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ABSTRACT

In o r d e r  to  know i f  t he  a c o u s t i c  r e f l e x  does p r o t e c t  the  
i n n e r  e a r  from temporary t h r e s h o l d  s h i f t  caused by the  ex
posure to  a loud i n d u s t r i a l  n o i s e ,  one need to  know the  
r e f l e x  r e sponse  decay dur ing the  no i s e  exposure ,  as well  
as the  amount o f  r ecovery  al lowed by q u i e t  i n t e r v a l s .  The 
i n f l u e n c e  o f  the  d u r a t io n  o f  a broadband n o i s e ,  on the  
r ecovery  f u n c t i o n  o f  the  a c o u s t i c  r e f l e x  has been i n v e s t i 
ga t ed .  Four no i s e  d u r a t io n s  and f o u r  ( o r  o c c a s i o n a l l y  
f iv e )  q u i e t  i n t e r v a l s  were s e l e c t e d .  Res u l t s  showed t h a t  
t he  r e f l e x  r ecovery  i s  an ex pon en t i a l  f u n c t io n  o f  the  q u i e t  
i n t e r v a l  t h a t  e x i s t s  between two no i s e  expos ur es ;  a f t e r  a 
few seconds o f  r e s t ,  r ecove ry  proceeds  f a i r l y  r a p i d l y ,  
even i f  t h e  cont inuous  noi se  exposure  l a s t s  12 minutes .  
Res u l t s  a l s o  i n d i c a t e d  t h a t  f o r  the  6 and 12 minute expo
su re  d u r a t i o n s ,  t h e  r e f l e x  r ecovery  i s  i ndependen t  o f  the 
no i s e  d u r a t i o n .  For the  s h o r t e r  d u r a t i o n s ,  t h a t  i s  those 
a s s o c i a t e d  wi th  a r e f l e x  decay o f  20 and 40%, the  r e s u l t s  
t end  to  i n d i c a t e  t h a t  t he  r ecovery  i s  p robably  independent  
o f  th e  pe rc en tag e  o f  decay p r e v a i l i n g  a t  t h e  end o f  the  
no i s e  exposure.

SOMMAIRE

Pour s a v o i r  s i  l e  r é f l e x e  ac o u s t iq u e  peut  p r o t é g e r  l ' o r e i l 
l e  i n t e r n e  c o n t re  un déplacement  t e mp ora i r e  des s e u i l s  d ' a u 
d i t i o n  c o n s é c u t i f  à une e x p o s i t i o n  à un b r u i t  i n d u s t r i e l  
i n t e n s e ,  i l  f a u t  ê t r e  capable  de p r é d i r e  l a  dég rad a t io n  de 
l a  réponse  r é f l e x e ,  t o u t  comme l ' a m p l e u r  de l a  r é c u p é r a t i o n  
permise  pa r  des i n t e r v a l l e s  de s i l e n c e .  L ' i n f l u e n c e  de 
l a  durée d 'u n  b r u i t  à l a rg e  bande de f r é q u e n c e s ,  su r  la  
f o n c t io n  de r é c u p é r a t i o n  du r é f l e x e  a c o u s t iq u e  a é t é  é t u 
d i é e .  Quat re  du rées  de b r u i t ,  e t  q u a t r e  (ou c inq s u i v a n t  
l e  cas)  i n t e r v a l l e s  de s i l e n c e  ont  é t é  s é l e c t i o n n é s .  Les 
r é s u l t a t s  on t  montré que l a  r é c u p é r a t i o n  du r é f l e x e  e s t  
une f o n c t io n  e x p o n e n t i e l l e  du temps de s iTence  compris en
t r e  deux e x p o s i t i o n s  au b r u i t ;  ap rès  quelques  secondes de 
s i l e n c e ,  l a  r é c u p é r a t i o n  s ' e f f e c t u e  p l u t ô t  r ap idemen t ,
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même si l ' e x p o s i t i o n  au b r u i t  cont inu e s t  de 12 minu
t e s .  Les r é s u l t a t s  ont  également indiqué que pour des 
durées d ' e x p o s i t i o n  de 6 e t  12 minutes ,  l a  récupéra 
t ion  du r é f l e x e  e s t  indépendante  de la  durée d ' e x p o s i 
t i o n .  Pour l e s  durées  l e s  plus c o u r t e s ,  c ' e s t - à - d i r e  
c e l l e s  assoc iées  a une dégradat ion du r é f l e x e  de 20 e t  
40%, le s  r é s u l t a t s  ind iquent  que l a  récupéra t ion  e s t  
probablement indépendante du pourcentage d ' a d a p ta t i o n  
qui prévaut  â l a  f i n  de l ' e x p o s i t i o n  au b r u i t .

