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C r o s s - c o r r e l a t i o n  analys is  of in t e r fe rence  e l e c t r o m y o g r a m s  of the a c c e s s o r y  r e s p i r a t o r y  
m u s c l e s  (the pec to ra l i s  m a j o r  and r ec tus  abdominis  musc les )  showed absence  of co r r e l a t i on  
during the i r  voluntary cont rac t ion  and p r e s e n c e  of co r re l a t ion  during forced  breathing.  A 
synchronized or r andom work pa t te rn  of the motor  units of the a c c e s s o r y  r e s p i r a t o r y  m u s -  
c les  depends on the c h a r a c t e r  of the supersp ina l  effects .  

As r epor t ed  p rev ious ly  [2, 3], a definite synchronizat ion of e l ec t r i ca l  act ivi ty of moto r  units of the 
in tercos ta l  musc l e s  has been found. No such synchronizat ion is obse rved  during the work  of other  skele ta l  
musc l e s  [1, 3].  

This  paper  desc r ibes  the r e su l t s  of ana lys i s  of the work of the a c c e s s o r y  r e s p i r a t o r y  musc l e s .  

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

Elec t r i ca l  act ivi ty of the a c c e s s o r y  r e s p i r a t o r y  musc l e s  - the pec to ra l i s  m a j o r  and r ec tus  abdominis  
m u s c l e s  - was invest igated by e lec t romyography .  E l e c t r o m y o g r a m s  (EMGs) were  r e c o r d e d  by bipolar  leads 
f rom the pec to ra l i s  ma jo r  and r ec tus  abdominis  musc l e s  on both s ides  of the trunk symmet r i ca l l y .  T h e  
dis tance between the e lec t rodes  of each pa i r  was 2 cm and between each pa i r  of e l ec t rodes  15 cm. In fo r -  
mat ion  obtained f rom the EMG was analyzed by the c r o s s - c o r r e l a t i o n  method, providing s ta t i s t ica l  f r e -  
quency analys is  of  the p r o c e s s e s  examined.  Bes ides  the usual photographic record ing  of the EMG on an 
e l ec t romyograph  (Disc), the EMG was also r eco rded  on magnet ic  tape,  l a t e r  to be p r o c e s s e d  on the VNIIMP 
c o r r e l o m e t e r  [1]. 

EMGs r eco rded  f rom these  m u s c l e s  during voluntary  cont rac t ion  and during work as a c c e s s o r y  
r e s p i r a t o r y  m u s c l e s  were  invest igated.  The EMG of the pec to ra l i s  m a j o r  musc l e  was r e c o r d e d  during 
voluntary  fo rced  resp i ra t ion ,  during breathing against  an i nc rea sed  r e s i s t a n c e  during inspirat ion,  and during 
breathing a mix tu re  of a i r  with 7% CO2; the EMG of the r ec tu s  abdominis  m u s c l e s  was r e c o r d e d  during 
inspi ra t ion  and expira t ion of max imal  depths and during breathing against  a r e s i s t a n c e  to insp i ra t ion  and 
expirat ion.  

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

Elec t r i ca l  act ivi ty  of the pec to ra l i s  m a j o r  musc l e s  during voluntary contract ion is c h a r a c t e r i z e d  by 
action potent ia ls  of high ampli tude (about 200 ~V). The values  of the c r o s s - c o r r e l a t i o n  coeff icients  (R) 
thus obtained lay outside the l imi ts  of ins t rumenta l  e r r o r ,  i .e. ,  they were  c lose  to ze ro  (R = 0.00-0.08). 
The EMG and typical  appearance  of the c r o s s - c o r r e l a t i o n  function a re  shown in Fig. 1 (I and HI). The mean  
values  of R a re  given in Table  1. 

