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I. Introduction

F u n c tio n a l p roperties of synapses w ith in  th e  dorsal horn  of th e  sp inal 
cord, especially  in  C larke’s colum n, seem  to  differ considerably from  th o se  of 
m o to r rad ic rdar neurons. The alm ost com plete lack  of sum m ation req u ired  for 
tran sm issio n , as found  in  C larke’s colum n b y  Lloyd  and M cIntyre  [ 3 ] suggests 
th a t  th e re  p ro b ab ly  are synapses w ith  dom inance of one single a ffe ren t p a th  
and  p e rh ap s a one-to-one re la tion  of p rim ary  and  secondary neurons, s im ilar to  
th a t  described b y  Therm an  [1 0 ]  in  B u rd ach ’s nucleus. N evertheless, th e re  are 
som e fea tu res of im pulse transm ission  in  C larke’s colum n, which are n o t  co n sis t
e n t w ith  ih is  exp lanation . As Grundfest and Campbell [ 2 ]  have show n, a fte r 
single shocks delivered to  dorsal ro o t neurons, some im pulses are reco rded  in  
F lechsig’s tr a c t  so la te  a fte r th e  early  m onosynap tic  discharges, t h a t  th e y  
m u st v e ry  p robab ly  be conducted  over in te rn u n c ia l chains. E ssen tia lly  th e  
sam e was no ticed  b y  Lloyd and M cIn tyre  as la te  random  discharges in  F lechsig ’s 
t r a c t ,  b u t  these  au th o rs  deem  i t  necessary  to  know  more of th e  fu n d am en ta l 
func tiona l p roperties of synapses w ith in  th e  dorsal horn, before an ex ac t e x p lan a 
tio n  could be a ttem p ted .

D ifficu lties in  exp lanation  are  m ain ly  due to  lack of anatom ical in fo rm a
tio n  concerning th e  synapses w ith in  C larke’s colum n. As the  m ethod  of secondary  
degenera tion  of «boutons te rm in au x »  has p roved  itse lf ex trem ely  usefu l in  th e  
analysis of synapses, especially of th e  m otoneurons (5, 6, 7, 8, 9,), we have 
a tte m p te d  an  experim ental-m orphologic analysis of th e  synapto logy  of C larke’s 
colum n.

II. Methods

Investigations were performed 1. on norm al dogs, 2. after extirpation of spinal ganglia 
L*!—S3 in different combinations, 3. after m inute lesions of different parts of the gray m atter, 
especially in the dorsal horn a t the levels L2 3, 4. after lesions of the superficial dorsal p a r t of the 
lateral white column, 5. after heinisaction of the cord a t Lj.

Ad 2. Dorsal root transaction was performed in the segments _e w ithout lam inectomy,
by approach from the intervertebral foramen and extirpation of the spinal ganglia. In  lower
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segm ents dorsal roo t section was performed extradurally . In  some cases all dorsal roots below L t 
were cu t, thus the lower p a rt o f the cord being to tally  deafferented.

Ad 3. M inute electrolytic lesions, of about 0,5 m m  in  diam eter, were exactly set in to  the 
g ray  m atte r a t certain  sites w ith  the aid of a simple stereotaxic instrum ent and by a m ethod 
specially designed for working on the spinal cord, as described elsewhere by one of us (  J .  Sz. 9.).

The animals were le t to survive generally five days after operation, when axonal degene
ra tio n  was to be studied. In  the cases of complete deafferentation of the lower p a rt of the spinal 
cord, when the aim was to  find  ou t w hat remains in tac t a fter operation, the animals were le t to  
survive 2 — 3 weeks to ascertain  th a t all transected fibres underw ent complete secondary degene
ration .

All m aterial was fixed in neutral formaldehyd (1 : 4) and frozen sections were stained 
according to the m ethod o f Keumonl—Lhermitte.* F or investigation of Clarke’s column, because 
of the complete longitudinal orientation of the fine term inal network between the nerve cells, 
transversal sections are inconvenient. We therefore m ade sections from pieces about 2 cm long 
(from the segments T h9 — L3) m ost carefully oriented in the sagittal and frontal plains.

