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CHAPTER I  

INTRODUCTION AND HISTORY



The m iddle ea r  m u scles

Knowledge o f  th e  a c o u s t i c  r e f l e x  d a t e s  b ack  t o  H ensen ’ s 

o b s e r v a t i o n  i n  137$ o f  t h e  c o n t r a c t i o n  o f  t h e  m idd le  e a r  

m u sc le s  i n  dogs upon ex p o su re  t o  an i n t e n s e  a c o u s t i c  s t im u lu s  

(Wever and L aw rence , 1954; J e p s e n ,  1 9 6 3 ) .  A number o f  s i g ­

n i f i c a n t  an im al i n v e s t i g a t i o n s  f o l lo w e d ,  b u t  l i t t l e  was w r i t t e n  

a b o u t  t h e  a c o u s t i c  r e f l e x  in  man b e c a u s e  t h e  n e c e s s a r y  i n s t r u ­

m e n ta t io n  was n o t  a v a i l a b l e  f o r  t h i s  p r e c i s e  s tu d y  on t h e  

human e a r .  I n  1946 M etz p u b l i s h e d  h i s  c l a s s i c  monograph which 

d e m o n s t r a te d  t h a t  th e  c o n t r a c t i o n  o f  t h e  s t a p e d i u s  m uscle 

c a u s e s  m e a s u ra b le  changes in  t h e  im pedance m easured  a t  t h e  

ty m p a n ic  membrane. The work o f  M etz l e d  t o  numerous c l i n i c a l  

and  t h e o r e t i c a l  s t u d i e s  o f  t h e  a c o u s t i c  r e f l e x  i n  humans and 

a n i m a l s .  The e x t e n s iv e  l i t e r a t u r e  a v a i l a b l e  on t h e  m id d le  ear 

m u s c le s  s u g g e s ts  t h a t  f u r t h e r  s tu d y  o f  th e  s ta p e d iu s  r e f l e x  may 

c o n t r i b u t e  s i g n i f i c a n t l y  to  more s o p h i s t i c a t e d  c l i n i c a l  d i a g ­

n o s i s  o f  m idd le  and i n n e r  e a r  c o n d i t i o n s ,  a s  w e l l  as p ro v id in g  

know ledge o f  t h e  p h y s i o l o g i c a l  f u n c t i o n  o f  t h e  m idd le  e a r  

m u s c le s  ( J e p s e n ,  1 9 6 3 ) .

Anatomy, p h y s io lo g y ,  and n e rv e  su p p ly

The m idd le  e a r  o f  man (an d  o t h e r  mammals as  w e l l )  c o n ta in s  

two s m a l l  m u s c le s ,  t h e  t e n s o r  tym pani and t h e  s t a p e d i u s .  Ac­

c o r d in g  to  Wever and Lawrence ( l9 5 4 )  t h e  fo rm er  was f i r s t  d e s ­

c r i b e d  b y  E u s ta c h iu s  i n  1564, t h e  l a t t e r  b y  V a ro l iu s  i n  1591.

The s t a p e d i u s  m usc le  i s  p h y l o g e n e t i c a l l y  t h e  o ld e r  o f  

t h e  two m u sc le s ;  i t  d ev e lo p s  from  t h e  h y o id  a rch  and can b e



r e c o g n iz e d  i n  1 3 .5  mm em bryos. The t e n s o r  i s  d ev e lo p ed  from  

t h e  f i r s t  b r o n c h i a l  a r c h  and can be  i d e n t i f i e d  in  22 mm em­

b ry o s  ( J e p s e n ,  1 9 6 3 ) .

The t e n s o r  tym pani o r i g i n a t e s  i n  a s l e n d e r  c a n a l  t h a t  

t r a v e l s  above th e  bony E u s ta c h ia n  tu b e  and i s  s e p a r a t e d  from  

i t  by  a v e ry  t h i n  p a r t i t i o n  o f  bone and f i b r o u s  t i s s u e .  The 

t e n s o r  te n d o n  ru n s  from  th e  m uscle  th r o u g h  a bony c h a n n e l ,  

makes a t u r n  a ro u n d  a hook on p ro m o n to ry  c a l l e d  t h e  

c o c h le a r i f o r m  p r o c e s s ,  and e n t e r s  t h e  m id d le  e a r  c a v i t y ;  i t  

i n s e r t s  on th e  m e d ia l  s id e  o f  t h e  manubrium o f  t h e  m a l le u s  

(K obrak, 1959; Wever and L aw rence , 1 9 5 4 ) .  The bony c h a n n e l  

a c t s  as a p u l l e y  t o  change th e  d i r e c t i o n  o f  a c t i o n  from  a n t e r i o r  

t o  a n te r o - m e d ia l  (Kobrak, 195 9 ) .

Wever and Lawrence (1954) fou n d  t h a t  th e  mean l e n g th  o f  

t h e  human t e n s o r  tym pani was 25 mm w i th  a c r o s s  s e c t i o n  o f  

5 .3 5  s q .  mm.

C o n t r a c t io n  o f  t h e  t e n s o r  tym pan i p u l l s  inw ard  and f o r ­

w ard , a t  a r i g h t  an g le  t o  t h e  o s s i c u l a r  c h a in ,  c a u s in g  move­

ment o f  th e  tym panic  membrane ( J e p s e n ,  1 9 6 3 ) .

The s t a p e d iu s  m usc le  l i e s  i n  a bony  c a n a l  p o s t e r i o r  to  

t h e  m id d le  e a r  c a v i t y ,  a d ja c e n t  to  t h e  c a n a l  o f  t h e  f a c i a l  

n e r v e .  The s t a p e d iu s  ten d o n  l e a v e s  t h e  c a n a l  th ro u g h  th e  

p y ra m id a l  em inence and  i s  i n s e r t e d  on t h e  n eck  o f  th e  s t a p e s  

(V/ever and Law rence, 1954; Kobrak, 1 9 5 9 ) .

Wever and Lawrence (1954) m easu red  s e v e r a l  sam ples  o f  

human s t a p e d iu s  m u sc le  and found  t h e  mean l e n g th  t o  b e  6 .3  mm 

and mean c r o s s  s e c t i o n  t o  b e  4$ s q .  mm.



The s t a p e d i u s  p u l l s  i n  a p o s t e r i o r  d i r e c t i o n  w ith  r e f e r ­

en ce  to  t h e  main a x i s  o f  t h e  s t a p e s ;  t h e  t e n s i o n  a p p l i e d  by 

t h e  s t a p e d i u s  i s  o p p o s i t e  i n  d i r e c t i o n  to  t h e  t e n s o r  (Wever 

and Law rence, 1954; K obrak, 1 9 5 9 ) .

The t e n s o r  ty m pan i i s  s u p p l i e d  by th e  m a n d ib u la r  b ran ch  

o f  t h e  t r i g e m i n a l  (Vth c r a n i a l )  n e r v e .  The s t a p e d iu s  m uscle 

i s  i n n e r v a t e d  by t h e  s t a p e d iu s  b ra n c h  o f  t h e  f a c i a l  ( V l l th  

c r a n i a l )  n e rv e  (Wever and Law rence, 1954; Kobralc, 1959).

B oth  m usc les  a r e  d i f f i c u l t  to  v i s u a l i z e ,  even d u r in g  

s u r g e r y ,  b ec au se  o f  t h e i r  c a s in g s .  Bekesy s u g g e s te d  t h a t  t h i s  

ty p e  o f  s t r u c t u r e  p r e v e n te d  t h e  m u sc le s  from  v i b r a t i n g  l a t e r a l l y  

when sound p a s s e s  th ro u g h  t h e  o s s i c u l a r  c h a in ,  th e r e b y  p r e ­

v e n t in g  d i s t o r t i o n  and damping (K obrak, 1959; J e p s e n ,  1 963) .

R e f le x  a r c

The c o n t r a c t i o n  o f  t h e  s t a p e d iu s  m usc le  t o  t h e  p r e s e n t a ­

t i o n  o f  a sound s t im u lu s  i s  c o n s id e re d  to  be a r e f l e x  a r c .

The a f f e r e n t  p o r t i o n  o f  th e  a r c  i s  t h e  c o c h le a r  n e rv e ;  t h e  

c r o s s o v e r  t o  th e  e f f e r e n t  neu ron  i s  th o u g h t  t o  o ccu r  in  th e  

s u p e r i o r  o l i v a r y  com plex. The e f f e r e n t  b ra n c h  o f  th e  a rc  i s  

t h e  f a c i a l  n e rv e  which d e l i v e r s  t h e  im p u lse  to  th e  s t a p e d iu s  

m usc le  ( J e p s e n ,  1 9 6 3 ) .  L uscher  d e m o n s tra te d  t h a t  a s t a p e d iu s  

m usc le  c o n t r a c t i o n  cou ld  be  e l i c i t e d  i n  a n im a ls  in  t h e  form o f  

a c o n d i t i o n a l  r e f l e x  ( J e p s e n ,  1 9 6 3 ) .

As e a r l y  as  1&S6 P o l l a c k  d e m o n s tra te d  t h a t  t h e  a c o u s t i c  

r e f l e x  was b i l a t e r a l  i n  n a t u r e  ( L i l l y ,  1 9 6 4 ) .  In  o th e r  w ords, 

s u f f i c i e n t  a c o u s t i c  s t i m u l a t i o n  o f  e i t h e r  e a r  w i l l  r e s u l t  i n  

t h e  p r e s e n c e  o f  an a c o u s t i c  r e f l e x  in  b o th  e a r s .



The a c o u s t ic  r e f l e x

Methods o f  r e c o r d in g  in t r a ty m p a n ic  m uscle  a c t i v i t y
» ■

A v a r i e t y  o f  methods has  been u s e d  to  s tu d y  t h e  a c o u s t i c  

r e f l e x .  Some a r e  f a r  more a c c u r a t e  th a n  o t h e r s  and some a re  

o n ly  a p p l i c a b l e  t o  an im al s t u d i e s ;  i t  i s  d i f f i c u l t ,  f o r  ex ­

am ple , t o  f i n d  human s u b je c t s  who w i l l  a l lo w  e l e c t r o d e  im­

p l a n t a t i o n  a t  t h e  round window o r  i n  t h e  in t r a t y m p a n i c  

m u s c le s .

A number o f  s t u d i e s  have used  d i r e c t  m ic ro s c o p ic  o b s e r ­

v a t i o n  o f  t h e  human tym panic c a v i t y ,  e i t h e r  th r o u g h  t r a u m a t i c  

p e r f o r a t i o n s  o f  th e  eardrum o r  d u r in g  s u r g e r y .

A l a r g e  number o f  an im a l and some human s t u d i e s  have u sed  

t h e  e le c t ro m y o g ra p h ic  t e c h n iq u e ;  t h i s  i n v o lv e s  th e  r e c o r d in g  

o f  a c t i o n  p o t e n t i a l s  from e l e c t r o d e s  a t  t h e  tym pan ic  m u s c le s .

Tympanom etric te c h n iq u e s  h av e  been  u s e d  to  m easure  

changes  i n  p r e s s u r e  in  t h e  e x t e r n a l  a u d i t o r y  c a n a l .  T hese 

changes i n  p r e s s u r e  a r e  a s s o c i a t e d  w i th  s m a l l  movements o f  

t h e  ty m pan ic  membrane t h a t  accompany c o n t r a c t i o n s  o f  t h e  tym ­

p a n ic  m u s c le s .  M i l l e r  ( l9 6 4 )  w arn s , how ever, t h a t  s m a l l  con­

t r a c t i o n s  o f  t h e  s t a p e d iu s  may n o t  p ro d u c e  m e a s u ra b le  changes  

i n  a i r  p r e s s u r e .

I n v e s t i g a t o r s  w orking  w ith  e x p e r im e n ta l  a n im a ls  have  u sed  

changes  i n  t h e  c o c h le a r  m ic ro p h o n ic  l e v e l ,  w hich  a r e  due to  

c o n t r a c t i o n s  o f  t h e  tym panic m u s c le s ,  f o r  m id d le  e a r  m usc le  

s tu d y .  T h is  te c h n iq u e  h a s  b een  used  by  Wever and Vernon 

(1 9 5 5 a ) ,  Galambos and R u p p e rt  ( i 9 5 9 ) ,  and Simmons ( i9 5 9 ) ,  

among o t h e r s .



A nother  m ethod, w hich  has  been  u sed  e x t e n s iv e ly  in  t h e  

p a s t  15 y e a r s ,  i s  th e  m easurem ent o f  changes  i n  th e  a c o u s t i c  

im pedance a t  th e  eardrum . W ith p r o p e r  i n s t r u m e n t a t i o n ,  t h i s  

m ethod i s  r e l a t i v e l y  ea sy  t o  p e r fo rm ,  s e n s i t i v e  and r e l i a b l e  

( L i l l y ,  1 9 6 4 ) .  More d e t a i l e d  d e s c r i p t i o n  o f  t h e  im pedance 

method can  be fo u n d  i n  a l a t e r  s e c t i o n  o f  t h i s  p a p e r .

R esponse  t o  a c o u s t i c  s t i m u l a t i o n

A cco rd in g  t o  Wever and Law rence (1954) th e  f i r s t  r e p o r t  

o f  an a c o u s t i c  r e f l e x  was made by Hensen i n  1$7$. Working w ith  

d o g s ,  he  was a b le  to  o b se rv e  t h e  c o n t r a c t i o n  o f  t h e  t e n s o r  

ty m p an i upon th e  p r e s e n t a t i o n  o f  sound . Two y e a rs  l a t e r ,  

B o ck en d a le  n o t i c e d  changes i n  eardrum  te n s io n  upon p r e s e n t a ­

t i o n  o f  an  a c o u s t i c  s t im u lu s  t o  dogs and c a t s ;  hb n o te d  t h a t  

t h e  am ount o f  i n c r e a s e  i n  t e n s i o n  seemed to  be r e l a t e d  to  t h e  

lo u d n e s s  o f  t h e  s t im u lu s  (Wever and L aw rence , 1 9 5 4 ) .

In  1913 Mangold r e p o r t e d  a d im in u t io n  o f  a i r  p r e s s u r e  i n  

t h e  e x t e r n a l  c a n a l  a s s o c i a t e d  w i th  a c o u s t i c  s t i m u l a t i o n ;  t h i s  

i s  a t t r i b u t e d  to  inw ard  movements o f  t h e  eardrum  (Wever and 

L aw rence , 1 9 5 4 ) .

Wever and Lawrence (1954) and W e rs a l l  (195&) c i t e  L u s c h e r ’ s 

1929 p a p e r  a s  t h e  f i r s t  o b s e r v a t io n  o f  s t a p e d iu s  c o n t r a c t i o n  

t o  a c o u s t i c  s t i m u l a t i o n  i n  humans. L uscher  u sed  m ic ro s c o p ic  

o b s e r v a t i o n  th r o u g h  p e r f o r a t i o n s  i n  t h e  tym panic  membrane.

T h is  o b s e r v a t io n  was co n firm ed  by  P o t t e r  (1 9 3 6 ).

K ato o b se rv e d  s t a p e d i u s  movement in  r e s p o n s e  to  sound 

s t i m u l i  i n  c a t s  and r a b b i t s  (Wever and Lawrence, 1 9 5 4 );  in  

h i s  c l a s s i c  1913 p a p e r  he r e p o r t e d  t h a t  t h e  t e n s o r  tym pani



a l s o  c o n t r a c t e d  t o  a c o u s t i c  s t i m u l a t i o n  b u t  more i n t e n s i t y  

was r e q u i r e d .

In  1933 L o re n te  de No* r e p o r t e d  an a c o u s t i c  t e n s o r  r e f l e x  

i n  c a t s  and r a b b i t s .  L o re n te  de No and H a r r i s  ( i 9 3 3) were 

a b l e  to  o b s e rv e ,  th ro u g h  d i r e c t  m ic ro s c o p ic  o b s e r v a t io n ,  t h e  

c o n t r a c t i o n  o f  b o th  in t r a ty m p a n ic  m u sc les  i n  d e c o r t i c a t e d  

r a b b i t s ;  r e s p o n s e s  were e l i c i t e d  t o  s t i m u l i  i n  t h e  128  t o  

1686  Hz r a n g e .

E l i a s s o n  and G is s e l s s o n  (1955) r e p o r t e d  t h a t  e l e c t r o ­

m yograph ic  r e s p o n s e s  were r e c o r d e d  i n  d e c e r e b r a te d  c a t s  from  

b o th  m id d le  e a r  m u s c le s ; t h e  t h r e s h o l d  o f  t h e  t e n s o r  tym pani 

was 30 dB h i g h e r  th a n  t h e  s t a p e d i u s .

W e rs a l l  ( l95& ), u s in g  a s i m i l a r  t e c h n iq u e ,  o b ta in e d  

m yograph ic  r e s p o n s e s  i n  a n e s t h e t i z e d  r a b b i t s  from  b o th  m u sc le s  

when a 1000 Hz to n e  was p r e s e n t e d .

Galambos and R u p p e rt  ( i9 5 9 )  w ere a l s o  a b le  t o  m easure 

an a c o u s t i c  t e n s o r  r e f l e x  i n  c a t s .

K lo c k h o f f  ( l 9 6 l )  n o te s  t h a t  Kato (1913) was u n a b le  to  

d e m o n s t r a te  an a c o u s t i c  t e n s o r  r e f l e x  i n  monkeys, a l th o u g h  

c o n t r a c t i o n s  o f  t h e  s t a p e d i u s  were o b s e rv e d .

T here  can be l i t t l e  d o u b t ,  b a sed  on t h e  above s t u d i e s  

and many o t h e r s ,  t h a t  b o th  in t r a ty m p a n ic  m usc les  o f  t h e  dog , 

c a t ,  and r a b b i t  d i s p l a y  an a c o u s t i c  r e f l e x .  The d a t a  on 

'■ human e a r s ,  w hich a r e  d i s c u s s e d  b e lo w , a re  c o n s id e r a b ly  l e s s  

c l e a r .

J e p s e n ,  i n  h i s  1955 d i s s e r t a t i o n ,  examined t h e  a c o u s t i c  

r e f l e x ,  by t h e  im pedance m ethod, i n  seven  p a t i e n t s  w ith  B e l l ^  

p a l s y ,  which i s  known to  c a u se  p a r a l y s i s  o f  t h e  s t a p e d iu s



m u sc le .  He was u n a b le  t o  d e m o n s t r a te  any a c o u s t i c  r e f l e x  

i n  t h e s e  e a r s .  He a l s o  s tu d i e d  two p a t i e n t s  w i th  t e n s o r  

p a r a l y s i s  and was a b l e  t o  r e c o r d - c h a n g e s  i n  im pedance i n  b o th  

o f  t h e s e  e a r s  upon  t h e  p r e s e n t a t i o n  o f  s u f f i c i e n t  a c o u s t i c  

s t i m u l a t i o n  (K lo c k h o f f ,  1 9 6 1 ) .  Based on t h e s e  d a t a ,  he  con­

c lu d ed  t h a t  i n  humans t h e  a c o u s t i c  r e f l e x  was i n  r e a l i t y  an 

a c o u s t i c  s t a p e d i u s  r e f l e x .

K lo c k h o f f  ( l 9 6 l )  u sed  th e  im pedance m ethod to  exam ine 

15 p a t i e n t s  w i th  u n i l a t e r a l  f a c i a l  p a l s y .  A l l  p a t i e n t s  d i s ­

p la y e d  an a c o u s t i c  r e f l e x  on t h e  c o n t r a l a t e r a l  s i d e  b u t  none 

re sp o n d e d  t o  a 1000 Hz p u re  to n e  a t  120 dB SPL on t h e  s i d e  

w i th  t h e  p a l s y .

K lo c k h o ff  (1961) a l s o  examined f i v e  e a r s  w i th  s u s p e c te d  

o s s i c u l a r  d i s c o n t i n u i t y ;  t h e  d i a g n o s i s  was co n firm ed  s u r g i ­

c a l l y  f o l lo w in g  h i s  e x a m in a t io n .  He was u n a b le  to  d e m o n s t r a te  

an a c o u s t i c  r e f l e x  in  ^ h e s e  e a r s ,  u s in g  t h e  im pedance m ethod. 

K lo ck h o ff  f e l t  t h a t  t h i s  c o n c l u s i v e l y  d e m o n s t r a te d  t h a t ,  in  

man, o n ly  t h e  s t a p e d i u s  m usc le  c o n t r a c t s  t o  a c o u s t i c  s t i m u l a ­

t i o n .

Feldman (1 9 6 7 b ) ,  u s in g  th e  Z w is lo c k i  a c o u s t i c  b r id g e ,  

s tu d i e d  s e v e r a l  c a s e s  i n  w hich th e  s t a p e d i u s  m usc le  was i n ­

o p e r a t i v e  due t o  p a t h o l o g i c a l  o r  p o s t - s u r g i c a l  c o n d i t i o n s .

In  each i n s t a n c e  he was u n a b le  t o  o b se rv e  an a c o u s t i c  r e f l e x .  

Feldman a l s o  exam ined f i v e  p a t i e n t s  w ith  s e c t io n e d  t e n s o r  

tym pani m u sc le s  and was a b l e  to  d e m o n s tra te  a norm al r e f l e x  

i n  each  c a s e .  He co n c lu d ed  t h a t  w h ile  u s in g  im pedance m o n i to r ­

i n g ,  i t  had n e v e r  been  p o s s i b l e  to  document an a c o u s t i c  t e n -
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s o r  tym pani r e s p o n s e  in  man.

In  195$ Kawanta r e p o r t e d  b e in g  a b l e  to  o b s e rv e  move­

m ents i n  t h e  s lo p e  o f  t h e  manubrium i n  th e  human e a r  when 

s t i m u l a t e d  by so u n d . T e r k i ld s e n  (1957, I 9 6 0 ) ,  w h i le  u s in g  

tympanomanometry i n  man, r e c o rd e d  in w ard  movements o f  t h e  

ea rd rum . He co n c lu d ed  t h a t  t h i s  must be due t o  c o n t r a c t i o n  

o f  t h e  t e n s o r  tym pan i and s u g g e s te d  t h a t  th e  t e n s o r  r e s p o n s e  

m ust be dom inan t o v e r  t h e  c o n c u r r e n t  s t a p e d i u s  r e s p o n s e s .

H o l s t ,  I n g e l s t e d t ,  and O r te g re n  ( l9 6 4 )  w ere a b l e  t o  

r e c o r d  eardrum  movements, Which th e y  a t t r i b u t e d  t o  t h e  t e n s o r  

ty m p a n i,  upon t h e  p r e s e n t a t i o n  o f  an i n t e n s e  a c o u s t i c  s t im u ­

l u s  (127 dB SPL a t  500 Hz ) .  The a u th o r s  a c c e p te d  inw ard  

movement o f  t h e  drum (a  d e c r e a s e  in  p r e s s u r e )  as e v id e n c e  o f  

a t e n s o r  r e s p o n s e  and ou tw ard  movement o f  t h e  drum (an  i n ­

c r e a s e  i n  p r e s s u r e )  a s  p ro b a b ly  i n d i c a t i v e  o f  a s t a p e d iu s  

r e s p o n s e .  They a l s o  r e c o r d e d  b i p h a s i c  movements w hich  th e y  

a t t r i b u t e d  to  a combined r e s p o n s e  o f  t h e  two m idd le  e a r  

m u s c le s .  H o l s t ,  I n g e l s t e d t ,  and  O r te g re n  co n c luded  t h a t  t h e  

m id d le  e a r  m usc le  r e f l e x  i s  a c o n t r a c t i o n  o f  b o th  m u sc les  

s im u l ta n e o u s ly ;  t h e y  n o te d  t h a t  t h e  t h r e s h o l d  f o r  e l i c i t i n g  

t h e  t e n s o r  i s  abou t 15 to  20 dB h ig h e r  i f  t h e  s t a p e d i u s  h as  

been  s e c t i o n e d .  I t  m ust be n o te d  t h a t  th e  i n t e n s i t y  o f  t h e  

s t i m u l i  u sed  by t h e s e  e x p e r im e n te r s  was so h ig h  t h a t  th e y  may 

w e l l  have  caused  a g r o s s  s t a r t l e  r e a c t i o n .  The a u t h o r s  d e n ie d  

t h i s  p o s s i b i l i t y .

D ju p e s la n d  (1964) s tu d i e d  t h e  a c o u s t i c  r e f l e x  d u r in g  

125 s u r g i c a l  p r o c e d u r e s ;  he u sed  im pedance m easurem en ts ,
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electrom yography, and d ir e c t  m icro sco p ic  in s p e c t io n  to  c o l ­

l e c t  h is  d a ta . Re cords were kept on re sp o n ses  to  both  

a c o u s t ic  and n o n -a c o u s t ic  s t im u la t io n . He concluded  th a t  

p u re-to n e  s t im u la t io n  in  th e  range o f  65-115 dB above 

th r e sh o ld  u s u a lly  produced o n ly  a s ta p e d iu s  r e f l e x .  Tensor  

tympani m uscle c o n tr a c t io n s  cou ld  be ob ta in ed  when th e  stim u ­

lu s  was u n u su a lly  lo u d , e s p e c ia l ly  i f  unexpected; th e  t e s t  sub­

j e c t s  r e a c ted  to  t h i s  ty p e  o f  s t im u lu s  by c lo s in g  t h e ir  eyes  

a t th e  same tim e as c o n tr a c t in g  th e  te n s o r  m u sc le . D jupesland  

concluded th a t  th e  te n so r  tympani c o n tr a c t io n  i s  p a r t  o f  th e  

s t a r t l e - r e la t e d  c o c h ie o -p a lp e b r a l r e f l e x  and can b e ex p ec ted  

a t  115-140 dB SPL.

T h is  a g r e e s  w i th  t h e  o p in io n s  o f  Salmon and S t a r r  (1963) 

who used  e le c t ro m y o g ra p h y  in  human s u b j e c t s  and r e c o r d e d  a 

t e n s o r  r e s p o n s e  f o l lo w in g  th e  s t a p e d i u s  r e s p o n s e  a t  h ig h  i n ­

t e n s i t i e s .

