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The object  of the invest igat ion was to study cor re la t ion  between the s tate  of the spinal  ref lex 
appara tus  in spinal  pat ients  and the p r e sence  o r  absence of clonus. The magnitude o f t h e e l e c -  
t r i ca l  r e sponse  of the soleus musc le  to pass ive  dors i f lexion of the angle at different  speeds  was 
studied. Clonus took place in 10 pat ients  (group 1) and was absent  in another  12 patients  (group 
2). Ten  heal thy subjec ts  se rved  as the control  group. A considerable  di f ference was found in 
the curves  of  dis t r ibut ion of magnitude of the r e sponses  for  the different  groups of subjects .  
Cha rac t e r i s t i c a l l y  the pat ients  of group 1 showed a shift of  the model  to the right,  but the pa-  
t ients  of group 2 showed a shift to the left compared  with the mode to heal thy subjects .  The 
s ame  pa t te rn  was found r e g a r d l e s s  of the angula r  ve loc i ty  studied. The threshold  veloci ty  in 
the pat ients  of  group 2 was signif icantly higher  than no rma l ,  whereas  in the pat ients  of group 
1 it was c lose  to normaL. Activi ty in the cal f  musc les  and abil i ty to move about o r  even to walk 
were  obse rved  in most  pat ients  of group 1 but in only a few patients  of group 2. It is suggested 
that  the p re sence  of clonus co r re sponds  to a more  no rma l  s tate  of  the spinal  ref lex appara tus  
and to be t t e r  cl inical  indices than in pat ients  without clonus.  
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Invest igat ion of the s t r e t ch  ref lex in pat ients  with in jury to the spine and spinal  cord can be used to s tudy 
the s tate  of spinal  mechan i sms .  In some cases  during pass ive  dor is i f lexion of the ankle o r  in response  to a 
tap  on the Achi l les '  tendon the pat ients  develop repet i t ive  osc i l l a to ry  movements  of  the foot, o r  clonus. The 
s eve r i t y  of the clonic osci l la t ions  and t he i r  durat ion v a r y  in individual pat ients ,  but the i r  s tabi l i ty  is a ch a r ac -  
t e r i s t i c  feature .  Clonus does not d i s appea r  despi te  prolonged r emed ia l  gymnas t ics  or  massage ,  although it does 
not i nc rea se  in s e v e r i t y  during inactivi ty.  

The or igin of clonus is a t t r ibuted to a d is turbance  of the py ramida l  t r a c t  [1], but it can also be produced 
expe r imen ta l ly  in healthy subjec ts  [2]. Some w orke r s  a t t r ibute  this phenomenon to the p resence  of a p a c e m a k e r  
in the spinal  cord [4], whereas  o thers  cons ider  that a d is turbance  of suprasp ina l  control  and inc reased  exc i t -  
abil i ty of  spinal  cord s t ruc tu r e s  a re  respons ib le  for  the development  of clonus [2]. 

It has been concluded f r o m  an invest igat ion of af ferent  impulsa t ion f r o m  musc le  spindles in heal thy sub-  
jec t s  and spas t i c  patients  [3] that an impor tan t  role  in the genes is  of the clonus which develops a f t e r  con t rac -  
tion of musc les  is played by activation of the spindles in the re laxat ion phase,  potentiated by a r a i sed  background 
level  of the g a m m a - s y s t e m .  

The object  of this invest igat ion was to study clonus in patients  with spinal  cord injury in o r d e r  to de te rmine  
cor re la t ion  between it and the s ta te  of  the spinal  ref lex sys tem.  

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

Altogether  22 pat ients  with t r a u m a  at different  levels  and of different  s eve r i t y  and also with different  de-  
g r ee s  of r e c o v e r y  of functions were  studied. The t ime  e laps ing af ter  injury var ied  f r o m  1 to 12 y e a r s  in these  
pat ients .  Clonus was obse rved  in 10 pat ients  (group 1) but it was absent  in the o ther  12 pat ients  (group 2). Each 
group included patients  with in jury at dif ferent  levels  and of different  degrees  of sever i ty .  As the control ,  s i m -  
i l a r  t e s t s  were  ca r r i ed  out on 10 heal thy subjects .  These t e s t s  were  as follows: With the patient lying on his 
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Fig. 1. Threshold velocity of responses. 
Abscissa, C) control, I) patients of group 1, 
H) patients of group 2; ordinate, angular 
velocity (in deg/sec). 
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Fig. 2. Curve of distribution of amplitude of responses to dorsiflexion of ankle at differ- 
ent speeds, a) At angular velocities of 25-199 ~ b) angular velocities of 200-400 
~ 1) Healthy subjects, 2) patients of group 1, 3) of group 2. Abscissa, amplitude 
(in #V); ordinate, number of cases (in %). 

