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In healthy persons and patients with neurological  d iseases ,  with depress ion of the flow of 
supraspinal  impulses and lowered excitability of spinal motoneurons the fract ion of the 
motoneuron pool part icipating in the monosynaptic reflex was determined quantitatively. 
Using the rat io (in percent) between the maximum amplitudes of the H- and M-responses  
as one index, and the number of r e f r ac to ry  motor  units during conduction of H-ref lex d is-  
charges ,  determined by the method of paired stimuli,  as the other index, as a rule the 
same value was obtained for the fraction of the motoneuron pool. The two methods conse -  
quently are  about equal in diagnostic value under both normal  and pathological conditions. 

When studying the function of the segmental apparatus of the human spinal cord many investigators 
have used the ratio (in percent) between the maximum amplitudes of reflex (H) and motor (M) responses 
of a skeletal muscle as an index of the fraction of the motoneuron pool responsible for the monosynaptic 
reflex, i.e., as a measure of excitability of the a-motoneurons [1, 4, 5]. However, if excitation of the neu- 
romotor traits during stimulation of motor axons arises synchronously, during stimulation of la afferent 
fibers definite desynchronization takes place because of synaptic transmission in the center and disper- 
sion of the conduction velocity, found even in a functionally homogeneous group of afferent fibers. The 
question thus arises whether the amplitudes of the H- and M-potential are comparable. The method of 
determining the number of motor units participating in the conduction of H-reflex discharges by paired 
stimuli, suggested relatively recently [7], is therefore of considerable theoretical interest. Having dem- 
onstrated the participation of 100% of the cells of the motoneuron pool in the monosynaptic reflex in sev- 
eral subjects, the workers cited conclude that this method is to be preferred as being more accurate. 

The object of the present investigation was to compare the accuracy of the two methods when study- 
ing monosynaptie excitability of human spinal motoneurons under normal conditions and also to determine 
the degree of synchronization of motoneuron activation when the flow of supraspinal impulses is deficient 
under pathological conditions. 

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

Tests  were ca r r i ed  out on ten healthy subjects and on 22 patients with the cerv icothorac ic  form of 
syr ingomyel ia  (nine patients), with vascular  cerv ica l  myelopathy (seven patients), and with a spinal form 
of multiple sc le ros i s  (six patients). Most of the healthy subjects and patients were tested repeatedly.  The 
H-ref lex was evoked by stimulation of the tibial nerve in the popliteal fossa with square pulses (0.1 Hz, 
0.5 msec ,  30-70 V) from a type ESU-1 two-channel e lec t r ica l  s t imulator .  Potentials of the reflex and mo-  
tor  responses  of the soleus muscle were recorded by surface electrodes,  amplified by a UBP1-01 ampli -  
f ier ,  and photographed on the sc reen  of a type $1-19 CRO with superposit ion of 3-5 sweeps of the beam. 
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TABLE 1. Excitability of 
Subjects and Neurological  
two methods) 

Spinal Motoneurons in Healthy 
Patients (results obtained by 

Indices studied 

Hma x (in mY) 
Mmax (in mY) 
Mreft (in mV) 
Hmax .. 
Mmax t,n %) 
Mmax-MrefI (in qc) 
Mmax 

Healthy 
subjects 
(n = 28) 

0.92-+ 0,05 
1,38-+ 0,09 
0,42---0,04 
66,7+_3,7 

69.6-+ 3,9 

syringo- 
myelin 
(n = 13) 

0,57--  O, I I 
1,36-+0,21 
0,74-+ O, 12 
41,9-+4,2 

45,6-+ 5,8 

Patients with 
vascular 
cervical 
myelopath) 
(n = 21) 

0,69-+0,07 
1,28-+0,10 
0,53-+0,08 
53,9-+ 4,7' 

58,6-+ 5.8 

multiple 
sclerosis 
(n = 9) 

0,70--0,16 
1,32-+0,21 
0,57-+0,03 
53,0+--5,1 

56,8- + 6,6 

Legend: n is number  of cases .  
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Fig. 1. H- and M-response  of 
soleus muscle in healthy sub-  
jects to stimulation of tibial 
nerve by single and paired s t i -  
muli. From top to bottom: A) 
dynamics of H- and M-response  
during gradual increase  in in- 
tensi ty  of the single st imulus;  
B, C, D) conditioning maximum 
H-response ,  testing maximum 
M-response ,  dynamics of M- 
potential during stimulation by 
paired stimuli with a gradual 
decrease  in the t ime interval  
(explanation in text). 

precede the conditioning H-ref lex.  

To determine the relative number of neuromotor  units in a r e f r a c -  
to ry  state during H-ref lex d ischarges ,  the nerve was stimulated 
with paired pulses, the f i rs t  of which evoked a maximum H-response  
(Hmax) and the second a maximum M-response  (Mmax). By approxi-  
mating the two stimuli  in t ime,  the test  M-wave was gradually su-  
perposed on the conditioning H-potential  and a reduced M-wave was 
recorded under r e f r ac to ry  conditions (Mrefr). In each observat ion 
the ratios H m a x / M m a  x and (Mma x -  Mre f r ) /Mmax  were calculated 
in percentages and compared.  The resul ts  of 71 tes ts  were sub- 
jected to s tat is t ical  analysis .  