I t  would appear from th e  a v a i la b le  data  th a t  i f  th e  

te n so r  tym pani does have an a c o u s t ic  r e f l e x  i t  does n ot  

n orm ally  a l t e r  th e  impedance o f  th e  m iddle ea r . T h erefo re , 

th e  r e f l e x  measured by an a c o u s t ic  b r id g e  may p ro p er ly  be  

c a l le d  th e  s ta p e d iu s  r e f l e x .  Furtherm ore, i t  appears p rob ab le  

th a t  any c o n tr a c t io n  o f  th e  te n s o r  tympani to  a c o u s t ic  stim u ­

la t io n  can be thought o f  as a p a rt o f  th e  g e n e r a liz e d  s t a r t l e  

r e sp o n se . F urther in s ig h t  in to  th e  n atu re o f  th e  ten so r  

tympani resp o n se  can be found in  th e  l i t e r a t u r e  d e a lin g  w ith  

n o n -a c o u s t ic  s t im u la t io n  o f  th e  m idd le ear m u sc le s .

C on clu sive  ev id en ce  o f  th e  r e la t io n s h ip  between inward
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movements o f  th e  ty m pan ic  membrane and c o n t r a c t i o n  o f  t h e  

t e n s o r  tym pan i would s o l i d i f y  c o n c lu s io n s  drawn from  th e  

tympanomanometry s t u d i e s .  T h is  c o u ld  be a c c o m p lish ed  by 

show ing t h a t  in w ard  movements o f  th e  ea rdrum  c o u ld  n o t  be  

o b ta in e d  i n  e a r s  w i th  s u r g i c a l l y  s e c t i o n e d  t e n s o r  m u s c le s .

R esponse t o  n o n - a c o u s t i c  s t i m u l a t i o n

The m a j o r i t y  o f  e a r l y  r e p o r t s  o f  a n o n - a c o u s t i c  m id d le  

e a r  m usc le  r e f l e x  stemmed from  a c c i d e n t a l  t a c t i l e  s t i m u l a t i o n  

i n  o r  a ro u n d  th e  e a r  c a n a l .  T h is  r e s p o n s e  t o  t a c t i l e  s t im u ­

l a t i o n  was n o te d  i n  a n im a ls  by L o re n te  d e  No (1 9 3 3 ) ,  W iggers  

( l 9 3 7 ) ,  and W e rs a l l  ( l9 5 S ) ,  among o t h e r s .  A cco rd in g  t o  

J e p s e n  (1 9 6 3 ) ,  Kato r e p o r t e d  t h a t  t h e  m id d le  e a r  m u sc les  co n ­

t r a c t e d  t o  a weak a i r  c u r r e n t  i n  t h e  e x t e r n a l  c a n a l .  The 

1933 L o re n te  de No a r t i c l e  i n d i c a t e d  t h a t  n o n - a c o u s t i c  s t im u ­

l a t i o n  o f  t h e  a u r a l  a r e a  o f  a c a t  was accom panied  by  b i l a t e r a l  

c o n t r a c t i o n  o f  th e  in t r a ty m p a n ic  m u s c le s .

A cco rd ing  t o  K lo c k h o ff  ( i 9 6 l ) ,  L u sch e r  o c c a s i o n a l l y  n o ­

t i c e d  t h e  c o n t r a c t i o n  o f  t h e  m id d le  e a r  m u sc le s  i n  human s u b ­

j e c t s  upon t a c t i l e  s t i m u l a t i o n  o f  t h e  c a n a l .  B oth  M etz (1946) 

and J e p s e n  ( in  K lo c k h o f f ,  1961) were u n a b le  to  d e m o n s t r a te  

t h i s .  K lo c k h o f f  ( l 9 6 l )  u se d  a c u ta n e o u s  e l e c t r i c  sh o ck  i n  

t h e  e a r  c a n a l  t o  e l i c i t  a m id d le  e a r  m u sc le  r e f l e x .  He fo u n d , 

u s in g  an im pedance t e c h n iq u e ,  t h a t  t h e  e l e c t r i c  sh o ck  s t im u ­

l a t e d  o n ly  t h e  s t a p e d iu s  m u sc le .  K lo c k h o f f  (1961) demon­

s t r a t e d  t h i s  w i th  s i x  s u b j e c t s  w i th  u n i l a t e r a l  f a c i a l  p a l s y ;  

he was a b l e  t o  e l i c i t  a r e s p o n s e  o n ly  on th e  e a r  c o n t r a ­

l a t e r a l  t o  t h e  p a r a l y s i s .  K l tc k h o f f  n o t e s  t h a t  i n  no rm al e a r s
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t h e  cu ta n e o u s  m usc le  r e s p o n s e  i s  u n i l a t e r a l ,  i n  c o n t r a s t  to  

th e  b i l a t e r a l  a c o u s t i c  s t a p e d iu s  r e s p o n s e .

D ju p e s la n d  ( i9 6 4 )  r e p l i c a t e d  t h i s  p h a s e  o f  K lo c k h o f f ’ s 

work u s in g  d i r e c t  o b s e r v a t io n  and e lec tro m y o g ra p h y  in  a d d i ­

t i o n  t o  im pedance m e a su re s .  He a l s o  r e c o r d e d  no r e s p o n s e  o f  

t h e  t e n s o r  tym pani to  e l e c t r i c  sh o ck  i n  t h e  c a n a l ;  how ever, 

he fou n d  t h e  r e s p o n s e  o f  t h e  s t a p e d iu s  to  b e  b i l a t e r a l  t o  

c u ta n e o u s  s t i m u l a t i o n  in  t h e  c a n a l .

K lo c k h o ff  (1961) was a b le  t o  d e m o n s t r a te  a n o n - a c o u s t i c  

t e n s o r  r e f l e x  to  an o r b i t a l  a i r  j e t .  U sing  1$ e a r s  i n  w hich 

a s t a p e d i u s  r e s p o n s e  had been  p re c lu d e d  ( o s s i c u l a r  d i s c o n ­

t i n u i t i e s ,  s t a p e d i a l  f i x a t i o n s  and s e c t i o n s ,  e t c . ) ,  he was 

a b le  t o  r e c o r d  r e s p o n s e s  w hich w ere  more i n t e n s e  and o f  

s h o r t e r  l a t e n c y  th a n  t h e  s t a p e d i u s  r e f l e x .  K lo c k h o ff  con­

s i d e r s  t h i s  r e s p o n s e  t o  b e  a p a r t  o f  t h e  g e n e r a l i z e d  s t a r t l e  

r e s p o n s e .  He s u g g e s ts  t h a t  i n  norm al e a r s  b o th  m u sc le s  would 

c o n t r a c t  to  s u c h  s t i m u l a t i o n .  L inden and N o rlan d  ( in  L in d s tro m  

and L in d en , 1964) con firm ed  t h i s  by  d i r e c t  o b s e r v a t io n  d u r ­

in g  s u r g e r y .

D ju p e s la n d  ( 1964 ) s t a t e s  t h a t  he  h as  been  a b l e  to  show 

c o n t r a c t i o n  o f  t h e  m id d le  e a r  m usc les  d u r in g  v o lu n ta r y  and 

r e f l e x  c o n t r a c t i o n  o f  t h e  p e r i o r b i t a l  m u s c le s .  He o f f e r s  

th e  f o l lo w in g  exam ples: co u g h in g , l a u g h in g ,  yaw ning, to u c h ­

in g  th e  c o r n e a ,  and to u c h in g  t h e  n a s a l  m ucosa.

I n  summary, i t  a p p e a rs  r e a s o n a b le  to  co n c lu d e  t h a t  a l l  

tym panic  m usc le  r e s p o n s e s  t o  a c o u s t i c  s t i m u l a t i o n  i n  humans 

a t  t h e  s u b - s t a r t l e  l e v e l  can be  a t t r i b u t e d  to  t h e  s t a p e d i u s .
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The r e s p o n s e s  o f  t h e  t e n s o r  tym pani a r e  p ro b a b ly  r e l a t e d  t o  

t h e  c o c h le o p a lp e b r a l  r e f l e x  and a r e  u s u a l l y  a s s o c i a t e d  w i th  

v e ry  i n t e n s e  a c o u s t i c  s t i m u l i  o r  o t h e r  s t a r t l e - i n d u c i n g  

s t i m u l i .

T h re sh o ld  o f  t h e  s t a p e d i u s  r e f l e x

On l y  a b r i e f  r e v ie w  o f  t h e  e a r l i e r  s t u d i e s  on t h e  r e f l e x  

t h r e s h o l d  w i l l  be  p r e s e n t e d .  The u s e  o f  e l e c t r o - a c o u s t i c  

sy s tem s f o r  sound s t i m u l a t i o n  h a s  made i t  p o s s i b l e  to  p r o ­

duce w e l l - d e f i n e d  s i g n a l s .  The n u m e r ic a l  v a lu e s  f o r  th e  

sound i n t e n s i t i e s  u sed  i n  many e a r l i e r  e x p e r im e n ts  a r e  n o t  

d i r e c t l y  com parab le  b e c a u se  d i f f e r e n t  r e f e r e n c e  l e v e l s  have 

been  u s e d .  F u r th e rm o re ,  i t  i s  d i f f i c u l t  t o  a s s e s s  r e s u l t s  

o f  s t u d i e s  when n o th in g  i s  known o f  t h e  c a l i b r a t i o n  p ro c e d u re s  

employed ( W e r s a l l ,  195&).

Most o f  t h e  e a r l y  e x p e r im e n ts  employed e x p e r im e n ta l  

a n im a ls  r a t h e r  t h a n  human e a r s .  L i l l y  (1964) n o t e s  t h a t  t h e r e  

i s  no e x p e r im e n ta l  e v id e n c e  t o  s u g g e s t  t h a t  t h e  t h r e s h o l d  o f  

t h e  s t a p e d iu s  r e f l e x  i n  man i s  even c lo s e  t o  t h a t  o f  th e  c a t .

One o f  t h e  most im p o r ta n t  e a r l y  a r t i c l e s  on t h e  r e f l e x  

t h r e s h o l d  was done by  L o re n te  de  No and H a r r i s  ( l 9 3 3 ) .  They 

u sed  r a b b i t s  and  r e c o r d e d  t h e  r e s p o n s e s  th ro u g h  m ic ro s c o p ic  

o b s e r v a t i o n .  The t h r e s h o l d s  g iv e n  a r e  w i th  r e f e r e n c e  to  t h e  

mean a u d i to r y  t h r e s h o l d  o f  f o u r  no rm al human s u b j e c t s .  They 

fou n d  th e  t h r e s h o l d  o f  t h e  s t a p e d iu s  to  be  ap p ro x im a te ly  

65 dB a t  500 Hz ; t h e  t e n s o r  had a t h r e s h o l d  o f  $2 dB f o r  t h e  

same f r e q u e n c y .  The th r e s h o l d  o f  th e  s t a p e d iu s  was 42 dB a t
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1000 Hz and 53 dB a t  2000 Hz ; t h e  c o r re s p o n d in g  t e n s o r  

tym pani t h r e s h o l d s  w ere  55 and 60 dB r e s p e c t i v e l y .  The 

t h r e s h o l d  f o r  b o th  m u sc les  was a p p ro x im a te ly  45 dB a t  4000 Hz.

E l i a s s o n  and G is s e l s s o n  (1955) used  an e le c t ro m y o g ra p h ic  

t e c h n iq u e  t o  r e c o r d  r e s p o n s e s  from  d e c o r t i c a t e d  c a t s  and 

fou n d  t h e  t h r e s h o l d  o f  t h e  s t a p e d iu s  t o  b e  40 dB; t e n s o r  

tym pan i r e s p o n s e s  w ere r e c o rd e d  a t  a l e v e l  o f  70 dB. B oth  

v a lu e s  a r e  w i th  r e f e r e n c e  t o  norm al human h e a r i n g .

Wever and Vernon ( l9 5 5 b )  worked w ith  c a t s  u n d er  l i g h t  

a n e s t h e s i a ;  t e s t i n g  was done t h r e e  h o u rs  a f t e r  t h e  a n e s t h e t i c  

was a d m in i s t e r e d .  They found  t h e  t h r e s h o l d  f o r  t h e  a c o u s t i c  

r e f l e x  to  l i e  betw een  30 and 100 dB SPL.

W e r s a l l  ( l9 5 3 )  s tu d i e d  th e  a c o u s t i c  r e f l e x  t h r e s h o l d  in  

11 r a b b i t s  w i th  e le c t ro m y o g ra p h y .  He found  t h a t  t h e  s t a p e d iu s  

re sp o n d e d  a t  a mean l e v e l  o f  96 dB SPL w h ile  t h e  t e n s o r  r e s ­

ponded a t  a mean l e v e l  o f  104 dB SPL; t h e  s t im u lu s  was a 

1000 Hz to n e .  He n o te d  t h a t  i n  some r a b b i t s  t h e  t h r e s h o l d s  

f o r  t h e  s t a p e d i u s  and th e  t e n s o r  tym pani were t h e  same w h ile  

i n  o t h e r  r a b b i t s  t h e  t e n s o r  r e f l e x  r e q u i r e d  a s  much as  22 dB 

o f  a d d i t i o n a l  s t i m u l a t i o n .

Simmons ( i9 6 0 )  u sed  a te c h n iq u e  s i m i l a r  t o  W e r s a l l Ts 

to  s tu d y  th e  a c o u s t i c  r e f l e x  in  n in e  c a t s .  He fou n d  t h e  mean 

t h r e s h o l d  t o  a w h ite  n o i s e  s t im u lu s  to  be ab o u t  50 dB SPL.

The d i f f e r e n c e  betw een  th e  t h r e s h o l d s  o f  t h e  two m u sc le s  was 

found  to  be no more th a n  10 dB.

In  1936 L in d sa y ,  Kobrak and Perlm an o b se rv e d  t h e  s t a ­

p e d iu s  r e f l e x  i n  human e a r s  and found  t h a t  t h e  t h r e s h o l d  v a r i e d
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from  65 t o  35 dB s e n s a t i o n  le v e l . '* '  In  1951 Je p se n  u sed  t h e  

im pedance m ethod to  m easu re  s t a p e d i u s  s e n s i t i v i t y  i n  93 human 

e a r s .  He found  t h r e s h o l d s  o f  ab o u t 30 dB SL i n  t h e  250 to  

4000 Hz r a n g e .

Metz (1952) a l s o  u sed  th e  im pedance method t o  d e te rm in e  

t h e  s t a p e d i u s  r e f l e x  t h r e s h o l d  i n  human e a r s .  He found  t h a t  

t h e  t h r e s h o l d s  v a r i e d  be tw een  70 and 90 dB SL.

Je p se n  (1963) d e te rm in e d  t h e  t h r e s h o l d  o f  t h e  s t a p e d i u s  

r e f l e x  by  t h e  im pedance method f o r  33 human e a r s ;  t h e  number 

o f  s u b j e c t s  i s  n o t  g iv e n .  The a p p ro x im a te  t h r e s h o l d s ,  which 

were e x t r a c t e d  from  a g r a p h ic  p r e s e n t a t i o n ,  i n d i c a t e  t h e  

t h r e s h o l d  to  b e  m ost s e n s i t i v e  t o  1000 and 2000 Hz p u re  t o n e s .  

The t h r e s h o l d  a t  b o th  o f  t h e s e  f r e q u e n c i e s  i s  a p p ro x im a te ly  

75 dB SL. J e p se n  found  t h e  t h r e s h o l d  f o r  250 Hz t o  be 35 dB SL, 

w h i le  t h e  t h r e s h o l d  f o r  500 Hz and 4000 Hz was 30 dB SL. The 

v a lu e s  a r e  e s s e n t i a l l y  i n  ag reem en t w i th  h i s  1951 s tu d y ,  b u t  

a t  t h a t  t im e  he d id  n o t  f i n d  t h a t  low  and h ig h  f re q u e n c y  to n e s  

have somewhat h ig h e r  t h r e s h o l d s  th a n  t h e  m id d le  f r e q u e n c i e s .

J e p se n  (1963) a l s o  fo u n d  t h a t  t h e  t h r e s h o l d  o f  t h e  s t a ­

p e d iu s  r e f l e x  te n d s  to  d e c r e a s e  w i th  ag e , e s p e c i a l l y  a t , t h e  

h ig h e r  f r e q u e n c i e s .  He a t t r i b u t e d  t h i s  d e c r e a s e  t o  r e c r u i t ­

m ent.

W e iss ,  e t  a l .  ( l9 6 2 )  u sed  tympanomanometry t o  d e te rm in e  

th e  t h r e s h o l d  l e v e l s  o f  t h e  human a c o u s t i c  r e f l e x .  They

^ S e n s a t io n  l e v e l  i s  t h e  i n t e n s i t y ,  in  d e c i b e l s ,  above 
th e  a u d i t o r y  t h r e s h o l d  o f  t h e  i n d i v i d u a l  o b s e r v e r ;  h e r e a f t e r  
i t  w i l l  be a b b r e v i a t e d  SL,
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fo u n d  t h e  t h r e s h o l d s  f o r  t h e  ra n g e  o f  400 t o  6400 Hz t o  l i e  

betw een  96 and 107 dB SPL. They a l s o  n o te d  t h a t  i t  r e q u i r e d  

l e s s  i n t e n s i t y  t o  s t i m u l a t e  t h e  r e f l e x  a t  $00 t o  3200  Hz 

th a n  i t  d id  a t  400 o r  64OO Hz. The t h r e s h o l d s  p r e s e n te d  by 

W eiss and  h i s  a s s o c i a t e s  a r e  somewhat h ig h e r  th a n  would be 

e x p e c te d  from  o t h e r  work i n  t h i s  a r e a .

L i l l y  (1964) d e te rm in e d  t h e  s t a p e d iu s  r e f l e x  t h r e s h o l d  

t o  w h i te  n o i s e  i n  human e a r s  u s in g  b o t h  th e  Z w is lo c k i  a c o u s t i c  

b r id g e  and an  a c o u s t i c  b r id g e  which he d e v e lo p e d .  He found  a 

t h r e s h o l d  o f  a p p ro x im a te ly  60 dB SL w ith  h i s  a c o u s t i c  b r id g e  

and a b o u t 6$ dB SL w i th  t h e  Z w is lo c k i  b r id g e ;  t h e  sam ple s i z e  

i s  n o t  g iv e n .  D a l lo s  (1964) a l s o  u sed  t h e  Z w is lo c k i  a c o u s t i c  

b r i d g e ;  he r e p o r t e d  a mean t h r e s h o l d  v a lu e  o f  72 dB SL when 

w h i te  n o i s e  was u se d  t o  s t i m u l a t e  t h e  r e f l e x .

The e x p e r im e n ts  o f  L i l l y  (1964) and D a l lo s  (1 9 6 4 ) ,  u s ­

in g  a w h i te  n o i s e  s t i m u lu s ,  d i s p l a y  somewhat lo w e r  r e f l e x  

t h r e s h o l d s  th a n  o t h e r  e x p e r im e n ts  u s in g  p u re  to n e  s t i m u l i  

( J e p s e n ,  1951 , 1963; M etz , 1 9 5 2 ) .  Metz ( i9 4 6 )  n o t i c e d  t h a t  

t h e  r e f l e x  was more e a s i l y  e l i c i t e d  by n o i s e  th a n  by p u re  

to n e s  b u t  p r e s e n te d  no d a t a  t o  c o n f irm  t h i s .

I t  sh o u ld  be n o te d  t h a t  o n ly  one p a p e r ,  r e p o r t i n g  on 

t h r e e  s u b j e c t s ,  has  been  p u b l i s h e d  com paring  t h e  t h r e s h o l d s  

o f  t h e  s t a p e d i u s  r e f l e x  f o r  n o i s e  and p u re  to n e s  i n  t h e  same 

s u b j e c t s .  D ju p e s la n d ,  F l o t t o r p , and W in th e r  (1967) found 

t h a t  t h e  t h r e s h o l d  t o  w h i te  n o i s e  was lo w er  th a n  to  p u re  to n e s  

i n  a l l  t h r e e  s u b j e c t s  t e s t e d ;  th e  im pedance method was em­

p lo y e d .  The d a t a  a r e  h i g h ly  v a r i a b l e  ( t h e  t h r e e  t r e s h o l d s
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f o r  w h i te  n o i s e  v a ry  from  56 to  7$ dB SL) and no q u a n t i t a ­

t i v e  c o n c lu s io n s  can be d raw n. They a l s o  d e te rm in e d  t h e  

t h r e s h o l d  o f  t h e  s t a p e d i u s  r e f l e x  f o r  250 , 1000 , 2000 and 

4000 Hz i n  11 norm al e a r s ;  t h e  v a l u e s  l i e  betw een  $7 .3  and 

9 1 .2  dB SL. T hese  t h r e s h o l d s  a r e  somewhat h ig h e r  th a n  th o s e  

fou n d  by Je p se n  (1951, 1963) b u t  a r e  lo w e r  th a n  th o s e  pub­

l i s h e d  b y  W eiss e t  a l . ( l 9 6 2 ) .

M i l l e r  (1962a) h as  fou n d  t h a t  th e  t h r e s h o l d  o f  t h e  

human s t a p e d i u s  r e f l e x  i s  s l i g h t l y  low er i f  t h e  im pedance 

i s  m o n ito re d  i n  t h e  e a r  t h a t  i s  s t i m u l a t e d  r a t h e r  th a n  in  

t h e  c o n t r a l a t e r a l  e a r ,  a s  i s  t h e  u s u a l  p r a c t i c e .  He a l s o  

n o te s  t h a t  t h e  r e f l e x  t h r e s h o l d  i s  t h r e e  d e c i b e l s  lo w er  i f  

t h e  s t im u lu s  i s  p r e s e n te d  b i n a u r a l l y .  M i l l e r  (1962b) h as  

s u g g e s te d  t h a t  th e  s e n s i t i v i t y  o f  th e  s t a p e d iu s  r e f l e x  

sh o u ld  be m easured  i n  te rm s  o f  p e r c e n t  o f  im pedance change 

r a t h e r  th a n  t h r e s h o l d ;  a l th o u g h  t h i s  method may have some ad ­

v a n ta g e s ,  i t  would b e  d i f f i c u l t  t o  compare r e s u l t s  a c ro s s  

m ethods.

I n summary, i t  i s  n o te d  t h a t  c o n s id e r a b le  v a r i a b i l i t y  

can be fou n d  in  t h e  l i t e r a t u r e  d e a l in g  w i th  t h e  t h r e s h o l d  o f  

t h e  s t a p e d iu s  r e f l e x  in  man. N0 s y s t e m a t i c  s tu d y  o f  t h e  

d i f f e r e n t i a l  r e s p o n s e  t o  n o i s e  and p u re  to n e  s t i m u l i  h a s  been 

p u b l i s h e d ;  d a t a  on th e  r e s p o n s e  t o  n a r ro w  band n o i s e  a r e  n o t  

a v a i l a b l e .  S tu d ie s  com paring  th e  s t a b i l i t y  o f  th e  s t a p e d iu s  

r e f l e x  t h r e s h o l d  f o r  t h e  v a r io u s  pu re  to n e  s t i m u l i  a r e  n o t  

i n  e v id e n c e ;  n o r  h as  t h e  s t a b i l i t y  o f  t h e  t h r e s h o l d s —f o r  

n o i s e  and p u r e  t o n e  s t i m u l i  been com pared. Our knowledge o f
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t h i s  p a ra m e te r  o f  t h e  s t a p e d iu s  r e f l e x  i s  n o t  much g r e a t e r  

th a n  i t  was i n  1952 when M etz fo u n d  t h a t  t h e  t h r e s h o l d  o f  

th e  a c o u s t i c  s t a p e d i u s  r e f l e x  was in  t h e  70 t o  90 dB SL r a n g e .

L a te n c y  o f  th e  s t a p e d iu s  r e f l e x

L o re n te  de No (1933, 1 9 3 5 ) ,  Metz (1951), and Okamoto,

S a to ,  and K i r ik a e  (1954) have a l l  d e m o n s tra te d  t h a t  th e  

l a t e n c y  i s  d e p e n d e n t  upon th e  i n t e n s i t y  o f  t h e  s t im u lu s ;  t h e  

g r e a t e r  t h e  i n t e n s i t y ,  t h e  s h o r t e r  t h e  l a t e n c y .

B ecause o f  d i f f e r e n c e s  i n h e r e n t  i n  t h e  many m ethods 

u se d  to  s tu d y  l a t e n c y ,  i t  i s  d i f f i c u l t  t o  compare r e s u l t s  

(W e r s a l l ,  1 9 5 $ ) .  I t  i s  g e n e r a l l y  known t h a t  th e  l a t e n c y  

o f  t h e  s t a p e d i u s  i s  s h o r t e r  th a n  t h a t  o f  th e  t e n s o r  tym pan i 

(Wever and L aw rence , 1 9 5 4 ) .

Perlm an  and Ca se  (1939) fo u n d  t h e  l a t e n c y  o f  t h e  s t a ­

p e d iu s  r e f l e x  t o  b e  abou t 10 ms in  humans; t h e y  r e c o rd e d  

a c t i o n  p o t e n t i a l s  from  t h e  s t a p e d i u s  i n  p a t i e n t s  w i th  l a r g e  

eardrum  p e r f o r a t i o n s .  M etz (1951) u sed  im pedance change 

r e c o r d in g s  and found  t h a t  t h e  l a t e n c y  o f  t h e  s t a p e d i u s  r e ­

f l e x  i n  human s u b j e c t s  v a r i e d  from  35 t o  150 ms d epend ing  

on th e  i n t e n s i t y  o f  t h e  (1000 Hz) s t i m u lu s .  M i l l e r  (195$) 

fo u n d  l a t e n c i e s  in  human e a r s  v a ry in g  from  25 t o  32 ms when 

an i n t e n s e  a c o u s t i c  s t im u lu s  was p r e s e n t e d .

E l i a s s o n  and G is s e l s s o n  (1955) r e c o rd e d  l a t e n c i e s  o f  

6 ms f o r  t h e  s t a p e d i u s  and 7 ms f o r  th e  t e n s o r  tym pani in  

c a t s ,  u s in g  an e le c t ro m y o g ra p h ic  t e c h n iq u e .  Okamoto, S a to ,  

and K i r ik a e  (1954) m easured  eardrum  movement i n  c a t s  and 

found  a minimum l a t e n c y  o f  7 ms. Galambos and R u p p e rt  (1959)
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m easu red  changes i n  t h e  l e v e l  o f  t h e  c o c h le a r  m ic ro p h o n ic  

t o  s tu d y  t h e  r e f l e x  a c t i v i t y  i n  c a t s .  T h e i r  r e s u l t s  show 

l a t e n c i e s  o f  10 t o  15 ms, dep en d in g  on th e  s t i m u lu s .

