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Abstract 

H 0 r k yD., F. Tic h y: Ultrastructure of Feline Articular Cartilage in the Postnatal Period. Acta 
vet. Brno, 1995, 64: 63-70. 

Articular cartilage was investigated in five cats of both sexes, aged 1,21 and 43 days, and in two 
adult cats aged 5 years. Samples for transmission electron microscopy were collected from femoral 
heads and processed using conventional techniques. The object of the investigations was cellular 
structures and intercellular matrix of the superficial, middle and deep layers, but not those of 
transition cells and the tide-mark region. 

In the superficial layer of the samples collected from 1-, 21- and 43-day old kittens, chondrocytes 
were found mostly in pairs sharing a common lacuna surrounded with well formed pericellular matrix. 
Reticular-type nucleoli were usually present in nuclei, and scarce small mitochondria, dilated GER 
(granular endoplasmic reticulum) cisternae and transport vacuoles were observed in cytoplasm. 
Towards the middle layer, cell membranes of chondrocytes contacted the intercellular matrix. The 
surface of the articular cartilage was covered by a continuous and well formed chondrosynovial 
membrane. Areas with various appearances can be distinguished in the cartilages of adult cats. 
Continuous chondrosynovial membrane covered a thick layer of intercellular matrix with scarce 
chondrocytes in undamaged areas, while other areas showed signs of various degrees of damage. 

No differences in the structure of the middle layer were found among the various age groups. 
Oval or spherical chondrocytes contain large nuclei and cytoplasm contains numerous GER 
cisternae, mitochondria, Golgi's complex, numerous smooth vesicles, sporadic lysosomes and rare 
centrioles and lipid droplets. Pericellular matrix had almost disappeared and cell membrane 
contacted closely the intercellular matrix. 

The deep layer of the articular cartilage of 1-, 21- and 43-day-old kittens contained lacunae 
harbouring either single chondrocytes or pairs thereof arranged perpendicularly to the surface. The 
spindle-shaped cells were smaller and contained a lesser amount of organelles than their counterparts 
in the middle and the surface layers. The pattern of the intercellular matrix was similar to that of 
the middle layer. In addition to intact chondrocytes with a normal structure of cytoplasm and 
nucleus, the deep layer of the adult cartilage contained degenerated cells with large lipid droplets, 
glycogen deposits, disintegrated mitochondria and pyknotic nuclei. 

Cat, cartilage, articular, ultrastructure 

The first description of the submicroscopical structure of the articular cartilage 
(Z e 1 and e r 1959) was followed by extensive studies covering almost all mammalian and 
several avian species. The structure has been described in rabbits (0 a vie s et al. 1962), 
mice (S i 1 b erg e r et al. 1976), rats (M ark et al. 1989), dogs (W i 1 t be r g e r and 
L u s t 1975), cattle (F ran zen 1981; H 0 r k y 1980, 1991a, b), swine (N a k a no et al. 
1979; B ha tnag aretal. 1981; Horky 1989, 1991c, 1993a, b) and goats (Horky 1994b). 

The hyaline articular cartilage develops from mesenchyme during skeletal ontogenesis as 
a component of cartilagineous blastema of the bone rudiment which changes into bone tissue 
during ossification. The pre-formed bone rudiment is reduced during this process which, 
however, does not involve the articular cartilage. Towards the joint cavity, this tissue is 
preserved and undergoes a series of changes during the subsequent ontogeny 
(B 0 n u c c i 1967; Han a 0 k a 1976). The structural development of the articular cartilage 
is mostly controlled by pulling forces of muscles and ligaments and perhaps by the first fetal 
movements during the prenatal period, and by pressure forces associated with locomotion 
after birth. Another important factor is the age (see a review by H 0 r k y 1991a). 
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The function of the articular cartilage is predominantly mechanical and the tissue must 
meet the following two essential requirements to ensure correct activity: a) resist pressures, 
and b) provide good sliding properties of the areas of contact. The resistance to pressures 
results from the structure of the cartilage and arrangement of both components of the 
intercellular matrix (B I 0 e b a u m and W i Iso n 1980; H 0 r k y 1980; C I ark 1980). 
Chondrocytes are of negligible importance in the mechanics of articular motion, but play 
a key role in the synthesis of intercellular matrix which is responsible for the mechanical 
properties of the. cartilage (B u c k w a I t e r et al. 1989 and others). Much attention has been 
paid to the surface layer which plays the major role in providing good sliding properties of 
the areas of contact (W 0 I f 1975; H 0 r k y 1980; Gil e s 1992). 

