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The state  of neu romuscu l a r  t r a n s m i s s i o n  in infants and young ehiIdren dif fers  s igni f icant ly  
f rom i ts  s ta te  in adul ts .  The ampli tude of the muscle  po ten t ia l s  in infants during the f i r s t  
year  of l i fe  is about one - th i rd  of the i r  ampli tude in adul ts .  In most  young chi ldren  t r a n s f o r -  
mat ion of musc le  r e s p o n s e s  was detected in r e s p o n s e  to s t imuia t ion  at 25-50 Hz, which was 
not o b s e r v e d  in adul ts .  In addition, in young chi ldren  f ea tu re s  r e f l ec t ing  both pos t te tanic  ex-  
haustion and ac t iva t ion  of synapt ic  t r a n s m i s s i o n  a r e  found. 

The c h a r a c t e r  of the fo rmat ion  and t r a n s f o r m a t i o n  of the neu romuscu l a r  sys t em in pos tnata l  ontogene-  
s i s  is an urgent  p rob lem in age physiology which has so far  r e c e i v e d  l i t t le  study [1, 4]. 

Most  inves t iga t ions  have been conducted on an imals .  The c h a r a c t e r  of the human neu romuscu l a r  s y s -  
tem at an e a r l y  age and the t r ans fo rma t ion  of i ts function dur ing pos tnata l  on togenes is  have r e c e i v e d  l e s s  
investigation. 

Because of the importance of this problem to the general issue of human age physiology, certain aspects 
of the activity of the neuromuscular system have been studied in children of different ages and in adults. 

EXPERIMENTAL METHOD 

E l e c t r o m y o g v a m s  were  r e c o r d e d  in 80 pa t ien ts  with congenital  hea r t  defects  and with no pathological  
changes affect ing the i r  neu romuscu l a r  s y s t e m .  The ulnar  nerve  was s t imula ted  by s u p r a m a x i m a l  square  
pu l ses  (1 msec ,  50 V) f rom a "Mult is t im" s t imula to r .  The f requency of s t imula t ion  r e m a i n e d  within the range  
not causing t r a n s f o r m a t i o n  of the ampli tude or  rhythm of the muscu la r  r e s p o n s e s ,  viz.  1-50 Hz [2, 7, 8]. 
Po ten t i a l s  of the hand musc les  were  r e c o r d e d  on a t h ree -channe l  e l ec t romyograph  (Disa E lec t ron ic ) ,  The 
ages  of the subjec ts  were  as follows: 25 were  under one year ,  20 between 1 and 2 yea r s ,  15 between 2 and 3 
yea r s ,  and 20 over  16 y e a r s  of age.  

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

The ampli tude of the s ingle  muscle  potent ial  of ch i ldren  below 3 y e a r s  of age was much lower than in 
adul ts .  The s m a l l e s t  ampl i tude  of musc le  r e s p o n s e s  was found in ch i ld ren  during the f i r s t  two y e a r s  of l ife 
(M~:m 5.7*0.3 and 6.3=~0.5 mV, r e spec t ive ly ) ,  while in ch i ld ren  in the th i rd  yea r  of l ife the ampl i tude  was 53% 
higher  than in the infants,  but had not yet r eached  the values  (14.3~:1.1 mV) obse rved  in adul ts .  

The c h a r a c t e r  of the r e s p o n s e  to infrequent  s t imula t ion  was the same in all  ch i ldren;  jus t  as in adul ts ,  
s t imula t ion  at 1-2 Hz was r ep roduced  by the muscle  without any sign of t r ans fo rma t ion .  

