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I. IN T R O D U C T IO N

R ecen t advances in neurophysiology have renew ed  in te rest for th e  neuronal 
p a tte rn s  w ith in  th e  g ray  m a tte r  o f th e  sp inal cord  an d  for sh o rte r inter- 
segm en ta l pa th w ay s. E xce llen t papers of Lloyd  (1941, 42), Bernhard  and  Rexed 
(1945) and  several o th e r  au th o rs  have given a fairly  good in sigh t in to  the  
fu n c tio n a l o rgan iza tion  o f  lower spinal m echanism s, an d  m ethods o f precise 
m an ip u la tio n  o f electrodes have supplied h isto log ically  ex ac t d a ta  on the  
a c tiv ity  in d iffe ren t nuclei under various circum stances.

Concerning th e  an a to m y  o f propriospinal connections very  little  is known 
and  alm ost no advance  can be recoided since th e  classical investigations of 
Cajal (1909), Herrick an d  Coghill (1915) and  Bok  (1928). The so called ’’bouton 
degenera tion  m eth o d ”  furn ished  im p o itan t resu lts  concerning te rm in a tio n  of 
descending spinal p a th w ay s  a r d  of dorsal ro o t fibers (Rasdolsky  1923, H o ff  
1932, 35, e tc ., Schim ert 1938, 39, Szentágothai-Schimert 1941, Szentágothai 1948, 
Szen tágo tha i--K iss  1949), w hich accord w ith m any  o f recen t neurophysiological 
results.

No a tte m p t was m ade as far as we know  to  in troduce th e  bou ton  de
generation  m ethod  in  th e  investigation  of th e  p ropriosp inal connections. In  
th is  paper we try  —  based  on experim ents m ade w ith  th e  aid o f a sim ple stereo
ta x ic  m ethod , —  to  solve some problem s of th e  sho rte r in tra sp in a l pa thw ays.

I I .  M ETHODS

O ur experim en ts were perform ed on dogs a n d  ca ts , in w hich sm all electro
ly tic  lesions h ad  been  p laced in to  various po in ts  o f th e  spinal g ray  m a tte r 
in th e  u p p er p a r t  o f  th e  lum bar enlargem ent (L 4— L g). S ubsequent collateral 
an d  bou ton  degeneration  was investigated  a fte r  th e  operation  in th e  level of 
th e  lesion as well as above an d  below. 1

1. A pparatus ( fig . 1.)

In  o rder to p la te  lesions o f proper localization an d  extension  on various po in ts in  the  
cross section  o f th e  sp inal g ray  m a tte r , we designed a very  sim ple s te reo tax ic  a p p ara tu s , which 
can be fixed by b rack e ts  on th e  verteb ral spinous processes. The electrode carrie r is to  be
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F ig . 1. S p in a l stere
o ta x ic  a p p a ra tu s  du
rin g  o p e ra tio n , 2/3 
o f  n a tu r a l  size. 1. 
tr a n s v e rs e  guide, 2. 
b ra c k e ts  fo r faste
n in g  a p p a ra tu s  on 
sp in o u s  process, 3. 
sc rew  fo r  clamping 
sp in o u s  process into 
b ra c k e ts ,  4. vertical 
g u id e , 5. p in ion  for 
ra c k in g  v e rtica l guide 
on  tra n sv e rse  guide, 
6. m illim e te r  scale 
a n d  v e rn ie r  for adjus
t in g  h o rizo n ta l move
m e n ts , 7. needle car
r ie r ,  8. screw  for ver
t ic a l  m o v em en t of 
n e ed le  carrier, 9. 
m illim e tre  scale and 
v e rn ie r  fo r adjusting 
v e r tic a l  m ovem ents, 
10. n eed le  electrode 
( th ic k  p a r t) ,  11. clam
p ed  b ra ck e ts  for 
fix ing  neighbouring 
sp in o u s  process on 
o p e ra t in g  ta b . frame. 
F ig . 3. Sm all elect
ro ly tic  lesion in the 
in te rm e d ia te  region. 
F ig . 4 . D egenerated 
u n m y e lin a te d  colla
te ra l  en te rin g  the 
g ra y  m a tte r . Cha
ra c te r is t ic  for axonal 
d e g e n e ra tio n  (early 
s ta g e )  is vacuolar 
s ta in in g  o f beaded 
fiber. F ig . 5. Dege
n e ra te d  end-bulb . Its 
a f fe re n t  fiber is also 
b e a d e d  a n d  vacuoli- 
zed . F ig . 6. Degene
r a te d  end-bu lb  in 
la te r  s ta g e  of dege
n e ra t io n , when affe
re n t  fib er is broken 
in to  frag m en ts . 1. 
d e g e n e ra te d  end- 
b u lb , 2. fragm ent of 
a f fe re n t  fiber. Other 
f ra g m e n ts  are lying 
in  a n o th e r  level and 
th e re fo re  n o t to be 
seen  o n  photograph. 
M agnifiication  of figs. 
4— 6 a b o u t 1500 
tim e s .

