
MORPHOLOGY AND PATHOMORPHOLOGY 

M O R P H O L O G I C A L  C H A N G E S  IN T H E  N E R V O U S  S Y S T E M  

D U R I N G  E X P O S U R E  TO V I B R A T I O N  

V .  V .  S e m e n o v a - T y a n - S h a n s k a y a  a n d  N .  I .  K a r p o v a  UDC 616.8-001.34-091 

Because of new technological developments in industry the possibility of exposure of the workers to 

vibration has increased. Vibration affects various organs and systems of the body and can give rise to 

pathological changes bearing the name of vibration disease. Most authors consider that lesions of the 

nervous system are among the more important aspects of this disease [1-31. 

As long ago as in 1907 it was found [4] that during exposure of rabbits to intensive vibration the ani- 

mals develop disturbances of the lymphatic and blood circulation and degeneration of nerve cells and re- 

active changes in the neuroglia in the lumbar region of the spinal cord which was subjected to vibration. 

More recently, reports have been given [5-8] of changes in various parts of the spinal cord and peripheral 

nerves. 

This paper describes the results of an experimental morphological investigation carried out to probe 

more deeply into the influence of vibration on the nervous system. 

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on 27 r a b b i t s .  The r ight  hind l imb of the an imals  was exposed to the 
action of loca l  v ib ra t ion  (frequency 40 cps,  ampl i tude  1.35 ram) for  3 h dai ly .  To produce the v ib ra t ion  a 
spec i a l  appara tus  was used,  cons t ruc ted  at the Leningrad  San. -Gig .  Medica l  Inst i tute  and cons i s t ing  of a 
v ib ra to r  producing  s inuso ida l  osc i l l a t ions  in a v e r t i c a l  d i rec t ion ,  and a f r a m e  for a t tachment  of the animal .  
Seve ra l  s e r i e s  of expe r imen t  we re  c a r r i e d  out with di f ferent  dura t ions  of exposure  (9, 14, 29, and 90 days) ,  
a f te r  which the an imals  w e r e  s a c r i f i c e d  by a i r  e m b o l i s m  and the t i s s u e  of the nervous  s y s t e m  ex t rac t ed  
for pa thologica l  examinat ion.  An addi t ional  s e r i e s  of exper imen t s  was c a r r i e d  out on 4 r abb i t s ,  exposed 
to v ib ra t ion  da i ly  for  3 months,  then not subjec ted  to any form of t r e a t m e n t  for  the next 4 months,  af ter  
which they we re  s a c r i f i c e d .  

Histological investigations were made of the sciatic, tibial, peroneal, and plantar nerves of the right 
(exposed to vibration) and left hind limbs, the muscles and skin of the leg and foot, various divisions of the 
spinal cord with the roots and spinal ganglia, and also the brain. 

The material was stained by the methods of Nissl, Van Gieson, Cajal-Favorskii, Bielschowsky- 
Gros, Weigert, Marchi, etc. 

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

Obse rva t ions  on the behavior  of the r a bb i t s  showed Lhat during the f i r s t  2-3 days of the i r  s t ay  a t -  
tached to  the f r a m e  the an ima l s  were  exci ted,  r e s t l e s s ,  and t r i ed  to f r ee  the i r  paws, but on the following 
days  they showed some degree  of r e s t l e s s n e s s  only f rom t ime  to t ime .  After  the exper iment  the an imals  
became s t i l l ,  and the r ight  hind l imb dragged  as they moved about. 