1 - INTRODUCTION

In humans, the a co u s t i c  r e f l e x  (AR) r e f e r s  to the c o n t r a c t io n  o f  the s t a p e 
dius  muscle (one o f  the  two middle e a r  muscles) fol lowing an exposure to a mode
r a t e  or  a high i n t e n s i t y  acous t ic  s i g n a l .  When the s igna l  i s  a broadband n o ise ,
a Lpa o f  72 dB i s  on average s u f f i c i e n t  to  a c t i v a t e  a minimal c o n t r a c t io n  of
t h i s  muscle (Hétu and Careau, 1977), and an in c rease  in i n t e n s i t y  induces a l a r 
ger muscle c o n t r a c t io n  over a dynamic range of  approximately 50 dB (Wilson,
1979). There fo re ,  a la rge  number o f  i n d u s t r i a l  noises  a re  loud enough to a c t i 
vate  an important response o f  the AR.

I t  i s  known t h a t  the AR changes the m ob i l i ty  of  the  o s s i c u l a r  cha in ,  causing 
among o the r  t h i n g s ,  an in c rease  in the a co u s t i c  impedance a t  the eardrum, and 
t h e r e f o r e ,  an i n t e n s i t y  decrease in sounds t ransm iss ion  to  the inne r  e a r  (M011er, 
1972). This a t t e n u a t io n  i s  g r e a t e r  f o r  f requenc ies  lower than 1000 Hz, and in 
humans, amounts to  15-20 dB fo r  a f u l l  c o n t r a c t io n  o f  the s taped ius  muscle. 
Moreover, the a t t e n u a t io n  o f f e red  by the AR i s  p ropor t iona l  to  the  graded r e s 
ponse of  the AR (Borg, 1968; Zakri sson ,  1975, 1979). There fo re ,  the  AR p r o t e c t s  
the inner  ear  from loud sounds.

However, to  know i f  the AR i s  capable  of  p r o t e c t in g  the  ea r  a g a i n s t  tempo
ra ry  th resho ld  s h i f t s  (and poss ib ly  a g a in t s  permanent th re sh o ld  s h i f t s )  caused 
by exposure to  loud i n d u s t r i a l  n o i s e s ,  one has to  cons ide r  not  only the i n i t i a l  
response of the r e f l e x ,  but  a l so  i t s  long term response to  noises  o f  var ious du
ra t i o n s  and temporal c h a r a c t e r i s t i c s .  Because o f  the numerous d i f f i c u l t i e s  i n 
volved in monitor ing the AR response of  a worker a t  h is  job s i t e ,  one has to 
r e ly  on l abora to ry  s t u d i e s .

