
PHYSIOLOGY 

R O L E  O F  T O N I C  A C T I V I T Y  O F  T H E  R E S P I R A T O R Y  

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

E .  N. D o m o n t o v i c h  a n d  I .  A .  P a n c h e n k o  UDC 612.29:612.741.14 

R e s p i r a t o r y  and ton ic  p o s t u r a l  i m p u l s e s  w e r e  shown to c o n v e r g e  on m o t o n e u r o n s  of the i n t e r c o s t a l  
nzusc les  and on i n t e r n e u r o n s ,  g iv ing  r i s e  not only  to p o s t u r a l  r e f l e x e s  f r o m  file neck and l a b y r i n t h ,  but  a l so  
to a f f e r e n t  i n f l u e n c e s  f r o m  the t h o r a c i c  s t r u c t u r e s  t h e m s e l v e s .  

When the l a t t e r  a r e  i n t e n s i f i e d ,  r e s p i r a t o r y  a c t i v i t y  of the i n t e r c o s t a l  m u s c l e s  n-ay be weakened ,  a l -  
though the s e n s i t i v i t y  of t h e i r  m o t o n e u r o n s  to r e s p i r a t o r y  i n f l ue nc e s  i s  not los t .  

In ou r  p r e v i o u s  i n v e s t i g a t i o n  [1, 5] we showed tha t  d e f o r m a t i o n  of the ches t ,  a c c o m p a n y i n g  s u r g i c a l  
o p e r a t i o n s  on the lungs ,  i s  a c c o m p a n i e d  by i n c r e a s e d  b i o e l e c t r i c a l  a c t i v i t y  of the i n t e r c o s t a l  m u s c l e s ,  
which is u s u a l l y  g r e a t e r  on the s ide  of the o p e r a t i o n .  

The change o b s e r v e d  in the b i o p o t e n t i a l s  of the i n t e r c o s t a l  m u s c l e s  could  be the r e s u l t  not only of 
r e s p i r a t o r y ,  but  a l s o  of tonic  p o s t u r a l  a c t i v i t y  c h a r a c t e r i s t i c  of th is  g roup  of n u l s c l e s  [2]. Since the s i g -  
n i f i cance  of th is  a c t i v i t y  in the g e n e r a l  s y s t e m  of r e g u l a t i o n  of r e s p i r a t i o n  is  not p e r f e c t l y  c l e a r ,  the p r e -  
s en t  i n v e s t i g a t i o n  was  c a r r i e d  out to s tudy this  ques t ion .  

EXPERIMENTAL METHOD AND RESULTS 

Tests were carried out on 62 persons in whom the shape of the chest was altered to some extent as 

a result of operation (thoracoplasty, partial and extensive resection of the lung). Potentials of the inter- 

costal muscles were recorded by two pairs of bipolar surface electrodes placed on symmetrical points of 

the chest (6th-Sth intercostal space on the right and left sides), and the pneumooram was recorded at the 

s a m e  t i m e .  

In the g r e a t  m a j o r i t y  of s u b j e c t s  (43) the a m p l i t u d e  of i m p u l s e s  f r o m  the ches t  on the s ide  of ti,~: 
o p e r a t i o n  was  g r e a t e r  than on the in t ac t  s ide  Wig.  1), and f r e q u e n t l y  the d i f f e r e n c e  in a m p l i t u d e  r e a c h e d  
36-60 /zV.  As  a ru l e  the in -pu l se  a c t i v i t y  was  cont inuous  and r e c o r d e d  u n i f o r m l y  th roughout  the r e s p i r a -  
t o r y  c y c l e  i r r e s p e c t i v e  of the p h a s e  of r e s p i r a t i o n .  I n t roduc t ion  of an add i t i ona l  r e s i s t a n c e  to r e s p i r a t i o n  
ffor p e r i o d s  of up to 2 rain) c a u s e d  no change s  in the e l e c t r o m y o g r a m  (EMG). On the health)" s ide  of the 
c h e s t  a c t i v i t y  was  e i t h e r  wi th in  n o r m a l  l i m i t s  o r  v e r y  s l i g h t l y  i n c r e a s e d  dur ing  i n s p i r a t i o n .  

The con t inu i ty  of the b i o e l e c t r i c a l  ac t i v i t y ,  i t s  u n i f o r m i t y ,  and i t s  i ndependence  of the p h a s e s  of the 
r e s p i r a t o r y  c y c l e  s u g g e s t e d  that  this  was  a m a n i f e s t a t i o n  of the tonic  p o s t n r a l  a c t i v i t y  of the i n t e r c o s t a l  
m u s c l e s .  The a b s e n c e  of EMG changes  on i n t r o d u c i n g  an a dd i t i ona l  r e s i s t a n c e  to r e s p i r a t i o n  c o n f i r m e d  
th is  v iew.  

