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Medullated f ibe r s  of l a rge  and medium cal iber ,  cons idered  on the bas i s  of exper imenta l  
morphologica l  data to be dendr i tes  of neurons f rom the spinal ganglia,  were  counted in 
t r a n s v e r s e  sect ions  through ne rves  supplying the v i s c e r a  (heart,  lungs, smal l  intest ine,  
l iver ,  kidneys) of man and the dog. The number  of v i s c e r o s e n s o r y  f ibe r s  in the e x t r a -  
mura l  ne rves  was smal l .  The degree  of development  of a f ferent  connections of the 
spinal cord  differs  f r o m  one organ to another .  In the s e r i e s  of organs  l i s t ed  above the 
hea r t  r e c e i v e s  the l a rges t ,  and the kidneys the smal les t ,  number  of s e n s o r y  f ibe r s .  

Dendri tes  of neurons f r o m  spinal  s e n s o r y  ganglia,  in the i r  path to the v i s c e r a ,  a re  known to pass  
through the l a te ra l  sympathe t ic  t runks and the i r  v i s c e r a l  b ranches  [1, 3, 7, 8]. The w r i t e r s  have shown 
exper imen ta l ly  [4, 5] that the overwhelming  ma jo r i ty  of spinal v i s c e r o s e n s o r y  f ibers  a r e  medul la ted f ibe r s  
of l a rge  and medium ca l ibe r .  

In the invest igat ion desc r ibed  below, the af ferent  connections of s e v e r a l  organs  with the spinal cord 
were  invest igated quant i ta t ively.  

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

Mater ia l  was obtained by a study of 24 s e r i e s  of e x t r a m u r a l  ne rves  of the esophagus,  hear t ,  lungs, 
smal l  intest ine,  kidneys,  and l ive r  f rom human cadavers  and dogs. Serial  t r a n s v e r s e  sect ions  through the 
ne rves  running to these  organs  f r o m  the p a r a -  and p r e v e r t e b r a l  ganglia were  s ta ined by the W e i g e r t -  P a l -  
Favor sk i i  method.  In these  sec t ions ,  the myel in  sheaths of ne rve  f ibe r s  stood out as dark  purple  r ings of 
var ious  s i z e s  aga ins t  the pale background of zones of t r ans lucency  fo rmed  by the nonmedullated f ibe r s .  
The number  of medul la ted f ibe r s  of the var ious  ca tegor ies  was counted on pho tomic rographs .  

The f igures  i l lus t ra t ing  this pape r  c lea r ly  show that all medullated f ibers  without exception could be 
counted in each n e rve .  Because  of the purpose  of the invest igat ion,  only f ibers  of l a rge  (over 7 #) and 
medium (from 4 to 7 p) ca l iber  we re  counted. 

To d e m o n s t r a t e  a f fe ren t  connections between these  organs  and the spinal  cord,  and to a s s e s s  these  
connections morphologica l ly ,  43 expe r imen t s  were  c a r r i e d  out on dogs in which spinal  denervat ion was p e r -  
fo rmed  by remova l  of the spinal ganglia f rom C2 to L~ inclusive.  The organs  and the i r  ne rves  were  inves t i -  
gated by the B i e l s c h o w s k y -  Gros  method.  

E X P E R I M E N T A L  R E S U L T S  

Many of the v i s c e r a l  ne rves  studied in the i r  course  f r o m  the spinal cord contained dendri tes  of neu-  
rons  in the spinal s e n s o r y  ganglia,  consis t ing of medul la ted f ibe r s  of l a rge  and medium ca l iber .  No d i f f e r -  
ence was found between the num ber  of these  ca tegor ies  of f ibers  in different  ne rves  (Fig. 1). The r e su l t s  
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Fig. 1o Internal f iber s t ruc ture  of nerves  to the human esophagus (A), lungs 
(B), hear t  (C), l iver (D), small  intestine (E), and kidneys (F). W e i g e r t - P a l .  
A, B, E, F: 400 • C, D: 200 • 

given in Table 1 reflect the mean number of fibers of each category in each nerve. In each case ten ex- 
tramural visceral nerves about 0.2 mm in diameter, each containing fibers of the particular type, were 
investigated. Nerves not containing afferent fibers of these categories were not included in the counting~ 
Such nerves, however, constitute the majority in the renal and hepatic plexuses. 