F i g .  Í ,  3 ,  4 ,  5 ,  6.
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m oved in transversa l d irec tio n  by  rack  and  pinion, in v e rtica l d irec tion  by a screw. The a p p a ra tu s  
consists o f a tran v e rse  a n d  a v e rtica l guide. The tran sv erse  guide (1) is fixed to  th e  basis o f  
th e  in s tru m e n t ; tw o b ra ck e ts  (2) which can be clam ped upo n  a spinous process by a screw  (3). 
On th e  tran sv erse  guide th e  v e rtica l one (4) can be m oved  in tran sv ersa l d irection  by  ra ck  
an p inion (5). The e x ac t position  of th e  vertical on th e  tran sv erse  guide is in d ica ted  on  a 
m illim etre scale (6) by  a v e rn ier. On th e  vertical guide th e  needle holder (7) can be m oved  in  
vertica l d irec tion  by a  screw  (8). and  its m ovem ents can  ex ac tly  be determ ined an d  a d ju s te d  
on a v e rtica l m illim etre scale by  a vern ier (9). No m ovem ents in sa g itta l (cranio-caudal) d irec tio n  
are necessary while w orking on th e  spinal cord, since th e  level o f the  lesion can a lw ays be 
changed by clam ping th e  a p p a ra tu s  on the  spinous process o f  a n o th e r v e rteb ra . In  o rd e r to  
place m ore lesions in sligh tly  d ifferen t levels e. g. tw o o r th ree  lesions caudad  from  a n o th e r  
th e  needle electrode ho lder is p rov ided  w ith  three  paralle l grooves 1 mm ap art. T h u s if  th e  
needle electrode is c lam ped  in to  th e  first groove, th e  lesion lies 1 m m  cran iad  from  th a t  p ro 
duced by  th e  needle fixed in to  th e  second groove, and  th is  again  1 mm craniad from  a lesion 
produced  by th e  needle c lam ped  in to  the  th ird  groove.

2. Coordinate ” charts”

For exac t localization  of th e  lesions i t  is very im p o r ta n t  to  select anim als o f eq u al size. 
One o f each group is killed  an d  perfused  w ith  a fo rm aldehyde  solution of 4 % . A fter som e 
days the  v e rteb ra l canal is opened by rem oving spine an d  a rcu s o f one verteb ra  of th a t  seg m en t, 
in w hich lesions should  be set. The ap p ara tu s  is th en  fa sten ed  on th e  spine of the neighbouring  
ve rteb ra  and  th e  place is ex ac tly  de term ined  into w hich th e  electrode will p en e tra te  i f  th e  
ap p a ra tu s  is fixed on th e  sam e v e rteb ra  in a living an im al o f equal size. From  th is p a r t  o f 
the  cord frozen cross sections are cu t an d  an abou t 30 tim es m agnified cam era lucida d raw in g  
is p rep ared  of th e  o u tlines o f th e  cord and  the  gray m a tte r . T he section should be m o u n ted  
for draw ing only in w a te r, in o rder to  avoid  shrinkage. A scale o f 0,1 mm gradation  is d raw n  
on th e  d iagram  in th e  sam e m agnification (fig. 2.). S e p a ra te  ’’c h a r ts”  are in th e  sam e w ay 
prepared  for every re le v an t site . The coordinates of an y  p a r t  o f th e  gray or w hite m a tte r  a re  
X — d istan ce  from  th e  m id sag itta l p lane, and  Y  =  v e r tic a l d is tan ce  from  the dorsal su rface  
of the  cord. For in stan ce  as in d ica ted  in fig. 2. the  la te ra l  co lum n of a m edium  sized c a t 
in  T h 2 has an  X -co o rd in a te  o f 1,15 m m . and a Y -co o rd in a te  o f 1,8 mm.

