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ABSTRACT

Objective: Joint instability and meniscal dysfunction contribute to the onset and
progression of knee osteoarthritis (OA). In the destabilization of the medial meniscus
(DMM) model, secondary OA occurs due to the rotational instability and increases
compressive stress resulting from the meniscal dysfunction. We created a new controlled
abnormal tibial rotation (CATR) model that reduces the rotational instability that occurs
in the DMM model. So, we aimed to investigate whether rotational instability affects
articular cartilage degeneration using the DMM and CATR models, as confirmed using
histology and immunohistochemistry.

Design: Twelve-week-old male mice were randomized into 3 groups: DMM group, CATR
group, and INTACT group (right knee of the DMM group). After 8 and 12 weeks, we
performed the tibial rotational test, safranin-O/fast green staining, and
immunohistochemical staining for TNF-o and MMP-13.

Results: The rotational instability in the DMM group was significantly higher than that of
the other groups. And articular cartilage degeneration was higher in the DMM group than
in the other groups. However, meniscal degeneration was observed in both DMM and
CATR groups. The TNF-a and MMP-13 positive cell rates in the articular cartilage of the
CATR group were lower than those in the DMM group.

Conclusions: We found that the articular cartilage degeneration was -effectively
suppressed by controlling the rotational instability caused by meniscal dysfunction. These
findings suggest that suppression of rotational instability in the knee joint is an effective

therapeutic measure for preventing OA progression.
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INTRODUCTION

Osteoarthritis (OA) is a joint disease associated with cartilage degeneration, synovitis,
subchondral bone degeneration, and osteophyte formation,! and its progression can cause
significant pain and disability.>* OA affects more than 150 million people worldwide, and
knee OA accounts for most cases. > OA is a multifactorial disease wherein aging, obesity,
and trauma have been shown to play roles in its development.*” Among the known
factors for OA, the increase in mechanical stress plays a crucial role in the development
and progression of knee OA. Joint instability is known to result in abnormal mechanical
stress that may cause knee OA.® Joint instability causes synovitis and cartilage
degeneration by increasing the expression of the inflammatory cytokine, tumor necrosis

factor-a. (TNF-a), and the cartilage catabolic factor, matrix metalloproteinase (MMP).”~

12

The ligaments, muscles, and meniscus provide stability to the knee joint. In particular,
the meniscus enhances bone compatibility and reduces the compressive stress in the knee
joint.!3 In addition, the meniscus controls the movement of the femoral condyle on the
tibial plateau and is essential for flexion, extension, and rotation of the knee joint. Tibial
rotation during flexion and extension occurs in a normal knee. However, it has been
reported that abnormal tibial rotation occurs in patients with knee OA.'*"1¢ They also
experience meniscal degeneration,!”!” which may contribute to rotational instability.

However, there are no studies that explain the mechanism of rotational movement in

cartilage degeneration with meniscal dysfunction.

The destabilization of the medial meniscus (DMM) model is the most used experimental
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rodent model for knee OA. In the DMM model, secondary OA occurs due to the abnormal
mechanical stress resulting from the destabilization and degeneration of the medial

meniscus.?%!

This meniscal dysfunction causes joint instability and increases
compressive stress. We hypothesize that the DMM model could reproduce the rotational
instability and meniscal degeneration observed in patients with knee OA. We also created
a new controlled abnormal tibial rotation (CATR) model that reduces the rotational
instability that occurs in the DMM model. In this model, we used a nylon suture to control
the abnormal rotation from outside the joint capsule based on our previous model.?? Thus,
we aimed to investigate whether rotational instability affects articular cartilage

degeneration using the DMM and CATR models, as confirmed using histology and

immunohistochemistry.

MATERIALS AND METHODS

Animals and Experimental Design

This study was approved by the Animal Research Committee of Saitama Prefectural
University (approval number: 29-13), and the animals were handled in accordance with
the relevant legislation and institutional guidelines for humane animal treatment. The
experimental design is illustrated in Figure 1A. 20 twelve-week-old male mice were
procured for the study (Institute for Cancer Research), and a total of 30 knees were
assessed in subsequent experiments. The mice were randomized into 3 groups: DMM
group (DMM, n = 10), CATR group (CATR, n = 10), and no surgery group (INTACT, n
= 10; right knee of the DMM group). All mice were housed in plastic cages under a

standard 12 h light/dark cycle. Mice were permitted unrestricted movement within the
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cage and had free access to food and water.

