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The blood supp ly  of jo in ts  represents a n  old field  of in v e s tig a tio n  in  
m edical lite ra tu re . W ell-know n is th e  richness o f th e  blood supply in  th e  sy n o v ia l 
m em brane, exp la in ing  th e  frequen t p a rtic ip a tio n  of th is s truc tu re  in  p a th o lo ­
gical processes. I t  was th e  la tte r  fact th a t  d irec ted  th e  a tten tion  o f a u th o rs  to  
th e  necessity  o f s tu d y in g  th e  physiological a n d  pathological c ircu la tion  in  th e  
jo in t. D espite d e ta iled  stud ies by  m any of th e m , knowledge of th is  to p ic  is still 
de fic ien t.

I t  is no t in ten d ed  to  give a com prehensive review  of the  d a ta  a c c u m u la ted  
b y  th e  investiga to rs o f  th is  question ; re ly ing  o n  m y preparations a n d  th e  resu lts 
o f  m y  experim en tal w ork I m uch ra th e r  w ish  to  fill some of th e  défic iences of 
th e  problem  of th e  finer s tru c tu re  and  th e  b lood supply  of the synovial m em brane 
w ith  new  deta ils , w hich no t only differ from  th o se  a lready  published, b u t  m a y  be 
conducive to  th e  c larification  of th e  m orphology  of th e  a rticu la r c ap su le ’s 
vascu larization  an d  of th e  physiological cond itions governing a rticu la r a b so rp tio n .

In  a previous paper [10] we have p o in ted  o u t, in  agreem ent w ith  o th e rs  [3 ], 
th a t  th e  synovial m em brane has a selective ex c re to ry  activ ity , since p a re n te - 
ra lly  adm in iste red  penicillin and  strep to m y c in  a t ta in  various levels, v e ry  low 
in  com parison w ith  th e  blood level, in  th e  syno v ia l flu id  of the  knee- a n d  elbow- 
jo in ts  of dogs. T he successful dem onstra tion  o f  th e  presence of th is  b a r r ie r  was 
th e  p rim ary  reason  for w orking out in  d e ta il th e  f in e r  circulation a n d  th e  h isto- 
logy  of th e  synov ia l capsule.

The ex am in a tio n s fall in to  th ree  p a rts . In  p a r t  A, the  com pletely  d ifferen­
t ia te d  a rticu la r  b lood  supp ly  has been ex am in ed  in  adu lt m am m als ; p a r t  В 
deals w ith  th e  ontogenesis of a rticu la r b lood  vessels ; p a r t C presen ts a n  ex p eri­
m en ta l s tu d y  of th e  physiological conditions o f a rticu la r  absorption

Methods

The large (knee-, elbow -, shoulder-, a n d  h ip -) jo in ts  an d  the  sm all (c a rp a l- , ank le-, 
a n d  d ig ita l-) jo in ts  o f th e  ex trem itie s  o f 47 an im als  (39 dogs an d  8 cats) hav e  b e en  sub jected  
to  ex am in atio n . S u p ra v ita l p rep ara tio n s have been  m ad e  a f te r  in jecting  w arm , d i lu te d  In d ia ­
in k  th ro u g h  th e  a o r ta  o f a d u lt an im als, and  th ro u g h  th e  um bilical vein  o f fo e tu ses . P a r t  o f 
th e  p rep ara tio n s  has been clarified  according to  S p a lteh o lz  an d  studied  in  i ts  e n tire  m ass ;
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th e  r e s t  h a s  b een  exam ined  in  th e  fo rm  of th ic k  (20 to  50 f i)  sections, or th in  ones s ta in e d  w ith  
h a em a to x y lin -e o sin . In  som e cases, th e  in jec ted  in d iv id u a l  layers of th e  synov ia l m em b ran e  
h a v e  b e e n  se p a ra ted  a n d  th e i r  b lood  vessels so p re p a re d . In  add ition , th e  e x ac t b lood  su p p ly  
w as s tu d ie d  in  iso lated  p re p a ra tio n s  o f villi an d  fo lds. F in a lly , th e  m orphological co n d itio n s 
o f a r t ic u la r  ab so rp tion  hav e  been  closely exam ined , w ith in  17 hours a fte r in tra -a r t ic u la r  in je c ­
tio n  o f  A zocarm ine  G, b y  ob se rv in g  how  th e  dye, a b so rb e d  in to  th e  vessels, h a d  se ttle d .