A d a p ta t io n  o f  t h e  r e f l e x

Metz (1946) i n  h i s  s t u d i e s  on human e a r s  u s in g  t h e  im­

p ed an ce  m ethod fo u n d  t h a t  t h e  s t a p e d i u s  r e f l e x  c o u ld  be 

m a in ta in e d  f o r  lo n g  i n t e r v a l s  b e f o r e  a g r a d u a l  r e l a x a t i o n  s e t  

i n .  T h is  i s  n o te d  t o  be an a d a p ta t io n  p r o c e s s  b e c a u s e  i f  t h e  

s t im u lu s  was s to p p e d  and th e n  p r e s e n t e d  a g a in  w i th o u t  d e l a y ,  

t h e  r e f l e x  r e a p p e a r e d  i n  f u l l  s t r e n g t h  (Wev e r  and Law rence , 

1 9 5 4 ) .  A lso , W e rs a l l  (195&) found  t h a t  if__a second  t o n e ,  

o f  a d i f f e r e n t  f r e q u e n c y ,  was p r e s e n t e d  d u r in g  th e  p r o c e s s  

o f  a d a p t a t i o n ,  i t  r e a c t i v a t e d  t h e  r e f l e x  c o m p le te ly .

Two r e c e n t  e x p e r im e n ts  in  human e a r s  d e m o n s tra te  t h a t  

no s h o r t - t e r m  a d a p ta t i o n  o r  f a t i g u e  i s  p r e s e n t  to  v e ry  i n t e n s e  

s t i m u l i .  D a l lo s  ( 1964 ) was a b l e  t o  m a in ta in  th e  s t a p e d i u s  

c o n t r a c t i o n  i n  human e a r s  f o r  two m in u te s  w i th o u t  any i n d i ­

c a t i o n  o f  a  l o s s  o f  t e n s i o n ;  t h e  e l i c i t o r  was 110 dB SPL o f  

w h i te  n o i s e .  L i l l y  (1964) d id  n o t  obse rve  a d a p ta t io n  w i th  

h ig h  i n t e n s i t y  n o i s e  s t i m u l a t i o n  l a s t i n g  up t o  10 m in u te s .

The d i f f e r e n c e  i n  a d a p ta t io n  found  may be a t t r i b u t a b l e  

t o  t h e  sp ec tru m  d i f f e r e n c e s  in  p u re  to n e  and n o i s e  s t i m u l i .

No c l a r i f y i n g  d a t a  a r e  a v a i l a b l e  a t  th e  p r e s e n t  t im e .
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Concept o f  a c o u s t ic  impedance

B a s ic  c o n c e p ts

B e fo re  b e g in n in g  t h e  d i s c u s s i o n  o f  t h e  m easurem ent o f  

im pedance , i t  i s  a p p r o p r i a t e  t o  p r e s e n t  a b r i e f  d i s c u s s i o n  

o f  t h e  im pedance c o n c e p t .

A c o u s t ic  im pedance i s  com prised  o f  t h r e e  com ponents: 

m ass , e l a s t i c i t y ,  and r e s i s t a n c e .  Mas s  r e f e r s  t o  t h e  w e ig h t  

o f  an o b j e c t .  The e l a s t i c i t y  o f  th e  sy s tem  i s  u s u a l l y  d i s ­

c u s se d  i n  te rm s  o f  co m p lia n c e  and s t i f f n e s s .  A f i x a t i o n  o f  

t h e  i n c u d o - s t a p e d i a l  j o i n t ,  a s  seen  i n  advanced  o t o s c l e r o s i s ,  

would ca u se  a s t i f f n e s s ;  an i n c u d o - s t a p e d i a l  s e p a r a t i o n  

would c a u s e  t h e  o p p o s i t e  e x tre m e , a g r o s s l y  c o m p lia n t  s y s ­

tem  (Feldm an, 1 9 6 4 ) .

The s t i f f n e s s  and mass com ponents o f  im pedance a r e  

g e n e r a l l y  combined i n t o  one r e s u l t a n t  m easure c a l l e d  r e -
i

a c t a n c e .  The r e a c t a n c e  i s  a n e g a t iv e  v a lu e  when t h e  system  

i s  c h a r a c t e r i z e d  by s t i f f n e s s  and i s  p o s i t i v e  i n  mass con­

t r o l l e d  s y s te m s .  The e f f e c t  o f  s t i f f n e s s  i s  g r e a t e s t  a t  low  

f r e q u e n c i e s ;  t h e  e f f e c t  o f  mass i s  g r e a t e s t  a t  h ig h  f r e q u e n ­

c i e s  ( Z w is lo c k i ,  1 9 6 1 ) .

In  a l l  sy s tem s i n  w hich  t h e r e  i s  movement t h e r e  i s  a 

c e r t a i n  l o s s  due t o  f r i c t i o n ;  f o r  exam ple, an ex trem e v i s ­

c o s i t y  i n  t h e  m id d le  e a r  would p ro d u ce  a s t r o n g  i n t e r n a l  

f r i c t i o n  when sound waves p r o g r e s s  a c ro s s  t h e  o s s i c l e s .  The 

f r i c t i o n a l  c o n t r i b u t i o n  t o  im pedance i s  c a l l e d  r e s i s t a n c e .

The a c t u a l  a c o u s t i c  im pedance i s  d e te rm in e d  b y  i n s e r t ­

in g  t h e  v a lu e s  f o r  t h e  r e a c t a n c e  and r e s i s t a n c e  i n t o  th e
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f o l lo w in g  fo rm u la  (T o n n d o rf ,  1 9 6 5 ):

Z (im pedance) = y j  ( r e a c t a n c e ) ^  + ( r e s i s t a n c e ) ^

When an a c o u s t i c  wave a r r i v e s  a t  t h e  ty m p an ic  membrane, 

p a r t  o f  t h e  en e rg y  p ro d u c e s  a v i b r a t i o n  o f  t h e  drum and i s  

t r a n s m i t t e d  th ro u g h  th e  o s s i c u l a r  c h a in  t o  t h e  i n n e r  e a r ;  

a  p o r t i o n  o f  t h e  a c o u s t i c  wave i s  r e f l e c t e d  b a c k  i n t o  t h e  

e x t e r n a l  a u d i t o r y  m eatus  (Z w is lo c k i ,  1 9 6 1 ) .  The r e f l e c t e d  

e n e rg y  from  t h e  tym pan ic  membrane i s  maximal when th e  m id d le  

e a r  sy s tem  i s  s t i f f  ( low  i n  e l a s t i c i t y ) } heavy  (h ig h  i n  m ass)^ 

and v is c o u s  (h ig h  i n  f r i c t i o n ) .  A sy s tem  which i s  c o m p lia n t ,  

l i g h t  and r e l a t i v e l y  lo w  i n  f r i c t i o n  w i l l  have  g r e a t e r  e f ­

f i c i e n c y  b e c a u s e  r e f l e c t e d  en e rg y  w i l l  b e  m in im al ( Z w is lo c k i ,  

1 9 6 3 ) .  B ecause  o f  t h i s  v a r i a t i o n  i n  r e s i s t i v i t y  t o  m otion  

( 0r  im pedance) t h a t  i s  a s s o c i a t e d  w i th  t h e  c o n d i t io n  o f  t h e  

m id d le  e a r ,  t h e  s tu d y  o f  t h e  r e f l e c t e d  wave a t  t h e  tym pan ic  

membrane p r o v i d e s  know ledge w hich  i s  o f  c l i n i c a l  v a lu e .

I t  s h o u ld  be u n d e r s to o d  t h a t  f a c t o r s  which d e te rm in e  

im pedance, m ass , e l a s t i c i t y  and r e s i s t a n c e ,  a r e  t h e  r e s u l t a n t  

o f  t h e  a n a to m ic a l  s t r u c t u r e  o f  t h e  e a r .  S0me o f  th e  m ost 

im p o r ta n t  f a c t o r s  a r e  t h e  co m p lian ce  and mass o f  th e  tym pan ic  

membrane, t h e  co m p lian ce  o f  t h e  l ig a m e n ts  t h a t  h o ld  t h e  o s ­

s i c u l a r  c h a in  i n  p l a c e ,  t h e  co m p lia n ce  o f  th e  in c u d o -  

s t a p e d i a l  j o i n t ,  t h e  mass o f  t h e  o s s i c l e s ,  t h e  com pliance  

o f  t h e  c o c h le a r  windows, and t h e  i n p u t  im pedance o f  t h e  

c o c h le a  ( Z w is lo c k i ,  1 9 6 2 ) . .
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A ccord ing  t o  Zwi s l o c k i  (1961) i t  i s  o n ly  n e c e s s a r y  to  

d e te rm in e  t h e  r a t i o  o f  t h e  r e f l e c t e d  and t h e  i n c i d e n t  waves 

i n  o r d e r  to  m easure th e  a c o u s t i c  im pedance a t  t h e  ty m p an ic  

membrane.

E f f e c t  o f  th e  a c o u s t i c  r e f l e x

The d i s c u s s i o n  u n t i l  now h a s  b een  co n cern ed  w i th  t h e  

a c t u a l  v a l u e s  o f  t h e  r e s i s t a n c e  and r e a c t a n c e  ( a b s o l u t e  im­

p ed an ce  m e asu rem e n t) .  F u r th e r  comment on t h e  c l i n i c a l  u se  

o f  a b s o lu t e  im pedance m easurem ents  w i l l  f o l l o w  i n  t h e  l a s t  

s e c t i o n  o f  t h i s  c h a p te r .

I t  was s t a t e d ' e a r l i e r  i n  t h i s  c h a p te r  t h a t  c o n t r a c t i o n  

o f  t h e  s t a p e d i u s  m usc le  c a u s e s  a change i n  t e n s i o n  on th e  

o s s i c u l a r  c h a in .  The r e s u l t a n t  i n c r e a s e  i n  s t i f f n e s s  has  

been  shown t o  a l t e r  th e  im pedance o f  t h e  m id d le  e a r  (M etz, 

1946; Feldman and Z w is lo c k i ,  1965; L i l l y  and S hepherd ,

1964; D a l i o s , 1964; and M i l l e r ,  1953, 1961a, 1961b and 1 9 6 2 a ) .  

The g e n e r a l  f i n d i n g  o f  t h e  m a jo r i t y  o f  t h e  s t u d i e s  i s  t h a t  

c o n t r a c t i o n  o f  t h e  s t a p e d i u s  m uscle  c a u s e s  an i n c r e a s e  in  

r e a c t a n c e  and  a d e c r e a s e  i n  r e s i s t a n c e ;  th e  fo rm e r  i s  com­

monly seen  i n  s t a p e d i a l  f i x a t i o n s  ( e . g .  o t o s c l e r o s i s )  b u t  

th e  l a t t e r  i s  n o t .  I t  sh o u ld  b e  n o te d  t h a t  t h e  d a t a  o f  

L i l l y  and S hepherd  (1964) do n o t  show a n o t a b l e  d e c r e a s e  i n  

t h e  r e s i s t a n c e  and more c l o s e l y  ap p ro x im a te  t h e  a b s o lu te  

im pedance v a lu e s  a s s o c i a t e d  w i th  o t o s c l e r o s i s .

A ccord ing  t o  t h e  d a ta  c o l l e c t e d  by Feldman and Zwislocki 

(1 9 6 5 ) ,  th e  p red o m in an t change c a u sed  b y  t h e  s t a p e d iu s  r e ­

f l e x  i s  an i n c r e a s e  in  t h e  r e a c t i v e  component; t h i s  change
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i s  i n  t h e  same d i r e c t i o n  as  o t o s c l e r o s i s  b u t  s m a l l e r .  They 

a l s o  f i n d  a s m a l l e r  b u t  c o n s i s t e n t  d e c r e a s e  i n  r e s i s t a n c e ;  

t h e  a u th o r s  s u g g e s t  t h a t  t h i s  can b e  ac c o u n te d  f o r  by a 

l o o s e n in g  o f  t h e  i n c u d o - s t a p e d i a l  j o i n t  i n  a d d i t i o n  t o  t h e  

p a r t i a l  f i x a t i o n  o f  t h e  s t a p e s .

The e x i s t e n c e  o f  a m e asu ra b le  change i n  t h e  r e s i s t a n c e  

and r e a c t a n c e  v a lu e s  a s s o c i a t e d  w ith  t h e  c o n t r a c t i o n  o f  t h e  

s t a p e d i u s  m u sc le  i s  w e l l  e s t a b l i s h e d  a l th o u g h  a t t e m p ts  to  

m easu re  th e  s i z e  o f  th e  change (and i n  some c a s e s  t h e  d i ­

r e c t i o n )  have i n d i c a t e d  some v a r i a b i l i t y  ( M i l l e r ,  1 9 6 la ;  

D a l l o s ,  1 964 ) .  T h is  v a r i a b i l i t y  does n o t  hamper t h e  u se  

o f  th e  m o n i to r in g  o f  im pedance to  d e t e c t  t h e  c o n t r a c t i o n  o f  

th e  s t a p e d i u s  m u sc le ,  s i n c e  one i s  co n ce rn ed  o n ly  w i th  a 

sudden change i n  t h e  s t a t i c  im pedance r e g a r d l e s s  o f  d i r e c ­

t i o n .

The a c o u s t i c  b r id g e

The m easurem ent o f  im pedance

T here  a r e  s e v e r a l  ways i n  w hich  t h e  a c o u s t i c  im pedance 

a t  t h e  eardrum  can be  m e asu red . In  1937. Z w is lo c k i  d e s c r ib e d  

two p s y c h o a c o u s t i c  methods w hich  he employed and  fo u n d  to  

y i e l d  com parab le  r e s u l t s  t o  p u r e ly  p h y s i c a l  m e thods . The 

f i r s t  i s  b a s e d  on th e  m easurem ent o f  a t t e n u a t i o n  p ro d u ced  by 

a p e r f o r a t e d  e a rp lu g .  A cco rd ing  to  Z w is lo c k i  (1957), when 

t h e  p e r f o r a t e d  e a rp lu g  c lo s e s  t h e  e a r  c a n a l  a r e s o n a t o r  i s  

fo rm ed ; t h e  r e s o n a n c e  f re q u e n c y  i s  d ep en d en t on t h e  a c o u s t i c  

i n e r t a n c e  o f  t h e  p e r f o r a t i o n ,  t h e  a c o u s t i c  com pliance  o f  t h e
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e n c lo s e d  volume o f  a i r  and th e  im pedance a t  t h e  tym panic  

membrane. When th e  im pedance o f  t h e  p e r f o r a t i o n  and th e  

volume o f  a i r  between th e  e a r p lu g  and t h e  eardrum  a r e  known, 

i t  i s  p o s s ib le ,  w i th  some tim e-co n su m in g  c a l c u l a t i o n s ,  t o  d e ­

te rm in e  th e  a c o u s t i c  im pedance a t  t h e  e a rd ru m .

The second  p s y c h o a c o u s t ic  method d e s c r ib e d  by  Z w is lo c k i  

i s  s i m i l a r  t o  t h e  one d e s c r ib e d  above b u t  u s e s  a b i n a u r a l  

lo u d n e s s  b a l a n c e  t e c h n iq u e ;  a n o th e r  d i f f e r e n c e  i s  t h a t  t h i s  

method u s e s  sound  l o c a l i z a t i o n  (phase  b a la n c e )  to  m easure  

th e  phase  s h i f t  i n t r o d u c e d  by t h e  e a r p l u g .

Z w is lo c k i  (1957) n o t e s  t h a t  th e  p s y c h o a c o u s t ic  ap p ro ac h  

t o  im pedance m easurem ent i s  to o  tim e-consum ing  and l a c k s  

p r e c i s i o n .

The u s e  o f  an im pedance tu b e  was d e s c r ib e d  by  Zwi s l o c k i  

i n  1961 . In  t h i s  method th e  sound p ro d u ced  b y  an earphone 

i s  f e d  to  th e  e a r  c a n a l  by  a n a r ro w  tu b e  which i s  h e ld  i n  

p l a c e  by an e a r p lu g ;  t h e  p lu g  a l s o  s e r v e s  t o  form  an a c o u s t i c  

s e a l  o f  t h e  c a n a l .  An a d d i t i o n a l  t u b e ,  w hich i s  f i t t f e d  i n t o  

t h e  same e a r p l u g ,  i s  l e d  t o  a m icrophone w hich i s  u sed  t o  

m easu re  t h e  sound  p r e s s u r e  l e v e l  i n  th e  e a r  c a n a l .  A c a v i t y  

w i th  r i g i d  w a l l s  i s  u se d  t o  c a l i b r a t e  t h e  sy s tem . A cco rd ing  

t o  Z w is lo c k i  (1961) t h e  a c o u s t i c  im pedance may be d e te rm in e d  

by com paring  t h e  sound p r e s s u r e  g e n e r a te d  i n  t h e  c a l i b r a t i o n  

c a v i t y  t o  t h e  sound  p r e s s u r e  g e n e r a te d  i n  t h e  e a r  c a n a l .  A 

c o r r e c t i o n  f o r  t h e  volum e o f  a i r  i n  t h e  c a n a l  i s  n e c e s s a r y .  

The c a l c u l a t i o n s  t h a t  m ust be u se d  t o  c o n v e r t  th e  r e s u l t s  o f  

t h i s  method to  im pedance v a lu e s  a re  e x t e n s iv e .
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M i l l e r  ( i9 6 0 ,  1961a) u sed  a n o th e r  te c h n iq u e  t o  m easu re  

a c o u s t i c  im pedance . He had a p ro b e  t u b e  w i th  a m icrophone  

and a t r a n s d u c e r ;  t h e  o u t p u t  v o l t a g e  o f  t h e  m icrophone was 

m easured  a s  was t h e  p h a s e  a n g le  betw een t h e  m icrophone and 

t h e  t r a n s d u c e r .  An e l e c t r i c a l  a n a lo g  was th e n  u sed  t o  con­

v e r t  t h e  d a t a  i n t o  a c o u s t i c  ohms.

TO E X A M IN E R ' S  EAR

.t,

EAR

B
VARIABLE ACOUSTIC  

IMPEDANCE

F ig u r e  1 .  S ch em atic  d raw in g  o f  an 
a c o u s t i c  b r i d g e  (Z w is lo c k i ,  1 9 6 1 ,p . 6)



The a c o u s t ic  b r id g e  p r in c ip le

F ig u re  1 i s  a sc h e m a tic  d raw in g  o f  a g e n e r a l i z e d  a c o u s t i c  

b r id g e  t h a t  d e m o n s t r a te s  t h e  c o n s t r u c t i o n  p r i n c i p l e s  u se d  in  

a l l  m e c h a n ic a l  a c o u s t i c  b r i d g e s .  The b r id g e  c o n s i s t s  o f  a 

tw o - s id e d  ea rp h o n e  (E) mounted betw een  two tu b e s  o f  e q u a l  

d ia m e te r  and l e n g t h  (A and B ) .  The d iaphragm  o f  t h e  ea rphone  

s e p a r a t e s  t h e  two t u b e s ;  t h e  two tu b e s  a re  c o n n ec te d  th ro u g h  

a Y tu b e  t h a t  b r i d g e s  t h e  ea rp h o n e . The to p  o f  t h e  Y tu b e  i s  

f e d  t o  t h e  e x a m in e r ’ s e a r ;  tu b e  A i s  s e c u re d  i n t o  t h e  sub­

j e c t ’ s e a r  c a n a l  w i th  an  e a r p lu g ;  tu b e  B i s  a t t a c h e d  t o  a 

v a r i a b l e  im pedance d e v ic e .  The sound g e n e ra te d  b y  t h e  e a r ­

phone (E) i s  o f  e q u a l  am p li tu d e  i n  b o th  d i r e c t i o n s  (A and B) 

b u t  lBO d e g r e e s  o u t  o f  p h a s e .  C o n se q u e n tly ,  i f  th e  im pedances 

t e r m i n a t i n g  tu b e s  A and B a r e  e q u a l ,  t h e  r e f l e c t e d  waves w i l l  

a l s o  be o f  e q u a l  a m p li tu d e  and  c a n c e l  each  o t h e r  o u t  (T i l lm a n ,  

D a l l o s ,  and K u ru v e l la ,  1 9 6 4 ) .

The m easurem ent i s  acco m p lish ed  by  a d j u s t i n g  th e  v a r i a b l e  

im pedance d e v ic e  u n t i l  t h e  t o n e  t h a t  i s  g e n e ra te d  b y  t h e  e a r ­

phone i s  no longer- a u d ib le  a t  th e  t o p  o f  t h e  Y tu b e  (a  n u l l  

i s  p r e s e n t ) .  I f  t h e  volume o f  th e  e a r  c a n a l  i s  d e te r m in e d ,  

an e q u a l  volume can be  added t o  t h e  volume o f  tu b e  B b e f o r e  

measurement o f  th e  im pedance. I f  t h i s  i s  done, t h e  m e asu re ­

ment i s  d i r e c t  and no a d d i t i o n a l  c a l c u l a t i o n s  a r e  needed  

( Z w is lo c k i ,1 9 6 1 ) ,
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E a r l i e r  a c o u s t i c  b r id g e s

The a c o u s t i c  b r id g e  was in v e n te d  in  1934 by S c h u s te r ;  

t h r e e  y e a r s  l a t e r  R obinson b u i l t  a second  a c o u s t i c  b r id g e .

In  193$ Waetzmann a d a p te d  th e  S c h u s te r  b r id g e  f o r  u se  in  

human e a r  m easurem ents  (M etz, 1 9 4 6 ) .  The h i s t o r y  o f  th e  u se  

o f . im pedance m easurem ents on norm al and p a t h o l o g i c a l  e a r s  b e ­

g i n s  w ith  t h e  1946 Metz monograph i n  which he d e m o n s tra te d  

t h a t  p a t h o lo g ic  changes i n  t h e  m id d le  e a r  co u ld  be i d e n t i f i e d  

by m easu rin g  t h e  impedance i n  t h e  e a r  c a n a l ;  he  was a l s o  a b l e  

t o  i d e n t i f y  t h e  p r e s e n c e  o f  an a c o u s t i c  r e f l e x  u s in g  h i s  

m o d if ie d  S c h u s te r  b r i d g e .

The e x a c t  c o n s t r u c t i o n  o f  t h e  S c h u s te r  b r id g e  i s  d i s ­

c u ssed  in  d e t a i l  by  Metz (1946, p p . 30 -32) and Z w is lo c k i  

(1963, pp . 3 1 0 -3 1 1 ) .  I t  sh o u ld  be n o te d  t h a t  t h e  b r id g e  

Metz u sed  i n  1946 had s e v e r a l  l i m i t i n g  f e a t u r e s .  The im ­

ped an ce  m a tch in g  d e v ic e  was a f e l t  d i s k  v a r i e d  by  means o f  a 

column o f  a i r  i n  back  o f  t h e  d i s k .  In  t h i s  ty p e  o f  sy s tem  

t h e  r e a c t a n c e  and r e s i s t a n c e  may n o t  be v a r i e d  in d e p e n d e n t ly .  

The f e l t  d i s k  i s  s u b j e c t  to  changes  w i th  t im e  and u s e ,  th e r e b y  

in t r o d u c i n g  an e r r o r  f a c t o r .  The r e s u l t s  a re  n o t  i n  t h e i r  

f i n a l  form  when r e a d  o f f  t h e  b r id g e  and c o n s id e r a b le  t im e  i s  

consumed in  c o n v e rs io n  (Z w is lo c k i ,  1 9 6 3 ) .

E l e c t r o a c o u s t i c  b r id g e s

F o r  a v a r i e t y  o f  r e a s o n s ,  s e v e r a l  o f  w h ich  were m en tioned  

above, a b s o lu te  im pedance m easurem ents f o r  m id d le  e a r  d i a g ­

n o s i s  met w i th  l i t t l e  c l i n i c a l  a c c e p ta n c e  f o l lo w in g  t h e  Metz 

( l9 4 6 )  monograph. In  a d d i t io n  t o  t h o s e  p rob lem s a l r e a d y
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m e n tio n ed , d i f f i c u l t i e s  i n  a c c u r a t e l y  co m p en sa tin g  f o r  e a r  

c a n a l  volum es were e n c o u n te r e d  by  some i n v e s t i g a t o r s  

(T i l lm a n ,  D a l lo s  and K u ru v e l la ,  1 9 6 4 );  t h e  r e s u l t a n t  o f  t h e s e  

p ro b lem s was c o n s id e r a b le  v a r i a b i l i t y  i n  a b s o lu t e  im pedance 

v a lu e s  o b t a i n e d .

F o l lo w in g  t h e  1946 Metz a r t i c l e ,  a number o f  e l e c t r o ­

a c o u s t i c  im pedance b r i d g e s  were c o n s t r u c t e d  f o r  c l i n i c a l  u se ;  

among t h e s e  a r e  t h e  b r i d g e s  o f  Morton and J Qn e s  ( i 9 5 6 ) ,

M i l l e r  (1 9 5 $ ) ,  Ter k i l d s e n  and S c o t t  N ie l s e n  ( i 9 6 0 ) ,  and 

K lo c k h o ff  (1 9 6 1 ).

Most o f  t h e  c l i n i c a l  r e s e a r c h  w i th  t h e  e l e c t r o a c o u s t i c  

b r id g e  p ro v id e d  a b s o l u t e  im pedance d a t a  w hich w ere h i g h ly  

v a r i a b l e  and o f  l i t t l e  d i a g n o s t i c  v a l u e .  T e r k i ld s e n  and 

S c o t t . N i e l s e n  ( i9 6 0 )  co n c lu d ed  t h a t  m easu res  o f  a b s o lu te  im­

p ed an ce  may p ro v e  to  be o f  l i t t l e  c l i n i c a l  v a lu e  b u t  t h a t  

s t u d i e s  o f  r e l a t i v e  im pedance ( th e  s t a p e d i u s  r e f l e x )  may b e  

u s e f u l .

A l a r g e  number o f  s t u d i e s  s u g g e s t in g  t h e  c l i n i c a l  v a lu e  

o f  r e l a t i v e  im pedance m easu res  w ere r e p o r t e d  u s in g  e l e c t r o ­

a c o u s t i c  b r id g e s  ( J e p s e n ,  1953; T h o m s e n ,-1 9 5 5 a ,b ,c ;

T e r k i ld s e n  and S c o t t  N i e l s e n ,  I9 6 0 ;  K lo c k h o f f ,  1 9 6 1 ) .