I n d u s t r i a l  sound environments a re  c h a r a c t e r i z e d  by no ises  of broad fr equen 
cy bands. There fo re ,  l a b o ra to ry  s tu d i e s  c a r r i e d  on the  AR a c t i v a t e d  by broad
band noise  should help to  understand and p r e d i c t  the  AR behaviour in  real  l i f e  
s i t u a t i o n s .  Such s tu d i e s  have shown t h a t  an exposure to  a loud cont inuous noise  
produces a rapid decay o f  the AR with in  the  f i r s t  4 or  5 minutes o f  exposure,  
followed by a slower decay,  and f i n a l l y  by a s t a b i l i z a t i o n  of  the  response a t  a 
re s id ua l  amplitude. The reduced response i s  reached a f t e r  approximately 10 mi
nutes  of  exposure,  and i t s  average ampli tude i s  near  45 to 50% of the  i n i t i a l  
response (Hétu and Careau, 1977; Lalande and Hétu,  1979). S tud ies  have a l so  
ind ica ted  t h a t  when s u b jec t s  a re  exposed to  i n t e r m i t t e n t  no ises  o f  var ious pe
r iods or /and duty c y c l e s ,  the presence o f  p e r io d ic  q u i e t  i n t e r v a l s  prevents  p a r 
t i a l l y  or t o t a l l y  the degradat ion  o f  the AR (Hétu and Careau, 1977; Lutman and 
Martin,  1978; Wiley and Karlovich,  1978; Lalande and Hétu,  1979). The p a r t i a l  
or  complete recovery o f  the AR response found in these  s tu d ie s  fol lowing q u ie t  
i n t e r v a l s ,  could be r e l a t e d  to  the 0N-durat ion o f  the  n o i s e ,  a t  l e a s t  f o r  0N- 
dura t ions  t h a t  produce a decay of  the AR but  has never  been i n v e s t i g a t e d  as
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such. Wiley and Karlovich (1978) have indeed shown t h a t  when the  ON-duration of 
the  i n t e r m i t t e n t  noise  i s  sh o r t  enough to cause no response decay, the q u ie t  i n 
te rva l  necessary  fo r  a complete recovery of  the  e x c i t a b i l i t y  of  the AR is  inde 
pendent o f  the  ON-duration of  the  noise .  But fo r  ON-durations long enough to 
produce some adap ta t i on  of  the  r e f l e x ,  the  r e s u l t s  of Lalande and Hëtu (1979) 
have not allowed to  determine i f  the time in t e rv a l  a s soc ia t ed  with a complete 
recovery o f  the e x c i t a b i l i t y  depends on the  ON-duration of  the  n o is e ,  or  r a t h e r  
on the  amount of  adap ta t i on  assoc ia ted  with a p a r t i c u l a r  ON-duration. The aim 
of  the p r e s e n t  s tudy was to determine i f  the  q u i e t  in t e rv a l  necessary fo r  a f u l l  
recovery o f  the e x c i t a b i l i t y  of  the  acous t i c  r e f l e x  (AR), t h a t  i s  the ON-respon- 
se ,  depends mainly (a) on the  dura t ion of  the  s i g n a l ,  or r a t h e r  (b) on the  amount 
of  r e f l e x  decay a s s o c ia t ed  with a p a r t i c u l a r  s ignal  du ra t ion .

2 - METHODOLOGY

2.1 Subject s

The exper iment was performed on 6 young female a d u l t s .  They had normal hea
r ing th re sho lds  and normal middle ear  func t ion .  Their  a cous t i c  r e f l e x  thresho lds  
to pink noise  was obta ined a t  a LpA of 90 dB or l e s s ,  and t h e i r  AR decay to t h a t  
noise  was known, as well as the noise  du ra t ion  a s so c ia t ed  with a res idual  s teady 
s t a t e  r e f l e x  response.

2.2 Experimental condi t ions

Each s u b jec t s  was monaurally exposed to  a continuous pink noise a t  a Lp^ of 
105 dB, as measured in a 6 cc coupler  (Brliel e t  Kjaer ,  model 4152). The r i g h t  
and l e f t  e a r  were a l t e r n a t e l y  s t imula te d .  Decay and recovery o f  the AR was con
t inu o u s ly  monitored in the non-exposed e a r ,  fo r  var ious  dura t ions  of noise  expo
sure  and q u i e t  i n t e r v a l .  An otoadmittance  meter with a 220 Hz probe tone (Grason 
S t a d l e r ,  model 1720 B), and a graphic  X-Y record e r  equipped with a time base 
(Grason S t a d l e r ,  model 1701) were used to  record the r e f l e x .