Divided among 2 groups and INTACT :
(total of 20 animals, 30 limbs)
Week 0
INTACT Group DMM Group CATR
Contralateral hind Rotational joint Controlled rotational
limbs of the DMM instability joint instability
Week 8
B Joint instability analysis (Tibial rotational test)
Histological analysis
Immunohistochemical analysis
v At each time point n = 10, 15 limbs (INTACT, DMM, CATR)
Week 12

Figure 1. (A) Experimental design. We performed tibial rotational test, histological
analysis and immunohistochemical analysis at 8 and 12 weeks. These analysis involved
the DMM group, CATR group, and INTACT group (for each group, n = 5). (B) Surgery
for the CATR model. A bone tunnel were created in the distal femur and proximal tibia
using a 25-gauge needle (a,b) and insertion of 4-0 nylon threads threaded through the
bone tunnels (c¢). After that, the nylon thread was tied up (d). F, femur; T, tibia.

Surgical Procedures

The DMM and CATR procedures were performed on the left knee joint using a
combination anesthetic (medetomidine, 0.375 mg/kg; midazolam, 2.0 mg/kg; and
butorphanol, 2.5 mg/kg). DMM surgery was performed on the left knee joint of the mice
as previously described.?’ CATR surgery was performed following the same procedure
as DMM surgery (Fig. 1B) with the subsequent creation of bone tunnels in the distal
femur and proximal tibia using a 25-gauge needle and insertion of 4-0 nylon threads
threaded through the bone tunnels (Fig. 1B, a,b). The 4-0 nylon threads were tied and
secured (Fig. 1B, ¢,d) to suppress the joint rotational instability in the DMM model. To
reduce differences with intervention among the groups, a bone tunnel was also created in

the DMM group, and a nylon thread was tied loosely to maintain joint instability.



Tibial Rotational Test

We performed a tibial rotational test using a constant force spring (0.05 kgf; Sanko
Spring Co., Ltd., Fukuoka, Japan) and a soft X-ray device (M-60; Softex Co., Ltd.,
Kanagawa, Japan) to assess the knee joint rotational instability. At 8 and 12 weeks after
surgery, we evaluated the knee joints of mice with the intact femur, tibia, and foot. The
femur and tibia were fixed with the knee joint at 90° flexion. In addition, we pierced the
tibia with a 25-gauge needle to serve as a reference for changes in tibial rotation (Fig.
2A). The proximal tibia was pulled both laterally and medially with a 4-0 nylon thread.
Radiographs were taken during the medial and lateral traction. We defined the change in
angle between the needle and the vertical line of the soft x-ray device as rotational
instability. Soft X-ray radiography was performed at 28 kV and 1.5 mA with an exposure
time of 1 s. Digital images were acquired using a NAOMI digital X-ray sensor (RF Co.
Ltd., Nagano, Japan). The change in the tibial rotation was quantified using a dedicated

image analysis software (Image J; National Institutes of Health, Bethesda, MD, USA).

Histological Analysis

Mice were sacrificed at 8 and 12 weeks after surgery, wherein 5 knees were assessed in
each group for both time points. Subsequently, the knee joint was fixed in 4%
paraformaldehyde/phosphate-buffered saline for 24 h, followed by decalcification in 10%
ethylenediaminetetraacetic acid for 21 days, dehydration in 70% and 100% ethanol and
xylene, and embedding in paraffin blocks. Thin sections (6 pm) were cut in the sagittal
plane using a microtome (ROM-360; Yamato Kohki Industrial Co., Ltd., Saitama, Japan),
stained with safranin-O/fast green, and subjected to histological evaluation to estimate

the degree of cartilage and meniscal degeneration. The Osteoarthritis Research Society



International (OARSI) histopathological grading system was used to assess cartilage
degeneration for structural changes and fibrillation lesions.>*> The mouse meniscus
histological grading system established by Kwok et al.?! was used to evaluate the
degeneration in the anterior horn of the meniscus. Two independent observers (KT and
KM) performed OARSI scoring on an eight-stage scale (0, 0.5, 1-6) and meniscus scoring

on a five-point scale (0-4), with the mean values retained.