In all  adults ,  during s t imula t ion  at high f requency (25-50 Hz) the potent ia l s  genera ted  by the musc l e s  
were  equal.  This  p ic tu re  was found in only 12 (20a/O of the 60 ch i ldren .  In the other  ch i ldren ,  t r ans fo rma t ion  
of the ampli tude of the musc le  r e s p o n s e s  was r e c o r d e d .  In 21 ch i ld ren  the ampl i tude  of the potent ia ls  fell 

A. N. Bakulev Inst i tu te  of Ca rd iovascu l a r  Surgery ,  Academy of Medical  Sciences  of the USSR, Moscow. 
Inst i tute  of P e d i a t r i c s  and P e d i a t r i c  Surgery ,  M i n i s t r y  of Health of the RSFSR, Moscow. (Presented  by 
Academic ian  of the Academy of Medical  Sciences  of the USSR A. A. Vishnevskii . )  T r a n s l a t e d  f rom Byul le-  
ten'  l~ksper imenta l 'no i  Biologii  i Medi ts iny,  Vol. 72, No. 8, pp. 9-11, August,  1971. Or ig ina l  a r t i c l e  sub- 
mi t ted  November  18, 1969. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for an), purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

853 



progress ive ly  during the f i rs t  second of stimulation on the average by 47.9~ 3.5~while in 27 children it in- 
c reased  by 60.6e:6.1% (P < 0.001). In some children the degree of increase  in the potentials during tetanus 
of the muscle was so great  that it was two or more  t imes greater  than the amplitude of the f i r s t  response .  
In all cases  the rhythm of stimulation and the rhythm of the muscular  r e sponses  coincided exactly. 

The state of conductivity after tetanus within the range of frequency of stimulation used (not exceeding 
50 Hz) was unchanged in the adult. A s imilar  picture was observed in 33 children, in whom the amplitude 
of the f i rs t  posttetanic potential was the same as that before tetanus. In 17 subjects the amplitude of the r e -  
sponses after tetanus was 30.6~4.6% higher (P < 0.001), and in 10 children 24.3~-4.3% lower (P < 0.001) than 
before tetanus. 

Hence, in infants and young children three types of neuromuscular  t r ansmiss ion  during and after teta-  
nus can be distinguished. In the f i rs t  type synaptic conductivity is unchanged, as in adults, in the second 
there is significant activation of t ransmiss ion,  while in the third it is depressed.  These three types do not 
coincide completely with the three types of response  to tetanic stimulation. However, among children with 
the charac te r i s t i ca l ly  adult response  to tetanus (preservation of stable values of potentials), those with an 
unchanged state of conductivity after tetanus also are  predominant (10 of 12 cases ;  P <  0.05). The highest 
proport ion of cases  of posttetanic depression was observed in children with a lowered amplitude ofootent ials  
in response  to frequent stimulation (7 of 21 cases),  and the highest incidence of posttetanic facilitation in 
those with an increased amplitude (11 of 27). No connection could be found between the age of the children 
and the charac te r  of the response  to frequent stimulation or the state of conductivity after it. 

These resul ts  indicate considerable differences in the state of neuromuscular  t ransmiss ion  in child- 
ren  and adults. The low amplitude of the muscle potentials r ecorded  in children is in agreement  with the 
resu l t s  of experimental  investigation indicating a low frequency and amplitude of the miniature potentials 
and motor  end-plate potentials in animals  in the ea r ly  stages of postnatal ontogenesis [5, 16, 19]. The 
reason  for the low value of the muscle potentials recorded  in children may be the smal ler  quantities of 
mediator  l iberated and the low amplitude of the end-plate potentials, which a re  unable to generate spikes 
corresponding to the adult size.  

The t ransformat ion  of amplitude of the potentials and the activation and depress ion of t ransmiss ion  
after tetanic stimulation observed in children, but not found in adults, also indicates special features  of the 
neuromuscular  sys tem in the period after birth. In the adult state these phenomena can be found in patients 
with d iseases  of the neuromuscula r  system [9, 11, 17, 21, 22], or after the action of drugs disturbing medi-  
ator metabolism and synaptic t ransmiss ion  (hemicholinium, neuromuscular  blocking agents) [3, 6, 10, 11, 
13, 14, 18, 20], i.e., where a pathological state of the presynapt ic  region is present  or is created art i f icial ly 
[12, 15]. By analogy with this, the phenomena of a decrease  or increase  in amplitude of the potentials in 
response  to fast  stimulation, and facili tation or exhaustion of conductivity after such stimulation, and also 
the low values of integral muscle potentials,  suggest that in children during the f i r s t  years  of life the p re -  
synaptic phase of nervous t ransmiss ion ,  i.e., the synthesis or secret ion of acetylcholine, differs signifi- 
cantly f rom that in adults. 
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