The exper imental  noise exposures are  summarized in Table 1. Four noise du
ra t i o n  cond i t io ns  were s e l e c t e d .  Two cond i t ions  involved the  minimal exposure 
t ime t h a t  induced r e s p e c t i v e l y  20 and 40% r e f l e x  decay fo r  each su b jec t .  The 
noise du ra t ion  a s so c ia t ed  with these  amounts of  r e f l e x  adap ta t i on  was on the ave
rage 1,25 and 2 minutes.  The o th e r  two condi t ions  were 6 and 12 minute exposures.  
These two dura t ions  were a s soc ia t ed  r e s p e c t i v e l y  with the  e a r ly  and the  l a t e  r e 
s idual  s t eady  s t a t e  r e f l e x  response ,  which both corresponded to the same amount 
of  r e f l e x  adap ta t ion .  This adap ta t ion  was equal to or g r e a t e r  than 40% fo r  a l l  
s u b j e c t s .

Recovery o f  the  r e f l e x  response was measured a f t e r  q u i e t  i n t e r v a l s  of  (a) 1, 
5, 10, 30 and 50 seconds fo r  the  two f i r s t  exposure co n d i t i o n s ,  and of  (b) 5,
10, 30 and 50 seconds fo r  the  6 and 12 minutes exposures.  Monitoring of r e f l e x  
a c t i v i t y  was performed during two minutes fo llowing each q u i e t  i n t e r v a l .  But 
the  p re sen t  r e s u l t s  r e f e r  only to 0N-response recovery.

2 .3  Q u an t i f i c a t io n  of decay and recovery

Figure 1 i l l u s t r a t e s  how the  decay and recovery of  the  AR was achieved.  The 
pe rcentage of  r e f l e x  decay (%D) was obta ined by the fol lowing computation:

% D = 100 - (B/A . 100)
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EXPE RIMENTAL C O N D I T I O N S

re f lex  response under continuous exposure noise d ura t ion -m n  quiet interval -  sec

1. 2 0Z, re flex  decay ^  1,25

2. 40?» reflex decay

,1; 5; 10; 30; 50

3. early residuai steady state 
re f lex  response

4. late residual steady state  
reflex response

12

5; 10; 30; 50

Table 1. Values of  the noise dura t io ns  and q u i e t  i n t e r v a l s  s e l e c t e d  fo r  the 
18 experimental  c o n d i t io ns .  The noise  du ra t io ns  a re  a s s oc ia t ed  
e i t h e r  with a p a r t i c u l a r  percentage of  decay of  the r e f l e x  respon
se,  or  with the e a r ly  and l a t e  res idual  s teady s t a t e  r e f l e x  response.

Figure 1. Recording of  the  a co u s t i c  r e f l e x  to a noise  exposure c o n d i t i o n ,  
showing how the  decay and the recovery o f  the  aco u s t i c  r e f l e x  
was computed.
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where B i s  the median change in susceptance during the l a s t  15 seconds of the 
i n i t i a l  noise exposure, and A is  the median change in susceptance during the 
f i r s t  15 seconds of th a t  exposure, herein defined as the i n i t i a l  ON-response.

The recovery of the ON-response was computed by two d i f f e r e n t  methods.
The f i r s t  one was a measure of the amplitude of the second ON-response, r e l a 
t ive  to the i n i t i a l  ON-response, expressed in terms of percentage:

2nd ON-response - % = C/A . 100

where C i s  the median change in susceptance,  of the ON-response following a 
qu ie t  i n t e r v a l ,  herein defined as the second ON-response.

The second method took into account the amount of r e f lex  decay a t  the be
ginning of the pause, therefore  allowing a t rue  measure of the recovery of the 
ON-response (% R). I t  was obtained by computing:

% R = C - B/A - B . 100

For both methods of ca lcu la t ion ,  a 100% value indicated a complete reco
very of  the amplitude of the i n i t i a l  ON-response. But the second method per 
mitted to compare read i ly  the recovery funct ions for  the four exposure condi
t ions.

2.4 Data analysis

The e f f e c t  of the amount of ref lex  decay and of the durat ion of the noise 
on the recovery of the AR a t  each quiet  in terval  se lec ted ,  were analysed using 
a Friedman two-way analysis  of variance by ranks (Kirk,  1968). S ign i f i can t  
e f f ec t s  were fu r th e r  analysed using the a pos te r io r i  t e s t  of Nemenyi (Kirk, 
1968). Levels of confidence of 0,05 and 0,01 were adopted for  a l l  s t a t i s t i c a l  
a n a l y s i s .

