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The blood supply of joints represents an old field of investigation in
medical literature. Well-known is the richness of the blood supply in the synovial
membrane, explaining the frequent participation of this structure in patholo-
gical processes. It was the latter fact that directed the attention of authors to
the necessity of studying the physiological and pathological circulation in the
joint. Despite detailed studies by many of them, knowledge of this topic is still
deficient.

It is not intended to give a comprehensive review of the data accumulated
by the investigators of this question ; relying on my preparations and the results
of my experimental work I much rather wish to fill some of the déficiences of
the problem ofthe finer structure and the blood supply of the synovial membrane
with new details, which not only differ from those already published, but may be
conducive to the clarification of the morphology of the articular capsule’s
vascularization and of the physiological conditions governing articular absorption.

In a previous paper [10] we have pointed out, in agreement with others [3],
that the synovial membrane has a selective excretory activity, since parente-
rally administered penicillin and streptomycin attain various levels, very low
in comparison with the blood level, in the synovial fluid of the knee- and elbow-
joints of dogs. The successful demonstration of the presence of this barrier was
the primary reason for working out in detail the finer circulation and the histo-
logy of the synovial capsule.

The examinations fall into three parts. In part A, the completely differen-
tiated articular blood supply has been examined in adult mammals ; part B
deals with the ontogenesis of articular blood vessels ; part C presents an experi-
mental study of the physiological conditions of articular absorption

Methods

The large (knee-, elbow-, shoulder-, and hip-) joints and the small (carpal-, ankle-,
and digital-) joints of the extremities of 47 animals (39 dogs and 8 cats) have been subjected
to examination. Supravital preparations have been made after injecting warm, diluted India-
ink through the aorta of adult animals, and through the umbilical vein of foetuses. Part of
the preparations has been clarified according to Spalteholz and studied in its entire mass ;
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the rest has been examined in the form of thick (20 to 50 fi) sections, or thin ones stained with
haematoxylin-eosin. In some cases, the injected individual layers of the synovial membrane
have been separated and their blood vessels so prepared. In addition, the exact blood supply
was studied in isolated preparations of villi and folds. Finally, the morphological conditions
of articular absorption have been closely examined, within 17 hours after intra-articular injec-
tion of Azocarmine G, by observing how the dye, absorbed into the vessels, had settled.

A

Although it is known from the studies of Gitis [8] that the synovial mem-
brane is closely connected with the epiphyseal blood vessels and that as regards
blood circulation the meta-diaphysis represents a separate unit, the present
paper is limited to deal only with the blood supply of the layers of the articular
membrane. Several authors emphasize [4, 8,12] that the number of vessels
differs in the different parts of the synovial membrane. Particularly Kositsin [12]
asserts that the villi are exceedingly rich in blood vessels, and on this account
holds them responsible for certain metabolic processes.

On the basis of my preparations it may be stated that, at variance with
the data in the literature, as regards its blood supply, the synovial membrane
consists of four layers (Fig. 1). Let us examine in the following the vasculari-
zation of each of them.

1. Stratum villorum et plicarum

This is the innermost layer of the articular membrane, containing the
vascular plexuses ofthe villi and folds, i. e. the plexuses that do, and those that
do not give rise to villi (Fig. 2). MiillendorJ [16] had taken the typical villi
to be avascular and even more recent researchers state that the villi are often
devoid of vessels. According to my own studies there are no avascular villi to be
encountered.

It may be seen in the sections that the afferent arterioles forming the
plexus of the villi pervade the stroma singly or dividing into several branches
(afferent vessels), the division arising at the base of the villi. Some afferent
vessels form a fine glomerule (synovial glomerule) with an ampullary dilatation
at the apex. The confluent afferent arterioles then leave the stroma as a more
thick efferent vein, singly or dividing into several branches (efferent vessels)
(Fig. 3). But as a rule the said arterioles do not penetrate up to the tip of the
villi ; instead we find a synovial cellular process of several layers ; these avas-
cular cellular processes might have been the structures misleading other authors.