A
A lth o u g h  i t  is know n from  the  stud ies o f  G itis [8] th a t th e  synov ia l m em ­

b ra n e  is closely connected  w ith  the  ep iphyseal b lood  vessels and  th a t  as regards 
b lood  c ircu la tion  th e  m eta-d iaphysis  rep resen ts  a separate u n it, th e  p resen t 
p a p e r  is lim ited  to  deal on ly  w ith  the  blood su p p ly  o f the  layers of th e  a r tic u la r  
m e m b ra n e . Several au tho rs em phasize [4, 8,12] th a t  th e  n u m b er o f vessels 
d iffers in  th e  different p a r ts  of th e  synovial m em b ran e . P a rticu la rly  K o sits in  [12] 
a sse rts  t h a t  th e  villi are exceedingly rich  in  b lo o d  vessels, an d  on th is  accoun t 
ho lds th e m  responsible for ce rta in  m etabolic processes.

O n  th e  basis o f m y  p repara tions it  m ay  be  s ta te d  th a t,  a t  va rian ce  w ith  
th e  d a ta  in  the  lite ra tu re , as regards its  b lood  su p p ly , th e  synovial m em b ran e  
consists  o f  four layers (Fig. 1). Let us exam ine in  th e  following th e  v a sc u la ri­
za tio n  o f  each of them .

1. S tra tum  villorum et p licarum

T h is  is the  innerm ost lay er of th e  a r tic u la r  m em brane, co n ta in in g  th e  
v a sc u la r  plexuses of th e  villi an d  folds, i. e. th e  plexuses th a t do, an d  th o se  t h a t  
do  n o t  g ive rise to  villi (F ig . 2). MiillendorJ [16] h ad  taken  th e  ty p ic a l villi 
to  be  av ascu la r an d  even m ore recent researchers s ta te  th a t  th e  villi a re  o ften  
dev o id  o f  vessels. A ccording to  m y  own stud ies th e re  are no avascu lar villi to  be 
en c o u n te re d .

I t  m a y  be seen in  th e  sections th a t  th e  a ffe ren t arterioles fo rm ing  th e  
p lexus o f  th e  villi pervade  th e  strom a singly  o r d iv id ing  in to  several b ran ch es  
(a ffe ren t vessels), th e  d iv ision  arising a t  th e  base  of the  villi. Some a ffe ren t 
vessels fo rm  a fine glom erule (synovial glom erule) w ith  an  am pullary  d ila ta tio n  
a t th e  a p e x . The confluen t a ffe ren t arterioles th e n  leave the strom a as a m ore 
th ick  e ffe re n t vein, singly  or d iv id ing in to  sev era l branches (efferent vessels) 
(F ig. 3). B u t as a rule th e  sa id  arterioles do n o t p en e tra te  up to  th e  t ip  o f th e  
villi ; in s te a d  we fin d  a synov ia l cellular process o f  several layers ; th ese  a v a s­
cu la r ce llu la r processes m igh t have been th e  s tru c tu re s  m isleading o th e r a u th o rs .

A ccord ing  to  K ositsin ’s find ings [12], th e  a ffe ren t arterioles an d  efferen t 
veins o f  th e  villi in  th e  knee jo in ts  consist of from  2 to  4 trunks. My p rep a ra tio n s , 
how ever, show  th a t  a considerable p a rt of th e  v illi, ju s t  in  the knee jo in t, c o n ta in  
on ly  one  v ascu la r tru n k  each. I t  is exactly  th is  ty p e  of villi to  w hich a p r im a ry  
sig n ifican ce  can be a ttr ib u te d  in  th e  process o f ab so rp tio n , w hich I  shall discuss 
below , in  p a r t  C (Fig. 17). K ositsin , too, found  th a t  vessels in  th e  villi co m m u n i­
ca te  w ith  one ano ther b y  freq u en t anastom oses.
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According to  m y find ings, the  said  arterioles of th e  villi do n o t give off 
b ranches, an d  accord ingly  th e y  do n o t p en e tra te  am ong th e  syno v ia l cells 
covering th e  surface of th e  villi, b u t  pass along th e ir  cellular row . T he synovial 
cellu lar layer is avascu lar (Fig. 5).

No vessels can  be dem o n stra ted  in  th e  in tercellu lar spaces am ong th e  
synov ia l cells, b u t fine  connective tissue fibres can he seen in  th e m . In  some 
areas even th e  la t te r  are m issing, th e  cells jo in in g  one an o th er q u ite  closely. 
T hese findings agree w ith  th e  d a ta  of E fsk in d  [7], who denies th e  ex istence  o f 
s to m a ta  betw een th e  cells an d  accord ing  to  w hom  the  synovial cells form  a 
continuous m em brane.

U nlike in  th e  in tes tin a l villi, no cen tra l lym ph  vessels can  be  seen in  th e  
v illi o f th e  synovial m em brane, n o r is an y  elastic  fibrous system  d em o n strab le  
in  th em  [4].

