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Abstract
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In the present study described are the ultrastructure of cells of the synovial mem-
brane, composition of the intercellular substance and the appearance of the synovial
membrane in a scanning electron microscope of 38 individuals of the age from 12 to
67 years. The synovial membrane consists of specifically modified cells, which can
be differentiated into types A and B according to studies of their submicroscopic
structure, and of the intercellular substance. Under the synovial membrane proper
the subsynovial tissue is deposited. The surface of the synovial membrane consists of
one to four layers of cells. A cells predominate in the cellular population, whereas
cells of the B type are much less numerous. Short portions of the synovial membrane
are covered by the intercellular substance only, thus being in direct contact with
the joint cavity. There is a small number of cells of the B type in a normal synovial
membrane. They are deposited mainly near the surface of the synovialis. Besides
cells of the A and B types there is a variable amount of transient cellular forms in
the human synovial membrane which have some common characteristics of both
of the clean-cut types. Their occurrence depends on the physiological condition of
the joint. The ground fibrillar substance is made of fibrillar structures of two appe-
arances. On the one hand, they are collagen fibrils 60— 100 nm wide and as much as
several um long with a periodicity of 64 nm, on the other hand, they are aperiodic
fibrils of a width of around 50 nm and length on average 0.1 um. The ground amor-
phous substance, into which the fibrillar component is placed, consists of a complex
of protein-hyaluronic acid and sulphonated mucopolysaccharides. The appearance
of the subsynovial tissue in the author’s material is fibrous. The intercellular substance
is represented by enormous bundles of collagen fibrils running in various directions.
There are no aperiodic fibrils. The appearance of the synovial membrane in the
scanning electron microscope is that of a frilled tissue on the surface of which we
can observe protrusions separated by notches. The protrusxons are caused both
by the cells and their projections and by collagen ﬁbnls penetrating into the super-
ficial layers of the synovial membrane.

Human synovialocytes A, B, synovial mamx, scanning electron microscopy, synovial
membrane surface.

The structure and function of a normal synovial membrane have been studied for a long time.
The first data were published more than two hundred years ago (Hunter 1743), followed by Bichat
(1800), Brodie (1834), Key (1925), Walcott (1927) — (quoted see Stone 1947). The micro-
scopical structure of the synovial membrane was then studied by many authors and its structure
was described under normal conditions, experimental conditions and also pathological changes
on animal and human material (in summary see e. g. Jaffe 1972).

The first studies on synovial membrane on an electron microscopic level were published by
Langer and Huth (1960), Wyllie et al. (1964) in guinea-pigs, Ghadially and Roy (1966)
described the rabbit synovial membrane, as well as Mitchell and Blackwell (1968), Muirden
and Peace (1969), later Cherney et al. (1970), Krey and Cohen (1973), Watanabe et al.
(1974), Krey et al. (1976), Oryschak and Ghadially (1976), Watanabe et al. (1976a, b) ‘and
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others. Roy and Ghadially (1967), Wassilev (1972, 1973, 1975) dealt with the synovial membra-
ne of rats, Howlett (1974) with that of cattle, Johansson and*Rejn6 (1976) with that of horse.

The ultrastructure of human synovial membrane was described for the first time in the work
of Lever and Ford (1958), but most knowledge about this tissue was provided in the work of
Barland et al. (1962) which is considered to be classical and the great majority of studies published
later follow from it. In the same year Coulter (1962) published a study about the human synovial
membrane. Of all the numerous later publications we mention the studies of Rayns.and Highton
(1966), Roy (1966), Roy et al. (1966), Ghadially and Roy (1967b, 1969), Bozdéch and Horn
(1970), Huth et al. (1973), Klein (1974), Maldyk et al. (1974), Wolf (1974a, b), Poole et al.
(1976) and others. Not only do these authors bring new knowledge about the structure of the sy-
novial membrane under normal conditions, but they compare its appearance and fine structure
under some pathological conditions and/or under experimental conditions, or they deal with
the function of the synovial membrane (Maibach 1953, Castor 1960, Hamermann et al.
1961, Ball et al. 1964, Cochrane et al. 1965, Adam 1966, Vainio 1966, Ghadially and Roy
1967a, Luckenbill and Cohen 1967, Muirden and Senator 1968, Webb et al. 1969, Bhawan
et al. 1973, Cchiu 1975). In earlier studies (Lever and Ford 1958, Ghadially and Roy 1967b,
1969) it had already been found that there were no differences in the fine structure of the synovial
membrane of various age categories and that there were only small differences in the appearance
of the synovial membrane of the different joints in man and other mammals.

Materials and Methods

For studies of the ultrastructure of the synovial membrane tissue samples were taken from the
hip joint of 38 individuals of the age from 12 to 67 years. The material was taken either in cases
of total endoprostheses performed due to advanced.arthrosis, or during operations performed
because of other, mostly tumorous, diseases localized outside the joints.

