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Abstract. The aim of the review was to describe a complex
microstructure and biomechanical properties of the articular
cartilage as well as a current review of its pathologies
encountered in veterinary practice. The articular cartilage with
its unique features: complex microarchitecture, significant
mechanical durability and elasticity, lacking blood, lymphatic
vessels, and innervation, seems to stand in contradiction to the
laws of biology. It can be involved in a vast majority of diseases,
from osteoarthrosis as a result of natural aging process to more
complex in nature like osteochondromatosis. The primary role
of articular cartilage is to provide the surface for movement in
any single joint in the body. Therefore, its diseases lead to
physical impairment and deterioration of the quality of life.
Treatment of articular cartilage poses a formidable challenge in
both modern human and animal medicine.

The articular cartilage (cartilago articularis) belongs to the
group of chondral tissues (textus cartilagineus) or more
broadly supporting connective tissues originating from the
mesenchymal tissue (1). It is a type of hyaline cartilage
(cartilago hyalina), however, what sets it apart from other
tissues of this kind is the lack of perichondrium — a
connective fibrous membrane serving nutritional and
regenerative functions (2).
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The articular cartilage is a type of tissue characterised by
complex histochemistry, morphology and architecture,
significant mechanical durability and elasticity, while at the
same time lacking any blood vessels, which seems to stand
in contradiction to the laws of biology (3).

In an adult organism, the articular cartilage covers the
contacting surfaces of epiphyses constituting parts of
synovial articulations — diarthrodial joints (juncturae
synoviales; articulationes) (4-6). Its function is to transfer
and absorb loads, and facilitate effective, friction-free action
of adjacent elements of the skeletal system (2).

It is primarily composed of chondrocytes and the
extracellular matrix (ECM). A characteristic trait of the
articular cartilage is its small number of cells relative to the
volume of extracellular matrix — actual chondrocytes
comprise only 1-2% (up to 5% in some reports) of its total
volume, while the ECM takes up the remaining 98-99% (1,
4, 7). It has been calculated that the mean number of
chondrocytes in 1 cm® of mature human cartilage is
approximately 100-10° (5), individually scattered or
clustered in isogenic groups known as chondrons. These
constitute the primary architectonic unit of cartilaginous
tissue. Within the said groups, each chondrocyte is
surrounded by a thin layer of extracellular matrix that is
structurally different from that located further from the cells,
hence it is usually referred to as the PCM — pericellular
matrix (8). The number and distribution of cells within the
isogenic groups depends on the type and location of the
particular cartilage. Notably, what distinguishes articular
cartilage is its absence of intercellular connections and
ability to function in low-oxygen environments (1).

Between 60 and 80% wet weight of the extracellular
matrix consists of water, with the remaining part comprising
collagen fibres (15-22% wet weight) and ground substance
composed of non-collagenous proteins and polysaccharides
(glycosaminoglycans) and their connections — proteoglycans
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and glycoproteins (4-7% wet weight). In healthy cartilage,
chondroitin ~ sulphate constitutes 65-90% of total
glycosaminoglycans, with the remainder composed of
keratan sulphate (5-25%) and hyaluronic acid (2-10%) (9,
10). The most characteristic proteoglycan found in cartilage
is aggrecan. It constitutes 10% of the cartilage dry weight
and is composed of 87% chondroitin sulphate and 6%
keratan sulphate. Its name refers to its capacity for
aggregation, i.e. the ability to form noncovalent bonds with
hyaluronic acid, the only glycosaminoglycan not forming
covalence bonds with protein molecules. Approx. 200
aggrecan molecules can bind with a single hyaluronic acid
molecule, thus forming multimolecular complexes known as
proteoglycan aggregates. These are primarily responsible for
maintaining high osmotic pressure and compressive strength
(compressibility) of articular cartilage. Approx. 85% of
proteoglycans present in cartilage are in the form of
aggregates. The glycoproteins found in cartilage include link
protein responsible for stabilising proteoglycan connections,
chondronectin, chondrocalcin, fibronectin, and cartilage
oligomeric matrix protein (COMP). Apart from the above,
the cartilaginous matrix also contains many other structural
proteins (C- and N-terminal peptides of collagen type II,
fibronectin, tenascin-C, GLA proteins (vitamin K-dependent,
containing gamma-carboxyglutamic acid) and functional
proteins. The latter include enzymes responsible for
degradation of the matrix components, inhibitors thereof, and
some cytokines (7, 11). The collagen fibres present in
articular cartilage are primarily type II collagen — approx.
90-95% of all cartilaginous collagen. The remaining 5%
include: collagen type VI, IX, X, XI, and XII (7). The
presence of other types (I, III, V) is negligible, mainly
detectable in immature articular cartilage.