The s e v e r a l  e l e c t r o a c o u s t i c  im pedance b r id g e s  m en tioned  

above were a l l  b a s e d  on th e  same p r i n c i p l e ,  a l th o u g h  t h e r e  

a r e  some m inor d i f f e r e n c e s .  A b r i e f  d e s c r i p t i o n  o f  t h e  b r id g e  

d e v e lo p ed  by T e r k i ld s e n  and  S c o t t  N ie l s e n  ( i9 6 0 )  w i l l  be used  

t o  e x e m p li fy  t h i s  ty p e  o f  i n s t r u m e n t .

The e l e c t r o a c o u s t i c  b r id g e  c o n s i s t s  o f  an ea rphone  and



29

a m ic rophone  which a r e  co n n e c te d  to  t h e  e x t e r n a l  a u d i t o r y  

m e a tu s  by  two n a rro w  t u b e s .  The t u b e s  a r e  h e ld  i n  p l a c e  by 

an e a r p lu g  w hich i s  e n c a s e d  i n  an i n f l a t a b l e  r u b b e r  c u f f ;  

a f t e r  th e  e a r p lu g  i s  i n  p l a c e ,  th e  c u f f  i s  i n f l a t e d ,  g iv in g  

an a i r - t i g h t  s e a l  o f  t h e  c a n a l .  The tu b e  fro m  t h e  ea rp h o n e  

c a r r i e s  a 220 Hz t e s t  to n e  to  t h e  c a n a l .  The m icrophone i s  

u se d  as  a sound p ro b e ;  t h i s  s i g n a l  i s  c o u n te r - b a la n c e d  t o  ze ro  

by  means o f  c u r r e n t  fro m  a 220 Hz sound g e n e r a t o r .  The d e g re e  

o f  c o u n t e r - b a l a n c in g  o b ta in e d  i s  r e a d  on a vacuum tu b e  v o l t ­

m e te r .  T h is  b r id g e  does  n o t  p r o v id e  i n d i v i d u a l  r e a c t a n c e  and 

r e s i s t a n c e  m e a su re s ;  o n ly  t h e  t o t a l  a c o u s t i c  im pedance i s  

m easu red .

A new er v e r s io n  o f  t h i s  b r id g e  i s  c o m m e rc ia l ly  a v a i l a b l e  

from  Madsen E l e c t r o n i c s  ( E l e c t r o a c o u s t i c  Im pedance M ete r  ZO 7 0 ) ;  

a c c o rd in g  t o  t h e  m a n u fa c tu r e r ,  t h i s  model a l s o  m e asu res  t h e  

volume o f  t h e  e a r  c a n a l  a u t o m a t i c a l l y .

The Z w is lo c k i  a c o u s t i c  b r id g e

The a c o u s t i c  b r i d g e  d ev e lo p ed  b y  Z w is lo c k i  (1 9 6 3 ) ,  and 

m a n u fa c tu re d  by t h e  G r a s o n - S ta d le r  C0 .> a l lo w s  d i r e c t  m easurem ent 

o f  im pedance components a t  th e  ea rd rum . C a v i ty  V - l  ( s e e  f i g u r e  2 

can be a d j u s t e d  t o  m atch t h e  volume o f  t h e  e a r  c a n a l  b e in g  

t e s t e d ;  w ith  t h e  volume o f  t h e  c a n a l  added be tw een  t h e  end o f  

t h e  B tu b e  and t h e  v a r i a b l e  im pedance m a tch in g  d e v i c e ,  t h e  e f ­

f e c t  o f  t h e  a i r  column i n  t h e  e x t e r n a l  m eatus  i s  com pensated  

f o r  (Z w is lo c k i ,  1 9 6 3 ) .

The A tu b e  o f  t h e  Z w is lo c k i  b r i d g e  i s  m achined t o  f i t
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F ig u re  2 . S ch em atic  d iag ram  o f  t h e  Z w is lo c k i  
a c o u s t i c  b r id g e  (Z w is lo c k i ,  1963, p .  311)

f l u s h  i n t o  a s p e c i a l  o t i c  speculum ; t h e  speculum  h a s  t h r e e  

s i z e s  o f  a d j u s t a b l e  p l a s t i c  t i p s .  The u s e r  m ust s e l e c t  t h e  

p r o p e r  s i z e  t i p  t o  i n s u r e  an a i r - t i g h t  s e a l  o f  t h e  e x t e r n a l  

a u d i t o r y  m e a tu s .  The speculum  i s  th e n  i n s e r t e d  i n t o  t h e  t e s t  

e a r  and t h e  c a n a l  i s  f i l l e d  w i th  a l c o h o l  t o  t h e  b o tto m  t i p  o f  

t h e  specu lum . T h is  i s  ac co m p lish ed  w i th  a c a l i b r a t e d  2 cc 

s y r in g e ;  t h e  amount o f  i n j e c t e d  a l c o h o l  i s  e q u a l  t o  t h e  

volume o f  t h e  e a r  c a n a l .  The a l c o h o l  i s  th e n  removed and 

tu b e  A o f  t h e  b r i d g e  i s  i n s e r t e d  i n t o  t h e  specu lum , a f t e r  

a d j u s t i n g  V - l  t o  t h e  p ro p e r  volum e.

The v a r i a b l e  im pedance d e v ic e  a t  t h e  end o f  tu b e  B h as  

two in d e p e n d e n t  c o n t r o l s :  r e s i s t a n c e  (Ra) and co m p lian ce  (V -2 ) .
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A cc o rd in g  t o  Z w is lo c k i  (1 9 6 3 ) ,  co m p lian ce  i s  m easured  r a t h e r  

th a n  r e a c t a n c e  b e c a u se  co m p lian ce  i s  l e s s  f r e q u e n c y  d ep e n d e n t 

th a n  r e a c t a n c e ,  and by  u s in g  c o m p lia n ce , i t  i s  p o s s i b l e  t o  

make t h e  b r id g e  c a l i b r a t i o n  in d e p e n d e n t  o f  f r e q u e n c y .

No c a l i b r a t i o n  c h a r t s  a re  n e c e s s a r y  b e c a u se  t h e  v a l u e s  

a r e  i n d i c a t e d  d i r e c t l y  on t h e  c o n t r o l s ;  t h e  r e s i s t a n c e  i s  

m easured  i n  ohms, t h e  com pliance  i n  c u b ic  c e n t im e te r s  o f  a i r .

The sy m m e tr ic a l  ea rp h o n e  (E) i s  co n n e c te d  to  a sound 

so u rc e  such  a s  an a u d io m e te r ;  t h e  sound s o u rc e  g e n e r a t e s  a 

t e s t  to n e  ( o r  p ro b e  to n e )  o f  any f re q u e n c y  betw een  125 and 

1500 Hz, w hich  a r e  t h e  e f f e c t i v e  l i m i t s  o f  t h e  b r i d g e .  The 

p ro b e  to n e  i s  m o n ito re d  by t h e  exam iner th ro u g h  a s t e th o s c o p e  

which i s  a t t a c h e d  to  t h e  to p  o f  t h e  Y tu b e  (Y ).

The co m p lian ce  c o n t r o l  (V-2) i s  a s m a l l  p i s t o n ;  t h e  

r e s i s t a n c e  c o n t r o l  (Ra) i s  a r i n g  around  th e  b r id g e  w hich  i s  

r o t a t e d  t o  v a r y  r e s i s t a n c e .

The exam iner works t h e  two im pedance c o n t r o l s  b ack  and 

f o r t h  u n t i l  a n u l l  i s  o b ta in e d  i n  t h e  s t e th o s c o p e  ( th e  p r i n ­

c i p l e  o f  t h i s  h a s  been e x p la in e d  e a r l i e r ) .  The com pliance  

and r e s i s t a n c e  v a lu e s  f o r  t h a t  f r e q u e n c y  ( th e  p ro b e  to n e  f r e ­

quency) a r e  now r e a d  d i r e c t l y  from  th e  b r i d g e .  The same p r o ­

ced u re  can th e n  be  r e p e a t e d  f o r  o th e r  f r e q u e n c i e s  w i th in  t h e  

u s e f u l  r a n g e  o f  t h e  b r i d g e .

I t  i s  a b s o l u t e l y  n e c e s s a r y  to  p o i n t  t h e  t i p  o f  t h e  b r id g e  

a t  th e  eardrum  r a t h e r  th a n  tow ards t h e  c a n a l  w a l l  d u r in g  a l l  

m easu rem en ts . The exam iner  sh o u ld  move t h e  b r id g e  as l i t t l e  

a s  p o s s i b l e  d u r in g  th e  m easurem ent.
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A ll  p a r t s  o f  t h e  Z w is lo c k i  b r id g e  a r e  m achined from  

m e ta l ,  e l i m i n a t i n g  m a t e r i a l s  such  as  f e l t ,  t h e r e b y  i n c r e a s ­

in g  t h e  s t a b i l i t y  o f  c a l i b r a t i o n  (Z w is lo c k i ,  1 9 6 3 ) .

V is u a l  d i s p l a y  o f  t h e  p ro b e  to n e

The m o n i to r in g  s t e th o s c o p e  can be removed and in  i t s  

p l a c e  a m icrophone  can be c o u p le d  to  t h e  b r i d g e .  The o u tp u t  

o f  t h e  m icrophone  can  th e n  be  l e d  t o  a s u i t a b l e  e l e c t r o n i c  

a p p a r a tu s  ( v o l tm e te r ,  g r a p h ic  l e v e l  r e c o r d e r ,  o s c i l l o s c o p e ,  

e t c . ) ;  th e  p ro b e  to n e  l e v e l  can th e n  be m o n ito re d  v i s u a l l y  

and perm anen t r e c o r d s  can b e  o b ta in e d  i n  a manner s i m i l a r  to  

t h e  r e c o r d in g  t e c h n iq u e  u sed  b y  K lo c k h o ff  ( l 9 6 l )  w i th  an 

e l e c t r o a c o u s t i c  b r i d g e .

M easurement o f  t h e  s t a p e d i u s  r e f l e x

The s t a p e d i u s  r e f l e x  can be d e t e c t e d  w i th  t h e  Z w is lo c k i  

a c o u s t i c  b r i d g e  b y  i n t r o d u c i n g  a s u f f i c i e n t l y  i n t e n s e  a c o u s t i c  

s t im u lu s  i n t o  t h e  c o n t r a l a t e r a l  e a r  a f t e r  t h e  b r i d g e  h a s  been  

b a la n c e d  (a  n u l l  i s  p r e b e n t ) .  The s t a p e d i u s  c o n t r a c t i o n  

changes  t h e  im pedance o f  t h e  sy s te m  c a u s in g  an u n b a la n c in g  o f  

t h e  b r id g e  (p ro b e  to n e  r e t u r n s ) .

I t  sh o u ld  be  n o te d  t h a t  i f  one i s  i n t e r e s t e d  o n ly  i n  

d e t e c t i n g  t h e  a c o u s t i c  r e f l e x  w ith  t h e  Z w is lo c k i  b r i d g e ,  i t  

i s  n o t  n e c e s s a r y  t o  m easure t h e  e a r  c a n a l  volum e; t h i s  m easu re ­

ment i s  need ed  o n ly  f o r  c a l i b r a t i o n  o f  t h e  r e s i s t a n c e  and com­

p l i a n c e  p a r a m e te r s ,  w hich a re  o f  no co n cern  i n  r e l a t i v e  im­

pedance  m e a s u re s .
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R e l i a b i l i t y  o f  m easurem ents  w i th  t h e  
Z w is lo c k i  a c o u s t i c  b r id g e

T hree  i n v e s t i g a t i o n s  o f  t h e  r e l i a b i l i t y  o f  im pedance 

m easurem ents  o b ta in e d  w i th  t h e  Z w is lo c k i  b r id g e  have been  

r e p o r t e d  i n  t h e  l i t e r a t u r e .  T i l lm a n ,  D a l l o s ,  and K u ru v e l la  

(1964) p r e s e n te d  d a t a  on 10 m ale a d u l t  s u b j e c t s  c o l l e c t e d  

by each  o f  t h e  t h r e e  e x p e r im e n te r s ;  each s u b j e c t  was t e s t e d  

tw ic e  by  each  e x p e r im e n te r ,  so  d a t a  a re  p ro v id e d  f o r  b o th  

i n t r a -  and i n t e r - e x p e r i m e n t e r  r e l i a b i l i t y .  They a l s o  p r e s e n t  

d a t a  on t h e  r e l i a b i l i t y  o f  e a r  c a n a l  volume m easu rem en ts .

Nixon and G lo r ig  (1 9 6 4 ) p u b l i s h e d  d a t a  on t h e  r e l i a ­

b i l i t y  o f  m easu res  w i th  t h e  Z w is lo c k i  b r id g e  o b ta in e d  by one 

i n v e s t i g a t o r  o v e r  f o u r  t r i a l s ;  13 young norm al a d u l t s  s e rv e d  

as  s u b j e c t s .

Feldman (1967a) p r e s e n te d  r e l i a b i l i t y  d a t a  on b o th  e a r  

c a n a l  m easurem ents  and im pedance m easu rem en ts . F o r  t h i s  s tu d y  

one i n v e s t i g a t o r  c o l l e c t e d  t h e  m easurem ents  on 33 s u b j e c t s  

w i th  norm al h e a r in g ;  an a d d i t i o n a l  24  were used  f o r  t h e  d a t a  

on e a r  c a n a l  v o lum es . . -

C om pliance

A l l  t h r e e  a r t i c l e s  i n d i c a t e  a r e l a t i v e l y  h ig h  t e s t -  

r e t e s t  r e l i a b i l i t y  f o r  t h e  m easurem ent o f  com p lian ce  ( th e  

r e a c t a n c e  com ponoit o f  im pedance) up to  750 Hz; d a t a  a t  1000 

and 1500 Hz were l e s s  s t a b l e  and more d i s p e r s e d  due to  t h e  

p o s i t i v e  r e a c t a n c e  o f  t h e  sy s tem  a t  t h e s e  f r e q u e n c i e s .  The 

r e s u l t a n t  o f  t h i s  i s  o f t e n  no d e t e c t i b l e  change in  th e  m o n ito re d  

s i g n a l  w i th  r e l a t i v e l y  g r o s s  movements o f  th e  com pliance  ad-
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j  u s tm e n t .

Feldman ( 1967a) p r e s e n t s  t e s t - r e t e s t  r e l i a b i l i t y  co­

e f f i c i e n t s  r a n g in g  from  .7 1  t o  .9 5  f o r  com p lian ce  v a l u e s  a t  

125 , 250, 500 , 750 , 1 0 0 0 ,and 1500 Hz. Nixon and G lo r ig  (1964) 

t e s t e d  200 , 400, 600, $00, and 1000 Hz and o b ta in e d  r e l i a ­

b i l i t y  c o e f f i c i e n t s  i n  t h e  ra n g e  o f  .4 9  t o  .9 7 ;  7 o f  10 c o e f ­

f i c i e n t s  p r e s e n t e d  exceed  ,&5 and two o f  t h e  t h r e e  t h a t  d id  

n o t  ex c eed  .$5  w ere  m easurem ents  ta k e n  a t  1000 Hz.

T i l lm a n ,  D a l l o s ,  and K u ru v e l la  (1964) p r e s e n t  r e l i a ­

b i l i t y  d a t a  f o r  250, 500, 750, 1000 , and 1500 Hz f o r  t h r e e  

e x p e r im e n te r s .  R e l i a b i l i t y  c o e f f i c i e n t s  f o r  com pliance  r a n g e  

from  .73 t o  .92  f o r  250 th ro u g h  750 Hz; s i g n i f i c a n t l y  low er 

v a lu e s  a r e  s e e n  a t  1000 Hz. I t  i s  im p o r ta n t  t o  n o te  t h a t  

i n t e r - s c o r e r  r e l i a b i l i t y  was a l s o  h ig h  f o r  com p lian ce  ( .7 5  t o  

.9 9  f o r  t h e  250 th ro u g h  750 Hz r a n g e ) .

R e s i s t a n c e

The d a t a  o f  a l l  t h r e e  s t u d i e s  i n d i c a t e  t h a t  t h e  r e s i s t a n c e  

v a lu e s  o b ta in e d  on th e  Z w is lo c k i  b r id g e  a re  l e s s  s t a b l e  th a n  

t h e  co m p lian ce  v a lu e s  and d i s p e r s e d  o v e r  a g r e a t e r  r a n g e .  

Feldman ( l9 6 7 a )  s u g g e s ts  t h a t  r e s i s t a n c e  m easu res  a r e  t h e r e ­

f o r e  o f  l e s s  d i a g n o s t i c  v a lu e  th a n  co m p lian ce  m e a su re s .  Re­

s i s t a n c e ,  i n  c o n t r a s t  to  c o m p lia n ce , becomes more s t a b l e  as 

t h e  f re q u e n c y  becomes h i g h e r ;  a t  h ig h e r  f r e q u e n c i e s ,  su ch  as  

1000 and 1500 Hz, sm a ll  movements o f  t h e  r e s i s t a n c e  a d ju s tm e n t  

c a u se  c r i t i c a l  changes in  t h e  p ro b e  to n e  l e v e l ,  w hereas  

g r o s s e r  movements o f  t h e  com p lian ce  s l i d e  have l i t t l e  e f f e c t .

Feldman ( l9 6 7 a )  fo u n d  t e s t = r e t e s t  c o r r e l a t i o n s  f o r
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r e s i s t a n c e  r a n g in g  from  .53 a t  125 Hz to  .77  a t  1500 Hz.

Nixon and G l o r i g ’ s d a ta  (1964) a l s o  show a r e d u c t io n  in  

t h e  s i z e  o f  t h e  r e l i a b i l i t y  c o e f f i c i e n t s  f o r  r e s i s t a n c e  in  

com parison  to  co m p lia n ce  ( e x c e p t  f o r  1000 Hz) a l th o u g h  t h e i r  

v a lu e s  a r e  somewhat h ig h e r  t h a n  F e ldm an’ s .  The ran g e  o f  t h e  

r e l i a b i l i t y  c o e f f i c i e n t s  i s  .7 $  to  .92 f o r  200 th ro u g h  

1000 Hz.

T i l lm a n ,  D a l io s ,  and K u ru v e l la  (l964). o b ta in e d  p o o r  r e ­

l i a b i l i t y  d a t a  f o r  r e s i s t a n c e  m e asu res .  The r e l i a b i l i t y  co ­

e f f i c i e n t s  ra n g e  from  - .1 8  to  .5 5 ;  i n t e r - s c o r e r  v a lu e s  were 

lo w e r .  I t  sh o u ld  be  n o te d  t h a t  t h e s e  v a lu e s  were o b ta in e d  

u s in g  a r a n k - o r d e r  c o r r e l a t i o n  t e c h n iq u e  w hich i s  n o t  a p p ro ­

p r i a t e  f o r  t h e s e  d a t a ;  th e  a b s o lu te  d i f f e r e n c e  betw een  t e s t  

and r e t e s t  v a lu e s  w as, a t  maximum, 4«4 ( a r b i t r a r y )  u n i t s  on 

a s c a l e  o f  60 u n i t s .  D e s p i te  t h e  d a t a ,  T i l lm a n ,  D a l lo s ,  and 

K u ru v e l la  ( l9 6 4 )  c o n c lu d e  t h a t  r e s i s t a n c e  m easurem ents  w i th  

t h e  Z w is lo c k i  b r id g e  a r e  r e l i a b l e ;  t h i s  c o n c lu s io n  a g re e s  w i th  

t h e  d a ta  and g e n e r a l  c o n c lu s io n  o f  t h e  two o t h e r  s t u d i e s .

E ar c a n a l  m easurem ents

Both Feldman (1967a) and Nixon and G lo r ig  (1964) r e p o r t  

h i g h l y  p o s i t i v e  t e s t - r e t e s t  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  e a r  

c a n a l  volume m easurem ents. The fo rm e r  r e p o r t s  r e l i a b i l i t y  

c o e f f i c i e n t s  o f  .9 6  f o r  one s e r i e s  and .9 9  f o r  a n o th e r ;  th e  

l a t t e r  r e p o r t  .95  f o r  one s e r i e s  and .93 f o r  a n o t h e r .  T i l lm a n ,  

D a l l o s ,  and K u ru v e l la  (1964) p r e s e n t  r e l i a b i l i t y  c o e f f i c i e n t s  

o f  . 8 4 , .5 $ ,  and . 5bv f o r  each  o f  t h e  t h r e e  e x p e r im e n te r s .  I t  

sh o u ld  be n o te d  t h a t  t h e s e  a u th o r s  adm it t o  v e ry  l i m i t e d  p r a c t i c e
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w ith  t h e  b r i d g e  b e f o r e  t h e  s tu d y .  The a c c u r a te  m easurem ent 

o f  an e a r  c a n a l  volume i s  an a b s o lu t e  p r e r e q u i s i t e  to  ob ­

t a i n i n g  v a l i d  im pedance m easurem ents w ith  t h e  Z w is lo c k i  

b r id g e ;  t h e r e f o r e ,  t h e  d a ta  p r e s e n te d  by T i l lm a n ,  D a l l o s ,  and 

K u ru v e l la  m ust be  i n t e r p r e t e d  in  t h e  l i g h t  o f  t h e i r  com para­

t i v e l y  p'oor i n t r a - e x p e r i m e n t e r  r e l i a b i l i t y .  ’ The i n t e r ­

e x p e r im e n te r  r e s u l t s  f o r  e a r  c a n a l  m easurem ents t h a t  a r e  p r e ­

s e n te d  in  t h e i r  s tu d y  r a n g e  from  .002  t o  .7 7 .  A gain , i t  

sh o u ld  be n o te d  t h a t  t h e s e  r e s u l t s  were o b ta in e d  by  t h e  r a n k  

o r d e r  c o r r e l a t i o n  t e c h n iq u e  and may be somewhat a r t i f i c i a l l y  

lo w ered  by th e  n a t u r e  o f  t h e  s t a t i s t i c .

The mean c a n a l  volume r e p o r t e d  by Nixon and G lo r ig  (1964) 

o f  .^0  cc i s  somewhat l a r g e r  th a n  t h e  mean o f  .56  cc o b ta in e d  

by Feldman ( l 9 6 7 a ) .  T h is  d i f f e r e n c e  i s  r e l a t e d  t o  t h e  d e p th  

o f  i n s e r t i o n  o f  t h e  speculum  and i s  u n im p o r ta n t  as  lo n g  as  t h e  

i n s e r t i o n  d e p th  i s  h e ld  c o n s t a n t  w h i le  u s in g  t h e  b r id g e ;  t h e  

volume o f  t h e  c a n a l  i s  com pensated  f o r  b e f o r e  b e g in n in g  th e  

im pedance m easurem ents w i th  th e  Z w is lo c k i  b r i d g e .  However, 

i t  shou ld  be n o te d  t h a t  t h e  w e ig h t  o f  t h e  b r id g e  h a s  a te n d e n c y  

t o  push  t h e  specu lum  i n  d e e p e r  as  t h e  b r id g e  i s  u se d ,  r e d u c ­

in g  t h e  volume o f  t h e  c a n a l  beyond t h e  specu lum ; a d e e p e r  

i n i t i a l  i n s e r t i o n  o f  th e  specu lum  would t e n d  to  m in im ize  

t h i s  e r r o r  f a c t o r .
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C o n c lu s io n s

The u se  o f  t h e  Z w is lo c k i  b r id g e  t o  o b t a in  a b s o lu te  

a c o u s t i c  im pedance m easurem ents a p p e a r s  to  b e  a r e l i a b l e  

t e c h n iq u e ;  r e s u l t s  a p p e a r  somewhat more r e l i a b l e  f o r  t h e  

r e a c t a n c e  (c o m p lia n c e )  component o f  im pedance th a n  f o r  th e  

r e s i s t a n c e  com ponent.

I t  sh o u ld  be n o te d  t h a t  t h e  sam ple s i z e s  i n  b o th  Nixon 

and G lo r ig  (1964) and T i l lm a n ,  D a l l o s ,  and K u ru v e l la  (1964) 

were l i m i t e d .

A c r u c i a l  f a c t o r  i n  o b t a i n i n g  r e l i a b l e  r e s u l t s  w i th  t h e  

b r id g e  i s  t h e  a u d i t o r y  t h r e s h o l d  o f  t h e  ex a m in e r .  The more 

a c u te  t h e  e x a m in e rTs  h e a r i n g ,  t h e  l o n g e r  he w i l l  be  a b l e  t o  

f o l l o w  t h e  p ro b e  t o n e  and t h e  more p r e c i s e  a n u l l  he  w i l l  

o b t a i n .  The u se  o f  v i s u a l  m o n i to r in g  e l im in a t e s  t h i s  im­

p o r t a n t  v a r i a b l e ,

Feldman ( l9 6 7 a )  n o t e s  a p o s s i b l e  e r r o r  in t r o d u c e d  i n t o  

any  im pedance s tu d y  u s in g  "n o rm a l” e a r s :  t h e  e x i s t e n c e  o f

i n c i p i e n t  p a th o lo g y  may w e l l  a f f e c t  im pedance m easu res  b e f o r e  

i t  can b e  o b se rv e d  e i t h e r  o t o s c o p i c a l l y  o r  a u d i o l o g i c a l l y .

At t h e  p r e s e n t  t im e  t h e r e  i s  no s tu d y  a v a i l a b l e  d e a l i n g  

w i th  t h e  r e l i a b i l i t y  o f  th e  Z w is lo c k i  b r id g e  f o r  t h e  m easu re ­

ment o f  th e  s t a p e d i u s  r e f l e x .
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C l i n i c a l  u se  o f  im pedance

A b so lu te  im pedance m easu res

The f i r s t  p a p e r  d e a l i n g  w i th  t h e  use  o f  a c o u s t i c  im­

ped an ce  m easu res  f o r  d i f f e r e n t i a l  d i a g n o s i s  o f  m id d le  e a r  

p a th o lo g y  was p r e s e n t e d  by  M etz (1 9 4 6 ) .  F o r  a number o f  

r e a s o n s ,  some o f  w hich  w ere  d i s c u s s e d  e a r l i e r ,  t h e  m ethods 

s u g g e s te d  b y  M etz g a in e d  l i t t l e  a c c e p ta n c e  a s  a c l i n i c a l  t o o l .  

