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Abstract: Osteoarthritis (OA) is the most frequent and symptomatic health problem in the middle-aged and elderly 

population, with over one-half of all people over the age of 65 showing radiographic changes in painful knees. The aim of 

the present study was to perform an overview on the available animal models used in the research field on the OA. 

Discrepancies between the animal models and the human disease are present. As regards human ‘idiopathic’ OA, with late 

onset and slow progression, it is perhaps wise not to be overly enthusiastic about animal models that show severe 

chondrodysplasia and very early OA. Advantage by using genetically engineered mouse models, in comparison with other 

surgically induced models, is that molecular etiology is known. Find potential molecular markers for the onset of the 

disease and pay attention to the role of gender and environmental factors should be very helpful in the study of mice that 

acquire premature OA. Surgically induced destabilization of joint is the most widely used induction method. These 

models allow the temporal control of disease induction and follow predictable progression of the disease. In animals, ACL 

transection and meniscectomy show a speed of onset and severity of disease higher than in humans after same injury. 
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INTRODUCTION 

 Osteoarthritis (OA) is the most frequent and symptomatic 
health problem in the middle-aged and elderly population, 
with over one-half of all people over the age of 65 showing 
radiographic changes in painful knees [1]. It is characterized 
by join pain, stiffness, hypertrophy and limitation in the joint 
range of motion. OA affects not only the articular cartilage, 
but the whole joint including ligaments, muscles, 
subchondral bone, menisci (in the knee), synovium, capsule 
and joint fluid. Instability and inflammation within the joint 
leads to changes in several cells, such as osteoblasts that 
proliferate along the joint margin leading to the osteophyte 
formation [2], synovial cells that proliferate causing 
hyperplasia of the synovium [3] and subchondral bone 
formation leading to sclerosis underlying damaged cartilage 
[4]. 

 Primary OA progresses slowly and is the most common 
type of OA. Post-traumatic OA develop more rapidly, and it 
can be produced by mechanical insults or surgical lesions  
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leading to joint instability. Etiology, pathogenesis and 
progression of OA are not completely understood yet. 
Recent studies underlined the central role for inflammatory 
cytokines as biochemical signals, that boost chondrocytes to 
release cartilage-degrading proteinases. An animal model for 
human disease can be defined as a homogeneous set of 
animals which have an inherited, naturally acquired, or 
experimentally induced biological process, amenable to 
scientific investigation, that in one or more respects 
resembles the disease in humans [5]. 

 Several animal models have been described for the study 
of osteoarthritis, however the gold standard animal model is 
not be found yet. It is difficult to standardize across clinical 
units [6]. In terms of standard histologic changes there is no 
consensus on the common grading systems. The Mankin 
scoring system is useful, but has some limitations 
particularly in early OA. Biochemical biomarkers are useful 
to predict OA progression, especially the condition of 
cartilage, bone turnover and synovitis. Finally, it should 
identify the disease activity prior to radiographic change are 
detected by MRI or other radiological methods [7]. 

 The correct and ethical use of animals in the research 
field should follow the “3Rs” approach: Reduce the number 
of animal used; Refine the procedures and protocols to 
minimize suffering and maximize the value of the outcomes; 
and where possible Replace animal studies with an 
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alternative approach [6]. The Arrive (Animal in Research: 
Reporting In Vivo Experiments) guidelines can drive the 
researcher to choose and evaluate the limitations of each 
animal model. Arrive guidelines consists of 20 items 
describing the minimum information that all scientific 
publications reportage research using animals should 
include, such as the number and specific characteristics of 
animal used (includes species, strain, sex, and genetic 
background); details of housing and husbandry and the 
experimental, statistical and analytical methods. 

 The aim of the present study was to perform an overview 
on the available animal models used in the research field on 
the OA. 