As regards m orphological classification, th e  villi m ay be sim ple, d iv id in g  
or com pound (Fig. 6).

Some afferen t arterio les do n o t form  glom erules, b u t ex tensive  netw orks 
sim ilar to  th em . These plexuses n o t form ing villi correspond to  th e  v ascu la r 
system  of th e  a rticu la r folds [8] (F ig. 7). The p roportion  of th e  tw o  ty p es  o f  
plexuses (villi an d  folds) is 1 to  4. Two typ es of folds can be d is tin g u ish ed . The 
less frequen t adipose ty p e  occuring on fa t ty  tissue an d  th e  a reo la r  ty p e  on 
connective tissue. As regards vascu la rization , th ere  is no difference d e tec tab le  
betw een  them . T he folds a re  s itu a te d  islet-like. F rom  th e  p rep ara tio n s  i t  can  be 
asce rta in ed  th a t  villi are to  be encoun tered  in  large num bers ch iefly  in  th e  well 
p ro tec ted  areas o f th e  synovial m em brane, in  th e  a rticu la r recesses an d  in  the  
nests  betw een  th e  large, f a t ty  folds. T here are, however, areas o f th e  synov ial 
m em brane  w hich are com pletely  devoid  of folds or villi.

S im ilar to  th e  villi, th e  above m entioned  folds also co n ta in  a m em brane 
o f fin e  connective tissue ; th is  s tro m a of folds contains th e  likew ise v e ry  rich  
a n d  ex tensive v ascu la r ne tw ork .

I t  is in teresting  to  no te  th a t  m y  p repara tions show th e  n u m b e r of villi 
an d  folds to  be com para tive ly  sm all in  large jo in ts , whereas in  th e  sm all ones th e  
synov ial m em brane is v e ry  rich  in  these  elem ents (Fig. 7). T he re la tio n  of villi 
a n d  folds varies from  jo in t to  jo in t. M y experim en tal studies m ade in  co llabora­
tio n  w ith  Kelentei [10] have  likew ise confirm ed th a t  th e  in d iv id u a l jo in ts 
secrete  iden tical substances in  d ifferen t m anners. In  add ition , i t  has been  observ­
ed  th a t  th e  viscosity  of synovial flu id  differs in  the  ind iv idual jo in ts  o f th e  
ex trem ities.

2. S tra tum  capillare

My prepara tions reveal th a t  u n d e rn ea th  th e  above discussed lay e r and  
em bedded  am ongst fine, non-m eshed , parallel-p laced, collagenous bundles
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th e re  is an  u n in te rru p ted , coheren t capillary lay er possessing an  elastic lam ina [4 ]. 
D esp ite  th e  fact th a t  th is  lay e r constitu tes b o th  m orphologically and  function ­
a lly  an  independent sy s tem  entire ly  separa te  from  th e  blood vessels in  th e  
s t r a tu m  of villi an d  fo lds, i t  is nowhere d iscussed as a separate  layer, b u t th e  
sy n o v ia l s tra tu m , w hich underlies it , is considered as th e  second layer (Fig. 1).

O n closer exam in a tio n  even  th is layer proves to  be a double one, th e  deeper- 
ly in g , m oderately  fine p o rtio n  containing th e  sy stem  of precapillary  arteries 
a n d  postcap illa ry  veins, w hile th e  m ore superfic ia lly  p laced, finer portion  th e  
d e lica te  cap illary  n e tw o rk  form ed b y  these vessels. M y studies show th e  bu lk  
o f  th is  ne tw ork  to  consist o f veins. This venous p lexus has an  im p o rtan t p a r t  to  
p la y  in  absorp tion , w hich  I  shall discuss in  p a r t  C (synovial plexus). In  Fig. 8 
i t  is easily  discernible how  th e  venous n e tw o rk  continues in to  postcap illa ry  
veins. N either was i t  d ifficu lt to  d ifferen tia te  in  th e  p reparations th e  closely 
in te rm esh ed , sinuous sy stem  o f arte ria l capillaries fro m  th e  characteristic  pen tago­
n a l a n d  rounded-off ob long  system  of the  veins.

C om paratively  few o f th e  synovial cells o f th is  layer can be encoun tered  
am o n g st th e  fine, p ara lle l ly ing , collagenous fibres, th e  arrangem ent of w hich 
d iffers sharp ly  from  th e  irreg u la r, in terlaced , collagenous system  of th e  subsyno- 
v ial lay e r (Fig. 11). In  c o n tra s t w ith th e  subsynov ia l layer, in  the  cap illa ry  
s t r a tu m  lym ph vessels are  exceedingly sc a n ty  [5].

