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Abstract

Horky D: Feline articular cartilage in the prenatal and early postnatal periods. A scan-
ning electron microscopic study. Acta vet. Brno, 63, 1994: 33-39.

The structure of articular cartilage from the femoral head was studied in the domestic cat
by scanning electron microscopy. Tissue samples were collected from foetuses at 30, 40 and 48
days after fertilization and from young animals at 4, 8 and 43 days after birth.

At 30 and 40 days after fertilization, the cartilage surface showed numerous elevations
accumulated closely to each other. A fracture plane running through the cartilage collected at 40
days revealed chondrocytes situated in three layers. At 48 days the surface chondrocytes began to
aggregate into groups of 4 to 6 cells and, amongst the groups, smooth areas appeared. The entire
surface was covered by a chondrosynovial membrane.

The appearance of articular cartilage remained without noticeable changes after birth. At
4 days there were still groups of elevations seen in the previous period but they consisted of only
2 to 4 cells. These were often arranged in pairs with a shallow groove on the surface. The smooth
areas increased in size. At 8 days some of the chondrocytes were encircled with a vallum and fur-
row. At 43 days the surface differed in appearance in different regions. There were still regions
similar in structure to those at 8 days but the majority of the surface was restructured. The number
of surface chondrocytes with the vallum and furrow had been reduced while the smooth regions
had extended. The surface cartilage had attained the appearance of a young adult cartilage.

Articular cartilage, domestic cat, scanning electron microscopy, perinatal development

Many new observations on the surface of articular cartilage have been made as a result of the advent of scanning
electron microscopy. The first studies in experimental mammals showed that the cartilage surface was not as
smooth as had generally been thought (Cameron and Robinson 1958; Silberger etal.; Davies etal.
1962;Barnett etal. 1963). Four types of surface topography have been recognized: a) undulations with furrows
and 1 wm high ridges located at distances of several wm; b) fine undulations with ridges about 0.2-1 pm apart; c) -
elliptical depressions 10-30 pm in diameter; d) ovoid elevations 10-20 xm in diameter. The latter category is very
frequent in the cartilage of young animals; the number of elevations gradually decreases with age. The surface of
human articular cartilage has been describedby McGall (1968a, b) in necropsy materials and parallel ridges have
been observed. A similar surface pattern has been found in adult articular cartilage by Walker et al. (1969),
while Gardner and Woodward (1969), Gardner etal. (1975), Hesse and Hesse (1978), Longmo-
re and Gardner (1978) demonstrated large (400 um) depressions, with smaller (2040 pm) wells on their bot-
toms, on the surface of articular cartilage in guinea pigs. Similar findings have been made in man (Puschmann
1978). Other studies have been concerned with the structure of articular surfaces under physiological conditions
(Cotta and Puhl 1970; Clarke 1971a, b, 1973, 1974; Fujita etal. 1971; Zimny and Redler 1972,
1974; Puhl and Iyer 1973; Puhl 1974; Wolf 1974a,b; Doige and Horowitz 1975; Draenert and
Draenert 1978; Gardner etal. 1981; Horky 1986), after changes brought about by experimental conditi-
ons (Ghadially etal. 1974,1976,1978; Moschurchak and Ghadially 1978; Cylwik 1978;0’Con-
nor 1984) or during pathological processes (Inoue etal. 1969; Bozdé&ch etal. 1972, 1974, 1977; Horky
etal. 1974a, b, 1975; Redler 1974; Korkala et al. 1984; Elliott 1986). Some studies have described the
structure of articular cartilage during ontogeny (for review see Horky 1986, 1987a, b). Soon after they appear-
ed, the studies were subjected to critical comments pointing to the possibility of artifacts formation due to the pre-
paration procedures (Ghadially et al. 1974, 1976, 1977, 1978). Some authors have suggested that the water
removed by dehydration should be replaced by another medium similarly to the procedures used in light or trans-
mission electron microscopy (Bloebaum and Wilson 1980) or frozen materials should be used (Gardner
etal. 1981; Wilson and Gardner 1984) to avoid artifacts resulting from fixation or dehydration. However, no
matter what preparation technique was used, the surface of articular cartilage always remained uneven to a vary-
ing degree. The studies published so far have not given support to the observations of Bloebaum and Wilson
(1980) who achieved smooth surfaces of articular cartilage after the tissue had been immersed in a medium based
on water soluble resin. In our opinion, a carefully performed method of scanning electron microscopy is still a use-
ful tool in investigations of joint surfaces or other bone structures (De Bont 1986; Clark 1991).
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Materials and Methods

Samples of articular cartilage were collected from the femoral heads of 18 domestic cats of both sexes. The age
categories sampled were: 30, 40 and 48 days after fertilization and 4, 8 and 43 days after birth. Three animals were
used in each group.