According to Kositsin’s findings [12], the afferent arterioles and efferent
veins of the villi in the knee joints consist of from 2 to 4 trunks. My preparations,
however, show that a considerable part of the villi, just in the knee joint, contain
only one vascular trunk each. It is exactly this type of villi to which a primary
significance can be attributed in the process of absorption, which I shall discuss
below, in part C (Fig. 17). Kositsin, too, found that vessels in the villi communi-
cate with one another by frequent anastomoses.
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According to my findings, the said arterioles of the villi do not give off
branches, and accordingly they do not penetrate among the synovial cells
covering the surface of the villi, but pass along their cellular row. The synovial
cellular layer is avascular (Fig. 5).

No vessels can be demonstrated in the intercellular spaces among the
synovial cells, but fine connective tissue fibres can he seen in them. In some
areas even the latter are missing, the cells joining one another quite closely.
These findings agree with the data of Efskind [7], who denies the existence of
stomata between the cells and according to whom the synovial cells form a
continuous membrane.

Unlike in the intestinal villi, no central lymph vessels can be seen in the
villi of the synovial membrane, nor is any elastic fibrous system demonstrable
in them [4].

As regards morphological classification, the villi may be simple, dividing
or compound (Fig. 6).

Some afferent arterioles do not form glomerules, but extensive networks
similar to them. These plexuses not forming villi correspond to the vascular
system of the articular folds [8] (Fig. 7). The proportion of the two types of
plexuses (villi and folds) is 1 to 4. Two types of folds can be distinguished. The
less frequent adipose type occuring on fatty tissue and the areolar type on
connective tissue. As regards vascularization, there is no difference detectable
between them. The folds are situated islet-like. From the preparations it can be
ascertained that villi are to be encountered in large numbers chiefly in the well
protected areas of the synovial membrane, in the articular recesses and in the
nests between the large, fatty folds. There are, however, areas of the synovial
membrane which are completely devoid of folds or villi.

Similar to the villi, the above mentioned folds also contain a membrane
of fine connective tissue ; this stroma of folds contains the likewise very rich
and extensive vascular network.

It is interesting to note that my preparations show the number of villi
and folds to be comparatively small in large joints, whereas in the small ones the
synovial membrane is very rich in these elements (Fig. 7). The relation of villi
and folds varies from joint to joint. My experimental studies made in collabora-
tion with Kelentei [10] have likewise confirmed that the individual joints
secrete identical substances in different manners. In addition, it has been observ-
ed that the viscosity of synovial fluid differs in the individual joints of the
extremities.

2. Stratum capillare

My preparations reveal that underneath the above discussed layer and
embedded amongst fine, non-meshed, parallel-placed, collagenous bundles
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there is an uninterrupted, coherent capillary layer possessing an elastic lamina [4].
Despite the fact that this layer constitutes both morphologically and function-
ally an independent system entirely separate from the blood vessels in the
stratum of villi and folds, it is nowhere discussed as a separate layer, but the
synovial stratum, which underlies it, is considered as the second layer (Fig. 1).

On closer examination even this layer proves to be a double one, the deeper-
lying, moderately fine portion containing the system of precapillary arteries
and postcapillary veins, while the more superficially placed, finer portion the
delicate capillary network formed by these vessels. My studies show the bulk
of this network to consist of veins. This venous plexus has an important part to
play in absorption, which | shall discuss in part C (synovial plexus). In Fig. 8
it is easily discernible how the venous network continues into postcapillary
veins. Neither was it difficult to differentiate in the preparations the closely
intermeshed, sinuous system of arterial capillaries from the characteristic pentago-
nal and rounded-off oblong system of the veins.

Comparatively few of the synovial cells of this layer can be encountered
amongst the fine, parallel lying, collagenous fibres, the arrangement of which
differs sharply from the irregular, interlaced, collagenous system of the subsyno-
vial layer (Fig. 11). In contrast with the subsynovial layer, in the capillary
stratum lymph vessels are exceedingly scanty [5].

3. Stratum subsynoviale

According to my examinations, the third layer, the one underlying the
stratum fibrosum, consists of loose connective tissue interwoven with fatty
tissue and contains the basal arterial and venous systems.

The arterioles originating from the aforementioned basal arteries either
participate directly in the formation of villi, or become part of the vascxdar
plexuses not forming villi, and of the fine pre- and postcapillary and capillary
system of the second stratum. The basal veins, on the other hand, drain the
veins of the villi and folds. The large veins unite the efferent veins of from
3 to 5 villi and from thickset trunks ; at the same time, they drain the venous
blood of the second layer from the fine post-capillaries (Fig. 1).