The synovial membrane was taken behind the transitional zone from various regions of the
joint capsule. Taken were 1 X 1 X 2 mm strips with part of the subsynovial tissue. In all cases
fixation was done with 3 % glutaraldehyde of a pH 7.4, then the tissue was washed in 0.1 M
phosphate buffer with 5 9%, of glucose of a pH 7.4 and then fixed with 1 % of OsO, according to
Millonig in a.- phosphate buffer of a pH 7.4. The blocks were embedded into Epon-Araldit or
Durcupan ACM. Ultrathin sections were cut on a ultramicrotome Tesla BS 490, Reichert
Omu 3 and LKB Ultrotome III and were stained with lead citrate or with 1 9% uranylacetate
and lead citrate. The sections were studied and photographed with an electron micro-
scope Tesla BS 613 and Tesla BS 500.

For investigations of disorders of the synovial membrane using a scanning electron microscope,
5 X 5 mm blocks were left for 3 to 4 hours before fixation in a solution of hyaluroni-
dase in a concentration of 0.1 mg/ml at a temperature of 4 °C. Afterwards, the samples were
fixed with 10 9%, formol or glutaraldehyde for 1—3 days, dehydrated and coated with gold or pla-
tinum on a Balzers coating apparatus and were studied using a Stereoscan Cambridge scanning
electron microscope. ’

The material was sampled and elaborated at the Department of Histology and-Embryology
of the Faculty of Medicine, J. E. Purkyné University Brno, in cooperation with the Department
of Orthopaedy.

Results and Discussion
Submicroscopic structure of cells of the synovial membrane and synovial matrix

The surface of the synovial membrane generally consists of one to four layers
of cells. Their shapes differ from polygonal cells with oval nuclei to flattened
cells with spindle-shaped nuclei resembling fibroblasts. They form a more or
less compact layer but they are not closely attached as e. g. the epithelium cells
(Fig. 1). In the intercellular substance, indicated as synovial matrix, the cells
are arranged relatively infrequently in the synovial membranes of the rabbit,
guinea-pig and man (Barland et al. 1962, Coulter 1962, Wyllie et al. 1964,
Ghadially and Roy 1966, Roy 1966, Roy et al. 1966, Ghadially and Roy
1967b, Mitchell and Blackwell 1968, Cherney et al. 1970, Huth et al.



Fig. 1
Normal synovial membrane. Evident is the arrangement of several layers of cells A (A) separated
by slits. In the intercellular spaces the synovial matrix (s). Ih the cytoplasm besides other orga-
nellae expressive lysosomes (L), pinocytotic vesicles (p). The cytoplasm projects into numerous
filopodia (c). Joint cavity (C). Magnification: 16 700 x .



Fig. 2

Surface of a normal synovial membrane covered by a layer of matrix (s) with collagen fibres (K)
sometimes even penetrating to the surface. The matrix is in contact with the joint cavity (C).
Magnification: 16 000 x .



Fig. 3

Part of an A cell of a normal synovial membrane. Nucleus (N), nucleolus (n), zonula nucleum li-
mitans (z), innumerous cisternae of the granular endoplasmic reticulum (E) with content, mito-
<chondria (M), lysosomes (L), cytoplasmic filaments (f), cytoplasmic processes (c), pinocytotic
vesicles (p). Synovial matrix (s) is in contact with the joint cavity (C). Magnification: 29 400 X .
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1973, Crey and Cohen 1973, Ghadially et al. 1974, Klein 1974, Maldyk
et al. 1974, Watanabe et al. 1974, Krey et al. 1976), whereas e. g. in rats the
matrix is considerably reduced and the cells are closely attached to each other
(Roy and Ghadially 1967, Wassilev 1972, 1973, 1975). As far as the arrange-
ment of cells of the synovial membrane is concerned the author’s findings are in
accordance with data of Lever and Ford (1958) who were the first to observe
parts of the synovial membrane uncovered by a continuous layer of cells (Fig.
2). The matrix thus comes into direct contact with the synovial fluid. This finding
was negated by Barland et al. (1962); however, later studies (Rayns and High-
ton 1966, Roy 1966, Roy et al. 1966, Ghadially and Roy 1967b, 1969, Boz-
dé&ch et al. 1973, Klein 1974, Maldyk et al. 1974, Oryschak et al. 1976)
and others confirmed this fact.

The ultrastructure of A cells

Cells of the A type are predominating elements in the cellular population of
the synovial membrane. They occur both near the surface and in the deeper

layers.

a) Nucleus (Fig. 3)

The A type cells contain one nucleus of a rounded or spindle-like elongated
shape. The nuclear envelope has the usual structure and in contradistinction
to the karyoplasm it projects in the form of shallow invaginations. Such a nucleus
was described by Barland et al. (1962), Roy (1966), Roy et al. (1966), Ghadi-
ally and Roy (1967b, 1969), Bozdé&ch et al. (1973), Huth et al. (1973), Gha-
dially et al. (1974), Klein (1974), Oryschak et al. (1976a). A continuous strip
of finely granulated, moderately osmiophil substance adheres to the inner membra-
ne of a thickness of as much as 0.1 um, indicated as zonula nucleum limitans.
This layer deposited between the inner membrane of the nuclear envelope and
chromatin was also proved by Roy et al. (1966) Ghadially and Roy (1976 b,
1969a), Bozdé&ch et al. (1973) and others. Ghadially et al. (1974) and Ory-
schak et al. (1976b) dealt with changes of its thickness in cells of the synovial
membrane with diseases of the joint. v

