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Summarv and Conclus ions .  

1. A e r o t i t i s  media i s  :he name g iven  t o  
a syndrcme c h a r a c t e r i z e d  b y  c t o p a t h o l c a ,  
p a r t i c u l a r l y  v a s c u l a r  r u p t u r e  and s e p a r a t i n g  
of t i s s u e  l a y e r s ,  caused by  a d i f f e r e n t i a l  
b a r o m e t r i c  p r e s s u r e  a c r o s s  t h e  eardrum, A 
d e s c r i p t i o n  of  a e r o t i t i s  media i s  g iven ,  t o -  
g e t h e r  w i t h  a d i s c u s s i o n  of anatomy and e t i o l o g y ,  

2. An exper iment  vias performoc? i n  a n  
a t t e m p t  t c  d i s c o v e r  t h e  c2u2es and e f f e c t s  o f  
t h c  d i s o r d e r ,  snd  t o  f i n d  t h e  b e s t  ncar.s of 
p r e d i c t  ion,  p r e v e n t i o n ,  and t r e a t m e n t .  In t h e  
cour se  of t h i s  experiment  6,149 submar iners  
were s u b j e c t e d  t o  5'w p o s i t i v e  p r e s s u r e  i n  a 
d r y  r ecompress i cn  c h m b e r .  They were e x m i n e d  
m i n u t e l y  b Q t h  b e f o r e  and a f t e r  p r e s s u r e  by 
means of t h e  c toscope ,  t h e  rssopharyngcscope,  
an2 t h e  pu re  t m e  aud ioxe te? ,  and a l l  p e r t i n e n t  
d a t a  was rccGrdzd.  

r 

3. A l a r g e  gi-oup o f  n?z r,ct c o n t r a c t i n g  
a e r o t i t i s  x e d i e  i n  t h e  p roszu rc  chmzber * a s  
r e q u i r e d  t a  undergo a secork  p r e s s u r e  t e s t ,  
Anothe? grcu?  which d i d  c c f i t r a c t  a e r o t i t i s  
media :vas l i k e w i s e  r e q u i r e 2  t o  undergo  z secozd 
p r e s s u r e  t e s t  a f t e r  t h e i r  c t 3 p a t h o l o g g  -hed sub-  
s i d e d ;  t h i s  grcup r e c e i v e d  r,: t r s a t m e n t  what- 
ever .  These tvrc g rcups  served as c o n t r c l  f o r  
5 e x p e r i m e n t a l  groups g i v e n  d i f f e r e f i t  t ypes  
of t r e z t m e n t  b s  follows: p s y c h o l o g i c a l ,  t c p i -  
cal ,  x-ray, radium, s n d  der- tgl .  The tTpes o f  
t r e a t m e n t  were a l l  based  or; some r z t i o n a l e  
des igned  t o  z s s i s t  t h e  men i n  s u c c e s s f u l l y  
taking p r e s s u r e  i n  the f u t m e .  

4. P s y c h o l o g i c a l  t r e z t a e n t  inc luded  a d d i -  
t i o n a l  x o t i v a t i o n  and encourzgement, t h e  u s e  of 
c h e w i q  gum, and t h e  use  of nusic.  None of  
t h e s e  t h i n g s  reduced  t h e  inc idence  o f  a e r o t i t i s  
media o n  subsequent  p r e s s u r e  t e s t s .  

1 



5 .  T o p i c a l  t r e a t m e n t  c o n s i s t e d  of 1/4% 
neosynepgine i n  normal s a l i n e ,  a p p l i e d  l o c a l l y  
f o r  s e v e r a l  hours b e f o r e  p r e s s u r e .  No e f f e c t  
was noted.  

6. X-ray t h e r a p y  was d i s c o n t i n u e d  f o r  
a d m i n i s t r a t i v e  r e a s o n s  a n d  o u r  r e s u l t s  a r e  in -  
c o n c l u s i v e  * 

7. 3 a d i u m  t h e r a p y  c o n s i s t e d  i n  the  a p p l i -  
c a t i o n  of a monel meta l  c y l i n d e r  2 cm long ,  
o u t s i d e  d i s m e t e r  2.3 mn?, w i t h  vral ls  .3  mm t h i c k ,  
c o n t a i n i n g  50 rg of r a d i u m  s a l t ,  t o  t h e  p h a r p -  
gerl o r i f i c e  of t h e  Eustackian tube  f o r  4-10 
minutes .  T h i s  d o s e  i s  e f f e c t i v e ,  a f t e r  ,3-6 
t r e n t m w t s  s e p n r r t e d  by a month, i n  rcducL! i  
c x c e s s i v c  k g c c r p l a s t  i c  lympkoid t i s s u s  around 

. t h e  o p n i n g  of t h e  tubo, t h s  2 e r m i t t i n g  m m g  
Ken f o r z e . r l 7  unab le  v o l u n t a r i l y  t o  open t h e  
tube r i G w  t o  d o  s o ,  & n d  consequen t ly  t o  become 
s S l e  t o  s u s t a i n  p r e s s u r e  w i t h o u t  con t r acL ing  
a e r o t i t i s  r e d i a .  The t r e a t z e n t ,  where b d i c a t e d ,  
is e f f e c t i v e  in kvell o v e r  90% of c a s e s .  

8. D e n t a l  t k e r c p r  ivas Lnves t iga ted  i n  
seveyb l  s co re  of c a s e s  \-;hare improper jaw m t i o n  
was sus?cc tzd  of h i n d e r i n g  normal o F e r a t i o n  o f  
tke Eii:czc.,i?ix~ tu'cc. Very good s c c c c z s  i n  
t k c c c  CLSOS w'rs-s a c h i e v c d  bJ7 D r .  Y r i l l i L m  J. Kel ly ,  
(E) ,  ,5:F, who k-,as r epor t ed .  h i s  f ind i r ! ! s  e l s e -  
whorc. 

-- 

9 .  ?!.TO very  e f f i c i e n t  ze thod  w a s  found t o  
p r e d i c t  x k e t h e r  a Iqan would c o n t r a c t  a e w t i t i s  
media,  T o s i t l v e  c o r m l s t i c n s  were indeed  ob- 
t a i n e d  a i t h  appearance  o f  Eus tach ian  t u b e s ,  
whethcr  open, f l a t ,  c l o s e d ,  o r  coverod., and 
w i t h  s i z e  of a d e n o i d s ;  b u t  t h e  yagn i tude  o f  t he  
r e l a t i o n s h i p  d i d  n o t  p e r m i t  of good p r e d i c t i o n  
i n  i n d i v i d u a l  c a s e s  . 

1 0 ,  It w a s  found t h a t  p a i n  i s  not a good 
i n d i c a t o r  e i t h e r  of g r a d e  of darnage t o  t h o  e a r  
o r  o f  t ke  l o s s  of a u d i t o r y  a c u i t y .  
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11. Ruptu r ing  t h e  eardrum was found t o  
p roduce  a loss i n  a c u i t y  of 5-10 db. 

1 2 ,  A l n o s t  no e f f e c t  on a c u i t y  c m l d  b e  
found as a r e s u l t  o f  a e r o t i t i s  media  u n l e s s  
the middle e a r  vas f i l l e d  w i t h  f r e e  b lood .  
Deafness  among submar iners  i s  thus  s e e n  t o  be  
caused nore  by danp ing  of t h e  ossicles than 
by otopakhologx.  

13. D i s c u s s i o n  i s  g i v e n  th roughou t  o n  
t h e  d i f f e r c n c s s  or" p r e s s u r e  c o n d i t i o n s  ana r e -  
s u l t s  of a e r o t i t i s  m d i a  between t h e  Subrzarine 
S e r v i c e  and t h e  A i r  Forces ,  

3 



A e r o t i t i s  Media - i n  Submar iners*  

D e f i n i t i o n .  

A e r o t i t i s  2 e d i a  i s  t h e  name g i v e n  t o  a 
syndrome c h a r a c t e r i z e d  b y  p a t h o l o g i c a l  char,ges 
i n  t h e  m i d d l e  e a r  as a r e s u l t  of f a i l u r e  t o  
e q u a l i z e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  ear -  
druin. There xay be d i s c o m f o r t  o r  even  p a i n ,  
b l e e d i n g ,  t i n n i t u s ,  v e r t i g o ,  and d e a f n e s s .  
All g r a d e s  of s e v e r i t y  e x i s t ,  from s l i g h t  c m -  
g e s t i o n  t o  e x t e n s i v e  r u p t u r e  of t i s s u e .  The 
syndrome htis a n  s c y t e  and  I n  some i n d i v i d u a l s  
a c h r o n i c  a s p e c t .  Var ious  name8 have been  
g i v e n  t o  i t ,  a e r o t i t i s ,  o t i t i c  ba ro t r auma ,  
s a l p i n g o t i p p a n i t i s ,  ar,d aviator's e a r  among 
o t h e r s .  We p r e f e r  t he  t e r m  a e r o t i t i s  media 
s i n c e  i t  i n d i c a t e s  a t  once the  o t i o l c g g ,  n a t u r e ,  
and l o c u s  o f  t he  d i s o r d e r .  

+t The o u t l i n e  of t h i s  s tudy was conceived 
l a r g e l y  b y  C a p t a i n  C. W. S h i l l i n g ,  ( h l C ) ,  USN, 
t o  whom we a r e  indebted  f o r  many s u g g o s t i o n s  
and f o r  p r o v i d i n g  a l l  n e c e s s a r y  f a c i l i t i e s .  
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H i s t o r y .  

Be fo re  Ylorld 5ar  I, o n l y  s p o r a d i c  accoun t s  
of ear damage under  c o n d i t i o n s  o f  changing 
p r e s s u r e  appea red .  There  a r e  a n t i q u e  accoun t s  
of d i s o r d e r s  i n  p e a r l  d i v e r s  of the  O r i e n t ,  
and o f  b a l l o o n e r s  even b e f o r e  t h e  Yirights. 
Beaven(2)  and Campbel l (4  have g iven  much o f  
t h i s  e a r l y  h i s t o r y ,  ment ioning  a c a s e  o f  a e r o -  
t i t i s  media  d e s c r i b e d  b y  P i l a t r e  d e  Rozier  i n  
1783 a f t e r  d e s c e n t  f rom a balloon j ou rney ,  and 
g i v i n g  G l a r s h e r  and Coxwel l ' s  d o s c r i p t i o n  o f  
t h e  symptoms i n  1662. 

S h i l l i n g  and E v e r l e y ( l 8 )  have r ecoun ted  
t h e  h i s t o r y  of  a e r o t i t i s  media p a r t i c u l a r l y  a s  
s e e n  i n  d i v e r s ,  s a lvage  workers ,  c a i s s o n  workers ,  
bnd submar ine r s .  Z e q u a r t h ( l 5 )  c o n t r i b u t e d  t o  

. t h e  l i t e r a t w e  on p r e s s u r e  e f f e c t s  on c a i s s 3 n  
workers ,  p a r t i c u l a r l y  t h e  t r e a t m e n t  of c z i s s o n  
d i s e a s e  w i t h  helium and oxygen m i x t u r e s .  

r 

A c c e l e r a t e d  r e s e a r c h  on a e r o t i t i s  media 
has k e p t  pace :'lith i t s  growizg s e r i o u s n e s s  zs 
a r e s u l t  of t h e  g r e a t  i n c r e a s e  i n  h i g h  a l t i -  
t u d e  f l i o h t  d u r i n g  :.7orld Yar I I r  I n  1941 
Poppin(l3) cons idered  a e r o t i t i s  media a s  seen  
i n  f l y i n g  personnel .  The use  of r adon  i n  t r e a t -  
ment of  a e r o t i t i s  media beg23 with F o v l e r ( 8 )  

-- who t r e a t e d  s u c c e s s f u l l y  many c a s e s  i n  t h e  ?fl 
by t h e  Crcwe acd  Burnam t echn ique .  Tno  U. S, 
Army A i r  F o r c e s  soon t h e r e a f t e r  launched  a 
niajor a t t a c k  on  t h e  problem, o f  which a r e p o r t  
w i l l  s h o r t l y  appear  

The work o f  t h e  p r e s e n t  pape r  sterns from 
t h e  i n v e s t i g a t i o n s  o f  S h i l l i n g  'and E v e r l e g ( l 8 )  
who saw thgt t h e  a i r  f o r c e s  would expe r i ence  
d i f f i c u l t y  w i t h  a e r o t i t i s  media and from t h e  
l a t e r  i n v e s t i g a t i o n s  of Teed(20j  who d i s c u s s e d  
the f a c t o r s  producing  o b s t r u c t i o n  o f  the Eus- 
t a c h i a n  t a b e s  i n  submariners .  

P r e l i m i n a r y  accoun t s  of o u r  work have a l -  
ready appea red  ( 9 ,  10)  . 



Purpose  o f  the  Experiment. 

I n  t h e  p a s t  few years  t h e  problem o f  
a e r o t i t i s  media has assumed s e r i o u s  p ropor -  
t i o n s ,  w i t h  t h e  i n c r e a s e  o f  h i g h - a l t i t u d e  
f l y i n g  and of d i v i n g  and s a l v a g e  o p e r a t i o n s ,  
and t h o  l a r g e  expans ion  o f  t h e  Submarine Sor-  
v i c e ,  the  men ongaging i n  t h o s o  a c t i v i t i e s  
b o i n g  s u b j e c t e d  r o u t i n e l y  t o  extromo p r o s s u r e  
changos.  I n  t h o  c a s e  of submarinors ,  oxposuro 
t o  p r o s s u r o  changes comos o n l y  upon t h e  us0 
of t h o  oscape a p p a r a t u s ,  and i n  t h e  t r a i n i n g  
tank by which t h e  men a r e  i n s t r u c t e d  i n  t h e  
p r o p e r  u s e  of t h e  e s c a p e  ha tch .  A e r o t i t i s  
media i s  now a r e c o g n i z e d  o c c u p a t i o n a l  in-  
jury, b o t h  i n  and o u t  o f  t h e  Armed Forces .  
A number o f  c e n t e r s  b o t h  h e r e  and abroad have 
b e e n  a c t i v e  i n  s t u d y i n g  t h e  c o n d i t i o n  w i t h  a 
view t o  i t s  p r e v e n t i o n  and cure.  Our own 
a c t i v i t y  ‘;/as s e l e c t e d  by t h e  Bureau of hIedi- 
c i n e  and Surgery ,  U. S. Navy, as t h e  Naq  
c e n t e r  b e s t  s u i t e d , t o  d o  t h i s  p a r t i c u l a r  r e -  
s e a r c h .  I n  t h e  f i r s t  p l a c e ,  Cap ta in  C.  7. 
S h i l l i n g ,  ( K ) ,  USiT, t h e  Off icer- in-Charge of  
the N e d i c a l  Resea rch  Labora to ry ,  was one of 
the Navy’s a u t h o r i t i e s  on  t h e  phys io logy  of 
p r e s s u r e .  ;“!e ha2 a wel l -equipped Sound Labora- 
t o r y  s t a f f e d  w i th  a n  o t o l o g i s t ,  8 p s y c h o l o g i s t  
t r a i n e d  i n  a u d i t i o n ,  with t e c h n i c a l  and s t a -  
t i s t i c a l  a s s i s t a n t s ,  and we had a c c e s s  t o  
s e v e r a l  hundred men a month who were r e q u i r e d  
t o  undergo  a s e v e r e  p r e s s u r e  t e s t .  Moreover, 
any  o f  t h e s e  men could  be held f o r  o b s e r v a t i o n  
and t r e a t m e n t  as l o n g  as seemed necessa ry .  