Af te r  10-12 days  mos t  of the an imals  developed a bald patch on the heel  of the r igh t  foot, and af ter  
one month four of the an ima l s  developed bleeding u l c e r s  at this  p lace .  In the other  an imals  edema  of the 
r ight  paw and a t rophy  of the m u s c l e s  of the leg and the p lan ta r  musc l e s  were  obse rved .  These  t rophic  
d i s tu rbances  in the reg ion  of the r ight  hind l imb p e r s i s t e d  throughout the e xpe r i m e n t a l  per iod .  Af ter  d i s -  
continuing the v ibra t ion ,  they g radua l ly  d i s a p p e a r e d  (the u l c e r s  healed,  growth of the h a i r  on the ba ldpa tch  
i nc r ea sed ,  the musc l e s  of the r igh t  leg and foot i n c r e a s e d  in bulk). 
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Fig. 1. Changes in the tibial nerve after exposure to vibration for  
47 days. a) Decrease  in the number  of axons in the bundles of nerve 
f ibers  of the r ight tibial nerve ;  b) axons in the left tibial nerve;  c) 
breakdown of myelin in the nerve f ibers of the right tibiaI nerve;  d) 
increase  in the number of Elzholz ' s  bodies and f ragments  of disin-  
tegrat ing myelin in single nerve fibers of the left tibial nerve,  h n -  
pregnation with si lver  by the Cajal -Favorski i  method (a and b) and 
stained by March i ' s  method (c and d). ]10 x 

Fig. 2. Changes in sensory  ganglia and the spinal cord af ter  ex- 
posure  to vibration for  50 days. a) Reacti~,e changes in the nerve 
cells  of a right lumbar ganglion displacement  Of the nucleus, ac -  
cumulation of chromatophil ic  mater ia l  around the nucleus); b) 
react ive  changes [n the dendrites of the neurons of a r ight lumbar 
ganglion (spherical swellings on the dendrites); c) degeneration of 
individual nerve f ibers  in the lateral  columns of the spinal cord; 
d) small  hemmorhages  around the blood vesse ls  in the gray mat -  
ter  of the spinal cord.  Niss l ' s  method (a), impregnation with 
s~Iver by Cajal-Favorski[ method (b)~ Marchi's (c) ~ and Mallory's 
(d) methods. Magnification 100x (a), 450x (b), 200x (c),and ll0x (d). 
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On m i c r o s c o p i c  i n v e s t i g a t i o n  of the  s c i a t i c  n e r v e  and i t s  b r a n c h e s  to  the  r i g h t  leg  and foot of the  
r a b b i t ,  obv ious  s i g n s  of n e u r i t i s  w e r e  o b s e r v e d .  I nd iv idua l  n e r v e  f i b e r s  showed d e g e n e r a t i o n  and o t h e r s  
showed p e r i a x o n a l  c h a n g e s .  

The  c a l i b e r  of the  axons  was  i r r e g u l a r ,  and t h i c k  and swo l l en  axons  a p p e a r e d ,  b r e a k i n g  up into  f r a g -  
m e n t s  and g r a n u l e s .  A r e a s  of d e g e n e r a t e d  axons ,  i n t e n s i v e l y  i m p r e g n a t e d  wi th  s i l v e r ,  w e r e  found in the  
f o r m  of t w i s t e d  f r a g m e n t s  i n s i d e  d r o p l e t s  of d i s i n t e g r a t e d  m y e l i n .  In  s o m e  bund le s  of n e r v e  f i b e r s  the  
n u m b e r  of axons  was  g r e a t l y  r e d u c e d  (Fig .  l a ) .  

In  t he  i n i t i a l  s t a g e  of t he  d e g e n e r a t i v e  changes  in the  m y e l i n  t he  n u m b e r  of E l z h o l z ' s  b o d i e s  i n -  
c r e a s e d ,  and s u b s e q u e n t l y  in  the  e n l a r g e d  c y t o p l a s m  of the  Schwann c e l l s ,  s p h e r e s  and d r o p s  of d i s i n t e -  
g r a t e d  m y e l i n  of d i f f e r e n t  s h a p e s  and s i z e s  a p p e a r e d ,  g iv ing  a b l a c k  o r  g r a y  c o l o r  on s t a i n i n g  (March i ;  
F i g .  l c ) .  Depend ing  on the  i n t e n s i t y  of the  i n j u r y  to  the  n e r v e  f i b e r ,  the  d i s i n t e g r a t i o n  of t he  m y e l i n  was  
l o c a l i z e d  ( s egmen ta l )  o r  i t  e x t e n d e d  th roughou t  the  d i s t a l  p o r t i o n  of the  n e r v e  f i b e r .  

I n f l a m m a t o r y  c h a n g e s  w e r e  found in the  s h e a t h s  of the  n e r v e s  in t h e  d i s t a l  p o r t i o n s  of t he  r i g h t  l i m b  
of t he  r a b b i t s  w i th  m a r k e d  t r o p h i c  c h a n g e s  and u l c e r s  o r  e d e m a  of the  foot .  