III. Results

1. Observations on intact columns

I t  is im possible to  ge t clear inform ation from  tran sv e rsa l sections, as generally  
p rac ticed  in ro u tin e  in v estiga tion  of the  cord. N um erous collaterals o rig inating  
especially  from th e  po ste rio r w hite colum n are  e n te rin g  C larke’s colum n an d  are 
form ing rich plexuses, th e  fib re  course of w hich are  m ain ly  longitud inal. B e tte r  
in fo rm ation  on th e  re la tio n s of these te rm in a l plexuses and the nerve cells 
m ay  therefore be gained  from  longitud inal sections. — H ighly favourable  for 
the investiga tion  o f th e  synapto logy  of th is nucleus is th e  known fac t, th a t  th e  
d en d rits  of C larke’s n eu ro n s are  stric tly  confined to  th e  boundaries of th e  colum n, 
and  on th e  o ther h and  no dend rits  of ne ighbouring  cells of o ther nuclei p e n e tra te  
in to  th e  colum n. H ence all synapses found in  th e  te rr ito ry  of Clarke’s colum n 
m ay  safely be considered  to  belong to  th e  neu rons of the colum n itse lf. On 
lo n g itu d in a l sections (in th e  sag itta l, as w ell as in  th e  fron tal, p lane) i t  
ap p ears , th a t  the  sy n ap tic  term ination  of a ffe ren t fibers on Clarke neurons 
are v e ry  d ifficult to  s ta in . In  m any p rep ara tio n s on ly  occasionally are found  
som e «boutons te rm in au x »  of m edium  size. In  well stained p rep ara tio n s, 
how ever, a s trange ty p e  of synapse appears w hich  as fa r  as we know  has n o t  
been described h ith e rto  (Fig- 1 / Л ). A fferents o f som ew hat larger d iam ete r 
th an  generally  seen in  te rm in a l fibres, are ram ify in g  in  close neighbourhood of 
th e  neu rons, th en  th e  ram i th icken  and are closely jo in in g  the m ain dendrits  of 
the co lum n neurons. O ne d en d rit is closely follow ed b y  several (often 3 to  4) 
te rm in a l fib res, seem ingly  orig inating  from  th e  sam e afferen t, for several h u n d 
red  m icrons (Figs. 1/A. В/ l ) .  T hey  are a t last te rm in a tin g  on the  dendrit — v ery  
often  a t  i ts  origin from  th e  cell — in gigantic e n d b u lb s , often as large as 10 to  
15 b y  6 to  8 /<, w hich som etim es are ha lf buried  in to  a n o tch  of the cell surface 
(Fig. 1. C/2). Som etim es th e  te rm ina l p a rts  of th e  afferen ts are giving off side

*In Romeis : Mikroskopische Technik. Leibnitz, M ünchen 1948. 15th edition. § 796/a.



Fig. 1. A) Sem idiagram m atic drawing of a «giant synapse» in Clarke’s column. B) Photom icro
graph of large parallel contacts with the main dendrits (l) . C) Photom icrograph ol’large endbulbs 
(2), lying in depression of the cell surface. — D) 5 days after transection of the dorsal root Lr>. 
Main dendrit of Clarke’s column neuron (in the level L2), surrounded by numerous degenerated 
fragments. The p icture is assembled from five photom icrographs of different optic levels. 
Б ) Same as D., explanatory sketch. — F) Longitudinal section of normal column in L;) w ith lower 
power. G) The same. 15 days after complete deafferentation below L2. Almost complete degener

