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Som e y ea rs  ago th e  synapses o f C lark e’s co lum n have b een  a n a ly z e d  
w ith  e x p e rim en ta l m orphological m e th o d s  b y  th e  au th o r an d  A lber t  [6]. 
T h ree  ty p e s  o f synapses have  b een  d esc rib ed , (i) L arge m u scu la r a ffe re n t 
p rim a ry  n eu ro n s estab lish  v e ry  large an d  long  p ara lle l co n tac t sy n a p se s  w ith  
th e  C larke n eu ro n s , w hich  fin a lly  te rm in a te  in  u n u su a lly  large te rm in a l k n o b s; 
th e y  h av e  been  called  “ g ian t synapses” , (ii) A n o th e r ty p e  are te rm in a l k n o b s  of 
o rd in a ry  size, th e  p re te rm in a l fib res o f w hich  reach  th e  Clarke n eu ro n s  m o stly  
a t  r ig h t angles. T h e ir in tra sp in a l orig in  h a d  been  estab lished  in  th e  p a p e r 
m en tio n ed , b u t  as h as  been p o in ted  o u t la te r  [3] th e y  are  no t re c u r re n t co lla ­
te ra ls  from  th e  do rsa l sp inocerebellar t r a c t  (D SCT), as supposed o rig in a lly , b u t  
o rig in a te  from  sp in a l in te rn eu ro n s s itu a te d  in  th e  lower lu m b ar seg m en ts , 
(iii) A th ird  ty p e  o f synapse  also from  sp in a l in te rn eu ro n s  is e s ta b lish e d  b y  a 
m eshw ork  o f ex trem e ly  fine fibers in  close co n n ec tio n  w ith  th e  C larke  n eu ro n  
su rface . T h is ty p e  o f  synapse has re c e n tly  been  b ro u g h t in to  co n n ec tio n  w ith  
in h ib itio n  [5] ex e rted  by  sp inal in te rn e u ro n s  up o n  Clarke n e u ro n s  as f irs t  
show n b y  Laporte , L u n d ber g , an d  Oscarsson [2], and  in v e s tig a te d  m ore 
ex a c tly  w ith  th e  in trace llu la r m icroelec trode  tech n iq u e  b y  Curtis , E coles an d  
L u n d ber g  [1]. — These th ree  h isto log ica l ty p e s  o f  synapse f i t  fa ir ly  w ell w ith  
th e  physio log ica l find ings of th e  L u n d ber g  group  in  L und , accord ing  to  w hich  
besides th e  d irec t m o n o synap tic  ac tio n  o f p re d o m in a n tly  m u scu la r a ffe ren ts , 
C larke n eu rons are  im pinged  u p o n  b y  e x c ita to ry  and  in h ib ito ry  in flu en ces 
from  sp in a l in te rn eu ro n s .

D u rin g  m ore  recen t in v estig a tio n s on th e  in tra sp in a l course o f  p r im a ry  
sensory  n eu ro n s w ith  th e  N auta te c h n iq u e  an  in te re s tin g  so m ato to p ic  a r ra n g e ­
m en t o f  p rim a ry  sensory  n eu ron  synapses in  C larke’s colum n has b een  n o ticed , 
a sh o rt a cco u n t o f w hich  shall be p re sen ted  in  th is  p ap er.

Material and methods

T h e  in v es tig a tio n s  w ere carried  o u t  on  c a ts  in  w hich  th e  dorsal ro o ts L 3, L 4, I ,5, L6 
an d  L , w ere tra n s e c te d  sep a ra te ly . T he c a ts  w ere le t  to  su rv iv e  for 5 days. T h e  sp in a l cord 
w as fix ed  by  p e rfu s io n  w ith  n e u tra l fo rm ol an d  in v es tig a te d  in frozen sec tio n s acco rd in g



308 J . SZENTÁGOTHAI

to  N a u t a ’s m eth o d . T ran sv e rse  sections were p re p a re d  fro m  each  segm ent below  T h 9, b u t  
th e  ad jo in in g  p a r ts  o f th e  seg m en ts  T h 13 — L 3 and L 2_ 3 w ere  sp a red  for long itu d in a l sec tio n in g . 
C are w as ta k e n  fo r e x a c t o r ie n ta tio n  of th e  lo n g itu d in a l sec tio n s in  o rder to  g e t th e  C larke 
co lu m n s o f  b o th  sides as f a r  as possib le in to  th e  sam e  slides.

