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The e l e c t r o m y o g r a m  (EMG) of the human a u r i c u l a r  musc les  was invest igated.  A "l is tening" 
r e sponse  was d i scovered  during the identif icat ion of acoust ic  s t imul i  and consis ted  of ac t i -  
vation of the EMG of the supe r io r  a u r i c u l a r  and inhibition of the EMG of the p o s t e r i o r  au r i c -  
u la r  musc le .  The magnitude of the r e sponse  b e a r s  a definite re la t ionsh ip  to the difficulty of 
identif ication of the s t imul i  (the percen tage  of e r r o r s ) .  

The study of spec ia l ized  neu rom us cu l a r  s t r u c t u r e s  se rv ing  the sense  organs  of an imals  and man (for 
example ,  the oculomotor  s y s t e m  and the moto r  s y s t e m  of the ex te rna l  and middle ear)  is of in te res t  both to 
neu romuscu la r  physiology and also to the phys io logyo f sea sa t i on  [4, 8, 10]. Recording the ac t iv i ty  of some 
of these  s y s t e m s ,  of which the oculomotor  has  r ece ived  the mos t  detai led study, is widely used a lso  for  
expe r imen ta l  purposes  and in medica l  p rac t i ce  for  a s s e s s  ing r e s p o n s e s  to optical  and ves t ibu la r  s t imula -  
t ion [2, 3, 5, 6, 9]. There  is expe r imen ta l  evidence [1, 11, 12] that  the moto r  s y s t e m  of the e a r  can a lso  be 
used as an indicator  of r e s p o n s e s  to acous t ic  s t imul i  (in pa r t i cu la r ,  in man  for  var ious  p rac t i ca l  inves-  
t igat ions) .  However ,  the physiology of the moto r  s y s t e m s  of the e a r  in genera l  and of the human e a r  in p a r -  
t i cu la r  has  been  inadequately studied.  

For  the r e a s ons  given above and in connection with p rac t i ca l  p rob l ems ,  it was decided to invest igate  
the genera l  c h a r a c t e r i s t i c s  of the e l ec t r i ca l  act iv i ty  of the a c c e s s i b l e  pa r t  of the moto r  s y s t e m  of the ea r ,  
namely its ex t r ins ic  m us c l e s ,  a t  r e s t  and during the identif icat ion of acous t ic  s t imul i .*  

EXPERIMENTAL METHOD 

Observa t ions  were  made on 15 healthy subjec ts .  A block d i ag ram of the exper imen ta l  appara tus  is 
given in Fig. 1. E l e c t r o m y o g r a m s  (EMGs) of the supe r io r  and p o s t e r i o r  au r i cu l a r  musc les  were  r e co rd ed  
by a b ipo la r  technique with skin e l ec t rodes  4 m m  in d i ame te r .  Two channels of the UBNK-V ampl i f i e r  and 
2 channels of the EI-2M in teg ra to r  (with p r ea mp l i f i e r s )  were  used.  The EMGs and the m a r k s  of the inte-  
g r a t o r  were  r eco rded  on a type N-102 loop osc i l lograph .  Acoust ic  s t imul i  were  taken f r o m  magnet ic  tape 
and applied to the subjec t  through te lephones and waveguides with wide Porolon  e a r p i e c e s .  The s t imul i  
consis ted of pa i r s  of pu lses ,  the f i r s t  of which was the r e f e r e n c e  pulse (2000 Hz) and the second the pulse 
for  compar i son ,  which could di f fer  f r o m  the f i r s t  by • 40 Hz or  could be equal to it in filling frequency.  The 
dis tance between the s t imul i  in the pa i r  was 25 m s e c ,  the durat ion of the s t imul i  50 m s e c ,  and the i r  inten- 
s i ty about 20-30 dB above ze ro .  The pa i r s  of s t imul i  were  applied eve ry  8 sec .  The subjec t  was requ i red  
to dist inguish qual i ta t ively the pitch of the second s t imulus  re la t ive  to the f i r s t .  He indicated his solution 
to the p rob lem by p r e s s i n g  on one of three  knobs ("higher ,"  " lower ,"  "equal").  After  each pa i r  of s t imul i  
and the r e sponse  to them the subject  was told of the c o r r e c t  solution to this pa r t i cu la r  acoust ic  p rob lem by 
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Fig. i.  Block diagram of the experimental apparatus. S) Screening cham- 
ber; El, 2) recording electrodes; W) waveguide earpieees; T) telephones; R) 
tape recorder; ASR) acoustic stimulus recorder; O) N-102 oscillograph; B) 
button; Ai, 2) amplifiers (channels of UBNK-V amplifier); Ii, 2) integrators 
(channels of EI-2M integrator). 

Fig. 2. EMGs of human superior and posterior auricular muscles. Re- 
sponse to acoustic stimuli: l, 4) EMGs of superior and posterior auricular 
muscles; 2, 6) marker of application of stimuli; 3, 5) marks of integrator of 
EMGs of superior and posterior auricular muscles, respectively. 

a recording from the tape. The analysis of the experimental results included visual analysis of the EMG 
and quantitative assessment of the integrator indices using a specially prepared algorithm with time storage 

of values representing the background and the response of the muscles to the stimuli.* A Promin'-M com- 
puter was used for the statistical analysis. The bioelectrical indices (expressiveness of the responses, de- 
gree of spontaneous activity) were compared with the correctness of identification for each pair of stimuli 
and for the experiment as a whole. 

EXPERIMENTAL RESULTS 

The investigation showed that the EMG of the superior and posterior auricular muscles recorded by 
skin electrodes from the human subject is a typical interference EMG in which biphasic waves of potential 

predominate. The mean amplitude in spontaneous activity was 30-50 #V. The frequency of the waves dur- 
ing spontaneous activity was variative with a mean value of 100/sec. 