Immunohistochemical Analysis

To evaluate the expression of TNF-a and MMP-13, we performed immunohistochemical
staining following the avidin-biotin complex method using the VECTASTAIN Elite ABC
Rabbit IgG Kit (Vector Laboratories, Burlingame, CA, USA). The tissue sections were
deparaffinized with xylene and ethanol, and antigen activation was performed using
proteinase K (Worthington Biochemical Co., Lakewood, NJ, USA) for 15 min.
Endogenous peroxidase was inactivated with 0.3% H>Oz/methanol for 30 min.
Nonspecific binding of the primary antibody was blocked using normal goat serum for
30 min, and then the sections were incubated with anti-TNF-a and anti-MMP-13 primary
antibodies overnight at 4°C. Afterward, the sections were incubated with biotinylated
secondary anti-rabbit IgG antibody and stained using Dako Liquid DAB+ Substrate
Chromogen System (Dako, Glostrup, Denmark). Cell nuclei were stained with
hematoxylin. For analysis, we calculated the ratio of the number of TNF-a- or MMP-13-
positive cells to the number of chondrocytes in the articular cartilage area of 10 000 pm?

(100 pum x 100 pm).



Statistical Analysis

All analyses were performed using R Studio version 1.2.5019. The normality of the data
distribution was assessed using the Shapiro-Wilk test. Tibial rotation changes were
normally distributed, while OARSI scores, meniscus scores, and percentages of TNF-a-
and MMP-13-positive cells were not. Parametric data were compared using a one-way
analysis of variance and post-hoc Tukey’s test. Non-parametric data were compared using
the Kruskal-Wallis test and post-hoc Steel-Dwass analysis. All significance thresholds
were set to 5%. Parametric data are presented as mean + standard deviation, and

nonparametric data are presented as median with interquartile ranges [IQR].

RESULTS

Evaluation of Joint Rotational Instability Using Soft X-ray Analysis

Joint rotational instability was quantified in terms of the change in tibial rotation angle,
as determined using soft X-ray radiography with the tibial rotational test(Fig. 2B). At 8
weeks, the mean change in tibial rotation angle in the DMM group was significantly
higher than that in the INTACT and CATR groups (INTACT,3.03 + 2.63 degrees; DMM,
22.53 +£7.00 degrees; CATR, 8.65 + 7.91 degrees). At 12 weeks, although not significant,
the mean change in tibial rotation angle in the DMM group was higher than that in the
INTACT and CATR groups (INTACT, 12.27 + 5.63 degrees; DMM, 25.27 + 13.21
degrees; CATR, 16.40 +9.75 degrees). The exact P-values for each comparison are shown

in Figure 2C.
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Figure 2. (A) System for tibial rotational test. The femur and tibia were set into the
examination system at 90° flexion, and pierced the tibia with a 25-gauge needle. And
rotational joint instability was maintained by medial and lateral traction. (B)
Representative soft X-ray radiograph taken during the tibial rotational test on the knee
joint. (C) Tibia rotation angle on the tibial rotational test. At 8 weeks, tibia rotation angle
in the DMM group was significantly higher than that in the INTACT and CATR groups.
At 12 weeks, DMM group was higher than that in the INTACT and CATR groups.



Histological Analysis

Representative histological images of the cartilage at 8 and 12 weeks are presented in
Figure 3A. A total of 5 knees were assessed in each group for both time points. Structural
changes in the surface layer of cartilage in the DMM group were observed after 8 and 12
weeks. At 12 weeks, mild degeneration of the cartilage surface layer was observed in the
CATR group compared with that in the DMM group. In the meniscus, changes in the
surface structure and decreased staining with safranin-O/fast green were observed in the

DMM and CATR groups at 8 and 12 weeks (Fig. 4A).