3. Operative procedure

L am inectom y is m ade exactly  a t the  place from  w hich th e  coordinates have a lread y  
been de term ined . The a rcu s o f only one verteb ra  is rem oved . The operation  is m ade u n d e r  
deep e th e r anaesthesia . T he spinous process of the n e ighbouring  v e rteb ra  is carefully c leaned  
and  prepared  for th e  a p p a ra tu s . One or two o ther n e ig h b o u rin g  processi are clam ped (11) 
to fram es, w hich are fasten ed  on th e  operating  table in o rd e r to  fix th is  p a r t of the  v e r te b ra l 
colum n as m uch as possible. T he a p p ara tu s  is then  fixed on th e  p repared  spine in a  w ay th a t  
the  electrode should lie ex ac tly  perpendicu lar to the  d o rsa l surface  o f the  cord. A sm all t r a n s 
versal slit is m ade in  th e  d u ra . The tip  of th e  electrode —  (for lesions we are using u n ip o la r  
p latin ium  electrodes w ith  glass insu lation  of 0,15 m m  to ta l  c a lib e r ;  the  un insu lated  t ip  o f  
the electrode m ust be p rep ared  according to the w anted  shape  an d  size o f the  lesion) —  is 
exac tly  placed upon th e  dorsal m edian  sulcus o f the  cord  (fig. 2. I .)  and th e  position o f th e  
vertica l guide on the  tran sv ersa l scale (6) is exactly  d e te rm in e d . T hen the  vertical gu ide is 
m oved from  th e  m id sag itta l p lane in to  the  d irection to  th e  site  corresponding to  th e  X -co
ord inate. The tip  of th e  lesion is by vertical m ovem ent ag a in  exac tly  placed on th e  d o rsa l 
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su rfa c e  o f th e  cord (fig. 2. I I .) . Now th e  position  o f  th e  electrode carrier on th e  v e r tic a l guide 
is e x a c tly  determ ined  by th e  v e rn ie r on .the  v e rtica l scale. Then th e  needle-electrode is lowered 
in to  th e  cord by  v e rtica l m ovem en t o f th e  e lectro d e  carrier un til the  d e p th  correspond ing  
to  th e  Y -coord ina te  is reached. Since th e  sp inal cord  is o ften  som ew hat deform ed b y  th e  pene
t r a t in g  needle and a little  sh ifted  in v en tra l d irec tio n , th e  cord should be b ro u g h t b ack  in to  
i ts  o rig in a l position by  push ing  o f the  slit edges o f - th e  d u ra . Now the  electrode h as reached 
i ts  final position  (fig. 2. III .) .

E lectro ly tic  lesions (an o d al) are produced by  co n stan t cu rren t o f 2 MA. T h e  re la tio n  
b e tw e e n  tim e of action  of th e  c u rre n t and  size o f th e  lesion m ust be d e term ined  by  experience. 
F o c i o f  0,5 m m  d iam ete r a re  produced in  a b o u t 20 secs. In ten sity  o f th e  c u rre n t m u st be 
in c re a sed  gradually  an d  the  an im a l m u st be k e p t in  v e ry  deep anaesthesia  in  o rd e r to  avoid 
s tro n g e r  m ovem ents.

Fig. 2.
C oord inate  ch art. O u tlin es o f  spinal cord 

cross section , m edium  sized c a t ,  T h 2. Scale of 0,1 mm 
g rad atio n  in  sam e m agnifiication . C oordinates of the  
la te ra l co lum n ind ica ted . I .  f irst position  of the  needle 
electrode on  th e  dorsal m ed ian  sulcus, II . second posi
tio n  of th e  needle in th e  d is tan c e  of X -coordinate 
w ith  t ip  o n  th e  surface o f th e  cord. III . Needle 

electrode in  final position .

4. Investigation o f  material

O p erated  anim als were k e p t alive for 5 d ay s. In  cases of pure g ray  m a tte r  lesions th ey  
sh o u ld  show no neurological sym ptom s a t  all. T he sp in a l cord is fixed in n e u tra l  fo rm aldehyde  
so lu tio n  o f 10% . Cross, —  a n d  fo r study ing  in tr in s ic  connections of th e  po ste rio r h o rn  p a ra 
s a g i t ta l  long itud inal frozen sections are s ta ined  w ith  th e  Bielschowsky-Gross m eth o d . Signs 
o f  a x o n a l an d  term inal d eg eneration  (fig. 4, 5 a n d  6) w ere very  carefully in v es tig a ted  a n d  m aped.



«H O B T  P I IP R IO S P IN A L  N BU RONS AN1> IN T R IN SIC  CONNECTIONS 8 5

I I I .  RESU LTS

1. Lesions o f  the dorsal column

I t  is ra th e r  difficult to  ge t iso lated  dorsal co lum n lesions, w ith o u t in ju ry  
o f  th e  w hite  m a tte r . W e could select only from  a large num ber of ex p e rim en ts , 
a few in which th e  lesion was s tr ic tly  confined to  the  gray  m a tte r  o f  th e  
d o rsa l horn .

A t the level o f  the lesion a large num ber of degenera ted  axons an d  b o u to n s-  
te rm in a u x  was found  in th e  gray  m a tte r  of the  co n tra la te ra l side. O n th e  ipsi- 
la te ra l side n a tu ra lly  too, b u t in close neighbourhood o f th e  lesion a n d  because  
o f th e  in ju ry  o f posterio r fun icu lus collaterals i t  is useless to  s tu d y  th e  d e 
g enera tion  since no conclusion can be draw n from  anv  findings. The m a jo rity  
o f  axons runn ing  to  th e  o th e r side is crossing th ro u g h  th e  posterior com m is
sure , w hile only an  insignificant num ber do so th ro u g h  the  v en tra l com m is
sure (!). T he crossing fibers are te rm in a tin g  chiefly  in th e  nucleus p ro p riu s  
corn , p o ste rio n s and  in th e  in te rm ed ia te  region. O nly few d egenera ted  ax o n s 
te rm in a te  in  th e  v en tra l colum n, none in the  gelatinous substance o f  R o 
lando . Some degenera ted  axons are  en tering  th e  opposite la tera l fu n icu lus.

