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Par t ic ipa t ion  of the limb musc l e s  in voluntary  act ivi ty is shown to be poss ib le  in patients  with 
total and par t i a l  t r ansec t ion  of the spinal  cord~ The patients  a r e  t rea ted  by r emed ia l  e x e r c i s e s  
and admin i s t r a t ion  of pyrogenal .  In the course  of t r ea tmen t  they learn to walk, to go up and 
down s t a i r s ,  and to p e r f o r m  other  movemen t s .  The w r i t e r s  cons ider  that par t ic ipat ion  of 
musc les  innervated by the d is ta l  port ion of the spinal  cord in act ivi ty  becomes  poss ib le  be-  
cause  of the p las t ic  p rope r t i e s  acquired by the spinal  cord when its connections with the high- 
e r  levels  of the cen t ra l  nervous  s y s t e m  a re  severed ,  and also because  of the increased  work  
done by the musc l e s .  

One of the authors  (A.N.To) has developed a method of r e s t o r a t i v e  t r ea tmen t  of patients  with complete  
or  pa r t i a l  t r ansec t ion  of the spinal  cord [4]. This method is based on the use of intensive and purpos ive  
t ra ining leading to the fo rmat ion  of new motor  r e f l exes  [1] which a r e  n e c e s s a r y  for  walking, and teaching 
the pat ient  to r ep roduce  these movemen t s  h imse lL  

I f  pyrogenal  ( f rom the N. Fo Gamaleya  Inst i tute of Epidemiology and Microbiology) is used, the du ra -  
tion of t r ea tmen t  is shor tened and its r e su l t s  a r e  improved .  This may  be due to the fact  that pyrogenal  
ac t iva tes  the p i t u i t a r y - a d r e n a l  s y s t e m  [2], the functions of which a r e  dep res sed  in pat ients  with t ransec t ion  
of the spinal  cord [5]. 

Another a spec t  of the action of pyrogenal  may  be delay in the fo rmat ion  of a dense s c a r  in the spinal  
cord a t  the s i te  of t r auma ,  thus faci l i tat ing the pas sage  of nerve  f ibers  through it [3]. 

The object  of the p r e s e n t  invest igat ion was to study the o rde r  of par t ic ipat ion  of musc les  of the lower 
l imbs in motor  ac t iv i ty  in pat ients  with comple te  or  par t ia l  t r ansec t ion  of the spinal  cord in the course  of 
the i r  t r ea tment .  

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

In 4 (group 1) of the 10 pat ients  investigated,  division of the spinal  cord at  the level of the middle and 
lower thorac ic  segmen t s  was diagnosed a t  laminectomy.  They had no conduction along their  spinal  cord.  
T r e a t m e n t  of these pat ients  by the method descr ibed  above was commenced  at  a t ime when they were  
s e r i o u s l y  ill and bedridden pat ients .  

Group 2 included 6 pat ients  with incomplete  t ransec t ion  of the spinal  cord at  var ious  levels~ T r e a t m e n t  
of  one pat ient  began within a few days of injury,  and of the remain ing  5 a few months or  even yea r s  a f t e r  
injury,  during which period the pat ients  were  confined to bed or able to stand but unable to walk. 
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Fig. 1o E lec t r i ca l  act ivi ty  in t runk musc les  during ra i s ing  of the 
s t r a igh t  lower l imb at  the beginning (a), and 2 months (b) and 7 
months  (c) a f t e r  the beginning of t reatment~ F r o m  top to bottom: 
in a, b: 1) mo la t ,  dors i ,  upper  pa r t ;  mo fat~ dors i ,  lower part ;  2) 
m~ long. dors i ,  upper  par t ;  m~ long. dors i ,  lower par t ;  3) mo oblo 
abd~ ext. ,  upper par t ;  m. obL abd. ext. ,  lower par t ;  4) m. rec t .  abd., 
upper  par t ;  mo recto abd., lower par t ;  for  c: 1) m.  long. dorsi-, 
upper  part ;  m~ rec t .  f emor i s ;  2) m. long. dors i ,  upper  part ;  m. 
gas t rocnemius ;  3) m~ obh abd. eXto, upper  par t ,  m. glut. reed.; 4) 
m. obL abdo ext. ,  upper par t ;  m~ sa r to r ius ;  5) m. rec t .  abd., upper  
part ;  mo biceps femoriso Third line is m a r k e r  of s ignal  to begin 
movement ;  fourth line is t ime m a r k e r  (20 msec) .  