3. Stratum  subsynoviale

A ccording to  m y  exam ina tions, the  th ird  lay e r, th e  one underly ing  the  
s tr a tu m  fibrosum, consists o f loose connective tissu e  in terw oven writh  fa t ty  
tissu e  a n d  contains th e  b asa l a rte ria l and venous system s.

T he arterioles o rig in a tin g  from  the  afo rem en tioned  basal arteries e ither 
p a r tic ip a te  d irectly  in  th e  fo rm ation  of villi, or becom e p a rt of th e  vascxdar 
p lexuses no t form ing villi, a n d  of th e  fine pre- an d  postcap illa ry  and  cap illary  
sy s tem  of th e  second s tra tu m . The basal veins, on  th e  o ther hand , drain  th e  
veins o f th e  villi an d  fo lds. T he large veins u n ite  th e  efferent veins of from  
3 to  5 villi and from  th ic k se t tru n k s  ; a t th e  sam e tim e, th e y  dra in  th e  venous 
b lood  of th e  second lay e r from  the  fine post-cap illaries (Fig. 1).

F ro m  the basal vessels th e  said  arch-like veins de tach  them selves on the  
b o rd e r of th e  s tra tu m  cap illa re . In  this subsyn o v ia l layer there  is a profuse 
ly m p h a tic  system , w ith  tw o  m orphologically a n d  fu nc tiona lly  separa te  s tra ta , 
a  superficial and a deep -ly ing  one. A ccording to  E jsk in d  [7], the  form er is th e  
s ite  o f absorption , th e  la t te r  th a t  of transm ission . In  its  m eshy and  irregular 
spaces th e  synovial co nnective  tissue con ta in s num erous phagocytes and  
reticu loendo thelia l e lem ents.
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4. Stratum  Jibrosum

This is th e  fibrous lay e r contain ing th e  large a rtic u la r  vessels, w hich 
th re a d  th e ir  w ay obliquely  th ro u g h  th e  layer an d  u n ite  in  a vo rtex , sim ilarly  to  
th e  vorticose veins (Fig. 9). In  some places th e  collagenous fibres fo rm  spaces 
th ro u g h  which m an y  vessels pass d irectly  in to  th e  synovial m em brane (Fig. 9).

T he above discussed layers of th e  blood vessels o f th e  synov ial m em brane 
can  read ily  be d istingu ished  in  m y  in jected  p rep ara tio n s (Fig. 13).

The classification of th e  synovial m em brane accord ing  to  ty p es is know n 
from  th e  lite ra tu re  [11]. Since th e  ind iv idual typ es are  charac teris tic  o f one 
k in d  of jo in t an d  as, accord ing  to  m y findings, v ascu larization  differs in  th e  
d iffe ren t types, i t  is obvious th a t  th e  individual jo in ts  should  differ as to  physio­
logic conditions an d  fu n c tio n . I t  is now proposed to  reso rt to  a b rie f cha rac te ri­
za tio n  of the  in d iv id u a l ty p es of m em brane.

a) The areolar type oj membrane. This can  be fo u n d  in  freely m oving jo in ts . 
I t  contains a b u n d a n t connective tissue loose in  te x tu re , an d  is r ich  in  b o th  
b lood an d  lym ph  vessels, possessing a v ast abso rp tive  surface. O f th is , proof 
is afforded in  m y  exp erim en ta l observations (see p a r t  C). To th is  ty p e  belong 
f irs t of all the  villi an d  th e  folds (Fig. 10).

b) The adipose type o j membrane. This in  en co u n tered  p rim arily  in  th e  
large jo in ts . I t  is charac terized  b y  a synovial cellu lar lay er resting  on fa t  pads 
an d  b y  the  absence of th e  subsynov ial layer. The villi in  i t  p resen t are less in 
num ber, b u t a b u n d a n t in  cells an d  rich in cellu lar processes. Thus i t  is devoid 
o f a subsynovial vascu lar system , b u t has a profuse cap illa ry  one. This is proved 
b y  th e  fact th a t ,  accord ing  to  m y  experim ental stud ies, it  p lays th e  p rim ary  p a rt 
in  absorp tion  (Fig. 11).

c) The jib rous type o j membrane. This is p re -em inen tly  m et w ith  on in tra - 
a r ticu la r  s truc tu res an d  is characterized  by th e  absence of th e  f irs t s tra tu m . In  
o th e r words, th is  ty p e  of m em brane represen ts tho se  surfaces of th e  synovial 
m em brane w hich are free from  villi and  folds. The o th e r layers of th is  ty p e  are 
also of b u t poor v ascu la riza tion . The absorp tive  surface is n o t significant.

The d is trib u tio n  of th e  various types of m em brane differs from  jo in t to
jo in t .