The nuclear chromatin as arranged on the section by the nucleus into karyo-
somes of various size which press onto the zonula nucleum limitans and form
a virtually continuous layer interrupted only in the places of nuclear pores. The
nucleolus occurs regularly in the nucleus of A cells of the synovial membrane.
In all cases reticular nucleoles were observed.

b) Cytoplasm (Figs. 3, 4)

o) cell organellae

Granular endoplasmic reticulum occurs in the cytoplasm of A cells
of the synovial membrane in the form of infrequent flattened cisternae or sacs
to the surface of which ribosomes are attached. Its structures are located irregu-
larly in the cytoplasm, no larger accumulation in the form of parallel running
cisternae was found. The spaces of the granular endoplasmic reticulum are gene-
rally filled up with a moderately osmiophil, finely granular material. The author’s
observations are in accordance with literary data, especially with the studies of



Fig. 4

Part of the cytoplasm and nucleus of an A cells of a normal synovial membrane. Nucleus (N),

zonula nucleum limitans (z), cisternae of the granular endoplasmic reticulum (E) with content,

agranular endoplasmic reticulum (S), Golgi complex (G), mitochondria (M), lysosomes (L),
cytoplasmic filaments (f), pinocytotic vesicles (p.) Magnification: 29 400 x .
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Barland et al. (1962), Roy (1966), Roy et al. (1966), Ghadially and Roy
(1967b, 1969a), Bozdéch et al. (1973) and others.

Agranular endoplasmic reticulum occurs in the cytoplasm of A cells
in the form of minute sacs splitting off from the cisternae of the Golgi complex.
It can, however, originate from the pinocytotic vesicles passing into the cyto-
plasm at various distances (Figs. 3, 4).

The Golgi complex has its usual structure and in the cytoplasm of A cells
is spread into 1—3 fields (Fig. 4). Small and large vesicles passing into the sur-
rounding cytoplasm separate from the club-like expanded smooth cisternae of
the Golgi complex. These vesicles represent the substantial part of the agranular
endoplasmic reticulum in the cytoplasm of A cells. A finely granular, moderately
osmiophil substance occurs frequently in the vesicles. According to literary data

-(Barland et al. 1962, Rayns and Highton 1966, Roy 1966, Roy et al. 1966,
Ghadially and Roy 1967b, Huth et al. 1973, Klein 1974, Maldyk et al.
1974, Poole et al. 1976) the largely developed Golgi complex is one of the basic
characteristics of A cells of the synovial membrane.

Mitochondria of the A cells are of a usual structure, on cross sections they
reach the size of 0.1—0.5 um. The mitochondrial matrix is dense so that the
irregularly running leaf-like cristae can hardly be demonstrated. The mito-
chondrial corpuscles occur only sporadically (Figs. ﬁ 4). The results of the author’s
studies are in accordance with data of Barland et al. (1962), Roy (1966), Roy
etal. (1966), Ghadially and Roy (1967b, 1969), Maldyk et al. (1974) and others
as far as the human synovial membrane is concerned. Mitochondria differing
in their appearance and cristae arrangement occur in the synovial membrane
of the rabbit and rat, as was described by Wyllie et al. (1964), Ghadially and
Roy (1966), Roy and Ghadially (1967), Mitchell and Blackwell (1968),
Cherney et al. (1970), Wassilev (1972, 1973, 1975), Krey et al. (1976), Wa-
tanabe et al. (1976a, b).

Ribosomes, in their majority, are attached to the membranes of the granular
endoplasmic reticulum, only rarely do they form polysomes (Figs. 3, 4). Lite-
rary data about them are only fragmentary so that results of the present studies
could not be confronted.

Lysosomes in the cytoplasm of A cells are present in relatively large numbers.
They are always secondary lysosomes, of a size of 0.1—1 um and more (Fig.
4). They are contoured by a simple membrane and they contain either electron
dense, homogeneous material, or granular material. In some cases they contain,
besides granular material, also membranous structures originating probably from
mitochondria. The frequent occurrence of secondary lysosomes in the cytoplasm
of A cells of the synovial membrane was one of the causes why many authors
considered this type of cells to be capable of phagocytosis (Ball et al. 1964,
Cochrane et al. 1965, Adam 1966, Muirden 1966, Ghadially and Roy
1967, Luckenbill and Cohen 1967, Muirden and Senator 1968, Webb
et al. 1969, Bhawan et al. 1973, Wassilev 1972, 1975, Bhawan and Roy
1974, Cchlu 1975, Biro 1974, Krey et al. 1974, ]ohansson and Rejnd 1976,
Oryschak and Ghadlally 1976a) and others.