SURGICAL INDUCED OA MODELS 

Temporomandibular Joint 

 L. Xu et al. developed a mouse model of OA performing 
a partial discectomy in the temporomandibular joint (TMJ). 
In the control group, mice underwent similar preparation and 
surgical procedure but their discs were not cut. Body weights 
of all the mice were recorded prior to surgery and three times 
per week after the surgery. At 2, 4, 8 and 16 weeks post-
surgery, eight mouse’s heads from the discectomy group and 
eight mouse’s heads from the sham-surgery group were fixed 
in 4% paraformaldehyde for 6 hours at room temperature. 
The morphology of articular cartilages was evaluated using a 
modified Mankin score system. The expression of discoidin 
domain receptor 2, matrix metalloproteinase-13 (MMP-13), 
and MMP-13 derived type II collagen fragments in the 
articular cartilage of condyles from the mouse TMJ were 
examined through immunohistostaining. There were no 
significant variations in body weights of the experimental 
and control mice. Partial discectomy consisted in removal of 
a half to two thirds of the disc, but there was no correlation 
between size of removed disc and severity of the articular 
cartilage degeneration. On the other hands, the severity of 
the cartilage damage was associated with the time course 
following the surgery. At 4 weeks after surgery proteoglycan 
staining in the extracellular matrix increases, at 8 weeks 
chondrocyte clusters appear, at 12 weeks there are 
fibrillation and a reduction of proteoglycan staining, and at 
16 weeks articular cartilage decreases. This early onset OA 
should be due to changes in distribution of the pressure and 
in the capacity of load absorption on articular surfaces of the 
TMJ following the partial removal of the disc. This results in 
an excessive mechanical force acting on a small area of 
articular surface with subsequent early-onset OA [8]. 

Anterior Cruciate Ligament Transection (ACLT) and/or 
Meniscectomy 

Rat Model 

 Sequential events of early cartilage degradation, 
subchondral osteopenia followed by sclerosis, and late 
osteophyte formation were demonstrated in the anterior 
cruciate ligament transaction (ACLT) or ACLT with partial 
medial meniscectomy (ACLT+MMx) or partial medial 
meniscectomy rat OA models [9, 10]. Changes in gene 
expression during OA progression were demonstrated by 
using known markers. 10 week old-male rat were surgically 
treated to induce OA in right knee joint. The knee joint was 
exposed with the medial parapatellar approach. The patella 

was dislocated laterally and the knee placed in full flexion. 
The anterior cruciate ligament (ACL) was then transected 
with micro-scissors. In the more severe model of OA, ACLT 
with partial medial meniscectomy, the medial collateral 
ligament was additionally transected with resection of 
medial meniscus. The time points of the study were at 1, 2, 
4, 6 and 10 weeks after surgery [9]. At each time points, 
three cuts from the end of each tibia were performed. In slice 
one, approximately 960 m from the tibial plateau, articular 
cartilage and subchondral bone are inclused. Slice two 
included epiphyseal bone and growth plate, whereas slice 
three consisted of metaphyseal bone. The authors performed 
a comparison of gene expression of aggrecanase-1 and 
MMP-13 between ACLT and ACLT+MMx models versus 
control animals, in which a sham procedure was performed, 
with PCR and immunohistochemical methods. Aggrecanase-
1 and MMP-13 were up-regulated in both OA models 
compared to sham procedure group. Expression levels of 
aggrecanase-1 increased 3-4 fold in both ACLT+MMx and 
ACLT models compared to controls. The relevant role of 
aggrecanase-1 in cartilage degeneration during the initial and 
progressive phases of OA is highlighted by elevated mRNA 
expression levels above controls up to 10 weeks after 
surgery. The regulation of MMP-13 synthesis was similar to 
that of aggrecanase-1 in ACLT and ACLT+MMx models. 

