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Abstract
Background Patellar instability (PI) often increases the possibility of lateral patellar dislocation and early
osteoarthritis. The early articular cartilage degeneration of patellofemoral osteoarthritis (PFOA) in
molecular mechanism still needs further investigation. It is commonly known that NF-κB signal pathway
plays an important part in articular cartilage degeneration. The aim of this study was to investigate the
relationship between NF-κB signaling pathway and degeneration of patellofemoral joint cartilage.
Methods We established a model of PFOA caused by patellar instability in SD rats. 120 female Sprague-
Dawley rats aged 4 weeks were randomly divided into two groups: patellar instability(PI, n=60) group and
control group (n=60). The cartilage of the PI model group and the control group were separated at the
stages of 4, 8, 12 weeks for comparison. The morphological structure of the trochlear cartilage and
subchondral bone were evaluated by micro-computed tomographic (Micro-CT) and histological staining.
The expression of NF-κB, Matrix metalloproteinase (MMP)-13, Collagen X and TNF-a were evaluated by
immunohistochemistry and real-time polymerase chain reaction (RT-PCR). Results Micro-CT and
histological staining showed that subchondral bone loss was found from 8 weeks after surgery in PI
model group. Compared with the control group, the protein and mRNA expression of NF-κB, TNF-a were
remarkably increased in PI model group at 4, 8 and 12 weeks after surgery. In addition, the markers of
cartilage degeneration MMP-13 and Collagen X were found higher in PI model group at different stages
after surgery. Conclusion This study proved that early patellofemoral joint cartilage degeneration can be
caused by PI in growing rats, accompanied by signi�cant subchondral bone loss. In addition, the
degeneration of articular cartilage might associated with the activation of NF-κB signal pathway and
become aggravated with time in PI model group.

Background
Osteoarthritis (OA) affects more than 100 million people worldwide and is a chronic joint disease [1,7].
People's knee joints are usually most affected by OA, and the knee joint is a three-compartment structure,
including the patellofemoral joint (PFJ), medial and lateral tibiofemoral joints (TFJs). Previous studies on
knee OA have focused on the TFJs, and little research has been done on the PFJ [7]. However, isolated
patellofemoral osteoarthritis (PFOA) is not only common, but the prevalence of women aged 55-60 years
(17.1–34.0%) and men (18.5–19.0%) is high [2,3]. PFOA is the main cause of knee pain and disability,
such as anterior knee pain, which is more closely associated with PFOA [4].

The PFJ is a unique and complex structure [5]. And it is stabilized by a complex multivariate relationship
of osseous joint geometry and the force vectors generated by the capsuloligamentous stabilizers and
quadriceps femoris [6]. Patellar instability (PI) is de�ned as a clinical situation frequently caused by
pathological changes involving PFJ stabilizers, which increase the likelihood of lateral patellar dislocation
and early OA [8]. In addition, there was a certain relationship between the PI and the trochlear dysplasia
(TD) [8]. Schottle et al. presented that TD of femur was a predisposing factor for recurrent PI [9]. Huri also
presented that the PI is an important reason for the TD [10]. In the general population, the incidence of
primary PI is 5.8 per 100,000 with higher incidence in more active and younger individuals [11]. Some risk
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factors, such as lateralization of the tibial tuberosity, TD and medial patellofemoral ligament (MPFL), are
believed to promote PI [12]. Biomechanical investigations suggested that the MPFL plays a crucial part in
restraining lateral patellar translation and provides 50 to 60% of stability, and the retinacular �bers and
patellomeniscal ligament were shown to be signi�cant medial stabilizers too. It is speculated that these
ligament structures can provide proprioceptive signals for surrounding muscle tissues in addition to their
biomechanical properties [13]. Although PFJ plays an important role in knee OA, studies on the
pathogenesis of PFOA are still rare [14]. The spontaneous PFOA model is characterized by slow
progression of the disease, long duration of study and easy change in outcome [15]. Intra-articular
injection of monosodium iodoacetate (MIA) in rats is a model of joint in�ammation caused by chemically
induced chondrocyte death, but may not be a representative model of OA [16,17]. The surgically induced
OA model is mainly used to study tibiofemoral osteoarthritis (TFOA), but few studies on PFOA [18-20]. In
addition, the in�uence of PI on PFOA remains unclear.