Centrioles occur in the cytoplasm of this cellular type only very sporadically.
In available literature their occurrence has been mentioned only by Gha-
dially and Roy (1969a), the other authors, as well as. the author of this study,
did not find centrioles.
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B) cytoplasmic inclusions

Lipid droplets and glycogen are generally a very rare finding in the
cytoplasm of A cells of a normal synovial membrane. Glycogen can occur in the
form or individual granules dispersed in the cytoplasm. They never form deposits
or rosette-like formations as e. g. in the liver cells or in the cartilage. In the
present material these inclusions were found only very exceptionally and this
is completely in accordance with literary data.

Cytoplasmic fibrillar structures are represented by filaments of a thick-
ness of 3—5 nm and they regularly occur in variable amounts in the cytoplasm
of A cells. Most frequently they are deposited perinuclearly and they run in small
bundles. They can also occur on the periphery of the cytoplasm between cellular
organellae where they are probably extruded into the intercellular space and thus
become part of the synovial matrix (Fig. 3).

y) cell surface

The cytoplasm of A cells projects in numerous processes covered by a cellular
membrane. Some of them run only shortly, others are long even several ym
(Flgs 3, 4). Characteristic for the cellular surface of A cells is the great number
of pinocytotic vesicles often filled up with material of the same appearance as
-on the surrounding synovial matrix (Fig. 4). The articulated surface with many
filopodia of various length and numerous pinocytotic vesicles is characteristic
for cells of the A type as was mentioned namely by Barland et al. (1962), Roy
(1966), Roy et al. (1966), Ghadially and Roy (1967b, 1969), Bozdé&ch et al.
(1973), Huth et al. (1973), Klein (1974) and others wheh describing human
synovial membrane, and Wyllie et al. (1964), Ghadially and Roy (1966),
Roy and Ghadially (1967), Mitchell and Blackwell (1968), Muirden and
Peace (1969), Cherney et al. (1970), Wassilev (1972, 1973, 1975), Krey and
Cohen (1973), Howlett (1974), Watanabe et al. (1974, 1976a, b), Johansson
and Rejno (1976), Krey et al. (1976), Oryschak and Ghadially (1976a) and
others, in the synovial membrane of lower mammals.

Desmosomes do not occur among the cells of the human synovial membrane.
They were found only in the synovial membrane of the rat (Roy and Ghadially
1967, Wassilev 1972, 1975).

‘The ultrastructure of B cells

In comparison with the A cells they are represented in the cellular population
of the synovial membrane much less frequently. They can be deposited either
near the surface or, less frequently, in the deeper layers of the synovial membrane. -
Their shape on the section is most often polygonal or elongated in a cylinder-like
'way (Figs. 5, 6).

a) Nucleus (Fig. 5)

In contradistinction to the nucleus of the A type cell it is usually of an oval
shape and in the cytoplasm is deposited expressively excentrically. The structure
of the nuclear envelope is usual and protrudes against the karyoplasm in only
quite shallow sporadic folds. The zonula nucleum limitans adheres to the inner
membrane of the nuclear envelope and has the same appearance, arrangement
and thickness as in the nuclei of the A cells.



Fig. 5

The B cell of a normal synovial membrane. Nucleus (N), nucleolus (n), zonula nucleum limitans

" (2), dilated cisternae of the granular endoplasmic reticulum (E) with granular content. Golgi

complex (G), mitochondria (M), lysosomes (L). Collagen fibres (K) in matrix (s). Magnification:
16 700 % .



Fig. 6

Part of cytoplasm of a B cell of a normal synovial membrane with flattened cisternae of granular -

endoplasmic reticulum (E) filled up with finely granular material. Golgi complex (G), mitochondria

(M), lysosomes (1), cytoplasmic filaments (f), pinocytotic vesicles (p). In the matrix collagen fibres
(K) and aperiodic fibres (a). Magnification: 43 900 x .
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In contradistinction to the nuclei of A cells perichromatin granules occur in
the chromatin of B cells.

In number, size and appearance the nucleolus does not differ from the nucleolus.
of A cells of the synovial membrane.

b) cytoplasm (Figs. 5, 6)

In semiquantitative estimations it is evident that the cytoplasm has a larger
volume as compared with the A cells.

o) cell organellae

Granular endoplasmic reticulum was found in the cytoplasm of B cells
in strikingly large numbers as compared with the A cells. On the sections only
its two arrangements are evident. In the first case it resembles relatively widely
dilated cisternae and sacs the largest amount of which is deposited on the cell
periphery, whereas the region above the nucleus contains only a small amount
of these cisternae. In their majority the cisternae are filled up with osmiophil,
finely granular even fibrillary substance (Fig. 5). In the other case the numerous
cisternae are again found on the periphery of the cell, however, they are flattened
and relatively densely accumulated (Fig. 6). The author’s observations concern-
ing the frequency of occurrence of cisternae of the granular endoplasmic reti-
culum in the cytoplasm of B cells are in accordance with the observations of
Barland et al. (1962), Muirden (1966), Roy (1966), Roy et al. (1966), Gha-
dially and Roy (1967b, 1969), Huth et al. (1973), Bozdé&ch et al. (1973),
Klein (1974), Maldyk et al. (1974), Poole (1976) and others.