Cartilage degeneration was assessed using the OARSI scores at 8 and 12 weeks (Fig.
3B). At 8 weeks, the OARSI scores significantly higher in the DMM group than in the
INTACT and CATR groups (Fig. 3B) (DMM vs. INTACT, P = 0.038; DMM vs. CATR,
P = 0.034), but there was no significant difference between the INTACT and CATR
groups (Fig. 3B) (INTACT vs. CATR, P =0.992). At 12 weeks, the OARSI scores in the
DMM group were significantly higher than those observed in the INTACT group (Fig.
3B) (DMM vs. INTACT, P = 0.023). The OARSI scores in the DMM group tended to
increase compared with those in the CATR group (Fig. 3B) (DMM vs. CATR, P=0.068),
although the difference was not significant. There was no significant difference between

the INTACT and CATR groups (INTACT vs. CATR, P =0.241) (Fig. 3B).
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Figure 3. (A) Representative histological images of the cartilage at 8 and 12 weeks. (B)
Results of the OARSI score. At 8 weeks, the OARSI scores significantly higher in the
DMM group than in the INTACT and CATR groups. At 12 weeks, the OARSI scores in
the DMM group tended to increase compared with those in the CATR group.



Evaluation of meniscal degeneration was performed using the mouse meniscus
histological grading system established by Kwok et al.?! at 8 and 12 weeks (Fig. 4B). At
8 weeks, although not significant, meniscal degeneration scores in the DMM and CATR
groups tended to increase compared with those in the INTACT group (Fig. 4B) (INTACT
vs. DMM, P=0.087; INTACT vs. CATR, P=0.068). At 12 weeks, meniscal degeneration
scores in the DMM and CATR groups were significantly higher than those observed in
the INTACT group (INTACT vs. DMM, P = 0.017; INTACT vs. CATR, P =0.021) (Fig.
4B). There was no significant difference between the DMM and CATR groups (DMM vs.

CATR, P = 0.992) (Fig. 4B).
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Figure 4. (A) Representative histological images of the meniscus at 8 and 12 weeks. (B)
Results of the meniscus score. At 8 weeks, meniscal scores in the DMM and CATR groups
tended to increase compared with those in the INTACT group. At 12 weeks, meniscal
scores in the DMM and CATR groups were significantly higher than in the INTACT

group.



Immunohistochemical Analysis

Representative images of TNF-a and MMP-13 immunostaining of cartilage specimens
is shown in Figure SA. At 8 weeks, the percentage of TNF-a-positive cells in the DMM
group was significantly higher than that in the INTACT and CATR groups (INTACT vs.
DMM, P = 0.024; DMM vs. CATR, P = 0.024) (Fig. 5B). Meanwhile, the percentage of
MMP-13-positive cells in the DMM and CATR groups was significantly higher than in
the INTACT group (INTACT vs. DMM, P = 0.024; INTACT vs. CATR, P = 0.024) (Fig.
5B). Although not significant, the percentage of MMP-13-positive cells in the DMM
group tended to increase compared with that in the CATR group (DMM vs. CATR, P =
0.071). At 12 weeks, the percentage of TNF-a-positive cells in the DMM group was
significantly higher than that in the INTACT and CATR groups (INTACT vs. DMM, P =
0.024; DMM vs. CATR, P =0.024) (Fig. 5B). The percentage of TNF-a-positive cells in
the CATR group was significantly higher than that in the INTACT group (CATR vs.
INTACT, P =0.043) (Fig. 5B). Similarly, the percentage of MMP-13-positive cells in the
DMM group was significantly higher than that in the INTACT and CATR groups

(INTACT vs. DMM, P = 0.024; DMM vs. CATR, P = 0.024) (Fig. 5B).
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Figure 5. (A) Representative immunostaining images of TNF-a. and MMP-13 at 8 and
12 weeks. (B) The percentage positive cell ratio of TNF-a and MMP-13. At 8 weeks, the
percentage of TNF-a-positive cells in the DMM group was significantly higher than that
in the INTACT and CATR groups. Although the percentage of MMP-13-positive cells in
the DMM group tended to increase compared with that in the CATR group. At 12 weeks,
the percentage of TNF-a-positive cells in the DMM group was significantly higher than
that in the INTACT and CATR groups. And the percentage of MMP-13-positive cells in
the DMM group was significantly higher than that in the INTACT and CATR groups.

DISCUSSION

The data from this study showed that controlling the rotational instability caused by
meniscal dysfunction suppresses articular cartilage degeneration, as confirmed by
histological analysis. However, meniscal degeneration was not suppressed by controlling
joint instability. Furthermore, the expression of inflammatory cytokines TNF-a and
MMP-13 in articular cartilage was inhibited by controlling rotational instability, as
confirmed by immunohistochemical analysis. These findings indicate that joint instability

caused by meniscal dysfunction is a major contributory factor in the progression of knee



OA.