A t o t a l l y  d i f f e r e n t  p i c t u r e  was  o b s e r v e d  in the  n e r v e s  of the  le f t  foot ,  not  e x p o s e d  to  v i b r a t i o n .  The  
axons  in the  bund le s  of n e r v e  f i b e r s  r e m a i n e d  in t ac t  (F ig .  lb)  but  the  ou t l i nes  of s o m e  of t h e m  w e r e  i r -  
r e g u l a r  and t hey  w e r e  i n t e n s i v e l y  i m p r e g n a t e d  wi th  s i l v e r .  The  n u m b e r  of E l z h o l z ' s  b o d i e s  showed a 
s l i gh t  i n c r e a s e .  Only  o c c a s i o n a l  n e r v e  f i b e r s  w e r e  found wi th  s i g n s  of s e g m e n t a l  d e m y e l i n i z a t i o n  (Fig .  l d ) .  

The  n e u r i t i s  w a s  m o r e  s e v e r e  in the  n e r v e s  of the  d i s t a l  p o r t i o n  of the  r a b b i t ' s  h ind l i m b :  the  p l a n t a r ,  
t i b i a l ,  and p e r o n e a l  n e r v e s ,  and l e s s  s e v e r e  in the  s c i a t i c  n e r v e s .  

In t he  m u s c l e s  and sk in  of t he  r i g h t  l eg  and foot ,  d i s i n t e g r a t i o n  of i nd iv idua l  n e r v e  f i b e r s  and end ings  
in to  s m a l l  f r a g m e n t s  was  o b s e r v e d .  O the r  m e d u l l a t e d  f i b e r s  showed  p e r i a x o n a l  c h a n g e s .  

In  the  s p i n a l  s e n s o r y  g a n g l i a  of the  c o r r e s p o n d i n g  s e g m e n t s ,  r e a c t i v e  and d e g e n e r a t i v e  changes  w e r e  
found in the  n e r v e  c e l l s  : d i s p l a c e m e n t  of the  n u c l e u s  to the  p e r i p h e r y ,  a c c u m u l a t i o n  of c h r o m a t o p h i l i c  
m a t e r i a l  a round  the  nuc l eus  (Fig .  2a). In  s o m e  p r e p a r a t i o n s  s p h e r i c a l  s w e l l i n g s  w e r e  s een  (Fig .  2b). The  
changes  in t he  n e r v e  c e l l s  w e r e  m o r e  m a r k e d  in t he  s e n s o r y  g a n g l i a  on the r i g h t  s i d e .  

In  the  c e n t r a l  and d o r s a l  r o o t s ,  s o m e  of t he  m e d u l l a t e d  f i b e r s  showed  s igns  of s e g m e n t a l  d e m y e l i n i z a t i o n .  

In  t he  g r a y  m a t t e r  of the  s p i n a l  c o r d ,  m o d e r a t e l y  s e v e r e  r e a c t i v e  changes  w e r e  found in the  n e r v e  
c e l l s  o f  the  v e n t r a l  h o r n :  an i r r e g u l a r  d i s t r i b u t i o n  of c h r o m a t o p h i l i c  m a t e r i a l ,  d i s p l a c e m e n t  of the  nuc le i ,  
h y p e r c h r o m a t o s i s .  

In  the  conduc t ing  t r a c t s  of the  whi te  m a t t e r  of the  s p i n a l  c o r d  the  s e g m e n t a l  d e m y e l i n i z a t i o n  and 
d e g e n e r a t i o n  of i nd iv idua l  f i b e r s  w e r e  m o d e r a t e l y  s e v e r e  (Fig.  2c).  

In the  s h e a t h s  of the  s e n s o r y  g a n g l i a  and the m e n i n g e s  of the  sp ina l  c o r d t h e  b lood v e s s e l s  w e r e  d i l a t e d  
and c o n g e s t e d .  S m a l l  h e m o r r h a g e s  w e r e  found in the  g r a y  m a t t e r  of the  s p i n a l  c o r d  (Fig .  2d). 