Below the level ( caudad)  o f  the lesion ex tensive degeneration  is to  be seen 
as fa r as for 3— 4 segm ents in  th e  ipsila teral v e n tra l colum n especially a ro u n d  
m o to r rad icu la r cells. More cau d ad  signs o f degeneration  d isappear. In  th e  
poste rio r colum n an d  th e  in te rm ed ia te  region no degenera tion  is n o ticed  m ore 
th a n  tw o  segm ents below th e  lesion. There are few  an d  very sho rt descending  
in trin sic  p a th w ay s  o f th e  poste rio r colum n. T hrough  th e  in te rm ed ia te  reg ion  
d egenera ted  collaterals of th e  ip sila te ra l la tera l fun icu lus (fig. 4) can be follow ed 
th ro u g h  th e  poste rio r com m issure, w hich are te rm in a tin g  chiefly on th e  c o n tra 
la te ra l nucleus cornu-com m issuralis posterior an d  in th e  co n tra la te ra l in te r 
m ed ia te  region.

Above the level o f  ( craniad to)  the lesion degenera tion  on th e  ip s ila te ra l 
side is confined to  th e  posterio r horn . On lo n g itud ina l p a ra sag itta l sections 
th e  degenera tion  o f  th e  ascending in trinsic  posterio r colum n p a th w ay  is easily  
to  be follow ed as fa r as 3 segm ents (ab o u t 2 cm on sm aller dogs) c ra n ia d  fro m  
th e  lesion. T he te rm in a tio n  o f  th ese  fibers on posterio r horn  neurons can  also 
be seen very  well. No sim ilar ascending  system  is to  be seen in L issauers t r a c t  
an d  no endings o f ascending posterio r horn  neurons in  th e  gelatinous su b stan ce  
o f R o lando  were d etec ted . On th e  co n tra la te ra l side as fa r as for 2 or th re e  
segm ents degeneration  is to  be seen in la te ra l p a r ts  o f th e  v en tra l co lum n.

2. Lesions o f  the intermediate region

A t  the level o f  the lesion th e re  are  num erous signs o f axonal an d  te rm in a l 
d egenera tion  in th e  gray  m a tte r  o f  th e  co n tra la te ra l side. D egenerated  b o u to n s-
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te rm in a u x  are to  be seen in the m edial p a r t  o f  th e  posterior horn , in th e  in te r
m ed ia te  zone as well as in  the  m otor co lum n . D egenerated  fibers a re  crossing 
th ro u g h  both com m issures.

A t levels below the lesion degeneration  o f  end-feet is a b u n d an t in  the  ipsi- 
la te ra l ven tral co lum n  even  as far as five segm ents caudad  from  th e  lesion. 
In  th e  dorsal co lum n n o  signs of degenera tion  are found w ith  th e  exception  
o f  th e  dorsal cornu-com m issural nucleus, w hich  is highly developed in th e  
low er sacral segm ents. T hese nuclei o f b o th  sides are receiving from  th e  level 
o f  L s and  L6 num erous affe ren t fibers, w hich are  descending th ro u g h  th e  la tera l 
fun icu lus. D egenera ted  term inals are also found  on th e  co n tra la te ra l side 
a ro u n d  m otor h o rn  cells un til about 3— 4 segm ents caudad  from  th e  lesion. 
D egenerated  te rm in a ls  a re  also found on sm alle r in te rn u n tia l neurons o f  th e  
v e n tra l horn.

A t levels above the lesion there are  even  in  th e  nex t segm ent a lm ost no 
signs o f  degeneration , n e ith e r  in the v e n tra l n o r in th e  dorsal colum n o f th e  
ip sila te ra l side. V ery  few  degenerated co lla te ra ls  are  en tering  th e  in te rm ed ia te  
reg ion  one segm ent c ran iad . On the c o n tra la te ra l side there  are  clear signs 
o f  te rm ina l d eg en era tio n  in  the v en tro la te ra l p a r t  o f the  v en tra l ho rn , which 
g rad u a lly  d isappear a f te r  the  th ird  segm ent.

3. Lesions o f the ventral column

A t the level o f  the lesion no d eg en era tio n  is recorded in  the  gray- 
m a tte r  of the  c o n tra la te ra l side, in case w hen the  foci are  s itu a ted  in 
la te ra l parts  o f th e  colum n. W hen th e  focus is s itu a ted  m ore m ediad. 
signs of degenera tion  a re  frequently  seen in  th e  v en tra l colum n o f the  
co n tra la te ra l side.