ation of the intercellular fibre plexus
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b ra n c h e s  which are also en d in g  in  end feet on th e  sam e d en d rit. W h en  com pared 
w ith  th e  synapses on sp in a l m otoneurons, these  «boutons te rm in a u x »  are 
re a lly  gigantic. B u t a n o th e r  difference is also highly s ign ifican t. T he small 
a ffe re n t fibres te rm in a tin g  in  end-fee t, especially  on m otoneurons, a re  reaching 
th e  cells b y  a course of n e a r ly  a t  a r ig h t angle to  th e  surface, w hile th e  term inals 
in  C larke’s column are  estab lish in g  long an d  v e ry  close paralle l c o n ta c ts  w ith 
th e  d e n d rits  of th e  p o s tsy n a p tic  neurons. Along these paralle l c o n ta c ts  th ere  
o ccu r th ickenings on w hich  th e  co n tac t seems to  be especially close. I t  is very  
p ro b a b le  th a t  no t only th e  te rm in a l knobs, b u t  also these  p a ra lle l co n tac ts  
m a y  b e  considered as tru e  sy n a p tic  a rticu la tio n  surfaces. S im ilar, th o u g h  m uch 
sm a lle r  and  less ch a rac te ris tic , para lle l c o n ta c t synapses are seen also on in te r- 
n u n c ia l  neurons in  th e  p o ste rio n  ho rn  and  th e  in te rm ed ia te  zone. T hese synap 
ses o n  C larke neurons m ay  ju s t ly  be called « g ian t synapses» w hen th e  difference 
o f  th e  in terneu ronal a r tic u la tio n  surface covered b y  one sy nap tic  te rm in a l is 
ta k e n  in to  consideration, especially  w hen com pared  w ith  th e  synapses o f m otor 
r a d ic u la r  neurons. T hey  m a y  be b e tte r  com pared  w ith  th e  w ell-know n b asket 
ty p e  synapses of H eld  in  th e  an te rio r  v e n tra l cochlear nucleus. — B eside these 
« g ia n t synapses» o rd in ary  «bou to n s te rm in au x »  are  found  m ostly  on th e  cell 
so m a ta , w hich are te rm in a tio n s  of th in  fib res run n in g  in  tran sv e rsa l d irection . 
— A  th ird  type  of afferen t fib res  are  v e ry  th in  fib res of lo n g itud ina l d irection  
w ith  cha rac teris tic  coils ly ing  20 to  50 p- a p a r t. T heir exact re la tio n  or te rm in a 
tio n  on  th e  colum n neurons w as n o t de tec ted .

2. E xtirpa tion  o f sp inal ganglia

A fte r  ex tirpa tion  of single sp inal ganglia betw een  th e  segm ents L 2 an d  S2 
signs o f  secondary d eg en era tio n  are encoun tered  in  fro n ta l or sa g itta l sections 
o f C la rk e ’s colum n irrespec tive  of th e  site  o f th e  rem oved ganglion, beg inning  
w ith  th e  caudal end of th e  co lum n (betw een L 3 and  L4). Only w hen th e  ganglion 
L 3 o r L 2 h a d  been rem oved is th e  degeneration  found to  s ta r t  ab o u t one segm ent 
u p w a rd s  from  the  en tran ce  level of th e  degenera ted  dorsal roo t. E x trem e ly  
few descen d in g  afferents to  C larke’s colum n have been  found. In  cran ia l d irec
tio n  d eg en era tio n  was traced  c learly  to  th e  level T h 9, irrespective of th e  severed 
seg m en t. T he num ber of d eg en era ted  fib res decreases sharp ly  in  the  low er 
th o ra c ic  segm ents, b u t v e ry  p ro b a b ly  som e fib res could be de tec ted  also a t  
h ig h e r leve ls , though th is  w as n o t  in v estig a ted . — Some of th e  «g ian t synapses»  
are  c le a ly  degenerated . T he frag m en ts  of degenera ted  term inals are s tran g e ly  
d is tr ib u te d . Some of th e  m ain  d en d rits  are com pletely  enclosed by  degenera ted  
fra g m e n ts  (Figs. 1/D, E), w hile synapses on o th e r d en d rits  are com pletely  free 
of d e g e n e ra ted  afferents.

A f te r  ex tirpa tion  o f tw o or th ree  neighbouring  sp inal ganglia signs of 
d e g en e ra tio n  are more a p p a re n t, b u t  essen tia lly  th e  sam e as a fte r rem oval of a
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single ganglion. The site  of dorsal roo t afferents d u rin g  th e ir  ascendent course 
and  th e ir  synapses shows a ce rta in  regu la rity . A fferen ts orig inating  from  low er 
segm ents are alw ays s itu a ted  m edially  from  those o rig in a tin g  from  m ore c ra n ia l 
levels an d  afferen ts belonging to  th e  sacral segm ents are  establish ing c o n ta c t 
w ith  m ed ia l Clarke neurons, those from  upper lu m b a r  segm ents w ith  th o se  
situ h ted  in  th e  la te ra l p a r t  of th e  colum n. — A fferen ts orig inating  from  th e  
sam e segm ent are en te ring  C larke’s colum n —, as clearly  visible on sa g itta l  
sections, on w hich degenerated  en tering  collateral g roups can easily be follow ed — , 
beginning w ith  th e  level of th e  caudal end of C larke’s colum n un til th e  low er 
tho racic  segm ents.