Although the published data indicate that the structure of the articular cartilage has been 
studied in almost all mammalian species, we have not found any description of the feline 
cartilage and therefore we decided to complete at least partly the existing data on its 
morphology. 

Materials and Methods 

Samples of the articular cartilage for transmission electron microscopy were collected from five kittens aged 1, 
21 and 43 days and from two adult, 5-year-old cats. The sampling site was the area between ligamentum capitis 
femoris and trochanter major of the femoral head. Strips 1 x 1 x 3 mm were cut from the samples for further processing. 
The strips were immediately fixed in 400 mmollL glutaraldehyde dissolved in 0.1 M phosphate buffer, pH 7.4. 
Then the tissue was decalcified twice for 60 min in 0.1 M EDT A dissolved in 400 mmollL glutaraldehyde, pH 7.2 
and subsequently left in the decalcifying solution overnight. After four 3D-min washings in 0.1 M phosphate buffer, 
pH 7.4, the strips were fixed twice in 40 mmollL Os04 in phosphate buffer, pH 7.4. Conventional methods were 
used for dehydration, immersion and embedding into Durcupan ACM. Semithinsections were prepared from the 
embedded samples and stained with methylene blue and Azur II for light microscopy. Ultrathin sections for 
electron microscopy were prepared using the ultramicrotome LKB Nova and stained with lead citrate and uranyl 
acetate, or with lead citrate alone. The sections were viewed and photographed with the electron microscope 
Tesla BS 500. 

Results 

Superficial, middle and deep layers were clearly distinguishable in the articular cartilage. 
Attention was paid to cell types in the layers, but not to transition types of chondrocytes and 
to the tide-mark area owing to their considerable multiformity. 

Submicroscopical structure of the superficial layer 
In.day-old kittens, the superficial layer of the articular cartilage was formed by single 

chondrocytes or pairs thereof sharing a common lacuna near the surface ( Plate XXIII, Fig. 
1). The single chondrocytes were markedly spindle-shaped, while those of the isogenous 
pairs were irregularly oval in shape. Most of the nuclei with a diameter of up to 4 /Lm were 
spherical. Chromatin was arranged in a relatively thin layer close to the nuclear membrane 
and in several karyosomes that can be seen in the cross-sections of the nuclei. Reticular-type 
nucleoli with adjacent chromatin were usually present in the nuclei. Cytoplasm contained 
scarce small mitochondria, transport vacuoles filled with a finely granular mass, or large, 
dark granules (Fig. 1). Granular endoplasmic reticulum (GER) has the appearance of dilated 
cisternae often communicating with the perinuclear space. Numerous short cytoplasmic 
projections extend into the pericellular matrix. Numerous pinocytotic vesicles can be seen 
near the cell membrane, particularly on the side facing towards the surface (Fig. 1). No 
intermediary filaments were observed. 

Pericellular and intercellular matrices are distinguishable in the intercellular matter. The 
pericellular matrix is markedly formed in the area of chondrocyte nests facing towards the 
surface. The matrix is formed by abundant amorphous ground substance in which aperiodic 
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collagen fibrils and solitary collagen fibrils are recognisable (Fig. 1). The pericellular matrix 
is missing on the reverse side of chondrocytes which is contiguous to the intercellular 
matrix containing collagen fibrils. The latter are arranged in parallel with the chondrocyte 
nests, but are scattered in a random pattern below them. The layer over the chondrocytes is 
covered by a thin layer of intercellular matrix formed by a small amount of collagen fibrils 
running in parallel with the surface, and by a 0.5 #Lm-thick chondrosynovial membrane 
formed by aperiodic fibrils and terminations of typical collagen fibrils inserted into it. 

