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The duration o f  action potentials of motor  units (MU) of the gas t rocnemius  and t ibial is  musc les  
was studied in patients with spinal cord  t rauma by the method of local  e lec t romyography.  The 
duration of action potentials  of gas t rocnemins  MU was found to be reduced on average by 27%, 
and of t ibial is  MU by 38% of the age norm.  The degree  of shortening of the action potentials of 
the gas t rocnemius  and t ibial is  MU was not d i rec t ly  dependent on the level~ of spinal cord  injury, 
the length of t ime af ter  t r auma,  or  the sever i ty  of the spastic syndrome.  Changes in the dura-  
tion of action potentials of MU are  evidently due to di f ferences  in the degree  of atrophy develop- 
ing as a resu l t  of prolonged adynamia. 
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After spinal cord  t r auma  locomotor  function of the musc les  of the lower  l imbs is absent in most  patients.  
Prolonged hypokinesia is known to cause functional and morphological  changes in severa l  organs  and sys tems  
[1, 4, 8, 11]. In pat ients  with spinal cord  les ions  at the cervical  and thorac ic  level ,  however,  a spastic syn- 
drome often develops and is expressed  as spontaneous and uncontrollable contract ions of the skeletal  musc les  
of the lower  l imbs.  The  functional state of the muscular  apparatus of these patients thus depends on the one 
hand on prolonged adynamia, and on the o ther  hand on spontaneous activation of spinal motoneurons.  It  is thus 
in teres t ing to study the functional s tate  of motor  units  (MU) in re la t ion to the level  of spinal cord damage, to 
the t ime  elapsing af ter  t rauma,  and to the degree  of sever i ty  of the spast ic  syndrome.  The method of local 
e lec t romyography,  widely used in clinical p rac t ice  to detect  muscular  dystrophy, myasthenia,  myatonia [12], 
polymyosi t i s  [9], neurogenic atrophy [3], c i rcu la tory  dis turbances  in the lower l imbs [7], and other  functional 
changes in the muscular  sys tem,  was used for  this  purpose .  

The object  of the investigation was to study the duration of action potentials  of MU of f lexor  (in. t ibial is  
anter ior)  and extensor  (m. gas t rocnemins  med.) musc les  of the foot in patients af ter  spinal cord t rauma.  

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

Elec t r ica l  activity of MU was r eco rded  by Buchthal 's  method [5, 10]. Concentr ic  needle e lec t rodes  0.6 
mm (from Medicor) and 0.4 mm (from Disa) in d i a m e t e r  were  used.  The e lec t rodes  were  inser ted  into the 
belly of the t ibial is  an te r ior  and gas t rocnemius  musc les .  Action potentials of MU were  r eco rded  by the camera  
of a two 'channel  Medicor  e lec t romyograph during passive flexion and extension of the foot or  during spast ic 
contract ion of the musc les .  To detect  more  action potentials of MU, up to 5 punctures  were  made, and through 
each puncture the e lec t rodes  could be in 2 to 4 different  posit ions.  To calculate the durat ion of the action 
potentials  of MU a square-pulse  ca l ibra t ion signal was applied to the input of the myograph f rom a UBP201 
ampl i f ier  was used.  To de te rmine  the mean duration of the MU action potentials  at leas t  20 were  counted and 
the average  expressed  as a percentage  of the age norm [5, 10]. Polyphasic  MU action potentials were  excluded 
f rom counting. Altogether  18 patients with spinal cord injuries ,  aged f rom 17 to 54 yea r s ,  were  investigated.  
In control t e s t s  on healthy subjects  r esu l t s  agreeing with data in the l i t e r a tu re  were  obtained [5, 7, 10]. 

EXPERIMENTAL R E S U L T S  

Action potentials of MU r e c o r d e d  during flexion and extension of the foot or  during involuntary activation 
of MU in patients a f te r  spinal cord  t r auma  a re  shown in Fig.  la .  Bes ides  mort0- and biphasic action potentials ,  
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Fig. i Fig. 2 
Fig .  1. Action potent ia ls  of ga s t rocnemins  and t~oialis an te r io r  MU. 
a) Mono- and b iphas ic  act ion potent ia ls  of MU; b) polyphasic  action po- 
ten t ia l s  of MU. Cal ibrat ion:  2.5 m s e c ,  100 ~V. 

Fig .  2. Dis t r ibut ion  of durat ion of ave raged  action potent ia ls  of t ib ia l i s  
an te r io r  (1) and ga s t rocnemius  (2) MU. Absc i s sa ,  deviation f r o m  age 
n o r m  (in %); ordinate ,  number  of cases  (in %). 

polyphasic  action potent ia ls  of MU were  r eco rded  significantly m o r e  often in pat ients  than in healthy subjects  
(Fig.  lb) .  Averaging  of the durat ions of mono-  and biphas ic  action potent ia ls  of gas t rocnemius  and t ib ia l i s  
an t e r io r  MU showed that  the durat ion of action potent ia ls  of ga s t rocnemins  MU was within the normal  age 
l im i t s  in only 2 of 18 subjects  studied [3, 5, 7, 10]. In 16 pat ients  the durat ion of action potent ials  of MU of 
t h i s  musc l e  was reduced  by 15-40% of the age no rm (on ave rage  by 27%). The  durat ion of NIU of the t ib ia l i s  
an te r io r  in all  subjec ts  was 25-48% below the l imi t  of the age norm (on ave rage  by 38%). The  dif ference in 
the  durat ion of the action potent ia ls  of the  t ib ia l i s  an te r io r  and ga s t rocnemins  MU is shown in Fig.  2; c l ea r ly  
the curve  of d is t r ibut ion of durat ion of act ion potent ia ls  of the t ib ia l i s  an te r io r  MU is shifted to the left  along 
the  ord ina te  r e l a t ive  to the cor responding  curve  of the gas t rocnemins  musc l e .  These  r e su l t s  indicate that  in 
adynamia  due to spinal cord  t r a u m a  the t ib ia l i s  an te r io r  musc le  undergoes  m o r e  seve re  functional changes 
than the gas t rocnemins .  Th i s  may  evidently explain the pes  equinus symptom so frequent ly  obse rved  in the 
pa t ien ts  of th is  ca tegory .  