From the basal vessels the said arch-like veins detach themselves on the
border of the stratum capillare. In this subsynovial layer there is a profuse
lymphatic system, with two morphologically and functionally separate strata,
a superficial and a deep-lying one. According to Ejskind [7], the former is the
site of absorption, the latter that of transmission. In its meshy and irregular

spaces the synovial connective tissue contains numerous phagocytes and
reticuloendothelial elements.
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4. Stratum Jibrosum

This is the fibrous layer containing the large articular vessels, which
thread their way obliquely through the layer and unite in a vortex, similarly to
the vorticose veins (Fig. 9). In some places the collagenous fibres form spaces
through which many vessels pass directly into the synovial membrane (Fig. 9).

The above discussed layers of the blood vessels of the synovial membrane
can readily be distinguished in my injected preparations (Fig. 13).

The classification of the synovial membrane according to types is known
from the literature [11]. Since the individual types are characteristic of one
kind of joint and as, according to my findings, vascularization differs in the
different types, it is obvious that the individual joints should differ as to physio-
logic conditions and function. It is now proposed to resort to a brief characteri-
zation of the individual types of membrane.

a) The areolar type oj membrane. This can be found in freely moving joints.
It contains abundant connective tissue loose in texture, and is rich in both
blood and lymph vessels, possessing a vast absorptive surface. Of this, proof
is afforded in my experimental observations (see part C). To this type belong
first of all the villi and the folds (Fig. 10).

b) The adipose type oj membrane. This in encountered primarily in the
large joints. It is characterized by a synovial cellular layer resting on fat pads
and by the absence of the subsynovial layer. The villi in it present are less in
number, but abundant in cells and rich in cellular processes. Thus it is devoid
of a subsynovial vascular system, but has a profuse capillary one. This is proved
by the fact that, according to my experimental studies, it plays the primary part
in absorption (Fig. 11).

c) Thejibrous type oj membrane. This is pre-eminently met with on intra-
articular structures and is characterized by the absence of the first stratum. In
other words, this type of membrane represents those surfaces of the synovial
membrane which are free from villi and folds. The other layers of this type are
also of but poor vascularization. The absorptive surface is not significant.

The distribution of the various types of membrane differs from joint to
joint.

The mucous bursae communicate freely with the joint cavity. They are
really distentions of the synovial membrane. Their lining consists of a synovial
layer, and the vascularization of their wall is identical with that of the synovial
membrane. As stated by me in 1950 [14], they may be regarded, both histolo-
gically and functionally, as collateral cavities of the joint cavities.

Finally, the corpus adiposum genus has been subjected to a study. It has
been found to contain a coherent, uniform, venous capillary network arranged
in two layers, corresponding to the stratum capillare. This network is drained
by 2 or 3 venous trunks. Most of the capillaries are veins. These findings have

5 Acta Morphnlogica 1V/3.
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been adequately confirmed by my absorption experiments (see part C)
(Fig. 12).

B

In the following | propose to deal with the ontogenesis of articular vasculari-
zation. It is known that the synovial villi develop in intrauterin life by way
of proliferation [13]. The earliest preformed synovial membranes are devoid
of villi and folds. In man, only a few villi are present at birth [1]. Differentiation
of the synovial membrane is a comparatively slow process [6].

It has been demonstrated in the course of my studies that at the middle
of intrauterin life in mammals there are present only anlagen of villi, in which
it is not possible to distinguish between afferent and efferent venous trunks ;
vessels in the embryonic (capillary) stage form an undifferentiated, diffuse
convolution and there is no synovial glomerule observable. The convolution
comprises only a few vessels, which are uniform in calibre (Fig. 14).

Differentiation of blood vessels in the villi and folds begins in the second
half of intrauterin life ; it becomes well-marked and is completed during extra-
uterin life. In the newborn, the afferent and efferent vascular system are already
distinguishable, but only in some places will they be typical and vessels in the
synovial membrane are rather poor (Fig. 15). These findings have been con-
firmed by the investigations of Gitis [8], who by means of the transillumination
method has demonstrated that in 1 to 4 years old children the arteries of the
capsule and the synovial membrane are but poorly developed. Marked develop-
ment of the vessels from the arterial network of the capsule becomes noticeable
at the age of 5 years. In the individual joints, according to their nature, the
number of villi grows with age. My studies show that the development of arti-
cular folds is similar to that of villi.