In this study, we used the DMM model that causes dysfunction of the medial meniscus
and the CATR model that controls the rotational instability that occurs in the DMM model.
At 8 weeks, rotation instability occurred in the DMM model but was reduced in the CATR
model, as evidenced by the results of the tibial rotation test using soft X-rays. At 12 weeks,
results were similar to that at 8 weeks, but no significant difference was observed. The
OARSI score, indicating the severity of articular cartilage degeneration, was lower in the
CATR group, which showed suppressed joint instability, than in the DMM group, which
showed rotational instability. Articular cartilage degeneration depends on the magnitude
of joint instability.!® Furthermore, controlling the anterior-posterior joint instability that
occurs in the rat anterior cruciate ligament-transection (ACL-T) model suppresses
articular cartilage degeneration.!>?* Similarly, in this study, we found that the magnitude
of joint instability affected the severity of articular cartilage degeneration. Our study
findings suggest that in addition to the anterior-posterior joint instability that occurs in
the ACL-T model, rotational instability is a factor that causes articular cartilage

degeneration.

TNF-a expression promotes the catabolism of chondrocytes and disrupts chondrocyte
homeostasis. TNF-a is an important inflammatory cytokine in OA and induces the
production of several matrix metalloproteinases, such as MMP-13.2-2 MMP-13 induced
by TNF-a degrades collagen type 2, the main extracellular matrix of articular cartilage.?®
It has been reported that the expression of these cytokines that promote the catabolism of

chondrocytes is reduced in the state of suppressed joint instability.!??* In this study, the



expression levels of TNF-a and MMP-13 in articular cartilage were lower in the CATR
group than in the DMM group, suggesting that suppression of joint instability also
inhibited the expression of TNF-a and MMP-13. As supported by our findings,
interventions that control joint instability may be effective means of suppressing the

expression of inflammatory cytokines and articular cartilage degeneration.

Notably, the expression of TNF-a and MMP-13 in the articular cartilage of the CATR

1'12 1.24

group was higher than that in the INTACT group. Murata et al.'* and Onitsuka et a
reported that articular cartilage degeneration could be delayed by suppressing joint
instability in the ACL-T model. However, the expression of TNF-a and MMP-13 also
increased upon suppression of joint instability compared with that in the control group.
Knee OA is a disease that involves not only mechanical stress such as joint instability but
also various factors such as inflammation and immune response. In this study, the
expression of TNF-a and MMP-13 in the articular cartilage region was not completely

abolished. Although suppressing joint instability can reduce abnormal mechanical stress,

further research is needed to elucidate its effects on other factors such as inflammation.

In our study, there was no significant difference in the meniscal degeneration scores
between the DMM and CATR groups. At 12 weeks, the meniscal degeneration score was
significantly higher in the DMM and CATR groups than in the INTACT group. Severe
meniscal degeneration has been reported to already occur in the DMM model 2 weeks
after surgical intervention.?! Approximately 70% of tissue weight in the meniscus is water,
while the rest is made up of organic matter, mainly extracellular matrix and cells.

Collagen makes up the majority of organic matter, followed by glycosaminoglycans.?*-*



The inner region of the meniscus has a higher percentage of collagen type 2 than the outer
region, which has a composition similar to those of the articular cartilage.’! With these
biochemical properties, it has been shown that the semilunar plates play a role in load-
bearing, load transfer, and shock absorption, as well as resisting axial compressive
loading.’?>*3 In the DMM and CATR groups, we observed a decreased staining of
safranin-O/fast green with concomitant structural changes in the meniscus at 8 and 12
weeks after surgery. Therefore, it is inferred that the load distribution in these two groups

was not optimal, and the compressive load increased.

Further, meniscal degeneration was observed in both the DMM and CATR groups, but
articular cartilage degeneration was more severe in the DMM group. These results
suggest that articular cartilage degeneration in the DMM group is not caused by load
distribution disruption and compressive load increase due to meniscal dysfunction but is
related to joint instability. Our findings support our hypothesis that suppression of joint

instability is a common and effective intervention target in articular cartilage degeneration.