Visual analysis of the EMGs showed that at the times when the subjects received the acoustic stimuli 
there was a clear change in amplitude of the EMGs of the extrinsic muscles of the ear: an increase (activa- 
tion effect) in the superior auricular muscle and a decrease (inhibition of the EMG) in the posterior auricu- 
lar muscle (Fig. 2). The response of the EMG of the posterior auricular muscle described above was more 
distinct and constant. 

The changes described above in the electrical activity of the auricular muscles were distinctly re- 
flected in the dynamics of the integrator indices when the time accumulation method was used (Fig, 3). The 
integrator indices showed that the combined response of the extrinsic muscles of the ear began in 64% of 
cases after the stimuli and had a short (less than 0.2 sec) latent period, and in 36% of cases it began 0.3- 
1.5 sec before the stimuli. Similar effects of a response preceding the stimuli when applied in a regular 
rhythm have been described in the literature [3] and assessed as a manifestation of a conditioned reflex to 

* The accumulation interval was 200 msec. 
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Fig. 3. Cha rac t e r i s t i c s  of r e s p o n s e s  of human 
supe r io r  (A) and p o s t e r i o r  (]3) a u r i c u l a r  m u s -  
cles  as  re f l ec ted  by in t eg ra to r  read ings :  A) 
curve  of r e sponse  to one pa i r  of s t imuli ;  B) 
a v e r a g e  curve  for 23 r e s p o n s e s  in another  ex-  
pe r imen t .  Ver t ica l  l ines show confidence in- 
t e rva l s  ( for  B). Moments  of appl icat ion of 
s t imul i  (pairs  of acous t ic  st imuli)  indicated 
by  a r r o w s .  Responses  in pa r t  of r e c o r d  of 
this  expe r imen t  given begin before  s t imulus  
and continue during and a f t e r  its act ion.  

t ime .  The durat ion of the e l ec t r i ca l  r e sponse  of the 
t e s t  musc l e s  was 1.1-1.6 sec .  Somet imes  immedi -  
a te ly  a f t e r  the d i r ec t  r e sponse  to the s t imul i  a sec -  
ond r e sponse  was observed ,  for  which spec ia l  analy-  
s i s  was requi red;  this is outside the scope of the p r e s -  
ent  invest igat ion.  

In the i r  f o r m  and t empora l  course  the changes 
in e l ec t r i ca l  act iv i ty  of the human ex t r ins i c  musc les  
of the ea r  descr ibed  above co r respond  to the or ien t -  
ing r e f l exes  of a l e r t ing  the e a r s  in an imals  [7]. 
These r e sponses  of the ex t r ins ic  musc l e s  of the e a r  
to acoust ic  s t imul i  in man evidently have no e s s e n -  
t ial  functional role  (the in t r ins ic  musc les  of the ea r  
function effect ively) .  Never the le s s ,  the r e s p o n s e s  of 
the human ex t r ins ic  ea r  musc les  can be r ega rd ed  as  
s y m p t o m s  of l istening. 

Because  of the weakness  of r e s p o n s e s  of the 
ex t r ins ic  musc l e s  of the e a r  it was difficult  to com-  
pare  the magnitude of each of these r e s p o n s e s  with 
the c o r r e c t n e s s  of the sub jec t ' s  answer  to the s t imu-  
li applied.  For  this r e a son  al l  that  was done was to 
e s t ima te  the ra t io  be tween the ave raged  indices for  
the expe r imen t  and for  a group of s i m i l a r  expe r imen t s .  

Compar i son  of the magnitude of the ave raged  
r e sponse  of the ex t r ins ic  musc l e s  of the e a r  with the 

mean  percen tage  of mi s t akes  in expe r imen t s  las t ing 30 min  showed posi t ive co r re l a t ion  (r = 0.87) between 
them,  or  in other  words ,  under  those conditions a higher  pe rcen tage  of mis t akes  in identif icat ion of the 
acous t ic  s t imul i  co r re sponded  to g r e a t e r  e x p r e s s i v e n e s s  of the l is tening r e s p o n s e s .  This can be under-  
stood to mean  that the l is tening r e s p o n s e s  appea r  or  become  s t rengthened in the subjects  when identif ica-  
t ion of s t imul i  becom es  difficult  for  them.  In this case  the r e s p o n s e s  of the ex t r ins ic  musc les  of the e a r  
thus play the ro le  of an indicator  of the o p e r a t o r ' s  difficulty in solving acoust ic  p rob l ems .  

The dynamics  of the ra t io  between the e x p r e s s i v e n e s s  of r e s p o n s e s  of the ex t r ins ic  e a r  musc les  and 
the percen tage  of m i s t akes  made by the ope r a to r  was invest igated in a s e r i e s  of prolonged expe r imen t s  (the 
indices were  ave r aged  over  30-min  in te rva l s  of the exper iment ) .  The r e su l t s  showed that  a t  the beginning 
of the expe r imen t  posi t ive co r r e l a t i on  sti l l  r ema ined  between the p a r a m e t e r s .  At the end of the exper i -  
ment ,  however ,  with the development  of s eve re  fatigue of the ope ra to r  the percen tage  of mi s t akes  rose  
sharp ly  and the l is tening r e s p o n s e s  weakened.  P robab ly  under  those conditions this pa r t i cu l a r  adaptive 
m e c h a n i s m  fa i l s .  

There  is r e a s o n  to hope that  the e l ec t romyograph ic  r e s p o n s e s  of the ex t r ins ic  e a r  musc les  desc r ibed  
above will find use as  an indicator  of the s ta te  of the audi tory s y s t e m  in pe r sons  whose work  entai ls  the 
percept ion  of acoust ic  s t imul i .  
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