Agranular endoplasmic reticulum occurs in the cytoplasm of B cells
in the form of scarce smooth vesicles, localized mostly near the Golgi complex
from which they most probably originate.

Golgi complex is an inexpressive structure in the cytoplasm of B cells with

dilated cisternae of granular endoplasmic reticulum. It is formed by 3—4 short,
flattened cisternae and small vesicles. It is usually localized in the zone above
-the nucleus and is spread into several small fields (Fig. 5). Some of the larger
vesicles are filled up with a fine, moderately osmiophil material. The results
of the author’s observations on the arrangement and frequency of occurrence
of the Golgi complex in the cytoplasm of B cells differ, to a certain extent, from
literary data, namely in that he proved the Golgi complex in B cells in"all the cases
and, in addition, spread into several,even though small fields (Fig. 6), whereas
the studies published earlier, e. g. Barland et al. (1962), Roy et al. (1966),
Ghadially and Roy (1967b, 1969) state that the structures of the Golgi complex
are difficult to demonstrate.

Mitochondria of the B cells do not differ from cells of the A type in their
dimensions, localization and number (Fig. 6).

Ribosomes, in their majority, are bound to the membranes of the granular
endoplasmic reticulum. They occur freely in the cytoplasm either individually
or in the form of polysomes only in the zone above the nucleus near the Golgi
complex. -

Lysosomes in the cytoplasm of B cells are less frequent as compared with
A cells. Provided they are found on the sections they appear as corpuscles con-

" toured by a simple membrane of a size of 0.1—0.5 um. On the one hand, they
contain granular, electron-dense material, and on the other hand, a very dark,
homogenous substance and small vacuoles which are electron optically empty

.



15

(Figs. 5, 6). The author’s observations are in accordance with data published
by Barland et al. (1962), Roy (1966), Roy et al. (1966), Ghadially and Roy
(1967b, 1969), Bozdé&ch et al. (1973) on the organellae in a normal human sy-
novial membrane and by Ball et al. (1964), Cochrane et al. (1965), Adam
(1966), Ghadially and Roy (1967), Webb et al. (1969), Cchiu (1975) in the
synovial membrane of various mammals and by Oryschak and Ghadially
(1976a) after experimental treatment of the rabbit joint.

Microtubules and centrioles were not proved in the author’s material
and have not been stated in literature.

B) cytoplasmic inclusions

Lipid droplets and glycogen were found only very exceptionally in the
cytoplasm of B cells of a normal synovial membrane both human and of lower
mammals. In the author’s material they were not proved.

Cytoplasmic fibrillar structures have the same appearance and size
as in the cytoplasm of A cells. The only difference is their amount. In the B cells
they occur in small bundles only sporadically and are usually deposited mostly
on the periphery of the cytoplasm (Fig. 6).

y) cell surface

The cytoplasm of B cells projects only in a small number of short, not rami-
fying projections and in some places only do we find larger folds of cellular
membrane penetrating deeply into the cytoplasm (Fig. 5). The frequency of
pinocytotic vesicles is the same as in cells of the A type. They are filled up with
a substance which is morphologically identical with the surrounding matrix.

Synovial matrix

This term is commonly used to indicate the intercellular substance of the
synovial membrane which consists of the ground fibrillar substance and the
ground amorphous substance similarly as in other tissues originating from the
mesenchyme. In literature only minimum attention was paid to this component
of the synovial membrane, even though many authors do mention it (e. g. Barland
et al. 1962, Muirden 1966, Roy 1966, Roy et al. 1966, Ghadially and Roy
1967, Bozdé&ch et al. 1973, Ghadially et al. 1974). More detailed data were
published by Ghadially and Roy (1969), however, they only dealt with the
arrangement of the fibrillar component in a one-layered and multi-layered sy-
novial membrane.

Ground fibrillar substance is formed of two types of fibrillar structures.
In the first place they are typical collagen fibres of a width of 60—100 nm and
length of as much as several um, only sporadically ramifying and showing a perio-
dicity characteristic for collagen fibres, i. e. about 64 nm (Fig. 2). The other type
of fibrillar structure are aperiodic fibres of a width of about 50 nm and length
of 0,1 ym, even more rarely. These fibres occur in dilated cisternae of the granular
endoplasmic reticulum, in the ground cytoplasm among the cell organellae and
perinuclearly mainly in cells of the A type (Figs. 3,6). Fibrillar structures of
such an appearance were described by Ghadially and Roy (1969a), Huth
et al. (1973), Ghadially et al. (1974), Klein (1974) in cells of the human syno-
vial membrane, by Wyllie et al. (1964), Ghadially and Roy (1966), Roy
and Ghadially (1967), Mitchell and Blackwell (1968), Cherney et al (1970),



Fig. 7

Subsynovial tissue with longitudinally and transversely oriented bundles of collagen fibres
(K), ground amorplious substance (za) and numerous filopodia of fibrocytes (F). Magnification:
12 800 x.
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Wassilev (1972, 1975), Krey and Cohen (1973), Watanabe (1974) in cells
of the synovial membrane of lower mammals.