Recently, NF-κB signaling pathway was found playing an important part in regulating in�ammatory
mediators associated with OA [21]. The   NF-κB signaling pathway serves as a bridge between cartilage
degeneration and development, and few research has been reported on the role of PFOA in early cartilage
degeneration.

Therefore, we used a method to transect the medial patellar retinaculum and established a rat model of
PI to investigate the changes of cartilage and subchondral bone of PFOA. Furthermore, to investigate the
relationship between the early cartilage degeneration of PFOA and   NF-κB signaling pathway, the
different expressions of NF-κB, MMP-13, Collagen X and TNF-a in cartilage of PI model group at different
stages were performed by immunohistochemistry and RT-PCR.

Methods
This reseach was approved by Animal Ethics Committee of Third Hospital of Hebei Medical
University(approval number: Z2019-005-1). Female Sprague-Dawley rats (50–80g) aged 4 weeks were
provided by the Laboratory Animal Center of Hebei Medical University. 120 rats were randomly divided
into two groups: PI group (n=60) and Control group (n=60). Each group was investigated and sacri�ced
by overdose anesthesia at 4, 8 and 12 weeks post-operatively. According to animal euthanasia guidelines
[22, 23], rats were intraperitoneally injected with an overdose of pentobarbital sodium (200 mg/kg) for
euthanasia. Rats were placed in a controlled environment (60% ± 5% humidity, 12/12 h light/dark cycle,
22 °C ± 3 °C) and were free to obtain food and water. In order to make animals accustomed to the
laboratory environment, an adaptation period of one week was given before the experiment began.

Anesthesia/analgesia

The injectable anesthetic pentobarbital sodium (30 mg/kg) was chosen instead of surgical anesthesia. It
was injected into the proximal thigh (quadriceps femoris) and the needle was pointed back to avoid
sciatic nerve injury. For post-operative care, animals were provided with 24-hour quiet recovery time in
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warm and dry areas. They were also provided with food to promote gastrointestinal peristalsis and to
prevent stagnation after they are fully awake.

Surgical technique

Before the operation, the left knee of the rats was placed in an extended state. After the surgical area is
shaved, the surgery is prepared aseptically. A midline skin incision was performed; after the skin and
subcutaneous tissue were separated, the capsule was exposed through the medial approach of the knee.
Similar methods of PI induced by surgery have been reported in our previous studies [24, 25]. In this study,
the medial retinaculum of knee joint was cut off, PI could be seen during the operation. The incision was
then closed without reconstruction of MPFL, retinaculum and capsules. When the surgery is over,
dressing was applied.

Micro-computed tomography (Micro-CT) assessment

In order to assess changes in the subchondral bone microstructure caused by PI, the femoral trochlear
was carefully harvested and imaged using a micro-CT (SkyScan model 1076, Skyscan, Belgium). All
scans were performed with a voxel size of 10 μm at 50kV and 800μA.The regions of interest (ROIs) of the
trochlear were located transversely below the subchondral bone plate, excluding the cortex. Based on
previous studies, the following representative parameters were selected to assess changes in
subchondral bone [7]: bone volume to total volume fraction (BV/TV fraction), bone mineral density
(BMD), trabecular (TB) thickness, the TB separation (SP),the structure model index (SMI), TB pattern
factor (PF), TB number, and degree of anisotropy (DA) were calculated. CT scan was then performed 4, 8
and 12 weeks after surgery.

