 14, 28, 42 and 56
as described below.

Macroscopic observation. On days 7, 14, 28, 42 and 56
following surgery, 8 rats were randomly euthanized by an
intraperitoneal overdose injection of pentobarbital sodium
(200 mg/kg). Anteroposterior (AP) and lateral X-ray
examinations of the rats were performed to verify the spring
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Figure 1. A modified intraspinal compression spring was manufactured by
the Yongxing Kangli Hardware Factory (external diameter, 2 mm; length,
2 mm; wire diameter, 0.4 mm; accessory length, 2 mm).
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Figure 2. A representative image of the procedure demonstrating the modi-
fied intraspinal compression springs being fixed between the two spinous
processes.

location prior to lumbar vertebral segment collection. The
L4-L6 spinal sample was harvested en bloc after being
sacrificed via cervical dislocation. The pathological defects
in the L4/5 and L5/6 lumbar facet joints were evaluated by
macroscopic observation. A macroscopic tissue observation
scoring system proposed by Pelletier et al (16) was used, with
a score of 0-4 corresponding to the following conditions:
1) 0, intact articular surface with normal calamine blue
color; ii) 1, rough articular surface with a gray color; iii) 2,
defected superficial cartilage; iv) 3, defected deep cartilage
with ulceration; and v) 4, exfoliated cartilage with exposed
subchondral bone.

Histological examination. Following macroscopic observa-
tion, the L4-L6 segments were fixed in 4% formaldehyde
for 48 h at room temperature, followed by decalcification in
EDTA solution for 4-8 weeks. The decalcified facet joints were
paraffin-embedded and subsequently sliced into 4-6 ym thick
sections in the transverse plane. Serial facet joint sections of
the experimental and control levels were deparaffinized using
xylene followed by a descending series of ethanol at room
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Figure 3. Representative X-ray images obtained following euthanasia of the
rats, confirming that no spring dislocations were found. (A) Anteroposterior
view revealing that the compression spring was located in the central of
lumbar spine without dislocation. (B) Lateral view revealing that the com-
pression spring was fastened between the adjacent spinous processes.

temperature. The sections were stained with toluidine blue
at 20°C for 10 min. The results were detected using a light
microscope (Olympus Corporation) at a magnification of x100,
and three fields of view were scored for articular cartilage
degeneration according to the Osteoarthritis Research Society
International (OARSI) score (ranging from O to 24 points) (17).

Immunohistochemical staining. The aforementioned deparaf-
finized facet joint sections were incubated with rabbit-anti rat
antigen monoclonal antibodies targeting interleukin (IL)-1B
(1:100; cat. no. ab9722; Abcam) and tumor necrosis factor
(TNF)-a (1:100; cat. no. ab6671; Abcam) at 4°C overnight.
Subsequently, the sections were further incubated with a
biotin-labeled goat-anti rabbit secondary antibody (1:200;
cat. no. 074-1506; KPL, Inc.) for 60 min at room temperature.
The staining was made visible using 3,3'-diaminobenzidine,
where cells exhibiting positive staining are brown in color.
Staining intensity and the percentage of positive cells were
evaluated from three random fields for each section under a
light microscope (Olympus Corporation; magnification, x100).
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Figure 4. Comparison of macroscopic scores of the facet joint cartilage
between control and compression levels 7, 14, 28, 42 and 56 days after sur-
gery. All data are presented as the mean + standard deviation (n=8 per time
point). "P<0.05 and “P<0.01. ns, not significant.

A computer interface (Image-Pro Plus; version 6.0; Media
Cybernetics Inc.) was used for image analysis. The rela-
tive expression of the targeted molecules was calculated by
multiplying the staining intensity score with the positive cell
score. Staining intensity was scored from 0 to 3, representing
no staining, light, moderate and strong staining, respectively.
Positive cells (the ratio of brown cells to total cells) were
scored from 1 to 4 as follows: i) <10%; ii) 11-50%; iii) 51-75%;
and iv) >75%, respectively.

