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

TO T H E  I N J U R E D  S P I N A L  C O R D *  

T.  N. N e s m e y a n o v a  

OF D A M A G E  

UDC 616.832-001-07 : 616.74-073.97 

The possibil i ty of assess ing  the degree of damage to the spinal cord  by e lec t romyography 
in the ear ly  stage of t rea tment  was demonstrated.  The following indices obtained during 
attempts at movement are  evidence of the absence of anatomical loss of continuity of the 
spinal cord:  1) in the case  of injury at level Ds-D10, absence of delay in activation of the 
lower segments of the long muscles  of the trunk compared  with their  upper segments;  2) 
in the case  of t rauma at the level D10-L1, the p resence  of activity in the thigh and leg mus-  
cles,  even if recordable  only as single potentials of low amplitude; 3) whatever the level of 
t rauma,  the appearance of activity in symmet r i ca l  muscles  of one lower limb during the at-  
tempt to move the opposite limb. In most  cases ,  even if only one index is positive, the pa-  
t ient ' s  motor  functions will be res tored  by restitution. 
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Restorat ion of motor  functions in patients with injury to the spinal cord  has proved impossible main-  
ly because of the development of degenerative changes [2, 3]. Only by the use of mass  ive loads in the course  of 
special  remedial  gymnast ics  has any s ignificant degree of regenerat ion been obtained in vivo [5, 7]. If some f i -  
bers  of the spinal cord are  preserved,  substantial  and, in some cases ,  even complete res tora t ion of motor  func-  
tions can be observed [4]. In the case of anatomical  loss of continuity of the spinal cord, any res tora t ion of moto r  
functions that may ar i se  is compensa tory  in type. 

The difference in the course  of r ecovery  in these cases  makes the early a s sessment  of the sever i ty  
of spinal cord damage important.  The methods of diagnosis used (laminectomy, neurological investigation) 
do not always determine the sever i ty  of injury sufficiently reliably. 

This paper  gives the results  of an e lec t romyographic  investigation of muscle  activity during attempts 
at movement by patients with spinal cord damage, at different stages of res tora t ive  therapy, f rom which in- 
dices charac te r iz ing  the sever i ty  of t rauma were obtained. 

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

Altogether 50 patients with injury to the spine and spinal cord at the level Db-L I were studied. Re-  
s torat ion and maintenance of functions of the spinal ref lex sys tem were ca r r i ed  out by remedial  gymnas-  
t ics and by injections of pyrogenal  [5, 7]. The patients underwent a periodic neurological examination, 
their  movements  were examined,  and the e l ec t romyograms  (EMGs) of the trunk and limb muscles  during 
attempts to move were  recorded by the use of sur face  electrodes,  8 mm in diameter ,  with an interpolar  
distance of 1.5-2 cm. The muscle  potentials were  led to a UBP1-01 amplif ier  and recorded  on an N102 
loop oscil lograph,  with a fi lm winding speed of 50 mm/sec  and calibrat ion b0 pV = 2.5-4 ram. The activity 
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Fig. 1. Activi ty in trunk and l imb musc les  during a t tempts  by patients  
with injury at level  Ds-D10 to draw up the lower limb: a) absence  of de-  
lay in act ivat ion of lower  segments  of long trunk musc les  compared  with 
upper  segments  (patient with t r a u m a  at the level  Ds); b) p r e s e n c e  of de-  
lay in act ivat ion of the s a m e  musc l e s  (patient with t r a u m a  at the level  
Ds-D6). F r o m  top to bot tom, in a: 1) m. lat. dors i  ( u - u p p e r ,  l - l o w e r  
segment) ,  m. gl. max. ;  2) m. long. dors i  (upper and lower  segments) ,  m. 
vast .  fat.; 3) m. obl. abd. ext. (upper and lower  segments) ,  m. glut. med.;  
4) m. rec t .  abd. (upper and lower  segments ) ,  m. biceps  fern.; in b: 1 )m.  
lat. dors i  (upper and lower  segments ) ,  m. semitendinosus ,  m. soleus;  2) 
m. long. dors i  (upper and lower  segments) ,  m. vast .  lat., m. g a s t r o c -  
aemius ;  3) m. obl. abd. ext. (upper and lower  segments ) ,  m. glut. reed., 
m. rec t .  fern; 4) m. rect .  abd. (upper and lower  segments) ,  m. biceps  fern., 
m. t ibial is  ant. 

of initially 3 and l a t e r  4 musc les  was r eco rded  s imul taneously .  The pr inc ipa l  movement  during r e c o r d -  
ing was drawing the s t ra igh t  lower  l imb toward the shoulder  gi rdle  while lying in the supine position. This  
movement  is the bas ic  c l ement ' in  the pa t ien t ' s  s tep  and it can be c a r r i e d  out by the musc les  of the shoul-  
der  gi rdle  and the upper  segments  of the long t runk musc le s .  