The technique of the r e m e d i a l  e x e r c i s e s  consisted of the repeated  appl icat ion of pass ive  movements  of 
the lower l imbs and m a s s a g e ,  together  with repet i t ion  of movements  of the upper pa r t  of the t runk and 
a t tempts  to involve in these movemen t s  musc l e s  innervated by the d is ta l  port ion of the spinal  cord~ T r e a t -  
ment  was divided into two s tages :  in the f i r s t  s tage (4-6 months),  e x e r c i s e s  we re  given with the patient  in 
the hor izonta l  posit ion, and in the second s tage  (6-12 months),  with the patient in the ve r t i c a l  position. 

Muscu la r  ac t iv i ty  was studied while lifting the s t r a igh t  lower l imb by displacing the pelvis ,  i~ dur -  
ing a movemen t  which is the bas ic  e l emen t  of stepping forward  during teaching to walk, during a t tempts  to 
flex and extend the lower l imb at  the knee, and also during walking. 

The e l e c t r o m y o g r a m  was r eco rded  in the upper and lower segments  of the long musc l e s  of the trunk, 
and in the musc l e s  of the buttocks,  thigh, and leg. The musc le  potentials  we re  r eco rded  by means  of bi -  
polar  e l ec t rodes ,  8 m m  in d i ame te r ,  which were  fixed to the skin with adhes ive  p ias te r .  The musc le  poten-  
t ials  we re  fed into a type UBP-1 -01  ampl i f i e r  and r eco rded  on a type N-102 loop osci l lograph.  
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Fig. 2o Electrical activity in muscles of the trunk and lower 
limb of a patient of group i during walking. From top to 
bottom: i) m. fat' dorsi, upper part; mo reef. femoris; 2) 
m. long. dorsi, upper part; m. vast~ Into; 3) m. obl. abdo ext. 
upper part; m. glut. medo; 4) m. obl. abd. ext,, upper part; 
m. sartorius; 5) mo ree l  abd., upper part; m. biceps femoris, 
Remainder of legend as in Fig. i. 

Fig. 3. E lec t r ica l  act ivi ty in muscles  of trunk and 
lower limb during flexion of limb at  the knee in a 
patient of group 1. F r o m  top to bottom: 1) m. ob]. 
abd. ext., upper part;  mo obl. abdo ext., lower part,  
m. glut, med.; 2) m, glut. medo, mo rect" femoris ,  
mo gas t rocnemius .  

Pyrogenal was injected in increasing doses, starting from 50 mop,d, and increasing to 250-500 mopod.; 
as a rule it was given on alternate days, but in some cases daily~ The course of treatment lasted 1-.2 
months and it was repeated after an interval of i month. 
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EX PERIIV[ENTAL RESULTS 

Partial recovery of the motor functions of the lower limbs was observed in all patients. In the first 
stage of treatment of the patients in group i, 1-2 months after it began, during attempts to raise the extended 
lower limb, a high degree of activity was observed in the upper segments of the long muscles of the trunk, 
innervated by the proximal portion of the spinal cord (Fig. la). In the lower segments of these muscles, 
activity appeared only after 2-3 months of exercises (Fig. ib). The amplitude of the potentials in these 
muscles was smaller, and the potentials appeared after a delay of 1-1.2 sea compared with potentials in the 
upper parts. Gradually, during training, this delay was reduced to 300-400 msec, and in the second stage 
of treatment to 30-70 msec, in some cases actually failing below 20 msec. Under these circumstances the 
amplitude of the potentials was increased. 