No differences in the submicroscopical structure of the superficial layer of the articular 
cartilage were found between the 21- and the 43-day-old kittens and therefore it will be 
described in common. 

Spindle-shaped and elongated chondrocytes are situated somewhat deeper in the 
intercellular matrix than in the day-old kittens, occurring almost exclusively as single cells 
forming indistinct cell nests (Fig. 2). The long axes of the spindle-shaped chondrocytes run 
in parallel to the surface. Light nuclei are relatively large, the arrangement of chromatin is 
similar to that found in the day-old kittens and cytoplasm forms only a narrow border around 
the nucleus. Most of mitochondria are elongated with the usual appearance and size. 
Numerous narrow and often branched GER cisternae contain moderately osmiophilic 
granular substance. Short cytoplasmic projections extend towards the surface of cartilage, 
but the reverse side, facing to the middle layer, is rather smooth (Fig. 2). Scarcely, autophagic 
vacuoles, containing glycogen and pseudomyelin formations, were seen in the cytoplasm of 
chondrocytes of the middle layer. 

The pericellular matrix is formed only partly and most of the chondrocytes lack it entirely. 
Cell membranes of the majority of chondrocytes contact closely the intercellular matrix (Fig. 
2). Unlike the findings in day-old kittens, the pericellular matrix forms a dense network of 
crossing collagen fibres running in parallel with the surface. It is only in the between-cell 
space, which is usually divided by a partition, where the fibrils are arched. The chondrosynovial 
membrane, covering the articular cartilage, has the same structure and thickness as that of 
the day-old kittens. 

Areas with various structures can be observed in the superficial layer of the articular 
cartilage in the 5-year-old cats. Most of the surface is covered by a well developed 
chondrosynovial membrane (Plate XXIV., Fig. 3). Up to 0.1 #Lm-thick collagen fibres, 
scattered in the amorphous ground substance in a random pattern and forming a dense and 
irregular network, predominate in the underlying, several #Lm-thick layer of the intercellular 
matrix. Electronoptically dense corpuscular deposits can be observed among the collagen 
fibres down to the depth of 1.5 #Lm. 

The appearance of the rest of the surface is quite different (Fig. 4). Collagen fibres, 
running in parallel with the surface, are surrounded with only a small amount of the amorphous 
ground substance. The chondrosynovial membrane is damaged and disintegrates as do 
collagenous fibrils which become exposed and protrude into the articular cavity. Thus the 
pattern of arthrotic cartilage develops (Fig. 4). At deeper levels, the collagen fibres run in 
parallel with the surface. 

Submicroscopical structure of the middle layer 
In day-old kittens, the middle layer of the articular cartilage consists of single chondrocytes 

or pairs thereof situated in the intercellular matter (plate XXV., Fig. 5). The oval chondrocytes 
in size of lOx 7 #Lm contain oval nuclei in which chromatin accumulates into several 
karyosomes in a close vicinity of the nuclear membrane. Cytoplasm contains numerous giant 
mitochondria with the usual structure and size and GER cisterns filled with finely granular 
and moderately osmiophilic substance. Agranular endoplasmatic reticulum is present in the 
form of minute vesicles. A common fmding is transport vacuoles containing a matter with 
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various densities. Short cytoplasmic projections extend into the pericellular matrix. The 
relatively narrow cell nests are free of fibrils and contain only the amorphous ground matter 
(Fig. 5). In some areas, however, the fibrils extend into the proximity of cell membrane 
coming into a close contact with them. 

In the 21- ad 43-day old kittens, the submicroscopic structure of the middle layer does not 
differ significantly from that of day-old kits (Plate XXV., Fig. 6). The appearance and size 
of chondrocytes, as well as the arrangement of chromatin in the nucleus are similar to those 
described in the day-old kittens. Cytoplasm shows an amplification of Golgi's complex structures 
(Fig. 6) and smooth vesicles. Centrioles, situated typically in the proximity of nuclei, were 
observed frequently. 

The arrangement of the intercellular matter is different. The pericellular matrix has almost 
disappeared and both aperiodic and collagen fibres come into contact with cell membrane 
(Fig. 6). 