Statistical analysis. Continuous variables are presented as
the mean + SD. Comparisons made for non-parametric data,
between the control and treated groups at different time points
were performed using Wilcoxon signed rank sum tests with
Bonferroni's adjustments and parametric data comparisons
were performed using the paired Student's t-test. All statistical
analyses were performed using the SPSS 17.0 software (SPSS,
Inc.). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Macroscopic observation. AP and lateral X-ray examina-
tions were performed on all rats at the indicated days prior to
sacrifice. All springs were found to be in the correct position
without any dislocation (Fig. 3). The facet joint articular carti-
lage in the control group exhibited a bright calamine blue color
without cracks or defects at 7, 14, 28, 42 and 56 days following
surgery. Compared with the control group, time-dependent
pathological changes were observed in the experimental group.
In addition, joint synovial membranes were slightly swollen at
7 and 14 days following surgery. Marked joint swelling and a
gray, dim articular cartilage surface was observed at 28 days,
whereas at 42 and 56 days following surgery, a rough cartilage
surface and minor cracks were observed, respectively (data not
shown).

The macroscopic scores of the facet joint cartilage at
each measured day following surgery are presented in Fig. 4.
Comparisons between the control and the compression groups
were performed at the indicated days. Statistically significant
differences were observed on days 14, 28, 42 and 56 following
surgery (P<0.05 for day 14 and P<0.01 for all other cases).
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Figure 5. Histological examination of the facet joint cartilage of L4-L6 segments. Photomicrographs of facet joint cartilages in the control levels stained with
toluidine blue at (A) 7 and (B) 56 days following surgery. Photomicrographs of facet joint cartilages in the compression levels stained with toluidine blue at
(C) 7,(D) 14, (E) 28, (F) 42 and (G) 56 days following surgery (magnification, x100; scale bar, 100 ym).

However, significant differences were not observed at 7 days  the compression levels were significantly higher compared
following surgery (P>0.05). The results suggest that after ~ with those in the control levels throughout the testing period
7 days, the macroscopic scores of the facet joint cartilage in  (P<0.05).
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Table I. Immunohistochemical scores of IL-1[3 expression in cartilage in the two levels.

Group 7 days 14 days 28 days 42 days 56 days
Control level 0.37+0.34 0.54+0.47 0.51+0.55 0.69+0.72 0.63+0.19
Compression level 1.76+1.03 3.32+1.29* 5.14£2.37* 8.14+2.25* 8.23+1.36*
T-value 543 7.78 10.34 13.49 15.31
“P<0.01 vs. Control level (n=8 per time point).
Table II. Immunohistochemical scores of TNF-a expression in cartilage in the two levels.
Group 7 days 14 days 28 days 42 days 56 days
Control level 0.45+0.38 0.59+0.83 0.66+0.35 0.50+0.71 0.63+1.09
Compression level 1.39+0.76* 4.03+£1.99° 4.51+£3.13° 7.36£3.14° 8.98+2.21°
T-value 398 6.95 7.66 9.93 14.96
*P<0.01 vs. Control level (n=8 per time point).
20+ ** . . .
—— = Control fied on the articular surface as well as a decrease in thickness
0 154 il Compression (Fig. 5G).
£ Articular cartilage degeneration in the control and compres-
@ 104 il sion groups was evaluated according to the OARSI scoring
";I’ system. The OARSI scoring results are presented in Fig. 6.
S s ns > Comparison between the control and compression groups was
— performed at the indicated days. Significant differences were
observed at all the observed time points (P<0.05 on day 14
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Figure 6. Comparison of OARSI scores of the facet joint between control
and compression levels 7, 14, 28, 42 and 56 days after surgery. All data are
presented as the mean + standard deviation (n=8 per time point). "P<0.05,
“P<0.01. ns, not significant. OARSI, Osteoarthritis Research Society
International.

Articular cartilage histological observation. Toluidine blue
staining of the articular cartilage indicated smooth and normal
surfaces without cracks, erosions or ulcerations in the control
level. A smooth cartilage surface with normal cartilage thick-
ness and regular chondrocyte arrangement were observed in
control level at all time points selected (7 and 56 days following
surgery) as shown in Fig. 5A and B. There was almost no
difference between the two time points either in quantity or in
the size of chondrocytes. Compared with the control level, the
morphology of articular cartilage of the compression level was
altered over time. At 7 days following surgery, the facet joint
space narrowed (Fig. 5C), whereas at 14 days the cartilage
surface became rough, with lighter staining on the surface
(Fig. 5D). At 28 days, the number of chondrocytes in the
surface layer were reduced, with a rougher cartilage surface
and reduced thickness (Fig. SE). At 42 days, the number of
chondrocytes was further reduced and a further reduction in
the thickness of the cartilage surface was observed (Fig. 5F).
At 56 days following surgery, distinct roughness was identi-

and P<0.01 for all other cases) apart from day 7 (P>0.05).
These results demonstrated that facet joint articular cartilage
degeneration in the compression level was significantly worse
compared with that in the control level at all the observed time
points, except for the first measured postoperative time point
on day 7.