A fter complete deaffereritation of th e  lower cord  b y  un ila tera l e x tirp a tio n  
of th e  sp inal ganglia L t —L 7 and  tran sec tio n  of th e  low er dorsal roo ts (Sr  3 
and  Cocc.), a t  f irs t sigh t all afferen ts seem to  be d egenera ted  w ith in  15 — 20 days 
(Fig. 1/G). More close exam ination  reveals, how ever, th a t  tw o types of a ffe ren ts  
are  le ft in ta c t and  m ay  therefore  be considered to  orig inate som ew here in  
th e  cord. T he sm aller ty p e  of «boutons te rm in au x » , w hich are the  end in g s of 
finer tran sv ersa l fib res and  do no t have p re te rm in a l parallel co n tac ts  w ith  
th e  d en d rits , are preserved in  fa ir num bers. T he very  th in  coiled fib res  
h a rd ly  noticeable  in  norm al p rep ara tio n s, since th e  coarser dorsal roo t a ffe ren ts  
are com pletely  dom inating  th e  p ic tu re , are com pletely  unchanged. As a m a t te r  
of fac t, a t f irs t we did n o t notice th em  in n o rm al p repara tions. O ur a tte n tio n  
w as called to  these «coiled fibres» only in th e  p rep ara tio n s of d eaffe ren ted  
cords. — N o signs of degeneration  were ever found  a fte r d ea ffe ren ta tio n  in  
th e  C larke’s colum n of th e  co n tra la te ra l side. T h u s we m ay conclude safely , 
th a t  no crossed dorsal roo t afferents reach  th e  C larke neurons.

3. Sm all lesions w ith in  the dorsal horn

A b u n d an t signs of degeneration  are p resen t above the level of th e  lesion, 
w henever C larke’s colum n itse lf is affected. D escending degeneration does n o t 
proceed fu rth e r  th a n  th e  n e x t segm ent and  affects only sm all fib res, th e  ex ac t 
te rm in a tio n  of w hich could n o t be detec ted . In  ascending  direction th e  d eg en e ra 
tio n  ex tends to  ab o u t 2 cm , th e  synap tic  c o n tac ts  of degenerating  f ib re s  w ith  
th e  neurons are sim ilar, th ough  finer, th a n  a fte r  ex tirp a tio n  of sp inal ganglia. 
F rom  th is  we m ay infer th a t  some dorsal ro o t a fferen ts, a fter en te rin g  C larke’s 
colum n, — or ra th e r  som e of th e ir  branches — do n o t te rm in a te  a t  th e  level of 
th e ir  en tran ce  in to  th e  colum n, b u t  are ascending  for a certain  d is tan ce , w hich 
does n o t exceed 2 cm, and  te rm in a te  on Clarke neu rons. — In  cases w hen  C larke’s 
colum m  was n o t involved in to  th e  lesion, i. e. w hen  th e  la te ra l and  d o rsa l p a r t  
o f th e  dorsal horn  are severed, th e re  are also signs of secondary d eg en era tio n , 
w hich can be followed for abou t 2 segm ents in  cranial and for 1 seg m en t in
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c a u d a l d irection. T h e  degeneration  in  th e se  cases spares th e  coarser dorsal 
ro o t  afferents, b u t  affects some of th e  «coiled fibres». U n fo rtu n a te ly  i t  was no t 
possib le  to  de term ine  th e  exact te rm in a tio n  of these. F rom  th ese  resu lts we 
conc lude  th a t  th e  so-called «coiled fib res»  are  originating from  in te rn u n c ia l 
n eu ro n s  of the  po ste rio r horn.