This study has significant limitations. Joint instability was the focus of our study. We
showed that the CATR model suppresses the rotational instability that occurs in the DMM
model. However, we only verified static instability and not dynamic instability. Thus, it
is necessary to further confirm whether there is a difference in joint instability between
the DMM and CATR models in a dynamic environment, such as walking. In addition, OA
is considered a disease of the entire joint, characterized by articular cartilage degeneration,
synovitis, and changes in the subchondral bone. In particular, subchondral bone and

cartilage have been found to have biological interactions.>*% In this study, the effect of



joint instability on articular cartilage degeneration was clarified, but its effect on the

subchondral bone is unclear. Further research requires analysis of surrounding tissues.

In conclusion, articular cartilage degeneration was effectively suppressed by controlling
the rotational instability caused by meniscal dysfunction. Our findings suggest that
control of joint instability is a good strategy for minimizing articular cartilage
degeneration and that joint instability from meniscal dysfunction is likely a major
contributory factor to the articular cartilage degeneration in the DMM model. Meniscal
degeneration and dysfunction are involved in the progression of OA.!7-!° Thus, our study
suggests that suppression of rotational instability in the knee joint is an effective

therapeutic measure for preventing OA progression.

Author Contributions: All authors approved the final version to be published.
Study design: KA, KM, NK, and TK
Data collection, Histological analysis: KA, KT, YO, KO, K Morosawa and SE

Manuscript composition KA, KM, NK, TK

ACKNOWLEDGEMENTS

The author(s) received no financial support for the research, authorship, and/or

publication of this article.



DECLARATION OF CONFLICTING INTERESTS

The authors declare that there is no conflict of interest

Ethical Approval

This study was approved by the Animal Research Committee of Saitama Prefectural

University (Approval Number: 29-13).

Animal Welfare

This study followed institutional guidelines for humane animal treatment and complied

with relevant legislation.

REFERENCES

1. Lohmander LS. What can we do about osteoarthritis? Arthritis Res.

2000;2(2):95-100. doi:10.1186/ar74

2. Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R, Lindstrom TM, Sokolove

J. Low-grade inflammation as a key mediator of the pathogenesis of osteoarthritis.

Nat Rev Rheumatol. 2016;12(10):580-592. doi:10.1038/nrrheum.2016.136

3. Jeon OH, Kim C, Laberge RM, Demaria M, Rathod S, Vasserot AP, Chung JW,



Kim DH, Poon Y, David N, Baker DJ, Van Deursen JM, Campisi J, Elisseeff JH.

Local clearance of senescent cells attenuates the development of post-traumatic

osteoarthritis and creates a pro-regenerative environment. Nat Med.

2017;23(6):775-781. doi:10.1038/nm.4324

Collins KH, Reimer RA, Seerattan RA, Leonard TR, Herzog W. Using diet-

induced obesity to understand a metabolic subtype of osteoarthritis in rats.

Osteoarthr Cartil. 2015;23(6):957-965. doi:10.1016/j.joca.2015.01.015

Nelson F, Billinghurst RC, Pidoux RT, Reiner A, Langworthy M, McDermott M,

Malogne T, Sitler DF, Kilambi NR, Lenczner E, PooleAR. Early post-traumatic

osteoarthritis-like changes in human articular cartilage following rupture of the

anterior cruciate ligament. Osteoarthr Cartil. 2006;14(2):114-119.

do0i:10.1016/j.joca.2005.08.005

Gabay O, Hall DJ, Berenbaum F, Henrotin Y, Sanchez C. Osteoarthritis and

obesity: Experimental models. Jt Bone Spine. 2008;75(6):675-679.

doi:10.1016/j.jbspin.2008.07.011



10.