The arrangement of collagen fibres is ordered and reflects
the directions of forces acting on the cartilage. The arcade-
like distribution of collagen fibres facilitates reversible
deformations of the cartilage within specific physiological
limits and facilitates better tensile strength and elasticity.

The most characteristic trait of articular cartilage,
responsible for its unique properties, is the absence of blood
and lymphatic vessels, and innervation. The provision of
nutrients and removal of unneeded metabolites from
chondrocytes takes place by way of diffusion, via synovial
membrane synoviocytes (11). Due to this method of
chondrocyte nutrition and their relatively small number, the
partial pressure of oxygen in cartilaginous tissue is very low.
Hence, glucose metabolism in chondrocytes takes place
primarily in the form of anaerobic glycolysis (2). The distance
that the diffusing nutrients from the synovial liquid can travel
is limited, which consequently restricts the possible thickness
of cartilaginous tissue. Based on the above, Maroudas
established in 1972 that human cartilage can reach up to 4-6
mm in height (7). This physiological nutritional limit is also
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the cause of local cartilaginous necrosis observed in many
pathological conditions in humans and animals alike.

Articular cartilage is deprived of nerve endings. Pain
stimuli and proprioceptive sensibility are mediated by
numerous nociceptors and proprioceptors present in other
joint structures: capsule, ligament, muscle, and bone (11, 12).
The receptors can be stimulated mechanically (by trauma,
pressure, stretching) or chemically by substances such as
bradykinin, histamine, or prostaglandin E2 (11).

Under a light microscope, one can distinguish respective
layers that differ in terms of both the shape and spatial
arrangement of their structural elements.

Subchondral bone takes the form of a thin layer of high-
density osseous tissue located between the articular cartilage
and the cancellous bone of the epiphysis. It contains a large
quantity of thickly woven collagen fibres and ground
substance saturated with calcium and phosphorus minerals.
Its task is to transfer and distribute loads between the flexible
articular cartilage and stiff cancellous bone (13).

Cartilage is characterised by a very low coefficient of
friction, both static (0.01-0.02) and dynamic (0.003). The
same is inversely proportional to increasing load and
decreases if the cartilage is coated in synovial fluid (14).
Under physiological loads, articular cartilage may be
compressed by up to 40% of its resting height (7). This is
possible due to its high elasticity and compressibility — traits
facilitated by the collagen fibre network as well as
proteoglycans and their capacity to bind water molecules and
cations, which allows them to maintain high osmotic
pressure within the articular cartilage (15). The physiological
range of loads and the resulting mechanical stimuli are
necessary for the correct development of cartilage (9).
Biomechanical studies conducted on cartilage cell cultures
revealed that intermittent, cyclical joint loads within the
physiological range condition the maintenance of
homeostasis in the extracellular matrix (16). Cyclical loads
on cartilaginous tissues facilitates correct circulation of
articular fluid and consequently supply of oxygen and
nutrients to chondrocytes. In turn, continuous loads or
intermittent loads exceeding the physiological range shift the
metabolic equilibrium towards catabolism (16). This results
in degenerative changes to the cartilage. Conversely,
immobilisation and lack of loads also weakens the cartilage
and exacerbates katabolic processes (17). The application of
regular loads with roughly the same strength on the articular
cartilage contributes to increasing the density of
proteoglycans and cells meshwork, thus increasing its
durability (9). This means that similarly to bone, cartilage
behaves in accordance with the commonly accepted Wolff’s
law of biomechanics stating that the correct development of
living organism tissues requires the application of evenly
distributed pressure stretching forces (17). The maintenance
of join homeostasis, including in the articular cartilage, is the
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responsibility of chondrocytes and synovial membrane cells,
synoviocytes. They produce the components of the matrix as
well as the enzymes that degrade the same (3). Cartilage
contains cysteine proteases (cathepsin), serine proteases
(plasminogen activator), and metalloproteases: collagenase
(MMP-1), gelatinase A and B (MMP-2 and MMP-9), as well
as stromelysin (MMP-3), responsible for the degradation of
collagen and proteoglycans (18). This dual function is
strictly regulated by cytokines and growth factors whose
receptors are present on chondrocyte surfaces. The formation
of cartilage is also affected by certain hormones and
vitamins. The equilibrium between synthesis and degradation
processes is pivotal to the correct function of the tissue.