Ground amorphous substance, into which the fibrillar component is
inserted, is formed similarly as in other types of tissue mainly by a complex of pro-
tein-hyaluronic acid and sulphonated mucopolysaccharides. In an electron micros-
cope both types of substances are shown as a finely granular, moderately osmio-
phil substance, deposited in the spaces between the collagen fibres (Fig. 7). It seems
probable that both components, i. e. both the protein-hyaluronic acid complex
and mucopolysaccharides migrate into the synovial fluid (Ghadially and Roy
1969).

The arrangement of the intercellular substance, mainly as far as the ground fibril-
lar substance is concerned, differs, on the one hand, in its direction from the
surface into the deeper layers of the synovial membrane, on the other hand, is
dependent on the amount and arrangement of the synovial cells.

In those parts of the synovial membrane where the cells are deposited in se-
veral layers the margin between the synovial membrane and the joint cavity is
formed only by synovial cells which are not covered by an intercellular substance.
The intercellular substance can communicate with the joint cavity only in short
segments (Fig. 1). The situation is different in those cases when the cells of the
synovial membrane are deposited on the surface only in one layer. In these parts
the cells usually do not reach to the surface of the membrane and are covered
over with a layer of intercellular substance of various thickness consisting mainly
of aperiodic fibrils connected together with the amorphous component which
is shown in the form of more compact, granular parts (Fig. 2). The typical col-
lagen fibres occur in the superficial layer only in very small numbers.

Under such a formed surface, both in the middle and deep layers, in the case
of a layered synovial membrane completely predominating are typical collagen
fibres, often arranged into bundles above the aperiodic fibrils. Among the bundles
of collagen fibres there is a small amount of the ground amorphous substance.
This mutual representation of the ground fibrillar and amorphous substances
in the human synovial membrane somewhat differs when compared with lower
mammals where the amorphous substance can be identified in the form of small
clusters only in the middle zone, whereas in the deep layer there is practically
none at all (Wyllie et al. 1964, Ghadially and Roy 1966, Roy and Ghadially
1967, Wassilev 1972, 1975, Krey 1973, Watanabe 1974).

Submicroscopic structure of subsynovial tissue

Thestructure of the subsynovial tissue differs even within the same joint due to the
various quantitative representation of the cells and of the ground fibrillar and amor-
phous substances. According to these criteria it used to be classified as fibrous, fib-
rous lipid and lipid subsynovial tissue. At the present time, on the basis of new know-
ledge, it is divided into two types, i. e. fibrous and lipid (Jaffe 1972). With regard
to the fact that no basal membrane has been proved in the human synovial membra-
ne separating the cells of the synovial membrane from the structures deposited lo-
wer (Barland etal. 1962, Coulter 1962, Rayns and Highton 1966,Roy 1966,
Royetal. 1966, Ghadially and Roy 1967b, Bozdéch and Horn 1970, Bozdéch
et al. 1973, Huth et al. 1973, Klein 1974, Krey et al. 1974, Maldyk et al. 1974,
and others) the dividing line between the synovial membrane proper and the sub-
synovial tissue is indistinct. The deep layer of the synovial membrane with no
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distinct contour passes into the subsynovial tissue. The real dividing line between
the two layers is considered to be the region where, under the A and/or B cells
of the synovial membrane, typical fibrocytes and/or macrophages are deposited
more or less parallel with the surface; in the normal synovial membrane there
are also sporadic mast cells (Fig. 7).

The ground fibrillar substance is represented by enormous bundles of colla-
gen fibres with a typical periodicity, running in various directions, so that they
can be found both on the transversal and tangential as well as cross sections.
No aperiodic fibres were proved (Fig. 7).

Among the bundles of collagen fibres there is a variable amount of the ground
amorphous substance. In an electron microscope it has its normal appearance of
irregularly arranged network of medium electron density. Its amount is dependent
on the frequency of collagen fibres and their arrangement into bundles.

Appearance of the synovial membrane in a scanning electron microscope

The structure of the normal synovial membrane was not studied in such de-
tail in the scanning electron microscope as e. g. the joint cartilage. Many data
were published about its appearance in various pathological processes, especially
in arthrosis and rheumatic arthritis. The main reason is the fact that, in this case,
the scanning electron microscopy did not meet the expectations as far as the
contribution of new knowledge is concerned. In this respect it has by far been
exceeded by transmission electron microscopy.

Under general enlargement the synovial membrane in the scanning electron
microscope has the appearance of a clotted frilled tissue. The surface of the indi-
vidual folds is not smooth, numerous parallelly running protuberances can be
observed. The irregularities are due to the various thickness of the mucopoly-
saccharide layer adhering to the surface of the folds (Fig. 8). Attached to the sur-
face are, on the one hand, free cells from the joint fluid, on the other hand, the
cellular detritus and thick fibres which could, according to the author’s opinion,
have originated arteficially during the elaboration of the material by precipitation
of hyaluronic acid in the course of fixation. Such an appearance of the synovial
membrane was described by Fujita et al. (1968), Gryfe et al. (1969), Redler
and Zimny (1970), Wysocki and Brinkhous (1972), Cameron and Macnab
(1973), Gaucher et al. (1976), and others.