The m ucous bu rsae  com m unicate freely w ith  th e  jo in t cav ity . T hey  are 
really  d isten tions of th e  synov ia l m em brane. T heir lin ing  consists o f a  synovial 
layer, and th e  v ascu la riza tion  of th e ir  wall is iden tica l w ith  th a t  of th e  synovial 
m em brane. As s ta te d  b y  me in  1950 [14], th e y  m ay  be regarded , b o th  h isto lo­
g ically  and  functionally , as co lla teral cavities of th e  jo in t cavities.

F inally , th e  corpus ad iposum  genus has been sub jec ted  to  a s tu d y . I t  has 
been  found to  co n ta in  a coheren t, uniform , venous cap illa ry  netw ork  arranged  
in  tw o layers, corresponding to  th e  s tra tu m  capillare . T his ne tw ork  is drained  
b y  2 or 3 venous tru n k s . M ost of th e  capillaries are veins. These findings have

5  Acta Morphnlogica IV/3.
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b een  adequately  confirm ed b y  m y absorp tion  experim ents (see p a r t  C) 
(F ig . 12).

В

I n  th e  following I p ropose to  deal w ith  th e  ontogenesis of a r tic u la r  v a sc u la r i­
z a tio n . I t  is known th a t  th e  synov ial villi develop in  in tra u te r in  life b y  w ay  
of p ro life ra tio n  [13]. T he ea rlie s t preform ed synov ia l m em branes are devoid 
o f v illi a n d  folds. In  m an , o n ly  a few villi are p resen t a t  b ir th  [1 ]. D ifferen tia tion  
o f th e  synov ial m em brane is a com paratively  slow process [6].

I t  has been d e m o n s tra te d  in  th e  course of m y  stud ies th a t  a t  th e  m iddle 
o f in tr a u te r in  life in  m am m als th e re  are p resen t on ly  an lagen o f villi, in  w hich 
i t  is n o t  possible to  d is tin g u ish  betw een afferen t an d  efferent venous tru n k s  ; 
vessels in  the  em bryonic (cap illary ) stage form  an  u n d iffe ren tia ted , diffuse 
c o n v o lu tio n  and th e re  is no  synov ial glom erule observable. T he convolution  
com prises only a few vessels, w h ich  are uniform  in  calibre (Fig. 14).

D ifferen tia tion  of b lood  vessels in  the  villi an d  folds begins in  th e  second 
h a lf  o f  in tra u te rin  life ; i t  becom es w ell-m arked an d  is com pleted  d u ring  ex tra- 
u te r in  life . In  the new born , th e  afferen t and efferen t vascu lar system  are a lread y  
d istin g u ish ab le , b u t on ly  in  som e places will th e y  be ty p ica l an d  vessels in  the  
sy n o v ia l m em brane are  r a th e r  poor (Fig. 15). These findings have  been con­
firm ed  b y  th e  investigations o f  G itis  [8], who b y  m eans of th e  tran sillu m in a tio n  
m e th o d  has dem onstra ted  t h a t  in  1 to  4 years old ch ildren  the  a rte rie s  of the 
cap su le  a n d  the  synovial m em b ran e  are b u t poorly  developed. M arked develop­
m e n t o f  th e  vessels from  th e  a r te r ia l ne tw ork  of th e  capsule becom es noticeable 
a t  th e  age of 5 years. In  th e  ind iv idual jo in ts , accord ing  to  th e ir  n a tu re , the  
n u m b e r  o f villi grows w ith  age. My studies show th a t  th e  developm ent of a r ti­
c u la r  fo ld s is sim ilar to  t h a t  o f  villi.

I t  is w orth  m en tion ing  t h a t  in  th e  course of investiga tions m ade in  collabo­
ra t io n  w ith  Kelentei [10], we h av e  found no synov ial barrie r in  new born  dogs, 
in  w h ich  th ere  are as y e t no v illi. The b arrier evolves in  th e  cours of ex trau te rin e  
life sim ultaneously  w ith  th e  d ifferen tia tion  of th e  villi and  folds.

C

F in a lly , experim en tal investiga tions have  been  co n d u c ted  fo r s tudy ing  
th e  m orphology  of th e  p rocess of absorp tion  in  th e  jo in t u n d er physiological 
c o n d itio n s .

W ith in  17 hours follow ing in tra a rtic u la r  in jec tio n  of A zocarm ine-G  solution 
in to  th e  knee jo in t of th e  dog , th e  d ifferent surfaces o f th e  synov ial m em brane 
show  d iffe ren t abso rp tive  co n d itio n s. S tain ing  is m ost m ark ed  on th e  surface 
o f  th e  a reo la r m em brane co n ta in in g  an  abundance o f  villi an d  folds an d  lo ca ted  
in  th e  co rpus adiposum  genus, th e  fossa in tercondy lica , and  th e  recesses of th e  
knee  jo in t .  I t  is equally  conspicuous in  th e  m arg in a l m em brane u n d e rn e a th  a n d
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over th e  pate lla . The s ta in  is to  he found in the  second capillary  la y e r  (plexus 
synovialis) and  in  th e  villi (Figs. 16 and  17). A ccordingly, th e  m ain  absorp tive  
surface for the  m en tio n ed  diffusible dye are th e  lay er of villi and  folds in  th e  
a reo lar and  adipose m em branes and  th e  cap illary  netw ork .