The middle layer of the articular cartilage of adult cats contains single chondrocytes or 
groups of 3 to 4 isogenous chondrocytes arranged perpendicularly to the surface of articular 
cartilage.These are 8- to 9-l'm-Iong chondrocytes, oval or spindle-shaped with their long 
axes oriented perpendicular to the surface. The nuclear shape is adjusted to that of the cells. 
Chromatin is arranged into several small clusters (Plate XXVI., Fig. 7). Cytoplasm contains 
GER cisternae, mitochondria with the usual appearance, dark corpuscles and lipid droplets. 
The arrangement of cell membrane does not differ from that observed in the previous stage. 
Owing to the absence of lacunae, the pericellular matrix has disappeared and cell membrane 
in a close contact to the intercellular matrix (Fig. 7). 

Submicroscopical structure of the deep layer 
No differences in the appearance of the deep layer of the articular cartilage were observed 

among the 1-. 21- and 43-day-old kittens. The size of the irregularly spindle-shaped 
chondrocytes, occurring alone or in pairs, is lOx 5 - 6 I'm and their axes are directed towards 
the surface (Plate XXVI., Fig. 8). Nuclei are relatively small and hyperchromatic, and 
contain a continuous layer of chromatin adjacent to the inner nuclear membrane. Cytoplasm 
contains numerous short GER cisternae, Golgi apparatus, mostly round-shaped mitochondria 
and numerous small smooth vesicles. Lysosomes are rather scarce (Fig. 8). The surface of 
cell membrane is mostly smooth with the exception of the poles where few projections extend 
into the pericellular matrix. The major part of the cell membrane contacts closely the 
intercellular matrix in which periodic collagen fibres are apparent. 

The deep layer of the articular cartilage of adult cats contains a smaller number of 
chondrocytes varying in their appearance (Plate XXVII., Fig. 9,10). Besides cells with a 
structure essentially identical with that described in kittens, cells showing various degrees 
of damage are present (Fig. 10). Cytoplasm of the degenerated cells contains clusters of glycogen 
and large lipid vacuoles, and signs of nuclear damage are also evident (Fig. 10). No 
pericellular matrix was seen around the undamaged cells (Fig. 9). The intercellular matrix 
extends to the cell membrane and some collagen fibres were seen between cell membrane 
projections. Some pericellular matrix, containing granular substance, is present in the proximity 
of the cell membrane, while the appearance of the intercellular matrix is unchanged (Fig. 10). 

Discussion 

Similar to other mammalian species (P a If r e y and D a vie s 1966; H 0 r k y 1987, 
1994ab, and others) three layers were clearly distinguishable in the feline articular cartilage 
in the period under study. Our findings correspond to those published by Mod I et al. (1991) 
as a result of a series of examinations by magnetic reSonance. The definition of the three lay-
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ers in the articular cartilage confonns with our fmdings obtained by transmission electron 
microscopy (see reviews by B 0 z dec h et al. 1990 and H 0 r k yet al. 1994ab). 

The results of the investigations of the prenatal chondrosynovial membrane in cats 
(H 0 r k y 1994a) and of the same tissue in other mammalian species in the postnatal period 
(cf. H 0 r k y) confonn with the observations published by W 0 1 f (1975) and M ceo n a i 11 
(1951). Similar conclusions were arrived at by Gil e s (1992) and K a mal a nat han and 
B roo m (1993). Our repeated observations let us assume that bundles of aperiodic filaments, 
situated on or immediately below the surface cartilage, are involved in the fonnation of this 
structure without polymerization of the filaments into typical collagen fibres. Thus, 
a relatively thick layer develops as soon as in the prenatal period. The layer runs lower with 
the advancing age and provides primarily good sliding properties of the articular surfaces 
(S wan n et al. 1984). 