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

In the healthy subjects,  in all tests  except two, the threshold 
of the H-ref lex was below that of the M-response .  With an increase  
in the stimulus strength,  the amplitude of the H-ref lex increased.  
As a rule the maximum value of the H-potential was observed in r e s -  
ponse to st imulation of threshold magnitude for  motor  axons. With 
fur ther  growth in the stimulus s t rength the H-ref lex  was inhibited, 
while the M-response  was increased (Fig. 1A). The ratio between 
the maximum amplitudes of the H- and M-responses  varied f rom 
46 to 90%. During stimulation of the nerve with paired stimuli the 
amplitude of the maximum M-potential  evoked by the test ing s t i -  
mulus remained unchanged when this response was more  than 7 msec  
away f rom the conditioning H-reflex.  With a decrease  in the t ime 
interval,  there was a gradual decrease  in amplitude of Mma x. The 
grea tes t  decrease  in amplitude of the M-wave was observed when 
the interval was 0-1 msec (Fig. 2). In two cases  total d i sappear -  
ance of the M-response  was observed,  indicating participation of 
100% of cells  of the motoneuron pool in the monosynaptic reflex, 
whereas  the rat io Hmax /Mma x in these same experiments  was 80 
and 90%, respect ively  (Fig. 1B). However, in near ly  all cases  the 
rat ios H m a x / M m a  x and (Mma x - M r e f r ) / M m a  x were equal (Fig. 1C, 
D). As a result ,  both methods of testing yielded very  c losely  s imi lar  
mean values for the number of motoneurons part icipating in the mo-  
nosynaptic reflex (Table 1). 

In must also be noted that when the t ime interval between the 
two stimuli was at a cer ta in  value, the test ing M-response  began to 

The original  M-wave recovered  under these c i rcumstances  only when 
the interval  between the potentials reached 2-3 msec (Fig. 2). 
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Fig. 2. Amplitude of M-poten- 
t ia l  plotted against t ime in ter -  
val between conditioning H- 
reflex and testing M-response 
in healthy subjects (one) and in 
patients with vascular  cerv ica l  
myelopathy (two), multiple 
sc le ros i s  (three), and syr ingo-  
myel ia  (four) (mean values). 
Abscissa ,  t ime between condi-  
tioning H-ref lex  and test ing M- 
response of soleus muscle ,  in 
msec  (a minus sign denotes that 
the M-response  precedes the H- 
reflex); ordinate,  amplitude of 
testing M-response  as a p e r -  
centage of maximum M-poten-  
tial. 
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Fig. 3. H- and M-response  of 
soleus muscle  in patients with 
multiple sc le ros i s  (A, D), sy -  
r ingomyelia  (B), and vascular  
cerv ica l  myelopathy of t r a u m a -  
tic origin (C) to st imulation by 
single and paired stimuli.  Le -  
gend as in Fig. 1. 

In some patients with a spinal form of multiple sc le ros i s  [3], 
and also in some cases  of the ce rv ico- thorac ie  form of syr ingomyel ia  
(on the side of the focus) and with vascular  cerv ica l  myelopathy of 
var ied etiology, the wr i te r  previously found lower thresholds for  the 
IVI-response than for the H-reflex.  This occured when the stimulus 
s t rength was increased  against the background of an increasing M- 
wave (Fig. 3A). Both in these cases  and in most  cases  with an o r -  
dinary ratio between the thresholds of the H- and IVI-potential, the 
reflex response of the muscle was reduced in amplitude. Br iskness  
of the ankle jerks,  with the presence of pyramidal  signs observed in 
the patients, suggested that the low amplitude of the H-response  is 
associated,  not with a dec rease  in the number  of activated motoneu-  
tons ,  but with their  asynchronous part icipation in the monosynaptic 
reflex. Since the r e f r ac to ry  period in the neuromuscular  unit is 2-3 
msec ,  it would be expected that more  complete data would be obtained 
by the use of the method of paired stimuli.  However, this hypothesis 
proved to be co r r ec t  in only a few cases  (Fig.3B). In most tests  
quantitatively equal resul ts  were obtained for the function of the mo-  
toneurons both when the M-potential  was determined in the period of 
r e f rac to r iness  of the motor  units and when the ratio between the maxi -  
mum amplitudes of the H- and M-response  was obtained (Fig. 3C, D). 
The possible reason is that, by cont ras t  with a blow on the tendon, 
e lec t r ica l  st imulation of the nerve is accompanied by synchronized 
discharges  in afferent f ibers of group 1A [6]. 

The resul ts  thus show that when the excitibility of human spinal 
motoneurons is tested under normal  conditions and when the sup ra -  
spinal flow of impulses is deficient and atony of the nerve center  is 
present  [21 both methods a re  of approximately equal diagnostic value. 
Only in a few cases  does the method of paired stimuli reveal a grea t -  
er  fract ion of the motoneuron pool part icipating in the monosynaptic 
reflex. 

i. 

2. 

3. 

4. 

5. 

6. 

7. 

L I T E R A T U R E  C I T E D  

Ya. M. Kots, Byull. ]~ksperim. Biol. i Med., No. 9, 32 (1968). 
G. N. Sorokhtin, Response of Excitable Systems to a Deficiency 
of Excitation [in Russian], Moscow (1968). 
M. Kh. Starobinets, A. Ya. Vernik, and A. D. Pshedetskaya, 
Abstracts of Proceedings of an All-Union Symposium on Demye- 
linating Diseases of the Nervous System Under Experimental 
and Clinical Conditions [in Russian], Minsk (1970), p. 128. 
R. W. Angel and W. W. Hofmann, Arch. Neurol. (Chicago), 8, 
591 (1963). 
E. Diamantopoulos and P. Z. Olsen, J. Neurol. Neurosurg. 
Psychiat., 30,427 (1967). 
B. Fujimori, M. Kato, T. Yamauchi, et al., Electroenceph. Clin. 
Neurophysiol., 27, 717 (1969). 
H. Taborikova and D. S. Sax, J. Neurol. Neurosurg. Psychiat.~ 
31, 354 (1968). 

1239 