Canine Model 

 Canine models offer advantages over rodent models 
because the complement of MMPs and degradation products 
are more consistent with humans [10] and the growth plates 
in dogs close with maturity, unlike those in rats. Joint laxity 
in dogs is followed by OA and spontaneous rapture of the 
anterior cruciate ligament (ACL) [11]. In a canine model, 8 
weeks after ACLT, osteophytes and cartilage erosions on 
both condyles and plateau were detected [11]. These changes 
are associated with enhanced production of two major 
protease involved in bone resorption, such as cathepsin K 
and MMP-13 [12]. Studies demonstrated an important role 
of TGF-  to induce the synthesis of MMP-13 [13]. 
Movement of TGF-  from the subchondral bone region to 
the basal layer of cartilage in OA process, appears favored 
by the presence of many channels between the subchondral 
region and uncalcified cartilage [14] and by the presence of 
microcracks in the articular cartilage [15]. Cartilage 
biomarkers (aggrecan 846 epitope for intact aggrecan 
proteoglycan and Col2-3/C4Clong mono and Col2CTx for type 
II collagen degradation) were elevated in joint fluid obtained 
from dogs soon after anterior cruciate transaction [16]. Joint 
degeneration and features of early OA caused by damage to 
the weight-bearing areas of the articular cartilage in the 
femoral condyles of the knee, have been observed in the 
“Groove” canine model [17, 18]. To enhance the effect of 
this trigger, the loading on the affected joint is increased by 
fixing the contra-lateral health limb to the trunk of the dog 
intermittently (2 hours for 3 days a week). The results 
obtained are similar to biochemical and histological 
evaluations of degenerative changes in the joint in the 
anterior cruciate ligament transection (ACLT) model. In the 
canine Groove model at 10 weeks, collagen is damaged and 
proteoglycan (PG) turnover is impaired; an ineffective 
synthesis combined with an enhanced release results in 
diminished PG content. Matrix metalloproteinase (MMP) 
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activity in synovial fluid is enhanced. Loss of safranin-O 
staining, fibrillation of the articular surface and chondrocyte 
clustering indicate moderate cartilage destruction. These 
characteristics of OA are observed in the tibial plateau, 
although this cartilage surface is not harmed during surgery. 
Only mild signs of inflammation are present. Degenerative 
changes in the cartilage matrix integrity progress slowly in 
the first year after surgery, while synovial inflammation 
decreases. 

Rabbit Model 

 ACLT is used in rabbit models to induce osteoarthritis. 
The age at which joint maturity is attained will depend on 
the joint. A recent study reported that rabbit femorotibial 
joint articular cartilage matures much earlier at 
approximately 3 months [19]. On the other hands, older adult 
animals would be preferable models of human OA, but it is 
very difficult to obtain large number of adult animals for 
studies [20]. About the timeframe of development of the 
disease, fissures and erosion of cartilage can occur as early 
as 4 weeks post-ACLT. The cartilage lesions observed in 
each compartment are focal and usually located in the 
femoral condyles and in the tibial plateau. Inter-animal 
variation in lesion’s development is encountered, probably 
related to the use of different batch of animals with a 
different genetic background. Moreover, speed of onset and 
severity of disease is higher than in humans after the same 
injury. Osteophytes always occur in femoral condyles and 
tibial plateau. Osteophytes indicated hypertrophic 
chondrocytes expressing VEGF. VEGF should favorite 
cartilage vascular invasion [21]. In rabbit ACLT model is 
still observed VEGF expression after the 4

th
 week [21]. 

VEGF stimulates OA chondrocytes to produce increased 
amounts of MMP-1 and MMP-3. VEGF has recently been 
shown to be expressed in hypertrophic cartilage in the 
growth plate and to coordinate hypertrophy, vascular 
invasion and angiogenesis [22]. Rabbit partial meniscectomy 
model of OA showed increased levels of IL-1 and IL-1 
receptors, which seem related to the upregolation of 
prostromelysin, procollagenase, and cathepsin B gene 
expression in the degenerated cartilage [23, 24]. IL-1 is the 
pivotal cytokine at early and late stages, while TNF-  is 
involved in the onset of arthritis [25]. The single injection of 
highly purified or recombinant IL-1 into knee joints of 
rabbits induces a marked cellular infiltrate in synovial lining 
and fluid, and the loss of proteoglycan from the articular 
cartilage [26, 27]. A new video imaging technique to 
quantify and localize Indian ink staining of cartilage has 
showed that ACLT- induced degeneration had a predilection 
for the posteromedial aspects of the joint, and to a lesser 
extent, the anterolateral aspects [28]. 

Ovine Model 

 In ovine meniscectomy model, typical degenerative 
changes are observed in the operated knee joints at three 
months after surgery. Proteoglycan 4 is a lubricating 
glycoprotein considered to be primarily responsible for 
border lubrication in synovial joints. In the early phases of 
OA, changes in expression and localization of proteoglycan 
4 occurred. In normal control joints, proteoglycan 4 was 
immunolocalized in the superficial zone of cartilage, 
particularly in those regions of the knee joint covered by a 

meniscus. After the onset of early osteoarthritis, a loss of 
cellular proteoglycan 4 immunostaining in degenerative 
articular cartilage, was observed [29]. 