Immunohistochemical staining. The immunohistochemical
staining observations of IL-1$ and TNF-a levels in the control
group were almost the same in the indicated time points.
Mild IL-1p and TNF-a staining was observed in the cartilage
matrix (Figs. 7A and B as well as 8A and B). In the cartilage
of the facet joint of the compression group, the percentage of
IL-1p and TNF-a-positive chondrocytes gradually increased
from 7 to 56 days following surgery (Figs. 7C-G and 8C-G).
At 56 day after surgery, a high number of IL-1f and
TNF-a-positive chondrocytes was observed throughout the
cartilage. Semi-quantitative analysis of immunohistochemical
staining showed that expression of both IL-1f3 and TNF-a in
the cartilage were significantly increased in the compression
group in comparison with the control group at every time point
(Tables I and II; P<0.01).

Discussion
Lumbar facet joint osteoarthritis is a common pathological

condition during lumbar degeneration that is characterized by
the presence of synovial inflammation, a narrow facet joint
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Figure 7. Representative immunohistochemical images showing IL-1f staining in the facet joint cartilage isolated from control and compression levels.
Photomicrographs of the facet joint cartilage from the control levels at (A) 7 and (B) 56 days after surgery. Photomicrographs of the facet joint cartilage from
the compression group at (C) 7, (D) 14, (E) 28, (F) 42 and (G) 56 days following surgery. The number of IL-1B-positive chondrocytes (brown staining cells
indicated by arrows) in the cartilage gradually increased from 7 to 56 days following surgery (magnification, x100; scale bar, 100 gm). IL, interleukin.

space and degeneration of the cartilage and the subchondral

tomatic and may result in lower back pain (18). However,
bone (14). This progressive degenerative change is symp-

the mechanism of pathogenesis underlying lumbar facet
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Figure 8. Representative immunohistochemical images showing TNF-a staining in the facet joint cartilage isolated from control and compression levels.
Photomicrographs of the facet joint cartilage from the control levels at (A) 7 and (B) 56 days after surgery. Photomicrographs of the facet joint cartilage from
the compression group at (C) 7, (D) 14, (E) 28, (F) 42 and (G) 56 days following surgery. The number of TNF-a-positive chondrocytes (brown staining cells
indicated by arrows) in the cartilage gradually increased from 7 to 56 days following surgery (magnification, x100; Scale bar, 100 pzm). TNF, tumor necrosis

factor.

joint osteoarthritis remains unclear (19). Animal models
can provide valuable insights into the mechanisms of action
behind the symptomatic degeneration of the lower spine. To
investigate the pathological mechanisms behind lumbar facet
joint osteoarthritis further, in addition to discovering poten-
tially novel prevention and treatment measures for this disease,
the construction of an effective animal model is vital (20).
Until recently, two types of animal models have been
established to simulate lumbar facet joint osteoarthritis,
namely by chemical or mechanical induction (13). To the
best of our knowledge, the majority of previous studies have
focused on the chemically-induced animal models. In the
chemically-induced animal models, different types of chemical
agents are injected into the facet joints to induce autoimmune
reactions, including collagenase, monosodium iodoacetate and
complete Freund's adjuvant (21-26). The rapid onset of the
autoimmune-induced inflammatory reaction is mediated by
an intra-articular injection of exogenous chemical stimulators
like the above in the facet joint. Chemically-induced animal
models exhibit a rapid onset of facet joint osteoarthritis that is
followed by the development of numerous cracks and defects
in the cartilage (22,26). In contrast, the corresponding patho-
logical process noted in humans is reasonably slow with few
cracks or defects. The aforementioned difference in the results
is attributed to the different pathogenic mechanisms of action
underlying facet joint osteoarthritis between humans and
animals. Therefore, in contrast to human facet joint osteoar-

thritis, the cause of which is associated with mechanical stress,
chemically-induced animal models of osteoarthritis may be
caused solely by chemical reactions.