Prior fixation, the samples were either treated with hyaluronidase solution (0.1 mg/ml) for 15 min at 20 °C or
washed in three changes of physiological saline for 15 min each. Either procedure was sufficient to remove the
remains of synovial fluid from cartilage surfaces without producing changes in them. Samples of cartilage from
animals in postnatal periods were always collected with the subchondral bone. Fixation was carried out in 10% for-
maldehyde of 4% glutaraldehyde for 10 days at least. The fixed specimens were dehydrated in increasing con-
centrations of ethanol and then dried at the critical point (Balzers SCD 040 apparatus). They were shadowed with
gold and examined and photographed in a Tesla BS 300 scanning electron microscope.

Results

At 30 days after fertilization, the cartilage which covered the surface of the femoral joint
was very uneven (Plate I, Fig. 1). Numerous elevations, clustered together, protruded
above the surface with no smooth areas between them.

At 40 days. the cartilage surface had an appearance similar to that seen at the previous stage.
On a fracture plane it can be seen (Plate I, Fig. 2) that the surface uneveness was due to
superficially located chondrocytes. In the topmost layer, the chondorocytes were distribut-
ed parallel to the surface. Below this, there were 4 to 5 layers of densely accumulated cell,
composing the surface layer rich in chondrocytes (Fig. 2). The middle layer consisted of
chondrocytes arranged in tiers perpendicular to the surface (Plate II, Fig. 3). Chondrocytes
of this layer were fewer in number, as compared with the upper layer, but were larger in size
and located in lacunae (Fig. 3).

The intercellular matter, in a greater amount than in the surface layer (Fig. 2), had a well
developed fibrillar component (Fig. 3). Collagen fibrils arranged in bundles formed networks
in the ground amorphous substance or produced ,,baskets* for chondrocytes situated in lacu-
nae (Fig. 3). The deep layer contained chondrocytes similar in size to those of the surface
layer. The cells were scattered in an excess of intercellular matrix. The chondrocyte distri-
bution and the proportion of cellular to intercellular components of this layer remained with-
out noticeable changes in later periods.

From day 48 on, the surface of articular cartilage underwent considerable changes.
Although the elevations retained their dome- or spindle-like shapes, their distribution
changed markedly (Plate II, Fig. 4). While at 30 and 40 days the surface was formed by
densely but regularly accumulated elevations, at 48 days these structures aggregated into
groups of 2 to 4 cells alternating with areas of smooth (Fig. 4) or finely filamentous
surface. The latter areas were most likely the precipitated remnants of synovial fluid; some
cell detritus was also observed.

After birth the changes in the cartilage surface were even more pronounced. At 4 days the
surface was much less uneven than at the previous stage (Plate III, Fig. 5). The number of
chondrocytes continued to decrease and the cells were located in distinctly separated groups
of 2 or 4. The groups of four consisted of two cell pairs close to each other (Fig. 5). In some
cases, the surface of elevations showed shallow grooves which gave an impression of di-
viding cells in the lacuna (Fig. 5). Due to a reduction in the number of elevations, the areas
amongst the cells increased in size and their surface was arranged into fine folds (Fig. 5).
Similarly to the previous period, the remnants of synovial fluid presented as filamentous
structures.

In the following periods, the process of ,,sinking* and separation of the elevations from
the surroundings continued (Plate III, Fig. 6). At 8 days after birth, the elevations were ar-
ranged into columns or small groups. Some were encircled with a vallum separating the cell
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from the intercellular matrix. This was finely wrinkled and often extended also over the ele-
vations.

At 43 days after birth, the appearance of the articular surface varied between the regions.
The areas not subjected to pressure forces showed surfaces similar in appearance to those of
perinatal periods (Plate IV, Fig. 7). They consisted of groups of more or less elevated chondro-
cytes without valla or grooves. Amongst the groups there were areas covered by a finely
wrinkled chondrosynovial membrane (Fig. 7). The regions under pressure (Plate IV, Fig. 8)
showed chondrocytes in the process of ,,sinking*. The number of these cells underwent fur-
ther reduction and they occurred on the cartilage surface singly or in pairs (Fig. 8). In both
instances there was an encircling furrow and a vallum (Fig. 8). The whole region (pair) was
distinctly sunken below the level of the surrounding intercellular matrix, which often cre-
ated extensive depressions, referred to as trapped pools. The surface of the intercellular ma-
trix was folded into wide ridges. On the bottoms of the depressions, an indication of inter-
cellular septa could be seen (Fig. 8).