After removing the mucus with hyaluronidase the picture of the surface of the
synovial membrane considerably differs. The view of the superficial layer proper
of the synovial membrane is accessible and even under a general enlargement its
much more complex structure is evident, even though in some parts remains of
mucus can be seen in the form of rag-like shreds of a membrane shape. In the de-
pressions between the frills formations looking like thick fibres often partitioning
the notches occur. Similar connections with bundles of the same appearance can
be observed in some cases also near the surface between the individual clots.
On the bottom of the notches and on the lateral sides of the clots parallelly running
lines are evident probably due to bundles of collagen fibres deposited deeply in
the synovialis, which corresponds with observations done using a transmission
electron microscope.

Under greater enlargement the very irregular surface of the synovial membrane
can be distinctly seen. It is articulated by more or less parallelly running protu-
berances the height of which reaches as much as 0.2 mm and the lower ones de-
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Fig. 8
Clotted frilled normal synovial membrane with wrinkled surface covered with a layer of muco-
polysaccharides. Bundles of collagen fibres (K) are attached to it and sporadic cells (b) and cellular
detritus (d). Scanning electron microscopy. Magnification: 340 x.



Fig. 9
Part of the surface of the clot of a normal synovial membrane under great enlargement. Papillary

projections (v) arz due to parts of cells of the synovial membrane with depressions between them
(h). Scanning electron microscopy. Magnification: 28 700 x .




Fig. 10

Dilated intercellular spaces of the normal synovial membrane are separated by projections (c)
of cells (b) and they touch each other. Scanning electron microscopy. Magnification: 25 200 x .




22

posited between them reach about half this height. Between these ridge-like lines
variously formed and high papillary projections protuberate above the synovialis
surface, reaching the height of the high ridg=s. The basis of the large ridge-like
lines is probably the frilled surface of the synovial membrane because they are
evident also on the synovial membrane covered by a mucous layer. The 0.1 mm
high protuberances are most probably evoked by the collagen fibres protruding
above the surface of the synovial membrane. Of the same origin are also the felt-
-like arranged fibres evident on the surface. The processes of the shape of papillae
are due to the cells of the synovial membrane which can be seen on the surface
under greater enlargement when both the cells proper and their cytoplasmic
processes are evident (Fig. 9). Between the cells there appear free spaces resem-
bling canals, described in the transmission electron microscope by Barland et al.
(1962). As yet we cannot explain this finding, similarlyasRedlet and Zimny (1970) -
because in the author’ s material they did not appear in the transmission electron
microscope and they have not been described in literature. They are probably
dilated intercellular spaces where part of the intercellular substance disappeared,
because in detailed studies of these depressions it was found that they are partitio-
ned by processes of synovial cells mutually attached and thus forming net-like
formations (Fig. 10). The results of the present study in this respect cannot, un-
fortunately, be compared with literary data as no similar findings were found in
the studies of the authors mentioned above. '

Submikroskopick4 struktura synovidlni membrany ¢lovéka

V prici byla popsana ultrastruktura bunék synovidlni membrany, sloZeni mezi-
bunécné hmoty a vzhled synovidlni membrany v rastrovacim elektronovém mikros-
kopu 38 jedinct stafi 12—67 let. Synovialni membréna se sklada ze specificky mo-
difikovanych bunék, které na podkladé studia jejich submikroskopické stavby
mutZeme diferencovat na A a B typ a z hmoty mezibun&fné. Pod vlastni synovialni
membréanou je uloZena subsynovialni tkafi. Povrch synovidlni membrény je tvofen
jednou aZ ¢tyfmi vrstvami bunék. V bunééné populaci pfevazuji A buiiky, zatimco
buriky typu B jsou poletné méné zastoupeny. Kratké useky synoviilni membrany
jsou kryty pouze mezibun&¢nou hmotou, ktera je tak v pfimém kontaktu s dutinou
kloubni. Bunék typu B je-v normilni synovidlni membrané maly pocet. Jsou ulo-
Zeny prevaZné v blizkosti povrchu synovialis. Kromé bunék A a B se v lidské sy-
novidlni membriné vyskytuje proménlivé mnoZstvi pfechodnych bunélnych
forem, které maji nékteré spole¢né znaky obou vyhranénych typi. Jejich vyskyt je
vazan na fyziologicky stav kloubu. Zikladni hmota vldknita je tvofena fibrilar-
nimi strukturami dvojiho vzhledu. Jednak jsou to kolagenni vldkna Sifky 60 az
100 nm a délky aZ nékolika um s periodicitou 64 nm, jednak aperiodickd vlikna
Sitky kolem 50 nm a délky primérné 0,1 um. Zikladni hmota amorfni, do ni? je
vloZena sloZka vldknit4, je tvofena komplexem protein-kyselina hyaluronova a sul-
fonovanymi mukopolysacharidy. Subsynovidlni tkidfi v naSem materidlu ma
fibrosni vzhled. Mezibunénd hmota je reprezentovana mohutnymi svazky kola-
gennich vldken, probihajicimi riznymi sméry. Aperiodickd vldkna chybé&ji. V ras-
trovacim elektronovém mikroskopu ma synovidlni membrana vzhled zrasené tki-
né, na jejimZ povrchu lze pozorovat vyvyseniny oddélené zifezy. VyvySeniny jsou
zpusobeny jak butikami a jejich vyb&Zky, tak kolagennimi vlakny, pronikajicimi
do povrchovych vrstev synovidlni membrany.
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Cy6MuxpocKonyecKass CTPYKTypa CHHOBHANBHOH O6OJOUKHM dencBeKa