3. RESULTS AND DISCUSSION

Figure 2 shows th a t  for  very short  qu iet  i n t e r v a l s ,  t h a t  is  1 and 5 se 
conds, the recovery values simply r e f l e c t  the amount of response decay a t  the 
end of the exposure. When quiet  in te rva l s  allowed p a r t i a l  or complete r e f l ex  
recovery,  th a t  is  for  in te rv a l s  of 10, 30 and 50 seconds, r e su l t s  show tha t  
the d i f fe rence  between the median recovery values for  the four noise condi
t ions i s  r e l a t i v e l y  small.  In f a c t ,  there  were no s ig n i f i c a n t  d i f fe rences ,  
except fo r  the 10 seconds i n t e r v a l ,  for  which there  was a s ig n i f i c a n t  di ffe ren 
ce a t  the 0,05 level between the median value of the 20% condi tion compared to 
the 6 and 12 minutes condi t ions.  The absence of s ig n i f i c a n t  di fferences could 
be explained by the small sample used in th i s  study, as well as by the large 
in t e r su b je c t  v a r i a b i l i t y  associated with re f lex  recovery. However, these pre
sent  r e s u l t s  as a whole indica te  tha t  the time required for  a complete or near 
ly complete r e f l ex  recovery i s  r a ther  shor t ,  t h a t  is  s l i g h t l y  less  than one 
minute, fo r  exposure durat ions ranging from several seconds to 12 minutes.

A b e t t e r  pic ture  of the actual recovery process is  obtained when the 
amount of r e f lex  decay is  taken into account in the computation of the ref lex  
recovery. As shown in Figure 3, the recovery functions appear roughly s imi la r  
for  a l l  exposure condi t ions.  There were indeed no s t a t i s t i c a l  s ig n i f i can t  
di f fe rences across condi tions except for  the 5 seconds i n t e rv a l .  In th i s  case
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Figure 2

Figure 3
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d i f f e r en c e s  a t  the  0,05 leve l  was found between the  20% condi t ion  compared to 
the  12 minutes c ond i t io n .  Because of  t h i s ,  one cannot consider  t h a t  the reco 
very fun ct ions  are p e r f e c t l y  i d e n t i c a l  fo r  a l l  con d i t io ns .  Whether t h i s  d i f f e 
rence i s  t r u e  or  i s  due to the  small sample used in t h i s  s tudy ,  remains to be 
determined with a l a r g e r  group of  s u b je c t s .  Moreover, in spec t io n  of  ind iv idual  
data suggests  t h a t  a f t e r  a 50 seconds r e s t  pe r io d ,  the  f u l l  recovery was o b t a i 
ned more o f t en  when the dura t ions  of the  exposure were s h o r t e r  (1,25 and 2 mi
nutes vs 6 and 12 minutes) .  Again, i t  remains to be v e r i f i e d  with a l a r g e r  
group t h a t  a q u i e t  i n t e rv a l  of  50 seconds allows the  same amount of  r e f l e x  
recovery f o r  s h o r t  and long noise  exposures.

Never th e le ss ,  the  p resent  r e s u l t s  al low one to make the fol lowing two s t a 
tements :

- F i r s t ,  recovery i s  an exponent ial  fun c t ion  of  t ime.  Af ter  a few seconds 
of  r e s t ,  recovery proceeds f a i r l y  r a p id ly  even i f  the continuous exposure l a s 
ted  severa l  minutes.  This rap id  Recovery of  the r e f l e x  e x c i t a b i l i t y  has been 
prev ious ly  repor ted  by Borg and Ôdman (1979).  These au thors  found complete r e 
covery in l e s s  than 10 seconds,  ins tead  of  50 seconds as obta ined in t h i s  s t u 
dy. The spectrum and the  i n t e n s i t y  leve l of  the  s t imulus  are probably respon
s i b l e  fo r  these  d i f f e r e n c e s .