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

The first sign indicating that excitation is being conducted across the region of trauma is absence of 
delay in the time of activation of the lower segments of the long trunk muscles compared with their upper 
segments. Observations were made on 21 patients with trauma between D 5 and Dl0 and v,,ith flaeoid para- 
plegia; anatomical loss of continuity of the spinal cord was diagnosed in 11 of them and partial interruption 
in 10. If activity in the lower segments of the long trunk muscles appeared simultaneously with activity in 
the upper segments of the same muscles at the first or second examination, preservation of conduction be- 
tween the two parts of the spinal cord could be assumed. If the lower segments of the muscles were acti- 
vated indirectly, through a new reflex arc and, consequently, withdelay, then loss of continuity was present. 

In 11 patients of this group absence of delay in activation of the lower segments of the long trunk 
muscles compared with the upper was observed (Fig. la). In 10 patients the delay in activation varied be- 
tween 100 and 300 msec (Fig. Ib). 

The second index of integrity of some of the spinal cord fibers was the appearance of activity in the 
thigh or leg muscles (even though recorded only as single low-amplitude potentials) at the beginning of or 
before treatment (Fig. 2). Of the 50 patients investigated, in 21 of whom anatomical loss of continuity of 
the spinal cord was established at laminectomy and eight of whom did not undergo lamineetomy, slight 
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Fig. 2 Fig. 3 

Fig,  2. Activi ty in t runk and limb musc l e s  during a t tempt  by  patient with t r auma  at level  D12 
to draw lower  l imb upward. Legend as in Fig.  lb .  

Fig.  3. Activi ty in symmet r i ca l  musc les :  a) p resence  of synerg ism in l imb musc les  (patient 
with t r auma  at level  DII-D12); b ) a b s e n c e  of synerg i sm in limb musc les  (patient with t r auma  
at level  D12 ) o Ill a and b: on the left, act ivi ty in musc les  of ips i la te ra l  l imb; on the right,  in 
musc l e s  of the con t ra la te ra l  l imb.  In a: 1) m . l a t . d o r s i ,  m .  gl.maax., m . b i c e p s f e m . ,  2) m.  
long. dors i ,  m.  vas t .  lat. ,  m .  gas t rocnemius ;  3) m.  obl. abd. ext. ,  m .  glut. reed.,  m.  r ec t .  fern. 
4) m.  r e e t .  abd., m .  s a r to r iu s ,  m .  t ibial is  ant.; in b: 1) m .  lat. dors i  (upper and lower seg-  
ments) ,  m.  g l .  max. ,  m.  long. dors i  (upper and lower segments) ,  m.  vas t ,  lat.;  3) m.  obl. abd. 
ext .  (upper and lower  segments) ,  m .  glut.  reed.;  4) m.  r e c t .  abd. (upper and lower  segments) ,  
m.  b iceps  fern. 

1162 



activity in some thigh or  leg muscles  was observed in 34, although most  of them had difficulty in drawing 
up the lower limb and could do so only very  slightly~ In the other  16 patients, activity in the thigh and leg 
muscles  was absent at the f i r s t  or  second examination. Only in eight of these could activity eventually be 
recorded  2-3 yea r s  later,  in the fo rm of grouped potentials of low (under 50 #V) and average  (from 50 to 
200 #V) amplitude. 

The third indicator of residual  continui W of the spinal cord was the appearance of activity in s y m -  
metr ica l  muscles  of one limb during attempts to draw up the other  limb, i.e., a synergis t ic  response  a s -  
s is t ing with the movement.  It began s imultaneously with activity in the working musc le  o r  preceded it, 
prepar ing the muscu la r  sys tem for  movement [1]. In the case  of anatomical  loss of continuity, as a rule 
such activity was absent. Even if it did appear  in a few such cases ,  delay in its appearance in the muscles  
of the cont ra la te ra l  limb was observed [6]. In 30 of the 50 patients, activity consis t ing of an EMG of low 
amplitude was recorded  at the f i rs t  examination in the symmet r i ca l  muscles  of the opposite lower limb 
(Fig. 3a). In four  patients it appeared at the second examination. Activity of this sor t  was absent at both 
examinations in the 16 patients in whom no activity was recorded  in the thigh and leg muscles  o r  delay of 
activation of the lower segments of the trunk muscles  was observed (Fig. 3b). 

In all 16 patients with negative resul ts  of a s se s smen t  of motor  activity in accordance  with the sug-  
gested indices, the functions were res tored  entirely by compensation; in no case  was recovery  of voluntary 
limb movement  observed. Activity of the muscles  responsible  for  walking appeared only as a result  of the 
development of new ref lex responses .  

Signs of rest i tution of functions were  observed,  however, in most of the patients in whom at least one 
of these indices was positive. 
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