Discussion

The first information on the surface of articular cartilage in the rabbit and dog was pro-
vided by Elliott as early as in 1936. Using light microscopy, he described chondrocytes
located at the cartilage surface and found empty envelopes as signs of their degeneration.
Later the structure and appearance of articular cartilage have been studied in many experi-
mental animals (see the introduction) but, surprisingly, not in domestic cats either adult or
foetal.

The development of feline articular cartilage in the periods reported in this study was in
agreement with the literature data and our previous results (Bozd&ch et al. 1990; Hor-
ky 1983, 1986, 1987, 1989, 1991a, b, 1993). These concern human articular cartilage as
well as that of experimental mammals in both prenatal and postnatal stages of development.

The surface of articular cartilage at early stages of feline development showed numerous
elevations, which was similar to the findings published by Moschurchak and Ghadi-
ally (1978), Longmore and Gardner (1978) and to our earlier observations in bov-
ine and human cartilage (Horky 1983, 1986, 1987). These elevations are based on the sur-
face layer chondrocytes. This fact, much discussed earlier, has been unambiguously con-
firmed by comparison of interference, transmission and scanning electron microscopic stu-
dies. It is obvious (Horky 1984) that, particularly in embryonic tissues, fixation and
dehydration artifacts are common features due to high water content of the ground amorp-
hous substance and low amounts of proteoglycans and fibrillar components (Freeman and
Meachim 1973). With increasing age the number of chondrocytes is reduced in every
cartilage layer (Stockwell 1967). The amount and arrangement of the fibrillar compo-
nent of intercellular matrix is also subjected to changes, as shown erlier by transmission elec-
tron microscopy in cattle and pigs (Horky 1983, 1991c, d) and in man (Horky 1980,
1991a, b). The same changes were demonstrated in this work. Scanning electron microsco-
pY, as a convenient tool for the study of fibrillar components, has been used not only in pre-
vious research (McCall 1968a, b) but also in recent investigations (De Bont et al.
1986; Elliot 1986; Clark 1991) and has provided results comparable with those ob-
tained by transmission electron microscopy (Ghadially 1983; Horky 1991a,b).

The process of “sinking” showed by chondrocytes or their groups in the cartilage before
and, particularly, after birth has been reported by almost all the authors studying this tissue.
The gradual disappearance of chondrocytes and the appearance of trapped pools are appar-
ently essential for maintainig the joint function because the trapped pools are present in re-
gions under pressure (W alker etal. 1969). As suggested by a number of authors (Chap-
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puis etal. 1983; Gangel 1984; Swann etal. 1985; Sabiston and Adams 1989),
this arrangement plays a major role in articular lubrication. However, our observations fai-
led to show large pools, up to 400 um in diameter, reported by Gardner and Wood-
ward (1969) in the articular cartilage of the guinea pig. Clarke (1971a) has put forward
a view that the pools are created by the collapse of chondrocytes in lacunae located under
the boundary layer, while the elevations are due to the presence of thick intercellular matrix.
In this study, Clarke removed the surface layer of the articular cartilage by tangential sec-
tion and demonstrated by scanning electron microscopy that the diameter of lacunae cor-
responded to the size of surface depressions. Our findings confirm this view. In our experi-
ments the damage to chondrocytes caused by sectioning was avoided by using fracturing.
This provided information of the surface structures as well as on the distribution of cells in
the cartilage layers. Moreover, the complementary fracture faces showed lacunae with chon-
drocytes. This approach allowed us to gain an insight into the arrangement of cells and inter-
cellular matrix in each layer from the surface to the subchondral bone.

Vzhled kloubni chrupavky kocky v prenatalnim a ¢asném postnatilnim obdobi.
SEM studie

Byl studovén vzhled kloubni chrupavky fetd ko¢ky stafi 30, 40 a48 dni po oplozeni a devi-
ti mladat stafi 4, 8 a 43 dny po narozeni. Chrupavka byla odebirdna pro G&ely rastrovaci elek-
tronové mikroskopie vZdy z hlavice ky¢elniho kloubu, poptipad€ byla odebrana hlavice cela
a vzorky byly zpracovany obvyklym zptisobem.