Histological 

The articular cartilage of femoral trochlear was separated at different stages, �xed with 4%
polyformaldehyde, decalci�ed in 10% EDTA until completely demineralized and embedded in para�n.
5μm sections were cut along the femoral axis to get the transverse images of the trochlea sulcus. The
glycosaminoglycans in the cartilage were evaluated using Safranin O, and the protein was subjected to
fast green counter staining to evaluate cartilage degradation and scored using a semi-quantitative
histopathological grading system based on the OARSI score [26,27]. Immunohistochemical

The slices were depara�nized in xylene and rehydrated. We washed three times with phosphate buffered
saline at room temperature for 5 minutes each time. Endogenous peroxidase activity was blocked using
3% hydrogen peroxide (H2O2) for 10 minutes.The antigen of slide was repaired by microwave treatment
in 10 mm sodium citrate (pH 6.0) for 10 minutes. Incubation of slices overnight at 4℃ with anti-
collagenX (BoAoSen,BeiJing, China), anti-MMP-13(Servicebio,WuHan,China) anti-TNF-a(abclonal, WuHan,
China), anti-NFKP65 (Servicebio, Wu Han, China) at a dilution of 1:50. The primary antibody was omitted
from the negative control reaction. Thereafter, by the magni�cation of 20×100 of objective lens, at least
per unit area in �ve randomly selected areas of each slice in each group for photographing. Try to make
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the organization �ll the entire �eld of view when taking pictures, and ensure that the background light of
each photo is the same. Image-Pro Plus 6.0 software was used to select the same brown color as the
uni�ed standard for judging all photos. Each photo was analyzed to obtain the cumulative optical density
(IOD) of each photo and the area of the tissue (AREA). And determine the areal density, areal
density=IOD/AREA, the greater the areal density value indicates the higher the positive expression level.

Real-time polymerase chain reaction (RT-PCR)

At 4, 8 and 12 weeks after surgery, cartilage from trochlear was detected by RT-PCR for mRNA expression
(n=36 knees, each group=18 knees). RNA from chondrocytes and cartilage was extracted using Trizol
reagent (Servicebio, Wuhan, China). mRNA was translated into cDNA by the RevertAid™ �rst strand cDNA
synthesis kit (Thermo, #K1622) according to the instruction of manufacturer. MMP-13, Collagen X, TNF-a
and NF-κB p65 were the target genes, all genes were analyzed by applying sequence detection system,
and the expression of related mRNA of these genes was standardized by relative to the GAPDH gene and
calculated with the formula 2-ΔΔCt (cycle threshold) method. All primers used are shown in (Table 1). We
performed each experiment three times and obtained the average values.

Statistical analysis

Descriptive statistical analysis was performed with mean values and standard deviations. Data were
analyzed with statistical software GraphPad Prism (GraphPad software V7, La Jolla, CA, USA) and
Shapiro-Wilks test for each variable to evaluate normality, Levene’s test evaluated the homogeneity of
variance. Two-way analysis of variance (ANOVA) analysis the parametric data between the two groups at
each time point. p < 0.05 was considered statistically signi�cant. According to the result of preliminary
experiments, each group and each time point needs at least six rats, with a con�dence of 90% and an
e�cacy of 80% (1-β) [28].

Results
Mico-computed tomography (Micro-CT) measurement of subchondral bone

Representative Micro-CT images of the subchondral bone are displayed in Figure 1. Compared with
control group, the arrangement of subchondral bone was disordered from 8 weeks in PI group.
Signi�cantly bone loss was observed from 8 weeks in PI group compared to time-matched controls and
the loss of bone mass gradually aggravated. Histomorphometric results of Micro-CT exhibited that the
BV/TV fraction decreased obviously(P<0.05 ) and the SMI increased(P<0.05 ) in PI group compared with
the control group at 4, 8 and 12 weeks after surgery, the TB number ( P<0.05) and BMD (P<0.05)
decreased at 8, 12 weeks after surgery, a signi�cantly increased TB separation (P<0.05) and TB pattern
factor (P<0.05) in PI group compared with the control group at 8, 12 weeks after surgery(Figure 2).

Patellar instability leads to articular cartilage degeneration as shown by histological analysis
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At 4, 8 and 12 weeks histological characteristics are shown in Figure 3. At 4 weeks after surgery, we
determined the relative area of positive staining and the structural changes of cartilage surface layer in
both groups. At 8 and 12 weeks after surgery, we observed cell aggregation and loss of cartilage
structure, which was consistent with OA. Safranin O and fast green histochemical staining showed that
the surface of the cartilage was eroded and irregular in PI group, at 12 weeks after surgery, the number of
chondrocytes in the super�cial zone was signi�cantly reduced (Figure 4,p < 0.05). However, in control
group, the chondrocytes of the group were �attened at different stages, and the cartilage surface was
smooth. Compared with the control group, higher OARSI score were observed in PI model group at 4, 8
and 12 weeks(Figure 5, P<0.05).