Branches of the lateral sympathetic trunks to the esophagus and bronchi (~ungs) contained the largest 
number of thick and medium-caliber medullated fibers. Somewhat fewer fibers of these categories were 
present in the cardiac nerves. Nerves of the intestinal, renal, and hepatic plexuses contained only solitary 
afferent spinal fibers. However, the fibers of these types do not account for all possible connections be- 
tween the organs and spinal cord~ Dogiel [2] observed many years ago that in adults, thin medullated affer- 
ent fibers originate from the small neurons of the spinal ganglia. Some such dendrites are certainly vis- 
ceral in charac te r .  A phenomenon of a different o rder  must  also be taken into consideration:  ex t ramura l  
multiplication of large  afferent f ibers (Fig. 2). Such f ibers  may divide dichotomously on their  way to the 
organ.  As a resu l t  of division, two f ibers  of smal le r  cal iber  are  formed,  and these separa te  to enter  
different nerve  trunks of the ext ramural  plexus. If this division is repeated,  severa l  daughter f ibers ,  
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TABLE 1. Number  of La rge  and Medium-Cal iber  Medullated 
F ibe r s  in Various  Visce ra l  Nerves  

Type of nerve fibers 

Man 

Dog 

M a n  

Dog 

Thick (over 7~) 

Medium -caliber 
(from 4 to 7/J) 

! 

10 

19 

12 

8 7 2,4 

3 2 1,8 

17 I1 3,3 

6 10 3~2 

~J 

2,1 1,8 

1,2 I,I 

2,4 2,1 

1,3 1,3 

Fig .  2. Ex t r amura l  division of thick medul la ted 
f iber  in supe r io r  m e s e n t e r i c  plexus n e a r  i n t e s -  
tinal wall in man.  B i e l s c h o w s k y - G r o s ,  400 x. 

which may be medullated (of smal l  cal iber)  or  p r e t e r -  
minal  nonmedullated f ibe r s ,  a re  f o rmed .  In this way the 
e x t r a m u r a l  v i s c e r a l  n e r v e s  come to contain a f fe ren t  
spinal f ibe r s  differing in the i r  morphology f rom the 
original  f i be r s .  This phenomenon of e x t r a m u r a l  mul t i -  
p l ica t iorvnatural ly  reduces  the number  of l a rge  and 
m e d i u m - c a l i b e r  medul la ted f ibers  in the ne rves  as they 
approach  the organ (small  intest ine,  hear t ) .  These  
pr inc ip les  apply r egu la r ly  to man and an imals .  

Clear ly ,  the re fo re ,  the morphology of the af ferent  
spinal f ibe r s  is ma rked  by considerable  var ie ty :  f rom 
medulla ted f ibers  of all  ca l ibe rs  to nonmedullated f ibe r s .  
The p r e sence  of thick and m e d i u m - c a l i b e r  medul la ted 
f ibe r s  in the v i s c e r a l  ne rves  is indisputable evidence of 
connections between the organ  and the s enso ry  spinal 
ganglia.  Counting the number  of these  pr incipal  types of 
f ibe r s  in the ne rves  to an organ is an object ive method 

of a s s e s s i n g  the intensi ty of its a f ferent  innervation~ F r o m  the bas i s  of this c r i t e r ion  it is c lear  that all 
the organs  studied dif fer  in the degree  of the i r  afferent  connections with the spinal cord.  The nerves  of 
each organ contain v i s c e r o s e n s o r y  f ibers  s o m e t i m e s  belonging to ve ry  distant  spinal s egement s .  The r e -  
sults  now descr ibed  provide  a morphological  bas i s  for  the fact  that the total a r e a  r e p r e s e n t e d  in the ce reb ra l  
cor tex  by the higher  organs  of the s enso r s  and by soma tosenso ry  sensa t ion  is much g r e a t e r  than the a r e a  
of r ep resen ta t ion  of the v i s c e r a  [6]. This invest igat ion shows that the total number  of neurons of the spinal 
ganglia respons ib le  for  v i s ce r a l  sensa t ion  is sma l l .  This fea ture  is evidently assoc ia ted  with the quality of 
v i s c e r o s e n s o r y  function: impulses  f rom the v i s c e r a  under normal  conditions a r e  not r eco rded  in consc ious -  
nes s .  Each v i scus ,  to a cer ta in  extent,  thus evidently p o s s e s s e s  neural  coordination mechan i sms  in which 
the role  of the di f ferent  spinal component  may  be minimal  or  total ly absent .  
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