B paboTe maercs OmMCaHME yJBTPACTPYKTYPHI KJIETOK CHHOBHAJBHON 060J04-
KM, COCTAB MEXKKJIETOUHOH MacCChl M BHUI, CHMHOBHAJILHOI MeMOpaHEI B pacTPOBOM
BJIeKTPOHHOM MHKpockome 38 uesoBek B BospacTe 12—67 ser. CunoBmansHas
060/I04Ka COCTOMT M3 CIeUUPUUECKH NPUCIOCOONEHHBIX KJIETOK, KOTOphle Ha OCHO-
BE HMCCJIENOBAHMA UX CyGMHMKDOCKONHYECKOH CTPYKTYDHI MOXKHO pasfieNuTh Ha A
un B Tuner u Mexxierounyio Maccy. Ilom coGCTBEHHONM CHHOBHAJIBHON 060J0YKOM
HAaXOIMTCA Cy6CHHOBHMAJbHAsA TKaHb. 110BEPXHOCTH CHHOBHANBHOW 060JNOuUKM 06-
pasyioT OLMH — ueThipe cJos KieroK. IlpeobramaiomuMu B KJIETOUHOM OMyJsi-
LMK ABJIAIOTCA KICTKH A, MeXIy TeM KakK KJETKM THIa B o YmCJIeHHOCTH mpesn-
cTaBJeHB MeHbie, KOpOTKHE OTPe3KM CHHOBUAJLHON OGOJOYKH IIOKPBITHI JHIIb
MEKKJIETOUHOM Maccoi, HaXOOAIIENCS TaKUM o06pasoM B HEMOCPENCTBEHHOM KOH-
TaKTe C MOJOCTHIO CyCTaBa. B HOpMaJiLHONW CHMHOBHAJBHOI O6OJIOYKE KJIETOK THMHa
B umeercsa meGoupimoe xoaudecTBo. OHM YJIOMEHBl IPEMMYIISCTBEHHO B5IU3K IO-
BepxHOCTH cuHOBUS. IloMuMo kieTok A m B B cuHOBuanbHOI 060s0uKe ueioBe-
Ka MMeeT MECTO HENOCTOSHHOE KOJHMYECTBO BPEMEHHBIX KJIETOYHBIX $OpPM, OTJIH-
YaiUXCsi HEKOTOPHIMU OOIMMM 3HaKaMu o6oux KpaitHbix TumoB. Mx Hamuuue
CBA3aHO ¢ QU3UOJOTHUECKUM COCTosHMEM cycTaBa. OCHOBHas BOJIOKHMCTAas Macca
obpasyerca QUOPHILIAPHEIME CTPYKTypaM{ ABOWHOrO BHAA. Peup MIeT o KoJa-
reHoBbix BOJOKHax mupuHoit 60—100 HM ¥ IJIHMHOM HECKOJBKO MKM C II€DHO-
IWYHOCTBIO 64 HM, a Takke 06 anepUoONMYeCKUX BOJOKHAX IIMPHHOI 0Koao 50 HM
u miauno# B cpenHeM 0,1 mMxM. OcHoBHas Macca sABisercsi aMOpHOM, B KOTOPOiL
BXOLHUT BOJIOKHUCTHIH 3JEMeHT, U 06pasyercsi KOMILIEKCOM IIPOTEHMH — THalypo-
HOBasf KHCJOTa XU CyiabdUpOBaHHBEIMM MykomoJgcaxapuiamu. Cy6crHOBHaNbHasA
TKaHb B HalleM MaTepHaje OTiandaerci Pubpo3umM BUIOM. MexkieTouHas Mac-
ca IpencTaBJeHa MOIIHBIMHM IHYyYKAMM KOJJIATEHHBIX BOJIOKOH, IIPOXOMALIUX B pas-
HOM HanpaBieHnn. Hemepmommueckux Bo:oKoH Her. CHHOBHasbHAss 060JIOYKa
B PacCTPOBOM 3JIEKTPOHHOM MHKpPCCKOINle Npuobperaer BHI cbopuaToil TKaHM, Ha
ITOBEPXHOCTH KOTOPOM HabI0JalTcs OTienelHble 3acedukamu 6Gyropxu. Byropxu
06pa3oBaHbl He TOJBKO KJIETKAMH M MX BHICTyAMK, HO U KOJLJIaT€HHBIMU BOJIOK-
HaMH, IIPOHMKABIIMMU B IIOBEPXHOCTHBIE CJIOX CHUHOBHAJIBHOU OGOJIOUKH.
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