Below the lesion  th e re  is ab u n d an t d eg en era tio n  bo th  in th e  v en tra l horn 
a n d  th e  in te rm ed ia te  reg ion  of the ip sila te ra l side. D egeneration on th e  co n tra 
la te ra l side is seen o n ly  when the lesion lies m ediad in th e  v e n tra l colum n. 
Signs of degeneration  a re  tracable in cau d a l d irec tion  as fa r as th ree  or four 
segm ents bo th  to  m o to r  radicular an d  in te m u n c ia l cells.

Above the lesion  on ly  very few signs o f  degeneration  are found . As far 
as one or a t th e  h ig h e s t tw o segments above th e  lesion few degenera ted  boutons 
te rm in a u x  are to  b e  seen  in the ip sila tera l v e n tra l colum n. In  case when th e  
lesion is s itu a ted  m e d ia d  as to  involve th e  v e n tra l  cornu-com m issural nucleus 
ascending d eg en era tio n  is tracable  to  m o to r cells o f th e  co n tra la te ra l ven tra l 
colum n. D egenerated  b o u to ns-te rm inaux  a re  m o st frequen tly  found  on rad icu lar 
cells lying in th e  d o rso v en tra l p a rt o f th e  v e n tra l horn. This degeneration  ex 
ten d s  for abou t tw o  segm ents.
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IV . E V A L U A T IO N  OF T H E  R ESU L T S

In  evaluating  these  resu lts  it should be kept in  m ind  th a t  in order to  
avoid  destructions o f  th e  w hite m a tte r , lesions should be very  sm all an d  since 
th e y  are o f sphaeroid  shape , th e y  involve only a very  sm all p a r t, ab o u t one 
te n th  o f  th e  colum n in one segm ent. D egeneration therefo re  gives no tru e  
p ic tu re  o f the  connections arising  from  one segm ent. We therefore m u st be

Fig. 7.
Short p ropriosp inal and  in trinsic  g ray  m a tte r  

p a th w ay s o rig ina ting  from  the  posterior horn . A rrow s 
on side o f th e  figure ind ica te  th e  m axim al d istance  
bridged by  ascending and  descending system s as d e te r
m ined by an a to m ic  investigation . F u rth e r exp lanation  

in  th e  tex t.

aw are o f th e  fact th a t  pur resu lts  are  indicating  only th e  m ost im p o rta n t and  
a b u n d a n t connections. Also th e  lim its which h ad  been found  for asecnding 
and  descending degenera tion  m ay be in rea lity  som ew hat w ider th a n



8 8 JA NI M  KfK ST Ä flO TH Al

in d ic a te d . The d istances given on th e  sides o f  figs. 7, 8 a n d  9 refer to  th e  
av e rag e  distances for w hich  clear signs o f d eg enera tion  were tracab le  in our 
ex p erim en ts . F ibers ru n n in g  th ro u g h  th e  foci o f  d e s tru c tio n  must, also be 
ta k e n  in to  accoun t (fig. 8).

In  general we have  to  stress th a t  signs o f  degenera tion  are  alw ays m ost 
a b u n d a n t in close neighb o u rh o o d  of th e  lesion an d  are s tead ily  decreasing 
w ith  growing distance from  th e  level o f th e  lesion. This ind icates th a t  sho rt 
p ropriosp inal connections cover d istances less th a n  one segm ent as well as 
five segm ents.

The m ost im p o rta n t sh o rt propriospinal connections are  d iagram aticallv  
show n  for d ifferent p a r ts  o f  th e  gray m a tte r  in  figs. 7, 8 an d  9.

Short connections arising  fo rm  the posterior column  are ind ica ted  in fig. 7. 
T h e y  can be d iv ided in to  in trin sic  gray  m a tte r  p a th w ay s , an d  in to  connections 
ru n n in g  over th e  w hite m a tte r . In trin sic  g ray  m a tte r  connections are e s tab 
lished  in the  level o f th e  lesion w ith  th e  co n tra la te ra l posterio r horn  and  with 
u p p e r  an d  lower levels o f  th e  ip sila teral posterio r horn . D escending posterior 
co lu m n  pathw ays are v e ry  sh o rt (0,5 cm.) an d  few, w hereas ascending con
nec tio n s are a b u n d an t an d  o f  considerable leng th  (2 cm .). T hey  are building 
u p  th e  known in trinsic  lo n g itu d in a l fasciculi o f  th e  posterio r colum n. A uthors 
o f te n  are speaking o f ascend ing  chain-like p a th w ay s w ith in  th e  posterio r colum n, 
b u t  th e y  were localized genera lly  in to  th e  gelatinous su b stan ce  of R olando 
a n d  Lissauers tra c t. F ro m  resu lts  o b ta ined  b y  th is  m eth o d  no fa r reaching 
conclusions can be d raw n  concerning connections o f  th e  gelatinous substance, 
nevertheless the  ex istence o f  an y  chainlike ascending p a th w a y  appears from  
o u r  resu lts no t to  be v e ry  probable . The ascending connections, as shown by 
o u - experim ents, m ay  p lay  an  im p o rtan t p a r t  in chain -like ascending 
m echanism s. The m ain  connections of th e  posterio r ho rn  are leading 
to  th e  v en tra l colum n. On th e  ipsilateral side th e y  are  descend ing ,on  the 
c o n tra la te ra l ascending . T he descending connections are  p ro b ab ly  no th ing  
else th a n  relay n eu ro n s connecting  long descending p a th w ay s  of ex tra - 
sp in a l origin (p y ram id a l, tec to sp inal e tc .), w hich are  ending  in large 
n u m b e r on posterio r ho rn  neurons, w ith  m o to r rad icu la r  cells. O ther 
descending  pathw ays a re  crossing before te rm in a tio n  th ro u g h  th e  pos
te r io r  com m issure, w hich seem s to  con ta in  in considerable num ber p re
te rm in a l crossing co lla tera ls  o f  descending system s.