T he delicate venous system  of th is ne tw ork  is collected b y  p o stcap illa ry  
veins of greater th ickness (venae colligentes), well discernible in  F ig . 16. This 
layer alone can c o n s titu te  th e  absorp tive surface fo r th e  dye used , since there  
are  no lym ph  vessels in  th e  v illi, and  th e  fa t pads con ta in  h u t few o f th e m  [5]. 
These findings confirm  to  th e  clinical appearance of tubercu lous processes in  the  
jo in ts , as th ey  show  a special tendency  to  localization  in  th e  said  areas of the  
knee jo in t.

A nother o b se rv a tio n  is th a t  th e  synovial cellu lar layer tak es  no  p a r t  in 
abso rp tion , th e re  being  no vessels in  it.

In  th e  knee jo in t th e re  was no sta in ing  visible on some o f th e  surfaces 
lack ing  a synovial m em brane. These surfaces have, accord ingly , no sh a re  in  the  
ab so rp tio n  process.

Discussion

In  a previous p ap er based  upon experim en tal investigations m ade in 
collaboration  w ith  K elentei [10], selective excre tion  b y  th e  synov ia l m em brane 
was insisted  on, i t  hav in g  been dem onstra ted  th a t  excretion  of ce rta in  an tib io ­
tics differed in  th e  synov ia  of th e  knee- and th e  elbow -join t. The p re sen t investi­
gations ten d  to  show  th a t  th e  d istribu tion  of th e  villi varies from  jo in t  to  jo in t 
an d  th a t  d ifferent ty p es of synovial m em brane, ch aracteristic  o f th e  in d iv idua l 
jo in ts , p a rtic ip a te  in  d ifferen t w ays in  th e  process of a rticu la r abso rp tion . 
A ccording to  th is , th e  m orphological basis of th e  differences in  th e  function ing  
of th e  various jo in ts  shou ld  p ro b ab ly  be sough t in  th e  s tru c tu ra l differences 
o f th e  synovial m em brane.

The observations also reveal th a t  the  developm ent of th e  syno v ia l barrie r 
runs parallel w ith  th e  d iffe ren tia tio n  of the  villi and  folds in  th e  synov ia l m em ­
b ran e . In  new born dogs, in  w hich th e  synovial blood vessels are s till poor and 
und ifferen tia ted  an d  on ly  p a r t  of th e  villi and  folds have developed, th e  m em brane 
o f th e  knee jo in t does n o t y e t show signs of selective excretion .

Studies concerned w ith  th e  excretion o f an tib io tics in to  th e  jo in t ,  and  
w ith  th e  th e rap y  of experim en ta l a rth ritis  [2 ], are in  progress. B esides, in 
collaboration  w ith  B ölönyi investigations are being conducted  in to  th e  phylo­
genesis of a r ticu la r  b lood supply .

5'
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F ig . 1. L ayers of th e  sy n o v ia l m em brane. (R ough ly  o u tlin ed  ; In d ia -in k  in jec tion ) 
1. S t r a tu m  villorum  e t p lic a ru m  2. S tra tu m  capillare  3. S tra tu m  subsynoviale  4. S tra ­
tu m  f ib ro su m  A =  a r te ry  ; Y  =  v e in  (elbow jo in t o f dog). Fig. 2. V ascu lar p lexuses th a t  
d o  a n d  do n o t form  villi. (R o u g h ly  o u tlin ed  ; In d ia -in k  in je c tio n .)  A =  a r te ry  ; V  =  ve in  ; 
X  =  v illu s  ; P  =  fold) (K n ee  jo in t  o f dog). Fig. 3. B lood su p p ly  of v illi, in  ro u g h  outline  
( In d ia - in k  in jec tio n ; X 50). A  =  a ffe re n t vessel V =  e ffe re n t vessel X  =  synov ia l glom erule. 
F ig . 4 . A vascu lar cellular p ro cess . (Iso la ted  villus ; In d ia - in k  in jec tion ) X  =  cellu la r p ro ­
cess o f  v illi. (Elbow jo in t o f  dog ; h aem ato  xylin-eosin s ta in in g ) . Fig. 5. A v ascu lar synovial 
c e llu la r  iay e r. (Isolated v illu s  ; In d ia - in k  in jection) (E lb o w  jo in t  o f dog; haem ato x y lin - 
eo sin  s ta in in g ) . X  =  sy n o v ia l c e llu la r  layer. Fig. 6. C om pound d iverg ing  synov ia l villus

(low power).



