NEUROMUSCULAR SYSTEM IN CHILDREN

F. F. Beloyartsev and V., V., Beloyartseva UDC 612.816-053.2

The state of neuromuscular transmission in infants and young children differs significantly
from its state in adults, The amplitude of the muscle potentials in infants during the first
year of life is about one-third of their amplitude in adults. In most young children transfor-
mation of muscle responses was detected in response to stimulation at 25-50 Hz, which was
not observed in adults. In addition, in young children features reflecting both posttetanic ex-
haustion and activation of synaptic transmission are found,

The character of the formation and transformation of the neuromuscular system in postnatal ontogene-
sis is an urgent problem in age physiology which has so far received little study [1, 4].

Most investigations have been conducted on animals, The character of the human neuromuscular sys-
tem at an early age and the transformation of its function during postnatal ontogenesis have received less
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

Electromyograms were recorded in 80 patients with congenital heart defects and with no pathological
changes affecting their neuromuscular system., The ulnar nerve was stimulated by supramaximal square
pulses (1 msec, 50 V) from a "Multistim” stimulator, The frequency of stimulation remained within the range
not causing transformation of the amplitude or rhythm of the muscular responses, viz. 1-50 Hz [2. 7, 8].
Potentials of the hand muscles were recorded on a three-channel electromyograph (Disa Electronic). The
ages of the subjects were as follows: 25 were under one year, 20 between 1 and 2 years, 15 between 2 and 3
years, and 20 over 16 years of age.

EXPERIMENTAL RESULTS AND DISCUSSION

The amplitude of the single muscle potential of children below 3 years of age was much lower than in
adults. The smallest amplitude of muscle responses was found in children during the first two years of life
M#m 5.7+0.3 and 6.3%+0.5 mV, respectively), while in children in the third year of life the amplitude was 53%
higher than in the infants, but had not yet reached the values (14.3+1.1 mV) observed in adults,

The character of the response to infrequent stimulation was the same in all children; just as in adults,
stimulation at 1-2 Hz was reproduced by the muscle without any sign of transformation.

In all adults, during stimulation at high frequency (25-50 Hz) the potentials generated by the muscles
were equal, This picture was found in only 12 (209 of the 60 children. In the other children, transformation
of the amplitude of the muscle responses was recorded. In 21 children the amplitude of the potentials fell
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progressively during the first second of stimulation on the average by 47,9+ 3.5% while in 27 children it in-
creased by 60.6+£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 times greater than the amplitude of the first response,
In all cases the rhythm of stimulation and the rhythm of the muscular responses coincided exactly.

The state of conductivity after tetanus within the range of frequency of stimulation used (ot exceeding
50 Hz) was unchanged in the adult. A similar picture was observed in 33 children, in whom the amplitude
of the first posttetanic potential was the same as that before tetanus, In 17 subjects the amplitude of the re-
sponses after tetanus was 30.6+4.6% higher (P < 0.001), and in 10 children 24,344.3% lower (P < 0.001)than
before tetanus.

Hence, in infants and young children three types of neuromuscular transmission during and after teta-
nus can be distinguished. In the first type synaptic conductivity is unchanged, as in adults, in the second
there is significant activation of transmission, 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 characteristically adult response fo 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
proportion of cases of posttetanic depression was observed in children with a lowered amplitude of potentials
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 character of the response to frequent stimulation or the state of conductivity after it,

These results indicate considerable differences in the state of neuromuscular transmission in child-
ren and adults., The low amplitude of the muscle potentials recorded in children is in agreement with the
results of experimental investigation indicating a low frequency and amplitude of the miniature potentials
and motor end-plate potentials in animals in the early stages of postnatal ontogenesis [5, 16, 19]. The
reason for the low value of the muscle potentials recorded in children may be the smaller quantities of
mediator liberated and the low amplitude of the end-plate potentials, which are unable to generate spikes
corresponding to the adult size.

The transformation of amplitude of the potentials and the activation and depression of transmission
after tetanic stimulation observed in children, but not found in adults, also indicates special features of the
neuromuscular system in the period after birth, In the adult state these phenomena can be found in patients
with diseases of the neuromuscular system [9, 11, 17, 21, 22], or after the action of drugs disturbing medi-
ator metabolism and synaptic transmission (hemicholinium, neuromuscular blocking agents) [3, 6, 10, 11,
13, 14, 18, 20], i.e., where a pathological state of the presynaptic region is present or is created artificially
{12, 15]. By analogy with this, the phenomena of a decrease or increase in amplitude of the potentials in
response to fast stimulation, and facilitation or exhaustion of conductivity after such stimulation, and also
the low values of integral muscle potentials, suggest that in children during the first years of life the pre-
synaptic phase of nervous transmission, i.e., the synthesis or secretion of acetylcholine, differs signifi-
cantly from that in adults.
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