Short propriosp inal system s originating fro m  the intermediate region are 
m a in ly  descending on th e  ip sila te ra l, b o th  descending an d  ascending on the 
co n tra la te ra l side. T he descending  svstem s on b o th  sides estab lish  d irect con
nec tio n s w ith m otor ra d ic u la r  cells, b u t m any  fibers te rm in a te  also on sm aller 
in te rn u n tia l cells o f th e  v e n tra l colum n. V ery p robab ly  th e  ascending system  
o f  th e  con tra la te ra l side is no short p ropriosp inal sy stem , b u t  rep resen ts only 
co lla tera ls  given by  th e  spino-thalam ic  t r a c t  to  th e  m o to r rad icu la r cells. I t
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perhaps m ay seem strange  th a t  collaterals should be given off by sp ino thalam ic 
fibers only in  th e  first th ree  segm ents of th e ir a scen t, b u t th e  same can be seen 
very clearly  in  the  poste rio r funiculus, where ascending  posterior ro o t fibers 
are giving o ff collaterals only  in the  first few segm ents a fte r th e ir en tran ce

Spirit-tha lam ic

Short p rop riosp inal pathw ays o rig in a tin g  in 
th e  in te rm ed ia te  zone. F u rth e r e x p lan a tio n  as fig. 7.

in to  th e  cord. D escending sh o rt neurons are te rm in a tin g  also in th e  nuclei of 
th e  p o rste rio r com m issure, w hich are highly developed  in lower sacral segm ents 
(fig. 8).

Short propriospinal neurons, which originate fro m  the ventral column  are 
both ascending  an d  descending  on bo th  sides. Ip s ila te ra l system s arise from  
la te ra l p a rts  o f  th e  co lum n, co n tra la te ra l ones o rig ina te  from  m edial p a rts ,
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espec ia lly  from th e  v e n tra l com u-com m issural nucleus. E ndings are  n o t only 
c o n tr ib u te d  to  m o to r ra d ic u la r  cells, b u t a lw ays also to  sm aller in te rnunc ia l 
cells o f  th e  v en tra l horn  an d  th e  in te rm ed ia te  region. The d istance  covered 
b y  th ese  short p rop rio sp inal neurons or connections is largest in  descending 
d ire c tio n  on the  ip s ila te ra l side, and  sh o rte s t on the  sam e side in  ascending 
d ire c tio n . N either in  ascend ing  nor in descending direction  a n y  fibers were 
tra c a b le  from th e  v e n tra l colum n tow ards th e  posterior h o m . V.

F ig 9.

S hort p rop riosp inal p a th w ay s orig inating  from 
th e  v e n tra l  h o m . F u rth e r  ex p lan atio n  as fig. 7.

V. D ISCUSSION

The results o f  th e se  investiga tions a re  giving the  first an a to m ic  da ta  
on  connections e stab lish ed  w ith in  th e  sp in a l g ray  m a tte r  by  sh o rt proprio
sp in a l neurons. T hey  are  in com plete accordance  w ith m any  d a ta  go t from 
re c e n t neurophysiological investigations.
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In  a rem arkab le  p ap er Lloyd  (1941) h as  show n th a t  ac tiv ity  in itia te d  
from  th e  m edulla (re ticu lo- an d  vestibulospinal system s) and  the  u p p e r cord  
which trav erses  th e  len g th  o f  th e  neuraxis, e n te rs  th e  sho rt propriosp inal nuclei 
a t  all levels to  tra v e l a sh o rt distance as re la y e d  im pulses along th e  sh o rt 
p ropriosp inal fibers. L loyd  has also de term ined  b y  response of th e  first sacra l 
v en tra l ro o t to  v e n tro la te ra l column shocks d e livered  a t  various d is tan ces  
(cran iad) o f th e  s tim u la tin g  electrodes th e  m ax im a l distance a t  w hich  su f
ficient o f  th e  propriosp inal neurons are exc ited  d ire c tly  to  effect th e  d ischarge  
o f m otoneurons w ith  o n ly  one synaptic delay . L lo yd  th u s  determ ined th e  m ain  
m ax im al leng th  o f  descending  short p ropriosp inal fibers to  be abou t 3,5 cm -s 
in ca ts . This is in com plete  accordance w ith  o u r resu lts , in finding th a t  a f te r  
lesions o f  th e  v en tra l h o rn  an d  the in te rm ed ia te  region in the  segm ents below  
th e  lesion an a b u n d a n t degeneration  of end fee t a ro u n d  m otor roo t cells is to  
be seen on th e  ip sila te ra l side on cats as fa r  as 3 cm. More c a u d a d  
signs o f  degeneration  rap id ly  dim inish in  th e  v e n tra l horn. O ur re su lts  
in d ica te  th a t  m ost o f  th e  propriospinal n e u ro n s  are shorter, an d  th e  
d istance o f 3,5 cm m ay  really  be considered  as th e  m axim al len g th  o f 
sho rt p ropriosp inal neu rons.