The maturation is associated with an increase of the proportion of collagen fibres in the 
intercellular matrix. The fibrils are largely responsible for elasticity and resistance to 
pressure inherent to proteoglycans of the amorphous ground substance. This view has been 
fully confinned by our fmding of an increased number of collagen fibrils in the superficial 
layer, observed also in bovine and caprine cartilages, e.g. (H 0 r k y 1994b). Our description 
of the pattern of the collagen fibrils in the superficial layer of the caprine artic~lar cartilage 
corresponds very well to the observations published by B 10 e b au m and W i 1 son (1980) 
and C 1 ark(1990). In cats, the bundles were not as thick as in goats (H 0 rky 1994b). They 
are situated at various depths underneath the surface, or below the uppennost row of 
chondrocytes. Their structure has also been the object of interest of other authors, because 
it plays an important role in the formation of the fibrous component of the cartilage (B roo m 
1986; Cia r k 1990; H e diu n g et al. 1993) - a view which we share, too. 

Here and there, fibrils of the superficial layer loosen and lesions typical of arthrosis develop 
(B 0 z dec h et al. 1990). This is no unusual finding, as such damage was described, among 
others, byWi 1 t b er g er andL u s t (1975) andGro n d ale n (1974a, b) in a series of 
papers on canine and porcine cartilages. These authors investigated the development of the 
damage under various conditions including experimental surgical interventions. Recently, 
Bib b and Rob ins 0 n (1993) described similar lesions in the articular cartilage after the 
reparation of an artificial damage in primates. 

The middle layer of the feline articular cartilage does not substantially differ from that of 
other mammals of comparable age. However, the intercellular matter is arranged in a somewhat 
different pattern. The pericellular matrix is not distinctly developed in newborn kittens. It is 
particularly on the side facing towards the deep layer, where the intercellular matrix 
contacts closely the cell membrane of chondrocytes. The basket-like structures of collagen 
fibres, surrounding chondrocytes, which are typical of the bovine (H 0 r k y 1983) or human 
(H 0 r k y 1980) cartilages, were not seen in feline material. 

No differences in the arrangement of the deep layer were recognisable among the age 
groups (1, 21, 43 days, 5 years) under study. The structure of this layer is identical with that 
described in other mammalian species at similar phases of ontogeny (H 0 r k y 1980, 1983, 
1987, 1991ab, 1993, 1994ab). 

The differences in the structure between young and adult individuals, so-called sprinters, 
and, e.g., the corresponding age groups of cattle are evident when compared with the 
descriptions of the superficial and the middle layers published earlier (H 0 r k y 1983, 1987). 

Ultrastruktura kloubnf cbrupavky kocky v postnaWnfm obdobi 

Byla studovanakloubni chrupavka 5 jedincli koeky obojiho pohlavi v obdobi 1,21,43 dnli 
po narozeni a 2 jedincli stal'i 5 rokli. Vzorky chrupavky byly odebrany pro transmisni elek-
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tronovou mikroskopii vZdy z hlavice kycelniho kloubu a chrupavka byla zpracovana 
obvyklym zpusobem. 

Bylo zj~teno,Ze v povrchove vrstve chrupavky vekovych kategorii 1, 21 a 43 dnu po narozeni 
jsou chondrocyty ulozeny nejcasteji ve dvojicich ve spolecne lakune a pericelulArni matrix 
je dobfe vytvofena sme rem k povrchu chrupavky. IntercelulArni matrix smerem ke stfedni 
vrstve je v kontaktu s bunecny mi membranami chondrocytti. Na povrchu artikulami 
chrupavky je souvisla, zfetelne vytvofena chondrosynoviAlni membrana. U dospelych jedincti 
rna povrch chrupavky rozdilny vzhled. Budto je nepo~en a je kryt souvislou chondrosynoviAlni 
membranou, pod niz se vyskytuje mohutna vrstva mezibunecne hmoty s fidce ulozenymi 
chondrocyty, nebo se objevuji typicke znAmky artrosy. 