Patellar instability caused increasing expression of MMP-13  Collagen X TNF-a and NF-κB in PI model
group

Immunohistochemistry of MMP-13, collagen X, TNF-a and NF-κB were respectively shown in Figure 6.
The expression of positive cells were more prominent at 4, 8 and 12 weeks after operation compared with
the control group (Figure 7, p < 0.05).

Patellar instability increases mRNA expression of MMP-13  Collagen X TNF-a and NF-κB p65 in PI model
group

For MMP-13, collagen X, TNF-a and NF-κB p65 the multiple changes at different stages in the two groups
were displayed respectively in Figure 8. The results displayed that the expression of MMP-13, collagen X,
TNF-a and NF-κB p65 were higher in PI model group than the control group. There were signi�cant
differences between the two groups at 4, 8 and 12 weeks after surgery (p < 0.05).

Discussion
In this research, we developed a rat model of PFOA by PI and found that PI aggravated subchondral bone
loss and cartilage degeneration, the higher expression of MMP13, collagen X, TNF-a and NF-κB p65 in
immunohistochemistry and mRNA levels consistent with OA status. Therefore, the early cartilage
degeneration of PFOA might be associated with the activation of NF-κB signal pathway.

We have successfully established a new rat model of PFOA by cutting off the medial retinaculum of knee
joint and causing PI [24]. This model have been proved by various experimental methods in our study. We
can clearly sea the subchondral bone loss and the degenerative changes of trochlear articular cartilage in
the Micro-CT and histological �ndings, respectively. And, signi�cant increase in markers of cartilage
degeneration at immunohistochemical and mRNA levels.

The present PFOA rat model showed obvious cartilage damage, which might be related to patellofemoral
hypertension caused by PI and abnormal load of structural damage associated with PFOA [29]. One
research showed that mechanical stress is one of the important factors affecting the development of
cartilage and bone [30]. The change of mechanical stress after PI will destroy the integrity and dynamic
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balance of PFJ. In the study of an early OA mice model pointed out that abnormal pressure load may lead
to an increase in osteoclast activity, which may lead to a signi�cant increase in osteoclast bone
absorption in subchondral bone [31]. This is consistent with our study, in which we developed a low-cost
model with easy manipulation, and Micro-CT analysis showed the signi�cant bone loss in the
subchondral bone of the trochlear starting at 8 weeks.

The main feature of OA affecting the joint is the degeneration of articular cartilage. It is well known that
collagen X [32, 33] and MMP-13 [34], markers of cartilage degeneration, and their high expression lead to
chondrocytes imbalance and matrix degradation. The altered phenotype of articular chondrocyte is the
initial step in the progression of OA disease [35,36]. Because articular chondrocytes dedifferentiation may
take an signi�cant part in articular cartilage degeneration, we hypothesized that it might occur in our PI
model. To verify this assumption, we investigated the expression of dedifferentiated chondrocytes
markers MMP-13 and collagen X. Immunohistochemical staining showed that, compared with control
group, MMP-13 and collagen X in articular cartilage of PI model group were up-regulated at 4, 8 and 12
weeks after surgery. The RT-PCR results of MMP-13 and collagen X showed higher level in PI model
group, suggesting that higher protein expression detected by immunohistochemistry was associated with
altered gene expression. It has been found that MMP-13 could degrade collagen II in human OA [37]. The
OA model of mouse expressing constitutive active MMP-13 showed a change of OA-like phenotype [38],
indicating an inseparable relationship between cartilage degeneration and MMP-13 in OA. In conclusion,
the detection supports the view that articular chondrocytes of PI model exhibit the same molecular
phenotype with the early stage of PFOA.

