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[Abstract] Osteoarthritis (OA), a common age-related chronic disease, is characterized by degenerative changes in
the joints and surrounding tissues. Traditionally, research on OA has primarily focused on the pathological changes in
articular cartilage and its repair. However, with the advancements in animal disease modeling in recent years, especially
the widespread use of spatiotemporally specific transgenic mouse models, scholars have gradually come to realize that the
subchondral bone also plays an important role in the occurrence and development of OA. That is, the pathological
changes in articular cartilage and bone mutually affect and promote each other, jointly driving the progression of OA,
involving such pathological processes as vascular invasion, ectopic calcification, nerve growth, and the occurrence of pain.
Given the complexity of cartilage-bone pathological relationship, it is difficult to conduct in-depth research on
subchondral bone pathology using clinical human samples, or to simulate the pathological processes of OA through in
vitro cell experiments. Therefore, animal models play an irreplaceable role in investigating the pathological mechanisms of
OA and developing clinical drugs. This review, in addition to providing an overview of OA animal models, synthesizes the
latest progress in animal experimental research on OA, highlighting the active role of the cartilage-bone pathological
relationship in OA progression. These new findings provide references for future in-depth investigations and also provide
a theoretical basis for developing fundamental strategies for OA prevention and treatment.
Osteoarthritis Subchondral bone Animal models
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Table 1 Animal models of osteoarthritis

Methods

Characteristics

Surgical induction

Traditional Hulth method

High stability and success rate, requiring
advanced surgical skills, and risk of infection
and other complications

Transection of the anterior cruciate ligament, Short modeling time and high reproducibility,

posterior cruciate ligament, medial collateral ~ complex procedure, significant trauma,

ligament, and removal of the medial

meniscus
Modified Hulth method

Based on the traditional Hulth method, but
preserves the posterior cruciate ligament

difficulty in observing pathological changes
at different stages due to rapid modeling

Less traumatic, simpler procedure, and higher
success rate compared to the traditional
Hulth method

Anterior cruciate ligament transection Transection of the anterior cruciate ligament  Minimal trauma, simple procedure, and high

Medial meniscus destabilization

Partial or complete removal of the meniscus

stability; requiring high-load exercise post-
surgery to induce OA

Minimal trauma and simple procedure; the
method only induces local joint instability.

Combined induction: anterior cruciate Transection of the anterior cruciate ligament ~ No need for high-load exercise post-surgery to

ligament transection and medial
meniscus destabilization
Chemical induction

Intra-articular injection

Botulinum toxin intramuscular
injection

Mechanical induction

and removal/tearing of the anterior horn of
the meniscus

Injection of papain, collagenase, iodoacetate,
urokinase, TNF-q, etc., into the joint cavity

induce arthritis; meniscus tearing is easier
than complete removal.

Surgical trauma is avoided; difficulty in
controlling drug concentration and dosage

Rapidity, minimal invasiveness, simple
procedure, and short modeling period;
difficulty in controlling dosage; repeated
injections may cause induration and
ulceration.

Injection of botulinum toxin at the midpoint of Simulation of muscle atrophy in knee OA
the right rectus femoris, vastus medialis, and  pathogenesis; in combination with
vastus lateralis muscles

ovariectomy, the method can be used to
model postmenopausal knee OA

Non-invasiveness, reduction of surgical trauma,
and simple procedure

Immobilization

Loading

Fixation with plaster or bandage and tail
suspension

In the cyclic compression model, the mouse's
lower leg is placed horizontally (parallel to
the body) between two loading platens and
long-term cyclic pressure is applied.

Simulation of OA progression, simple
procedure, reduction of surgical trauma;
prolonged fixation may cause local swelling,
skin ulceration, and other complications

Non-invasiveness, being easy to learn, high
reproducibility, and low variability; the
method is driven by mechanical factors, and
OA progression speed cannot be regulated.

In the anterior cruciate ligament rupture
model, the mouse's lower leg is placed
vertically (perpendicular to the body)
between two loading platens and pressure is
applied until the anterior cruciate ligament

ruptures.
Treadmill exercise

Col2al knockout mice, Col9al
knockout mice, Del knockout mice,
B-catenin conditional knockout
mice, SIRTI conditional knockout
mice, EFNB2 conditional knockout
mice, DOTIL conditional knockout
mice, Pten conditional knockout
mice, etc.

Spontaneous models  SRT/ort mice, BCBC/Y mice, Dunkin-

Hartley guinea pigs, etc.

Genetic engineering

Exercise intensity is set at 70% of maximum
oxygen uptake.

Non-invasive, low technical requirements;
difficult to standardize due to numerous
parameters

Avoids surgical trauma, allows study of gene
expression effects on OA; long modeling
period and high cost

Simulation of disease progression with minimal
external interference; long modeling period
and high cost
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Fig 1 Pathology of cartilage-to-bone crosstalk in osteoarthritis
IL: interleukin; TNF-a: tumor necrosis factor-o; RANKL: receptor activator of nuclear factor-kB ligand; VEGF: vascular endothelial growth factor; HMGBI: high-
mobility group box 1; BMP-4: bone morphogenetic protein-4; TGF-p: transforming growth factor-beta; PGE2: prostaglandin E2; MMP: matrix metalloproteinase; Grem-1:
gremlin-1; FGF-1: fibroblast growth factor-1; PDGF-A: platelet-derived growth factor subunit A; PTH: parathyroid hormone; ALK: anaplastic lymphoma kinase; SDF-1:
stromal cell-derived factor-1; NGF: nerve growth factor; Angptl-4: angiopoietin-like protein-4; S1P: sphingosine-1-phosphate; HIF-1a: hypoxia-inducible factor-1a;
PDGEF-BB: platelet-derived growth factor-BB. A, Uncoupling of subchondral bone formation and absorption; B, vascular invasion and ectopic nerve growth.
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