The  r e s u l t s  of the study of changes in the durat ion of the act ion potent ia ls  of MU were  analyzed in re la t ion  
to the level  of spinal cord  t r a u m a ,  the length of t ime  a f te r  the injury,  and the seve r i ty  of the spas t ic  syndrome.  
Ana lys i s  of changes in the durat ion of the act ion potent ia ls  of MU of the ga s t rocnemius  and t ib ia l i s  an te r io r  
m u s c l e s  in re la t ion  to the level  of spinal cord t r a u m a  showed that  shortening of the durat ion of the action po- 
t en t i a l s  of MU was independent of the segmental  level  of the  spinal cord  les ion in the cerv ica l  and l umb a r  
por t ions .  Af ter  injury to the l u m b a r  reg ion  of the spinal cord,  as  a ru le  f laccid  p a r a l y s i s  was obse rved  and 
r e f l e x  r e s p o n s e s  were  e i ther  comple te ly  absent  o r  sharp ly  reduced .  I t  was t he re fo re  imposs ib le  to induce 
natural  d i s cha rges  of action potent ia ls  f r o m  MU. A study of the t imes  elapsing af ter  injury (from 6 months  
to 12 yea r s )  l ikewise  r e v e a l e d  no co r r e l a t i on  between changes in the durat ion of act ion potent ia ls  of the t ib ia l i s  
an t e r io r  and ga s t rocnm e i us  MU and the durat ion of the pos t t r aumat i c  per iod .  A d e c r e a s e  in the durat ion of 
MU action potent ia ls  evident ly  t akes  place  in the  e a r l i e r  s tages  a f t e r  spinal cord  t r a u m a .  No c lea r  co r re la t ion  
l ikewise  was d i scovered  between shortening of the durat ion of the act ion potent ials  of MU and the seve r i ty  of 
the  spas t ic  syndrome,  as a s s e s s e d  by neurological  t e s t s .  

Analys i s  of  the  r e s u l t s  of invest igat ion of 18 pat ients  with spinal cord t r a u m a  thus points to the absence  
of any d i rec t  co r r e l a t i on  between changes in the  durat ion of action potent ia ls  of t ib ia l i s  an te r io r  and g a s t r o c -  
nemium MU and the level  of spinal cord  injury,  the  length of t ime  a f t e r  t r a u m a ,  and the sever i ty  of the spas t ic  
syndrome. 
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Investigations of electrical activity of MU in patients with disturbances of the vascular system (endarte- 
r i t i s  and atherosclerosis) also revealed a decrease in the duration of the MU action potentials [7]. This sug- 
gests that in patients with spinal cord trauma shortening of the duration of the MU action potentials is due to 
changes in the peripheral circulation and subsequent atrophy of the muscle fibers. The cause of these changes 
is evidently prolonged adynamia. This hypothesis is supported by the results of investigations of hypokinesia, 
leading to impairment of metabolism [2, 4, 6], and of anatomical changes in the peripheral vascular system 
[i, 8, II]. 
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M O N O A M I N E  C O N T E N T  IN THE MOTOR C O R T E X  A F T E R  I N J U R Y  

TO THE O P P O S I T E  MOTOR C O R T E X  
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In chronic experiments on eight cats a spectrofluorometric study was made of the serotonin, 
dopamine, and noradrenalin content in the sigmoid cortex of the left cerebral hemisphere 2, 
3, 4, and 5-8 days after removal of the symmetrical cortex of the right hemisphere. A decrease 
in the dopamine content and a tendency for a decrease in the noradrenalin and serotonin content 
were observed on the 2rid day, at the time of maximal disturbances of locomotor function. On 
the 3rd-4th and 5th-Sth days, during the period of recovery of motor activity, the serotonin 
level increased, the dopamine content remained low, whereas the noradrenalin level rose  con- 
siderably. The role of biochemical changes in the motor cortex in the mechanisms of recovery 
of locomotor function after injury to the symmetrical cortical region is discussed. 

KEY WORDS: injury to the motor cortex; biogenic amines. 

Compensation and restoration of functions of the injured brain have for a long time engaged the attention 
of clinicians and experimental scientists [1-3]. Published work has shown that after injury to the brain changes 
are observed in the monoamine content in its structures [8, 9]. It is accordingly particularly interesting to 
study the neurohumoral mechanisms of recovery, for this offers the prospect of being able to influence the 
course of compensation of disturbed brain functions through the action of physiologically active substances 
[4, 6]. 

The object of the present investigation was to study changes in the content of serotonin, dopamine, and 
noradrenalin in the motor cortex of the same animal after removal of the symmetrical cortex from the opposite 
hemisphere and in the course of recovery of the disturbed locomotor function. 
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