I n  view or’ t h e  incomple t e  and o f t e n  con- 
f u s i n g  s t a t e m e n t s  wh ich  have been made on  
v a r i o u s  z s p e c t s  of t h e  syndrome, t h o r o  was 
f e l t  a n e c e s s i t y  f o r  e s p e c i a l  c a r e  i n  e x p e r i -  
m e n t a l  d e s i g n  m d  i n  the a p p l i c a t i o n  o f  c o n t r o l  
p rocedures .  Msrely a n o t h e r  c l i n i c a l  s t u d y  
would n o t  meet t ho  need. Because o f  o u r  f avor -  
able p o s i t i o n  we were ab le  t o  m e t  r i g o r o u s  
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r e s e a r c h  c r i t e r i a ,  However, i n  o u r  d e s i r e  t o  
s a t i s f y  e x a c t i n g  s c i e n t i f i c  demands, n e  d i d  
n o t  wish t o  l o s e  s i g h t  o f  the  p r a c t i c a l  im-  
p o r t a n c e  o f  t h e  work, S p e c i f i c a l l y ,  it was 
hoped that t h e  r e l a t i v e l y  h i g h  i n c i d e n c e  of  
a e r o t i t i s  F e d i a  a m c n ~  s ubrnsr iners  could be  r e -  
duced c o n s i d e r a b l y  by means o f  b e t t e r  niekhods 
of s e l e c t i n g  pe r sonne l ,  and by b e t t e r  t s c h n i q u e s  
of a d n i n i s t e r i n g  p r e s s u r e ;  and that  t h e  c a s e s  
of a e r o t i t i s  media which d i d  o c c u r  could be 
a l b  v i a t s d  and cured more q u i c k l y  by improved 
therapy .  It was hoped f u r t h e r m o r e  that sone 
t r e a t n e n t  c o u l d  be  d e v e l o p e d  t h e  r e s a l t s  o f  
which would be  o f  a permanect n a t u r e  so  ';i.at 
a n  i n d i v i d u a l  ccu ld  r e p s a t e d l g  s u s t a i n  p r e s s u r e  
v;litt.-o*it 6 i f i ' i c u l t y  i n  the f u t u r s  , 

Since  vie 2 s d  a r i c h  soc rcz  of c l i n i c a l  
ms tc r  ial, and s i n c e  e v e r y  c o n d i t i o n  r , e c e s s a r y  
f o r  r i g i d  c x s 5 r i i e n t a l  c o n t r o l  was madc a v a i l -  
r b l e ,  Y J C  Z c l t  i t  p o s s i b l e  t o  p rov idc  E Z s i r l p  
d e f i n i t i t r c  s tudy o n  t h e  c a u s o s ,  e f f e c t s ,  prc-  
d i c t i o n ,  zr,d t r e a t m e n t  o f  t h e  d i s o r d e r ,  The 
p r e s o n t  r e p c r t  2 c s d r i b e s  a e r o t i t i s  mcdia as 
i t  n 2 p e a ~ s  in sukmar iners ,  2nd r e c o u n t s  t h e  
cxperinents b r  which wc a t t c inp t sa  t o  und=r -  
s t a n d  i t  ana t o  n i t i g r t c  i t s  c f f e c t s .  

Y ~nas;lrr?ch 2 s  i t  i s  on cbnorncl f u n c t i o n i n g  o f  
t h e  E u s t z c h i m  tube  wi-ich i s  t h e  i n c i t i n g  causc of 
a e r o t i t i s  zicdiz, i t s  ana toag  should bc  d c s c r i b c d ,  
Thc t u b c  ca i i s i s t s  of il bony End a c a r t i l a g i n o u s  
p a r t .  Thc bony ?ar t  i s  rough ly  a f l z t c c n c d  f 'unncl 
i n  shzpc, i s  cbou t  1 2  mn lor ,g ,  and Z r i s c s  f r o 3  t h c  
uppcr  21.i-t o f  t k c  m z c r i o r  wall  o f  t h c  tympanic 
c a v i t y .  I t s  mucous mcmbranc, n h i c h  l i c s  c lozc  t o  
t h c  bone, i s  covcrcd z i t h  c i l i a t c d  c p i t h c l i u n .  Thc 
bony p a r t  pcsscs donnnnrd, forward ,  2nd ncdind,  2nd 
j o i n s  t l x  c z r t i l z g i n o u s  p a r t  w i t h o u t  2 d i f i n i t c  l i n c  
o f  d c n a r c s t i o n ,  Thc junct,urc i s  known as thc i s t h u s ,  
cnd i s  t h o  nzrrov;cst part  of t h c  tuSc.  

- -  '' For  much 3f t h c  snatomy and f o r  many hclpf'ul sug- 
g c s t i c n s  throughout  YJC a r c  indcb tcd  t o  Dr .  S t a c y  
Gu i ld ,  J o h n s  Zopkins F4cdica1 School .  
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Thc c a r t i l a g i n o u s  p a r t i o n  is  about  24 mm long  
from t h c  isthiis  t o  i t s  opening  h i g h  up on t h c  
l a t c r a l  wal l  o f  t h e  n s s o p k r y n x .  I t s  s i z e  in-  
c r c n s c s  as thc pharylzv i s  ~ p p r o ~ c k c d ,  b u t  n o r n a l l y  
i t s  aa l l s  a r c  apposod 2nd i t  r c m i n s  2 v c r t i c a l  
s l i t - l i k c  p o t c n t i a l  t ube  unlcss opcncd by a c t i o n  
o f  v o l u n t a r y  musclcs  o r  f o r c c d  o p n  by p o s i t i v c  
p r c s s u r c  i n  t k c  middlc  C X .  It i s  l i n c d  with 
columnar c i l i a t c d  cpithclium on 2 l o o s c  s t roma 
c o n t c i n i n  mucous g l m d s  and d i f r u s c  lymphoid 
t b s s u c  ( 7  7 Thc c i l i s  c r c a t c  a c u r r c n t  towcrd 
t h c  nasopharynx, t h u s  k c l p i n g  t o  d r a i n  thc n i d d l c  
c m .  Thc lymphoid t i s s u e  near t h c  inoi:.th o f  t hc  
t u b c  i s  k n o m  2 s  t k c  t u b z l ,  or  G c r l s c h ' s ,  zonnil. 
This  shoulZ Rot 'oc confoun6cd v i t h  t h c  lymphoid 
t i s s u c  i n  thc fossc  o f  RoscnmQcllcr ,  thc  p a r t  of 
t h c  nzsophnrym behind  thc t o r u s  t u b c r u s  of t hc  
pharyngc-1 cpcning  of  t h c  ;u s t zck izn  t c b c .  P 

The end or" t h e  t u b e ,  t h e  pharynges1  ost ium, 
a c t s  as a f l t l t t e r  v a l v e  i n  t k e t  a s  a r c s l ; l t  o f  
i t s  c c n t o u r  i t  opens e a s i l p  t o  a l l o w  the  escape 
of a i r  u n d e r  Sressu'ye i n  t h e  n i d d l c  e w ,  ar.d y e t  
u n l e s s  opened v o l u n t a r i l y  i t  FTevents F E S S ~ : ~  of 
a i r  i n t o  t h e  m i d d l e  e a r ,  

O f  t h e  m s c l e s  n e a r  t h e  Eustachian tube,  t h e  
t e n s o r  v c l i  p z l s t i n i  i s  the mo:,t i n 2 o r t m t  i n  
openin,  the l u n a n  (16). 

The E f f e c t  of  Change o f  P r e s s u r e  on t h e  Noma1 

F u n c t i o n i n g  o f  +lie E u s t a c h i a n  'iube. 

- 

An i n d i v i a u e l  i s  s u b j e c t e d  t o  a chzngc o f  
ambient  a i r  pressure vinenever he Goes f rom o. 
more d c n s c  t o  c less dcnso  atxiosphcre,  o r  
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Fig.fi. Eustachian tube i n  r e l a t i o n  t o  the nasopharynx. 
(1) e u s t a c t i a n  tube ,  ( 2 )  edenoidal t i s s u e ,  ( 3 )  nasopharynx. 

F i g . 8 .  Zustachian tube i n  r e l a t i o n  t o  the  m i d d l e  e a r .  
(1) eustachian tube, ( 2 )  middle ea r ,  ( 3 )  tympanic membrene, 
( 4 )  ex te rna l  ear.  

( F i c t u r e s  courtesy U .  S. Army Medical Kuseum No. 82362 & 82637) 



c o n v e r s e l y  from a l e s s  t o  a more d e n s e  a t -  
mosphere.  S i n c e  t h e  E u s t a c h i a n  tube  is 
norma l ly  c l o s e d ,  e n t r a p p i n g  the a i r  i n  t h e  
midd le  o a r ,  i t  follows tha t  with a change 
i n  ambient  a i r  p r e s s u r e  t h e r e  r e s u l t s  a 
p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  eardrum. 

I f  t h e  a q b i e n t  a i r  p r e s s u r e  i s  d e c r s a a -  
ing,  t h e  r e l a t i v e  p r e s s u r e  of t h e  en t r apped  
a i r  in t h o  middle  e a r  b u i l d s  up un t i l  i t  i s  
abou t  15 mm of  He;. ( s e e  f o o t n o t e )  g r e o c e r  
t h a n  t ha t  of t h e  a i r  i n  t h e  nasophar )cx ,  a t  
which  t i n e  t h e  Eus tach ian  t u b e  i s  forc:d 
open and enough a i r  e scapes  from tho t:mpanun 
t o  e q u a l i z e  t h e  p r e s s u r e  a c r o s s  t h e  cSTdrum. 
As t h e  ambient  a i r  p r e s s u r e  c o n t i n u e s  t n  ? e -  
c r e a s e ,  t h e  r e l a t i v e  p r e s s u r o  i n  t h e  -L.;nnar,urn 
a g a i n  i f i c r eases  t o  15 mm whereupon m o m  a i r  
e s c a p e s ;  and s o  on. Vie have found i t  r a r e  

. f o r  an i n d i v i d u a l  t o  expe r i ence  d i f f i c u l t y  
v i t h  t h i s .  au tomat i c  procc33s. 

On t h o  o the r  hand, i f  t h e  ambiont a i r  
p r e s s u r c  i s  i n c r s a s i n g ,  tho mechanica l  e f f e c t  
of t he  d i f f o r c n t i z l  p r e s s u r o  i s  n o t  e x e r t e d  
t o  open t h e  Eus tach ian  t u b e - - r a t h e r  i t  is 
o x e r t c d  t o  koep the t u b e  c losod .  I f  p r c s s u r e  
i s  t o  b o  oqua l i zed ,  t h e  Eus tach ian  tub6 must 
be opcr.i;c! by a c t i o n  o f  i t s  musclos .  If tht? 
t u b c  is n o t  oponod by sone moans, a r a t h o r  
d o f i n i t z  s o r i o s  of cvon t s  w i l l  occur .  Under 
i n c m a s i n g  ambiont a i r  p r e s s u r o  a senso o f  
fullnoss dovclops  i n  thc  ears a t  8 p r e s s u r c  
of  3-5 mm. Discomfort  i s  n o t c d  if the  p r o s s u r e  
i s  a l l o w e d  t o  i n c r c a s o  t o  15-30 mm. Hero t k o r s  

F o o t n o t o :  This f i g u r o  is f o r  s o a  l o v o l  a i r  
d o n s i t g ,  All p r e s s u r o  r c a d i n g s  i n  mm must 
t a k e  d 6 n s i t v  i n t o  account .  Vie have soon an 
c l e c t r i c  fzh, r u n n i n g  r z p i d l y  a t  sai l  16~01, 
almost s t o p  as a r o s u l t  of the e x t r a  l o a d  
whcn tho a i r  p rc s su ro  was raisod t o  3.4 
Atmosphorcs 
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1 

i s  d imin i shcd  h c a r i n g  hs a r o s u l t  o f  r o t r a c t i o n  
of t h o  eardrum and consequen t  t o l o 3 c o p i n g  of 
t h e  o s s i c l e s .  Above 30 mm p r e s s u r e  t h e r e  may , and even v e r t i g o  be p a i n ,  t i n n i t u s ,  
and nausea.  P r e s s u r e s  of 0-90 m g i v e  g r e a t  
pain, and t h e  s e v e r i t y  of  all symptoms i n c r e a s e s .  

bleedin% 

A t  any  t ime d u r i n g  t h e  i n c r e a s e  up t o  
80-90 m, t h e  E u s t a c h i a n  t u b e  can  b e  opened b y  
a n y  o f  a wide v a z l e t g  of  actlc.% -swallowing, 
yawning, sneez ing ,  s c r c m i n g ,  c o n t r a c t i n g  t h e  
t h r o a t ,  o r  f o r c e d  e x p i r a t i o n  whi le  h o l d i n g  t h e  
nose  ( t h e  V a l s a l v a  mancuvcr) .  Most expe r i enced  
d i v e r s  and f l y e r s  have l c a r n c d  f a v o r i t e  ways 
of " c l e a r i n g "  t h e i r  ea r3 .  If t h i s  is done 
f rom time t o  t - h e  wh i l e  the p r e s s u r o  i s  i n -  
creasing, no s p p t o m r t o l o e y  need appea r  and 
t h e  s u b j c c t  w i l l  be zb'e t o  s u s t a i n  g r e a t  

. saounts o f  p r c a s u r c  w i t h o u t  c o n t r a c t i n g  a e r o -  
t i t i s  m o d i a .  I t  i s  only  when something goes  
wrong with t h e  i n t e r m i t t c n t  e q u a l i z a t i o n  p ro -  
c e s s  t h a t  t h  t y p i c a l  syndrornc: r p p c a r s .  

.4 r c l e t i v e  p r c s s r c  of  80-90 rn a c t i n g  
aga i r , s t  ths pharyngeal o p c n i q  of t h c  E u s t a c h i a n  
t u 3 e  i s ,  however, u s u e l l y  above t h a t  wh ich  t h e  
t u b a l  muscles  can  o v c r c o m ,  whereupon w i t h  m y  
i n c r c a s c  i n  p r c s s u r c  th?o tubc  bccorncs t t lockcd"- -  
t h e  vialls Ere p r e s s c d  s o  t i g h t l y  t h a t  t h e  mus- 
c u l a r  r c f l o x c s  which  normal ly  opcn t h e  t u b e  . n c  
u n a b l e  t o  c x c r t  t h e i r  u sua l  e f f c c t ,  and the  
p r c s s u r o  must b e  reduccd b e f o r c  e q u a l i z a t i o n  
can occur .  !%cn t h c  pressure  d i f f o r c n c c  r o a c h e s  
150-540 m, r u p t u r c  of t h c  cardrum w i l l  r c s u l t .  

I 

E t i o l o g y  and Symptom~tology.  

Most per sons  a r e  a b l e  t o  i n f l a t e  t h e  middle 
ear a t  w i l l .  Many pe r sons ,  however, a r e  n o t  
able t o  d o  so v o l u n t a r i l y ,  u s u a l l y  because  o f  
some o b s t r u c t i o n  o f  t h e  Eus tach ian  tube.  There 



may be c o l d s ,  w i t h  i n f e c t i o n  of t he  lymphoid 
t i s s u e  u n d c r l g l n g  the e p i t h e l i u m  s o  t ha t  t h e  
lumen is e n t i r e l y  c losed ,  o r  there  may be 
s u f f i c i e n t  e x c e s s  t i s s u e  t o  b l o c k  the t u b e  
even  w i t h  no i n f e c t i o n .  There may be o t h e r  
t y p e s  of c o n g e s t i o n ,  o r  t h e r e  may be p a r a l y s i s  
o r  a t y p i c a l  f u n c t i o n i n g  of the t u b a l  d i l a t o r  
musc les  . 

But e v e n  w i t h  s u b j e c t s  who can  o r d i n a r i l y  
i n f l a t e  the middle  ear v o l u n t a r i l y ,  t h e r e  may 
be  o c c a s i o n s  when i t  becomes imposs ib l e ,  a s  
dur ing  p e r i o d s  o f  s l e e p  ( b a b i e s  i n  c d r p l a n e s  
a r e  p a r t i c u l a r l y  s u s c e p t i b l e )  o r  o f  unconsc ious-  
ness ,  o r  d u r i n g  t h e  c o n d i t i o n  o f  " locked"  tube  
as d e s c r i b e d  above. The e lement  of r a t e  o f  
p r e s s u r e  change must also bc cons ide red - tha t  
i s  t o  sa7, a s u b j e c t  may b e  a b l e  t o  m a i n t a i n  
e q u a l  p r e e s u r c  % c r o s s  the  esFdrurn a t  one r a t e  
of chango, b u t  be u m b l e  t o  accompl i sh  t h i s  
if t h e  r a t e  i s  incrcBscd.  