After 6-8 months of treatment, the limb muscles began to participate in motor activity. At first this 
activity consisted of spikes of individual motor units or grouped potentials of low amplitude {Fig. ic). 

During training the character of the activity changed. For instance, during walking by the patient, an 
interference eleetromyogram was recorded in some muscles of the lower limbs, and grouped potentials in 
other muscles {Fig. 2). In the course of treatment thepatient's method of walking improved. At the begin- 
ning, when the patient was placed in the vertical position, forward movement was achieved by raising the 

lower limb upward by means of the trunk muscles and by displacing the limbs passively. At the end of the 
2nd stage of treatment, the patient actively thrust the limbs forward in turn, by flexing them at the hips. 
The degree of recovery of motor functions in the patients of group 1 depended on the level of injury, the 
character of the trauma, and the patient's state of health. In patients of group 2, the time required for 
restorative treatment, and the order of participation of muscles controlling individual joints in the activity 

varied from one to another depending on the level and degree of the lesion. 

The electromyographic investigation showed that in most cases activity appeared comparatively 
rapidly (within 1-3 months) in the muscles of the thigh, and then of the leg, or in the case of a lesion at the 
level of the cervical segments, in the muscles of the upper limbs. Later, during treatment, characteristic 
features of the patients of the particular groups appeared. ~ firm weight bearing on the lower limbs was 
recovered because of the development of tone of the antigravity muscles, and voluntary movements of the 
ankle joints also appeared. In most cases, in patients with partial transection of the spinal cord, even in 
the cervical division, motor activity was restored comparatively completely. 

A surprising feature during treatment was the possibility of participation of muscles innervated by 
the distal portion of the spinal cord in voluntary motor activity even after complete disturbance of con- 
duction. Under these c i r c u m s t a n c e s  the musc le  and skin r e c e p t o r s  evidently play the pr inc ipa l  role ,  
impulses  f rom them acting as the t r i gge r s  for  m u s c u l a r  contract ion.  For  instance,  repeated  pass ive  flexion 
of the lower limb at  the knee, or  extension of the l imb caused act ivat ion of the r e c e p t o r s  of the quadr iceps  
musc le ,  o r  in the second case ,  of the gluteus med ium musc le ,  causing the musc le  to contract .  These  r e s -  
ponses ,  produced in this way,  appeared  even during s l ight  s t re tch ing  of the musc le  {case 1) or  d i sp lacemen t  
of the skin over  i t  {case 2). This las t  ef fect  could be produced by a pa r t i cu la r  movemen t  of the trunk. 
Success ive  act ivat ion of m us c l e s  in individual par t s  of the body and control l ing joints of the limb took place, 
s ta r t ing  with the p rox ima l  m us c l e s .  

The e l e c t r o m y o g r a m  of d i f ferent  m us c l e s  during flexion of the lower l imb at  the knee in a pat ient  in 
a late s tage of t r ea tment ,  when this movemen t  was c l ea r ly  defined, is shown in Fig. 3. I t  is c l ea r  that  the 
ex te rna l  oblique m us c l e  responded the f i r s t ,  ini t ial ly in its upper p a r t  and la ter ,  a f t e r  a sho r t  delay, in its 
lower par t .  The gluteus medius  musc le  r eac ted  s l ight ly la ter ,  followed by the quadr iceps .  The g a s t r o -  
cnemius  musc le  r eac ted  the last.  

Hence,  despi te  the absence  of conduction of exci ta t ion along the spinal  cord,  pa r t i a l  r e c o v e r y  of motor 
functions can take p lace  even  a f t e r  i ts  comple te  t ransect ion .  

A leading ro le  in the deve lopment  of compensa to r  y r eac t ions  is p layed by the abi l i ty to modify functions, 
based pr inc ipa l ly  on the poss ib i l i ty  of involving new neuronal  e lements  in motor  re f l exes ,  and on the p r o -  
longed p r e s e r v a t i o n  of excitat ion,  and also by the maintenance  of the neuronal  appara tus  of the spinal  cord 
in a no rma l  condition by means  of training.  
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