It is worth mentioning that in the course of investigations made in collabo-
ration with Kelentei [10], we have found no synovial barrier in newborn dogs,
in which there are as yet no villi. The barrier evolves in the cours of extrauterine
life simultaneously with the differentiation of the villi and folds.

C

Finally, experimental investigations have been conducted for studying
the morphology of the process of absorption in the joint under physiological
conditions.

W ithin 17 hours following intraarticular injection of Azocarmine-G solution
into the knee joint of the dog, the different surfaces of the synovial membrane
show different absorptive conditions. Staining is most marked on the surface
of the areolar membrane containing an abundance of villi and folds and located
in the corpus adiposum genus, the fossa intercondylica, and the recesses of the
knee joint. It is equally conspicuous in the marginal membrane underneath and
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over the patella. The stain is to he found in the second capillary layer (plexus
synovialis) and in the villi (Figs. 16 and 17). Accordingly, the main absorptive
surface for the mentioned diffusible dye are the layer of villi and folds in the
areolar and adipose membranes and the capillary network.

The delicate venous system of this network is collected by postcapillary
veins of greater thickness (venae colligentes), well discernible in Fig. 16. This
layer alone can constitute the absorptive surface for the dye used, since there
are no lymph vessels in the villi, and the fat pads contain hut few of them [5].
These findings confirm to the clinical appearance of tuberculous processes in the
joints, as they show a special tendency to localization in the said areas of the
knee joint.

Another observation is that the synovial cellular layer takes no part in
absorption, there being no vessels in it.

In the knee joint there was no staining visible on some of the surfaces
lacking a synovial membrane. These surfaces have, accordingly, no share in the
absorption process.

Discussion

In a previous paper based upon experimental investigations made in
collaboration with Kelentei [10], selective excretion by the synovial membrane
was insisted on, it having been demonstrated that excretion of certain antibio-
tics differed in the synovia of the knee- and the elbow-joint. The present investi-
gations tend to show that the distribution of the villi varies from joint to joint
and that different types of synovial membrane, characteristic of the individual
joints, participate in different ways in the process of articular absorption.
According to this, the morphological basis of the differences in the functioning
of the various joints should probably be sought in the structural differences
of the synovial membrane.

The observations also reveal that the development of the synovial barrier
runs parallel with the differentiation of the villi and folds in the synovial mem-
brane. In newborn dogs, in which the synovial blood vessels are still poor and
undifferentiated and only part ofthe villi and folds have developed, the membrane
of the knee joint does not yet show signs of selective excretion.

Studies concerned with the excretion of antibiotics into the joint, and
with the therapy of experimental arthritis [2], are in progress. Besides, in
collaboration with B@§ldnyi investigations are being conducted into the phylo-
genesis of articular blood supply.
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Fig. 1. Layers of the synovial membrane. (Roughly outlined ; India-ink injection)
1. Stratum villorum et plicarum 2. Stratum capillare 3. Stratum subsynoviale 4. Stra-
tum fibrosum A = artery ; Y = vein (elbow joint of dog). Fig. 2. Vascular plexuses that
do and do not form villi. (Roughly outlined ; India-ink injection.) A = artery ; V = vein;
X = villus ; P = fold) (Knee joint of dog). Fig. 3. Blood supply of villi,in rough outline
(India-ink injection; X50). A = afferent vessel V = efferent vessel X = synovial glomerule.
Fig. 4. Avascular cellular process. (Isolated villus ; India-ink injection) X = cellular pro-

cess of villi. (Elbow joint of dog ; haemato xylin-eosin staining). Fig. 5. Avascular synovial
cellular iayer. (Isolated villus ; India-ink injection) (Elbow joint of dog; haematoxylin-
eosin staining). X = synovial cellular layer. Fig. 6. Compound diverging synovial villus

(low power).



Fig. 7. Synovial villi and folds, (low power).

(India-ink injection ; carpal joint of cat)

X =

villus ; P = fold.