B ecause  th e y  fo u n d  a b s o lu t e  im pedance m easu res  t o  b e  u n s t a b l e ,  

a number o f  w o rk e rs  i n v e s t i g a t e d  th e  u se  o f  t h e  s t a p e d i u s  r e ­

f l e x  i n  c l i n i c a l  d i a g n o s i s  ( J e p s e n ,  1953; Thomsen, 1 9 5 5 a ,b ,c ;  

T e r k i ld s e n  and S c o t t  N ie l s e n ,  I9 6 0 ;  K lo c k h o f f ,  1 9 6 1 ) .  These 

s t u d i e s  w ere a l l  done w i th  e l e c t r o a c o u s t i c  im pedance b r i d g e s  

t h a t  were b a s i c a l l y  s i m i l a r  t o  one a n o t h e r .  In  t h e i r  i n v e s t i ­

g a t i o n  o f  t h e  s t a p e d i u s  r e f l e x ,  T e r k i ld s e n  and S c o t t  N ie l s e n  

( i 9 6 0 ) ,  u s in g  an e l e c t r o a c o u s t i c  b r i d g e ,  r e p o r t e d  t h a t  a b so ­

l u t e  im pedance m e asu re s  w ere  i n s u f f i c i e n t l y  r e l i a b l e  f o r  any 

c l i n i c a l  i n f e r e n c e .

Mundie ( l 9 6 2 ) ,  w ork ing  w ith  g u in e a  p i g s ,  s u g g e s te d  t h a t  

t h e  im pedance i s  n o t  s t a b l e ;  he b e l i e v e s  t h a t  momentary 

changes i n  th e  im pedance r e f l e c t  a r e a d ju s tm e n t  o f  t h e  con­

d u c t iv e  m echanism . No e v id e n c e  to  s u p p o r t  t h i s  i n  human su b ­

j e c t s  i s  a v a i l a b l e .

The deve lopm en t o f  t h e  Z w is lo c k i  a c o u s t i c  b r id g e  h as  

s t i m u l a t e d  f u r t h e r  r e s e a r c h  i n t o  t h e  c l i n i c a l  u se  o f  a b s o lu t e  

im pedance m e asu res  (Feldm an, 1963, 1964, 1967a; Feldman and 

Z w is lo c k i ,  1965; Z w is lo c k i ,  1963; Z w is lo c k i  and Feldm an, 1 9 6 3 ) .  

T hese  a r t i c l e s  i n d i c a t e  t h a t  e v a lu a t io n  o f  t h e  p a r a m e te r s  o f
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co m p lia n ce  and r e s i s t a n c e  p r o v id e s  s i g n i f i c a n t  i n f o r m a t io n  

f o r  t h e  d i a g n o s i s  o f  m id d le  e a r  p a t h o lo g ie s  su ch  a s o t o ­

s c l e r o s i s  and o s s i c u l a r  d i s c o n t i n u i t y .

Feldman ( l9 6 3 )  compared 40 no rm al and 55 o t o s c l e r o t i c  

e a r s  and fo u n d  t h a t  t h e  p a t h o l o g i c a l  e a r s  had  c o n s i s t e n t l y  

s m a l le r  co m p lian ce  v a lu e s  ( i n c r e a s e  in  n e g a t iv e  r e a c t a n c e )  

th a n  t h e  no rm al e a r s .  T here  i s  some o v e r la p  in  t h e  r e s u l t s ,  

b u t  t h i s  i s  m in im al and may be  a t t r i b u t a b l e  t o  i n c i p i e n t  

p a th o lo g y ;  im pedance changes h av e  b een  o b se rv e d  i n  e a r s  b e ­

f o r e  t h e  p a th o lo g y  was s u f f i c i e n t  to  a l t e r  t h e  t h r e s h o l d .

The o t o s c l e r o t i c  e a r s  a l s o  d i s p l a y e d  g r e a t e r  r e s i s t a n c e  

v a lu e s  i n  t h e  lo w er  f r e q u e n c i e s ;  t h i s  d i f f e r e n c e  was m ost 

marked a t  125 and 250 Hz.

Feldman (1964) h a s  shown t h a t  f l u i d  i n  t h e  tym pan ic  

c a v i t y  w i l l  r e s u l t  i n  changes i n  t h e  im pedance t h a t  a r e  in  

t h e  same d i r e c t i o n  as  o t o s c l e r o s i s ;  how ever, such  c o n d i t i o n s  

a s  s e ro u s  o t i t i s  m edia w i l l  p ro d u ce  even h ig h e r  im pedance th a n  

o t o s c l e r o s i s .

O s s i c u l a r  d i s c o n t i n u i t y  h as  been  shown to  p ro d u c e  changes 

i n  a c o u s t i c  im pedance t h a t  a r e  o p p o s i t e  t o  o t o s c l e r o s i s  

(Feldm an, 1 9 6 3 ) .  In  t h e s e  e a r s  t h e  com pliance  v a l u e  i s  q u i t e  

l a r g e  ( i n d i c a t i n g  low  r e a c t a n c e ) j  t h e  r e s i s t a n c e  i s  a l s o  some­

what lo w er  th a n  t h a t  found  i n  t h e  norm al e a r .

Feldman (1963) p o i n t s  o u t  t h e  v a lu e  o f  a c o u s t i c  im ­

pedance  m easu res  a f t e r  s t a p e s  s u r g e r y  to  d e t e c t  t h e  c o n d i t io n  

o f  th e  p r o s t h e s i s .  The com p lian ce  i s  u s u a l l y  somewhat l a r g e r  

th a n  norm al w i th  a p r o s t h e s i s  and w i l l  b e  c o n s id e r a b ly  l a r g e r
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i f  t h e  p r o s t h e s i s  h a s  become d i s l o d g e d .

C l i n i c a l  u se  o f  th e  s t a p e d i u s  r e f l e x

In  1946 Metz n o t i c e d  t h a t  th e  s t a p e d i u s  r e f l e x  ap p e a red  

t o  be  a b s e n t  i n  e a r s  w ith  a c o n d u c t iv e  im p a irm e n t .  T e r k i ld s e n  

and S c o t t  N ie l s e n  ( i9 6 0 )  r e p o r t e d  t h a t  t h e i r  d a t a  i n d i c a t e d  

t h a t  a r e l a t i v e l y  no rm al e a r  i s  a p r e r e q u i s i t e  f o r  t h e  a c o u s t i c  

s t a p e d iu s  r e f l e x .  K lo c k h o ff  (1961) p r e s e n te d  a number o f  c a s e s  

o f  m ild  c o n d u c t iv e  im p a irm en t;  he fou n d  t h e  s t a p e d iu s  r e f l e x  

t o  be a b s e n t  i n  a l l  o f  t h e s e  c a s e s  and co n c lu d ed  t h a t  t h e  

p r e s e n c e  o r  ab sen ce  o f  th e  s t a p e d iu s  r e f l e x  i s  t h e  e q u i v a l e n t  

o f  t h e  p r e s e n c e  o r  ab sen ce  o f  any c o n d u c t iv e  com ponent.

Feldman ( l9 6 7 b )  a l s o  d e m o n s tra te d  t h e  a b s e n c e  o f  th e  s t a p e d iu s  

r e f l e x  i n  e a r s  h a v in g  m id d le  e a r  p a th o lo g y .

A lthough no d e f i n i t i v e  s t u d i e s  on t h e  m in im al amount o f  

m id d le  e a r  d i s t u r b a n c e  n e c e s s a r y  t o  cause  a c e s s a t i o n  o f  t h e  

s t a p e d i u s  r e f l e x  a r e  a v a i l a b l e ,  i t  seems r e a s o n a b le  t o  co n c lu d e  

t h a t  th e  s t a p e d i u s  r e f l e x  i s  p r e s e n t  o n ly  i n  s u b s t a n t i a l l y  

norm al m idd le  e a r s .  The c l i n i c a l  im p o r ta n c e  o f  t h i s  f a c t  i s  

o b v io u s .

R e c ru i tm e n t

Metz ( l9 5 2 )  f i r s t  d e m o n s tra te d  t h e  u se  o f  t h e  s t a p e d iu s  

r e f l e x  as  an i n d i c a t o r  o f  r e c r u i t m e n t .  He found  t h a t  t h e  

r e f l e x  was a c t i v a t e d  a t  u n e x p e c te d ly  low  l e v e l s  in  e a r s  showing 

r e c r u i t m e n t  on t h e  a l t e r n a t e  b i n a u r a l  lo u d n e s s  b a la n c e  t e s t .  

A d d i t io n a l  d a t a  on th e  u se  o f  t h i s  t e c h n iq u e  have  been p r e s e n t e d  

by Thomsen ( l9 5 5 a )  and E w e r tse n ,  e t  a l . (1 9 5 6 ) .  T h e i r  r e s u l t s
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a r e  somewhat s p o r a d ic  b u t  c o n f irm  t h e  p o t e n t i a l  o f  th e  

t e c h n iq u e .

When th e  s t a p e d iu s  r e f l e x  t h r e s h o l d  i s  u sed  as a t e s t  

o f  r e c r u i t m e n t ,  one need  n o t  b e  co n ce rn ed  w ith  such  v a r i a b l e s  

as  s e v e r i t y  o f  l o s s  o r  r e l i a b i l i t y  o f  t h e  p a t i e n t ’ s ju d g m e n ts .  

F u r th e rm o re ,  u n i l a t e r a l  and b i l a t e r a l  l o s s e s  can be e v a lu a te d  

w i th  e q u a l  e a s e .

T h is  t e c h n iq u e  a p p e a rs  t o  have s u f f i c i e n t  m e r i t  t o  w ar­

r a n t  f u r t h e r  s tu d y  t o  d e te rm in e  which s t i m u l i  a r e  most u s e f u l  

i n  d e m o n s t r a t in g  r e c r u i t m e n t .  In  o r d e r  t o  q u a n t i f y  t h i s  

m e asu re ,  d a t a  must be c o l l e c t e d  on t h e  s t a b i l i t y  and r e l i a ­

b i l i t y  o f  t h e  s t a p e d iu s  r e f l e x  t h r e s h o l d  to  v a r i o u s  s t i m u l i  

i n  b o th  norm al and r e c r u i t i n g  e a r s .

N o n -o rg a n ic  h e a r in g  l o s s

The u se  o f  t h e  s t a p e d iu s  r e f l e x  to  i d e n t i f y  n o n -o rg a n ic  

h e a r in g  l o s s  was s u g g e s te d  by Je p se n  in  1953; Lamb and 

P e te r s o n  (1967) a l s o  u sed  t h i s  method t o  d e t e c t  n o n -o rg a n ic  

h e a r in g  l o s s .

The method would a p p e a r  s e r i o u s l y  l i m i t e d  i n  v a lu e  b e ­

ca u se  i t  c a n n o t d i s t i n g u i s h  be tw en  n o n -o rg a n ic  h e a r i n g  l o s s  

and r e c r u i t m e n t ,  e x c e p t  i n  th e  c a s e  where a s t a p e d iu s  r e f l e x  

i s  r e c o r d e d  a t  a l e v e l  below  t h e  a d m it te d  t h r e s h o l d .  The a d ­

d i t i o n  o f  a n o th e r  n o n - d e f i n i t i v e  t e s t  t o  t h e  e x i s t i n g  b a t t e r y  

o f  t e s t s  w hich d e t e c t  n o n -o rg a n ic  h e a r in g  l o s s  b u t  ca n n o t a id  

i n  d e te rm in in g  th e  o r g a n ic  t h r e s h o l d  seems u n w a r ra n te d .

A lthough  d a t a  f o r  s t a n d a r d i z a t i o n  o f  th e  c l i n i c a l  u se
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o f  t h e  a c o u s t i c  b r id g e  a r e  s t i l l  l a c k in g  i n  many a r e a s ,  t h e  

r e s u l t s  now a v a i l a b l e  a r e  e n c o u ra g in g .  The t e c h n iq u e  a p p e a rs  

t o  b e  r e l a t i v e l y  e a sy  t o  u s e ,  r e l i a b l e ,  e f f i c i e n t ,  and i n d e ­

p en d e n t o f  p a t i e n t  ju d g m en t.

P u rpose  o f  r e s e a r c h

The aims o f  t h i s  s tu d y  a r e  t o :

1 . D e te rm in e  th e  t h r e s h o l d s  o f  t h e  a c o u s t i c  s t a p e d i u s  

r e f l e x  f o r  p u r e  to n e  s t i m u l i  i n  norm al human e a r s  u s in g  th e  

Z w is lo c k i  a c o u s t i c  b r i d g e .

2 . D e te rm in e  th e  t h r e s h o l d s  o f  t h e  a c o u s t i c  s t a p e d iu s  

r e f l e x  f o r  w h ite  n o i s e  and  s e v e r a l  narro w -b an d  n o i s e  s t i m u l i  

i n  no rm al human e a r s .  T h is  w i l l  p r o v id e  q u a n t i t a t i v e  in fo rm a ­

t i o n  on th e  d i f f e r e n t i a l  s e n s i t i v i t y  o f  t h e  r e f l e x  t o  p u re  

to n e  and n o i s e  s t i m u l i .

3 .  D e te rm in e  th e  v a r i a b i l i t y  and t e s t - r e t e s t  r e l i a ­

b i l i t y  o f  t h e  a c o u s t i c  s t a p e d iu s  r e f l e x  t h r e s h o l d s  f o r  each

o f  th e  s t i m u l i  em ployed. The s tu d y  o f  t h e  t h r e s h o l d  s t a b i l i t y  

and t h e  e a s e  o f  r e f l e x  e l i c i t a t i o n  a s s o c i a t e d  w ith  each o f  t h e  

s t i m u l i  i n  n o rm al e a rs  s h o u ld  p ro v id e  g u i d e l i n e s  f o r  t h e  s e ­

l e c t i o n  o f  s t i m u l i  f o r  f u r t h e r  i n v e s t i g a t i o n s  o f  r e c r u i tm e n t  

w i th  t h e  a c o u s t i c  b r id g e .
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The s u b j e c t s  f o r  t h i s  e x p e r im e n t w ere 30 norm al h e a r in g  

young s a i l o r s  and g r a d u a te  s t u d e n t s ;  t h e  c r i t e r i o n  a c c e p te d  

f o r  no rm al h e a r in g  f o r  t h i s  s tu d y  was t h r e s h o l d s  o f  10 dB o r  

b e t t e r  (ISO, 1964) a t  2 3 0 ,5 0 0 ,  1000 , 2000 and 4000 Hz. A l l  

s u b j e c t s  had e s s e n t i a l l y  cerumen f r e e  e x t e r n a l  a u d i to r y  c a n a l s ,  

i n t a c t  tym pan ic  membranes and no s i g n i f i c a n t  h i s t o r y  o f  e a r  

p a th o lo g y .

A ll  d a t a  c o l l e c t i o n  and t h r e s h o l d  d e t e r m in a t io n s  were 

made in  a l a r g e  s o u n d - t r e a t e d  and i s o l a t e d  room w i th  an am bien t 

n o i s e  l e v e l  o f  32 dB on th e  C s c a l e  o f  th e  G e n e ra l  R adio  1551 C 

sound  l e v e l  m e te r .  W ith t h e  equipm ent r u n n in g ,  t h e  r e a d in g  i n ­

c r e a s e d  t o  36 -37  dB on th e  same s c a l e  when t h e  m e te r  was p la c e d  

i n  t h e  same p o s i t i o n  a s  t h e  s u b j e c t ’ s head  on th e  ex a m in a tio n  

t a b l e .

S ix  s t i m u l i  were u sed  f o r  t h i s  s tu d y .  They w ere:

( l )  w h ite  n o i s e ,  ( 2 ) n a rro w -b an d  n o i s e  c e n t e r e d  a t  2000 Hz,

( 3 ) n a rro w -b an d  n o i s e  c e n te r e d  a t  4000  Hz, (4) 2000 Hz p u re  

t o n e ,  (5 ) 4000 Hz p u re  to n e ,  ( 6 ) 250 Hz p u re  t o n e .  The s t i m u l i  

w ere  a lw ays p r e s e n te d  in  th e  above s e q u e n c e .

The s t i m u l i  w ere  r e c o r d e d  on S c o tc h  202 m a g n e tic  t a p e .  

F ig u re  3 i s  a b lo c k  d ia g ra m  o f  t h e  equ ipm ent used t o  r e c o r d  

t h e  s t i m u l i  on t a p e .

C hannel one o f  th e  t a p e  r e c o r d e r  r e c e i v e d  th e  s t i m u l i  

w hich  were p ro d u ced  by a B e l to n e  m asking g e n e r a t o r  and a 

G en e ra l  R adio  o e a t  f r e q u e n c y  o s c i l l a t o r .  The f r e q u e n c y  o f  

t h e  o s c i l l a t o r  was s e t  w ith  a G e n e ra l  R adio  f re q u e n c y  m e te r  

and d i s c r i m i n a t o r .  The outp>ut o f  t h e  s t im u lu s  g e n e r a t o r  was



F igu re 3 . B lock  diagram  o f  th e  re co r d in g  system

G e n e ra l  Radio 
f r e q u e n c y  m e te r  

1142 A

B e l to n e  NB 101 
m asking  g e n e r a to r

G e n e ra l  Radio 
b e a t  f r e q u e n c y  
a u d io  o s c i l .  1304D

G ra s o n - S ta d le r  
i n t e r v a l  t im e r  

471

H e w le t t - P  ac k a rd  
a t t e n u a t o r  

350 D

G ra s o n - S ta d le r  
e l e c t r o n i c  sw itc h

B29S 71

G e n e ra l  R adio  1304D 
b e a t  f r e q u e n c y  
au d io  o s c i l l a t o r

G ra s o n - S ta d le r  
i n t e r v a l  t im e r  

471

Ampex PR-10 
ta p e  r e c o r d e r

G r a s o n - S ta d le r  
e l e c t r o n i c  sw itc h  

B29S 32
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a d j u s t e d  so t h a t  t h e  VU m e te r  on t h e  r e c o r d e r  r e a d  ze ro  

w i th  t h e  H e w le t t - P a c k a r d  a t t e n u a t o r  s e t  a t  ze ro  d e c i b e l s  o f  

a t t e n u a t i o n .  The G r a s o n - S t a d l e r  e l e c t r o n i c  s w i t c h  and G rason-  

S t a d l e r  i n t e r v a l  t i m e r  w ere  s e t  so  t h a t  t h e  s t i m u l u s  was on 

f o r  500 ms w i t h  a  5000 ms d e l a y  be tween  s t i m u l i ;  t h e  r i s e -  

f a l l  t im e  was s e t  a t  5 ms.

The second  ch a n n e l  o f  t h e  t a p e  r e c o r d e r  was u sed  t o  r e ­

co rd  a m arker  t o n e  o f  100 Hz which was g e n e r a t e d  by  a G e n e ra l  

Radio  b e a t  f r e q u e n c y  o s c i l l a t o r .  The c h a n n e l  two G rason -  

S t a d l e r  i n t e r v a l  t i m e r  was w i red  t o  t h e  c h a n n e l  one t i m e r  so 

t h a t  t h e y  t r i g g e r e d  s i m u l t a n e o u s l y .  The G r a s o n - S t a d l e r  e l e c ­

t r o n i c  s w i tc h  and t h e  t im e r  f o r  c h a n n e l  two o f  t h e  r e c o r d e r  

were s e t  to  150 ms o n - t im e  and 5350 ms o f f - t i m e .  The i n t e n s i t y  

o f  t h e  100 Hz t o n e  was k e p t  low  t o  p r e v e n t  c r o s s - c h a n n e l  

l e a k a g e .

The a c t u a l  r e c o r d i n g  was done by p l a c i n g  30 dB o f  a t t e n u ­

a t i o n  i n  t h e  c h a n n e l  one a t t e n u a t o r  and m a n u a l ly  d e c r e a s i n g  

th e  a t t e n u a t i o n  i n  two d e c i b e l  s t e p s  u n t i l  t h e  o r i g i n a l  s t im u ­

l u s  l e v e l  was o b t a i n e d ;  t h e r e f o r e ,  16 s t e p s  were r e c o r d e d  f o r  

each s t i m u l u s  r e p r e s e n t i n g  a 30 dB span o f  i n t e n s i t y .  The 

a c c u ra c y  o f  t h e  a t t e n u a t o r  was checked  w i t h  a B a l l a n t i h e  

v o l t m e t e r  b e f o r e  t h e  r e c o r d i n g  was made.

A f t e r  a l l  s i x  s t i m u l i  were  p l a c e d  on t a p e  i n  t h i s  

manner ,  th e  t a p e  was u sed  t o  p r o d u c e  a n o t h e r  t a p e ;  an a d d i ­

t i o n a l  Ampex PR-10 was u sed  f o r  t h i s  d u p l i c a t i o n .  The new t a p e  

was r e c o r d e d  so t h a t  t h r e e  r u n s  o f  each s t i m u lu s  t r a i n  ap p ea red  

c o n s e c u t i v e l y  w i t h  10 second i n t e r v a l s  between them .
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At t h e  b e g in n in g  o f  t h e  t a p e  a 1000 Hz c a l i b r a t i o n  to n e ,  

s e t  t o  zero  on t h e  t a p e  r e c o r d e r  VU m e te r ,  was r e c o r d e d  f o r  

30 seconds  u s i n g  t h e  G en e ra l  Radio b e a t  f r e q u e n c y  o s c i l l a t o r .

In  summary, t h e  com ple ted  t a p e  c o n t a in e d  t h r e e  r u n s  o f  

t h e  s i x  s t i m u l i ,  each  o v e r  a  30 dB sp an ,  and a c a l i b r a t i o n  

t o n e ;  t h e  t o t a l  p l a y i n g  t im e  was a p p r o x im a te l y  35  m in u t e s .

F i g u r e  4 r e p r e s e n t s  t h e  s t i m u l u s  d e l i v e r y  sys tem  which 

a lways f e d  t o  t h e  s u b j e c t ’ s l e f t  e a r .

F ig u r e  4.  B lock  d iag ram  o f  t h e  s t i m u l u s  
d e l i v e r y  sys tem .

TDH-39

earphone

A l te c  
1569 A 
a m p l i f i e r

Amp ex 
PR-10 
t a p e
r e c o r d e r

A l l i s o n
Labs
2-B
f i l t e r

G en e ra l  
Radio 
1551 C 
sound 
l e v e l  m t r .

H e w le t t -
P ack a rd
305A
a t t e n u a t o r

The s t i m u l u s  was p la y e d  on an Ampex PR-10 t a p e  r e c o r d e r ,  

a m p l i f i e d  b y  an A l te c  a m p l i f i e r ,  f e d  t h r o u g h  a H e w le t t - P a c k a r d  

a t t e n u a t o r  and an A l l i s o n  Labs f i l t e r  i n t o  a TDH-39 phone.

The f i l t e r  was i n t r o d u c e d  t o  r e d u c e  t h e  am bien t  n o i s e  i n  t h e  

sy s tem ;  i t  was s e t  a t  a low er  l i m i t  o f  200  Hz and an upper  

l i m i t  o f  4300 Hz. The a t t e n u a t o r  was employed t o  a l l o w
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f l e x i b i l i t y  i n  t h e  s t i m u l u s  p r e s e n t a t i o n  l e v e l .  The o u t p u t  

o f  t h e  c a l i b r a t i o n  t o n e  was s e t  a t  t h e  s t a r t  o f  each  day  t o  

110 dB SPL w i th  t h e  a t t e n u a t o r  s e t  a t  ze ro  d e c i b e l s  o f  a t ­

t e n u a t i o n ,  u s in g  a G e n e ra l  Radio 1551 C sound l e v e l  m e te r  and 

a 6 cc c o u p le r  ( a r t i f i c i a l  e a r ) ;  t h e  a c c u r a c y  o f  t h e  a t ­

t e n u a t o r  was checked  f o r  two a d d i t i o n a l  10 dB s t e p s  a t  t h i s  

t i m e .  The equipment was a l low ed  t o  warm up s u f f i c i e n t l y  b e ­

f o r e  c a l i b r a t i o n  and was r e c a l i b r a t e d  a f t e r  two s u b j e c t s  were 

t e s t e d .  The c a l i b r a t i o n  o f  th e  sound l e v e l  m e te r  was checked  

p e r i o d i c a l l y  th r o u g h o u t  t h e  co u r se  o f  t h e  e x p e r im e n t .

F ig u re  5. B lock  d iag ram  o f  t h e  p ro b e  
to n e  g e n e r a t i o n  equ ipm en t .

Z w is lo c k i  
a c o u s t i c  b r i d g e

G en e ra l  Radio 1551 C

sound l e v e l  m e te r

H e w le t t - P a c k a r d

205A o s c i l l a t o r

G e n e ra l  Radio  1142 A

f r e q u e n c y  m e te r

F i g u r e  5 r e p r e s e n t s  t h e  p ro b e  to n e  d e l i v e r y  sys tem  to  

t h e  a c o u s t i c  b r i d g e .

The H e w le t t - P a c k a r d  audio  o s c i l l a t o r  was c a l i b r a t e d  t o  

g e n e r a t e  500 Hz w i th  t h e  G en e ra l  Radio  f r e q u e n c y  m e te r  and 

d i s c r i m i n a t o r .  The i n t e n s i t y  o f  th e  p ro b e  t o n e  was s e t  t o  

55 dB HL by i n s e r t i n g  t h e  t i p  o f  t h e  Z w is lo c k i  b r i d g e  i n t o  a



50

s p e c i a l l y  b u i l t  2 cc c o u p le r  which  was co n n e c ted  t o  t h e  mi­

c rophone o f  t h e  sound l e v e l  m e t e r .  T h is  p ro c e d u re  a s s u r e d  

t h a t  t h e  i n t e n s i t y  o f  t h e  p ro b e  to n e  was b e low  th e  t h r e s h o l d  

o f  t h e  s t a p e d i u s  r e f l e x .  The o u t p u t  o f  t h e  o s c i l l a t o r  was 

checked  th r o u g h o u t  t h e  ex p e r im en t  and was found t o  have h ig h  

s t a b i l i t y  f o r  b o t h  i n t e n s i t y  and f r e q u e n c y .

F i g u r e  6 r e p r e s e n t s  t h e  d a ta  r e c o r d i n g  sys tem  employed..

F i g u r e  6 . B lock  d iag ram  o f  t h e  
d a t a  r e c o r d i n g  sy s tem .