4. Lesions o f  the lateral fun icu lus

W hen th e  sup erfic ia l laye of th e  d o rsa l p a r t  of the  la te ra l w h ite  colum n 
is  tran sec ted  or, b e tte r ,  i f  p a rts  2 m m  long  a n d  %  mm deep are excised, signs 
o f  secondary  degenera tion  are found in  th e  ip sila te ra l colum n of C larke. T hey 
a re  beginning  a t th e  level of the  lesion an d  are  extending abou t %  to  1 cm 
u p w a rd s . The lo n g itu d in a l fib res of th e  co lum n  are in ta c t in  these  cases, b u t 
sm all fib res of a tra n sv e rsa l course and th e ir  te rm ina l knobs on C larke neuron 
s o m a ta  are occasionally degenerated . The so lita ry  «boutons te rm in au x » , m en tio n 
ed  a lread y  several tim es, m ust therefore be  considered as recu rren t collaterals 
o f  d o rsa l spino-cerebellar fib res. They are follow ing the rule of Cajal, according 
to  w hich  in itia l co lla tera ls are generally re tu rn in g  to , and te rm in a tin g  on, the  
sa m e  so rt of cells from  w hich  th e ir fibres com e forth .

IV. Discussion

O n the  basis o f these  resu lts we m ay  t r y  to  sketch  the synap tic  connections 
o f  C la rk e ’s colum n, as seen on our d iagram  (F ig . 2). The d iagram  rep resen ts  a 
f ro n ta l  section of th e  righ t side of the  lower cord . T he dorsal roo t fib res ascending 
in  th e  poste rio r w hite co lum n are entering  C larke’s colum n, s ta rtin g  from  th e  level 
o f  i ts  c au d a l end, and  are estab lish ing  « g ian t synapses», wrhich are p a r t ly  long 
a n d  coarse  parallel co n tac ts  and /o r te rm in a te  w ith  very  large end kn o b s. Some 
o f th e  b ranches of dorsa l ro o t afferents ascend  fu r th e r  1 — 2 segm ents an d  are 
e s ta b lish in g  sm aller synapses w ith  upper C larke neurons. D orsal ro o t afferen ts 
a ris in g  from  th e  sam e segm ent are en tering  C lark e’s colum n n o t on ly  a t  its  
c a u d a l end , b u t in  every  segm ent below th e  low er thoracic segm ents. W h e th e r 
or n o t  th e  dorsal roo t a ffe ren ts entering  th e  co lum n from the  dorsal funiculus 
a t  d iffe re n t levels m ay  he b ranches of th e  sam e afferen t as in d ica ted  in  the  
d ia g ra m , or are s tr ic tly  th e  te rm in a l p a rts  o f d ifferen ts w ith in  th e  sam e roo t, 
c a n n o t b e  decided b y  d egenera tion  experim ents. T h e  finding, however, o f speed 
d ro p s o f  m uscular afferen t volleys ( Lloyd and M c In ty re )  ascending in  th e  posterio i 
w h ite  colum n, especially b e tw een  L4 and L3, in d ica te s  th a t  dorsal ro o t afferen ts 
are  b ra n c h in g  before one of th e  branches is en te rin g  C larke’s colum n. T he o th e r 
b ra n c h , w hich ascends fu r th e r  in  th e  poste rio r w hite  colum n, very  p ro b ab ly  
b ra n c h e s  again  a t  th e  level o f L j, where again  a speed drop is experienced . 
A th i r d  speed  drop is found  in  th e  lower th o ra c ic  segm ents, w'hich p ro b ab ly



Fig. 2. Stereodiagram of the cord a t the level of L, 4. Collaterals from dorsal roo t afferents 
(originating from the segments S2—L3) arc entering Clarke’s column from its caudal end (L:1 ,) 
un til lower thoracic segments. They are establishing «g iant synapses» (1) with colum n neurons. 
Clarke neuron neurits (2) which ascend in the dorsal spino-cerebellar tract are giving recurrent 
collaterals (3) to the som ata of upper Clarke neurons. D orsal root collaterals are also term inating  
on dorsal horn internuncials (4), which, forming ascendent chains, are term inating in  Clarke’s

column as «coiled» fibres (5^
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ind ica tes a th ird  b ranch ing  of th e  fibres. A nato m ic  and functional f in d in g s  
are  th u s  in fair accordance.