Jorgensen AEM, Kjer M, Heinemeier KM. The effect of aging and mechanical

loading on the metabolism of articular cartilage. J Rheumatol. 2017;44(4):410-

417. doi:10.3899/jrheum. 160226

Blalock D, Miller A, Tilley M, Wang J. Joint instability and osteoarthritis. Clin

Med Insights Arthritis Musculoskelet Disord. 2015;8:15-23.

doi:10.4137/CMAMD.S22147

Allen KD, Mata BA, Gabr MA, Huebner JL, Adams SB, Kraus VB, Schmitt DO,

Setton LA. Kinematic and dynamic gait compensations resulting from knee

instability in a rat model of osteoarthritis. Arthritis Res Ther. 2012;14(2).

doi:10.1186/ar3801

Kamekura S, Hoshi K, Shimoaka T, Chung U, Chikuda H, Yamada T, Uchida M,

Ogata N, Seichi A, Nakamura K, Kawaguchi H. Osteoarthritis development in

novel experimental mouse models induced by knee joint instability. Osteoarthr

Cartil. 2005;13(7):632-641. doi:10.1016/j.joca.2005.03.004



11.

12.

13.

14.

Egloff C, Hart DA, Hewitt C, Vavken P, Valderrabano V, Herzog W. Joint

instability leads to long-term alterations to knee synovium and osteoarthritis in a

rabbit model. Osteoarthr Cartil. 2016;24(6):1054-1060.

do0i:10.1016/j.joca.2016.01.341

Murata K, Kanemura N, Kokubun T, Fujino T, Morishita Y, Onitsuka K,

Fujiwara S, Nakajima A, Shimizu D, Takayanagi K. Controlling joint instability

delays the degeneration of articular cartilage in a rat model. Osteoarthr Cartil.

2017;25(2):297-308. do0i:10.1016/j.joca.2016.10.011

Eleftherios AM, Pasha H, Kyriacos AA. The knee meniscus: structure-function,

pathophysiology, current repair techniques, and prospects for regeneration.

Biomaterials. 2011;32(30)(October):7411-7431.

doi:10.1016/j.biomaterials.2011.06.037.The

Ikuta F, Yoneta K, Miyaji T, Kidera K, Yonekura A, Osaki M, Gamada K. Knee

kinematics of severe medial knee osteoarthritis showed tibial posterior translation

and external rotation: a cross-sectional study. Aging Clin Exp Res.



15.

16.

17.

2020;32(9):1767-1775. doi:10.1007/540520-019-01361-w

Nagano Y, Naito K, Saho Y, Torii S, Ogata T, Nakazawa K, Akai M,

Fukubayashi T. Association between in vivo knee kinematics during gait and the

severity of knee osteoarthritis. Knee. 2012;19(5):628-632.

do0i:10.1016/j.knee.2011.11.002

Weidow J, Tranberg R, Saari T, Kdrrholm J. Hip and Knee Joint Rotations Differ

between Patients with Medial and Lateral Knee Osteoarthritis: Gait Analysis of

30 Patients and 15 Controls. J Orthop Res Sept. 2006;24(9):1890-1899.

doi:10.1002/jor

Englund M, Guermazi A, Roemer FW, Aliabadi P, Yang M, Lewis CE, Torner J,

Nevitt MC, Sack B, Felson DT. Meniscal tear in knees without surgery and the

development of radiographic osteoarthritis among middle-aged and elderly

persons: The multicenter osteoarthritis study. Arthritis Rheum. 2009;60(3):831-

839. doi:10.1002/art.24383



18.

19.

20.

21.

Badlani JT, Borrero C, Golla S, Harner CD, Irrgang JJ. The effects of meniscus

injury on the development of knee osteoarthritis: Data from the osteoarthritis

initiative. Am J Sports Med. 2013;41(6):1238-1244.

doi:10.1177/0363546513490276

Emmanuel K, Quinn E, Niu J, Guermazi A, Roemer F, Wirth W, Eckstein F,

Felson D. Quantitative measures of meniscus extrusion predict incident

radiographic knee osteoarthritis - data from the Osteoarthritis Initiative.

Osteoarthr Cartil. 2016;24(2):262-269. doi:10.1016/j.joca.2015.08.003

SS G, Blanchet T, Morris E. The surgical destabilization of the medial meniscus

( DMM ) model of osteoarthritis in the 129 / SVEv mouse. Published online

2007:1061-1069. doi:10.1016/j.joca.2007.03.006

Kwok J, Onuma H, Olmer M, Lotz MK, Grogan SP, D’Lima DD.

Histopathological analyses of murine menisci: Implications for joint aging and

osteoarthritis. Osteoarthr Cartil. 2016;24(4):709-718.

do0i:10.1016/j.joca.2015.11.006



22.