Until recently, cartilage was believed to be a poorly
immunogenic tissue. It has since been discovered, however,
that collagen type II (unlike collagen type I or III), aggrecan
core protein, and CH65 protein in chondrocytes contain
autoantigenic determinants capable of inducting inflammatory
response in experimental systems. Chondrocytes can be
recognised and destroyed by cytotoxic NK (natural killer)
cells. Irrespective of the same, chondrocyte surfaces show the
expression of the major histocompatibility complex antigens
class I and II (MHC 1, II), which means that they are
themselves capable of presenting antigens to T cells. This
allows chondrocytes to not only act as targets of
immunological response but also actively participate in the
induction of the same in the course of autoimmune and
degenerative diseases of the cartilaginous tissue (19).

The above qualities of the cartilage condition its
functioning under the conditions of physiological
homeostasis both in terms of loads and metabolic processes
(3, 8). Hence, the nature of cartilage diseases lies in the
destabilisation of the processes of synthesis and
decomposition taking place within it. Such destabilisation
can result from a variety of biomechanical, autoimmune, and
genetic factors (20). The most common reasons for local
defects of articular cartilages include: mechanical trauma,
degenerative joint conditions, osteoarthritis, and cancer (21).

Pathologies of Articular Cartilage

Osteoarthrosis. The cartilage pathology of the greatest
clinical significance in both human and veterinary medicine
is osteoarthrosis, also referred to as degenerative joint
disease (OA/DID). It has been estimated that OA currently
affects over 25% of the adult population and is the main
cause of physical impairment in patients over 40 years of age
(6). It is prognosed that by 2030, approximately 20% of west
European and American population will suffer from the
osteoarthrosis (22). The disease entails broadly understood
cartilage degeneration resulting from upset processes of its
catabolism and de novo synthesis (7, 23). Clinically, it is
diagnosed as functional impairment of articular cartilages. It

is noteworthy that the name does not refer to a single disease
entity but rather a group of diseases whose underlying causes
may stem from a variety of pathophysiological mechanisms.
Osteoarthritis is, therefore, a syndrome with a range of
possible causes that jointly contribute to a specific
pathomorphological and clinical output (16, 21, 24, 25).
Moreover, osteoarthritis is a condition that affects an entire
joint as a functional entity, i.e. not only the cartilage but also
all the accompanying intra and extraarticular structures,
including the particular muscle, nervous, and bone groups (8,
25, 26). The character of OA is usually primary (idiopathic)
with an undefined underlying cause. It mainly affects older
patients and can extend to one or more joints. Mankin et al.
observed that natural ageing of an articular cartilage is not
synonymous to OA as the lesions observed in the tissue are
not the same (2). Secondary osteoarthritis can emerge as a
result of trauma, obesity, inflammation, genetic factors, or
systemic diseases (metabolic or endocrine disorders) (6). In
clinical terms, the disease manifests itself through chronic
pain and swelling of joints, limited joint mobility, crepitation
of exposed bone surfaces, and limb deformation. The
progressing process leads to significant functional
impairment and deterioration of the quality of life (6, 22, 23,
27-30). A number of biomechanisms have been suggested as
the underlying causes of OA but none have been
conclusively and comprehensively studied and confirmed as
such, consequently an effective method of inhibiting the
process of cartilage degradation and its restoration to full
functional capacity has yet to be discovered (6).