'Jith an i n d i v i d u a l  unabl6 t o  i -nf la to  t h e  
tppanum, o r  unable  t o  d o  s o  with s u f f i c i o f i t  
speGd, a sc t r i e s  o f  p a t h o l o g i c a l  cve r , t s  may 
occur  i n  t h e  t i s s u c s  of tho  m i d d l e  e a r  whcn- 
c v c r  p r c s s u r c  i s  a d a i n i s t e r c d .  Theso evcfits 
a r c  c h a r a c t e r i z e d  by v a s c u l a r  r u p t u r c  and by 
t h c  p u l l i n g  a p s r t  o r  s c p a r a t i n g  of t i s s u e  
l a y e r s ,  

Tho imnediLte  cause of  t ho  o topa tho logy  
a p p e a r s  t o  l i e  in a p r e s s u r c  d u f c r c n t i a l  bc-  
tween t h c  e n t r a p p s d  a i r  I n  t h c  tgmpznurn, and 
a componont of ambient  a i r  p r c s s u r c  t r a n s m i t t c d  
t o  and €;..pressed i n  t h e  t i s s u e s  invo lved ,  
;;'hen th i s  o c c u r s ,  s o  t h n t  f o r  example w i t h i n  
u c a p i l l a r y  o r  a r t e r i o l e  t h e  p r e s s u r e  i s  
g r c a t c r  than i n  t h c  sur rounding  a i r ,  t h c  v c s s c l  
w i l l  expand and may r u p t u r e ,  allowing f r o e  
blood ar:d sc'run t o  cscapc. Thc samc " suc t ion"  
e f f e c t  may c a u s e  the o u t e r  l z y e r  o r  l a y e r s  of  
c e r t a i n  t i s s u e s  t o  be pulled l o o s e .  The c a r -  
d r u m  lagers  m a y  f o r  example becomc s e p a r a t c d  
i n  th i s  manner. 

12 
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Vie hava fo l lowed  Teed(20)  i n  d e s c r i b i n g  
and grading t h e  symptomatology of a e r o t i t i s  
media ,  A p e r f e c t l y  normal e s r  i s  d e s c r i b e d  
8 s  No, 0. An e a r  showing some conges t ion  i n  
S h r a p n c l l l s  nerribrane and alor,g t h e  hand le  of 
the m a l l e u s  i s  d e s c r i b e d  No. 1. R e t r a c t i o n  
and an e x t e n s i v e  and f i e r y  r ed  c o n g e s t i o n  of  
t h e  e n t F r e  drum and tympanum c h a r a c t e r i z e s  a 
No. 2 e a r .  A IJc,, 3 etrr e x h i b i t s  t h e  sane 
symptoms a s  ;lo, 2 b u t  i n  a 4 d i t i o n  then2 i s  
ev idence  o f  r cg f . i r ed  v c s s e l s  i n  t h e  d?.x.iL 
A ;if,. 4 e a r  I s  cha.rGc'~:~;?i.z 24 by extenc::.Y-I: 
v a s c u l a r  rzc?-,n?2 vit:: b l e a  Ctng  i n  t h e  s i d d l e  
e a r  and fruz tha Eustachi;;,? tuSe.  T!:::?; xay 
be  d i s s s c t - , ; - . . ~  k m o r r h ~ . g o s  i r ~  thc lav.?:?s c f  
the eai-drun, T.?-e eardrum nay a c t u o l 1 : -  k rup -  
t u r e d  o r  t ' f*:re zay b e  b l e b  f o m n t i o -  il; the 
c a n a l .  The whcle m i d e l e  e a r  may beccine f i l l e d  
with b lood  n k e S  w i t h  a i r ,  o r  f i l l e d  with 
b lood  alom, i r  chi,ch c a s e  t h e  drum q p e a r s  
pu rp l s  o r  bleck. These l a s t  c % s c s  we have 
termed No. 5 e r r s  because of 2 d i f f ' e r e n t i o l  
e f f e c t  on e c u i 3 .  

I n  a d d i t i o n  t o  t h e  o b j e c t i v e  d e s c r i p t i o n  
w i t h  the u s e  o f  t h e  o toscope  and nzsopharyngo- 
scope,  a n u b e r  of o t h e r  o b s e r v a t i o n s  a r e  o f  
importance.  A few p a t i e n t s  deve lop  v e r t i g o  
and n a m e a .  Cozmonly, pain o c c u r s  r a d i a t i n g  
down t h e  s i d e  of t h e  f a c e  t o  t h e  t h r o a t ,  o r  
i t  may b e  deep-sea ted  i n  t h e  ea r .  Sornetlmes 
it  i s  r a t h e r  mild,  and a r u p t u r e d  drum may 
occur  b e f o r e  t h e  p a t i e n t  f e e l s  more than a 
t r a n s i t o r y  n e e d l e - l i k e  p a i n .  Often t h e r e  i s  
t i n n i t u s ,  c s u a l l y  2. r o a r i n g  n o i s e ,  S t u f f i -  
n e s s  and "du l lnes s1 '  of t h e  e a r s  i s  cornon-- 
many p a t i e z t s  s t a t e  t h a t  i t  s e e m  they  were 
t a l k i n g  "wi th  t h e i r  hc-ad i n  a bucket ."  Many 
c o n p l a i n  of reduced  a u d i t o r y  a c u i t y ,  though 
w6 have  found t h e i r  s u b j e c t i v e  f e e l i n g  o f  
d e a f n e s s  is not a lways  t o  be t r u s t e d .  
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These  s u b j e c t i v e  symptoms may be found 
i n  varying d e g r e e s  i n  a l l  g r a d e s  o f  damage 
a c c o r d i n g  t o  the graded s c a l e .  However, no 
ve ry  c l o s e  c o r r e l a t i o n  can be drawn between, 
f o r  example, pa ln  and g r a d e  of damage. It 
has proved t o  us much more s a t i s f a c t o r y  t o  
rely upon the  o b j e c t i v e  d a t a  we mere a b l e  t o  
o b t a i n .  

Expe r h e n t  a1 De 9 i g n  . 
1. Sumxary. 

Over si% thousand men were  exposed 

. a u d i t o r y  s ~ s t e m s  were c a r e f u l l y  examir.c.i be -  
t o  50 l b s .  p o s i t i v e  a i r  p r e s s u r e .  Thcr;.  hole 

f o r e  and a f t e r  p r e s s u r e .  Those who c x - i r a c t e d  
a e r o t i t i s  Red ia  were s e l e c t e d  f o r  s p e c i a l  ob-  
s e r v a t i o n  m d  t r ea tmen t .  A s tudy  was m d e  of 
m e c h m i c a l  and p a t h o l c g i c a l  f a c t o r s  p o s s i b l y  
c o n t r i b u t i n g  t o  t h e  apgearance  o f  t h e  d i s o r d e r .  
The e f f e c t  of a e r o t i t i s  media upon a c u i t y  was 
de te rmined .  F i n a l l y ,  t h e  e f f e c t i v e n e s s  WQS 
i n v e s t i g a t e d  o f  5 d i f f e r e n t  t y p c s  o f  t r ea tmen t ,  
d e n t a l ,  by x-ray,  by radium, t o p i c a l ,  md 
p s y c h o l o g i c a l .  For  c r c h  t y p e  o f  t r o a t n e n t  one 
o r  inore c o n t r o l  groups w2s s t u d i e d  s i n u l t a n e o u s -  
l g  with t h e  experirncntal  group. 

2. S u b j e c t s .  

All men used i n  t h i s  s t u d y  were . 

young, h e a l t h y  males,  ave rag ing  i n  t h e  e a r l y  
t - aen t i e s ,  x i t h  an I& of 95 o r  h i g h e r .  Very 
few had any p rev ious  cxper ionce  i n  t a k i n g  
p r e s s u r e ,  a l t h o u g h  i n  t h i s  r c p o r t  b o t h  e x p c r i -  
cnccd end incxpc r i cnced  men a r c  inc luded .  
All hLd p a s s c d  o n  t h c  prcccding  day a r i g o r o u s  
p h y s i c a l  and p s y c h i a t r i c  cxaminat  ion f o r  o n t r a n c c  
t o  t h c  Submarine Sorv icc ,  t k c  most h i g h l y  s c l e c t c d  
group of  c n l i s t c d  nion i n  tho coun t ry .  

14 
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A r e l a t i v e l y  high s t a t e  of mot iva-  
t i o n  e x i s t s  g e n e r a l l y ;  t h e y  are  100% volun- 
t e e r s .  A number of Inducements are o f f e r e d  
t o  r o s p e c t i v e  c a n d i d z t e s :  t h e  men r e c e i v e  

t o  t h e  i m p o r t a m e  o f  submarine w a r f a r e ,  l i v i n g  
c o n d i t i o n s  a r e  e x c e l l e n t  w i t h  r e s p e c t  t a  food,  
of f  i c e r - e n l i s t e d  m a 3  r e l a t i o n s ,  and sh ipboa rd  
mora le ;  l a s t l y ,  i t  i s  known that t h e  p r e s s u r e  
t e a t  must be passed  b e f o r e  e n t r a n c e  t o  t h e  
Subniarine S e r v i c e .  

S U P  2 extra base pay, they are i n d o c t r i n a t e d  as  

3. F r e g r e s s a r e  Zxaminat ion.  

On t h e  day b e f o r e  p r e s s u r e ,  each 
man r e c e i v e d  a pu re  tone  audiogram a t  t h e  6 
o c t a v e s  256-8192 C.P.S. This was a d m i n i s t e r e d  
by 2 a e l l - t r a i n e d  a u e i c n e t r i c i s n  u s i n g  B 

. Yiestern E l e c t r i c  613 n z c h i c e  ir- a soundp?oof 
anechoic chznber. Xttenuaticn of o u t s i i e  
noise i n  tnis  chamber I s  over  90 db. 

Zach m n ' r e c e i v e d  a c a r e f u l  6 x m i n a -  
t i o n  % i t h  a otoscope ,  t h e  c o n d i t i o n  o f  his 
e e r s  b e i n g  macle s m a t t e r  o f  d e t a i l e d  r e c Q r d .  
I n  e d d i t i o n ,  e a c h  msl l  r e c e i v e d  an examiEation 
with t h e  nssopharyngoscope ( s e e  F i g ,  1) ,;: 
This instrument p rov ides  s. view of  t h e  e n t i r e  
rcsopharyrx,  ',Ye have found  that i t  may be 
i m e r t e d  a long  t h e  f l c o r  o f  t h e  nose  n i t h o u t ,  
i n  &&e vast nzjoritg of cases, any Frc1ixir ,ary 
a e s t h e s i a  o r  a s t r i n g e n t .  Fig.  2 shoivs t h e  
i n s t r u n e n t  i n  use. F i g r  6 shows t h e  t i p  of 
t h e  nasopharyngoscope i n  p l a c e  a g a i n s t  the  
nasopharynx, wh i l e  F i g ,  3 shows a n o r n z l  Eus- 
t b c h i a n  tube  osening  2 s  s e e n  through t h e  i n -  
s t rumen t .  Figs, 3 a ~ d - 6  were t a k e n  by  a 
camera s p g c i a l l y  f i t t e d  t o  a nasopharyngoscope. 

f:- F o r  F i g s .  1, 3, and 6 w e  a r e  indebted. t o  
Captain Jo-b Hendricks, JiC, AUS, Y!estover F i e l d ,  
N a s s a c h u s e t t s .  
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Shows Naeopharyngoaaope with Applianoer 
Fig, 1 
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The Naeopharyngoecope In Uee 

Fig. 2 



Opening o f  Normal Eurtaohlan Tube 
Been through the  Naeopharyngoeoope 

F16. 3 



The Submarine Eecape T r a i n i n g  Tank 

F i g .  4 ., 



RaUlum-Contalnlng Applloator 

Fig* 5 

, 



Appliortor in Pleoe  rgainrt Eurtaohlan Tuber 
8 e m  through the Nss opha ryngoeo ope 

Fig,  6 
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'.Yith t h e  u s e  of t h i s  in s t rumen t  the 
E u s t a c h i a n  t u b e s  were l a b e l l e d  r'openl', " f la t" ,  
l f c losed f ' ,  o r  f fcovered" ,  and t h e  aceno ids  were 
l i s t e d  on a S-,oint s c a l e  f r cm "small" t o  
lfenorincus!' Any unusua l  c o n d i t i o n s ,  s u c h  as  
c o n g e s t i o n  o r  plxgs, were n o t e d ,  I n  a d d i t i o n ,  
t h e  p-essnce o r  absence  of c o l d s  WIS a s c a r -  
ta inee .  by  o b j e c t z v e  merns. Those who hhd 
s e v a r e  ~ 3 1 5 5 ,  o r  f o r  some o t h e r  r e a s o n  i t  was 
thought  t?x- v a u l d  be  unab le  t o  t a k e  p r e s s u r e ,  
were excuse2  f r o m  d o i n g  s o  u n t i l  thsir t r o u b l e  
was c o r r e c t e d .  There were,  f o r  exeTnli,le, a 
few men vjith psycP.ol3gical  d i s t u r b a n c s s  a T i s h g  
from the  i m i n e n c e  o f  I p r e s s c e  t e s t ,  .nen 
all rnen hti5 b e e n  th.ora@ly exaTiized and s e -  
l e c t e d ,  t hey  wera s e n t  f o r  8 p r e s s u r 2  t e s t .  

.-.. 

4. Cond i t ions  of A d m i n i s t r a t i o n  o f  Pressure. 

The Submarine Bsczpe TTainfng Tank 

-- 

( s e e  Fig., ( t )  i s  a towez- c o n t z i n i n g  zi ccl luyn of  
f r e s h ,  c l e a r  water  25' f e e t  i n  diarnetar  and 100 
f e e t  deep. Escape rha tches  ape  l o c a t e d  a t  d e p t h s  
of 16, 50 ,  a d  100 f e e t ,  The h a t c h e s  a r e  C ~ K -  
s t r u c t e d  i n  a manner s h i l a r  t o  t h e  escape  
h a t c h  of a submarine. Men a r e  r e q u i r e d  t o  e r , te r  
a ha t ch ,  submi t  t o  a pressure i n c r e a s e  a p p r o p r i -  
a t e  t o  t h e  d e p t h  of t h e  ha t ch ,  don a Submarine 
Escape Appliance,  o r  "lung",  pass  f rom the  
h a t c h  t o  t h e  w a t e r ,  auld ascend t o  the  s u r f a c e .  

Ls 2 p r e l i m i n a r y  check on  t h e  a b i l i t y  
of  t h e  men t o  undergo t h e  p r e s s u r e s  involved 
i n  t h e s e  h s t c h  e scapes ,  t h e y  a r e  f i r s t  r e -  
q u i r e d  t o  e E t e r  G dry recompress ion  chamber 
where t h e y  Ere s u b j e c t e d  t o  50 l b s ,  (3.4 A t -  
mospheres)  p r e s s u r e  i n  from 8-10 minutes  de-  
pendiEg on ;he t r o u b l e  exper ienced  by i n d i v i d u a l s  
i n  ar.y p a r t i c u l a r  groupI  I f  a man i s  i n  such  
p a i n  that he cannot  con t inue ,  he i s  "locked" 
o u t  of  the  chamber and excuscd frcm the t  d a g ' s  
p r e s s u r e  t e s t .  F i f t y  2ounds p r e s s u r e  is as 
much as t h e  men w i l l  need i n  the  course  o f  t h e i r  
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e s c a p e  t r a i n i n g ,  and i t  i s  w i t h  t he  d r y  r e -  
compress ion  phase only that  t h i s  experiment  
d e a l s .  

5 ,  Pos t p r e s  sur  e Examinat ion .  

I i m e d i a t e l y  upon c o m p l e t i o n  o f  the  
d r y  p r e s s u r e  t e s t  e a c h  man w a s  examined ca re -  
f u l l y  with t he  otoscope.  Eve ry  e a r  was as s igned  
a g r a d e  of  damage a c c o r d i n g  t o  t h e  graded  s y s -  
tem. S e v e r a l  hundred n e n  were  g i v e n  a p o s t -  
p r e s s u r e  audiogram. A t  t h e  sign o f  any  o to -  
pz-Jholsgg i n  a p a r t i c u l a r  e a r ,  tha t  man was 
c e r e f u l l y  examined w i t h  t h e  nasopharyngoscape. 
;i d a i l y  l o g  w8s k e p t  with d e s c r i p t i o n s  of a l l  
e m s  s u f T c r i n g  damage . These p r o t o c o l s  could 
t h e n  be  compared w i t h  t h o s e  on t h e  same men 
from t h e  p r e p r e s z u r e  examinat ion .  