23.

24.

25.

Kokubun T, Kanemura N, Murata K, Moriyama H, Morita S, Jinno T, Ihara H,

Takayanagi K. Effect of Changing the Joint Kinematics of Knees with a Ruptured

Anterior Cruciate Ligament on the Molecular Biological Responses and

Spontaneous Healing in a Rat Model. Am J Sports Med. 2016;44(11):2900-2910.

doi:10.1177/0363546516654687

Glasson SS, Chambers MG, Van Den Berg WB, Little CB. The OARSI

histopathology initiative - recommendations for histological assessments of

osteoarthritis in the mouse. Osteoarthr Cartil. 2010;18(SUPPL. 3):S17-S23.

do0i:10.1016/j.joca.2010.05.025

Onitsuka K, Murata K, Kokubun T, Fujiwara S, Nakajima A, Morishita Y,

Kanemura N. Effects of Controlling Abnormal Joint Movement on Expression of

MMP13 and TIMP-1 in Osteoarthritis. Cartilage. 2020;11(1):98-107.

doi:10.1177/1947603518783449

Zhao YP, Liu B, Tian QY, Wei JL, Richbourgh B, Liu CJ. Progranulin protects

against osteoarthritis through interacting with TNF-a and B-Catenin signalling.



26.

27.

28.

29.

Ann Rheum Dis. 2015;74(12):2244-2253. doi:10.1136/annrheumdis-2014-

205779

Hayden MS, Ghosh S. Regulation of NF-xB by TNF family cytokines. Semin

Immunol. 2014;26(3):253-266. d0i:10.1016/j.smim.2014.05.004

Croft M, Benedict CA, Ware CF. Clinical targeting of the TNF and TNFR

superfamilies. Nat Rev Drug Discov. 2013;12(2):147-168. doi:10.1038/nrd3930

Otero M, Plumb DA, Tsuchimochi K, Dragomir CL, Hashimoto K, Peng H,

Olivotto E, Bevilacqua M, Tan L, Yang Z, Zhan Y, Oettgen P, Li Y, Marcu KB,

Goldring MB. E74-like Factor 3 (ELF3) impacts on Matrix Metalloproteinase 13

(MMP13) transcriptional control in articular chondrocytes under

proinflammatory stress. J Biol Chem. 2012;287(5):3559-3572.

doi:10.1074/jbc.M111.265744

Herwig J, Egner E, Buddecke E. Chemical changes of human knee joint menisci

in various stages of degeneration. Ann Rheum Dis. 1984;43(4):635-640.



30.

31.

32.

33.

doi:10.1136/ard.43.4.635

Proctor CS, Schmidt MB, Whipple RR, Kelly MA, Mow VC. Material properties

of the normal medial bovine meniscus. J Orthop Res. 1989;7(6):771-782.

do0i:10.1002/j0r.1100070602

Cheung HS. Distribution of type I, II, III and v in the pepsin solubilized

collagens in bovine menisci. Connect Tissue Res. 1987;16(4):343-356.

doi:10.3109/03008208709005619

Tissakht M, Ahmed AM, Chan KC. Calculated stress-shielding in the distal

femur after total knee replacement corresponds to the reported location of bone

loss. J Orthop Res. 1996;14(5):778-785. doi:10.1002/jor.1100140515

Walker PS, Erkman MJ. The role of the menisci in force transmission across the

knee. ClinOrthop. 1975;No. 109:184-192. doi:10.1097/00003086-197506000-

00027



34.

35.

36.

Goldring SR. The Role of Bone in Osteoarthritis Pathogenesis. Rheum Dis Clin

North Am. 2008;34(3):561-571. doi:10.1016/j.rdc.2008.07.001

Goldring SR. Alterations in periarticular bone and cross talk between

subchondral bone and articular cartilage in osteoarthritis. Ther Adv Musculoskelet

Dis. 2012;4(4):249-258. doi:10.1177/1759720X12437353

Yuan XL, Meng HY, Wang YC, Peng J, Guo QY, Wang AY, Lu SB. Bone-

cartilage interface crosstalk in osteoarthritis: Potential pathways and future

therapeutic strategies. Osteoarthr Cartil. 2014;22(8):1077-1089.

do0i:10.1016/j.joca.2014.05.023