I f  the subject  was asked to brea the  m o r e  deeply, to brea the  against  an i nc rea sed  r e s i s t a n c e  to insp i -  
ra t ion,  or  if 7% CO 2 was added to the a i r ,  the EMGs of the pec to ra l i s  m a j o r  m u s c l e s  obtained during all 
these  types  of forced breathing gave high c r o s s - c o r r e l a t i o n  coeff ic ients  (R = 0.19-0.74). The mean  values  
of R a re  given in Table 1. E lec t r i ca l  act iv i ty  of the pec to ra l i s  m a j o r  m u s c l e s  in these  cases  was of the 
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TABLE 1. Mean Values of C r o s s - C o r r e -  
lation Coefficients (R) during Invest igat ion 
of EMG of A c c e s s o r y  R e s p i r a t o r y  Muscles  
Working under Different  Conditions 

Conditions of work 

Muscles tested 

Pectoralis 
major 

Rectus 
abdominis 

volunta~/ 
co ntractlon 

mean 
n value 

of R 

8 0,05 

5 0,05 

forced 
breathing 

mean 
n value 

of R 

8 0,37 

35 0,30 

Note: n denotes number  of tes t s .  
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E l e c t r o m y o g r a m s  (I and II) and c r o s s - c o r r e l a t i o n  functions Fig. 1. 
(III) of EMGs r e c o r d e d  f rom both pec to ra l i s  m a j o r  m u s c l e s  (subject  
M-ya) .  1) During constant  contract ion;  2) during forced  breathing; 
a) EMG r e c o r d e d  f rom r ight  pec te ra l i s  m a j o r  muscle ;  b) the s a m e  
f rom the left  musc le .  

Fig. 2. C r o s s - c o r r e l a t i o n  functions of EMGs of left and r ight  r ec tus  
abdominis  m u s c l e s  in different  invest igat ions:  I) breathing against  
r e s i s t a n c e  to inspi ra t ion  (1) and to expi ra t ion  (2); II) deep i n sp i r a -  
t ions (1) and deep expi ra t ions  (2). 

s ame  o rde r  or  lower (amplitude 200-150/~ V) than during the i r  voluntary  contract ion (amplitude about 200 
#V)o The EMG and the typical  appea rance  of the c r o s s - c o r r e l a t i o n  function a r e  shown in Fig. 1 (II and III). 
Hence,  when the pec to ra l i s  m a j o r  m us c l e s  work as  a c c e s s o r y  musc l e s  of resp i ra t ion ,  i .e. ,  during deep 
breathing,  cons iderab le  synchronizat ion  of e lec t r ica l  act ivi ty of the i r  mo to r  units a r i s e s ,  as the high values  
of R show. If, however ,  the i r  ac t iv i ty  is a s soc ia ted  with voluntary  movemen t s  of a non re sp i r a to ry  cha rac t e r ,  
no synchronizat ion  is observed .  

S imi lar  r e s u l t s  were  obtained by the invest igat ion of EMGs of the r ec tus  abdominis  musc le s .  During 
the deepes t  insp i ra t ions  and expira t ions ,  or  during breathing against  r e s i s t a n c e  to inspi ra t ion  or  expirat ion,  
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considerable  e lec t r ica l  act ivi ty was observed  in these muscles  (amplitude about 100 ~tV). Corre la t ion 
analysis of the EMGs revea led  high coefficients of c ro s s - co r r e l a t i on ,  i .e. ,  synchronizat ion of the e lec t r i ca l  
act ivi t ies  of the motor  units of these muscles  was observed (Table 1). 

The typical appearance of the c r o s s - c o r r e l a t i o n  function is shown in Fig. 2. 

The presence  or  absence of synchronizat ion of e lec t r i ca l  act ivi ty of the motor  units of the a c c e s s o r y  
r e s p i r a t o r y  muscles  natural ly depends on the conditions of function of the motoneurons supplying it~ The 
phenomena d iscovered  thus show that these groups of motoneurons d ischarge  e i ther  synchronously or 
independently of each other  in t ime, depending on the controll ing signals which activate these neurons.  If 
the signals a re  sent f rom the r e s p i r a t o r y  center ,  synchronizat ion develops, but this is not observed  during 
voluntary contract ion of these  musc les  unconnected with resp i ra t ion .  The p resence  of synchronizat ion in 
d ischarges  of the motoneurons innervating the r e s p i r a t o r y  muscles  is at tr ibutable not to the permanent  
fea tures  of the corresponding groups of motoneurons,  but to the cha rac t e r  of the superspinal  influences 
evoking thei r  activity. 
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