6 ,  . C o n t r c l  and Exper i n e n t a l  Groups . 
O f  t hose  pot c o n t r a c t i n g  a e r o t i t i s  

media,  e group  vias r e q u i r e d  a f t e r  t h e  l a p s e  -' 

of a week t o  t ake  p r e s s u r e  2 second t ime as a 
normal  c D n t r o l  procedure .  I n  t h i s  as wi th  all 
o t h e r  groups,  t h e  p e r c e n t  o f  t h o s e  f a l l i n g  t o  
complete t h e  t e s t ,  t h e  p e r c e n t  of  t hose  COE- 
t r z c t i n g  a e r o t i t i s  medlz,  and t h e  average  grade 
of dams-ge, were c a r e f u l l y  no ted  m d  made the  
bzs i s  f o r  group-to-gr0u.g c m p a r  i son .  

O f  those  c o n t r a c t i n g  a e r o t i t i s  media, 
a c o n t r o l  group was r e q u i r e d  a f t e r  t h e  l a p s e  
of a week t o  t a k e  p r e s s u r e  a second time, no 
t h e r a p y  whatsoever  h a v i n g  been g i v e n  in  the  
i n t e r i a .  Of t h e  o t h e r s  e x h i b i t i n g  the syndrcxe, 
men were a s s igned  a t  random t o  exper imenta l  
g roups  f o r  t r e a t m e n t  s-s f o l l o w s :  

a. p s y c h o l o g i c a l  

This s o r t  o f  t r ea tmen t  cons i s t ed  
c f  p e r s o n a l  a s s u r a n c e  that  i n  1 0  days,  o r  l e s s ,  
his  ear 's  would heal and he would exper ience  no 



d i f f i c u l t y  a second time. He w a s  s u b s e q u e n t l y  
i n s t r u c t e d  a g a i n  i n  t h e  Valsalva maneuver and 
g i v e n  a second p r e s s u r e  t e s t ,  t h e  o t o l o g i s t  
u s u a l l y  p r e s e n t  i n  t h e  chamber for i n d i v i d u a l  
example and i n s t r u c t i o n .  

For  a p e r i o d ,  a l t e r n a t e  groups 
were p r e s e n t e d  with band music  d u r i n g  p r e s s u r e .  
It was supposed that the  rhythm o r  the relaxa- 
t i o n  induced would be o f  b e n e f i t .  Again, with 
c e r t a i n  g roups  half  o f  t h e  number mere g i v e n  
chewing gum t o  m a s t i c a t e  d u r i n g  p r e s s u r e .  

b. symptomatic 

Every two hour s  f o r  6-8 hours  
b e f o r e  a second p r e s s u r e  t e s t ,  i n d i v i d u a l s  
with symptoms o r  a e r o t i t i s  media were i n -  
s t r u c t e d  t o  app1.j d rops  of  1/4$ neosyneph'ine 

' i n  normal  s a l i n e  t o  the  nose .  

C .  x-ray 
r 

X random sample o f  t h o s e  ex- 
h i b i t i n g  s e v e r e  c t o p a t h o l o a -  werc t o  be ex-  
posed E O  an a p p r o p r i a t e  dose  o f  x-rzys i n  an  
a t t e m p t  t o  shriqk c e r t a i n  t i s s u e s .  As d e s c r i b o d  
below, i t  became impossible  t o  make more t h a n  
a s t a r t  with th i s  type of therapy .  

d .  radium 

2. random sample was s e l e c t e d  
from t h o s e  men with o topa thology who had 
e x h i b i t e d  e x c e s s i v e  lymphoid t i s s u e  i n  and 
about  t h e  o r i f i c e  of t k e  E u s t a c h i a n  t u b e  and 
i n  t h e  f o s s r '  of R o s e m . d l e r .  With a small 
monel m e t a l  a p p l i c a t o r ,  radium w a s  a p p l i e d  t o  
the o r i f i c e  of the  Eus tachian  t u b e  a c c o r d i n g  
t o  Crowets and Bu namfs t echn ique ,  but w i t h -  

radium sa l t  were a p p l i e d  once a month f o r  8-10 
minu tes  t o  each  s i d e  of t he  nasopharynx. 

ou t  a n e s t h e t i c ( 6  'j F i f t y  m i l l i g r a m s  o f  
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F i g r  5 shows a rad ium a p p l i -  
c a t o r .  It  i s  a hollow monel m e t a l  chamber 
2 cm long c o n t a i n i n g  t h e  radium. I t  has a n  
o u t s i d e  d i a m e t e r  of  2 . 3  my and an i n s i d e  
d i a m e t e r  of 1.7 mm. The walls a r e  .3 mn t h i c k .  
This c y l i n d e r  i s  b razed  t o  a w i r e  by which i t  
i s  hand led ,  l ' l i th t h e  p a t i e n t  on his  back, t h e  
a p p l i c a t o r  i s  passed  slowly a l o n g  t h e  f l o o r  of 
t h e  nose f o l l o w i n g  t h e  same pathviay as  t h e  
nasopharyngoscope,  u n t i l  t h e  middle of t h e  
r a d i u m  chamber touches  t h e  o r i f i c e  of the  Eus- 
t a c h i a n  t u b e .  (The c s r r e c t  d e p t h  can be d e t e r -  
mined by  i n s e r t i n g  a nasopharyngoscope i n  oce 
s i d e  and a dumAy a p p l i c a t o r  i n  t h e  o t h e r ) .  A 
s imi l a r  rzd ium a p p l i c a t o r  i s  t h a n  p l a c e d  ir, 
c o n t a c t  with the  o r i f i c e  of t h e  othe:- tube ,  
and n clamp is p laced  over  t h e  h a n d l e s  o f  t h e  
a p p l i c a t o r s  i n  each  a way t h z t  t he  i n n e r  t i p s  
a r e  f o r c e d  0Gtv:a-d a g a i n s t  t h e  t i s s u e s  i t  i s  
d e s i r e d  t o  s h r i n k .  F ig .  7 skcws a s u b j e c t  

. with t h e  two a 2 e l i c E t c r s  in p l a c e .  

Success ive  radium t r e a t m e n t s  
we-e giveri t o  i z d i v J d c a l s  a t  i f i t e r v a l s  o f  
aboQt  e. mor,th. Orie group 6 2 s  Tequi red  t a  
t a k e  a p r e s s u r e  t e s t  a f t e r  every  t r e a t n e z t ,  
o t h e r s  c e r e  r e q u i r e d  t o  w a i t  u n t i l  a cour se  
o f  3 o r  4 trez ' irnents w a 3  c o q l e t e d .  

E e s u l t s  : 



Subjeot  with  Radium Appl loators  i n  Plaoe 

Fig* 7 



O f  t h e s e ,  a t o t a l  of 1,659 men, o r  
26.9%, c o n t r a c t e d  nore  o r  l e s s  Severe  a e r o -  
t i t i s  media.  A t o t a l  of  732 of t h e s e  c a s e s  
of a e r o t i t i s  media v e r e  t r e a t e d  with r ad ium 
t n e r z p g .  A n  a t t empt  ~ 2 s  made t o  a d m i n i s t e r  
rad ium a t  l e a s t  4 t i ~ e s  i n  e a c h  c a s e ;  i n  some 
c a s e s  as mmy irs 8 t r e a t m e n t s  were needed. 
It was somet ixes  iagcjEsible t o  complete  a 
s e r i e s  of 4 t r e s t i n e n t s  when, f o r  exa.mple, a 
man G S S  unexpec ted ly  t r a n s f s r 7 e d .  But f o r  t h e  
x o s t  pzr t ,  the:*eFy n n s  c o m p l e t e d  and t h e  m a n  
c.g;ic hdml t t ed  t o  t h e  p r e z s u r c  chsnioer. 

The roa t in r ;  voluxe o f  o a r  work f o r  
t k c  2Ls t  Z-ecr Ls  s?cvin i n  F ig .  8, a h e r e  bclc-.-r 
t h e  ~ ~ n t i =  i s  p r l n t c d  t h e  cuT3zr  o f  mcn excmined 
du,-ing thct x c x t h .  

2. .%e 3 : f fec t  o f  YeEtke?. 
- i t  he: after, b e e n  suppossd that  

wez the r  condi t ior?s  zppeaT t o  i r i l a e n c e  t k e  
o n s e t  cf" e e r o t ; t i s  ;.ledla, ?,ut we conclude fr3x 
OUT s t u d i e s  that wkere x e t e o p o l o g i c z l  cor-di- 
ti0r.s e 2 2 e s r  t o  i x2uenc . e  tke  c x s e t  or' z e r o -  
t i t , is  n e d i a ,  t h e  ccrirAection i s  i x l i r e c t .  .;e 
do n c t  s e e  "in7 tendency f o r  t h e  d i s a a s e  t o  %e 
associa+;ec! i n  m y  vrcy n i t h  t c z q o r a t u r e  o r  b a ~ o -  
x e t - i c  p r c s s u r e  . F' icx-5  - 9 presents da7-3y-dz7 
c h r t s  f o r  a t j rFica1 vr in te r  n o r t h .  The l o v e r  
l i n e  g i v z s  tix d a i l y  pe-ccntage or' men c c r , t r s c t -  
i n g  r s r o t i t c s  m d i a ,  the  mid2ie  l i n c  g i v e s  t h o  
t o n p e r a t u r e  i n  Falweriaeit ,  and t h e  t o p  l i n e  
g i v e s  t k e  p r e s s c r e  i n  liicl of  ~ g .  Okservs t ions  
vzere tciren E t  0609 eve=.:.- ziornixg j u s t  b e f o r e  
e r c h  group x 2 s  g iven  p r e s ~ ~ l r " e .  The p r e s s u ? ~  
and t sa2cra t :x-e  c r v o s  aye ro1@ i n i r r c r  irr,ag2s, 
b u t  f c r  eveL-7 i n t c r v a l  -.-lk._ere t h e s e  s e c n  r c l z t e d  
t o  t h e  l o x e r  line, c n c t h e r  i n % e r v s l  i n  tlic 
montk c m  be ~?caz-iZ v:;-k.-erc. th=r; ozposLtc ten2encg 
i s  t k G  yd ic .  

.-- 

-- 
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A slight s e a s o 2 a l  e f f e c t  is appa ren t ,  
t h e x i  b e i n g  s l i g h t l y  n o r e  d i s t u r 5 a n c e  i n  t h e  
w i n t e r  month!. Fig.  8 d e m o n s t r a t e s  that  b o t h  
tke i n c i d e n c e  o f  a e r o t i t i s  media and t h e  nLi- 
be;. of men f a i l i n g  p res s -a re  o n  t h e  f i r s t  t r i a l  
&?e a t  a peak  d u r i n g  March. 

( I t  shou ld  be s a i d  h e r e  thst the  
r i s e  LT 50th t h e s e  v a r i a b l e s  d u r i n g  October,  
Nover;;be,-, and Decaqber cf 1945, i s  n o t  ex- 
p l a i n e d  as ?. sessonzl phcnonenon, bQt probably  
a= . i s e s  f rom a d i f f e r e n t  r ' r c t o r  a l t o g e t h e r .  22- 
f o r a  V-CT d a y  tke men were examined 57 thlo o t o l c -  
g i s t  and s e n t  througlh S roszx ro  on t h e  ncxf 227 ;  
s h o r t l y  a f t e r  V-d dcy t h e  s c h e d u l i n g  of tke  -,on 
was s o  c h m g c d  t h a t  ir? nmg c a s e s  savcrzl eaps 
c:- e v e n  iTczSks c l s p s s d  b c t ~ ! e c n  t h o  e x a n i n a t i o z  
and t k e  ts-king o f  p r e s s z r e .  DJrir ,g tk is  t i r r e  

' t h e  men :lac anF le  o ; i o r t . z i i t g  t o  c o n t r a c t  up;?? 
r e s p i r z t o r g  i r 2 e c t i o n s  -,yhich r . 2 ~  hzve g.ffect35 
t k e i r  z . j i I i tg  t o  un<e=.go p e s s ' a r e ) .  

T?ie p o s z i b i l i t y  o f  a s l i g h t  s e a s o z :  
d i f f e r e n c e  i s  b rough t  o x t  S g  e coin;crison c f  

zn5 2 tysical s x m e r  morith ( P i g s ,  10  and 11). 
It is s e e n  that t h e  f i s x e s  f o r  January  (F ig .  LO) 
ere s o z e x k a t  -higher, The avercga SerczntEge 
of f s i l u r e s  f o r  t h e  viko1c n o n t h  o f  J z n ~ a r y  wzs 
9.93, t h ~ t  f o r  J u l y  oR1;r 6.25. ?";?e d i f f e r e n c e  
of 3.685 i s  3.4 tk ,ss  i t s  own s t a n d a r d  e r r o r ,  
i i i d i ca t i r -g  thet t k r e  i s  l e s s  t b E n  1 c k m c e  
i n  1,009 t h t  t k e  d i f f o r c n c c  is duo t o  t h e  
p r e s a n c e  of ch2nce f z c t o r s .  

c bhe dr,-i7y-clnS r e c o r 5 s  f c r  a t 5 T i c e l  w i n t e r  

The r e a d e r  w i l l  c a i*e fu l ly  n o t e  t k a t  
in  t h e  preczdir_S p a r a g r a 2 h  c e  have beeii spealr- 
ing no t  of t h e  i n c i d e c c e  o f  a e r o t i t i s  medie, 
b u t  o f  p r e s s u r e  f s i l u r e s ,  % . e  tTio a r e  57 nc 
xeans t h e  same t . ? i c g .  I n  t3Ls c o x e c t i o n ,  G e  
p o i n t  o u t  t-h.3 t h e  c o q a r i s o n  of  ixess*.xe 
f a i l u r e s  for Janaarg and July i s  n o t  a r r o ' c o -  
r a t e d  bg t h e  compars t ive  i n c i d e n c e  of ba ro t r euaa ,  
s i n c e  indeed  t h e r e  the  p e r c e n t a g e  i s  higher  f o r  
Ju ly  than f o r  Zanuarg. 
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D a i l y  F e r c e n t e g e s  

Day-by-Pay P e r c e n t a g e  of P r e s s u r e  
F a i l u r e s  for J u l y ,  1945 

Fig.  11 
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The g r e a t e r  number of f a i l u r e s  
during Januaq ,whi le  signif i c z n t ,  does not 
of c o u r s e  n e c e s s a r i l y  mean that t h e  d i f f e r e n c e  
is due t o  s e a s o m l  changes. A t  l e a s t  a8 good 
2 h s o t h e s i s  is t h e  p o s s i b i l i t y  that  i n  soma 
i x d i r e c t  ; r , ~ ~ n e ?  t h e  untoward e v e n t s  o f  t h e  war 
b o t h  i n  &rope  and i n  t h e  P a c i f i c  a f f e c t e d  

thus comple te  t h e i r  pressur-a t e s t  s a t i s f a c t o r i l y .  
It VIES, f o r  exacp la ,  about this t l ice that t h e  
Navy mnounced  t h e  loss of t h r z e  su5marines  i n  
oze week,  

L bhe reedir,ess cf some men t o  undsrgo  p a i n  and 

Uhst we m s t  e x p l s i n ,  t h e r e f c r e ,  is 
not  t h e  r e 1 i E b i l i t - y  of t h e  d i f r ’ e rence  5etv;esn 
JanuaLq ar,S Z ~ l g ,  b u t  ghy t h e  d i f f e r e r - c e  i s  so 
slight. The e x 2 l a m t i o n  E;reSablg l i e s  in c u r  
s e l e c t i o r ,  rcstliods, b3 wkick e l l  men xttk a c u t e  
c o l d s  were excused  f r o x  ;:“~ss-L?E. Tke r e s c l t  
i s  ths t  ElthoUgh t h e  2 x o u n t  c f  q p a r  ? e s z i r i -  
t o r y  i n f e c t i o n s  i n  January is g r e a t e r  then i n  
Ju ly ,  t h e  nuziber ar‘ ,men with c c l d s  z c t x i 1 1 y  
t a k i n s  p z s s E r e  i s  &bozt t h e  s z m s  f r o n  m n t h  
t o  n,onth. 