From  the results of our experiments it emerges clearly th a t though being the main afferen t 
source, dorsal root afferents are not the only presynaptic system  of Clarke’s column. As ind icated  
in the diagram  (Fig. 2/5) the so-called coiled fibres, which rem ain in tact after complete deafferen- 
tation , m ust originate from dorsal horn internuncial neurons. Since dorsal horn internuncials are 
always in  rich synaptic connections with dorsal root fibres, and very probably are form ing long 
ascendent intragriseal (or mainly intragriseal) neuron chains (9.), we may infer th a t  afferen t 
impulses originating in prim ary sensory neurons are reaching Clarke’s column not only d irectly  
bu t also relayed by internuncial chains. — Another afferent source for the column are very  
probably recurrent collaterals from Flechsig’s tract. They are term inating on the cell som ata  as 
isolated «boutons term inaux». No evidence was, however, found of their terminating in  th e  close 
neighbourhood of the axon hillock.

I t  is germ ane to  inqu ire  how far our f in d in g s  concerning the sy n ap to lo g y  
of C larke’s colum n are in accord w ith  recen t re su lts  on the  tran sm issio n  of 
im pulses, (i) T he inference of Lloyd and M c In ty re  on the relay estab lish ed  b y  
lower e x trem ity  dorsal roo t afferen ts (in d ep en d en t from  their segm ental origin) 
w ith C larke’s colum n neurons from  its cauda l end , on the  lower edge o f  L 3, to  
lower tho racic  segm ents, is su b stan tia ted . T h e  assum ption  of b ra n c h in g  of 
p rim ary  a fferen ts before one of the  b ranches is en tering  Clarke’s co lu m n , is 
also in  fa ir accordance w ith  anatom ic find ings, (ii) Anatom ical in v es tig a tio n  
reveals th e  causes of the strik ing  difference betw een  the  modes o f sy n a p tic  
transm ission  from  th e  sam e large m uscle a ffe ren ts  to  m otoneurons a n d  those  
of C larke’s c o u m n . As clearly  pointed  ou t b y  Lloyd  and  M cIntyre , in  C la rk e ’s 
colum n p rac tica lly  no sum m ation  is requ ired  fo r transm ission, w hereas co n sid 
erable sum m ation  is necessary in the  m o to r nuclei. The differences b e tw een  
synapses of m otoneurons and C larke’s colum n neurons are very ch a rac te ris tic . 
In  m otoneurons several hundreds of end fee t are  term inating , from  w hich  
only a few come from  th e  sam e source and  th ese  a re  also scattered  on th e  su rface  
of th e  neuron. No tw o «boutons term inaux»  o rig ina ting  from the sam e sy stem  
are found  to  lie in  close neighbourhood of a n o th e r. This was described b y  one 
of us on th e  basis of degeneration  studies ( ,J Sz. 5., see espcially F igs. 3. &  4) 
in th e  sam e y ear w hen Lorente de Nő  (4) cam e to  th e  conclusion th a t  sy n a p tic  
transm ission  in  m o to r nuclei requires sp a tia l sum m atio n  from different channels 
converging to  a local area of the  surface of th e  n eu ron . — The synapses o f  dorsa l 
roo t p rim ary  afferen ts in  C larke’s colum n are  strik ing ly  different. T h e y  are 
estab lish ing  enorm ous (bo th  long and coarse) para lle l contacts especially  w ith  
the  m ain  den d rits , te rm in a tin g  w ith  e x tra o rd in a ry  large end bidbs, som etim es 
deeply  bu ried  in to  a depression of the  d e n d rit surface. A nother im p o r ta n t  
difference is th e  fac t em erging from d irec t observation  b u t especially  from  
degenera tion  experim en ts, th a t  the  several para lle l contacts around th e  sam e 
d en d rit belong very  p robab ly  to  the  sam e p r im a ry  afferent, or a t least to  a ffe ren ts  
o rig inating  from  th e  sam e ganglion. — T h e  m ain  difference betw een th e  tw o 
ty p es of synapses is as follows, (a )  The synap tic  articulation surface between 
a single presynaptic afferent and postsynaptic cell surface is several tim es larger