In humans, what acts as a trigger for the development of
degenerative changes is a focal articular cartilage defect
which is traumatic in origin (31). In domestic animals,
however, apart from osteochondrosis, there are no available
statistics regarding specifically trauma-induced cartilage
defects. Instead, they are only observed incidentally during
joint surgery or arthroscopy, even though they accompany
numerous orthopaedic conditions and injuries such as
cruciate ligament tear, intra-articular fracture, and other
conditions leading to non-physiological load distribution
(Figure 1). The resulting mechanical damage to the cartilage
can occur either due to long-term effects of relatively low
forces (“wear&tear”) or short-term application of a force
exceeding the physiological range (3, 16). The is exacerbated
by: long bone misalignment, varus and valgus angulation,
ligamentous instability, obesity, or meniscus damage.

In response to such mechanical factors, the cartilage and
synovial membrane cells release inflammatory mediators
such as tumour necrosis factor alpha (TNF-a), transforming
growth factor-p (TGF-f) and interleukins IL1-IL-7. These,
in turn, stimulate the production of metalloproteinases
(MMPs) capable of degrading all the components of the
ECM (21). The primary role is played by MMP1 produced
by synoviocytes and MMP 13 produced by chondrocytes (6,
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22). Metalloproteinases MMP-2, MMP-3, and MMP-9 are in
turn primarily responsible for the decomposition of non-
collagenic proteins (22). A significant role in the genesis of
OA is played by the characteristic cartilage collagen type II
which has the ability to induce autoantibodies. In mice with
a mutation of the encoding gene, the protein triggered
spontaneous development of OA (6). Genetic factors include
disturbance of the biochemical pathways of: TGF-f and
fibroblast growth factor (FGF) as well as Indian Hedgehog
(IHH) protein (6).

In experimental OA models, the first histologically
observable differences included changes to the extracellular
matrix and pericellular matrix: reduced concentration of
proteoglycans (lowered stainability with toluidine blue),
increased water content, separation and disorganisation of
the surface network of collagen fibres (8, 9). The first
degenerative symptom observed macroscopically is the
surface fibrillation of the cartilage, i.e. chondromalacia. It is
caused by disarrangement of the network of collagen fibres
and fibrils, separation of their chains, which in turn leads to
increased intake of water molecules and formation of vertical
cracks between chondrocyte columns (22). The impaired
integrity of surface layers causes proliferation of the
pathogenic process to deeper layers of the cartilage, forcing
them to withstand excessive loads. This further reduces the
content of glycosaminoglycans and triggers destructive
lesions in the networks of collagen type II fibres resulting
from the influence of metalloproteinases. Simultaneous
changes also occur in the calcified layer of the cartilage and
subchondral bone which are intensively reformed and
thickened (24, 26).

In orthopaedics, such lesions are referred to as subchondral
bone eburnation, which in macroscopic view forms surfaces
reminiscent of polished ivory or marble (2, 24, 26, 32). The
process deprives the bone of its cushioning capacity, which
renders the articular cartilage more susceptible to damage (16).
Jointly, the fibrillation of the cartilage and progressing
eburnation of the subchondral bone are considered to
constitute the irreversible stage of degenerative joint disease
(9). Additionally, foci of aseptic bone necrosis and
subchondral cysts are formed. At such places the articular
cartilage loses the support of subchondral bone, which forms
fissures through which synovia can penetrate to reach
cancellous bone and induce chondrometaplastic and fibrotic
changes in the mesenchymal precursor cells. As a result,
macroscopically visible, nodular or cauliflower, fibrochondral
thickening occurs on the surface of the cartilage in late stages
of the disease. On joint surfaces opposite to those affected by
subchondral bone exposure, in a way by mirror image, erosion
can occur due to excessive pressure. Literature refers to the
same as “kissing lesions” (2).