D y t r o n i c s  720 
band p a s s  f i l t e r

Band K one i n c h  
c o n d e n s e r  m icrophone

B and K 2109 -  au d io  
f r e q u e n c y  s p e c t r o m e t e r

B and K 2305 -  g r a p h i c  
l e v e l  r e c o r d e r

Z w is lo c k i  a c o u s t i c  
b r i d g e

The o u t p u t  o f  t h e  a c o u s t i c  b r i d g e  was co u p led  t o  t h e  

B and K c o n d e n se r  m ic rophone  by means o f  a s h o r t  l e n g t h  o f  

s t e t h o s c o p e  t u b i n g  and a s p e c i a l l y  b u i l t  b r a s s  a d a p t e r .  T h i s  

s i g n a l  was f e d  t o  a B and K s p e c t r o m e t e r  which c o n t a i n s  a 

t h i r d  o c t a v e  f i l t e r ;  t h e  f i l t e r  was s e t  to  c e n t e r  on 500 Hz. 

The s p e c t r o m e t e r  a l lo w ed  d i s p l a y  o f  t h e  i n p u t  s i g n a l  on i t s
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d e c i b e l  m e te r  o r  t h e  s i g n a l  co u ld  a l t e r n a t i v e l y  be r o u t e d  from 

t h e  s p e c t r o m e t e r ,  a f t e r  f i l t e r i n g ,  to  t h e  B and K g r a p h i c  

l e v e l  r e c o r d e r .  To f u r t h e r  r e d u c e  t h e  am bient  n o i s e  i n  t h e  

sys tem ,  a D y t r o n ic s  band p a s s  f i l t e r  was p l a c e d  i n  l i n e  between  

t h e  s p e c t r o m e t e r  and t h e  r e c o r d e r .  The f i l t e r  was s e t  f o r  t h e  

h i g h e s t  s e n s i t i v i t y  p o s s i b l e ,  p r o v i d i n g  a band w id th  o f  1 1 .5  

c y c l e s  around t h e  c e n t e r  f r e q u e n c y  o f  500 Hz. T h is  s e t t i n g  

y i e l d e d  33 dB o f  r e j e c t i o n  f o r  t h e  second  harm onic  and 3& dB 

o f  r e j e c t i o n  f o r  t h e  t h i r d .

The g r a p h i c  l e v e l  r e c o r d e r  was u se d  w i th  a 50 dB 

l o g a r i t h m i c  p o t e n t i o m e t e r  and was g e n e r a l l y  used  w i th  a w r i t ­

i n g  speed  o f  e i g h t  in c h e s  p e r  second  and a p a p e r  speed  o f  one 

m i l l i m e t e r  p e r  second ;  t h i s  co m b in a t io n  seemed t o  o f f e r  th e  

c l e a r e s t  d a t a  t r a c i n g  f o r  most s u b j e c t s  a l t h o u g h  i t  was some­

t im e s  h e l p f u l  t o  i n c r e a s e  t h e  p a p e r  sp eed  when a s u b j e c t  had 

r e s p o n s e s  o f  lo n g  d u r a t i o n .

The s u b j e c t  was i n  a p ro n e  p o s i t i o n  on a s t a n d a r d  examina­

t i o n  t a b l e  w i th  h i s  l e f t  e a r  downward. The l e f t  e a r  was r e s t e d  

on t h e  TDH-39 ea rp h o n e  shown i n  F i g u r e  4 which was f i t t e d  i n t o  

a foam r u b b e r  wedge f o r  c o m fo r t .  The a c o u s t i c  b r i d g e  was 

s u p p o r te d  b y  a s p e c i a l l y  b u i l t  a p p a r a tu s  which was b o l t e d  t o  

t h e  e x a m in a t io n  t a b l e ,  as  shown i n  F ig u r e  7« The b r i d g e  was 

i n s e r t e d  i n  t h e  s u b j e c t ’ s r i g h t  e a r  and lo c k e d  i n t o  p l a c e  

w i th  t h e  b r i d g e  h o l d e r .

At t h e  s t a r t  o f  each  s e s s i o n ,  b e f o r e  t h e  s u b j e c t  was 

p l a c e d  on t h e  ex a m in a t io n  t a b l e ,  h i s  h e a r i n g  was s c re e n e d  a t  

10 dB (ISO, 1964) a t  250, 500, 1000, 2000, and 4000 Hz.
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F i g u r e  7

P h o to g ra p h  o f  t h e  a c o u s t i c  b r i d g e  
s u p p o r t  a p p a r a t u s .





T h re s h o ld s  were t h e n  r e c o r d e d  f o r  t h e  s i x  t e s t  s t i m u l i  f o r  

t h e  l e f t  e a r ,  u s in g  t h e  method s u g g e s t e d  b y  C a r h a r t  and 

J e r g e r  ( l9 5 9 )  f o r  p u r e  t o n e  t e s t i n g .  An ADC p u r e  t o n e  a u d io ­

m e te r  and a B e l to n e  n o i s e  g e n e r a t o r  ( t y p e  NB 101) were used  

f o r  t h i s  p u rp o s e ;  b o th  were f e d  t h r o u g h  a s e t  o f  Daven a t ­

t e n u a t o r s  t o  a l l o w  t e s t i n g  a t  two d e c i b e l  s t e p s .  The same 

phone was u sed  f o r  d e t e r m in in g  t h r e s h o l d s  and d e l i v e r i n g  t h e  

t e s t  s t i m u l i .

The o n ly  i n s t r u c t i o n s  g iv e n  t o  t h e  s u b j e c t  were  t o  l i e  

a s  s t i l l  a s  p o s s i b l e  and n o t  t o  t a l k  u n l e s s  a b s o l u t e l y  n e c e s ­

s a r y .  Any sudden movements b y  t h e  s u b j e c t  were n o te d  on t h e  

p a p e r  t a p e  i n  t h e  c o r r e s p o n d in g  p l a c e  b y  t h e  exam ine r .  The 

s u b j e c t  was a l s o  t o l d  t h a t  he  would h e a r  s e v e r a l  s e r i e s  o f  

s o u n d . b u r s t s  i n  h i s  l e f t  e a r .

A f t e r  t h e  s u b j e c t  was p l a c e d  i n  t h e  p r o p e r  p o s i t i o n  on 

t h e  exam in ing  t a b l e ,  a p r o p e r  s i z e  t i p  f o r  t h e  e a r  speculum 

was s e l e c t e d  and co a te d  w i th  p e t ro le u m  j e l l y ;  t h e  c h o ic e  o f  a 

t i p  t h a t  e f f e c t i v e l y  s e a l s  t h e  e x t e r n a l  c a n a l  i s  e s s e n t i a l .

The b r i d g e  was t h e n  i n s e r t e d  i n  t h e  s u b j e c t ’ s r i g h t  e a r  and 

f i x e d  i n  p l a c e  w i t h  t h e  m e c h a n i c a l ' b r i d g e - h o l d e r .

The b r i d g e  was b a l a n c e d  u s i n g  t h e  d e c i b e l  m e te r  on t h e  

s p e c t r o m e t e r ;  f i n e r  a d j u s t m e n t s  w ere  made by w a tc h in g  t h e  pen 

o f  t h e  g r a p h i c  l e v e l  r e c o r d e r .  When t h e  p o i n t  o f  minimal i n ­

t e n s i t y  o f  t h e  p ro b e  to n e  had been  r e a c h e d ,  t h e  f i r s t  s t i m u l u s  

seq u en ce  was p r e s e n t e d  a t  su c h  a l e v e l  t h a t  t h e  t e r m i n a l  

s t i m u l u s  was 110 dB SPL. I f  a r e s p o n s e  was s e e n  i n  t h e  m id d le
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o r  l a t t e r  p o r t i o n  o f  t h e  r u n ,  o r  i f  t h e r e  was no r e s p o n s e ,  

t h e  same s e r i e s  was r e p e a t e d ;  i f  a r e s p o n s e  was seen  i n  t h e  

e a r l y  p o r t i o n  o f  t h e  s e r i e s ,  t h e  second  ru n  was p r e s e n t e d  

w i th  an a d d i t i o n a l  10 dB o f  a t t e n u a t i o n  ( t e r m i n a l  s t i m u lu s  a t  

100 dB).  I f  t h e  r e s u l t s  o f  e i t h e r  o f  t h e  f i r s t  two s e r i e s  

were u n c l e a r ,  a t h i r d  s e r i e s  was p r e s e n t e d .  T h is  p r o c e d u r e  

was r e p e a t e d  f o r  a l l  s i x  s t i m u l i .  F o r  t h e  l a s t  n i n e  s u b j e c t s ,  

a t h i r d  ru n  o f  t h e  w h i t e  n o i s e  s t im u lu s  was p r e s e n t e d  r e ­

g a r d l e s s  o f  t h e  r e s u l t s  o f  t h e  f i r s t  two r u n s .  F o r  t h e  s a k e  

o f  c l a r i t y ,  t h e  f i r s t  s c o re d  r u n  o f  any s t i m u l u s  s h a l l  be 

c a l l e d  t h e  " t e s t "  r u n ;  t h e  seco n d ,  " r e t e s t . "

The i n t e n s i t y  o f  t h e  p r o b e  t o n e  was c a r e f u l l y  m o n i to re d  

t h r o u g h o u t  t h e  e x p e r im e n t ;  i t  was f r e q u e n t l y  n e c e s s a r y  t o  r e ­

a d j u s t  t h e  b r i d g e  be tw een  s e r i e s  t o  m a in t a in  a sh a rp  n u l l .

The 2305 r e c o r d e r  h a s  a manual e v e n t  m arke r ;  d u r in g  t h e  

co u r se  o f  t h e  ex p e r im en t  t h e  i n v e s t i g a t o r  m o n i to re d  t h e  

100 Hz t o n e  and r e c o r d e d  i t s  o c c u r r e n c e  w i th  t h e  m a rk e r .  Th is  

a l lo w e d  t h e  s c o r e r  t o  d e t e r m in e  th e  i n t e n s i t y  a t  which t h e  

f i r s t  r e s p o n s e  was r e c o r d e d .  Th is  sy s tem ,  however,  d i d  n o t  

a l l o w  f o r  measurement o f  t h e  l a t e n c y  o f  r e s p o n s e .

The r e c o r d  o f  r e s p o n s e s  t o  th e  s t i m u l i  was marked i n  a 

code so t h a t  t h e  a b s o l u t e  l e v e l  o f  t h e  s t i m u l i  cou ld  n o t  be 

d e te rm in e d  by s c o r e r s  o t h e r  t h a n  th e  i n v e s t i g a t o r .  A sample 

o f  f i v e  r e c o r d s  was randomly s e l e c t e d  and s c o r e d  by two a d d i ­

t i o n a l  s c o r e r s .

F i g u r e s  8 and 9 show t h e  r e s p o n s e s  o f  t h e  s t a p e d i u s  

m usc le  t o  v a r i o u s  s t i m u l i  as  r e c o r d e d  on t h e  B and K g r a p h i c
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l e v e l  r e c o r d e r .  The p ip  marks a t  t h e  t o p  o f  t h e  r e c o r d i n g  

i n d i c a t e  t h e  o n s e t  o f  t h e  s t i m u l u s .

A l l  s c o r e r s  ad h e re d  to  t h e  f o l l o w i n g  s i x  g u i d e l i n e s  

i n  s c o r i n g  a r e c o r d :

(1) In  o r d e r  t o  be  a c c e p t e d  a s  a r e s p o n s e ,  a peak  

must be  p a r t  o f  a c o n t i n u o u s  s e r i e s  o r  cha in  o f  

r e s p o n s e s .

( 2 ) R esponses  must be  a s s o c i a t e d  i n  t im e  w i th  t h e  

s t i m u l u s  o n s e t .

(3) R esponses  sh o u ld  be  examined from t h e  end o f  t h e  

s e r i e s  tow ards  t h e  b e g i n n in g  t o  t a k e  a d v a n ta g e  o f  

t h e  i n c r e a s e d  c l a r i t y  o f  t h e  r e s p o n s e s  t o  h i g h e r  

i n t e n s i t y  l e v e l s .

(4 ) The shape o f  a p o s s i b l e  r e s p o n s e  i n  t h a t  s e r i e s ,

i n  com parison  w i t h  c l e a r e r  r e s p o n s e s  i n  t h a t  s e r i e s ,  

may be u sed  t o  a i d  i n  d e c i s io n - m a k in g .

( 5 ) The f i r s t  two r e a d a b l e  s e r i e s  w i l l  be used  t o  de­

t e r m i n e  t h e  t e s t  and r e t e s t  v a l u e s  f o r  t h a t  r e c o r d .

( 6 ) I f  t h e  i n i t i a l  p o i n t  o f  r e s p o n s e  i s  u n c l e a r ,  a 

c o n s e r v a t i v e  p o i n t  o f  view i s  t o  be  a d o p te d .

The s t a t i s t i c a l  a n a l y s e s  employed i n  t h i s  s tu d y  a r e  a l l  

commonplace t e c h n i q u e s ;  t h e  f o rm u l a s  were t a k e n  from Dixon 

and Massey ( l9 5 7 )  and F e rguson  (1959) b u t  a r e  a v a i l a b l e  i n  

any  s t a n d a r d  t e x t  on t h e  s u b j e c t .
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T a b le  1 summarizes t h e  means, s t a n d a r d  d e v i a t i o n s  and

sample s i z e s  f o r  t h e  s i x  s t i m u l i  employed. R esponses  were

n o t  e l i c i t e d  from a l l  s u b j e c t s  to  a l l  s t i m u l i ,  so t h e

"Number o f  s u b j e c t s "  column i n  T ab le  1 i s  n o t  t h e  same f o r

each  s t i m u l u s .  A l l  30 s u b j e c t s  t e s t e d  r e sp o n d e d  t o  t h e  w h i te

n o i s e  and 4KHz n a r ro w -b a n d  n o i s e ;  29 o f  t h e  30 s u b j e c t s

re sp o n d e d  to  t h e  2KHz n a r ro w -b an d  n o i s e  and 2KHz p u re  t o n e .

H a l f  o f  t h e  s u b j e c t s  (15) r e s p o n d e d  t o  t h e  4KHz p u r e  t o n e

w h i le  r e s p o n s e s  to  t h e  250 Hz s t i m u lu s  were s e e n  i n  o n ly  f o u r  
2

su b je  c t s .

The t h r e s h o l d s  f o r  t h e  t h r e e  n o i s e  s t i m u l i ,  w h i te  n o i s e ,  

2KHz n a r ro w -b an d  n o i s e  and 4KHz n a r ro w -b an d  n o i s e  a r e  w i t h i n  

a sm a l l  r a n g e  ( 6 1 .5 7 ,  6 1 .6 2  and 6 2 .1 0  dB SL r e s p e c t i v e l y ) .

The r e s p o n s e s  t o  p u r e  t o n e  s t i m u l i  were a t  a n o t a b l y  h i g h e r  

l e v e l  t h a n  th o s e  t o  t h e  n o i s e  s t i m u l i ;  t h e  t h r e s h o l d  t o  a 

2KHz pu re  t o n e  was fo u n d  t o  b e  S i . 59 dB SL and t o  a 4KHz 

p u re  t o n e  t o  b e  S i . 13 dB SL. These  t h r e s h o l d  v a l u e s  i n d i c a t e  

t h a t  i t  r e q u i r e d  ab o u t  20 dB o f  a d d i t i o n a l  s t i m u l a t i o n  t o  ob­

t a i n  a r e s p o n s e  when p u re  t o n ^ s  r a t h e r  t h a n  n o i s e  were u sed  

a s  t h e  s t i m u l i .

The means f o r  r e t e s t  t h r e s h o l d s  a r e  a l s o  shown i n  T ab le  1 .  

I t  can be seen  t h a t  i n  a l l  c a s e s  t h e  r e t e s t  t h r e s h o l d  was 

lo w er  t h a n  t h e  i n i t i a l  t h r e s h o l d .  T h is  d i f f e r e n c e  i s  e x a c t l y  

1 dB f o r  w h i te  n o i s e ,  1 .3 1  dB f o r  2KHz n a r ro w -b a n d  n o i s e ,

^Because  o f  t h e  l i m i t e d  d a t a  c o l l e c t e d  f o r  t h e  250 Hz 
s t i m u l u s ,  i t  w i l l  n o t  be u se d  i n  f u r t h e r  a n a l y s e s .



T ab le  1 .  Mean s t a p e d i u s  r e f l e x  t h r e s h o l d s  ( i n  dB SL) 
and a s s o c i a t e d  s t a n d a r d  d e v i a t i o n s  f o r  b o t h  t h e  t e s t  
and r e t e s t  c o n d i t i o n s  f o r  t h e  s i x  e x p e r i m e n ta l  s t i m u l i

w h i t e n a r ro w n a r ro w 2KHz 4KHz 250 Hz
n o i s e band 2KHz band 4KHz p u r e  to n e p u re  t o n e p u r e  to n e

Number o f  s u b j e c t s 30 29 30 29 15 4

Mean ( t e s t ) 61.57 61.62 62.10 81.59 81.13 73.50

S ta n d a rd  d e v i a t i o n 4.42 4.72 5.56 9 .14 S. Si 2.60

Mean ( r e t e s t ) 60.57 60.31 61.57 SO. 69 S0.S7 73.50

S ta n d a rd  d e v i a t i o n 5.24 6 .2 4 5.55 8.51 s . 52 2.96
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.53 dB f o r  4KHz narroxv-band n o i s e ,  .90  dB f o r  2KHz, and 

.2 6  dB f o r  4KHz.

T ab le  2. P e a r so n  product-m om ent c o r r e l a t i o n  
c o e f f i c i e n t s  be tw een  t e s t  and r e t e s t  t h r e s h o l d  
v a l u e s .

w h i t e
n o i s e

n a r ro w  
band 2KHz

n a r ro w  
band 4KHz

2KHZ 
p u re  to n e

4KHz 
p u r e  to n e

C o r r e l a t i o n
c o e f f i c i e n t

.5 8 .67 .85 .93 .93

T ab le  2 shows t h e  c o r r e l a t i o n  c o e f f i c i e n t  be tween  t h e  t e s t  

and r e t e s t  s t a p e d i u s  r e f l e x  t h r e s h o l d s  f o r  each  o f  t h e  f i v e  

s t i m u l i  h a v in g  s u f f i c i e n t  d a t a  f o r  a n a l y s i s .  A l l  t h e  c o r r e l a ­

t i o n s  a r e  p o s i t i v e  and s i g n i f i c a n t  a t  t h e  .01  l e v e l  u s in g  a 

two t a i l  t e s t .  The c o e f f i c i e n t  i s  n o t a b l y  low er  f o r  w h i t e  

n o i s e  and 2KHz n a r ro w -b an d  n o i s e  ( . 5 $ ,  .67 )  th a n  f o r  t h e  o t h e r  

t h r e e  s t i m u l i  ( .8 5  t o  . 9 3 ) .

In  t h e  c o r r e l a t i o n a l  a n a l y s i s  t h e  s i z e  o f  t h e  c o e f f i c i e n t  

i s  d e p e n d en t  on t h e  c o r r e s p o n d e n c e  o f  t h e  s c o r e  f o r  a s u b j e c t  

i n  t h e  t e s t  and r e t e s t  s i t u a t i o n .  I t  can be seen  in  T ab le  1 

t h a t  t h e  r e t e s t  means f o r  w h i t e  n o i s e  and 2KHz n a r ro w -b an d  n o i s e ,  

and t o  a l e s s e r  e x t e n t  4KHz n a r ro w -b an d  n o i s e ,  a r e  somewhat 

lo w e r  t h a n  t h e  t e s t  means. Because o f  t h e  d i f f e r e n t i a l  d eg ree  

o f  change f rom  s u b j e c t  t o  s u b j e c t ,  t h e  r e l a t i v e  p o s i t i o n s  o f  

t h e  v a r i o u s  s u b j e c t s  changed from t e s t  t o  r e t e s t ,  and somewhat 

r e d u c e d  c o r r e l a t i o n  c o e f f i c i e n t s  r e s u l t e d  f o r  t h e s e  s t i m u l i .
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T h i s  downward t r e n d  i n  t h r e s h o l d  l e v e l s  i s  co n f i rm ed  by  t h e  

d a t a  i n  T a b le  3 ,  which shows t h a t  t h e  d i f f e r e n c e  between t e s t  

and r e t e s t  means i s  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  w h i t e  n o i s e  

and 2KHz n a r ro w -b an d  n o i s e .

T ab le  3 shows t h e  t  v a l u e  and l e v e l  o f  s i g n i f i c a n c e  f o r  

t h e  d i f f e r e n c e  between t e s t  and r e t e s t  means f o r  each  o f  t h e  

s t i m u l i  employed.  I t  can be  s e e n  t h a t  t h e  mean d i f f e r e n c e s  f o r

T a b le  3 .  V a lues  o f  t  and s i g n i f i c a n c e  l e v e l s  
f o r  t h e  d i f f e r e n c e s  between t h e  means o f  t h e
t e s t  and r e t e s t t h r e s h o l d s .

w h i t e
n o i s e

n a r ro w  
band 2KHz

n ar ro w  
band 4KHz

2KHZ 
p u re  t o n e

4KHz 
p u r e  t o n e

t  v a l u e 2 .0 6 2 .73 .93 1 .1 5 .4 0  •

s i g n i f i c a n c e  
l e v e l / 1  t a i l .05 .01 NSa NS NS

aNS = n o n - s i g n i f i c a n t

t h e  w h i te  n o i s e  and 2KHz n a r ro w -b an d  n o i s e  s t i m u l i  a r e  s i g ­

n i f i c a n t l y  d i f f e r e n t ;  t h e  mean d i f f e r e n c e s  f o r  t h e  o t h e r  

s t i m u l i  a r e  n o n - s i g n i f i c a n t .

T ab le  4 shows t h e  mean s t a p e d i u s  r e f l e x  t h r e s h o l d s  f o r  

n i n e  s u b j e c t s  o v e r  t h r e e  c o n s e c u t i v e  r u n s ,  w i th  t h e  w h i t e  n o i s e  

s t i m u l u s .  The mean v a l u e  d e c r e a s e d  a p p r o x im a te l y  two d e c i b e l s  

w i th  each  r e p e a t  r u n .  The d i f f e r e n c e  between  t h e  means f o r  

ru n  one and ru n  two i s  s i g n i f i c a n t  a t  t h e  . 0 $ l e v e l  and t h e



64

T ab le  4 .  Mean t h r e s h o l d  v a l u e s  and t e s t s  f o r  
s i g n i f i c a n t  d i f f e r e n c e s  f o r  t h r e e  c o n s e c u t i v e  
d e t e r m i n a t i o n s  o f  th e  t h r e s h o l d  t o  t h e  w h i te  
n o i s e  s t i m u l u s  (N=9).

1 s t  run 2nd run 3 rd  run

mean 6 0 .4 4 5S.44 5 6 .6 7

t  v a l u e
T l v r s 2 ,  2 v r s3 ) 1 .9 0 2 .S7

s i g n i f i c a n c e  
l e v e l / 1  t a i l .05 .01

d i f f e r e n c e  be tw een  ru n  two and run  t h r e e  i s  s i g n i f i c a n t  a t  

t h e  .01  c r i t e r i o n ;  o b v i o u s l y  t h e  d i f f e r e n c e  between t h e  f i r s t  

ru n  and t h e  t h i r d  run  means (3 .7 7  dB) w i l l  be s i g n i f i c a n t  a t  

t h e  .01  l e v e l .

An ex a m in a t io n  o f  t h e  s t a n d a r d  d e v i a t i o n s  a s s o c i a t e d  w i th  

t h e  mean s t i m u l i  t h r e s h o l d s  ( s e e  T ab le  1) shows t h a t  t h e  

s t a n d a r d  d e v i a t i o n s  f o r  t h e  t h r e e  n o i s e  s t i m u l i  a r e  r e l a t i v e l y  

homogeneous, t h e  s m a l l e s t  b e in g  4 .4 2  and t h e  l a r g e s t  b e i n g  

5 .5 6 .  The r e t e s t  s t a n d a r d  d e v i a t i o n s  i n c r e a s e d  f o r  t h e  w h i t e  

n o i s e  and 2KHz na r row -band  n o i s e  s t i m u l i  ( , S 2 and 1 .5 2  a d d i ­

t i o n a l ,  r e s p e c t i v e l y ) ;  t h e  r e t e s t  s t a n d a r d  d e v i a t i o n  f o r  

4KHz n a r row -band  n o i s e  showed no change f rom t h e  i n i t i a l  

v a l u e .  The s t a n d a r d  d e v i a t i o n s  f o r  th e  p u r e  t o n e  s t i m u l i  a r e  

a l s o  r e l a t i v e l y  c l o s e  t o  e a c h  o t h e r ;  t h e  s t a n d a r d  d e v i a t i o n s  

f o r  2KHz were 9 .1 4  and S . 51 ( t e s t ,  r e t e s t )  and S . S i  and S . 52
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f o r  4KHz.

I t  can be seen  t h a t  t h e  s t a n d a r d  d e v i a t i o n s  f o r  t h e  p u re  

t o n e  s t i m u l i  a r e  c o n s i s t e n t l y  l a r g e r  th an  t h o s e  a s s o c i a t e d  

w i th  t h e  n o i s e  s t i m u l i .

T a b le  5 .  T e s t s  f o r  hom ogene i ty  o f  v a r i a n c e  
between  t e s t  and  r e t e s t  v a r i a n c e s .

w h i t e
n o i s e

n a r ro w  
band 2KHz

n a r ro w  
band 4KHz

2KHZ 
p u r e  t o n e

4KHz 
p u re  t o n e

F r a t i o 1 .4 1 1 .7 4 1 .0 0 1 .1 5 1 .0 7

s i g n i f i c a n c e  
l e v e l / 1  t a i l NS NS NS NS NS

T a b le  5 shows t h e  F r a t i o s  f o r  a com par ison  o f  t h e  

v a r i a n c e s  f o r  t h e  t e s t  and r e t e s t  means f o r  each o f  t h e  e x p e r i ­

m e n ta l  s t i m u l i .  A l l  F v a l u e s  a r e  n o n - s i g n i f i c a n t  i n d i c a t i n g  

t h a t  any change i n  v a r i a n c e  from t h e  t e s t  t o  t h e  r e t e s t  con­

d i t i o n  may be a t t r i b u t e d  t o  ch an ce  f a c t o r s .