4 Acta Morphologica V /l—2
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in  C la rkes  column than on motor neurons, ( b )  A  large circumscript area o f  the 
p ostsynap tic  cell surface (  a large part o f  one, or more, m ain  dendrits )  is on Clarke neu
rons in  synaptic articulation with the same presynap tic  neuron, a fa c t never seen 
in  motor neuron synapses. T hus th e  in ference  o f Lloyd and M cIn tyre  on  «an 
e x tre m e ly  pow erful sy n ap tic  articu lation  of p r im a ry  afferents in  C larke’s colum n» 
is in  com plete accordance w ith  our an a to m ica l findings. On th e  o th e r  h a n d , 
th e se  find ings are offering s trong  anatom ic s u p p o r t  for the correctness o f m odern  
co n cep ts  on synap tic  transm ission  m echan ism s (especially spa tia l sum m atio n ) 
e la b o ra te d  on a physiological basis, and m ak e  i t  possible to  draw  fu r th e r  con
c lusions based  on an a to m ic  da ta  in  cases w h en  physiological analysis gives 
n su ffic ie n t in fo rm ation .

(iii) The assum ption  th a t  there  m ay  b e  a one-to-one sy n ap tic  re la tio n  
b e tw een  p rim ary  m uscle afferents and  C larke  neurons would, how ever, be 
in c o rre c t. W e can often  see th a t  a fter e x tirp a tio n  of a single sp inal ganglion  
one o r even m ore d en d rits  of the  same C larke neurons are com pletely  b u ried  
in to  degenera ted  fragm en ts, b u t o ther d e n d r its  and  another p a r t  of th e  cell 
su rface  is covered b y  n o rm al dorsal roo t a f fe re n t synapses. This show s c learly  
t h a t  th e re  is a certa in  convergence of p rim a ry  afferen ts belonging even to  d iffe
re n t  segm ents also in  C larke’s column. B u t a p p a re n tly  no sum m ation o f im pulses 
ca rr ied  b y  these converging presynaptic  e lem en ts  is required for tran sm issio n .

(iv) Since Clarke neurons are also co nnec ted  w ith  dorsal horn  in te rn u n c ia ls , 
in te rn u n c ia l  ac tiv ity  m u st also have some access to  spino-cerebellar n eu rons, 
as in fe rre d  b y  Grundfest an d  Campbell. As, u n fo rtu n a te ly , th e  ex ac t n a tu re  of 
th e  c o n ta c t betw een ou r «coiled fibres» and  C larke  neurons could no t be c larified , 
a n d  also  v irtu a lly  n o th in g  is know n on tran sm iss io n  in  the so called « n es t-an d  
p lexus-like  synapses», to  w hich  these synapses p ro b ab ly  belong, n o th in g  can  be 
in fe rred  from  these anatom ic  findings a t p re se n t.

(v) The recu rren t collaterals, o rig in a tin g  very  probably  from  in itia l 
p a r ts  o f  spino-cerebellar fib res, are te rm in a tin g  as ordinary end-bulbs on th e  
cell so m a ta . Thus, th o u g h  these  synapses a re  n o t  in  close ne ighbourhood  of 
th e  a x o n  hillock, th ey  are  axosomatic and  are ly in g  «dow nstreem », in  com parison  
to  th e  m ain ly  axodendritic p rim ary  afferen t synapses. Since these la t te r  are 
c learly  o f  ex c ita to ry  n a tu re , th e  anatom ic s itu a tio n  of the recu rren t co lla te ra l 
sy n ap ses  m eets req u irem en ts  of the  hypo th esis  o f R etzla ff and Gesell (1). T he 
co rrec tn ess  of th is hypo thesis  could perhaps b e  tested  on C larke’s co lum n.

Summary

T he synaptology of Clarke’s column was studied on dogs by means of the R eum ont— 
Lhermitte silver technique on longitudinal sections of th e  spinal cord. Afferent pathw ays of 
Clarke’s column, especially dorsal roots, were transected  in  order to determine th e  exact site 
of th e ir term ination on Clarke neurons by tracing the subsequent secondary degeneration of the 
collaterals and their synaptic endings.

T he dorsal root afferents (originating from L2—S3) are terminating, independently from 
their segm ental origin in the lower p a rt of the column (T h 9 —L3_ 4), with a h itherto  unknow n
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type of synapse. Characteristic features of these «giant synapses» are long parallel contacts 
between the preterm inal parts  of the afferent fibre and Clarke neuron dendrits, and the final 
term ination of the afferents in large «boutons terminaux» half buried into depressions of the cell 
surface. The synaptic articulation surface between dorsal root afferents and Clarke neurons is 
considerably larger than  in any o ther type of spinal cord synapse. This may account for the 
almost complete lack of sum m ation in synaptic transmission, as found by Lloyd and M cIntyre  in  
the column. No one-to-one relation between pre- and postsynaptic neurons was, however, found.