P.lthoug3 as  we s k ~ l l  shovi, t h e  p r e -  
sence  o f  c o l d s  i s  of  fsr less s i g n i f i c e z c a  i n  
a e r o t i t i s  n e d h  then i s  u s u a l l y  c l e i x e d ,  we 
a r e  f o r c e d  t o  cc,ncli-ide cith r e g a r d  t o  i::e&ther, 
tha t  i n  OUT d a t a  no dzg-bz-day o r  t r u l 7  s e a 3 0 ~ -  
21 m e t e o r o l o g i c e l  e f f e c t s  c r n  be d i scer r ,ed .  

3 .  The E f e c t  of i n t e l l i g e n c s .  

Fig. 12 p r e s e n t s  d l s t r i b s t i o n s  o f  
i z t e l l i g e n c e  f o r  E group of 200 nen v:hc passed  
p r e s s u r e ,  and E group o f  209 r h c  f a i l e d .  A 
t endency  c m  ‘ce d s 5 i c t e d  f o r  t he  curve o f  t h o s e  
who f a i l e d  t o  b e  s h i f t e d  t o  t n e  r i g h t  hand o r  
I?  l o w i t  s i d e  of ths i n t e l l i g e n c e  c o z t i n w m ,  Eois- 
eve r ,  t h e  d c f ’ e r e n c e  S e t a e e n  t h e  means i s  
sl ight ( . 9 9 )  ~ r i i  i s  s t a t i s t i c a l l y  i n s i p i f i -  
c a n t  

33 
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It xould  be t h e  p a r t  of c a u t i o n  - n o t  
t o  zssume tnat  i n t e l l i g e n c e  is u n r e l a t e d  t o  
t h e  problem. Note that our  men a r e  ve r7  higC- 
17 s e l e c t e d  f o r  i n t e l l i g e n c e ,  o n l y  a r a r e  one 
o r  two p e r  hundred f a l l i r -  belov; an I,&. o f  
100, Ye can aake no s t z t e m e n t  c o n c e r n i n g  t h e  
b e h a v i o r  u n d e r  p r e s s u r e  o f  t h e  l o v e r  l e v e l s  
of i n t e l l i g e n c e ,  b u t  i t  is  2 o s s i b k  that vlith 
a v i d e r  r a n g e  t h e  f a c t o r  o f  i n t e l l i g e n c e  ~ ~ o u l d  
t ake  o n  ac',ded s i g n i f i c m c e .  

4 ,  P r e d i c t i o r -  of A e r o t i t i s  :.iedia. 

a. o b j a c t i v e  cold and  a l l e r g i c  

5, s i z e  c f  adsnc2ds .  
c. zppezrance  o f  E ~ s t a c h i a n  tube.  
d .  a5 i l i t g  i n  l ' a l s a lva .  
e ,  Frev ious  ex?erier ,ce  x i t h  > r e s s - L x .  

UT- - m  r e s p i r a t o - T  r r a n i f a s t z t  i c n s .  

. f .  cisc;;sziori snd c o n c l u s i o n s  

a .  Ob 'ec t ive  cold &nd e i l e r g i c  u??er 
r e s p i y r t c r y  m z i f e s  +-- z t i o n s .  

2 e c ~ u s e  of t h e  F r e v r l e n t  o p i n i o n  
& *  b~:2t tk-,e 2 r e s e r c e  of u2per  r e s S i r a 5 o q  in-  
f e c t i o n  c c n t r i k u t a s  k e s v i l g  t o  t h e  m s e t  o f  
a e r c t i t i s  ixsfiiZ, i t  was decidsd  t o  s e e  whe the r  
m c s t  of tke p s t i e n t s  gave a % s t o r y  or' c c l d  2t 
t h e  t k . e  ci' t k e  p ra s s - i r e  t s s t .  Or' & g ~ o u ~  oi 
232 n e n  e i t h  a e r o t i t i s  mediz, a t o t c l  o f  36, 
o r  l6.3$ ?:ere l i s t s d  Dy t h e  o t o l o g i s t  2s ilcLviEg 
had n i l 6  cold symTtoms. 

Ev iden t ly  within t h e  l i m i t s  o f  
o u r  d a t a  t k e  r e l a t i c n  o f  rriild c o l d s  t o  a e r o -  
t i t i s  r.edLa i s  n o t  very  pronounced. It is  
t m e  t h t  t h o s e  w i t h  s e v s r e  c o l d s  viere excxsed 
f r o m  t h e  r , ressure  t e s t ;  b u t  o n  the o t k r  b m d ,  
we f i q C  63.7s of  o c r  p a t i e n t s  f-zd no c o l d s  
n k a t s o e v s r ,  2nd :7e conclitde thzt  c o l d s  a r e  by 
no means 2P.vays an  acconpaniaent  o f  a e r o t i t i s  
media. 
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b. S i z e  of a d e n o i d s .  

In view or the Close a p p r o x i -  
m a t i o n  o f  t h e  a d e n o i d s  t o  t i e  opening or '  t h e  
E c s t a c k i a n  t u b e  ar,d t h e i r  e f f e c t  on  the be- 
h a v i o r  of t h e  l a t t e r ,  i t  has seemed l o g i c a l  
t o  e x p e c t  tkat x i t h  l a r g e r  and l a r g e r  adeno ids ,  
more a e r o t i t i s  media would occur .  That t h i s  
i s  i n  g e r x r a l  t r u e  i s  ccnc luded  f r o m  t h e  d a t a  
of  Fig.13, wA%re t h e  a v e r 2  e daxage ( acco rd ing  
t o  t k e  Teed c l a s s i f i c a t i o n  2 e s u l t i n g  from a 
r irst  p r e s s u r e  t e s t  i s  r e l a t e d  t o  s i z e  of 
adeno ids ,  There i s  a s t r o n g  and  r e l i a b l e  t e n -  
d e x y  f o r  t h e  damage t o  i n c r e z s e  i n  s e v e r i t ?  
as t h e  s i z e  of adeno ids  i n c r e z s a s .  

7 

A ska r r ,  r l s e  i n  t h e  curve cf 
r"ig.13 i s  o S v i z c s  E S  t h e  s i z e  i z c r e a s e s  f r o 3  

. ' ' m e ~ i x z ~ '  t o  l ' l w g e ' r ,  i i ' h~s t  c e r t a i r ; l y  ~e 
e x p l a m t i o n  f o r  t h i s  ~ i s e  l i e s  ir! tk-6 f z c t  
tl?at tiis l r l a r g e t '  cs tegor;-  i x i u d a s  t t o s z  c s s e s  
*.vi$k l p r , h o i d  t i s s u e  t n  t h e  f o s s a  o f  3 o s e n m l l e r ,  
wh i l e  t h e  %edirunl' c ' r tegorg d c e s  n o t ,  I t  s e e r s  
t h t  the  fossa o f  Z o s e n x u l l e r  cccup ies  a s t ~ a -  
t e g i c  p c s i t i o n  with Tegard t o  i t s  e l ' fec t  on t h e  
pa t ency  o f  t h e  Eus tech ian  trtbe. 

A c z u t i o n  must b e  r&.ised 'fi 
i n t e r p r e t i n g  Fig.13, i n  that t h e  r e l a t i o n s x p  
between s i z e  o f  a d e n o i l a  aqd s e v e r i t y  o f  a e r o -  
t i t i s  media i s  n o t  n e a r l y  s o  c r e c i s e  as a,-esrs 
f ro=  the s i n g l e  c-mve o f  ti?$ f i g w e .  A g r e a t  
d e a l  o f  ove r l eg  o c m r s  s u c h  t h t  man7 p a t i e n t s  
with e n o m o u s  a d e n o i d s  hzve no t r o u b l e  with 
pressuTe wha t soeve r ,  wh i l e  on t h e  o t 2 e r  hand 
mzn: with mall o r  no adeno ids  s n s t z i n  aeveTe 
dm-age. 2 i s  zr,o;u,.r,ent is c a r r i e d  by Fig.14, 
where a f r e q c e n c y  d i s t r i b u t i o n  i s  p r e s e n t e d  
f o r  e a c h  o f  ? o u r  groups, t h o s e  with smll,  
m d i c n ,  la rge,  m d  e n o m c u s  zdenoicis. Then 
t h e  c u x e  f o r  t h e  1tsmali3 group  is compared 
w i t h  t n a t  f e r  t h e  "enoxaous" group, i t  i s  
seen that whoreas  50% o f  t h e  "enormous" group 
c o n t r a c t  $4 ears, s t i l l , o v e r  20s of the "s=lall" 
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group contracts #4 e a m  also-a s i z a b l e  pro- 
p o r t i o n .  Also, it w i l l  be noted that abou t  
20% of tlx nenornous" group m-intain p e r f e c t l y  
norms1 ears. 

C.  Appearence o f  E u s t a c h i a n  Tube. - - 
In  OUT a t t e m p t  a t  p r e d i c t i c n ,  

t h e  c o n e i t i o n  of  t h e  E u s t a c h i a n  tube as s e e n  
o n  n e s o p h a r p g o s c o p g  WES considered. Tubes 
weye l a b e l l e d  opsn, f l a t ,  c l c s e d ,  or covered.  
T:lc x e n  ware t h e n  follo:;.ed th rough  p r e s a c r e  
and t 5 c  s e v e = . i t g  of daaage, i f  any, noted .  
 fig.^> shows t k  r s l s t i o n  o f  a p p e a r a m 2  of t h e  
tube  t c  t h e  g rede  cf dzrnage o c  t h e  gradldd 
scale. k r e p i a r  i n c r e a s e  i n  s e v e r i t y  occur s  
as  the Z u s t a c h i e n  t c b e  bscornes =ore and n o r e  

- z  

. occluded. 

Agsic, ';he s m c t h e s s  o r  r?lg.l5 
althoug;? rz&ule? and r e l i a b l e  i s  decep t ive - -  
i n s p e c t i c n  c2' t h e  2 2 ' ~  dcta  i-eves2.s t k t  t o o  
muck cvsrla:  cecr : rs  for y r e t i c t i a n  i n  i n -  
d i v i d u a i  c s s e s  t o  Se v e r y  s u c c e s s ~ u l .  r"ig.-c 
p u t s  t 3  s l tu s t io_ r l  i n  g r z p h i c  f o ~ r i .  S e r e  i s  
m e s e z t e a  a f r e q u s n c g  2 i s t r i b u t i o n  f o r  each 

- /  

group,  t h e  0209; f l a t ,  closed, and covered. 
Althotlgi? F i 2 . b  showed tk=e xean d i f f e r e n c e s  - 

b o t w e n  t k e s c  grou2s t o  be reliable from a 
s t a t i s t i c & ?  _roir , t  of  visvr, i t  is  clear f r o m  
Fig.lC t h t  thc s c v e r e r  g rados  of d a m g e  a r c  
by no means copxf'inod t o  those c a s e s  ~ i t h  
ccvereci o r  c l o s e d  Zus tnch iax  t abes - - in  f a c t  
more than 255 o f  c 2 s e s  with 2 e r f e c t l g  open 
t u b e s  s z f f e x d  $4 ebr s .  Noreover, o f  tkose  
c s s e s  n i t h  ccvered t u b e s ,  aboc;t 15;; hzd no 
t r o u b l e  whatsoever  i n  taking p r e s s u r e  

??e conclude  t h a t  8 Z e f i n i t e  
r e l a t i o n  e x i s t s  between appezrance o f  Eus- 
taci-Lan tube  End r S i l i t y  t o  t a k e  p r e s s c r e ,  
b u t  tfict t h c  i n d i v i d u s l  v a r i a t i o n  is too g r e a t  
t o  a l l o w  zccu ra t e  p r e d i c t i o n  o f  j u s t  which men 
y l i l l  c o n t r a c t  n a r o t i t l s  medic.  
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d ,  A b i l i t y  in Valsalva. - 
In a d d l t i o n  t o  studying t k e  

s t a t i c  appea rance  o f  t k e  system we vi i shed t o  
o 3 t a i n  a n  i d e a  of  t h e  f a n c t i o n z l  p r o p e r t i e s  
as w e l l  i n  t h e  f o r m  or" t h e  Valsalva maneuver. 
Eef'ore tke p r e s s u r e  t e s t  e l o z g  s e r i e s  of ne3 
w a s  checked on how .::ell t h e y  cculd v c l m t & r i l y  
i n f l a t e  t h e  m i d d l e  ea.,* The r e c o r d s  ~f 139 
men n k o  s u b s e < x e n t l y  c o - l i t r s c t e d  a s r o t i t i s  
n z d i a  n e r a  s t u d i e d .  It x 8 S  f o u n d  t h t  o v c r  
h a 3 ,  or 56$, Fad  a F p a r m t l g ;  had no d i f f i c u l t y  
YJi%h i r f l z t i o n  bsforohand.  Th i r ty -one  F e r -  
c m t  v e r a  l i s t c d  2s havizg had soinc d i f f i c u l t y  

poor  c s t e g o r y .  It  i s  c v i d c n t  f ~ o ~  t k e s s  f i g x r e s  
t b t  t h o  z b i l i t y  t o  p r I "o rz l  thc V s l s r l v c  d u r i n g  
e p r c l l z i n a r g  e x a r n i m t i o n  is no c e r t a i n  guc;rar,- 
t e e  t k t  d u r i r g  a c t : i a l  ~ ; . e ~ s c : r s  t h e  m a n e u v e r  
all1 al:.:ags b e  s u c c e s s f a l .  3 e v e r t h e l e  ss,  a s  
x e  shal l  show, we have i n  +,ne Valsalva i2-e best 
p x d i c t i v e  m a s z r e  of a s r o t i t i s  ~ e c i i e .  

bcforcksnri ,  .rr'rlTlc thc re-- i c ..ua-nigg 1379 ~ e r ~  iq E 

-i t o t z l  of  586 r - e n  ZhJ2 a i l  nc: 
c o n t r a c t  z e r o t i t i s  ned ia  v;%s drawn from t-le 
s a x  a e e k l g  i n t a r v a l s  as t h z  139 nen of tks 
p?ecedir,g parggraph. The r e s u l t s  f r o m  t h  two 
g r m p s  E r e  c c a p s r e d  in Table I. 

Tzble I 

A b i l i t y  2t Vnlsz lva  

Good p o o r  D o u b t f i I  T o t a l  
C o n t r a c t .  AOX-Y:139 5m 3G.9 1CO.O 

Not Contrr-ct .  x0:.1-1~:S66 78.2 05 21.3 l'i0.0 

Percant o f  C ~ S C S  

i3g a e r o t i t i s  m d i a  with t k s e  - n o t  Contrzcticg. 
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'!?'en t h e  a b s c l u t e  f i g u r e s  are 
t r e a t e d  a c c o r d i n g  t o  t h e  Chi -square  t e c h n i q u e ,  
i t  a p p e a r s  that t h e  d i f r ' e r e n c e  be tween t h e  
c o n t r o l  group and t h e  a e r o t i t i s  s ledia  group 
i s  s i g n i f i c a n t  a t  t h e  15 l e v e l  f o r  a l l  t h r e e  
c a t e g o r i e s  o f  a b i l i t y  i n  V a l s a l v a ,  

F o r  p r a c t i c a l  P u r p o s e s  we can 
sag that a sornewhzt g r e a t e r  p r o b a b i l i t j  e x i s t s  
f o r  a nan t o  nave passed  a preliminary V a l -  
s a l v a  if h e  d o e s  n o t  c o n t r a c t  c e r o t i t i s  n e d i r ,  
and tha t  if he does  c o n t r r c t  i t ,  t h e  chances 
e r e  neG-lg 1 i n 2 t i l a t  'ne i-3d sone t r o u S l e  w i t h  
t h e  Valszlva. 