Results and conclusions

A s know n, p r im a ry  sensory  n eu ron  c o lla te ra s  do n o t e n te r  C la rk e’s 
co lu m n  a t  th e  level o f th e ir  en tran ce  in to  th e  co rd , b u t  have to  ascend fo r one 
or tw o  segm en ts in  th e  d o rsa l fasciculus. T h is  is o f  course n a tu ra l in  case of 
sen so ry  n eu rons o f th e  segm ents below L 4, w h e re  th e re  is no C larke co lum n . 
F ro m  tra c in g  o f d e g e n e ra ted  fragm ents a f te r  tra n se c tio n  of th e  do rsa l ro o ts  
L 3__4 i t  ap p ears , h o w ever, t h a t  L 4 co lla tera ls do n o t  e n te r  th e  colum n below  L 2, 
a n d  L 3 co lla te ra ls  n o t  below  L 4. — The d is tr ib u tio n  o f co lla terals o rig in a tin g  
fro m  a g iven  seg m en t (e. g . L 4) can b est be  u n d e rs to o d  from  th e  sch em a tic  
d ia g ra m  on Fig. 1. C larke’s colum n is re p re se n te d  b y  a vertica l cy lin d er w ith  
th e  n e rv e  cells also o rien ted  long itu d in a lly , i. e. w ith  long axes para lle l to  th e  
ax is o f  th e  sp inal co rd . A fte r tran sec tio n  o f th e  d o rsa l ro o t L4 signs of d eg e n e ra ­
tio n  a re  found  in  th e  co lum n  betw een  th e  seg m en ts  L2—T h10 w ith in  a w ell- 
d e fin ed  space lim ited  b e tw een  tw o p a ra lle l n e a r ly  sa g itta l p lanes, s lig h tly  
s lo p ing  u p w ard s in  m ed ia l d irec tion . The d is ta n c e  o f th e  planes from  a n o th e r  
is a b o u t a q u a r te r  o f  th e  d iam e te r of C larke’s co lu m n  or som ew hat less in  th e  
case o f  th e  sm all ro o ts  from  L , upw ards, a n d  co n sid e rab ly  la rger — to  a b o u t 
h a lf  o f  th e  d iam e te r  in  th e  case o f th e  la rg e r  ro o ts  L6—Sr  This m eans th a t  
d ire c t d o rsa l ro o t co lla te ra ls  a fte r hav ing  e n te re d  C larke’s colum n are  sh if te d  
d u rin g  th e ir  ascen t g ra d u a lly  in  m edial d ire c tio n , estab lish ing  th u s  sy n a p tic  
c o n ta c t w ith  m ore a n d  m ore  m edially  s i tu a te d  C larke  neurons. Since, as has 
a lre a d y  been  s ta te d  [6], co lla tera ls from  th e  d iffe ren t roots do n o t e n te r  
C la rk e’s co lum n a t  th e  sam e level, th is d is tr ib u tio n  of collaterals is n o t  due 
ex c lu siv e ly  to  a m ed ia l sh iftin g  o f co lla te ra ls  in s id e  th e  colum n b u t  also  to  
a s im ila r  sh ift o f th e  ascend ing  w hite  dorsa l c o lu m n  fib res. In  sa g itta l sec tions 
o f th e  co rd  o f an im als  w ith  previous lu m b a r  rad ico to m y  one en co u n te rs  
d e g e n e ra ted  co lla te ra ls  e n te rin g  th e  gray  m a t te r  from  th e  dorsal fasc icu lus in  
la rg e  n u m b ers  as h igh  as five or six seg m en ts  above th e  level o f  th e  
e n tra n c e  o f th e  sec tio n ed  ro o t in to  th e  s p in a l cord . These co lla te ra ls  are 
s i tu a te d  th e  m ore m ed ia l th e  h igher th e y  a re  a b o v e  th e ir  segm ent o f e n tra n c e .