Fig. 7. Synovial villi an d  folds, (low pow er). (In d ia-in k  in jec tio n  ; carp a l jo in t  o f ca t) X  =  villus ; P  =  fold.
Fig. 8. A bsorp tive  venous capillaries o f s tra tu m  capillare  (plexus synovialis). ( X 60). A =  a r te ry  ; X  =  post-cap illa ry  vein .

Fig. 9. Veins o f s tra tu m  fib rosum . (In d ia-in k  in jec tio n ) (low pow er).
Fig 10. A reo lar m em brane  (H aem atoxylin -eosin  sta in ing), ( x 90). X  =  s tra tu m  c a p illa re ;  X X  =  s tra tu m  subsynoviale.
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F ig . 11.  A dipose m em b ran e  (H aem atoxy lin -eosin  s ta in in g ) . (x 8 0 ) . X  =  s tra tu m  synov ia le  ; 
X X  =  villus (cellular).

F ig . 12. Corpus adiposum  genus (In d ia-in k  in jec tio n ). Y v  =  venae colligentes.
F ig . 13. T ransverse  section  o f synov ia l m em b ran e  (In d ia -in k  in jection  ; 200 ft)

P  =  la y e r  o f folds ; C =  cap illa ry  lay er (p lexus synovia lis) ; Y =  basal v e in  ;
V v  =  e fferen t vessels ; F  =  v e in  of s tra tu m  fib ro su m  ; X  =  villus 

F ig . 14. V illus anlagen (In d ia -in k  in jec tion  ; elbow  jo in t  o f cat).
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F ig . 15. Synovial villi of 
n ew b o rn  dog (In d ia-in k  
in jec tio n  ; elbow).

F ig. 16. A b sorp tion  of 
A zocarm ine  G in  folds 
C cap illa ry  lay er (plexus 
synov ia lis); Y v =  venae 
co lligen tes ; X  =  villi

F ig . 17. A bsorp tion  of 
A zocarm ine  G in  villi 
X  =  villi
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Sum m ary

T h ere  a re  no d a ta  in  th e  l i te ra tu re  to  th ro w  lig h t u p o n  th e  blood supply of th e  a r tic u la r  
capsu le . I n  o rd er to  clarify  th is  p ro b lem  th e  jo in ts  in  th e  e x tre m itie s  o f 47 anim als (dogs a n d  
cats) h a v e  b een  exam ined .

I n  th e  f irs t  p a r t  (A ) o f  th e  p re se n t s tu d y  th e  v a sc u la riz a tio n  o f th e  synovial m em b ran e  
h as b een  s tu d ied  on specim ens in je c te d  w ith  Ind ia-ink . I t  h a s  b e e n  estab lished  th a t ,  a t  v a rian ce  
w ith  th e  descrip tions in  th e  l i te ra tu re ,  th ere  are fo u r lay e rs  to  b e  d ifferen tia ted , v iz  :

1. The stratum  villorum  et p licarum , con ta in ing  th e  v a sc u la r  plexuses o f th e  v illi a n d  
folds. T h e  affe ren t a rte rio les in v ad in g  th e  villi form  g lo m eru les a n d  leave as e fferen t v e in s . 
T he m a jo r i ty  o f th e  vessels g ive  rise  to  vascu lar plexuses w h ich  do n o t  form  villi. These p lexuses 
c o n s titu te  th e  a rticu la r fo lds. T h e  d is tr ib u tio n  of villi a n d  fo lds d iffers from  jo in t to  jo in t .  N o 
a v ascu la r  v illi have  been fo u n d .

2 . The stratum  capillare. T h is lay e r n o t m en tioned  in  th e  l ite ra tu re  contains th e  d e lic a te , 
v enous c ap illa ry  ne tw ork  (p lex u s synovialis) w hich p lay s a  decisive  p a r t  in  th e  ab so rp tio n  o f  
d iffusib le  substances.

3. The stratum  subsynoviale. A  lay er o f connective  tis su e  loose in  tex tu re , u n d e rly in g  
th e  fib ro u s  s tra tu m  an d  c o n ta in in g  th e  basal a rteries a n d  v e in s from  w hich th e  vessels o f  th e  
a fo rem en tio n ed  layers arise a rch -lik e .

4. The stratum  fib ro su m . T h is  is a  m em brane  o f f ib ro u s  connective  tissue.
T h e  vascu la r system s o f  th e  d ifferen t synovial m em b ran e s  seem  to  he c h ara c te ris tic . 