Fig. 8. Absorptive venous capillaries of stratum capillare (plexus synovialis). (X 60). A = artery ; X = post-capillary vein.
Fig. 9. Veins of stratum fibrosum. (India-ink injection) (low power).
Fig 10. Areolar membrane (Haematoxylin-eosin staining), (x 90). X = stratum capillare;

XX =

stratum subsynoviale.
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Fig. 11. Adipose membrane (Haematoxylin-eosin staining). (x80). X = stratum synoviale ;

X X = villus (cellular).
Fig. 12. Corpus adiposum genus (India-ink injection). Yv = venae colligentes.
Fig. 13. Transverse section of synovial membrane (India-ink injection ; 200 ft)

P = layer of folds; C = capillary layer (plexus synovialis) ; Y = basal vein ;

Vv = efferent vessels ; F = vein of stratum fibrosum ; X = villus
Fig. 14. Villus anlagen (India-ink injection ; elbow joint of cat).
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Fig. 15. Synovial villi of
newborn dog (India-ink
injection ; elbow).

Fig. 16. Absorption of
Azocarmine G in folds
C capillary layer (plexus
synovialis); Yv = venae
colligentes ; X = villi

Fig. 17. Absorption of
Azocarmine G in villi
X = villi

329
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Summary

There are no data in the literature to throw light upon the blood supply of the articular
capsule. In order to clarify this problem the joints in the extremities of 47 animals (dogs and
cats) have been examined.

In the first part (A) of the present study the vascularization of the synovial membrane
has been studied on specimensinjected with India-ink. It has been established that, at variance
with the descriptions in the literature, there are four layers to be differentiated, viz :

1. The stratum villorum et plicarum, containing the vascular plexuses of the villi and
folds. The afferent arterioles invading the villi form glomerules and leave as efferent veins.
The majority ofthe vessels give rise to vascular plexuses which do not form villi. These plexuses
constitute the articular folds. The distribution of villi and folds differs from joint to joint. No
avascular villi have been found.

2. The stratum capillare. This layer not mentioned in the literature contains the delicate,
venous capillary network (plexus synovialis) which plays a decisive part in the absorption of
diffusible substances.

3. The stratum subsynoviale. A layer of connective tissue loose in texture, underlying
the fibrous stratum and containing the basal arteries and veins from which the vessels of the
aforementioned layers arise arch-like.

4. The stratum fibrosum. This is a membrane of fibrous connective tissue.

The vascular systems of the different synovial membranes seem to he characteristic.
The areolar membrane contains first of all the villi and the folds and plays a primary part
in absorption. The adipose membrane has no subsynovial layer but a very rich capillary one.
This layer participates also primarily in absorption. The fibrous membrane possesses neither
a layer of villi and folds, nor has it an active share in absorption.

In the second part of the study (B) it has been established from preparations made
after injecting India-ink through the umbilical vein that in the dog and the cat there is only
a villus anlage to be encountered at the middle of the intrauterine life. Differentiation of the
blood vessels in villi and folds becomes marked and is completed in extrauterine life only.

In the third part (C) it has been established, on the ground of absorption studies made
after intra-articular admini tration of Azocarmine G solution, that in the knee joint of the
dog the absorptive surfaces are primarily the villi and folds and the capillary layer of the areolar
and adipose type membranes (plexus synovialis).
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TOHKAA CTPYKTYPA N KPOBOCHABXEHWE CYMKW CYCTABA C OCOBbIM
YYETOM CYCTABHOIO KPOBOOGBPALLEHWA

3. Xwupgsern
Pesome

[eTanbHoe KPOBOCHABXEHNE CYMKU CycTaBa HaM HEM3BECTHO U3 ITePaTYpPHbIX AaHHbIX.
ABTOp uccrefoBan CycTaBbl KOHEYHOCTe 47 XUBOTHbIX (KOLIKEK cobaku). B mepBoi yactu
nccnegoBaHunii (A) 6bM BblpaboTaHbl KPOBEHOCHbIE COCYAbl CyMKW cycTaBa (Ha OCHOBaHMU
npenapaToB, MHBULMPOBAHHbIX pa3baBfeHHOM TyLlblo). B oTanMume 0T CyLLecTBOBaBLUMX [0
CUX MOP /IMTepaTypHbIX [aHHbIX, aBTOP pPas3IMyaeT € TOUKW 3PeHUS KPOBOCHAGXEHMS YeTblpe
cnov :

