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Synovial membrane asks for independence
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Synovial membrane is traditionally considered as a part of the joint capsule. It, how-
ever, differs from fibrous part of the capsule in development, structure, function,
vascularisation, innervation and involvement in pathological processes. Moreover,
in some areas, it even does not contact with the fibrous capsule. Thus, it appears
that the synovial membrane should be considered as an independent organ and
not as the lining of the joint capsule. (Folia Morphol 2014; 73, 4: 395-398)
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INTRODUCTION

After getting familiar with the synovial membrane
in the course of various investigations [17, 18] we feel
justified to present its case. In this short review we
compare several features of synovial membrane and
fibrous part of the joint capsule and conclude that the
differences are so striking that the synovial membrane
should be considered as independent organ.

History and definition. The history of studies on
the synovial membrane began at the end of the se-
venteenth century and is presented in several papers
describing how the synovial membrane was seen by
early investigators and how its modern concept deve-
loped [2, 8, 11, 19, 20, 36]. According to Sigurdson
[36], the name “synovial membrane” was applied in
1763 by Bonn to the inner lining of joint cavities, while
before this structure was included in the “capsular
ligaments” of the joints.

Key [20] defines the synovial membrane of a diar-
trodial joint as loose, flexible tube which is attached
around the margins of the articular cartilages, co-
vering the ends of the bones which form the joint. The
articular capsule consists of a fibrous or ligamentous
layer which is lined by stratum synoviale (synonymous
with synovial membrane or synovium). These 2 layers
are often so intimately fused that it is not possible to
identify a distinct boundary between them.

Ghadially [13] called the lining layer adjacent
to the joint space the “synovial intima” and the
supportive or backing layer the “subsynovial tissue”
or “subintimal tissue”. On its external surface the
subintimal tissue merges with the fibrous capsule
of the joint.

The synovial membrane lines the fibrous capsu-
le and intraarticular ligaments and tendons, and is
reflected on to the intracapsular bone. In the latter
situation it is unrelated to the fibrous capsule and
cannot be regarded as part of it [2, 20]. Termino-
logia Anatomica [40], says that the joint capsule is
composed of fibrous membrane (synonym: fibrous
layer) and synovial membrane (synonym: synovial
layer), and these terms are often used in anatomy
textbooks.

STRUCTURE

The synovial membrane is lined by 2 types of
synoviocytes: macrophage-like type A cells and fi-
broblast-like B cells [4, 28, 32, 42] usually resting on
the areolar tissue. Contrary to that, fibrous part of
the joint capsule has no specific lining and is build up
by well-organised, parallel arrangement of collagen
fibres with intervening fibroblasts [6]. All parts of the
capsule contain types |, lll and VI collagens as well as
dermatan and keratan sulphate [23, 25].
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DEVELOPMENT

Formation of synovial membrane and fibrous joint
capsule is strictly connected with joint formation. Jo-
ints in long bones form through the development of
a noncartilaginous region known as the interzone [1].
The first over sign of joint formation is the appe-
arance of interzone at each future joint site. Pacifici
etal. [30, 31] found that perijoint mesenchymal cells
expressing Gdf5, located immediately adjacent to
incipient joints, migrate into the interzone, constitute
a distinct cohort of progenitor cells and are eventually
found in epiphyseal articular layer and joint capsule.
The authors, however, did not specify whether they
mean only synovium or also fibrous part of the joint
capsule. In the further work Koyama et al. [22] repor-
ted that the Gdf5-expressing cells give rise to most
if not all joint tissues including articular cartilage,
ligaments and inner synovial lining. Origin of fibrous
joint capsule was not described by these authors, but
the assumption that it was formed by the perijoint
mesenchymal tissue remaining after migration of
Gdf5 expressing cells into interzone seems justified.

INNERVATION

Normal synovium [24] as well as pathological sy-
novial tissue contain nociceptive sensory innervation
producing pro- and anti-inflammatory neuropeptides
[10, 29, 39]. In the stratum fibrosum of the joint cap-
sule and the adjacent connective tissue sensory nerve
endings serving as mechanoreceptors (lamellated
corpuscles of the Pacini type, Ruffini corpuscles and
Golgi-tendon organs) predominate [3, 12, 21, 43].