T a b le  6 shows a com par ison  (F r a t i o s )  among t h e  v a r i a n c e s  

o f  t h e  v a r i o u s  s t i m u l i  u s e d .  N0ne  o f  t h e  d i f f e r e n c e s  among t h e  

t h r e e  n o i s e  s t i m u l i  r e a c h e d  s i g n i f i c a n c e  a t  t h e  .05  l e v e l ;  t h e  

d i f f e r e n c e  between t h e  two p u re  to n e  s t i m u l i  i s  a l s o  non­

s i g n i f i c a n t .  A l l  t h e  com par isons  between  t h e  v a r i a n c e s  o f  t h e  

n o i s e  and p u re  -tone s t i m u l i  a r e  s i g n i f i c a n t  a t  t h e  .01  c r i ­

t e r i o n  ( u s in g  1 t a i l  v a l u e s ) .
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T ab le  6 . T e s t s  f o r  s i g n i f i c a n t  d i f f e r e n c e s  
be tween  t h e  v a r i a n c e s  o f  t h e  f i v e  t e s t  s t i m u l i  
(F r a t i o  i s  t o p  number.  1 t a i l  s i g n i f i c a n c e  
l e v e l  i s  b o t to m  n u m b e r ) .

n a r ro w  
band 2KHz

nar row  
band 4KHz 

«•••» ■

2KHz 
p u r e  to n e

4KHz 
p u r e  t o n e

w h i te 1 .1 4 1 .5 S 4.2B 3.9B
n o i s e NS NS .01 .01

n a r r o w 1 .3 9 3 . 7 4 3 .4 3
band  2KHz NS .01 .01

n a r ro w
band 4KHz - - 2 .7 0 2 .5 1

.01 .01

2KHz 1 . 0 B
p u r e  to n e NS

T ab le  7 shows th e  mean s c o r e s  o f  t h r e e  ju d g e s  o b t a i n e d  by- 

r e a d i n g  t h e  d a t a  r e c o r d s  f o r  f i v e  s u b j e c t s .  The ju d g e s  were 

g u id e d  by  t h e  r u l e s  f o r  s c o r i n g  t h a t  were  l i s t e d  i n  C h a p te r  I I .

T ab le  7 .  Mean SPL t h r e s h o l d  v a l u e s  a c r o s s  a l l  
s t i m u l i  f o r  t h e  e x p e r i m e n te r  and two in d e p e n d e n t  
s c o r e r s  (N=5).

e x p e r im e n te r  s c o r e r  MB s c o r e r  HN

mean
t h r e s h o l d SB.39 SB.17 BS.7S
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I t  can be  seen  t h a t  t h e  mean d i f f e r e n c e s  among t h e  t h r e e  

s c o r e r s  a r e  e x c e e d i n g l y  s m a l l .  I t  was found t h a t  over  90% 

o f  b o th  s c o r e r s ’ judgm ents  a r e  w i t h i n  two d e c i b e l s  o f  t h e  ex­

p e r i m e n t e r ’ s judgm ent .

The means a r e  b ased  on 1+6 o f  t h e  60 p o s s i b l e  r e s p o n s e s  

b e c a u s e  14 o f  t h e  s t i m u l i  showed no r e s p o n s e .  I t  sh o u ld  be  

n o te d  t h a t  t h e r e  was t o t a l  ag reem en t  among t h e  t h r e e  s c o r e r s  

on a l l  o f  t h e  s t i m u l i  i n  t h e  no r e s p o n s e  c a t e g o r y .

I t  i s  t h e r e f o r e  conc luded  t h a t  t h e  method o f  r e s p o n s e  

r e c o r d i n g  used  a l lo w s  r e l i a b l e  i n t e r - s c o r e r  judgm ents  o f  t h e  

t h r e s h o l d  o f  t h e  s t a p e d i u s  r e s p o n s e .

To d e t e r m in e  t h e  a p p ro x im a te  shape o f  t h e  d i s t r i b u t i o n  

o f  t h e  s c o r e s  o b t a i n e d ,  f r e q u e n c y  po lygons  f o r  each o f  t h e  

s t i m u l i  employed were drawn; t h e s e  may be fo u n d  i n  Appendix A. 

C o n s id e r in g  t h e  r e l a t i v e l y  s m a l l  sample s i z e ,  t h e  c u rv e s  a r e  

a c c e p t a b l e  a p p r o x im a t io n s  o f  n o r m a l i t y .  A l l  t h e  cu rv e s  a r e  

u n i -m o d a l  and o n ly  2KHz i s  skewed t o  any n o t a b l e  d e g r e e .  

S e v e r a l  o f  t h e  cu rv e s  a p p e a r  to  be more peaked  t h a n  t h e  

n o rm al  f u n c t i o n ,  i n d i c a t i n g  a l a r g e  c l u s t e r  o f  s c o r e s  abou t  

t h e  mean.



CHAPTER IV 

DISCUSSION AND CONCLUSIONS



D isc u ss io n  o f  th e  data

The s t a p e d i u s  r e f l e x  t h r e s h o l d s  t h a t  were found  f o r  t h e  

2000 Hz and 4000 Hz p u re  t o n e  s t i m u l i  ( S i . 6 and $ 1 .1  dB SL 

r e s p e c t i v e l y )  a r e  i n  g e n e r a l  c o n c u r r e n c e  w i th  t h o s e  p r e s e n t e d  

by Metz ( l 9 4 6 ) ,  who fo u n d  p u re  t o n e  t h r e s h o l d s  t o  l i e  be tween 

70 and 90 dB SLj and J e p s e n  ( l9 5 1 )  who found  t h r e s h o l d s  a t  

a p p r o x im a te ly  SO dB SL f o r  t h e s e  f r e q u e n c i e s .  Bo th  o f  t h e s e  

i n v e s t i g a t o r s  u t i l i z e d  e l e c t r o a c o u s t i c  impedance b r i d g e s  t o  

c o l l e c t  t h e i r  d a t a .

A l l  o f  t h e s e  t h r e s h o l d s  a r e  i n  c o n t r a s t  t o  t h e  d a t a  c o l ­

l e c t e d  by  W e is s ,  e t  a l ,  ( l 9 6 2 ) ,  who u sed  tympanomanometry t o  

r e c o r d  t h e  r e f l e x .  M i l l e r  (1 9 6 4 ) ,  as  was n o te d  e a r l i e r ,  warns 

t h a t  s m a l l  c o n t r a c t i o n s  o f  t h e  s t a p e d i u s  m usc le  may n o t  p r o ­

d uce  m e a s u ra b le  changes  i n  t h e  a i r  p r e s s u r e  i n  t h e  e x t e r n a l  

a u d i t o r y  m e a tu s .  The i n t e g r a t i o n  o f  t h i s  w arn ing  w i th  t h e  

knowledge t h a t  t h e  s t r e n g t h  o f  t h e  c o n t r a c t i o n  o f  t h e  s t a p e d i u s  

i s  d e p e n d en t  on t h e  i n t e n s i t y  o f  t h e  e l i c i t o r  may ac co u n t  f o r  

t h e  f a c t  t h a t  t h e  t h r e s h o l d s  found  by  Weiss and h i s  a s s o c i a t e s  

a r e  a p p r o x im a te ly  10 dB h i g h e r  t h a n  t h o s e  i n d i c a t e d  by  t h e  

p r e s e n t  r e s e a r c h .  I f  M i l l e r ’ s s u g g e s t io n  i s  v a l i d ,  t h e  i n v e s ­

t i g a t i o n  o f  th e  p a r a m e t e r s  o f  t h e  s t a p e d i u s  would b e s t  be  

u n d e r t a k e n  w i th  t h e  impedance method due t o  i t s  s u p e r i o r  

s e n s i t i v i t y  f o r  t h i s  work.

Responses  i n  o n ly  f o u r  o f  t h e  30 s u b j e c t s  t e s t e d  were 

n o te d  a t  250 Hz. J e p sen  (1963) n o te d  d i f f i c u l t y  i n  o b t a i n i n g  

r e s p o n s e s  a t  125 Hz and $000 Hz b u t  was a b l e  t o  o b t a i n  r e s p o n s e s  

a t  250 Hz. He r e p o r t e d  a mean t h r e s h o l d  f o r  t h a t  f r e q u e n c y  o f
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35 dB SL; however,  t h e  number of  s u b j e c t s  r e s p o n d in g  a t  t h a t  

f r e q u e n c y  was n o t  r e p o r t e d .  T h is  v a l u e  i s  i n  ag reem en t  w i th  

t h e  t h r e s h o l d  o f  37 .3  dB SL r e p o r t e d  b y  D ju p e s l a n d ,  F l o t t o r p  

and W in th e r  ( i 967) ^ o r  t h i s  f r e q u e n c y .  I t  was n o te d  i n  

C h a p te r  I I  t h a t  s t i m u l u s  r e c o r d i n g s  were c a l i b r a t e d  t o  a l l o w  

t o n e s  and n o i s e  b u r s t s  up t o  110 dB SPL} which would be e q u a l  

t o  35 dB w i th  r e f e r e n c e  t o  norm al  human h e a r i n g  (ISO, 1 9 6 4 ) .i*“
I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  i n t e n s i t y  o f  t h e  s t i m u l u s  

a t  250 Hz was i n s u f f i c i e n t  t o  e l i c i t  a r e f l e x  i n  t h e  m a j o r i t y  

o f  t h e  s u b j e c t s t h e  f o u r  r e s p o n s e s  r e c o r d e d  to  t h e  250 Hz 

s t i m u l u s ,  h a v in g  a mean o f  7 3 .5  dB SL, may t h e n  r e p r e s e n t  

lo w e r  ex t rem e  v a l u e s .  I t  would seem, however,  t h a t  a l a r g e r  

number o f  r e s p o n s e s  i n  t h e  a r e a  o f  30 t o  35 dB SL sh o u ld  have 

been r e c o r d e d  i f  t h e  t r u e  mean were l o c a t e d  o n ly  f i v e  d e c i b e l s  

above t h e  maximum i n t e n s i t y  o f  s t i m u l i  p r e s e n t e d .

Responses  a t  t h e  o t h e r  end o f  t h e  f r e q u e n c y  sp e c t ru m  

u t i l i z e d  were a l s o  l e s s  c o n s i s t e n t ;  o n ly  15 o f  t h e  30 s u b j e c t s  

t e s t e d  r e s p o n d e d  t o  t h e  4000 Hz s t i m u l i .  This  c a n n o t  be a t ­

t r i b u t e d  t o  l a c k  o f  s t i m u l u s  i n t e n s i t y  b e c a u s e  110 dB SPL a t  

4000 Hz i s  eq u a l  t o  101 dB w i th  r e f e r e n c e  t o  norm al  h e a r i n g  

(ISO, 1 9 6 4 ) .  F u r t h e r  s t u d y  i n t o  s t a p e d i u s  r e s p o n s e  t o  h ig h  

and low  f r e q u e n c y  s t i m u l i  i s  n e c e s s a r y  t o  c l a r i f y  t h i s  m a t t e r .

One s u b j e c t  d i d  n o t  re spond  t o  t h e  2KHz n a r ro w -b an d  n o i s e  

s t i m u l u s  and a n o t h e r  d i d  n o t  r e s p o n d  to  t h e  2000 Hz p u re  t o n e  

s t i m u l u s ;  b o th  s u b j e c t s  r e s p o n d e d  a t  s e v e r a l  o t h e r  f r e q u e n c i e s  

t e s t e d .  T h is  o c c u r r e n c e  has  been  n o te d  a number o f  t im e s  i n  

t h e  l i t e r a t u r e .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  i f  a s u b j e c t ’ s
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r e s p o n s e  cou ld  be  r e c o r d e d  on th e  t e s t  ru n  t o  a c e r t a i n  s t i m u ­

l u s ,  i t  was a l s o  r e c o r d e d  on t h e  r e t e s t  r u n ;  i f  no r e s p o n s e  

was r e c o r d e d  t o  a c e r t a i n  s t i m u l u s  by a s u b j e c t  d u r in g  t h e  

t e s t  r u n ,  t h e  r e t e s t  ru n  always co n f i rm ed  t h i s  f i n d i n g .

The mean t h r e s h o l d s  o f  t h e  s t a p e d i u s  r e f l e x  t o  a l l  t h r e e  

n o i s e  s t i m u l i  employed i n  t h i s  s tu d y  were s u b s t a n t i a l l y  e q u a l  

( 6 1 .6 ,  6 1 ,6  and 6 2 .1  dB SL) .  The v a l u e  f o r  w h i te  n o i s e  i s  i n  

ag reem en t  w i th  t h e  v a l u e  p r e s e n t e d  by  L i l l y  (1964) u s in g  h i s  

own a c o u s t i c  b r i d g e  (60 dB S L ) ; i t  i s  somewhat lo w er  t h a n  t h e  

69 dB SL t h r e s h o l d  t o  w h i t e  n o i s e  L i l l y  fo u n d  w i t h  t h e  Z w is lo c k i  

a c o u s t i c  b r i d g e .  D a l lo s  (1964) found  t h e  mean r e s p o n s e  l e v e l  

t o  w h i te  n o i s e  t o  be 72 dB SL u s in g  t h e  Z w is lo c k i  b r i d g e .

These  r e p o r t s  were  b a s e d  on v e r y  l i m i t e d  sam ples  ( L i l l y ,  N=5, 

D a l l o s ,  N=6 ) and ca n n o t  be  c o n s i d e r e d  t o  b e  p o p u l a t i o n  e s t i ­

m a te s ;  the  d i s t r i b u t i o n  o f  t h r e s h o l d s  t o  t h e  w h i te  n o i s e  

s t i m u l i  i n  t h i s  s t u d y  ( s e e  Appendix A) a p p e a r s  t o  be a s a t i s ­

f a c t o r y  a p p ro x im a t io n  o f  t h e  no rm al  d i s t r i b u t i o n .

The r e p o r t s  which n o te d  t h a t  t h e  s t a p e d i u s  th resho3 .d  t o  

n o i s e  i s  lo w er  th a n  to  p u re  t o n e s  (Metz,  1946; J e p s e n ,  1963; 

M i l l e r ,  1962a;  D ju p e s la n d ,  F l o t t o r p ,  and W in th e r ,  1967) a r e  

co n f i rm ed  by t h e  d a ta  o f  t h e  p r e s e n t  s t u d y .  The d i f f e r e n c e s  

be tw een  t h e  t h r e s h o l d s  f o r  2KHz and 4KHz p u re  t o n e s  and t h o s e  

f o r  th e  v a r i o u s  n o i s e  s t i m u l i  a r e  a p p ro x im a te ly  20 dB. T h is  

f i n d i n g  i s  i n  sh a rp  c o n t r a s t  t o  M i l l e r ’ s ( l 9 6 2 a ) r e p o r t  t h a t  

t h e r e  was a f i v e  d e c i b e l  d i f f e r e n c e  between  t h e  s t a p e d i u s  

r e s p o n s e  t o  n o i s e  and a 1450 Hz p u re  to n e ;  no o t h e r  c o m p a ra t iv e  

s tu d y  i s  a v a i l a b l e .
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The s t a n d a r d  d e v i a t i o n s  a s s o c i a t e d  w i th  t h e  mean s t a ­

p e d iu s  t h r e s h o l d s  f o r  a l l  n o i s e  s t i m u l i  were found  t o  be  s i g ­

n i f i c a n t l y  s m a l l e r  th a n  t h o s e  a s s o c i a t e d  w i t h  b o th  o f  t h e  p u re  

to n e  s t i m u l i ,  i n d i c a t i n g  s i g n i f i c a n t l y  l e s s  d i s p e r s i o n  o f  

s c o r e s  f o r  t h e  n o i s e  s t i m u l i  ( s e e  T a b le  6 ) .

When t h e  mean t e s t  and r e t e s t  s t a p e d i u s  t h r e s h o l d s  were 

compared, i t  was found t h a t  t h e  r e t e s t  v a l u e s ,  only, f o r  w h i te  

n o i s e  and f o r  2KHz na r row -band  n o i s e  were s i g n i f i c a n t l y  lo w e r .  

T0 i n v e s t i g a t e  t h i s  f i n d i n g  f u r t h e r ,  a t h i r d  s e r i e s  o f  w h i te  

n o i s e  s t i m u l i  was added to  t h e  d e s i g n  f o r  t h e  f i n a l  n i n e  s u b ­

j e c t s ;  t h e  mean d i f f e r e n c e  i n  t h e  t h r e s h o l d  be tw een  t h e  second  

and t h i r d  run was s i g n i f i c a n t ,  as was t h e  d i f f e r e n c e  be tw een  

t h e  f i r s t  and second r u n .  T h is  i n d i c a t e s  t h a t  t h e  s t a p e d i u s  

t h r e s h o l d  t o  w h i te  n o i s e  and 2KHz n a r ro w -b an d  n o i s e  d e c r e a s e s  

w i th  s t i m u l a t i o n .  A s m a l l e r  n o n - s i g n i f i c a n t  d i f f e r e n c e  can b e  

seen  f o r  t h e  4KHz n a r row -band  n o i s e  s t i m u l u s ,  b u t  no such 

t r e n d  i s  a p p a r e n t  f o r  t h e  p u re  to n e  s t i m u l i  ( s e e  T ab le  1 ) .

Simmons ( i9 6 0 )  r e p o r t e d  a t e m p o ra ry  improvement i n  t h e  

r e f l e x  t h r e s h o l d  i n  c a t s  a f t e r  s h o r t  exposu re  t o  $0-90 dB SPL 

o f  n o i s e .  He s t u d i e d  t h e  r e f l e x  t h r e s h o l d  u s i n g  c o c h l e a r  

m ic ro p h o n ic s  and e lec t ro m y o g ra p h y  and n o te d  changes  o f  7 t o  

40 dB which p e r s i s t e d  f rom  a minimum o f  f i v e  t o  a maximum o f  

40 m in u te s .  He a t t r i b u t e s  t h i s  t o  a phenomenon c a l l e d  p o s t -  

t e t a n i c  p o t e n t i a t i o n  which i s  th o u g h t  t o  be a f u n c t i o n  o f  t h e  

h y p e r - e x c i t a b i l i t y  o f  c e r t a i n  b r a i n  stem s t r u c t u r e s  f o l l o w i n g  

a c o u s t i c  s t i m u l a t i o n .

The phenomenon o f  a u d i t o r y  s e n s i t i z a t i o n  i n  humans has



b ee n  r e p o r t e d  by  Hughes (1954) and Hughes and R o s e n b l i t h  (i957)  

Hughes s t a t e s  t h a t  t h e  p r i n c i p l e  t h a t  n e u r a l  sy s tem s  s u f f e r  

f a t i g u e  e f f e c t s  f o l lo w in g  s t i m u l a t i o n  i s  an o v e r - g e n e r a l i z a t i o n  

som etim es, he  c o n t in u e s ,  t h e  t h r e s h o l d  f a l l s  i n s t e a d  o f  r i s i n g .  

He n o t e s  i n  h i s  s tu d y  o f  a b s o lu t e  t h r e s h o l d s  t h a t  t h e  s e n s i ­

t i z a t i o n  p ro d u ced  by a p u re  t o n e  i s  n o n - s p e c i f i c ;  t h a t  i s ,  a 

g iv e n  to n e  can s e n s i t i z e  t h e  whole a u d i to r y  mechanism to  a 

w ide ra n g e  o f  f r e q u e n c i e s .  A mean a u d io m e t r ic  t h r e s h o l d  im­

provem ent o f  s i x  d e c i b e l s  f o l lo w in g  ex p o su re  to  a 500 Hz to n e  

a t  100 dB SPL was r e p o r t e d  in  t h r e e  s u b j e c t s .

I t  s h o u ld  b e  n o te d  t h a t  t h e  e x i s t e n c e  o f  t h i s  change in  

t h r e s h o l d  p r e c l u d e s  t h e  u s e  o f  c o m p u te r ize d  a v e ra g in g  t e c h ­

n iq u e s  t o  s tu d y  t h e  s m a l l e s t  r e s p o n s e s  o f  th e  s t a p e d iu s  

m u sc le ,  w hich m igh t n o t  c l e a r l y  be seen  i n  a s i n g l e  t r i a l .

B ecause  o f  t h e  s i g n i f i c a n t l y  s m a l l e r  v a r i a b i l i t y  se e n  in  

r e s p o n s e  t o  t h e  n o i s e  s t i m u l i  and t h e i r  e f f e c t i v e n e s s  as 

e l i c i t o r s ,  i t  would a p p e a r  t h a t  w h i te  n o i s e  and n a rro w -b an d  

n o i s e  a r e  p o t e n t i a l l y  t h e  b e s t  s t i m u l i  f o r  u s e  i n  r e c r u i tm e n t  

t e s t i n g .  Changes due to  a u d i t o r y  s e n s i t i z a t i o n  which w i l l  

a p p e a r  w i th  r e p e a t  t e s t i n g  ( a p p r o x im a te ly  two d e c i b e l s )  a r e  

p ro b a b ly  sm a ll  enough to  b e  ig n o r e d  f o r  t h i s  p u rp o s e .

K lo c k h o ff  ( i 9 6 l )  s t a t e s  t h a t ,  p ro v id e d  t h a t  no n on -  

o r g a n ic  h e a r in g  l o s s  i s  p r e s e n t ,  t h e  s t a p e d iu s  r e f l e x  t e s t  o f  

r e c r u i t m e n t  w i l l  be  u n e x c e p t io n a b le .  I f  v a l i d a t e d ,  th e  method 

h as  t h e  advantage , of. b e in g  o b j e c t i v e ,  b u t  one sh o u ld  n o te  t h a t  

t h e  p r e s e n c e  o f  an i n c i d e n t a l  c o n d u c t iv e  im p a irm en t would p r e ­

c lu d e  t h e  s t i m u l a t i o n  o f  t h e  r e f l e x .  I n o t h e r  w ords , i f  t h e
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r e f l e x  i s  t o  b e  u sed  a s  a c o n c lu s iv e  t e s t  o f  t h e  p r e s e n c e  o r  

ab se n c e  o f  r e c r u i t m e n t ,  t h e  p o s s i b i l i t y  o f  c o n fo u n d in g  r e ­

s u l t s  due to  a c o n d u c t iv e  p a th o lo g y  m ust be r u l e d  o u t .

K lo c k h o ff  s u g g e s t s  t h a t  t h i s  can  be done w i th  t h e  c u tan eo u s  

s t a p e d iu s  r e f l e x  t e s t ;  t h e  o b s e r v a t io n  o f  a cu ta n e o u s  s t a p e d iu s  

r e s p o n s e ,  i n  t h e  a b sen ce  o f  an a c o u s t i c  s t a p e d iu s  r e s p o n s e ,  

would th e n  be  i n t e r p r e t e d  t o  i n d i c a t e  th e  ab sen ce  o f  r e c r u i t ­

m en t. I f  no c u ta n e o u s  s t a p e d i u s  re sp o n s e  i s  o b s e r v a b le ,  t h i s  

app roach  t o  r e c r u i t m e n t  t e s t i n g  i s  i n a p p l i c a b l e .

I t  sh o u ld  be n o te d  t h a t  a s m a l l  c o n s ta n t  e r r o r  may have 

a f f e c t e d  t h e  means f o r  t h e  s t a p e d i u s  t h r e s h o l d .  In  some c a s e s  

i t  was d i f f i c u l t  t o  i d e n t i f y  t h e  f i r s t  r e s p o n s e  o f  a s e r i e s  

b e c a u se  t h e  n e a r - t h r e s h o l d  r e s p o n s e s  were r e l a t i v e l y  sm a l l  

( s ee  t h e  r e c o r d s  i n  F ig u re  1 0 ) .  F o llo w in g  t h e  s i x t h  s c o r in g  

r u l e  ( s e e  C h a p te r  I I ) ,  t h e  more c o n s e r v a t iv e  (h ig h e r )  r e s p o n s e  

was ch o sen . The maximal e f f e c t  t h i s  m ig h t have h ad  on t h e  

mean t h r e s h o l d  v a lu e s  o b ta in e d  i s  e s t im a te d  a t  one to  two 

d e c i b e l s .

The sy s tem  d e s ig n e d  t o  r e c o r d  t h e  s t a p e d i u s  r e f l e x  f o r  

t h i s  s tu d y  was s u f f i c i e n t l y  s e n s i t i v e  to  a l lo w  i d e n t i f i c a t i o n  

o f  changes  o f  one t o  two d e c i b e l s  in  t h e  p ro b e  to n e  l e v e l .

M ost n e a r - t h r e s h o l d  r e s p o n s e s  were seen  t o  ca u se  one and o n e -  

h a l f  t o  t h r e e  d e c ib e l  changes i n  th e  p ro b e  to n e  l e v e l ;  r e s ­

p o n se s  t o  more i n t e n s i v e  s t i m u l i  caused  changes  o f  11 d e c i b e l s  

( s e e  F ig u re s  8 and 9 f o r  sam ple  r e s p o n s e  r e c o r d i n g s ) .

I t  was n o te d  e a r l i e r  t h a t  many i n i t i a l  r e s p o n s e s  caused  

changes i n  t h e  p ro b e  to n e  l e v e l  o f  l e s s  th a n  two d e c i b e l s .



F i g u r e  1 0 .  S t a p e d i u s  r e s p o n s e  r e c o r d i n g s  show ing a  q u e s t i o n a b l e  
f i r s t  r e s p o n s e  ( a r ro w s  i n d i c a t e  p o s s i b l e  c h o ic e a -2 n d  w as a c c e p t e d ) .



T h is  would i n d i c a t e  t h a t  a u r a l  m o n i to r in g  o f  t h e  p ro b e  to n e  

l e v e l  to  d e t e c t  t h e  t h r e s h o l d  o f  t h e  s t a p e d i u s  r e s p o n s e  i s  

i n a p p r o p r i a t e  b e c a u se  such a sm a l l  change may n o t  be n o te d  by 

th e  e x a m in e r .  T h is  may a c c o u n t  f o r  t h e  d i f f e r e n c e  betw een  

th e  t h r e s h o l d  f o r  w h ite  n o i s e  found  in  t h i s  s t u d y  and t h e  

t h r e s h o l d  r e p o r t e d  by  L i l l y  ( l 9 6 4 ) .  L i l l y  u sed  a u r a l  moni­

t o r i n g  o f  th e  Z w is lo c k i  b r id g e  and fou n d  a t h r e s h o l d  o f  

69 dB SL; he may n o t  have  been  a b l e  to  p e r c e i v e  t h e  s m a l l  

changes caused  by t h e  i n i t i a l  r e s p o n s e s .

