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Absence  of convergence  has been  found in some s e n s o r y  neurons  of the p o s t e r i o r  horns  of the spinal  
cord.  

The work of Sherr ington  and his  co l l a bo r a t o r s  [6] showed that  d i f ferent  a f ferent  ne rves  t e r m i n a t e  on 
the same  m o t o r  ce l l s ,  t he reby  c r ea t i ng  over lapping  of m o t o r  zones.  This  phenomenon i s  at  the b a s i s  of the 
convergence  p r inc ip l e ,  which in turn  s e r v e s  as  the b a s i s  fo r  coordina t ion  of functions of the spinal  cord.  
Occlus ion is  a m e a s u r e  of convergence .  The quest ion a r i s e s  whether  convergence ex i s t s  in the s e n s o r y  
zones of the p o s t e r i o r  horns ,  e s p e c i a l l y  in zones fo rmed  by neurons  of what has been ca l l ed  the s p i n o - b u l -  
b a r  s y s t e m ,  the ac t iv i ty  of which is e a s i l y  r e c o r d e d  f rom the do r sa l  su r face  or  f rom the depth of the p o s t e r i o r  
horns  of the spinal  cord.  If convergence is the rule  in the mo to r  zones ,  this  neve r the l e s s  does not mean 
that  i t  is  a l so  the rule for  s e n s o r y  zones.  

The p r e s e n t  inves t iga t ion  showed that  convergence  is  absent  in some s e n s o r y  neurons of the p o s t e r i o r  
horns .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  conducted on r a t s  and cats  anes the t i zed  with pen tobarb i ta l  sodium (30 mg]kg) .  
Monopolar  r eco rd ings  were  made of the p o s t e r i o r  horn poten t ia l s  by means  of a cotton wool wick appl ied  
to the su r face  of segment  L 7 in ca ts  and L 5 in r a t s ,  s t r i c t l y  in the midl ine .  The indi f ferent  e l ec t rode  was 
p laced  on neighbor ing m u s c l e s .  In some expe r imen t s  on cats  the ac t ive  e l ec t rode  was a g lass  m i c r o e l e e -  
t rode  (d iameter  5 ~) ,  i n s e r t e d  into the spinal  co rd  to a depth of 0.5-1 mm in a d o r s o - v e n t r a l  d i rec t ion .  
The an ima l s  were  fixed t ight ly  in a spec ia l  f r ame .  The m i c r o e l e c t r o d e  was i n se r t ed  into the spinal  cord  
of the cats  by means  of a spec ia l  m i c r o m a n i p u l a t o r ,  s e c u r e l y  fixed to the spinous p r o c e s s e s .  P o s t e r i o r  
horn poten t ia l s  were  e v o k e d b y  s t imula t ion  of pu re ly  cutaneous (plantar  and sura l )  and mixed  (peroneal ,  
t ib ia l ,  and sc ia t ic )  ne rve s .  The ven t ra l  roo ts  were  divided.  The ne rves  were  s t imula ted  with square  pulses  
0.1 m s e c  in durat ion;  the r e s p o n s e s  were  fed into a UBPI -Ol  a m p l i f i e r  and r e c o r d e d  on a loop osc i l lograph .  

EXPERIMENTAL RESULTS 

During s imul taneous  s t imula t ion  of the lef t  pe ronea l  and t ib ia l  ne rves  of the r a t s ,  the ampli tude of 
the combined r e sponse  was equal to the sum of ampl i tudes  of r e s p o n s e s  to indiv idual ly  s t imula ted  ne rves  
(see Fig .  l a ) .  This  means  that  a f fe ren t  nerve  f ibe r s  running into the spinal  cord  in these  nerve  t runks  do 

not converge on the same neurons whose ac t iv i t i e s  were  r eco rded .  

During s t imula t ion  of the i p s i l a t e r a l  su ra l  and p lan ta r  ne rves ,  the combined response  a l so  was equal 
to the sum of r e s p o n s e s  of the indiv idual ly  s t imu la t ed  ne rves  (see Fig .  lb) .  S i m i l a r  r e s u l t s  were  obtained 
dur ing  s t imula t ion  of o ther  homola t e r a l  and c o n t r a l a t e r a l  ne rves  in va r ious  combinat ions .  

If the s t imula t ion  did not coincide s t r i c t l y ,  the ampl i tude  was s l igh t ly  d iminished  (see Fig .  lc ) .  How- 
e v e r ,  this  does not mean occ lus ion ,  fo r  in ca ses  when s t imul i  do not coincide there  is  no such thing as a 
combined r e s p o n s e ,  because  each s t imulus  evokes i ts  own re sponse .  Whatever  the in te rva l  between s t imul i ,  
the t e s t  r e sponse  was ne i the r  d imin ished  nor  i n c r e a s e d ,  i . e . ,  ne i the r  occlus ion nor  fac i l i t a t ion  took place 
dur ing  conditioning. 
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Fig. I. Responses of posterior horns of spinal 

cord at level of segments Ls-L 6 to electrical 

stimulation of mixed (a, e) and cutaneous (b) 

nerves in a rat. a) combined response (III) is 

equal in amplitude to sum of responses to 

stimulation of peroneal (I) and tibial (II) nerves; 

b) combined response (IV) is equal to sum of 

responses during stimulation of sural (1) and 

plantar (IrI) nerves, c) Combined response (IV) 

is slightly smaller than sum of responses to 

stimulation of peroneal (I) and tibilal (II) 

nerves. Time markers 20 and 2 msec. 