H o w ev e r w ell d efin ed  th e  borders o f  th e  sp ace  in  w hich th e  co lla te ra ls  
a ris in g  from  an y  d o rsa l ro o t are  d is tr ib u te d  in  C la rk e ’s colum n, th ese  b o rd e rs  
do n o t  se p a ra te  th e  d is tr ib u tio n  fields o f  tw o  neighbouring  or an y  o th e r  
seg m en ts . On th e  c o n tra ry , th e re  is a co n siderab le  overlap  betw een  co lla te ra ls  
o f n e ig h b o u rin g  segm en ts. T he collaterals d e riv e d  from  th e  large low er lu m b a r  
seg m en ts  overlap  n o t o n ly  w ith  th e ir  a d ja c e n t, b u t  even w ith  th e  n e x t  an d  
p e rh a p s  even  m ore seg m en ts . This is d e m o n s tra te d  d iag ram m atica lly  in  F ig . 2,



SOMATOTOPIC ARRANGEMENT OF SYNAPSES OF PRIMARY SENSORY NEURONS 3G9

H g - 1. D iag ram  show ing th e  d is tr ib u tio n  of p r im a ry  sen so ry  co lla te ra ls in  C lark e’s colum n 
o rig in a tin g  fro m  th e  segm en t L 4. F u r th e r  ex p la n a tio n  in  th e  t e x t

w ith  ind ica tion  o f th e  “ g ia n t (paralle l co n tac t)  sy n ap ses”  in v o lv ed . — T hus it 
ap p e  ars th a t  synapses b e tw een  p rim ary  senso ry  neu rons o f d iffe ren t segm ents 
w ith  C larke neurons are  s itu a te d  in  paralle l ob lique  slices of th e  co lu m n  sloping 
u p w ard s in m edial d irec tio n  an d  show ing considerab le  o v e rlap  betw een  
ne ighbouring  and  even  m ore  d is ta n t segm ents.
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T h e  significance o f  th is  so m ato to p ic  a r ra n g e m e n t o f sy n ap ses  w ould  
b e t t e r  b e  understood  if  w e h a d  m ore  ex ac t in fo rm a tio n  on: (i) th e  d is tr ib u tio n  
a n d  te rm iita tio n  of th e  d is ta l  b ra n c h e s  of th e  n eu ro n s  o f  a g iven  seg m en t w hich  
te r m in a te  in  lower or u p p e r  p a r t s  o f th e  colum n, a n d  (ii) on th e  m ode o f te rm in a ­
t io n  o f  DSCT fibers in  th e  ce reb e llu m  arising  fro m  d iffe ren t levels o f  C larkes 
c o lu m n . U n fo rtu n a te ly  we d o  n o t  know  a n y th in g  a b o u t these  questio n s. Since 
a c c o rd in g  to  Lundberg  a n d  Oscarsson [3] m o st DSCT neurons are  m ono- 
s y n a p tic a l ly  stim u la ted  e i th e r  b y  m uscle sp in d le  ( la )  or Golgi te n d o n  o rgan  
( I t )  a ffe re n ts , the  p o ss ib ility  m u s t be ta k e n  in to  a cco u n t t h a t  th e  one o f  th e  
tw o  ty p e s  m ight be lo ca lized  m ore  caudally  th a n  th e  o th e r. T his h as  a lread y  
b e e n  te s te d  ex p erim en ta lly  b y  Oscarsson [4] w ith  descending  lo n g itu d in a l 
s e c tio n in g  o f the  sp inal co rd  to  in te r ru p t th e  C larke  n eu ro n  axons successively  
as t h e y  e n te r  Flechsig’s fa sc icu lu s . Since th e  d isch arg es due to  l a  a n d  I b s t i­
m u la t io n  decreased c o n c o m ita n tly  in  such ex p e rim en ts , th is  p o ssib ility  h as  been 
ru le d  o u t .  So we m u st su p p o se  t h a t  Clarke n eu ro n s w h ich  are m o n o sy n ap tica lly  
a c t iv a te d  b y  16 afferen ts a re  s i tu a te d  in  th e  sam e leve l as those  im p in g ed  up o n  
b y  l a  a ffe ren ts . — T he m o d e  o f  te rm in a tio n  o f  d o rsa l sp inocerebe llar fib res  
o r ig in a tin g  from  d iffe ren t lev e ls  o f th e  cord is a q u es tio n  th a t  rem a in s  to  be 
in v e s t ig a te d  by a p p ro p ria te  m e th o d s .