On the other end of the spectrum there are proliferative
lesions of osteochondral tissue. These are small, initially
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chondral forms emerging at the border of periosteum and
articular cartilage, at the attachment of the articular capsule
— osteophytes, and at the attachment of tendons and
ligaments to the bone — enthesophytes (16, 26, 33). Their
shape and size are determined by the direction and intensity
of forces acting on the given area of the joint. With the
progressing disease process, the forms undergo secondary
ossification due to excessive local mechanical loads (26)
McDevitt et al. demonstrated the presence of osteophytes
already on the seventh day after trauma (2). They may also
appear outside the joint area, at the attachment of tendons to
bone. Such exostoses are referred to as enthesophytes. The
reasons for their formation and their role in the pathogenesis
of the degenerative disease remain unknown (16). As the
disease progresses, the articular capsule thickens, both in its
fibrous and synovial membrane (2). The reformation of
subchondral bone leads to active hyperaemia of the epiphysis
and increase in local blood pressure. This results in the
formation of fibrovascular channels in deeper layers of the
cartilage and infiltration of blood vessels (neoangiogenesis)
and sensory nerve endings, which is the main cause of pain
experienced in the course of the degenerative disease (16).

The disease process also affects the morphology and
behaviour of chondrocytes which become pleomorphic. The
balance between cell death and proliferation is upset as a
consequence of impaired gene expression. In regions affected
by the disease process, chondrocytes become heterogenous
with a different phenotype and form characteristic clusters that
are symptoms of excessive proliferation and the tissue’s
response to the pathological process. Paradoxically, such
cellular conglomerates are incapable of rebuilding the
degenerated matrix as they are anabolically inactive.
Moreover, they may in fact cause the emergence of gaps,
which further destabilises the cartilage (34).

In veterinary orthopaedics, one can refer to the Collins
system classifying the subsequent histopathological stages in
the development osteoarticular inflammation (2, 32): a)
damage to surface layers of the cartilage; b) chaotic increase
in the number of chondrocytes; ¢) decrease in proteoglycan
content (poorer metachromatic staining); d) blood vessels
invading the layer of calcified cartilage; e) surface cracks in
the cartilage; f) chondromalacia (fibrillation); g) further
decrease in proteoglycan content; h) formation of chondrocyte
clusters; i) exposure of subchondral bone affected by
eburnation; j) formation of subchondral bone cysts.

Presently, there is yet to be a definitive determination as to
the initial location of OA lesions. Some authors posit that it is
the subchondral bone that initiates the degenerative process
(24, 26, 35). Repeated joint overload leads to microfractures
at early stages of the disease, whose reconstruction leads to
pathological thickening, increased stiffness, and consequently
weakening of the bone (16, 26, 35). As follows from this
hypothesis, it is the subchondral bone’s loss of shock
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absorption capacity that triggers secondary degenerative
lesions in the articular cartilage (13). This sequence of OA
stages has been confirmed in a series of experimental studies
on rabbits, Guineapigs, and dogs (26).

In veterinary clinical practice, OA is most commonly
diagnosed in dogs, less frequently cats. Unlike humans,
animal OA is usually of secondary character. It typically
develops as a consequence of trauma (e.g. injury to the
crucial ligament, meniscus, sprains, intraarticular fractures),
congenital and developmental defects (dysplasia,
osteochondrosis, Legg-Calve-Perthes disease, premature
epiphyseal closure), or incorrect limb alignment (valgity,
varus deformity). Additional significant factors include
obesity, advanced age, and excessive physical exertion. OA
is listed as the primary cause of chronic pain in dogs. In a
2009 study, between 10 and 12 million cases of degenerative
diseases in dogs were reported in the USA. It is estimated
that a typical veterinary practitioner in the USA will
encounter approximately 45 dogs suffering from OA every
month, of which 21% will be severe cases (36).