T he a re o la r  m em b ran e  co n ta in s f i r s t  of all th e  villi a n d  th e  fo ld s an d  plays a p r im a ry  p a r t  
in  a b so rp tio n . The adipose m em b ran e  has no  subsynovial la y e r  b u t  a v ery  rich  cap illa ry  o ne . 
T his la y e r  p a rtic ip a te s  also p r im a rily  in  absorption . T h e  f ib ro u s  m em brane  possesses n e ith e r  
a la y e r  o f  v illi and  folds, n o r  h a s  i t  a n  active share in  ab so rp tio n .

I n  th e  second p a r t  o f  th e  s tu d y  (B) i t  has been  e s tab lish e d  from  p rep ara tio n s m ad e  
a f te r  in je c tin g  In d ia-in k  th ro u g h  th e  um bilical vein  t h a t  in  th e  dog a n d  th e  cat th e re  is o n ly  
a v illus an lag e  to  be e n co u n te red  a t  th e  m iddle of th e  in tr a u te r in e  life. D ifferen tia tion  o f  th e  
b lood  vessels in  villi an d  fo lds becom es m ark ed  and is co m p le ted  in  e x trau te rin e  life only .

I n  th e  th ird  p a r t  (C) i t  has b e en  established, on  th e  g ro u n d  o f absorp tion  s tu d ies m ad e  
a f te r  in tra -a r t ic u la r  adm in i t r a t io n  o f  A zocarm ine G so lu tio n , t h a t  in  th e  knee jo in t  o f  th e  
dog th e  ab so rp tiv e  surfaces a re  p r im a rily  th e  villi and  folds a n d  th e  cap illary  layer of th e  a reo la r  
an d  ad ipose  ty p e  m em b ran es (p lex u s synovialis).
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ТОНКАЯ СТРУКТУРА И КРОВОСНАБЖЕНИЕ СУМКИ СУСТАВА С ОСОБЫМ 
УЧЕТОМ СУСТАВНОГО КРОВООБРАЩЕНИЯ

Э. Хидвеги 

Р е з ю м е

Детальное кровоснабжение сумки сустава нам неизвестно из литературных данных. 
Автор исследовал суставы конечностей 47 животных (кошкек собаки). В первой части 
исследований (А) были выработаны кровеносные сосуды сумки сустава (на основании 
препаратов, инъицированных разбавленной тушью). В отличие от существовавших до 
сих пор литературных данных, автор различает с точки зрения кровоснабжения четыре 
слои :

1 .Stratum villorumet plicarum, содержащий сплетения кровеносных сосудов ворси­
нок и складок. Афферентная артериола, проникая в субстанцию ворсинки, образует там 
клубочку, и удаляется в виде эфферентной вены. Большинство кровеносных сосудов 
образует сплетения, без образования ворсинок. Эти последние являются суставными 
складками. Распределение ворсинок и складок различное по суставам. Автор не нашел 
аваскулярных ворсинок.

2. Stratum capillare. Этот слой, о котором не имеются литературных данных, содер­
жит капиллярную сеть тонких вен, которая играет решающую роль в рассасывании диф- 
фузибильных веществ (plexus synovialis).

3. Stratum subsynoviale. Рыхлый соединительнотканевый слой, прилегающий к 
фиброзной капсуле. Этот слой содержит базальные артерии и вены, и из него происходят 
дугообразные кровеносные сосуды вышеприведенных слоев.

4. Stratum fibrosum. Волокнистая соединительнотканевая сумка.
Согласно исследованиям автора сосудистая система различных сумок суставов 

является весьма характерной. Ареолярная мембрана содержит в первую очередь вор­
синки и складки, и играет первичную роль в рассасывании. Адипозная мембрана не 
обладает субсиновиальным слоем, но ее капиллярный слой весьма богатый, и она прини­
мает участие, в первую очередь, также в рассасывании. Фиброзная мембрана не имеет 
слоя ворсинок и складок и не участвует в рассасывании.

Во второй части своих исследований (Б) автор установил на препаратах, полу­
ченных путем инъекции тушью через vena umbilicalis, что у собак и у кошек в середине 
внутриматочной жизни встречаются лишь ворсиночные образования. Дифференцировка 
кровеносных сосудов ворсинок и складок становится выраженной и заканчивается только 
в течение внематочной жизни.

Автор на основании исследований рассасывания, внутрисуставным применением 
красительного раствора азо-кармина-G, в заключение устанавливает, что с точки зрения 
рассасывания активными областями в коленном суставе собаки, в первую очередь, явля­
ются ворсинки и складки, или же капиллярный слой (plexus synovialis) мембран арео­
лярного и адипозного типа.
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