VASCULARISATION

According to Davies and Edwards [8], the first
description of the blood vascular pattern in the sy-
novial membrane is that of William Hunter [16] who
stated: “All round the neck of the bone there is
a greater number of arteries and veins which ramify
into smaller branches and communicate with one
another by frequent anastomoses like those of the
mesentery. This might be called the circulus articuli
vasculosus, the vascular border of the joint.” In stu-
dies on synovial membrane injected with India ink or
barium sulphate suspension Davies and Edwards [8]
found that in the looser and more areolar areas larger
vessels, both arteries and veins, run in the deeper
part of the membrane, close to the capsular tissues
and parallel to the synovial surface. They branch
infrequently in tree-like fashion and anastomose at
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irregular intervals to form wide meshed plexuses of
arteries and veins. These plexuses intercommunicate
freely, whilst the innermost supplies a rich capillary
bed to the surface of the synovial membrane.

In the ligaments and capsules composed of very
compact fibrous tissue, the larger vessels, arterio-
les and venules, usually arranged in groups of 3 or
more, course longitudinally between the fascicles
and fibrous tissue bundles and are fed from vessels
located outside the joint. The longitudinal vessels
communicate frequently through smaller vessels run-
ning transversely and around the connective tissue
bundles.

THE SYNOVIAL MICROCIRCULATION

Synovial membrane contains a dense, superficial
capillary network situated just below the surface of
the synovial membrane in the narrow space between
the synovial lining and the underlying fat cells. The
structure of these superficial capillaries was strikingly
polarised; the portion of their wall farthest from the
synovial lining usually contains nuclei; the closest
is extremely attenuated and contains numerous fe-
nestrae closed by the diaphragm. Deeper synovial
venules and capillaries do not have fenestrations [13,
34,37, 38, 41]. The synovial membrane in conjunction
with the microvascularity is known as the synovial-
-vascularity barrier [5]. The capillaries of the fibrous
part of joint capsule are few and of the continuous
variety [13, 38].

LYMPHATIC VESSELS

According to Davies [7] in the most parts of the
synovial membrane the large lymphatics are arranged
in the form of a wide-meshed, freely anastomosing,
polygonal pattern within which are numerous, blind
ending, smaller tributaries, frequently showing termi-
nal lacuniform enlargements. Over the more fibrous
areas of the synovial membrane, and towards the
cartilaginous articular margins, the plexus becomes
attenuated; its vessels become finer and fewer, and
their anastomoses become less frequent. Unlike the
blood capillaries, these fine lymph vessels terminate
blind at some distance from the articular margin.

PATHOLOGY
Synovial hyperplasia is characteristic feature of
rheumatoid arthritis [27, 35] and synovial membrane
may be even recognised as the primary pathogenetic
site in this disease [15].
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Synovial inflammation is also a significant featu-
re of osteoarthritis [9, 33]. The main clinical prob-
lem involving the fibrous part of the joint capsule is
posttraumatic stiffness. The affected joint capsule
is characterised by irreversible biomechanical and
biochemical fibrogenic changes strikingly similar to
those observed in many other fibroproliferative hu-
man conditions [14, 26].

DECLARATION OF INDEPENDENCE

Already in 1961 Barnett et al. [2] observed that
physiologically there is little to commend the idea that
the synovial membrane and fibrous capsule are two
parts of the same structure. Their opinion, however,
was not reflected in change of terminology. With the
passing years more and more evidence accumulated
indicating basic differences between these two stru-
ctures. Synovial membrane differs in all particulars
from the fibrous parts of the joint capsule. Moreover,
in some areas it even does not adhere to it. Thus,
it would be time to release it from the subservient
position of the fibrous capsule lining. Why not say
that joint capsule is formed by the collagenous or
fibrous tissue and synovial membrane constitutes
an independent organ, differing from the fibrous
part of the joint capsule in development, structure,
function, vascularisation and innervation. The signi-
ficance of synovial membrane is particularly striking
in its pathological states, and it would be more up
to the point to say that rheumatoid arthritis or os-
teoarthritis are diseases with involvement of synovial
membrane as an independent organ and not as
a part of joint capsule.
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