Osteoarthritis (polyarthritis rheumatoidea). Osteoarthritis
(polyarthritis rheumatoidea) entails the development of
chronic and progressing inflammatory lesions within various
structures of the connective tissue proper, usually auto-
immunologically triggered. The inflammatory process
originates from the synovial membrane and its secondary
progression extends to the articular cartilage, although the
associated micro- and macroscopic lesions are largely similar
to those observed in primary degenerative disease (37-39). It
is commonly accepted in literature that due to the absence of
blood vessels in the articular cartilage, inflammatory
conditions do not originate therefrom. The disease foci are
always located in adjacent, periarticular tissues and damage
to the cartilage is secondary by nature (38). The primary role
in the induction of rheumatoid inflammation is played by T
cells accumulating in the synovial membrane and adhere to
connective tissue fibrils. Those aggregates further attract
macrophages and B cells, which results in the formation of
so-called rheumatoid granulation. The cascade of immune
response is triggered leading to disorders in the synthesis and
deposition of proteoglycans and collagen, release of
proinflammatory cytokines, prostaglandins, and cartilage-
degrading enzymes. Plasmacytes produced in the granulation
release the rheumatoid factor (IgG antibodies) which binds
the complement system. The influx of chemotactic factors
exacerbates the process of phagocytosis, liposomal enzyme
activation, and release of free radicals. The increased
permeability of synovial membrane vessels results in
exudation which allows globulins, erythrocytes, fibroblasts,
fibrinogen, and thrombocytes to infiltrate the articular cavity.
The rheumatoid granulation and fibrinous proteins are
consolidated to form a new tissue that can be penetrated by

blood vessels. This leads to the development of articular
pannus which confirms the rheumatism diagnosis (38).
Clinically, polyarticular osteoarthritis can be classified as
erosive or nonerosive depending on the emergence of local
bone damage foci in the epiphyseal and metaphyseal region.
Additionally, periosteal response can also be observed in the
form of new bone formation (39, 40). Clinically, particularly
in the early stages, this is often misdiagnosed as degenerative
joint disease. In human medicine there are a number of
criteria facilitating the diagnosis of rheumatism, e.g. the 7-
point symptom scale developed by the American Rheumatism
Association, where the diagnosis is condition by the
recognition of at least four of the same in a given patient (2).
However, the same cannot be applied to canine or feline
treatment as some of the symptoms do not emerge in the
animals: e.g. there are no reports on the formation of
subcutaneous rheumatoid nodules (2). Clinical symptoms
observed in veterinary practice include: difficulty and
unwillingness to move, lameness, polyarticular swelling, pain
on palpation. Accompanying systemic symptoms may include
fever, loss of appetite, apathy, skin inflammation, and
haemolytic anaemia (39, 40). Rheumatoid inflammation is
relatively rare in cats and dogs, it is mostly diagnosed in the
Siamese breed (40). Diagnosis is based on clinical symptoms,
radiological imaging, analysis of the synovial fluid,
histopathological analysis of the synovial membrane, as well
as through elimination of other possible disease entities (8).
Coupled with clinical symptoms, the diagnosis can be further
corroborated by testing for the presence of the rheumatoid
factor in blood serum, but a negative result thereof does not
exclude the existence of the disease (2, 40, 41). Polyarticular
inflammation can affect dogs suffering from systemic lupus
erythematosus, in cases of Ehrlichia sp. or Borrelia
burgdorferi infections, while in some breeds genetic factors
have also been mentioned as the cause of immunological
complexes’ accumulation in periarticular tissues and the
development of sterile synovitis (Akita Inu, Boxer,
Weimaraner, Bernese Mountain Dog) (39). In one paper, the
author describes the diagnosis and treatment of osteoarthritis
in 12 cats meeting all Bennet’s criteria relevant to this disease
entity, including: subchondral bone erosion, articular capsule
thickening, watery synovial fluid with high leukocyte content,
positive result of rheumatoid factor test in 10 animals, limited
joint mobility and pain (40, 42). No correlations have been
observed with viral diseases such as FELV, FIV, or FIP (40).
Contrary to earlier reports, the author demonstrated clinical
improvement and regression of lesions after treatment with
methotrexate (a cytostatic drug, folic acid antagonist) and
leflunomide (an immunosuppressant) (40).