Bernhard  an d  Rexed  (1945) have localized th e  prem otor neurons o f  th e  
peroneal nerve in to  th e  la te ra l p a rt of the  in te rm e d ia te  region of L x— S 1? w hich 
is also in  fa ir accord w ith  ou r results. The a u th o rs  believe the m edial p a r t  of 
the  zona in term edia to  co n ta in  prem otor n eu ro n s , w hich would a c tiv a te  th e  
m otoneurons o f th e  t ru n c  m uscles, s itua ted  in  th e  m edial p a rt o f th e  v e n tra l 
colum n. O ur resu lts a re  r a th e r  pointing to  th e  fa c t th a t  propriospinal neu rons 
o f the  m edial p a r t o f  th e  g ray  m atte r are co n n ec ted  w ith the m otor h o rn  of 
the  co n tra la te ra l side.

Concerning crossed connections it is tra c a b le  from  these results th a t  th e  
ven tra l cornu-com m issural nucleus and, as m en tio n ed  above, o th e r  in te r- 
nuncial neurons ly ing in  th e  m edial part o f th e  zona in teredia m ay p lay  th e  
m ost im p o rta n t role in  crossed m echanism s. T h e  sam e was inferred also b y  
Lloyd  (1942) from  th e  fa c t th a t  during tran sm issio n  o f reflex effect from  th e  
forelim b to  th e  h ind lim b  th e  m ost powerful a c t iv i ty  was encountered  in  th e  
nucleus cornu-com m issuralis ventralis.

S ince w orking on th e  lu m b ar en largem ent we can make no s ta te m e n ts  
on th e  te rm in a tio n  o f  longer propriospinal n e u ro n s . F rom  other ex p erim en ts  
— w hich will be described  in a following p a p e r —  i t  appears th a t  descending  
spinal neu rons longer 4 cm  are term inating  r a th e r  on in tem uncia l n eu rons 
o f  th e  in te rm ed ia te  reg ion  an d  th e  central p a r t  o f  th e  v en tra l horn. F ro m  th is  
we p e rh ap s m ay d raw  th e  conclusion th a t  lo n g er propriospinal t ra c ts  h av e  
more synapses w ith  in tem u n c ia ls  and relatively  few  w ith  m otoneurons. F u r th e r  
investiga tions in th is  re sp ec t are  necessary.
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I t  is in teresting  to  m en tion  th a t  th e  poste rio r horn does n o t  receive des
c e n d in g  propriospinal n eu ro n  te rm in a tio n s . T he same is s tressed  b y  Lloyd  
(1942) since during transm issio n  o f reflexes from  th e  forelim b to  th e  h ind lim b  
th e  p o ste rio r horn  rem ains inactive . In tr in s ic  descending connec tions o f  the  
p o s te r io r  horn do n o t exceed  th e  d istance o f  one segm ent a t  th e  h ig h e s t. The 
w ell developed  posterio r com m issure nuclei o f  th e  lower sacral seg m en ts  m ake 
a n  ex cep tio n , in g e tting  m an y  synapses from  descending p rop rio sp ina l system s. 
A n a to m ic  investigation  th u s  fully  supports th e  view  of Lloyd, accord ing  to  which 
th e r e  ex is ts  an im p o rta n t c o n tra s t betw een th e  spinal m echanism s as a c tiv a te d  
b y  th e  descending sp inal re flex  system  a n d  b y  th e  py ram idal sy s tem . The 
p re d o m in a n t connection o f  th e  pyram idal fibers with dorsal an d  in te rm ed ia te  
s p in a l in ternuncia l n eu ro n s was first show n b y  Rasdolsky (1923), th o ro u g h ly  
s tu d ie d  b y  H o ff ( 1932,35) a n d  la te r confirm ed b y  m any other au th o rs . A ccording 
to  Szentágothai (1942), no  p y ram id a l fibers a t  all te rm in a te  a t  m o to n eu ro n s 
as  w ell as no o th e r fiber o f th e  descend ing  m idbrain sy s tem s  (e. g. 
te c to s p in a l tra c t) . In  c o n tra s t to  th ese  system s the  sh o rt p ro p rio sp in a l 
n e u ro n s  are te rm in a tin g  p red o m in an tly  on rad icu lar m o to r cells, w hereas 
th e  lo n g er propriospinal sy stem s are en d in g  on bo th  kinds o f  n e u ro n s  b u t 
p re d o m in a n tly  on in te rn u n c ia ls .