Absence of convergence in the sensory zones 

of the posterior horns was also seen when high-fre- 

quency repetitive stimulation of one afferent nerve 

was combined with low-frequency stimulation of 

another. These experiments revealed that the re- 

sponses evoked by each afferent nerve were indepen- 

dent, for after "exhaustion" of the sensory zone of 

one nerve, the addition of low-frequency stimulation 

of the other again evoked high responses. 

The synaptic organization of the neurons of the 

spino-bulbar transmission system is evidently such 

that only one afferent fiber converges on each neuron 

of this system. According to some data, the sensory 

neurons of this sytem receive inhibitory influences 

from the cerebral and eerebellar cortex [4]. This 
means that inhibitory descending fibers, but not 

excitatory, converge on them. 

Hence, whereas convergence is well-developed 

in the motor system of the spinal cord, it is absent 
in the sensorysphere, at least in the neurons of the spino- 

bulbar system. Sensoryneurons cannot, in principle, 

be the end point for convergence of manyafferent nerve 

fibers because their principal function is to discrimi- 

nate between stimuli and to analyze them into their 

component parts for further processing of the infor- 

mation at higher levels. If the neurons of the sensory 

zones allowed convergence, they would be overloaded 

with peripheral information, which would be most un- 

desirable from the point of view of economy of design 

of the nervous system. 

Gasser and Graham [2] did not observe occlusion during stimulation of symmetrical roots (L 7, S~), 

but observed it only during stimulation of homolateral roots, and even then, not in all experiments. Bern- 

hard [I] found occlusion during combined stimulation of only one pair of cutaneous nerves (the sural and 

dorsal femoral cutaneous nerves) but occlusion was absent during stimulation of three other pairs of 
nerves. Occlusion in the experiments of Gasser and Graham was evidently due to the fact that these authors 

stimulated mixed nerves or roots. Since occlusion is always present during stimulation of nerves to 

muscles, its development in the experiments of Gasser and Graham was obviously due to excitation of 

nerves to muscles. It must be assumed that convergence is a feature of the central sensory zones of 
muscle afferent fibers. So far as cutaneous afferent fibers are concerned, no convergence takes place in 

their sensory zones. 

Every point of the skin is supplied by two or three roots [5], which results in wide overlapping of the 

peripheral sensory zones. 

Each neuron of the upper layers of the posterior horns of the spinal sord supplies its own cutaneous 

zone with an area of 30 x 15 ram, or sometimes even 60 x 30 mm [7]. The tactile receptors of the skin- 

Meissner's corpuscles-are grouped so that many cells are innervated by a single afferent fiber [8]. This 

wide peripheral divergence of the cutaneous afferent fibers evidently makes their wide convergence on the 

central cells of the sensory system unnecessary. If many cutaneous afferent fibers converge on one sensory 

neuron, ability to discriminate between peripheral stimuli would be limited and the sensory neurons would 

be overloaded with peripheral information. 

The absence of convergence in the sensory zones of cutaneous afferent fibers formed by neurons of 
the spino-bulbar system does not justify the conclusions that this phenomenon is a characteristic feature 
of sensory zones in general. However, there is some evidence in the literature to suggest that convergence 

is the exception rather than the rule for many sensory zones (for example, in the visual cortex) [3]. 



Even a c u r s o r y  examinat ion  of the organizat ion of s enso ry  zones in the s o m a t o s e n s o r y  cor tex  r evea l s  
the t e r r i t o r i a l  independence of neurons  ac t ivated by s t imulat ion of the skin f rom neurons  ac t ivated by s t i -  
mulat ion of r e c e p t o r s  of deep sensat ion.  Along the la t t e r ,  fu r the r  specia l iza t ion  is observed ,  with a d i s t inc-  
tion between the fas t  adapt ingand the nonadapting [5]. This spat ia l  organizat ion of s e n s o r y  s y s t e m s  at  the 
level  of spinal  cord,  nuclei of the dorsa l  columns,  and s o m a t o s e n s o r y  cor tex ,  is evident ly  d i rec t ly  re la ted  
to s t imulus d iscr imina t ion .  New expe r imen ta l  findings suggest  not only that  convergence on s e n s o r y  neurons 
of the s o m a t o s e n s o r y  cor tex  is reduced to a min imum,  but that  something d i rec t ly  opposite to convergence 
takes  place ,  at  l ea s t  on the lemniseus  neurons of the cortex:  it is not the exci ta tory ,  but the inhibi tory a f -  
fe ren t  ending f rom the inhibi tory annular  zones of the skin which converges  on these  neurons .  The c la im 
is made that  such convergence fac i l i ta tes  local izat ion of the si te of s t imulat ion [5]. Afferent  inhibition a p -  
pa ren t ly  p reven t s  the neuron f rom responding to o ther  exc i t a to ry  impulses ,  as  a r e su l t  of which it  responds  
only to the exc i t a to ry  impulses  of its own recep t ive  zone. 
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