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In e a r l i e r  i n v e s t i g a t i o n s  [7, 81, the  au tho r  r e c o r d e d  m e c h a n o g r a p h i c a l l y  the  m o t o r  e f f e c t s  in the  
a f f ec t ed  l imb  p r o d u c e d  by  s t i m u l a t i o n  of the  m o t o r  po in t s  of the  c e r e b r a l  c o r t e x  in dogs a f t e r  l a t e r a l  h e m i -  
s e c t i o n  of the  s p i n a l  c o r d .  As  a r e s u l t  of t h e s e  e x p e r i m e n t s ,  and in c o n t r a s t  to  f ind ings  ob t a ined  by e a r l i e r  
w o r k e r s  [10-131, i t  was  found tha t  in c h r o n i c  e x p e r i m e n t a l  cond i t ions  m o v e m e n t s  of the  l imb  could  be p r o -  
dueed  on the  s ide  of h e m i s e e t i o n  of the  s p i n a l  c o r d  in r e s p o n s e  to e l e c t r i c a l  s t i m u l a t i o n  of the  c o r r e s p o n d -  

ing po in t s  of the  m o t o r  c o r t e x .  

The  ob jec t  of the  p r e s e n t  i n v e s t i g a t i o n  was  to s tudy  the  e l e e t r o m y o g r a p h  (EMG) of t he  an t agon i s t  
m u s c l e s  of the  f o r e l i m b  on the  s i de  of l a t e r a l  h e m i s e e t i o n  of the  sp ina l  c o r d  in r e s p o n s e  to  s t i m u l a t i o n  
of the  m o t o r  c o r t e x .  

EXPERIMENTAL METHOD 

Experiments were carried out in chronic conditions on unanesthetized dogs. The EMG of antagonist 

pairs of muscles - the flexor and extensor of the forelimb - was studied during stimulation of the motor 

points of the cortex of the corresponding hemispheres. In order to stimulate the cortex the electrodes 

w e r e  i m p l a n t e d  in b u r r - h o l e s  in file s k u l l  in the  r e g i o n  of the  c o r t i c a l  r e p r e s e n t a t i o n  of the  f o r e l i m b .  In 
e v e r y  e a s e  l a t e r a l  h e m i s e c t i o n  of the  sp ina l  c o r d  was  c a r r i e d  out at the  l eve l  of C2-3  on the le f t  o r  r i g h t  
s i d e .  The  EMG of the  a n t a g o n i s t  m u s e l e s  of t he  a f f e c t e d  l imb ,  evoked  in r e s p o n s e  to s t i m u l a t i o n  of the  
m o t o r  c o r t e x ,  was  i n v e s t i g a t e d  b e f o r e  and a f t e r  h e m i s e e t i o n  of the  sp ina l  c o r d .  

The  e x p e r i m e n t a l  c o n d i t i o n s ,  the  me thod  of  s t i m u l a t i o n  of  t h e  c o r t e x ,  and a l so  t he  m e t h o d  of r e c o r d -  
ing  the  m e e h a n o g r a m  of f l ex ion  of the  f o r e l i m b  at t he  e lbow jo in t  w e r e  d e s c r i b e d  in p r e v i o u s  p a p e r s  [7, 8]. 
T h e  EMG of the  a n t a g o n i s t  p a i r  of m u s c l e s  was  r e c o r d e d  by m e a n s  of i m p l a n t e d  e l e c t r o d e s  by  the a u t h o r ' s  
t e c h n i q u e  [91. L a t e r  in the account ,  the  f o r e l i m b  c o r r e s p o n d i n g  to  the  s i de  of h e m i s e c t i o n  w i l l  be  c a l l e d  
the  a f f ec t ed  l i m b .  

EXPERIMENTAL RESULTS 

Before hemisection of the spinal cord, in response to stimulation of the motor points of the dogs' 

cortex a definite pattern of electrical activity of the flexor and extensor muscles was observed. Stimula- 

tion of the cortex at threshold strength evoked a minimal electromyographic response of the flexor, mani- 

fested externally as a spasm of the limb. An increase in the strength of the stimulus evoked both an in- 

crease in the electrical activity of the flexor and involvement of the extensor in the response reaction. 

The evoked flexion of the limb through approximately 90 ~ took place as a result of marked activity of both 

flexor and extensor. With an increase in the strength of the stimulus the frequency of the muscle potentials 

and their amplitude increased. The electromyographie response in the intact dogs is shown in Figs. la 

and 2a. As is clear from Fig. la flexion of the limb at the elbow by 90 ~ (the 3rd line from the top) was 

accompanied by the development of electrical activity simultaneously in the flexor (Ist line from the top) 

and extensor (2nd line from the top). The frequency of the muscle potentials on the EMG evoked by cortical 

stimulation was 160-180 cps (only the peak of the potentials directed upward were counted for a period of 