ENZYMATICALLY/CHEMICALLY INDUCED OA 
MODELS 

 Chemical models include intra-articular injection of 
substances having various effects on joint physiology such as 
inhibition of chondrocyte metabolism, including papain or 
iodoacetate, damage of ligaments and tendons, including 
collagenase, or selective joint denervation, including 
immunotoxins [30]. 

 In rat models, iodoacetate injection is used to induce OA 
damage [6]. Joint degeneration induced by iodoacetate 
injection is chronic and depends on the concentration of 
iodoacetate: 29 days after the injection of 0.3 mg of 
iodoacetate, no joint destruction was visible; while relievable 
joint degeneration was present after 1 or 3 mg of iodoacetate 
injection [31]. Osteolysis and swelling with displacement of 
the patella characterized joint degeneration in rat’s knee [31-
33]. Joint pathology was caused by the inhibition of 
glycolysis, thereby targeting the avascular cartilage and 
causing chondrocyte death, fragmentation of cartilage, and 
exposure of subchondral bone [10, 34]. This model has some 
limitation: iodoacetate is a metabolic poison, and 
chondrocyte death is wide, differently from human OA [7]. 
On the other hands, the intra-articular injection of papain 
does not conduct to chronic alterations in joint integrity [31]. 

 Because of the presence of fibronectin fragments in 
synovial fluid of patients with OA [35], fibronectin 
fragments were injected in rabbit knee and causes a depletion 
of cartilage proteoglycans [36]. Chondrolysis is associated 
with relapsing of stromelysin, IL-1 and other catabolic 
interleuchin, caused by fibronectin fragments [37, 38]. 

SPONTANEOUS MODELS 

 In about 38-65% of patients with OA the disease results 
from the genetic background [39]. OA onset appears 
connected to mutations of only a few of human genes, 
especially those coding for cartilage-specific collagens. It 
seems that any alteration in a structural gene encoding a 
cartilage matrix constituent can surround defect of normal 
properties of the tissue and lead to early onset OA [40] and 
other bone and cartilage lesions (i.e. condrodysplasias) [41]. 

 Guinea pigs develop spontaneous OA in knee and other 
joints. Since 3 months of age, histologic changes occur, and 
at 18 months moderate to severe OA is observed in the 
medial tibial plateau cartilage which is not covered by 
menisci. This is due partly to obesity and to various 
positioning of the hind limbs [42, 43]. Spontaneous NO 
release from the knee cartilage of the guinea pig increases 
with age and the OA development is observed, with a 
decrease of intracellular ATP levels in chondrocytes and a 
progressive elevation of chondrocyte ATP-scavenging 
nucleotide pyrophosphatase/phosphodiesterase (NPP) 
activity and extracellular levels of the NPP enzymatic end 
product inorganic pyrophosphate (PPi). These findings 
suggest a role of NO in mitochondrial dysfunction and 
cartilage calcification in OA [44]. 
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 STR/ort mice are a model for spontaneous OA with a 
tendency for patella displacement. They exhibit elevated 
levels for both local and systemic inflammatory markers. 
Spontaneous OA appears at approximately 12 to 20 weeks 
[45]. A high degree of degeneration in the medial side of the 
articular cartilage, subchondral sclerosis, and an increase in 
glycosaminoglycan content prior to the onset of degeneration 
are present in STR/ort mice. These features are similar to 
human OA. Moreover, this mice present elevated levels of 
both local and systemic inflammatory markers (RAGE, 
AGE, S100A4 and HMGB1) and cytokines (IL1 , IL1 , 
IL6) [45]. OA phenotype does not follow Mendelian pattern 
of inheritance [46]. Biglycan and fibromodulin are small 
extracellular proteoglycans that are coexpressed in tendons, 
cartilage and bone. Mice with defects in non-collagenous 
molecules show tendon mineralization and OA (single 
knockout with fibromodulin deficiency) [47]. Biglycan-
deficient mice develop osteoporosis [48]. Double knockout, 
with fibromodulin and biglycan deficiency, show ectopic 
ossification and early onset OA in knee, like STR/ort mice 
[49]. Cre-Gdf5/Bmpr1a 

floxP 
mice are unable to produce a 

bone morphogenetic protein (BMP) receptor specifically in 
joints. These mice show retention of webbing between some 
digits, failure in formation of some joints in the ankles and 
premature OA in other joints, compared with normal wild-
type mice [50]. In both byglican-fibromodulin double knock-
out mice (Bgn-Fbn) and in Cre-Gdf5/Bmpr1a 

floxP
, the OA 

onset was characterized by non-inflammatory fibrillation and 
subsequent thinning of the articular cartilage joint surfaces. 
Differences between this two models include selective joint 
fusion abnormalities and the limitation to the joint of the 
depletion of BMP signaling in Cre-Gdf5/Bmpr1a 

floxP
, 

whereas in Bgn-Fbn double knockout mice there is a total 
depletion of the two proteoglycans in all tissue and joint 
fusion abnormalities are not observed. 