Concerning sh o rt ascend ing  system s no d irect neurophysio log ica l da ta  
a r e  av a ilab le  a t  p resen t, w hich could be co n fro n ted  w ith our a n a to m ic a l resu lts. 
A scend ing  connections from  th e  in te rm ed ia te  zone and  th e  -v en tra l colum n 
a re  p red o m in an tly  crossed an d  fewer th a n  th e  descending ones. In tr in s ic  ascend
in g  connections o f  th e  p o ste rio r horn  seem  to  involve a considerab le  num ber 
o f  th e  dorsal horn n eu rons. T h ey  bridge d is tan ces  of 2 cm an d  p e rh a p s  more 
a n d  m a y  be the  links o f  th e  often m en tio n ed  chain-like a scend ing  posterio r 
h o rn  p a th w ay . Since in tim a te  connections betw een  the  posterio r h o rn  o f both  
sides a re  present, crossing (perhaps m u ltip le  crossing) of these  a scen d in g  pos
te r io r  h o rn  pathw ays is possible. T he g e la tin o u s substance o f  R o lan d o  does 
n o t  ta k e  p a r t in th is  ascending  system .

R etrograde connections from  th e  a n te r io r  horn tow ards th e  posterior 
seem  n o t  to  ex ist, o r are  a t  least very  ra re . T h is is no t consisten t w ith  th e  view 
c o n ce rn in g  existence o f th e  so called " re v e rb e ra tin g  or closed c irc u its”  as far 
a s  connections of th e  poste rio r horn w ith  th e  an terior are co n cern ed . Reci
p ro c a l connections betw een  th e  v en tra l h o rn  and  th e  in te rm e d ia te  zone are 
f re q u e n t.

T h e  results here  described m ay  be considered o n ly  th e  first 
s te p  on a long w ay. D iffe ren t k inds o f  anatom ic in v e s tig a tio n s  w ith 
th e  a id  of th e  b o u to n  degenera tion  m e th o d  — which has p ro v e d  itse lf 
e x tre m e ly  useful in  such  questions —  are  necessary on d if fe re n t levels 
o f  th e  spinal cord w ith  th is  stereo- ta x ic  m ethod  and  o th e r  m ethods
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too  in order to  c larify  th e intricate co n n ectio n s o f spinal neu ron s  
am ongs th em se lv es and w ith  extraspinal p a th w a y s .

V I. Sum m ary

The short in te rsegm en tal an d  in trin sic  gray m a t te r  p a th w ay s of the lum bar en la rg em en t 
have been stu d ied  w ith th e  a id  o f a ste reo tax ic  m eth o d  specia lly  designed for th e  sp in a l co rd  
W ith a ’’sp ina l”  s te reo tax ic  in s tru m en t sm all e lectro ly tic  lesions can be placed in to  d iffe re n t 
p a rts  o f  th e  spinal gray m a tte r .

Subsequen t b o u to n s-te rm in au x  degeneration  was s tu d ie d  a fte r lesions of th e  p o s te rio r  
h om , th e  in te rm ed ia te  region an d  th e  v en tra l horn w ith  th e  a id  o f the  B ielschow sky-G ross 
m ethod on frozen sections.

A natom ically  estab lished  fac ts  on the  p a tte rn  o f  sh o rt propriospinal p a th w ay s h av e  
been found to  be consisten t w ith  a num ber o f recent physiological findings on sp in a l re flex  
m echanism s.

(Краткие межсегментные пути и невронанные системы в сером веществе спинногомозга).

Сентаготаи Я.

В ыв о д ы
Мы исследовали краткие междусегментальные пути спинного мозга и невронанные 

системы серого вещества с помощью, специально выработанного для этой цели, нового 
стереотактического метода.

Специальных »спинномозговым« стереотактическим аппаратом мы вызывали 
желкие электролитические повреждения на разных местах серого вещества.

Повреждая задьний рог, промежуточную зону и передний рог, мы исследовали 
вторичную дегенерацию синапсов с помощью импрегнационного метода Билшовский- 
Гросс. Рисунки 7-ого, 8-ого и 9-ого схематически покажут краткие невронанные системы, 
выходящие из этих мест серого вещества. Рядом с рисунками имеются данные относи
тельно приблизительной длинны этих связей.

Определенные анатомическим методом, краткие п у ти , выходящие из разных ядер 
серого вещества спинного мозга, полно соответствуют данным о местных рефлекторных 
механизмах спинного мозга, полученным современными электрофизиологическими 
методами.
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