1 sec from the beginning of cortical stimulation). 
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Fig. i. EMG of muscles of the affected forelimb of dog No. 7 before 
hemisection of the spinal cord (a) and 3 (b), 15 (c), and 24 (d) days 
and 2 months (e) after lateral hemisection. I) EMG of flexor; 2) EMG 
of extensor ; 3) Mechanogram of flexion of the affected limb (devia- 
tion of the line upward) ; 4) marker of electrical stimulation of the 
cortex; 5) tim, marker 20 msec. 

b 

F i g .  2. EMG of the  f l e x o r  of t he  a f f ec t ed  f o r e l i m b  of dog No. 4 b e f o r e  
(a) and 5 (b), 14 (c) and 19 (d) days  a f t e r  l a t e r a l  h e m i s e c t i o n  of t he  
s p i n a l  c o r d .  1) E1VIG of f l e x o r  ; 2) m e c h a n o g r a m  of f l ex ion  of t he  
a f f e c t e d  l i m b  (upward de f l e c t i on  of the  l ine)  ; 3) m a r k e r  of e l e c t r i c a l  
s t i m u l a t i o n  of the  c o r t e x ;  4) t i m e  m a r k e r  20 m s e c .  
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The latent  pe r iod  of appea rance  of the  EMG in r e s p o n s e  to co r t i ca l  s t imula t ion  in these  expe r imen ta l  
condit ions was app rox ima te ly  20-30 m s e c .  The mechanographic  r e s p o n s e  - f lexion of the l imb at the e l -  
bow - developed somewhat  l a t e r  than the EMG, af ter  a latent  pe r iod  of about 40-60 m s e c .  

After  de te rmina t ion  of the EMG of the antagonis t  p a i r  of fo re l imb  m u s c l e s  in the intact  dogs in r e s -  
ponse to s t imula t ion  of the co r r e spond ing  points  of the motor  cor tex ,  l a t e r a l  hemisec t i on  of the s p i n a l  
cord  was c a r r i e d  out. 

Hemisec t ion  of the spinal  cord  in t roduced cons ide rab l e  changes into the b i o e l e e t r i c a l  ac t iv i ty  of the 
antagonist  m u s c l e s .  Ana lys i s  of the EMG t r a c i n g s  obtained during the expe r imen t s  showed that these  
changes took p lace  in a s e r i e s  of s t ages .  

The f i r s t  s tage  was c h a r a c t e r i z e d  by the absence  of both m e c h a n o r e c e p t o r s  and e l e c t r o m y o g r a p h i c  
r e s p o n s e s  f rom the affected l imb to s t imula t ion  of the co r respond ing  motor  points  of the e o n t r a l a t e r a l  
c e r e b r a l  cor tex .  This  l a s t ed  approx imate ly  for the f i r s t  2-3 days a f te r  the opera t ion .  La t e r  sl ight  ac t iv i ty  
appea red  in the  f lexor  ; the EMG of the ex tensor  and the motor  r eac t ion  of the affected l imb w e r e  s t i l l  ab-  
sent .  Somet imes  even a cons ide rab le  i n c r e a s e  in the s t rength  of the s t imu lus  (compared with the s t rength  
which, before  hemisee t ion ,  evoked flexion of the l imb at the elbow by 90 ~ evoked ac t iv i ty  in the f lexor only 
at the beginning of the s t imulus  (Figs .  lb  and 2b). The la tent  pe r iod  of the evoked EMG in some dogs was 
i n c r e a s e d  to 40-60 msec .  Such obse rva t ions  we re  usua l ly  made until  one week af ter  hemisec t i on  of the 
spinal  cord .  

The next s tage continued app rox ima te ly  2-3 weeks  af te r  the operat ion.  The aggrega ted  EMG at this  
t ime  was cons ide r ab ly  changed by compar i son  with that  in the p r eced ing  s tage (Fig. l c  and d). The EMG 
of the f lexor  was c h a r a c t e r i z e d  by infrequent  po ten t ia l s  of high ampl i tude,  r e s e m b l i n g  the b iopotent ia l s  
during t r e m o r .  Whereas  before  hemisee t ion  the h ighest  ampl i tude  of the E M G a v e r a g e d  150 ~V, in the 
p r e sen t  pe r iod  i t  was a lmos t  double,  while the f requency fel l  f rom 160-180 to 80-100 eps (Figs .  l c ,  d and 
2c, d). By this  t ime  the la tent  pe r iod  of the EMG had r e t u r n e d  to i ts  o r ig ina l  length and the b i o e l e c t r i c a l  
ac t iv i ty  of the ex tensor  had i n c r e a s e d .  

However ,  even when the EMG of the f lexor  was in th is  form,  the motor  r e s p o n s e  of the affected l imb 
was s t i l l  absent .  Not unti l  about 3-4 weeks  af ter  hemisee t ion  of the spinal  cord  (the 3rd stage} did s t i m u -  
la t ion of the e o n t r a l a t e r a l  co r t ex  evoke e l ec t r om yogr a ph i c  ac t iv i ty  in the affected l imb of both the f lexor  
and the extensor ,  and the EMG was c lose  to i ts  o r ig ina l  s ta te  as r e g a r d s  the ampl i tude  and f requency of 
the o sc i l l a t i ons .  It was at this  pe r iod  also that  the f i r s t  evoked f lexions of the affected l imb appeared  [7, 8]. 