Stfedni vrstva u v~ech vekovych kategorii rna prakticky shodnou stavbu. Chondrocyty jsou 
ovaIneho nebo okrouhleho tvaru s velkYmjadrem, v cytoplasme obsahuji cetne cistemy GER, 
mitochondrie, Goigiho komplex, cetne hladke vacky a ojedinele lysosomy a vzacne lze 
pozorovat centrioly a tukove kapenky. Pericelulami matrix temef vymizela a bunecna 
membrarna je v tesnem kontaktu s matrix intercelulArni. V hluboke vrstve kloubni chrupavky 
1.,21. a 43. dne po narozeni jsou chondrocyty uloZeoy jednotlive v lakunach, ktere jsou sefazeny 
do sloupcu kolmo k povrchu chrupavky. BuOky jsou vfetenovite protahle, men~ich rozmeru 
nez v pfedchozich vrstvach. Mezibunecna hmota rna podobne uspofadani jako ve vrstve stfedni. 
U dospelychjedincti krome intaktnich chondrocytti s obvyklou strukturou cytoplasmy ajadra 
se vyskytuji degenerovane buOky, ktere obsahuji velke tukove kapenky, depozita glykogenu, 
desintegrovane mitochondrie ajadra se zfetelnYmi znamkami pykoosy chromatinu. 
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Plate XXIII. 

Fig. I. Superficial layer of articular cartilage of a day-old kitten. A pair of chondrocytes (el in 
a common lacuna. Nucleus (N), nucleolus (n), perinucleolar chromatin (ch). Transport vacuo­
les (V), GER (E). Pericellular matrix (p), intercellular matrix (1). ehondrosynovial mem­
brane (m). x 12,000 

Fig. 2. Superficial layer of articular cartilage of a 43-day-old cat. ehondrocytes (C) separated by 
intercellular matrix (1). Nucleus (N), karyosomes (k), mitochondria (M), GER (E), autophagic 
vacuole containing glycogen (g), and a pseudomyelin formation (f). Thick chondrosynovial mem­
brane (m). x 12,000 



Plate XXIV. 

Fig. 3. Intact surface of articular cartilage of a 5-year-old cat. The superficial layer is thick and con­
tains a small number of cells. Chondrosynovial membrane (m) is thin and covers intercellular mat­
rix containing coarse periodic collagen fibres (c). Some of the thinner fibrils point to the surface 
(arrow). x 16,000 

Fig. 4. Arthrotic lesions in the superficial layer of articular cartilage in a 5-year-old cat. Disintegra­
ted chondrosynovial membrane (m), undulated collagenous fibrils, some of which are exposed 
(arrow). x 12,000 



Plate XXV. 

Fig. 5. Middle layer of articular cartilage of a day-old cat. Chondrocyte with a typical shape and 
size. Nucleus (N), karyosomes (k), mitochondria (M), transport vacuoles (V), GER cisternae (E), 
Golgi apparatus (G). Pericellular matrix (p) is well formed only towards the neighbouring cell in 
the lacuna and the middle layer. x 16,000 

Fig. 6. Chondrocyte of the middle layer of articular cartilage of a 43-day-old cat. Nucleus (N), 
karyosomes (k). Mitochondria (M), transport vacuoles (V), GER (E), polysomes (r), Golgi appa­
ratus (G), centrioles (C). Indistinct pericellular matrix (p). x 16,000 



Plate XXVI. 

Fig. 7. Chondrocyte of the middle layer of articular cartilage of a 5-year-old cat. Nucleus (N), GER 
cisternae (E), dark bodies (L), ribosomes (r), lipid droplets (F). Intercellular matrix contacts close­
ly cell membrane. x 16,000 

Fig. 8. Deep layer of articular cartilage of a 21-day-old cat. Single chondrocytes are arranged in 
columns pointing to the surface. Nucleus (N), karyosomes (k). Cytoplasm contains Golgi appara­
tus (G), GER (E), lysosomes (L) and transport vacuoles (V). Cell membrane contacts closely inter­
cellular matrix. x 12,000 



Plate XXVII. 

Fig. 9. Deep layer of articular cartilage of a 5c year-old cat. Chondrocyte (C) showing all signs of 
synthetic activity. Cytoplasm contains the usual organelles. In one of its folds, collagen fibres pene­
trate cell membrane into intercellular matrix (arrow). x 16,000 

Fig. 10. Deep layer of articular cartilage of a 5-year-old cat. Chondrocyte with signs of degenerati­
on. Nucleus (N), glycogen deposits (g) and a large lipid vacuole (F) in cytoplasm. Rests of GER cis­
ternae (E). Glycoprotein precipitates in pericellular matrix (p) and collagen fibrils (k) in intercellu­
lar matrix. x 12,000 