 Other mouse models of OA present mutations or 
deletions of genes encoding several matrix and associated 
proteins. Transgenic mice whit defect in type II collagen 
show mild chondrodysplasia phenotype and OA [51, 52], 
transgenic mice whit defect I type IX collagens show OA 
and mild chondrodysplasia with ocular involvement [53]. 
Involvement of matrix metalloproteinases, especially MMP-
13, has been demonstrated in the degradation of cartilage and 
the development of human OA lesions [54]. Transgenic mice 
over expressing MMP-13 in articular cartilage showed 
cartilage changes similar to human OA [55], while MMp-13 
knockout mice displayed a reduction of tibial cartilage 
erosions in a surgical model of OA [56]. Enhanced 
expression of MMP-13 is related to an increased expression 
of the collagen receptor discoidin domain receptor (DDR-2) 
in transgenic mice that show OA cartilage pathology at 6 
months of age [57, 58]. ADAMTS-5 is the major 
aggrecanase involved in early proteoglycan loss in arthritis 
and OA. Transgenic aggrecan knocking mice had a mutation 
that made the interglobular domain (IGD) resistant to 
aggrecanase. This feature allowed for abrogate cartilage 
erosion in experimental OA and also for repair of depleted 
tissue [59]. 

CONCLUSION 

 Development of new animal models of OA is strongly 
related to enhanced research activity, but at the present the 

gold standard OA animal model has not been found yet. First 
of all because the pathology of human OA is not completely 
understood in all tissues. Therefore, replication in an animal 
model is not easy. There are no certainties whether OA 
etiology should be a cartilage- driven or a bone-driven 
process. Moreover, it is not clear if each animal model 
reproduces only a subset of cases because of the 
heterogeneity of human OA. Secondly, the time frame of 
disease’s progression in animal models should be suitable to 
obtain appropriate valuations about early, mid and late 
pathophysiology and treatments effects. However, the time 
of progression of the disease in human is extremely variable, 
and generally longer for both development and progression. 
From this point of view, spontaneous models are more like 
human because of disease’s slower onset and progression 
[7]. Thirdly, the animal should be a mammalian species that 
is tractable, inexpensive, easy to house and manage, large 
enough to allow multiple analyses/outcome measures (e.g. 
radiology, magnetic resonance imaging, synovial fluid 
analysis etc.). Finally, the animal models should be 
predictive of therapeutic disease modification in humans: 
“what works in the animal, works in patients”. Although the 
genetic constitution of laboratory animals is basically similar 
to that of humans, with great similarity in gene structure and 
the tissue distribution of gene products, differences from 
humans arise with respect to body size and stature in small 
mammals walking on four feet. Moreover, the distribution of 
loads across the joints is quite different from that in humans. 
Each species has characteristic biological properties of the 
articular cartilage, i.e. adult human articular cartilage has a 
cell density one tenth of that in adult rabbits and one fifth of 
that in dogs. Therefore, discrepancies between the animal 
models and the human disease are present. As regards human 
‘idiopathic’ OA, with late onset and slow progression, it is 
perhaps wise not to be overly enthusiastic about animal 
models that show severe chondrodysplasia and very early 
OA [48]. Advantage by using genetically engineered mouse 
models, in comparison with other surgically induced models, 
is that molecular etiology is known. Find potential molecular 
markers for the onset of the disease and pay attention to the 
role of gender and environmental factors should be very 
helpful in the study of mice that acquire premature OA [50]. 
Surgically induced destabilization of joint is the most widely 
used induction method. These models allow the temporal 
control of disease induction and follow predictable 
progression of the disease. In animals, ACLT and 
meniscectomy show a speed of onset and severity of disease 
higher than in humans after same injury. 
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