1.Stratum villorumet plicarum, cogep>awinii cnaeTeHNs KPOBEHOCHbIX COCYA0B BOPCK-
HOK M CKNafioK. AdpepeHTHass apTepuona, NPOHMKas B cy6CTaHLMIO BOPCUHKM, 00pasyeT Tam
KNy6ouKy, U ypansietcsas B Buge 3hepeHTHOM BeHbl. BOMBLUMHCTBO KPOBEHOCHLIX COCYLOB
obpasyeT cnneTeHUsi, 6e3 06pasoBaHWsi BOPCUHOK. 3TW MoCnefHWe SIBASIOTCS CYCTaBHbIMU
CKnagkamu. PacnpefeneHve BOPCUHOK W CKMIAfOK pas3/iMYHOe Mo cycTaBam. ABTOP He Hallen
aBacKyNAPHbIX BOPCUHOK.

2. Stratum capillare. 3TOT cnoii, 0 KOTOPOM He MMEHTCS IMTEPATYPHbIX JaHHbIX, COAep-
XXUT KanuaisapHy CeTb TOHKMUX BeH, KOTOpasi UrpaeT peLuatoLLylo pofib B paccacbiBaHUN And-
y3nbunbHbIX BewecTB (plexus synovialis).

3. Stratum subsynoviale. PbIxnblii COeAMHUTENbHOTKAHEBBLIA CMOIA, MpuUaeralwmn K
thmbpo3HoIi Karncyne. JTOT €O cofepXXUT 6asasibHble apTepun U BeHbl, U U3 HEFO MPOUCXOAAT
[yroobpasHble KPOBEHOCHbIE COCY[bl BbILLIENPUBEAEHHbIX C0EB.

4. Stratum fibrosum. BONOKHWCTasi COeAUHWUTE/NIbHOTKAHeBasi CymKa.

CornacHo uccnefoBaHMsIM aBTopa COCyaucTasi CUCTEMA Pas/IMYHbIX CYMOK CyCTaBOB
SIBNSIeTCS BecbMa XapaKTepHoW. ApeonisipHasi Mem6paHa COfepXXUT B MepBYH oYepefib BOp-
CUHKU W CKNafKW, W UrpaeT MepBWYHYI0 POfb B paccacbiBaHUW. AfUMo3Hass Memb6paHa He
o6bnafaeT cy6CMHOBMa/IbHLIM CNOEM, HO ee KanuispHbIA Coii BecbMa 60raTblid, U OHa NPUHK-
MaeT y4yacTue, B MepBYyl 04epedb, Takxke B paccacbiBaHUMU. PUbBpo3Hasi MembpaHa He UMeeT
CNosi BOPCUHOK U CK/MAfoK M He y4acTBYET B paccacbiBaHUW.

Bo BTOpOI 4acTuM cBOMX uccrefoBaHWii (B) aBTop ycTaHOBW/I Ha Mnpenapartax, nony-
YeHHbIX MyTeM MHBbEKUMWM Tywwbio 4vepe3 vena umbilicalis, 4uto y cobak M y KOLWleK B cepeanHe
BHYTPMMATOUHOM >XM3HW BCTPEYalTCA /MLIb BOPCUHOYHbIE 06pa3oBaHus. dunddepeHupoBKa
KPOBEHOCHbIX COCY[J0B BOPCWHOK U CKNAf0K CTAaHOBUTCS BbIPaXKeHHOW U 3aKaHYMBaeTCs TO/IbKO
B TeUYeHMe BHEMATOYHOWN DKU3HW.

ABTOp Ha OCHOBaHWM WCCNeAOBaHWUA paccacbiBaHUsl, BHYTPUCYCTaBHbIM MPUMEHEHNEM
KpacuTeSIbHOro pacTBopa a3o-KapMuHa-G, B 3aK/IHOYEHUE YCTaHaB/MBAET, UTO C TOUKM 3peHUS
paccacblBaHUSI aKTUBHbIMM 0611aCTSIMU B KOJIEHHOM CycTaBe co6aku, B NMepByH o4epefb, siBAS-
H0TCS BOPCMHKN WM CKNagKW, U XXe KanunnspHbiid crioii (plexus synovialis) memb6paH apeo-
NAPHOT0 U aAuno3HoOro Tuna.
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