M a s s i o n  and c o - w o r k e r s  [8] c o n s i d e r  that  tonic  p o s t u r a l  a c t i v i t y  of the i n t e r c o s t a l  m u s c t e s  is  unde r  
the c o n t r o l  of r e f l e x e s  o r i g i n a t i n g  f r o m  the r e c e p t o r s  of the neck  n m s c l e s  and f rom the l a by r in th .  In our  
c a s e s  a f f e r e n t  i m p u l s e s  f r o m  the r e c e p t o r s  of the i n t e r c o s t a l  n m s e l e s  t h e m s e l v e s  and,  p e r h a p s ,  f r o m  o t h e r  
s t r u c t u r e s  of the c h e s t ,  w e r e  a l s o  of undoubted  i m p o r t a n c e .  Th is  c l a i m  is  made  b e c a u s e  t r a c t i o n  of the 
m u s c l e s  of the c h e s t  wa l l  as  a r e s u l t  of i t s  d e f o r m a t i o n  and l i m i t a t i o n  of m o v e m e n t  of the r i b s  by p l e u r a l  
a d h e s i o n s  was  p r e s e n t  in the p a t i e n t s  who w e r e  i n v e s t i g a t e d .  T h e s e  c o m b i n e d  to s t r e n g t h e n  a f f e r e n t  in -  
f l u e n c e s  f r o m  the r e c e p t o r s  of the i n t e r c o s t a l  m u s c l e s  on t h e i r  own m o t o n e u r o n s .  The v a l i d i t y  of th is  hy -  
p o t h e s i s  is  a l s o  c o n f i r m e d  by  s o m e  a s p e c t s  of the EMG s t r u c t u r e  found in 26 of o u r  s u b j e c t s .  I n s t ead  of 
the f a s t ,  m u l t i p h a s e  f l uc tua t i ons  of p o t e n t i a l ,  v a r i a b l e  in a m p l i t u d e  and f r e q u e n c y ,  low, b i p h a s i c ,  f l uc tua t ions  
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Fig. 1. E lec t romyogram of in tercosta l  muscles .  1) On the 
right;  2) on the left, and pneumogram (3) of a patient af ter  
thoracoplas ty  involving 8 ribs on the left side. Time 
marke r ,  0.1 sec, below (4). 
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Fig. 2. E lec t romyogram of intercostal  muscles  and penumo- 
g ram of patient af ter  thoracoplas ty  involving 8 ribs on the left 
side, during physical  exert ion {normal phasic activity). Leg-  
end as in Fig. 1. 

appeared,  against  the background ei ther  of absence of impulses or  of fast  impulses of low amplitude. Some- 
times volleys of impulses were observed (EMG of types 2a, 2b, and 3 according to Yusevich 's  classification). 
In agreement  with published data [4, 6, 7], an EMG of this cha rac t e r  indicates changes in the state of the 
motoneurons of the corresponding muslces .  

Massion and co -worke r s  [8] claim on the basis  of their  investigations on decerebrate  animals that 
strengthening of tonic pos tura l  influences on the motoneurons of the intercostal  muscles  makes these mus-  
cles less sensit ive to influences f rom the r e sp i r a to ry  center.  However, during stimulation of respirat ion 
by physical  exert ion,  the activity of the intercostal  muscles  again became phasic in charac te r  in 18 of 26 
subjects and the normal  s t ruc ture  of the EMG was largely  res to red  (Fig. 2). Consequently, motoneurons of 
the in tercosta l  muscles  remain  sensitive to r e sp i r a to ry  influences even when tonic postural  influences are 
considerably increased.  

We consider  that reflex mechanisms s imi la r  to the mechanisms of the s t re tch reflex may lie at the 
basis  of the changes in tonic postural  activity of the intercostal  muscles .  The possibi l i ty of afferent im- 
pulses f rom the par ie ta l  pleura,  in the nature of a p leuro- thorac ic  reflex as descr ibed by Kocherga [2], 
likewise cannot be ruled out. Stimulation of receptors  of the pleura may affect motoneurons via polysynap- 
tic reflex a rcs .  The important  role of interneurons in the t r ansmiss ion  of excitation to the r e sp i r a to ry  
muscles  has been shown by the work of Sumi [9] and Kocherga [3]. Mechanisms in the spinal cord  therefore  
lie at the basis  of the observed changes in bioelectr ical  activity of the intercostal  muscles .  
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