back a stretch reflex was elicited by passive dorisflexion of the ankle. In the course of the test  40-60 dorsi-  
flexions were given with an interval of 10-15 see between them. The electromyogram of the soleus muscle and 
movements of the ankle joints were recorded. The degree of amplification used for recording the EMG was 
10 #V to 1 ram, and for recording joint movements 1 ~ to 1 ram. The velocity of dorsiflexion varied from 25 to 
400 ~ 

EXPERIMENTAL RESULTS 

The results showed that the threshold velocity for evoking a stretch reflex differed considerably in the 
patients of the different groups (Fig. 1). The lowest values were obtained for the patients of group 1 and the 
highest for those of group 2. The threshold velocity for the healthy subjects was intermediate in position and 
the difference compared with the patients of group 2 was statistically significant. The magnitude of the responses 
also differed in the patients of different grou.ps, as will be clear from the distribution curves. At low and aver- 
age angular velocities (from 25 to 199 ~ Fig. 2a) a characteristic feature distinguishing the patients of 
group I from the healthy control was a shift of the peak of the curve to the right, toward higher amplitudes, 
whereas in group 2, on the other hand, the curve was shifted to the left, toward lower amplitude. The distribu- 
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tion of cases  was much more  uniform for group 1 than for group 2, in which small  responses  predominated 
sharply. The distribution curves based on the results  obtained with high angular velocities (group 200 to 400 
~ showed roughly the same pattern (Fig. 2b). 

The resul ts  show that the cha rac te r  of the s t re tch reflex in patients with elonus was close to normal ,  or  
even showed'a higher  level of excitation, in agreement  with data in the l i terature [4]. In the patients without 
clonus, on the other  hand, reflex excitabili ty was considerably depressed,  so that the threshold of the responses  
were ra ised and thei r  amplitude reduced. 

Because of these resul ts ,  attention was directed to the difference in the degree and charac te r  of r ecovery  
of functions in these patients. Comparison of the ability of different groups of patients to contract  their  calf 
muscles  actively showed that in 9 out of 10 patients in group 1, during the attempt to c a r r y  out voluntary move- 
merits activity was observed in the eaIf muscIe; in the patients of group 2, on the other  hand, activity was ob- 
served in only 5 0f the 12 patients. Eight of the 10 patients in group 1 but only 3 of the 12 patients in group 2 
could walk or  move about. The g a m m a - s y s t e m  is evidently more activated in patients with elonus [3], and this 
is a favorable condition for res tora t ion  of motor  function. 
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MECHANISMS OF SENSATION OF RESPIRATORY 

DISCOMFORT DURING ARTIFICIAL VENTILATION 

OF THE LUNGS 
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and  Z.  N. S e r g e e v a  

The p r imary  reason why hyperventi lat ion is neces sa ry  in patients with paralysis  of the r e sp i r a -  
to ry  muscles  is insufficiency of the H e r i n g - B r e u e r  inhibitory reflex. 

KEY WORDS: para lys is  of the r e sp i ra to ry  muscles;  artificial  ventilation of the lungs; dyspnea; 
vagoto my. 

Patients with para lys is  of the r e sp i r a to ry  muscIes  experience resp i ra to ry  discomfort  even though the 
art if icial  ventilation of the Iungs maintains the normal  eomposition of the i r  blood gases.  To overcome resp i ra -  
t o ry  discomfort ,  the pulmonary ventilation must be increased  by 20-30%. This leads to hypocapnia. The sen- 
sitivity of the r e sp i r a to ry  center  to CO~ r ises .  The patients therefore  require additional ventilation of their  
lungs [1-3]. 

But whydo the patients require  an increase  in their  lung ventilation even before the onset of hypocapnia? 

The investigation descr ibed below showed that this is because of insufficiency of the H e r i n g - B r e u e r  i n -  
hibitory reflex in these patients. 
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