F u r th e r  comment on t h e  s t a p e d i u s  r e f l e x

L i l l y  (1964) has  r e p o r t e d  t h a t  t h e  t h r e s h o l d  o f  t h e  s t a ­

p e d iu s  r e f l e x  may be d ep en d en t on t h e  p ro b e  to n e  f r e q u e n c y  

u se d .  He r e p o r t s  t h a t  t h e  mean s t a p e d i u s  r e f l e x  t h r e s h o l d  f o r  

w h ite  n o i s e  r e c o r d e d  w i th  t h e  Z w is lo c k i  b r id g e  was 69 dB SL 

u s in g  t h e  same m o n i to r in g  f r e q u e n c y  as  was used  i n  t h i s  s tu d y  

(500 H z); he  n o t e s  t h a t  he o b ta in e d  a t h r e s h o l d  o f  a p p r o x i ­

m a te ly  59 dB SL u s in g  a p ro b e  to n e  o f  666 Hz ( th e  b e s t  p ro b e  

to n e  f r e q u e n c y ,  a c c o rd in g  t o  L i l l y ) .  The e x p la n a t io n  f o r  t h i s  

d i f f e r e n c e  i s  o b sc u re  i f  t h e  i n t e n s i t y  o f  th e  p ro b e  to n e  was 

k e p t  s a f e l y  below t h e  t h r e s h o l d  o f  t h e  r e f l e x ,  a s  i s  o b v io u s ly  

n e c e s s a r y ;  th e  i n t e n s i t y  o f  th e  p ro b e  to n e  u sed  in  th e  1964 

L i l l y  s tu d y  i s  n o t  r e p o r t e d .

R eger ( i n  J e p s e n ,  1963) h as  m easured  t h e  t h r e s h o l d  s h i f t  

cau sed  by  v o lu n ta r y  c o n t r a c t i o n  o f  th e  tym pan ic  m u sc le s ;  he 

r e p o r t s  a t h r e s h o l d  s h i f t  o f  30 t o  35 dB a t  125, 250 and 500 H 

A s h i f t  o f  abou t 15 dB was n o te d  a t  1000 Hz and no e f f e c t  was
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r e c o r d e d  a t  2000, 4000 and 8000  Hz. These s h i f t s  a r e  some-
4

what l a r g e r  th a n  t h e  15 dB s h i f t  r e p o r t e d  by S h ip le y  ( i n  

J e p s e n ,  1963) a t  250 Hz. A lthough  t h e  e x a c t  v a lu e s  a r e  n o t  

known, t h e r e  i s  s u f f i c i e n t  e v id e n c e  in  t h e  l i t e r a t u r e  t o  con­

c lu d e  t h a t  a s t a p e d i u s  c o n t r a c t i o n  h as  a d e g ra d in g  e f f e c t  on 

sound t r a n s m is s io n  e f f i c i e n c y  f o r  t h e  lo w er  f r e q u e n c i e s .  The 

r e s u l t s  o f  t h e  p r e s e n t  s tu d y  i n d i c a t e  t h a t  t h e  e x p o su re  o f  a 

no rm al e a r  to  a b o u t  75 dB SPL o f  w h i te  n o i s e  w i l l  ca u se  a 

s t a p e d i u s  r e f l e x ;  t h e  e f f e c t  o f  t h e  r e f l e x  on a p u re  to n e  

t h r e s h o l d  in  t h e  c o n t r a l a t e r a l  e a r  a p p e a rs  t o  be  a g e n e r a l l y  

u n re c o g n iz e d  e r r o r  f a c t o r  in  a u d io m e try  em ploying m ask ing .

One can o n ly  s p e c u l a t e  a s  to  how much o f  t h e  t h r e s h o l d  s h i f t  

commonly a c c o u n te d  f o r  a s  a c e n t r a l  m asking e f f e c t  i s  due t o  

t h i s  f a c t o r .

I t  h a s  been  r e p o r t e d  in  t h e  l i t e r a t u r e  t h a t  t h e  s t a p e d iu s  

r e s p o n s e  i s  a b s e n t  i n  t h e  p r e s e n c e  o f  a s i g n i f i c a n t  c o n d u c t iv e  

p a th o lo g y .  I t  h a s  a l s o  been  d e m o n s tra te d  t h a t  an a c o u s t i c  

s t a p e d i u s  r e s p o n s e  i s  p r e s e n t  in  s u b j e c t s  w i th  a s e v e r e  

s e n s o r i - n e u r a l  h e a r in g  l o s s  o f  c o c h le a r  o r i g i n .  In  v iew  o f  

t h i s ,  i t  i s  o f  c l i n i c a l  im p o r ta n c e  t o  n o te  t h a t  t h e  im pedance 

m ethod can be  used  t o  d e te rm in e  i f  a se c o n d a ry  c o n d u c t iv e  

p a th o lo g y  e x i s t s  in  an e a r  w hich  has  a s e v e r e  enough s e n s o r i ­

n e u r a l  l o s s  t o  p r e c lu d e  t h e  d e t e r m in a t io n  o f  c l i n i c a l  bone 

c o n d u c t io n  t h r e s h o l d s .  The ab se n c e  o f  t h e  r e f l e x  ( a c o u s t i c  

and c u ta n e o u s )  would be i n d i c a t i v e  o f  m id d le  e a r  p a th o lo g y .

The u se  o f  a v i s u a l  d i s p l a y  a p p a ra tu s  w ith  t h e  Z w is lo c k i  

a c o u s t i c  b r id g e  has  s e v e r a l  d i s t i n c t  a d v a n ta g e s  o v e r  a u r a l



73
- m o n i to r in g .  W ith t h i s  sy s tem , t h e  h e a r in g  s e n s i t i v i t y  o f  t h e  

exam iner  i s  n o t  a c o n fo u n d in g  v a r i a b l e .  F u r th e rm o re ,  p e r ­

m anent r e c o r d s  may be o b ta in e d  f o r  f u r t h e r  a n a ly s e s  and c r o s s -  

v a l i d a t i o n  o f  s c o r in g  m ethods. The s u b s t i t u t i o n  o f  a d a ta  

r e c o r d e r  o r  a s t o r a g e  o s c i l l o s c o p e  f o r  t h e  g ra p h ic  l e v e l  r e ­

c o r d e r  would a l lo w  m easurem ents  o f  t h e  l a t e n c y  o f  t h e  s t a p e d iu s  

r e s p o n s e .

I t  h as  y e t  to  be d e te rm in ed  i f  t h i s  e l e c t r o a c o u s t i c  s y s ­

tem would a l lo w  f o r  t h e  d e t e c t i o n  o f  n u l l  p o i n t s  t h a t  a r e  as  

a c c u r a t e  as a u r a l  m o n i to r in g .  The d i f f e r e n c e ,  i f  any , would 

a p p e a r  to  b e  sm a ll  b a se d  on th e  e x p e r ie n c e  o f  t h i s  w r i t e r .

S u g g e s t io n s  f o r  f u r t h e r  r e s e a r c h

The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  t h e  mean 

t h r e s h o l d  v a lu e s  f o r  t h e  n o i s e  s t i m u l i  a r e  a p p ro x im a te ly  

62 dB SL, The s ta n d a r d  d e v i a t i o n s  a s s o c i a t e d  w ith  t h e s e  means 

a r e  a b o u t 5 . I t  i s  known t h a t  ,99% o f  t h e  norm al p o p u la t io n  

w i l l  f a l l  w i th in  t h r e e  s ta n d a r d  d e v i a t i o n s  o f  t h e  mean; t h e r e ­

f o r e ,  i t  may be s t a t e d  t h a t  99% o f  th e  norm al p o p u la t io n  w i l l  

have  a s t a p e d i u s  r e f l e x  t h r e s h o l d  to  ( f o r  example) w h i te  n o i s e  

t h a t  i s  h ig h e r  th a n - 47 dB SL. I t  would th e n  a p p e a r  l o g i c a l  

to  h y p o th e s iz e  t h a t  a s t a p e d iu s  r e f l e x  th r e s h o l d  o f  l e s s  th a n  

47 dB SL i s  abnorm al; t h i s  s ta te m e n t  i s  a s s o c i a t e d  w i th  a 

s t a t i s t i c a l  c o n f id e n c e  l e v e l  o f  .9 9 .  One sh o u ld  n o te  t h a t  

t h e  o n ly  d i s o r d e r  known to  c a u se  a lo w e r in g  o f  t h e  s t a p e d iu s  

r e f l e x  t h r e s h o l d  i s  r e c r u i t m e n t .

V a l i d i t y  s t u d i e s  f o r  t h e  u se  o f  t h e  s ta p e d iu s  r e f l e x



t e s t  o f  r e c r u i t m e n t  a r e  t h e  n e x t  l o g i c a l  s t e p '  i n  t h e  s t a n d a r d i ­

z a t io n  o f  t h e  p r o c e d u r e .  The i n i t i a l  s tu d y  sh o u ld  employ p a ­

t i e n t s  who d e m o n s t r a te  s i g n i f i c a n t  r e c r u i tm e n t  on t h e  a l t e r ­

n a t e  b i n a u r a l  lo u d n e s s  b a la n c e  t e s t  and th e  m onaura l lo u d n e s s  

b a la n c e  t e s t ;  t h e  com parison  o f  t h e  r e s u l t s  o f  t h e  above r e ­

c r u i tm e n t  m easu res  w ith  th e  s t a p e d i u s  r e f l e x  t e s t  would allow T 

th e  d e t e r m in a t io n  o f  v a l i d i t y  c o e f f i c i e n t s .

F u r t h e r  s tu d y  i n t o  t h e  i d e n t i f i c a t i o n  o f  p a r t i a l  r e c r u i t ­

ment sh o u ld  f o l lo w .  I t  would a p p e a r  p o s s i b l e ,  w i th  t h e  s t a ­

p e d iu s  r e f l e x  t e s t ,  t o  d e v e lo p  a n u m e r ic a l  s c a l e  d e f i n i n g  t h e  

amount o f  r e c r u i t m e n t  p r e s e n t .  A s tu d y  o f  a sam ple o f  m i l d ly  

r e c r u i t i n g  e a r s  sh o u ld  be u n d e r ta k e n  t o  d e te rm in e  i f  t h e s e  e a r s  

a r e  e f f e c t i v e l y  s e p a r a t e d  from  th e  lo w e r  ex trem e v a l u e s  o f  t h e  

n o rm al p o p u la t io n .

The d a t a  p r e s e n te d  by Je p se n  ( l9 6 3 )  i n d i c a t e d  t h a t  t h e  

s t a p e d i u s  r e f l e x  t h r e s h o l d  d e c r e a s e s  w ith  age . The f i r s t  de ­

c r e a s e  t h a t  can be d e t e c t e d  from  h i s  g rap h s  a p p e a rs  i n  t h e  

sam ple o f  60 y e a r  o ld  s u b j e c t s ,  and i s  more p ronounced  i n  t h e  

group o f  70 y e a r  o ld  s u b j e c t s .  Assuming t h a t  t h i s  f i n d i n g  i s  

c o n f irm ed , s e p a r a t e  norms f o r  t h e s e  age g roups  m ust be e s t a b ­

l i s h e d .

The s t i m u l i  f o r  t h i s  s tu d y  were 500 ms in  d u r a t i o n ,  w i th  

a r i s e - f a l l  t im e  o f  5 ms. L i l l y  ( l9 6 4 )  has r e p o r t e d  t h a t  t h e  

s t a p e d i u s  r e f l e x  t h r e s h o l d  i s  somewhat lo w er  f o r  p u ls e d  

s t i m u l i  th a n  f o r  s t e a d y  s t i m u l i .  T h is  p a r a m e te r  o f  s t a p e d iu s  

r e f l e x  e l i c i t a t i o n ,  a s  w e l l  a s  such o th e r  p a r a m e te r s  a s  th e  

e f f e c t  o f  r i s e - f a l l  t im e  v a r i a t i o n  and th e  e f f e c t  o f  s h o r t e n -
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in g  t h e  s t i m u l u s  o n - t im e ,  m ust be  i n v e s t i g a t e d .

F u r t h e r  s tu d y  o f  t h e  r e f l e x  t h r e s h o l d  o b ta in e d  by 

m o n i to r in g  t h e  im pedance change i n  t h e  e a r  t h a t  i s  s t im u ­

l a t e d  i s  needed  t o  d e f i n e  t h e  d i f f e r e n c e s  fo u n d , i f  any , 

when u s in g  c o n t r a - l a t e r a l  s t i m u l a t i o n ,  a s  in  t h e  p r e s e n t  

s tu d y .

F u r th e r  i n v e s t i g a t i o n  i n t o  t h e  a d a p t a t i o n  o f  t h e  s t a ­

p e d iu s  m u sc le  seems i n d i c a t e d .  A lthough  t h e  s t a p e d i u s  i s  

known n o t  t o  f a t i g u e ,  i t  i s  commonly th o u g h t  t o  d i s p l a y  adap­

t a t i o n  b e h a v io r  to  a u d i t o r y  s t i m u l a t i o n ;  D a l lo s  (1964) and 

L i l l y  (1964) have s u g g e s te d  t h a t  t h i s  i s  n o t  t h e  c a se  w ith  

i n t e n s i v e  s t i m u l a t i o n .  A com parison  o f  t h e  m u s c le ’ s b e h a v io r ,  

w i th  r e s p e c t  t o  t h i s  p a r a m e te r ,  i n  r e s p o n s e  t o  h ig h  i n t e n s i t y  

n o i s e  and p u r e  to n e  s t i m u l i  i s  needed  to  c l a r i f y  t h e  s i t u a ­

t i o n .

The d e l i m i t a t i o n  o f  t h e  m in im al p a th o lo g y  w hich w i l l  p r e ­

c lu d e  t h e  e l i c i t a t i o n  o f  t h e  s t a p e d iu s  r e f l e x  i s  o f  c l i n i c a l  

im p o r ta n c e ;  i f  i t  sh o u ld  be t r u e  t h a t  any c l i n i c a l  p a th o lo g y  

o f  t h e  m id d le  e a r  p r e c lu d e d  t h e  r e f l e x ,  t h e  c o n t r i b u t i o n  to  

o t o l o g i c a l  d i a g n o s i s  and e s p e c i a l l y  o t o l o g i c a l  s c r e e n in g  w i th  

c h i ld r e n  would be c o n s id e r a b l e .

Inasm uch as  t h e  i n t r o d u c t i o n  o f  m id d le  e a r  p a th o lo g y  in  

m easured  d o s e s  a p p e a rs  t o  be  t h e  m ost d i r e c t  method o f  s tu d y ,  

t h e  u se  o f  human e a r s  i s  i m p r a c t i c a l .  Kato ( s e e  C h ap te r  I )  

n o te d  t h a t  he  was u n a b le  to  e l i c i t  an a c o u s t i c  t e n s o r  tym pani 

r e s p o n s e  i n  monkeys, w h i le  c o n t r a c t i o n s  o f  t h e  s t a p e d i u s  were 

o b s e rv e d .  I t  i s  p o s s i b l e  t h a t  s tu d y  o f  t h e  e f f e c t  o f  p a th o lo g y
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on t h e  m id d le  e a r s  o f  monkeys may shed  some a d d i t i o n a l  know­

le d g e  on t h e  p ro b lem .

Thorough d e f i n i t i o n  o f  t h e  p a r a m e te r s  o f  th e  e f f e c t  o f  

p o s t - t e t a n i c  p o t e n t i a t i o n  seems t o  be o v e rd u e . The a b s o lu te  

s i z e  o f  t h e  e f f e c t  an d ^ th e  r e l a t i o n  o f  t h e  b andw id th  and 

f re q u e n c y  o f  t h e  s t im u lu s  t o  th e  s i z e  o f  t h e  e f f e c t  a r e  e s s e n ­

t i a l  t o  c o m p le te  u n d e r s ta n d in g  o f  th e  n a t u r e  o f  t h e  s t a p e d i u s  

r e f l e x .

The r e l a t i o n s h i p  betw een  t h e  f i r i n g  o f  t h e  t e n s o r  tym pani 

and th e  s t a p e d i u s  m u sc le s  and movements o f  th e  ea rdrum  h a s  n o t  

been  c l e a r l y  d e f in e d .  The e q u iv a le n c e  o f  in w ard  movement o f  

t h e  drum and a t e n s o r  r e s p o n s e  co u ld  be d e m o n s tra te d  w i th  a 

p a t i e n t  h a v in g  a s e c t i o n e d  t e n s o r  b u t  a no rm al s t a p e d i u s ;  t h e  

i n a b i l i t y  t o  r e c o r d  inw ard  movements o f  t h e  drum t o  a c o u s t i c  

s t i m u l i  w ould be  s t r o n g  e v id e n c e  f o r  th e  e x i s t e n c e  o f  t h i s  

r e l a t i o n s h i p .  A s u b j e c t  a f f l i c t e d  w i th  B e l l ’s  p a l s y  c o u ld  be  

used  to  d e te rm in e  i f  ou tw ard  movements o f  t h e  eardrum  t o  

a c o u s t i c  s t i m u l a t i o n  c o u ld  o n ly  be ac c o u n te d  f o r  by  s t a p e d iu s  

c o n t r a c t i o n s ;  to  a c c e p t  t h i s  a ssu m p tio n  one m ust be u n a b le  to  

r e c o r d  ou tw ard  movement o f  t h e  eardrum  i n  t h i s  s u b j e c t .  A lso , 

on r e m is s io n  o f  t h e  p a l s y ,  o u tw ard  movements o f  t h e  eardrum  

to  a c o u s t i c  s t i m u l a t i o n  sh o u ld  be r e c o r d a b l e .

The c o m p a ra t iv e  s e n s i t i v i t y  o f  tympanomanometry and t h e  

im pedance method f o r  m easu rin g  s t a p e d iu s  c o n t r a c t i o n s  i s  o f  

im p o r ta n c e .  The com parison  o f  t h e  r e f l e x  t h r e s h o l d s  d e te rm in e d  

by th e  tv/o m ethods in  s u b j e c t s  w i th  i n o p e r a t i v e  t e n s o r  tym pani 

m u sc les  sh o u ld  p r o v id e  t h i s  in f o r m a t io n .
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Summary and c o n c lu s io n s

The t h r e s h o l d  o f  t h e  s t a p e d iu s  r e f l e x  i n  no rm al human 

s u b j e c t s  was s t u d i e d  u s in g  c o n t r a l a t e r a l  s t i m u l a t i o n  w i th  t h e  

Z w is lo c k i  a c o u s t i c  b r i d g e .  The r e s u l t s  i n d i c a t e d  t h a t :

1 .  The s t a p e d i u s  r e f l e x  t h r e s h o l d s  f o r  2KHz and 4KHz 

p u re  t o n e s  w ere found  to  be a p p ro x im a te ly  31 dB SL; 

t h e  r e f l e x  t h r e s h o l d s  f o r  t h e  n o i s e  s t i m u l i  s t u d i e d  

w ere  found  to  b e  a p p ro x im a te ly  62 dB SL. T h e r e f o re ,  

t h e  t h r e s h o l d  f o r  v a r io u s  n o i s e  s t i m u l i  was a b o u t  

20 dB lo w er  th a n  f o r  2I(Hz and 4KHz p u re  t o n e s .  A l l  

s t i m u l i  were $00 ms in  d u r a t io n  and had a r i s e - f a l l  t im e  

o f  5 ms. The m o n ito r  to n e  f r e q u e n c y  u sed  in  t h i s  

s tu d y  f o r  a l l  m easurem ents w i th  t h e  a c o u s t i c  b r id g e  . 

was 500 Hz.

2 . The mean t h r e s h o l d  v a lu e s  f o r  n o i s e  s t i m u l i  w ere 

a s s o c i a t e d  w i th  s m a l l e r  s t a n d a r d  d e v i a t i o n s  th a n  were 

th e  mean t h r e s h o l d  v a lu e s  f o r  th e  pu re  t o n e s  t e s t e d .

The r e f l e x  t h r e s h o l d  was s e e n  t o  have  a h ig h  t e s t -  

r e t e s t  r e l i a b i l i t y  r e g a r d l e s s  o f  s t i m u l i  em ployed.

3 .  The t h r e s h o l d s  f o r  w h i te  n o i s e  and 2KHz n a r ro w ­

band n o i s e  w ere seen  to  d e c r e a s e  w ith  r e p e a t e d  s t im u ­

l a t i o n .  T h is  f i n d i n g  was d i s c u s s e d  in  a fram ew ork o f  

a u d i t o r y  s e n s i t i z a t i o n .

4 . I t  was co n c lu d ed  t h a t  n o i s e  s t i m u l i  would be p r e f e r ­

a b l e  t o  p u re  to n e s  f o r  r e c r u i t m e n t  s t u d i e s  w i th  t h e  

a c o u s t i c  b r id g e  b ec au se  o f  t h e i r  g r e a t e r  e f f e c t i v e n e s s



i n  r e f l e x  e l i c i t a t i o n  and th e  g r e a t e r  s t a b i l i t y  

o f  th e  n o i s e - s t i m u l a t e d  r e f l e x  t h r e s h o l d .
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APPENDIX B

I n d i v i d u a l  s u b j e c t  r e s p o n s e s  and 
a u d io m e t r ic  t h r e s h o l d s  (v a lu e s  in  SPL),



S u b jec t  White n o ise  N-B 2 KG_______ N-B 4 KC 2000 HZ 4000 H2________ 250 Hg
Number SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL

1 34 25 59 90 22 63 94 22 72 90 2 33 36 5 31 NR 23
1 RT 36 61 33 66 33 66 36 34 94 39 NR

2 73 20 53 30 16 64 36 20 66 NR 3 NR 4 NR 27
2 RT 30 60 32 66 32 62 NR --- NR NR

3 36 22 64 36 22 53 94 30 64 33 1 37 NR 4 93 29 69
3 RT 36 64 32 54 - 92 62 90 39 NR 93 69
4 92 34 53 93 32 66 93 30 63 93 9 39 NR 12 NR 23
4 RT 96 62 96 64 92 64 ) 100 91 NR NR

5 100 23 72 33 22 66 94 22 72 92 17 75 NR 0 NR 23
5 RT 93 70 33 66 94 72 92 75 NR NR
6 76 20 56 74 16 53 30 26 56 34 2 32 NR 4 NR 23
6 RT 72 52 74 53 30 56 73 73 NR NR
7 33 30 53 NR 23 90 23 62 93 9 39 94 7 37 NR 33
7 RT 34 54 NR --- 96 63 100 91 92 35 NR
3 92 40 62 94 33 61 90 35 55 96 10 36 NR 20 106 31 75
3 RT 94 62 92 59 36 51 92 32 NR 104 73
9 90 30 60 94 23 66 92 26 66 34 6 73 NR 4 102 27 75
9 RT 33 53 96 63 94 63 36 30 NR 102 75

10 96 30 66 92 23 64 90 30 60 93 4 94 NR 2 NR 23
10 RT 93 63 36 53 ' 94 64 96 92 NR NR

11 92 26 66 36 21 65 36 21 65 92 -3 95 94 -1 95 NR 23
11 RT 90 64 33 67 32 61 34 37 90 91 NR

12 93 33 65 36 23 53 94 30 64 90 2 33 93 1 97 NR 23
12 RT 96 63 90 62 94 64 92 90 100 99 NR



S u b je c t W hite  n o i s e N--B 2 KC N..B 4 KC 2000 HZ 4000 HZ 250 HZ
Number SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL

13 92 25 67 32 22 60 84 23 61 96 12 84 100 15 65 NR 33
13 RT 90 65 32 60 84 61 94 82 96 63 NR

14 92 25 67 33 21 67 92 31 61 98 12 86 104 20 84 NR 29
14 RT 94 69 90 69 94 63 94 82 102 82 NR

15 94 23 66 30 22 56 80 24 56 82 2 80 NR 4 NR 33
15 RT 33 60 76 54 86 62 , *2 80 NR NR

16 34 22 62 36 20 66 96 24 74 84 -3 67 NR -6 NR 23
16 RT 33 66 72 62 94 70 82 65 NR NR

17 33 33 55 96 30 66 88 31 57 100 6 94 96 15 81 NR 33
17 RT 32 51 94 64 92 61 96 90 96 81 NR

13 92 23 64 34 24 60 64 24 60 92 6 86 NR 7 NR 31
13 RT 90 62 34 6° 88 64 90 84 NR NR

19 34 30 54 80 26 54 80 26 54 74 15 59 80 16 64 NR 35
19 RT 36 56 76 52 76 52 74 59 76 62 NR

20 36 24 62 64 22 62 1 80 22 56 80 10 70 NR 14 NR 33
20 RT 32 56 80 56 76 56 74 64 NR NR

21 72 13 54 66 16 50 70 16 54 72 8 64 76 12 64 NR 31
21 RT 70 52 68 52 68 52 74 66 80 68 NR .

22 76 16 62 74 14 60 63 14 54 70 2 63 30 2 76 NR 27
22 RT 70 54 72 56 66 52 74 72 32 30 NR



S u b je c t  W hite  n o i s e  N-B 2 KG N-B 4 KC 2000 Hg 4000 Hg 250 Hg
Number SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL SPL Th SL

23 80 20 60 78 20 58 78 20 58 82 4 78 NR 6 NR 28
23 RT 78 58 78 58 78 58 80 76 NR NR

24 88 30 58 82 26 56 84 27 57 80 12 68 90 14 76 NR 33
24 RT 90 60 82 56 - 82 55 86 74 88 74 NR

25 86 24 62 80 20 60 82 21 61 80 3 77 84 5 79 NR 31
25 RT 84 60 76 56 82 61 84 81 84 79 NR

26 84 26 58 86 22 64 88 26 62 90 10 80 90 12 78 106 31 75
26 RT 84 58 82 60 86 60 88 78 92 80 108 77

27 88 24 64 80 18 62 84 20 ; 64 96 12 84 96 12 84 NR 27
27 RT 84 60 80 62 80 60 96 84 92 80 NR

28 82 18 64 80 14 66 84 16 68 94 8 86 92 8 84 NR 31
28 RT 84 66 78 64 84 68 96 88 88 80 NR

29 96 28 68 92 22 70 92 24 68 102 10 92 NR 10 NR 35
29 RT 98 70 86 64 94 1 70 98 88 NR NR

30 76 20 56 80 16 54 86 20 66 80 8 72 NR 6
30 RT 74 54 78 52 84 64  76 68 NR

NR 28 
NR
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