I n  o r d e r  t o  x3ke o m  s t z t a m e n t s  
more p r e c i s e  t k e  data  must be  t r e a t e d  i n  a n o t h e r  
wey. Yie nay s ~ e c i f i c a l l y  i n q u i r e  v:.lr_et t h e  
chances a r e  cf a ;nm c o z t r a c t i n g  a e r o t i t i s  m e d i a  
i f  h e  I s  l a b e l l e d  b y  t h e  o t o l o g i s t  Good, Doubt- 
fa:, o r  Foor c n  e j i l i t 7  8 ~ ;  Valsalva. Tezjle I1 
g i v e s  cur r-nswer. The rzw d a t z  aye t b e  s a e  a3 
i n  TzSle I, bu t  t h e ' ~ s r c e n t a g e s  e r e  corcscted 
frofi-. t h e  t o t r l z  ii? t h e  v e r t i c s - l  colur?ns r a t k e r  
tnan b7 ro:;'s. 

Table  I1 

T o t e l  : 100.0 100.0 100.0 

P e r c e n t  o f  cases  

Shows s u c c e s s f u l  prediction o f  a e r o t i t i s  z e d i r  
b y  a b i l i t y  z t  t h e  V e l s z l v a  maneuver. 
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Table I1 shows t h e  p r e d i c t i o n  
o f  wh ich  a p r e l i m i n a r y  Va l sa lva  i s  capeb le .  
O f  t h o s e  l a b e l l e d  "Good", only 14.5% c o n t r a c t e d  
a e r o t i t i s  media,  while  85.55 d i d  n o t .  T h i s  
r e s u l t  a t  f i r s t  l ooks  very  s a t i s f a c t o r y  u n t i l  
i t  is n o t i c e d  that o f  t hose  l a b e l l e d  "Doubt- 
f u l " ,  74.5% d i d  no t  c o n t r a c t  a e r o t i t i s  media 
whi le  only 2 s . s m d  so.  There a r e  t o o  few 
c a s e a  l a b e l l e d  "doub t fu l "  t o  make any f i n a l  
s t a t e m e n t  concerr, ing t h a t  c a t e g o r y ;  b u t  i t  I s  
c e r t a i n 1  s i g n i f i c a n t  t h t  s o  m a n y  as 18 of 
2 1  ffPoc.rK c e s e s  d i d  c o n t r a c t  c e r o t i t i s  media ,  

The f i g u r e s  of 14.5% and 25-55 
c o n t r a c t i n g  a e r o t i t i s  med ia  f o r  t hosc  men 
l z b e l l e d  "Good" and "Doubtfulff  r e s p e c t i v e l y ,  
a r e  r e l i a b l e  a t  a s a t i s f a c t c r y  l e v e l  of  ccnfl- 
dence  (2% l e v e l ) ,  b u t  it is c l e a r  t P ? t  s i n c e  
=bout 3 o u t  of  C cf t h c s e  l r5e11ed  "Coubt fu l"  
do n o t  c o n t r a c t  a e r o t i t i s  n e e i a ,  i t  is  im- 
p r a c t i c a l  t c  p reven t  t h e s e  C Z S ~ S  f roxi  a t tc ; r ,> t -  
ing t h e  p r e s s m e  test. Fur thermore ,  i f  all 
such c s s e s  were  e l j n l n c - t e d ,  t n c  p r e v e r t i o n  c f  
a e r o t i t i s  media  wculd. s t i l l  riot  be  comple te  
s i n c e  abou t  15$ of those  l a b e l l e d  "Good" would  
e x p e r i e n c e  d i f f i c u l t y .  I t  viould p r o b a b l  be 
an e f f i c i e n t  procedure t o  e l i m i n a t e  a l l  'Poor" 
c a s e s  a t  t h e  s t e r t  o r  u n t i l  t h e y  r e c e i v e d  
a p p r o p r i a t e  t r e a t m e n t .  

Ye conclude that  a p r e l j m i n e r y  
t e s t  o f  a b i l i t y  a t  t h e  Valsb lva  maneuver p ro -  
v i d e s  on ly  & rough guide t o  a man's a b i l i t j y  
t o  t a k e  a subsequent  p r e s s u r e  t e s t .  

e.  Previous  Exper ienc e with P r e s s u r e .  - -- 
h o t h e r  f a c t o r  wkich i s  p robab ly  

r e l a t e d  t o  t h e  a b i l i t F  t o  t a k e  p r e s s u r e  wi th-  
o u t  e a r  dmagG, i s  demonst re tcd  a b i l i t y  t o  have 
t a k e n  i t  i n  t h e  p e s t .  Yie heve comparcd a 
g roup  o f  495 c a n d i d a t e s  for Submarine School  
w i t h  a g r o u p  o f  658 exper ienced  submar ine r s .  
Almost none of the fo rmer  had e v e r  taken p r e s s u r e  
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w h i l e  all of t h e  l a t t e r  were more or 1833 
f a m i l i a r  with p r e s s u r e  f r o m  e x p e r i e n c e  with 
our T r a i n i n g  Tank, that a t  Pearl Harbor, in 
d i v i n g  s c h o o l  o r  s a l v a g e  o p e r a t i o n s ,  o r  i n  
t h e  e s c a p e  h a t c h  of a submarine.  The two 
groups were given p r e s s u r e  d u r i n g  t h e  S ~ G  
t i m e  i r . t c rva l s ,  and o f t e n  the groups wore 
s i m u l t a n e o u s l y  i n  t h e  p r e s s u r e  ckamber. The 
n a t u r a l  s e l e c t i o n  o p e r a t i n g  i n  t h e  c a s e  o f  the 
e x p e r i e n c e d  men is r e f l e c t e d  i n  t h e  f a c t  that 
only  18.0% of them c o n t r a c t e d  a e r o t i t i s  media 
as a g a i n s t  27.2% f o r  t h e  i n e x p e r i e n c a d  men. 
This d i f f e r e p c e  i s  h i g h l y  r e l i a b l e  and it i s  
a d e f e n s i b l e  h y p o t h e s i s  that  it r e s t s  upon 
the  f a c t  of p r e v i o u s  a c q u a i n t a n c e  w i t h  the  
whole s i t u a t i o n .  

It c a n  c e r t a i n l y  n o t  be said,  
however, trst r epea tsd  exposure t o  F r e s s u r e  
will alone finally r e s E l t  i n  t he  a b i l i t y  t o  
overcome zzi i n i t i a l  f L i 1 u r G .  The t o p  curve  
of Fig. 17 shows tha t  w h e n  mon c o n t r a c t  a c r o -  
t i t i s  media  on a f i r s t  pressure t c s t  tind circ 
t h e n  giver ,  2 seccr,d t r y  w i t h  on ly  s y m p t o m t i c  
t r e a t m e n t  i n  t h e  i n t e r v e n i n g  dsys, g o r e  than 
90% w i l l  a g a i n  c o n t r b c t  t h e  c o n d l t i o n .  
have a number of caaes  ir_ o u r  f i l e s  of men nho 
have b e e n  s e n t  th rough p r e s s u r e  a ha l f -dozen  
t i n e s  o r  mi"e ,  e z c h  t ime  w a i t i n g  u n t i l  t h e  
p r e v i o u s  t r o u b l e  h a d  c l e a r c d  up, and each t l x e  
the s m c  s ~ p t o m s  appea rcd .  

We 

"le conc lude  that i f  a man c m  
p a s s  c u r  pressure tcst Gnce he can p a s s  i t  
twice ,  bu t  if hc cznnot  p a s s  it t h e  f i r s t  t ime,  
he needs n c r e  t h a n  c u r s o r y  a t t e n t i o n  b e f o r e  
he a t t e m p t s  i t  aga in .  

f .  D i s c u s s i o n  and Conclus ions  o f  - - P r e d i c t i o n  Experiments. 

The r e a d e r  w i l l  have noted  
that cne of t h e  major aims o f  o u r  s t u d y  has 
f a i l e d ;  namely, t o  f ind  a means o f  stating 
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with p r e c i s i o n  whether  a n a n  can  s u s t a i n  
p - e s s u r e  w i t h o u t  e a r  damage. U s  have  been  
d i s a p p o i n t e d  n c t  o n l y  i n  o u r  n t t e n p t  t o  p r e d i c t  
i n d i v i d u a l  c a s e s ,  b u t  even  i n  an a t t e m p t  t o  
l a v e r  t h e  o v e r a l l  i nc idonce  of 25-30$, Tie 
had b e e n  l e d  by Dr.  Teed ' s  work t o  e x p e c t  a 
d i s t i n c t  d r o p  in inc idence  as a r e s u l t  o f  more 
c a r e f u l  s e l e c t i o n .  He says, "A l a r g e  pe rcen tage  
of damaged e a r s  among submarine p e r s o c n e l  coula  
b e  avc ided  by a r o u t i n e  check of the  a b i l i w  
cf e a c h  c a n d i d a t e  t o  s u t o i n f l a t e  his  a a r s .  Thls 
i s  done Sy having  him per fo rm the  V a l s a l v a  
maneuver n h i l e  t h e  e x m i n e r  obse rves  t h e  e a r -  
2run. .. . . I n  my exper ience ,  i n  any grou? of 
3 0  men 7 t o  9 would b e  unab le  t o  l n f l e t e  the  
e a r s .  If examina t ion  of t h e  noSe and  t-moat 
d i s z l o s e d  i -nfec t ion ,  t h e  i n f e c t i c n  xou ld  b e  
t F e a t e d .  I n  a week OF 10 days  t2h.e groug c o u l d  
b e  t e s t e d  a g a i n ,  and if t h e n  a b l a  t c  i n f l a t e  
t k e  e e s ,  v c u l d  S e  a l l o v e d  t c  t s k e  t h e  t e s t s .  
If n c t ,  c s r e  t h e  v:c,ld b e  g i i ren  fclr r e C C V F r 7 .  
PmSeblg ~ l l  'cut 1 c r  2 vioule sve:_ltaz.llg FSIS, 
t h e  me11 r e n s  Lzde:, , r e q z i r  ing f u r t h e r  t r e a t  - 
x e n t  

is therefci-e  n o t  necessz ry  i l  1- 
t c  t e s t  tke mzz m d e r  p e s s u r e  t c  f i n d  c u t  
w 5 e t h e r  o r  no t  he csn i n f l a t e  h.,is e m s  zr-d 
e q u c l i z e  a i r  p r e s s u r e .  It is zy cofitent i o n  
t'hat i f  th i s  pFcgr2n were c a r r i e d  ou t ,  t h e  
nmber  of c a s e s  x i t k  p g t h c l c g i c  chvlges  wculd 
be  2 p e r c e n t  GT' 3 percerit  r a t k e r  tixin tke  
p r e s e n t  25 p e r c e n t  o r  30 percent . "  

U n f o r t u n a t e l y  Tie zan f r o n  T s b l e  
Ii that i f  we c o n s i d e r  cr-lg t h o s e  men xho pe2- 
f c rm Krle Vslsalvz szt i s f a c t c r i l y ,  still 14.5;"; 
c o n t r a c t  s e r o t i t i s  xsdta, and we t h e r e f c r e  
f e e l  th&t Teed ' s  f i g u r e  cf 203% is n o t  a t t s i n -  
aSle  nith t h e  use  o f  Va l sa lva  only ,  It would 
seem t h t  e n  izicidence of abcut  15% i s  .s s c r t  
cf  t n e c r e t i c a l  " f l c c r l l  b e 1 m  x,tici-i p r e s e n t  
s e l e c t i o n  methcds car.rq3,t go. A t  l e a s t ,  i n  a l l  
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the  thousands  of men exarained h e r e ,  our l owes t  
i n c i d e n c e  f o r  a r e a s o n a b l y  l a rge  s a x p l e  o f  ex- 
per i enced  n e n  has n e v e r  been lower  than 18%. 

R e f e r r i n g  again t o  Fig. 8, where 
t h e  month-by-nonth i n c i d e n c e  o f  a e r o t i t i s  r iedia 
i s  c h a r t e d  as p r a c t i c a l l y  a f l a t  l i n e ,  =kea 
i t  f a i r l y  c l e a r  t h a t  a l l  we d i d  i n  p r e d i c t i o n  
and s e l e c t i o n  was of  l i t t l e  a v a i l .  Xhen t h i s  
f a c t  i s  coubined wi th  work t o  be  r e p o r t e d  l a t e r  
on i n  t h i s  pape? conce rn ing  t h e  e f f e c t  o f  
radiwi t h e r a p y  on t h e  i n c i d e n c e  of a e r o t i t i s  
xcdia,  ths c o n c l u s i o n  i s  f o r c e d  c n  u s  that i n  
th i s  c a s e  a d i s t i n c t  d i f f c i - ence  e x i s t s  bstl.-recn 
t h e  p r e d i c t i o n  o f  a e r o t i t i s  z e d i a  and t h e  d e t e r -  
x i n a t i o n  of i t s  cause ,  It w i l l  be shown tha t  
t h e  cause  o f  a e r o t i t i s  i i ed i a  i n  r.:ost c a s e s  i s  
t h e  p r e z s n c e  of excess  t i s z u e  in  a& around the 
opening cf t he  Z u s t a c b i a n  t u b e ;  b u t  we have 
alread5- s e e n  P r c x  Fig.:-: t?st t h e  s i z e  o f  
sdeno ids  .:s i t s e l f  n c t  a ver;- p r € c i s e  i n d i c a -  
t o r  c f  subsequer , t  a e r c t l t i s  i ed i r .  Svider-t'_;- 
a rati:c.r c l e a r  knovr$ecge o f  t h e  cause o f  a e r o -  
t i t i s  n e d i s  i s  9 c t  2 s  : ; e t  s u f f i c i e n t  t o  p r e v e c t  
i t $  c c c u r r e n c e  with an;- r e a l  c e r t s i n t y .  

- 
Ln t h i s  paper  we kave shown 

that  a sizable percer , tage of 3 e n  with s x a 1 1  
adenoids ,  open S u s t a c h i a n  tubes ,  and with good 
a b i l i t y  a t  V a l s a l v a ,  s t i l l  xay c c n t r a c t  a e r o -  
t i t i s  x e 6 i a .  Or-e r eascn  w h ~  this :Jay be s o  i s  
tha t ,  i n  t h e  p r e s s u r e  cha:lber, soiie :ien rag 
l e t  t h e  i n c r e a s i n g  p r e s s u r e  "ge t  ahead" o f  t h e n  
oEe o r  r c r e  tizes, a2t  i n f l s t e  t h e ' s  e a r s  only 
a f t e r  a0-m dciage has b e e n  done. This nay 
occur  even  w i t h  xen  y e r f e c t l y  capable  o f  a u t o -  
i n f l a t i o n .  

Another e x p l a n a t i o n  m y  be tha t  
S O ! ~  nen a r e  e s p e c i a l l S  s u s c e p t i b l e  t o  p r e s s u r e  
s o  t ha t  even though t h e y  a r e  i n f l a t i n g  t h e i r  
e a r s  r e g u l a r l y  a i d  w i thou t  d i s c o n f o r t  d u r i n g  
i n c r e a s i n g  p r e s s u r e ,  n e v e r t h e l e s s  t h e  s l i gh t  
p r e s s u r e  d i f f e r e n t i a l  e x i s t i n g  each  t i z s  b e f o r e  
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the ears are v o l u n t a r i l y  i n f l a t e d  i s  enough 
c m u l a t i v e l g  t o  cause  soxe  o topa tho logy ,  

5 .  Therapy 

a. d e n t a l  
b, r a d i u n  
C.  x-ray 
d ,  t o p i c a l  
e . p s y c h o l o g i c a l  

a ,  The E f f e c t  7 of Dental  Therapy.  - 
In c o l l a b o r a t i o n  witn t h e  

p r e s e n t  w r l t e r s ,  8 d e n t i s t ,  . ~ . - i l l i z ~  J, Kel ly ,  
L t .  Condr. ( D C ) ,  USNil, s e l e c t e d  f o r  s p e c i a l  
t r e a t x n t  a nuzber c f  x e n  unab le  t o  t a k e  p r e s s u r e  
and whose d e n t a l  o c c l u s i o n  was not  n o r m l ,  It 
was reasoned  thiit d y s f u n c t i o n  o f  t h e  t a r q o r o -  
r ;andibular  j o i n t  c o u l d  a f f e c t  t he  n o r i a l  ope-a- 
t i c n  o f  t h e  Zustnchien  t u b e .  R c a r k a b l e  r e s a l t s  
were ach ieved  i n  h e l p i n g  these  :-.:en t o  t e k e  
p r e s s u r e  ncrr?ally-, pnd *iie b e l i e v e  such t r e a t -  
x c n t  1 3  d e f i n i t e l y  i n d i c a t e d  i n  c e r t a i n  c a s e s .  
A c o x p l e t a  d o s c r i p t i o n  o f  t h e  t e c h n i q u e  m c i  
r e s u l t s  a p p e a r s  e l s e w h s r e ( l l ) .  

b. - The E f f e c t  - o f  Radiux Therapy. 