Osteochondrosis. Osteochondrosis (OCD) is a disease with

significant incidence in veterinary medicine. Its therapy is
the object of efforts aimed at developing potential techniques
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of chondral repair. The disease affects a variety of domestic
animal species (dogs, pigs, horses, cattle, cats, rats) as well
as humans (43, 44). Osteochondrosis is often diagnosed on
large and giant dog breeds. The early clinical symptoms
develop in animals aged between 4 and 8 months. It can
affect a number of joints: humeral, elbow, tarsal, knee, and
spinal (2). The exact disease background remains unknown;
hence it is treated as polyetiological. Its probable causes
include: genetic factors, rapid skeleton growth relative to the
muscle mass, anatomical joint characteristics, trauma, and
incorrectly balanced diet (2, 43, 44). OCD primarily entails
a local disorder in cell differentiation in the process of
endochondral ossification and local subchondral bone
necrosis. This leads to thickening of the cartilage and its
necrosis due to malnutrition. In the last stage, the affected
fragment of the cartilage is detached from its bone bed and
displaced to the articular cavity (so-called articular mouse),
which is accompanied by inflammatory lesions (Figure 2).
This stage of the disease is described as osteochondritis
dissecans — OCD (2, 43). If untreated, it leads to
degenerative lesions in the affected joint, increased synovial
fluid production, and subchondral bone eburnation (45).

Five distinct disease variants were identified in the context
of the elbow joint: ununited anconeal process (UAP),
fragmented medial coronoid process (FMCP), osteochondritis
dissecans of the medial humeral condyle, OCD, ununited
medial epicondyle (UME) joint incongruity (2). The generally
accepted method of treating osteochondral defects involves
removal of the detached cartilage fragment, surgical clearance
of joint tissues, and drilling into the subchondral bone. The
purpose of the latter is to stimulate the process of healing by
triggering the production of fibrochondral tissue. Clinical
improvement is observed in most patients although lameness
and progressing degenerative lesions persist in some cases,
which justifies efforts made in the search for more effective
therapeutic methods (45).

Another condition affecting articular cartilage is cartilage
calcification (chondrocalcinosis), a metabolically mediated
disease. It is caused by the build-up of calcium pyrophosphate
crystals in the articular cartilage and its accompanying
structures — articular capsule, meniscus, ligaments, and
tendons. In most cases its course is subclinical, only in
advanced stages does it lead to degenerative lesions and
inflammation. It bears some resemblance to a gout - a form of
inflammatory arthritis, but unlike chondrocalcinosis, gout
rarely extends to articular cartilage (34).

Chondromatosis. Chondromatosis is a rare disease entailing
non-malignant hyperplasia of cartilaginous tissue from the
synovial membrane of the articular capsule, tendon sheaths,
and bursas (46-48). It may affect one or a number of joints at
a time — usually knees and elbows. It is most often diagnosed
in cats and tends to be accompanied by epicondylitis (49). In
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dogs, osteochondral hyperplasia tends to be located in the
region of the epiphyseal plate and is related to endochondral
ossification. Unlike in cats, it is usually self-limiting — the
growth ceases once skeletal maturity is reached. There has
been one confirmed case of an extraskeletal osteochondral
exostosis in a dog’s trachea (50). The pathogenesis and causes
of the disease remain unknown. One of the possible causes of
cartilagineous exostoses proposed in human medicine is
genetic — mutations of genes encoding Exostosin-1 (EXT1) and
Exostosin-2 (EXT2) proteins (46, 47). The possible causes of
periarticular exostoses in cats proposed in some reports include
nutrition, environmental factors, degenerative joint disease,
obesity, as well as viral infections — feline leukaemia virus
FeLV (47, 50). Migrating chondrocytes colonise empty spaces
between synoviocytes and, through metaplasia, form numerous
chondromas — chaotically distributed clusters of chondral
tissue. Over time, this may be followed by neovascularisation
and gradual ossification (osteochondromatosis). Osteochodrotic
lesions may detach from the stroma and migrate, as bodies, to
the articular cavity (48). This causes pain, lameness, reduced
joint mobility, and secondary degenerative disease. As the
disease progresses, numerous fibrochondromas which cause
deformation of and pressure on periarticular structures such as
ligaments and nerves, which in turn leads to joint
destabilisation, secondary sprains and limb paralysis (Figure 3)
(49, 50). Pressure and irritation may result in local erosion of
healthy cartilage (so-called “kissing lesions”) (45) and
development of secondary degenerative joint disease (48). It
has been estimated that approximately 20% of osteochondral
exostoses in cats have a tendency towards malignant
transformation into chondrosarcoma and osteosarcoma (50, 51)
as well as fibrosarcoma (47). The treatment of
osteochondromatosis entails surgical removal of chondral
formations, where possible together with the fragments of
metaplastically altered synovial membrane (48).