In the experiment described, a marked feature was the difference in the time of recovery of the 

evoked EMG responses and the flexions of the affected limbs. Whereas an electromyographic effect was 

observed during the first week after hemisection, flexion of the affected limb could not be evoked until 
3-4 weeks after the operation (see Figs. 1 and 2). 

As compensation of the disturbed functions of standing and walking developed, the EMG of the muscles 

of the affected limb showed a gradual return to its preoperative parameters (Fig. le). Long observations 
on the experimental animals showed that whereas the latent periods of the electromyographic responses 

returned to its initial level during restoration of the disturbed functions, the latent period of evoked flexion 
at the elbow (the mechano~o-ram) remained much longer than normal [7, 8]. The experimental results showed 

that division of the principal descending tracts by lateral hemisection of the spinal cord at the level of 

C2-3 does not prevent the conduction of impulses from the contralateral cortex to the motor neurons of the 

spina l  co rd  r e s p o n s i b l e  for  the ac t iv i ty  of the m us c l e s  of the affected l imb.  This  conduction of impu l ses  
may take p lace  e i the r  as a r e s u l t  of act ivat ion of the d t r ee t  py ramida l  t r a c t s  of the c o n t r a l a t e r a l  h e m i -  
sphere ,  the axons of which c r o s s  over  to the opposi te  s ide  at the level  of each segment  of the spinal  cord,  
or  on account of the c r o s s e d  pathways of the h o m o l a t e r a l  hemisphe re ,  or by both methods at the same t i the.  

This  hypothes is  is  pe r f ec t ly  jus t i f ied  because  r e m ova l  of the h o m o l a t e r a l  c e r e b r a l  cor tex  (in r e l a -  
t ion to the hemisee t ion)  leads  to a deepe r  and more  prolonged deeompensa t ion  of the motor  functions than 
r emova l  of the co r t ex  of the c o n t r a l a t e r a l  h e m i s p h e r e  [6]. The absence of e l e c t r om yogr a ph i c  r e s p o n s e s  
f rom the affected l imb, noted dur ing the f i r s t  days  a f te r  hemisec t ion ,  may be explained not only by i n t e r -  
rupt ion of the p r i n c i p a l  conducting t r a c t s ,  but also by the t e m p o r a r y  d e p r e s s i o n  of the s econda ry  or  r e -  
s e r v e  t r a c t s .  The subsequent  changes in the b i o e l e c t r i c a l  ac t iv i ty  of the musc l e s ,  in the fo}~m of an in-  
c r e a s e  in the ampl i tude  and a d e c r e a s e  in the f requency of the poten t ia l s ,  evident ly  r e f l e c t  a h igher  func- 
t ional  s ta te  of the cen t r a l  nervous  s t r u c t u r e s  taking pa r t  in the r e s t o r a t i o n  of the d i s tu rbed  function. 
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According to r epor t s  in the l i terature,  synchronization of the rhythm on the EMG takes place when 
work is ca r r i ed  out with great  muscu la r  effort, associated with the speed of the movements performed,  
the size of the load, fatigue, and so on. The increased amplitude and the appearance of regu la r  muscle 
action potentials demonstra te  the involvement of numerous neuromotor units in the work and increased 
synchronization of their  activity [3-51. 

The synchronized cha rac te r  of the EMG tracings in the present experiment may be regarded  as a 
reflection of the increased activity of the neural  elements appearing at a certain stage of compensation of 
function. This is also shown by the fact that synchronized activity of the motor  units was observed in the 
period preceding the active use of the affected limb for static and locomotor  acts. 

It is concluded that the EMG in this case ref lects  the state of the central  nervous sys tem at the stage 
of r e c o v e r y  of disturbed functions which, in the words of E. A. Astratyan,  is the phase of exaltation [1,2]. 

In the present  investigation, therefore,  the study of the bioelectr ical  activity of the muscles  of the 
affected limb revealed the e lect romyographic  manifestations of the principal stages of r ecove ry  of the 
motor  functions after la tera l  hemisect ion of the spinal cord. 
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All abbrev ia t ions  of per iodicals  in the above bibl iography are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i o n s  of  the abbrev ia t ions  as  g iven  in the or iginal  Rus s i an  journal.  S o m e  o r  all  o f  th i s  per i -  
odical  l i terature  m a y  w e l l  be  ava i lab l e  in E n g l i s h  translat ion.  A complete l i s t  o f  the  c o v e r - t o -  
c o v e r  Engl i sh  t rans la t ions  appears  at the back of the f irst  i s s u e  of th is  y e a r .  
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