In the  b r a i n  and m e n i n g e s  h y p e r e m i a  of the  b lood  v e s s e l s  was  p r e s e n t ,  and acu te  s w e l l i n g  of i nd iv idua l  
n e r v e  f i b e r s  was  found in the  o l i ve s ,  the c o r t e x  of the  h i p p o c a m p u s ,  t h e P u r k i n j e  c e l l s  of the  c e r e b e l l u m  
and the  nuc le i  of the  c r a n i a l  n e r v e s .  

E x p o s u r e  to  l o c a l  v i b r a t i o n  of de f in i t e  p a r a m e t e r s  thus  led  to t he  d e v e l o p m e n t  of l e s i o n s  in both  the  
p e r i p h e r a l  and c e n t r a l  n e r v o u s  s y s t e m s  of the  r a b b i t s .  N e u r i t i s  of the  s c i a t i c  n e r v e  was  found, e s p e c i a l l y  
in the  d i s t a l  p o r t i o n s  of the  l i m b .  

In the  c o r r e s p o n d i n g  s e g m e n t a l  c e n t e r s  (the s p i n a l  s e n s o r y  g a n g l i a  and the  c o r r e s p o n d i n g  s e g m e n t s  
of the  s p i n a l  co rd )  r e a c t i v e  and d e g e n e r a t i v e  changes  of the  n e r v e  c e l l s  w e r e  p r e s e n t ,  wi th  d e a t h  of s o m e  
of t h e m ,  and a l s o  a w e l l  de f ined  r e a c t i o n  of the  n e u r o g l i a .  

D e g e n e r a t i o n  of s o m e  n e r v e  f i b e r s  in the  l a t e r a l  and d o r s a l  c o l u m n s  of the  s p i n a l  c o r d  was  o b s e r v e d .  
In the  b r a i n  the  v e s s e l s  w e r e  h y p e r e m i c  and the n e u r o n s  showed  r e v e r s i b l e  c h a n g e s  of the  acute  s w e l l i n g  
type .  The  m o s t  s e v e r e  l e s i o n s  of the  n e r v e  f i b e r s  w e r e  o b s e r v e d  1.5 mon ths  a f t e r  the  beg inn ing  of e x p o s u r e  
to v i b r a t i o n .  A f t e r  3 m o n t h s  the  n u m b e r  of n e r v e  f i b e r s  in t he  in i t i a l  s t a g e  of d e g e n e r a t i o n  was  v e r y  s m a l l  
and the  p r e d o m i n a n t  f e a t u r e s  w e r e  the  p r e s e n c e  of m a r k e d  d i s i n t e g r a t i o n  of the  a f f e c t e d  f i b e r s  and s i g n s  
of r e g e n e r a t i o n  of i nd iv idua l  f i b e r s .  
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In the rabbits exposed to vibration for 3 months and then rested for 4 months, besides degenerative 

changes in the nerves, regenerative processes were observed and these varied in their course depending 

on the degree of development of the neuritis. 

LITERATURE CITED 

1. E. TS. Andreeva-Galanina,  E. A. Drogichina, and V. G. Artamonova, Vibration Disease [in Russian], 
Leningrad (1961). 

2. L . N .  Grats ianskaya,  Occupational Polyneur i tes  [in Russian], Leningrad (1960). 
3. E . A .  Drogichina, Toxic Polyneur i tes  and Encephalomyelo-polyneuri tes  [in Russian],  Moscow (1959). 
4. A . E .  Shcherbak, Obozr.  Psikhiat . ,  Nevrol,]~ksp. Psikhol. ,  No. 4, 193 (1907). 
5. D. Denny-Brown and C. J .  Brenner ,  J. NeuroI. Neurosurg.  Psyehiat . ,  7 (1944), p. 76. 
6. R. Maassen and H. E. Buttner, Arch.  Gewerbepath. Gewerbehyg.,  10 (1940), p. 19. 
7. S. Novothy and G. Uher,  Ibid., 17 (1959), p. 339. 
8. Stender,  in: J.  Hagen, Erkrankungendurch Press lu f t  - Werkzeugerbei t ,  Leipzig (1947). 

200 