It can q u i c k l y  bo shown f r x  
Fig. 1 7  t h e t  r a d i m  t h e r a p y  has a n o s t  s a t i s -  
f a c t o r y  e f f e c t  c n  :Len who could not t a k e  
p r e s s u r e  w i t h o u t  s u f f e r i n g  e a r  d a m g e  . The 
l ower  l i n e  r e p r e s e n t s  t h e  Inc idence  o f  a e r o -  
t i t i s  riedia i n  Zen a f t e r  t h e y  had c o a p l e t e d  a 
c o u r s e  o f  rsdiuri t r e a t z e n t s .  The p e r c e n t a g e  
has dropped t c  a n  a2ount c c n s i d e r a b l y  l e s s  t h a n  
that o f  a u s u a l  g rcup  o f  r:en. & c o n t r o l  grcup ,  
siltlilar In el1 r e s p e c t s  t o  t h e  t r e a t e d  group, 
i s  r e p r e s e n t e d  b;r t h e  t o p  l i n e  c f  Fig. 17. O f  
t h e s e  i.ien, s e n t  back  thrGugh p r e s s u r e  with on ly  
symptona t i c  t r e a t z e n t ,  w e l l  over  90% a g a i n  con- 
t r a c t e d  a e r o t i t i s  riedia as c o n t r a s t e d  w i t h  a n  
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a v e r a g e  of abou t  10% f o r  t h o s e  f o l l o w i n g  con- 
p l e t i o n  o f  r a d i u n  the rapy .  

The nunber  of n e n  invo lved  is  
enough that we a r e  a b l e  t o  conclude  t ha t  r a d i u n  
t h e r a p y  i s  s u c c e s s f u l  i n  9 cases o u t  o f  10, 
For t h o s e  =en whon r a d i m  does n c t  ass i s t  i n  
taking p r e s s u r e ,  i t  r a y  be true that f u r t h e r  
r a d i u n  would be e f f e c t i v e ,  o r  i t  ilay wel l  be 
that o t h e r  c o n d i t i o n s  b e s i d e s  e x c e s s i v e  t i s s u e  
produced t h e  t r o u b l e  in  t h e  f i r s t  p l a c e .  

s t u d y ,  f o r  e x a r g l e ,  3 c a s e s  f a i l e d  t o  respcnd 
t o  r a d i u a  t r e a t x e n t .  I n  2 cf t h e s e  c a s e s  o l d  
r m s t o i d i t i s  hzd  caused c o n s i d e r a b l e  s c z r r i n g ,  
while t h e  o t h e r  had a p o s t  d i p h t h e r i t i c  p a r a l y s i s  
o f  t h e  r ight side of  t h e  t h r o a t  and p a l a t e .  

. The l a t t e r  f a i l e d  t o  xiove o r  apen t h e  Eus tach ian  
tube  cn swzllowing CY i n f l a t i c n .  H i s  tjmpanuq 
could,  however, b e  i n f l a t e d  e a s i l y  w i t h  a Zus- 
t a c h i a n  c a t h e t e r .  The tjmpzr,i o f  the e t h e r  two 
=en cculd n c t  b e  i x f l a t e d  1 3 t h  c a t h e t e r i z a t i c n .  

During t h e  f i n a l  t icn th  o f  our 

I n  order  t o  a tudy t h a  e f f e c t s  c f  
s u c c e s s i v e  ?&diu: t r e a t x e n t z ,  a group cf  122  
nen w e r e  s e n t  th rough p r e s s u r e  a g a i n  z f t e r  ever: 
t r e a b - e n t  k s t e a d  cf t h e i r  waiting u n t i l  t h e  
r a d i u x  s e r l e s  was c m p l e t e d .  F o r  t h e s e  Zen, 
n o t  cnly i nc idence  3f z e r o t i t i s  n e d i a  was noted 
b u t  a l s o  t h e  g rade  of darnage t o  each  e a r .  
F i g .  18 g i v e s  t h e  pe rcen tage  cf each grade o f  
darnage f c r  t h e  e a r s  b e f o r e  t r e a b e n t ,  and t h e  
pe rcen tage  cf ezch  g r a d e  o f  d a i a g e  f o r  each  
succeed ing  t r e a t r e n t .  The graph  nay b e  r e a d  
i n  v e r t i c a l  e i x e n s i a n ,  t h u s :  38% cf the  e 8 r s  
were r a t e d  \L?C.  4 b e f c r e  t r e a t n e n t ,  21% were 
r a t e d  Mom 4 e f t e r  1 t r e a t n e n t ,  9% a f t e r  2 t r e a t -  
ments, and 25 a f t e r  3 t rsatmnts .  Canverse ly ,  
20% of  t h e  e z r s  were r a t e d  No. 0 b e f o r e  t r e a t -  
n e n t ,  and 667: a f t e r  3 t r c a t c e n t s .  
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The average grade of damage 
t h roughou t  t he  radium a e r i e s  for t h e s e  122 men 
i s  summarized in Fig. 18. A steadg'and highly 
r e l i a b l e  decrease i n  damage i s  seen, starting 
f rom nearly a No. 3 ear and d e c l i n i n g  p r a c t i -  
c a l l y  t o  a No, 0 ear. F o r e  men were a v a i l -  
able f o r  two t r e a t m e n t s  on ly ,  b u t  even a f t e r  
two treatments Fig. 18 shows that  most e a r s  
s u s t a i n  little o r  no damage when again sub-  
j e c t e d  t o  p r e s s u r e .  

C .  The - E f f e c t  of - X-rag Therapy.  

Our program f o r  i n v e s t i g a t i n g  
x- ray  es a mean3 of  s h r i n k i n g  cxceas  t i s s u e  
around t h e  E u s t a c h i s n  t u b e  was s topped  f o r  ed- 
minist  r a t  i v e  r ensons  b e f o r e  conc lus ive  r e s u l t s  
were o b t a i n e d .  We s e n t  5 p a t i e n t s  t o  L t .  B. 
DEbi l e r ,  (MC), USNR, o f  Brooklyn  Naval Hospi- 
tal. Al though  we do not have d-clta of our own 
we f e e l  that x - ray  should prove bcnoficial(l4j. 

. d .  E f f e c t  of T o p i c a l  Therapx. 

The , e f f e c t  of t o p i c a l  t he rapy  
i n  t h e  form of nose drops  was i n v e s t i g a t e d  by 
t r e a t i n g  men with 1/4$ s o l u t i o n  o f  neosgnephrine 
i n  normal s a l i n e  s o l u t i o n .  A random sample o f  
nen c o n t r a c t i n g  a e r o t i t i s  n e d i a  on t h e i r  f i r s t  
p re s s l i r e  t e s t  was i n s t r u c t e d  t o  admi r , i s t e r  5 
drops  every  2 hour s  s t a r t i n g  a t  0730. These 
rnen were then  s e n t  th rough F r e s s u r e  a second 
t i n e  a t  approx ima te ly  1300, 

L i t t l a  e f f e c t  of  the  nom drops  
could be d i s c e r n e d .  The a v e r a g e  i n c i d e n c e  of 
a e r o t i t i s  media  on  the  second t e s t  ranged  f r o n  
83.1 - 84.0. T h i s  f i g u r e  is s l i g h t l y  b e t t e r  
than that with Ken who r e c e i v e  a second p r e s s u r e  
t e s t  w i t h  no the rapy  a t  a l l .  
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6. The - E f f e c t  o f  - P s y c h o l o g i c a l  Therapy.  
. .  . .  

A number o f  procedures  of a 
minor  n a t u r e  were  t r i e d  i n  an a t t e m p t  t o  r educe  
the u n d e s i r a b l e  e f f e c t s  of  pressure. Speci -  
f i c a l l y ;  t h e  u s e  o f  chewing gum, the playing 
of music, and man-to-man encouragement by t h e  
o t o l o g i s t ,  were a l l  Given extensive t r i a l ,  

I n  none o f  th i s  work was any 
r e d u c t i o n  obse rved  e i t h e r  in p e r c e n t  o f  p r e s s u r e  
f a i l u r e s  o r  i nc idence  o f  a e r o t i t i s  media. A 
group of 1 2 0  men w e r e  i n s t r u c t e d  t o  chew gum 
v i g o r o u s l y  d u r i n g  pressure ,  and compared with 
a group o f  142 nen g iven  no gum. No d i f f e r e n c e  
between t h e  groups was found. 

Music% provided  by a 5-p iccs  

. conpared with a t o t t i l  o f  586 men d u r i n g  t h o  

o r c h e s t r a  t h r o u g h  a loudspeaker  i n  t h e  p r e s s u r e  
chamber xas  prs son ted  t o  3 t o t a l  of 276 men, 

sane t h c  i n t c r v a l  b u t  g iver ,  no music .  Thare  
was a d s f e r e n c e  of o n l y  ,6,% between t h e  groups .  

FOG ti per iod  of two months, 
smll groups  o f  men c o n t r a c t i n g  a e r o t i t i s  media 
on a f i r s t  p r e s s u r e  t e s t  were  t o l d  that t h e i r  
trouble was of a minor c h a r a c t e r  and w o i l d  
c l e a r  u s  i n  a week G r  t en  days,  and  t h t  they 
would e x p e r i e n c e  ne t roub le  i n  p a s s i n g  a second 
t e s t .  1\10 t h e r a p y  o t h e r  t h a n .  th i s  s u g g e s t i v e  
s o r t  was g i v e n .  i n  a d d i t i o n ,  t h e y  w e r e  t o l d  
that  i f  they did n e t  pass t h e  second t e s t ,  
t h e i r  o f f - the-base  l i b e r t y  would be ranoved 
f o r  a day, Then, during t h e  sccond t e s t ,  the  
o t o l o g i s t  tools t h e  pressure  a l o n g  with t h o  men, 
encourag ing  and  i n s t r u c t i n g  them by examplo 
and by t a l k i n g  t o  them i n d i v i d u a l l y ,  No e f f e c t  
whatever  on  t h e  ineidonco o f  a e r o t i t i s  m d i a  

3:. The u s e  of m s i c  vras suggested b y  Comdr. 
H. Berman, (XC), USNR. 
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was found from o u r  most s t r e n u o u s  e f f o r t s  
in the p s y c h o l o g i c a l  d i r e c t i o n .  P r e s s u r e  
f a i l u r e s ,  however, were reduced. 

f. D i s c u s s i o n  and Conclus ions  on - - 
T h e r a m .  
cy 

Ye conclude  t h a t  s i n c e  a v a r i e t y  
of t h e r a p e u t i c a l  measures  o f  8 p s y c h o l o g i c a l  
n a t u r e  have  been g i v e n  a f a i r  t r i z l  and have 
b e e n  found v a l u e l e s s ,  i t  i s  p r o b a b l y t r u e  that 
no s u c h  t h e r a p y  w i l l  p r o v e  e f f e c t i v e ,  and tha t  
o t h e r  mezsures  w i l l  have  t o  b e  sought .  

From the number of men g i v e n  
sTpptomatic  t r ea tmen t  w i t h  no improvement i n  
a b i l i t y  t o  t ake  p r e s s u r e ,  we conclude t h a t  
e f f e c t i v e  the rapy  n u s t  n e c e z s a r i l y  c o n s i s t  of 
some r a d i c a l  a l t e r a t i o n  o f  t h e  s t r u c t u r e  o f  
t h e  e&: syztcm. Our exper iments  with x-ray 
were incomplete ,  b u t  thexapy by d e n t i s t r y  where 
i n d i c a t e d ,  a ~ d  more g e n e r a l l y  by radium, b o t h  
demand a n  ex tens iGe c h n g e ,  e i t h e r  t h e  r e a o v a l  
of h y p e r p l n s t i c  lzr-phoid. t i s s u e  around and i n  
t h e  open ins  cr' t h e  S u s t a c h i a n  tube ,  r e d u c t i o n  
i n  c o n g e s t i o n  o f  t i s s u e  abou t  t h e  t u b e ,  o r  
r e a l i g n m e n t  of muscles a t t a c h e d  t o  t h e  t ube .  
It e p p e z r s  that a mechan ica l  a l t e r z t i o n  must  
t a k e  p l z c e  i f  a man who canno t  t s k c  p r e s s a r e  
e a s i l y  i s  t o  d o  s o  i n  t h e  f u t u r e .  

The r e a d e r  w i l l  have no t i ced  
that  t h e  word t h e r z p y  has been u s e d  h e r e  n o t  
r e f e r r i n g  t o  t h e  t r e a t m e n t  o f  s -pptoms o f  
a e r o t i t i s  media, b u t  t o  2 procedure  w h i c h  p e r -  
m i t s  Q man t o  t c k s  p r e s s u r e  s c c c e s s f u l l y  i n  
the f u t u r e .  Tho t r e a t m e n t  of a e r o t i t i s  m e d i a  
as seen i n  d i v e r s  m d  submar iners  i s  a very  
simplo m z t t e r ,  c o n s i s t i n g  in most c a s e s  o f  
l e t t i n g  w e l l  enough alone-more secondary  i n -  
f e c t i o n s  r e s u l t  f r o m  a t t e m p t s  t o  c l e a n  aut t h e  . 
e a r  than if i t  is l e f t  s t r i c t l y  wi thou t  treat- 
ment. E x t r a v a s a t e d  b lood  w i l l  s h o r t l y  be 
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r e so rbed ,  and s e p a r a t e d  l a y e r s  of t i s s u e  will 
u s u a l l y  heal i n  a v e r y  few d a y s ,  To a f f o r d  
some r e l i e f ,  nose d r o p s  may be a d m i n i s t e r e d  
o r  l o c a l  
the t u b e  

6 ,  
Absolu te  

s h r i n k a g e  w i t h  c o c a i n e  of t i s s u e  abou t  
may b e  i n d i c a t e d .  

The E f f e c t  of A e r o t i t i s  Media on t h e  
Threshold .  . . .  . .  
- - -- 

a,  Hi s to ry .  