Sum m ary

T h e  synapses of p r im a ry  s e n so ry  co lla terals o f lu m b a r  segm en ts w ith  C larke n eu ro n s 
a re  s i t u a t e d  in paralle l ob liq u e  slices o f  th e  colum n slop ing  u p w a rd s  in  m ed ia l d irec tio n . T h ere  
is c o n s id e ra b le  overlap  in  C lark e’s c o lu m n  betw een th e  s y n a p tic  te rr ito rie s  o f  n e ig h b o u rin g  
s e g m e n ts . I n  consequence o f th is  a r ra n g e m e n t th e  C larke n e u ro n s  m o n o sy n ap tica lly  exc ited  
b y  th e  p r im a ry  sensory n eu ro n s  o f  a  g iv en  segm ent are  g e n e ra lly  th e  m o st la te ra l  ones in  th e  
lo w e r a n d  th e  m ost m edia l ones in  th e  u p p e r p a r t  o f th e  sy n a p tic  te r r i to ry  of t h a t  seg m en t 
in  C la rk e ’s colum n.
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Fig, 2. D is tr ib u tio n  and  ov erlap  of p rim a ry  sensory  co lla te ra ls  de riv ed  from  th e  se g m en ts  L 5_7
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СОМАТОТОПИЧЕСКОЕ РАСПРЕДЕЛЕНИЕ СИНАПСОВ ПЕРВИЧНЫХ ЧУВСТ­
ВУЮЩИХ НЕВРОНОВ В СТОЛБЕ КЛАРКЕ

Й. СЕНТАГОТАИ
Первичные чувствующие невроны поясничных срезов образуют в столбе Кларка 

в цилиндрических сегментах, разграниченных косыми, в верхнем направлении м едиально 
наклоняющимися плоскостями, синапсы с находящимися в этих пространствах Кларко- 
выми нервными клетками. Между подобными синаптическими областями соседних срезов 
наблюдается значительное совпадение. В результате этого распределения происходящие 
из определенного корня коллатерали образуют в нижней части относящейся к данному 
корню области непосредственные синапсы с боковыми, а в верхней части этой области с 
медиальными клетками Кларка.

SO M A T O T O P ISC H E  A N O R D N U N G  D E R  S Y N A P S E N  V O N  D E N  P R IM Ä R E N  
S E N S O R IS C H E N  N E U R O N E N  IN  C L A R K E S C H E N  S Ä U L E

J . SZENTÁGOTHAI

D ie S y n a p se n  zw ischen den  p r im ä re n  senso rischen  N euronen  d e r L u m b a lse g m e n te  
u n d  C larkeschen  Zellen sind  in  sch iefen  n a c h  ob en  m ed ia lw ärts  geneig ten  d u rc h  p a ra lle le  
E b e n e n  b eg ren z te n  Z y lin d e rsch n itten  d e r  C larkeschen  Säule  lokalisiert. D ie zu  b e n a c h b a r te n  
S eg m en ten  g eh ö ren d en  S ch e ib e n te rrito rie n  d e r  C larkeschen  Säule ü b e rd ec k en  s ich  w e it­
g ehend . D ieser A n o rd n u n g  zufolge w erd en  d u rc h  die K o lla te ra len  je d e r  D o rsa lw u rze l im  k a u d a ­
len  V erte ilu n g sb ere ich  der C larkeschen Säu le  la te ra le , im  k ra n ia le n  V e rte ilu n g sb ere ich  m edia le  
N erv en ze llen  d ire k t e rreg t.

P ro f. D r. Já n o s  S z e n t Ág o t h a i , P écs, D isch k a  G y. u. 5. H u n g a ry
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