Some other details concerning connections between different nerve elements in Clarke’s 
column are presented and their physiological significance is discussed. The results of this experi
mental- morphologic analysis are in fair accordance w ith a num ber of facts recently discovered by 
physiological investigation.

REFERENCES

1. Retzlaff. E. and Gesell, R. : (1953) Neurohistological basis of central inhibitory m echa
nism. International Congr. of Physiology. Montreal. Summ. pg. 698. — 2. Grundfest, H. and 
Campbell, B. : (1942) Origin, conduction and term ination of impulses in dorsal spino-cerebellar 
tracts of cats. J . Neurophysiol. 5 : 275—294. — 3. Lloyd, D. P. C. and McIntyre, A. K. : (1950) 
Dorsal column conduction of group I. muscle afferent impulses and their relay through Clarke’s 
column. J . Neurophysiol. 13 : 39— 54. — 4. Lorente de Nó, R. : (1938) Synaptic stim ulation of 
motoneurons as a local process. J . Neurophysiol. 1 : 195—206. — 5. Schimert (Szentágothai), J. : 
(1938) Die Endigungsweise des T ractus vestibulospinalis. Z. A nat. 108 : 761—161. — 6. Schim ert 
(Szentágothai), J. : (1939) Das Verhalten der H interw urtzelkollateralen irn R ückenm ark. Z. 
A nat. 109 : 665—687. —- 7. Szentágothai, J. : (1941) Die Endigungsweise der absteigenden 
Rückenmarkesbahnen. Z. A nat. I l l :  322—330. —  8. Szentágothai, J. : (1943) Die zentrale 
Innervation der Augenbewegungen. Arch. f. Psychiatr. 116 : 721—760. — 9. Szentágothai. J . : 
(1951) Short propriospinal neurons and intrinsic connections of the spinal gray m atter. Acta 
Morphologica Hung. 1 : 81— 94. — 10. Therman, P. O. : (1941) Transmission of impulses through 
the Burdach nucleus. J . Neurophvsiol. 4 : 153— 166.

СИНАПТОЛОГИЯ КЛАРКОВОЙ КОЛОННЫ

Я. СЕНТАГОТАИ и А. А Л Ь Б Е Р Т

Авторы изучали синаптолоию Кларковой колонны над продольными разрезами 
сагитального и фронтального направлений спинного мозга собак при помощи метода 
серебрения по Р эм о н т а  и Л ер м и т т а , с целью определения места синапсов, авторы пере
сечением разных афферентных пулей, ведущих к дорсальному ядру спинного мозга и 
наблюдением перерождения, принадлежащих к пересеченным системам синапсов, опре
делили точное место и способ окончания разных афферентных систем.

Основную систему Кларковой колонны образуют задние корешковые волоконца, 
снабжающие задние конечности. Эти волоконца, после их входа в спинной мозг, восходят 
сперва в заднем пучке, а затем, начиная с нижней границы столба (L 3 4) вплоть до
нижних сечений грудной клетки, непрерывно входят в Кларкову колонну. Задние кореш
ковые волоконца оканчиваются, независимо от их происхождения из разных сечений, 
в нижней части всей Кларковой колонны, с той лишь разницей, что происходящие из 
более каудальных сечений волокна вступают в контакт с более медиальными клетками, 
а происходящие из более краниальных сечений с более латериальными клетками.

Задние корешковые волоконца оканчиваются в клетках Кларковой колонны в 
»гигантских синапсах», отклоняющихся от всех известных до сих пор спиномозговых 
синапсов; характерным для этих »гигантских синапсов« являются их длинный парал
лельный контакт с дендритами нейронов Кларка и их большие, проникающие в поверх
ность клетки, концевые утолщения. Этот своеобразный синапс с большой поверхностью 
объясняет известную из новейшей нейрофизиологической литературы передачу возбуж
дений без суммаций синапсов Кларковой колонны.

Авторы выявили на основании своих исследований многочисленные другие анато
мические подробности и указывают на предполагаемое физиологическое значение по
следних.
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