Hypervitaminosis A. Another characteristic feline joint
disease is hypervitaminosis A. It is caused by excessive
vitamin A supply in the diet, typically affecting cats
consuming large amounts of liver or receiving vitamin A diet
supplements (52, 53). The disease has been first described as
metabolic osteopathy in the 1950s in cats fed exclusively
with milk and raw liver (beef, poultry, pork) (52). It is most
commonly diagnosed in cats aged between 2 and 9 years,
without significant predilections in terms of sex or breed
(52). For reasons yet to be discovered, it triggers periosteal
response and formation of individual or multiple
osteochondral  outgrowths  (exostoses, osteophytes,
enthesophytes). They usually emerge in spinal, mainly
cervical and thoracic, joints and cause spondylopathies (52-
54), but can also form around large joints such as knees or
elbows (e.g. in the intrapatellar fat body). Symptoms depend
on the location and are similar to those observed in
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Figure 1. Intraoperative view of accidentally found focal cartilage
defect in the femoral trochlea of the dog.

Figure 2. Intraoperative view of a detached cartilage flap during
surgery of OCD of the humeral head in the dog.

osteochondromatosis, i.e. pain, erosion of the articular
cartilage, progressing joint stiffness (ankylosis), and
secondary degenerative lesions (52, 53). The newly emerging
osteochondral lesions can press against or expand to
periarticular structures such as nerves, nerve plexuses and
muscles, causing chronic pain, lameness and paralysis,
paresis, as well as other neurological symptoms such as
anisocoria and Horner’s syndrome (52). Due to the
immobilisation of spinal joints, cats suffering from the
disease tend to assume the so-called marsupial-like posture,
with the spine bent, head lowered, and thoracic limbs raised.

a

Figure 3. Intraoperative view of a large fibrocartilage tissue lying under
the patellar ligament in the cat during the course of
osteochondromatosis.

In cases where the proliferative lesions on ventral surfaces
of cervical vertebra press on the oesophagus and larynx,
symptoms including voice alteration, swallowing disorders
and regurgitation (dysphagia) have been reported. A case of
a cat suffering from hypervitaminosis A has been described
where incarceration of the shoulder plexus in the
osteochondral mass was observed (52). Correlations between
long-term oversupply of vitamin A in the diet and
hepatotoxicity, nephrotoxicity, and hypercalcaemia have been
mentioned in literature. A currently unknown mechanism
leads to fibrosis of the hepatic and renal parenchyma,
thickening of organ vessels, local cell necrosis, and
accumulation of calcium deposits in parenchymal organs.
Said mechanism has been confirmed in an experiment
conducted on rats (55), a case of hepatocyte lipidosis and
fibrosis has also been described in a cat in relation to
excessive consumption of vitamin A (55). Prognoses tend to
be doubtful to unfavourable given the fact that the massive
osteochondral formations prevent full functional recovery of
the affected joints. However, cases of spontaneous remission
after diet correction have also been reported (52).
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Diseases related to articular cartilage pathologies continue
to be subject to scientific scrutiny. Effective treatment is yet
to be discovered, as is the exact aetiology of many of the
conditions. At the same time, their incidence on both humans
and animals is growing due to increasing life expectancy as
well as factors related to physical activity and environmental
pollution.
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