Previous studies have demonstrated that compression
on synovial joints results in pathological changes in osteo-
arthritis (27,28). The lumbar facet joint exhibits similar
pathological changes following compression injury. The human
lumbar facet joint is burdened with axial compression force
and shearing stress applied to the articular surface. Although
normal amounts of loading stress provide the chondrocytes
within facet joints with a natural nutritional supply for cell
survival under physiological conditions, excessive stress
loading on the facet joints can induce cartilage degeneration
due to injury to the chondrocytes and matrix structure (28).

The first animal model of mechanically-induced facet joint
pain was constructed by Henry ez al (29) using a brief compres-
sion of the L5/6 facet joint. In this previously established
novel rat model, following surgical exposure of the lumbar
facet joints, modified clamps were applied for 3 min with an
average 400 grams force to compress the spinal segments
by ~1 mm. The end result was injury to the facet joint and
increased pressure sensitivity from algometry at the operated
area and mechanical allodynia at the hind paw. Unlike the
chemically-induced models, this was a mechanically-induced
model of lumbar facet joint osteoarthritis which simulated
the pathology observed in humans during osteoarthritis
more accurately. The disadvantage of this model may be the
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variation between the model's short-time compression and the
human's chronic low back pain pathogenesis. To overcome this
limitation, this present study used intraspinal compression
springs that were fixed between spinous processes to provide a
persistent force of compression. Since the compression springs
were implanted between the spinous processes, the compres-
sion force line direction was parallel to the spinal axis and not
to the facet joint. When the springs were elongated, lumbar
facet joints experience stress from both axial compression
force and shearing. The compression stress was a dynamic
process, suggesting that the magnitude of the applied force
varied according to the rat's lumbar position. These observa-
tions suggest that the animal model established in the present
study presented higher accuracy and was more consistent with
the human pathology (30,31). In addition, this present study
demonstrated that persistent mechanical compression injury
of the facet joints in the rat model induced intra-articular
osteoarthritis. This observation was substantiated by the
considerable degradation observed in the facet joint cartilage
compared with those noted in the cartilage of the control
group. The pathological changes included synovitis, narrowing
of the joint space, thinning of the cartilage and an increase
in the expression of inflammatory factors. In addition, these
changes appeared to be aggravated over time, suggesting a
time-dependent association between the severity of osteoar-
thritis and compression injury in the facet joints.

The increased expression of the inflammatory cytokines,
including TNF-a and notably IL-1p, in the facet joint tissues
of degenerative lumbar spinal disorders was first reported by
Igarashi et al (32). This finding suggested that inflammatory
cytokines in the degenerated facet joints may be associated
with the cause of pain in degenerative lumbar disorders. In a
number of previously established chemically-induced lumbar
facet joint osteoarthritis animal models, increased expression
levels of IL-1p and TNF-a were observed (22,24-26).
Additionally, a strong correlation between the expression levels
of inflammatory cytokines and facet joint degeneration-induced
low back pain has also been previously demonstrated. These
aforementioned findings were confirmed by the association
between the expression levels of the inflammatory cytokines
and the pain-associated behavioral changes (29,33). In the
present study, a time-dependent increase in IL-1f3 and TNF-a
positive chondrocytes was also demonstrated as a result
of the overloading of the lumbar facet joints. In contrast to
this observation, late stage chemically-induced lumbar facet
joint osteoarthritis animal models was accompanied with the
induction of severe osteoarthritis, where the expression levels
of the inflammatory cytokines were reduced due to mass
chondrocyte apoptosis and cartilage matrix degradation (33).
This observation was inconsistent with those of the present
study, where the upregulation of inflammatory cytokine
expression was detected. IL-1p3 and TNF-a serve key roles in
synovitis and cartilage degeneration (32,34,35). Therefore, the
mechanically-induced lumbar facet joint osteoarthritis animal
model presented in this present study appears to be more
representative to the corresponding human disease compared
with the chemically-induced models. Although chemical
induction induces a rapid onset of severe osteoarthritis (22,26),
the pathological processes noted in these cases were
considerably different compared with those noted in humans.
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In conclusion, in the present study a novel rat model of
lumbar facet joint osteoarthritis was successfully established
by persistent mechanical compression injury. In addition,
a time-dependent pathological process of osteoarthritis
was confirmed as a result of facet joint overload, which
stimulated the natural course of facet joint degeneration in
humans more efficiently compared with other models such as
chemically-induced and briefly mechanically-induced models.
This present study can be used as a starting point for the
investigation into the understanding and development of novel
treatments for lower back pain associated with ailments in the
lumbar facet joint.
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