V obdobi 30. a 40. dne po oplozeni jsou na povrchu chrupavky patrny ¢etné vyvySeniny
hust& nahlouceny vedle sebe. Na lomu chrupavkou 40. dne vyvoje jsou jiZ chondrocyty zfe-
teln€ uspofadény do tfi vrstev. Toto uspofadéni si ponechdvaji po celou dalsi dobu.

48. dne intrauterinniho vyvoje se za¢inaji povrchov& uloZené chondrocyty shlukovat do
skupin po 4-6 buiikdch a mezi skupinami se za¢inaji objevovat hladké plochy. Jak promi-
nence, které jsou zptisobeny buitkami, tak hladké plochy mezi skupinami chondrocyti jsou
kryty chondrosynovidlni membréanou.

Vzhled kloubni chrupavky se dile podstatn€ mé&ni v obdobi po narozeni. 4. dne jsou jes-
t& patrny obdobné shluky vyvySenin jako u pfedchoziho stadia. Jsou v§ak sloZeny ze 24
bunék, pfiCemZ vZdy dva pahrbky leZi t&sn€ u sebe a v n€kterych piipadech je na jejich povr-
chu patrny mélky pfi¢ny zéfez. Viceméné hladky povrch mezi skupinami se zvétSuje.
V 8. dnu po narozeni se poprvé setkdvame u nékterych chondrocyti s obkruZujicim valem,
ktery prechazi do okolniho povrchu zifezem.

Povrch kloubni chrupavky 43. dne po narozeni je regiondlné odli¥né stavén. MiZeme
pozorovat okrsky, které se zna¢n€ podobaji kloubni chrupavce napf. v obdobi 8. dne po naro-
zeni, av§ak pfevdZzna vétsina povrchu hlavice ky&elniho kloubu je stav&na odli¥n&. Dochazi
jiZ ke zna¢né redukci poctu povrchové uloZenych chondrocyti, které jsou obkrouZeny rtiz-
n& hlubokou brazdou a v nékterych pfipadech je patrny i val, ktery se spolu s bufikou zano-
fuje do mezibuné¢né hmoty. V disledku redukce po¢tu chondrocytt se zna¢né zveétSuji hlad-
ké plochy, takZe chrupavka nabyva vzhledu mladé dospé&lé chrupavky.

BHeLWHNA BUA CYCTABHOrO XpALLa KOLWKK B NPeAPOA0BOH U NOCNEPOAOBOA NEPHOAbI

MpoBOAMNM UCCNE0BAHME BHELUHEO BUAA CYCTABHOMO XPSALLA NNOAOB KOLLUKK B Bo3pacTe 30, 40
# 48 cyTox nocne OnNoJOTBOPEHUS W IEBATU AeTeHbiwen B Bo3pacTe 4, 8 u 43 cyTok nocne
poxpeHus. OT6op xpsiLa NPOBOAVAK Ans Lenel pacTpoBON MUKPOCKONWM BCETAa C FONIOBKM Ta30-
6GefpeHHOro cycTasa Unu npoBoannn oT6op Bceit ronosku. Mpenapatsl 06padaTbiBani 06bI4HbIM
CnocoGoMm.
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B nepuoa 30 v 40 cyToK nocne onNoA0TBOPEHUS HA NOBEPXHOCTY XPALLIA HABNIOAAKOTCA MHOTOHMC-
NEHHbIE, NNOTHO cKonneHHble 6yropky. Ha nanome xpsa 40 CyTOK XOHAPOUMTBI yXKe YeTKO pac-
npegenexbl B Tpu cnos. [JaHHoe pacnpefeneHue 0CcTaeTcs B TEYEHWEe BCEro Nocneaytowero ne-
puoaa.

Ha 48 cyTku BHYTPHYTPOGHOr0 pa3BUTUS HAYNHAETCS CKONMEHNE NOBEPXHOCTHO PACTONOKEHHbIX
XOHAPOUMTOB B rpynnbl N0 4-6 KNETOK U MEXAY rpynnaM1 HaYWHAIOT NOABNATCHA rNakue NoBepx-
HOCTH. BbICTyNbI, BbI3BaHHbIE KIETKAaMK, & TAKXXE FrNajKue NOBEPXHOCTY MEX Ay rpynnamu XOHApo-
LMTOB NPUKPLITHI XOHAPOCUHOBUANLHOH MEMOPAHOA.