- Secondly,  fo r  noise dura t ions  a s so c ia t ed  with a re s idu al  s teady s t a t e  
response ,  the  r e f l e x  recovery i s  independent of  the  exposure dura t io n .  A dou
b l ing  of the exposure dura t ion  from 6 to 12 minutes,  did not change indeed the 
recovery func t ion  of  the  ON-responses. For both d u r a t i o n s ,  a recovery of  80% 
or  more was obta ined  a f t e r  a q u i e t  i n t e rv a l  s l i g h t l y  le s s  than one minute.  I t  
i s  t h e r e f o r e  a r e l a t i v e l y  s h o r t  time compared to the  exposure time to the noise.  
I t  should be mentioned however t h a t ,  i f  the  p re sen t  r e s u l t s  showed t h a t  the r e 
f l e x  recovery i s  independent  of  the exposure d u r a t i o n ,  t h i s  may not hold for  
much longer  exposure d u r a t i o n s ,  as suggested by the r e s u l t s  obtained by Gerhardt 
e t  a l .  (1976) on c h i n c h i l l a s .  I t  a l so  may not  be t r u e  fo r  o th e r  p a t t e rn s  of  
noise  exposures as suggested by Borg e t  a l .  (1979).

4. CONCLUSION

The p re sen t  r e s u l t s  i n d i c a t e  t h a t  fo r  continuous exposures to a wide band 
noise of  du ra t io ns  smal le r  than 12 minutes,  the  q u i e t  i n t e rv a l  necessary fo r  a 
complete or  near ly  complete recovery of the  e x c i t a b i l i t y  of  the r e f l e x  response 
i s  r a t h e r  s h o r t ,  t h a t  i s ,  in the order  of  one minute.  This implies t h a t  indus
t r i a l  no ises  c h a r ac t e r i z e d  by the  presence of  pe r i od ic  in te rm i t t ency  with 
(a) 0N-durat ions equal to or  smal le r  than 12 minutes,  and (b) r e l a t i v e  qu ie t  
i n t e r v a l s  ( l e v e l s  lower than the aco us t i c  r e f l e x  th re sho ld  fo r  t h a t  nois e ,  see 
Borg, 1980),  probably allow the a c t i v a t i o n  of  the s tapedius  muscle a t  a near ly 
maximum c o n t r ac t io n  during the whole working day. Except fo r  0N-durat ions smal
l e r  than a few seconds,  fo r  which no r e f l e x  decay takes  p la c e ,  the s h o r t e r  i s  
the  0N-dura t ion,  the g r e a t e r  wil l  be the  p ro t e c t io n  o f f e re d  by the r e f l e x ,  s ince  
i t  i s  known t h a t  the  decay of  the  AR to a continuous noise  s t a r t s  within the 
f i r s t  30 seconds of exposure (Lutman and Mar tin,  1978; Wiley and Karlovich,
1978; Wilson e t  a l ,  1978).
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TORONTO CHAPTER OF CAA MEETING REPORT

On January 11th, 1982, the Toronto Chapter of the C.A.A. devoted an evening meeting 

to Room Acoustics. Featured, were presentations by Michael Merritt of Engineered 

Sound Systems Limited and Aubrey Edwards of Ontario Hydro.

Michael Merritt thoroughly covered room acoustics and the Engineer's role in the 

design of sound reinforcement systems, going into the governing equations and, 

practical application (when the "correct answer" still doesn't apply). Mike also 

brought a P.A. System and microphones and demonstrated the effects of gain and 

multiple microphones on P.A. System feed back.

Aubrey Edwards detailed his research at Ontario Hydro into open office acoustics, and 

in particular the effectiveness of barriers, and ceiling, wall, floor and windown 

blind absorption using articulation index as the criterion. He then conducted a tour 

of the Hydro Place Offices, where his acoustic designs are in use.

Both presentations were very well received as evidenced by the many questions and 

comments.

The meeting was organized by John Swallow and Andy McKee. The next meeting will be 

held April 12, 1982 on the subject of Industrial Audiometry.

John C. Swallow
Barman Coulter Swallow Associates
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