The pathogenesis of OA is not completely clear, but it is closely related to many in�ammatory factors
[39]. It has been con�rmed that the pro-in�ammatory cytokine levels, such as TNF-a and IL-1b, increase
sharply at the early stage of OA progression. Compared with normal cartilage, the level of TNF-a in
cartilage of OA patients was up-regulated. [40]. Animal and in vitro studies have con�rmed that TNF-a, an
in�ammatory cytokine, can induce bone resorption and enhance cartilage degradation in OA [41,42]. It
can stimulate the production of other cytokines such as IL-6, prostaglandin and matrix metalloproteinase
[41], and inhibit the levels of type II collagen and proteoglycan [43]. In our study, we found the higher
expression of TNF-α at immunohistochemical and mRNA levels. These data may elucidate the molecular
mechanism underlying PFOA in rats caused by PI.

It is generally believed that NF-kB signaling pathway takes an signi�cant part in regulating in�ammatory
mediators associated with the pathogenesis of OA [44]. It is generally believed that NF-kB combined with
the inhibitory subunit IκBα and presented in the cytoplasm in an inactive form. Once induced by IL-1β,
IκBα is degraded and NF-κB p65 translocates from the cytoplasm to the nucleus to cause the expression
of in�ammation-related genes, including TNF-a, MMPs, COX-2, PGE2, NO, iNOS, IL-6 and ADAMTS [45,46].
In addition to regulation of TNF-a and IL-1b expression, NF-kB is also activated by these cytokines [47],
thus forming a vicious circle. In our study, continued high expression of NF-κB p65 was found in the PI
model group, and qRT-PCR also showed that MMP-13, Collagen X and TNF-a were upregulated in PI
model group at the stage of 4, 8 and 12 weeks after surgery. Therefore, we believe that the PI in
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patellofemoral joint results in the elevation of TNF-a level, which may activate the NF-κB signaling
pathway and lead to the degeneration of patellofemoral cartilage.

There are some limitations in our research. First, although our model provides a reference for future PFOA
animal models, it is not translatable to human OA, because of differences in biomechanics and anatomy.
Second, because the shape of the patellar in rats is relatively small and di�cult to obtain, we have not
studied the changes of patellar cartilage degeneration.Third, we need to further study the molecular
mechanism of NF-κB signaling pathway in patellofemoral cartilage degeneration from the cellular level.

Conclusions
A rat model of PFOA caused by PI was successfully established by studying changes in cartilage and
subchondral bone. It is hoped that this animal model may be useful for future research on PFOA. In
addition, the degeneration of patellofemoral cartilage caused by PI may be related to the activation of NF-
κB signaling pathway, and become aggravated with time.
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Table 1
Table 1. Primers used for amplification of target genes and GAPDH

  Forward primer sequence Reverse primer sequence

Collagen X  CCCTTTCTGCTGCTAGTGTCCT GGAATGCCTTGTTCTCCTCTTAC

MMP-13  TGCATACGAGCATCCATCCC CGTGTCCTCAAAGTGAACCGC

TNF-a CCACCACGCTCTTCTGTCTACTG TGGGCTACGGGCTTGTCACT

NF-κB p65 CTTCACTCGGAGACTGGAACCT AAATCCTTCCCAAACTCCACC

GAPDH  CTGGAGAAACCTGCCAAGTATG GGTGGAAGAATGGGAGTTGCT

Figures
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Figure 1

Micro-CT images of the subchondral bone(SB)

Figure 2

Histomorphometric results of Micro-CT.(PI:patella instability)
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Figure 3

SafraninO and fast green staining in cartilage of rats. Control group and PI model respectively: 4 week, 8
week, 12 week.



Page 15/19

Figure 4

Count chondrocytes number in the super�cial and middle zone.*p < 0.05.
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Figure 5

Analysis of the OARSI score for articular cartilage.*p < 0.05.
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Figure 6

Results of immunohistochemical analysis for the two groups: MMP-13 , collagen X, TNF-a and NF-κB at
4,8 and 12 weeks. A brown color indicates positive staining.
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Figure 7

Positive cell of immunoistochemical analysis for MMP-13 , collagen X, TNF-a and NF-κBp65. p < 0.05.
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Figure 8

The relative expression of MMP-13, collagen X, TNF-α and NF-κBp65 was evaluated by RT-PCR. p < 0.05.
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