BHelwHU BMA CYCTaBHOrO XpAwa B AaNbHEAWEM NPOXOAUT CYLIECTBEHHbIMU U3MEHEHNAMU
B Nepvog nocne poxaenus. Ha 4 cyTku Bee etle HabNIOAAITCS aHANOTUYHbIE CKONMNEHWUS BbICTY-
NOB KaK y npeablayLuei ctagun. OnHaKo OHM COCTONAT U3 2-4 KNETOK, NPY 3TOM Beerpaa Asa 6yropka
NNOTHO PacnoNOXKeHbl PAAOM W B HEKOTOPbIX Cly4asx Ha NX NOBEPXHOCTH HAbMI0AaeTCA Menkas
nonepeyHas 3apy6uHa. bonee unn MeHee rnafkas NOBEPXHOCTL MEXAY rpynnamu yBenuumsaeT-
cs1. Ha 8 cyTku nocne poXaeHust BNepBbIe y HEKOTOPbIX XOHAPOLIMTOB BCTPELLAETCS OKPYKAKOLLWA
BaN, NepexoasiLui B OKPYXatoLLyto NOBEPXHOCTbL 3apyGKOM.

INoBepXHOCTb CYCTAaBHOIO XpsiLLia N0 CBOEMY CTPOSHMIO Ha 43 CYTKM NOCNE POXKAEHUS PErvoHabHO
oTnuyaeTcs. MoxHo HabnoaaTb y4acky, KOTOpble B 3HAYUTENLHON CTENEHM NOXOXW HA CYCTaBHOM
XpAiLL, HaNpUMep, Ha 8 CyTK1 NOCNE POXKAEHUS, OfHAKO Npeo6naaaroLLas NOBEPXHOCTb roNoBKM Tas-
06efpeHHOro cycTasa no CTPOEHMIO OTAMYaeTCs. HacTynaeT y)xe 3Ha4uTenbHoe OrpaHUueHUe Yuc-
NEHHOCTM NOBEPXHOCTHO PACM0/I0KEHHBIX XOHAPOLMTOB, OKPY>XEeHHbIX 60p03/0/ Pa3HOiA rNyGUHbI,
W B HEKOTOPbIX CRy4asx HabioaaeTcs TakKe Bar, OKYHAIOWMACH COBMECTHO C KNETKON B MEX-
KNeTouHyi0 maccy. B pesynbTate OrpaHMueHMs YUCNEHHOCTW XOHAPOUMTOB 3HAYUTENBHO
YBENUYUBAIOTCS rNafiKue NOBEPXHOCTH, CNeA0BaTENbHO, XPALLY NproBpeTaeT BuA HE6ONLLLIOTO B3POC-
NOro XpAwwa.
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Plate L.

Fig. 1: Surface of articular cartilage from the femoral head of a feline foetus at 30 days. Numerous rounded

elevations. x 200.

Fig. 2: Part of the surface of a fracture plane through articular cartilage at 40 days after fertilization. The sur-
face with many elevations (S). Surface (sl), middle (ml) and deep (dl) layers. x 600




Plate II.

Fig. 3: Detail of Fig. 2. Empty lacunae of chondrocytes (1). Chondrocytes still present in lacunae (c),
bundles of collagen fibrils surrounding lacunae in the intercellular matrix (f); their network (n) in the
pericellular matrix. x 3 000.

Fig. 4: Surface of articular cartilage in a feline foetus at 48 days. Rounded and elliptical elevations (h) and
small depressions (p). Smooth surface areas (s) amongst groups of chondrocytes. x 1 500.




Plate III.

Fig. 5: Part of the surface of feline articular cartilage at 4 days after birth. Groups of ovoid elevations con-
sisting of 2 or 4 cells (h), grooves on their surfaces (i). Wrinkled regions (m). x 150.

Fig. 6: Group of elevations on the surface of feline articular cartilage at 8 days after birth. Rounded eleva-
tions (h), with grooves (i), surrounded by valla (I). x 3 000.




Plate IV

Fig. 7: Part of the cartilage surface not subjected to pressure forces in the cat at 43 days after birth. Groups
of 3 to 4 elevations (h), extensive flat regions (s) with a finely wrinkled chondrosynovial mem-
brane. x 450.

Fig. 8: Part of the cartilage surface subjected to pressure forces in the cat at 43 days after birth. Single chon-
drocytes or their pairs (h) are bordered by furrows (I) and are sunken in the intercellular matrix.
Broad, shallow depressions (p) are separated by ridges (H). x 1 500.