The l i t e r a t u r e  c o n t a i n s  a 
v a r i e t y  o f  seemingly  c o n t r a d i c t o r y  s t a t e m e n t s  
on t h e  f a c t o r  of a u d i t o r y  a c u i t y .  I t  is claimed, 
f o r  e x a m p l e ( l 9 )  that t y p i c a I l y  t h e  syndrome is 
c h a r a c t e r i z e d  by  a high tone  loss, a n d ( l 2 )  that 
lovr t o n e s  a r e  f i r s t  an t y p i c a l l y  a f f e c t e d ;  

be s e v e r e  2nd perrnanont, a n d ( l 0 ) t h a t  any  a c u i t y  
loss I s  u s u a l l y  r ega ined  i n  a m a t t e r  o f  hours. 

most of t h e  a?parent  c o n t r a d i c t i o n  can  bo cx- 
plainGd o n  the  b a s i s  of t h o  q u i t c  d i f f c r c n t  
c o n d i t i o n s  t c  wP-LcY- th3 p a t i e n t s  o f  t h e  s c v c r a l  
s t u d i s s  -ilcre s u b j e c t e d .  Wc now knoe enough of 
t h e  r e l z s i o n  between a e r o t i t i s  media and eud i -  
t o r y  acu '_ ty  t o  r e s o l v e  most of t h e  d f f i c u l t i e s ,  
and t o  agproach  someth ing  like a final s t a t e -  
ment, 

a g a i n ,  i t  i s  s t a t e d ( l 9  7 . t h a t  t h e  d e a f n e s s  may 

Thero i s  no q u e s t i o n  b u t  tha t  

I n  t h e  e a r l y  l i t e r a t u r e  on t h e  
s u b j e c t ,  X O S : ~ T J  from s t u d i e s  on c a i s s o n  workers ,  
t h e  q u e s t i o n  o f  t h e  e t i o l o g y  of d e a f n e s s  i s  
comDlicated by s e v e r a l  f a c t o r s ,  I n  the f i r s t  
p l ake ,  only r i l a t i v e l y  c r u d e  tosts  of h e a r i n g  
could  be a d m i n i s t e r o d ,  In one s t u d y ( 3 )  on 13 
c a i s s o n  *:iorkers, "The h e a r i n g  t e s t s  were made 
o f t o n t i x s  unde r  u n f a v o r a b l e  c i rcumstances ,  
b e i n g  mado a t  t imes  i n  saloons, i n  boa rd ing  
houses ,  and i n  o t h e r  p l a c c s  vihcro it v a s  n o t  
p o s s i b l e  t o  s e c u r e  q u i e t  f o r  t e s t a  with tho 
whispered v o i c e  ,If 



In  t h e  second placc,  t he  m a s o n  
f o r  dea fness  could u s u a l l y  n o t  be determir.ed; 
i t  could  have been  caused b y  t h e  immediate 
a c t i o n  of compressed air o n  the auditory mecha- 
nism, by l e s i o n s  due t o  previdm a t t a c k s  of 
a e r o t i t i s  media,  by n i t r o g e n  bubb les  i n  the 
f l u i d s  of  t h e  i n n e r  e a r ,  o r  i ndeed  may have 
e x i s t e d  p r i o r  t o  t h e  i n v e s t i g a t i o n .  

!7ith o l d  c a i s s o n  workers  8 d e f i -  
n i t e  and o f t e n  extreme permanent loss of hear- 
i n g  was found t o  bo cocmon, some men dominant ly  
of t h e  p e r c e p t i v e  and some o f  t he  conduct ivo  
type ,  Nothing could b e  said about  the locus  
of  t r o u b l e  i n  middle-ear  deafnoso ,  s i n c e  damage 
occurrGd i n  a l l  t i s s u e s  and  with a l l  deg rees  
o f  s e v e r i t y .  Then s u c h  dmago r e s u l t s  i n  perma- 
nont a l t c ra t  i o n  of t i s s u e a ,  p r i n c i p a l l y  t h i c k o n -  
ing  of t h e  t ;mpanic mornbrano, h c a ~ i n g  loss may 
be pcrnanen t .  I n  cazos  of m o r - e a r  deafness  
t h e  dax ige  t o  t h e  c o c h l e a r  s t r u c t u r e s  caused 
an imnedia te  and permanent loss of a c u i t y  p r e -  
dominant ly  b u t  no t  e x c l u s i v e l y  f o r  the h ighe r  
tones b 

s t u d i e s  h a d  nct c o n t r o l l e d  conditions s o  that 
c l e a r  r e l a t i o n s h i p s  appeared ,  a thorough-going 
e q e r i r n e n t  was needed invo lv ing  t h e  applica- 
t i o n  o f  pressure t o  3 l e r g e  number of normal 
e a r s ,  a i t h  comple te  aud iomet r i c  examinat ion  
b o t h  b e f o r e  and a f t e r  2 re s su ro .  Obviously such  
82 experiment  is imposs ib l e  with c a i s s o n  workers 
ar,d d i v e r s  where no  u n i f o r m i t y  o f  c o n d i t i o n s  
cac  be obtained. The p r e s e n t  experiment f u l f  i l l 8  
all n e c e s s a r y  q u a l i f i c a t i o n s .  Our men'have 
had l i t t l e  or no p r e v i o u s  o topa tho logg ,  corn- 
p r e s s e l - a i r  i l l n e s s  does  n o t  a r i s e ,  and f i n a l l y ,  
a u d i t o r y  f a t i g u e  cannot  occur ,  I n  short ,  no 
cornpl ica t ing  f a c t o r  need I n t r u d e ,  w i t h  the 
r e s u l t  that t h e  o p p o r t u n i t y  p r e s e n t s  i t s e l f  
f o r  de t e rmin ing  i n  c l e a r  c u t  f a s h i o n  t h e  r e l a -  
t i o n  between a e r o t i t i s  media and a c u i t y .  

. 
Because t h e s e  e a r l y  c l i n i c a l  
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In  1942 S h i l l i n g  and Everleg(l8) 
cons ide red  t h e  q u e s t i o n ,  p r e s e n t i n g  da t a  on 
18 c a s e s  of  a e r o t i t i s  media of the more Bevere 
s o r t  wi th  a u d i o g r a m  showing f o r  s e v e r a l  sub- 
j e c t s  a d i s a b l i n g  loss i n  hearing, and describ- 
i n g  i n  some d e t a i l  t h e  c o u r s e  o f  r e c o v e r y  of 
h e a r i n g  a3 a f u n c t i o n  o f  time. These 18 men 
wero compared w i t h  a c o n t r o l  group matched f o r  
a g e  and submarine e x p e r i e n c e ,  b u t  w i t h o u t  
a e r o t i t i s  media ,  Vith t h e  data of  the c o n t r o l  
g roup  t r e a t e d  as a z e r o  r e f e r e n c e ,  t h e  18 
men had ave rage  l o s s e s  of 14.8 - 25.9 db 
t h r o u g h  7 o c t a v e s ,  128-8192 cycles p e r  second. 
Becguse of t h e  mapner i n  which t h e i r  c a s e s  
were c o l l e c t e d ,  S h i l l i n g  and E v e r l e g  w e r e  
unable t o  p r e s e n t  p re -p res su re  audi0e;rams f o r  
any of t h e  18 cases. 
t he  18 Zen and t h c  c o n t r o l  group i s  h i g h l y  
r e l i a b l e ,  and aubscquent  audiograms show a 
tcndency  t o  r e t u r n  t o  w k . a t  was probab ly  thc  
p re -p rcs su re  l e v e l ;  i t  I s  n e v e r t h e l e s s  in- 
p o s s i b l a  t o  bc c e r t a i n  aboL;i; tlx e x t e n t  o f  loss 
i n  a n g . p a r t i c u l a r  man. Some o f  t h e s e  men had 
had rang y e a r s  o f  submarine e x p e r i e n c e  and t h e i r  
a u d i o g r a m  may have been  depres sed  as a r e s u l t  
of LxriFire, b l a s t ,  i n t e n s e  d i e s e l  eng ine  m i s e ,  
age,  o r  d i s e a z e .  

c a s e s  and noted  t ha t ,  f o l l o a i n g  p r e s s u r e ,  men 
now and a g a i n  v o l u n t e e r e d  t h e  i r i o r m z t i o n  that 
t h e y  &d 8 s u b j e c t i v e  s e n s a t i c n  of lowered 
h e a r i n g .  U n f o r t u n a t e l y  Teed was unable  t o  
p r o v i d e  comple te  audiometry  f o r  h i s  s e r i e s  of 
s u b j e c t s ,  s o  that h i s  s t a t e m e n t s  have o n l y  8 
q u a l i t a t i v e  va lue .  I n  the p a t t e r  of t h e  sub- 
j e c t i v e  s e n s e t i o n  of lowered hezr ing,  however, 
i t  i s  o u r  expe r i ence  that a f e e l i r , g  of f’ullness 
o r  c o n g e s t i o n  may readily be conf i sed  with t r u e  
lowered a c u i t y .  
c a s e s  o f  men who s t a t e  that  t h e i r  h e a r i n g  was 
‘‘fuzzy” whose audiograms were n e v e r t h e l o s s  p e r -  
f ec  t l y  normal. 

The d i f f e r e n c e  batween 

Teod(20)  s t u d i e d  hundreds  o f  

Ye have s e e n  m a n y  s c o r 6 s  of 



The F a c t o r  o f  Pain. 

It was r e a s o n a b l y  supposed ve ry  
e a r l y  i n  o u r  work that a f a i r l y  a c c u r a t e  index  
of the e x t e n t  of o t o p a t h o l o g y  would be f u r n i s h e d  
by the  amount o f  p a i n  p r e s e n t .  Teed mentioned 
th i s  p o s s i b i l i t y .  I n  o r d e r  t o  check the p o i n t  
i n  the p r e s e n t  s tudy ,  n e a r l y  100 s u b j e c t s  were 
chosen a t  random; th i s  group was p e r s i s t e n t l y  
q u e s t i o n e d  a s  t o  t h e  amount o f  p a i n  s u f f e r e d ,  
From 62 men no r e p o r t  of n o t i c e a b l e  pain could 
be e l i c i t e d ;  the d i f f e r e n c e  audiogram i s  p r e -  
s e n t e d  in F i g u r e  20  as a s o l i d  l i ne .  For t hose  
s u b j e c t s  v o l u n t e e r i n g  o r  r e p o r t i n g  p a i n  under 
q u e s t i o n i n g ,  t h e  d i f f e r e n c e  audiogram i s  p r e -  
s e n t e d  as  a broken  l i n e .  A comparison of t h e  
a c u i t y  l o s s  f o r  t h e s e  two g r o u p s  ahov~s  that 
p a i n  i n  and of i t s e l f  i s  no i n d i c a t i o n  of  loss 
of a c u i t y .  :Ye a r e  n o t  now hone concerned with 
whother  pa in  i s  r e l a t e d  t o  o topa tho logg .  

b e  - -- 

On t h e  o t h e r  hand i t  i s  r i o t  
n e c c s s s r i l y  t r u e  t h a t  tk.,o,oe with no p a i n  have 
s u f f e r e d  no loss i n  a c u i t y .  3hon t h e  d i f f o r e n c e  
a l l ld iogrms a t  t h e  h igh  f r e q u o n c i e s  (4096-8192) 
a r e  i n s p c c t e d  it  w i l l  bc sccn  t h a t  some loss 
has occurred, F i g u r 2  2 1  p r e s e n t s  d i s t r i b u t i o n s  
f o r  t h e  d i f f e r e n c e  audiograms a t  t h e  high f r e -  
q u e n c i e s :  t h e  z e r o  v e r t i c a l  line r e p r e s e n t s  
n o  d i f f e r e n c e  between t h e  p r e  and p o s t - p r e s s u r e  
a u ~ i o g r m s ;  a p o i n t  t o  t h e  l o f t  o f  tlds z e r o  
v e r t i c a l  r e p r e s e n t s  l o s s  of a c u i t y ,  and a p o i n t  
t o  t h e  r i g h t  r e p r e s e n t s  a g a i n .  S i n c e  i t  i s  
c l e a r  t h a t  t h e r e  I s  a preponderance o f  cases  
t o  t h e  left o f  t h e  ze ro ,  i t  i s  conc1ud:d that 
sozlc loss of a c u i t y  may be p r e s e n t  CL-$;i xiiere 
c o n d i t i o n s  a r e  f a v o r a b l e  and w i t h  X ~ J  ‘‘:us 
wkcsc d i s c o m f o r t  cou ld  have been on’.y XI-LCI. 
O f  c o u r s e ,  i t  i s  poss ib l i )  t h a t  som3 cf --nis 
l o s s  may have been occas ioned  i n  s i l 3 j ~ c t S  who 
f o r  one rcason o r  a n o t h c r  d i d  n o t  admit  having  
expe r i enced  any p a i n .  Even though the losses 
a t  t h e  high t o n e s  f o r  theso s u b j c c t s  a r c  S m a l l ,  
thog arc n o v c r t h o l o s s  several t imes  t h o i r  own 
S tanda rd  E r r o r s ,  
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.I- h'aines(9) has mentioned that 
n o t  a l l  o t o p a t h o l o g y  is accompanied by p a i n ,  
The e x t e n t  of  t h i s  l a c k  o f  o v e r l a p  c a n  be 
e s t i m a t e d  f rom the  f a c t  that a l t h o u g h  nearly 
30% of a l l  i n d i v i d u a l s  i n  e s c a p e  t ra in ing  
d e v e l o p  more o r  less aevere  o topa tho logy ,  on ly  
12% of  a l l  e a r s  g i v e  r i s e  t o  s o  much discom- 
fort that  s u b j e c t s  a r e  w i l l i n g  t o  r e p o r t  i t .  
I t  i s  o f  i n t e r e s t  t o  examine t h e  d i f f e r e n t i a l  
f r e q u e n c y  e f f e c t  of t h e  damage g i v i n g  r i s e  t o  
p a i n .  Figure 22  is c o n s t r u c t e d  e x a c t l y  a s  
F i g u r e  2 1  e x c e p t  that each  f r e q u e n c y  i s  givon 
i t s  9wn coord ina te s - - a  s h i f t  t o  th6 l e f t  of 
t h e  z e r o  l i n e  i n d i c a t e s  loss o f  a c u i t y .  It 
is c l e a r  f r o m  7 i g .  22 t h a t  low tones  may or 
may n o t  be a f f e c t e d ,  b u t  that f o r  f r e q u e n c i e s  
of 2048 and above, some loss o f  a c u i t y  i s  
u s u a l .  

C .  - The E f f e c t  
' T p p a n i c  !dembrtir,e 

o f  - 3 u p t u r i n B  t h e  - 

The q u o s t i c n  a r o s e  whe the r  t h e  
e x i s t e n c e  cf a r u p t u r e d  drum membrano would 
lovler  a u d i t o r y  s c u i t y .  It s c e m  thzit some 
lowering occur's, b u t  it i s  m i l d ,  a t  worst, i n  
c a s e s  of u n c o n g l i c a t c d  p e r f o r a t i o n s .  The 
ave rage  l o s s e s  o f  5 t o  10 db do n o t  c o n c e a l  
a s i n g l e  ca3e where a loss g r e a t e r  than 15 db 
has b e e n  s u s t a i n e d .  

d *  - The Fac to r  - or' Grade L o f  Damage, 

Our o r i g i n a l  i n t e n t i o n  was t o  
g r a p h  the ave rage  l o s s  o f  a c u i t y  f o r  each o f  
t h e  d i v i s i o n s  o f  t h e  Teed c l a s s i f i c a t i o n  scheme. 
It soon appeared ,  however, that  t h e  l e s s  s e v e r e  
grades o f  damage were not accompanied by a g r e a t  
enongh l o s s  of  a c u i t y  t o  d i s t i n g u i s h  from the 
a c u i t y  o f  normal ears--indeed i n  t h e  v a s t  m a j o r i t y  
of c a s e s  with e 2 r a  r a t e d  1, 2,  o r  3, no loss in 
a c u i t y  whatever  could b e  demonstrated.  
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Among t h o s e  c a s e s  e x h i b i t i n g  
the g r e a t e s t  l o s s  o f  a c u i t y  t h e r e  were several 
ear3 w h i c h  had s u s t a i n e d  a ra ther  s e v e r e  drop 
i n  a c u i t y .  Accordingly we c o l l e c t e d  the f i r s t  
100 ears r a t e d  No. 4 a c c o r d i n g  t o  'bleedfa o r i g i n -  
a l  c l a s s i f i c a t i o n ,  and p r e p a r e d  a composi te  
p o s t - p r e s s u r e  audiogram f o r  t h o s e  e a r s .  This 
audiogram i s  shown i n  F i g u r e  23. It should be 
s a i d  that t h e  l o s s  of a c u i t y  I s  s i g n i f i c a n t  
b o t h  i n  t h e  s t a t i s t i c a l  s e n s e  a n d . i n  t h e  sense  
tha t  t h e  s u b j e c t s  were aware o f  damaged h e a r -  
ing. However, i n  terms o f  the  number o f  d e c i -  
b e l s  l o s s  w h i c h w e  o r d i n a r i l y  s e e  i n  t h o s e  
i n d i v i d u a l s  who 8 r e  even  m i l d l y  hard of h e a r -  
i n g ,  t h e  loss i n  t hese  e a r s  is c e r t a i n l y  no t  
s e v e r e  

As a m a t t e r  o f  f a c t ,  t h e r e  were 
nang e m s  in this series o f  100 c a s e s  o f  3evere 
a e r o t i t i s  m e d i a  n h e r e  a l o s s  of c c u i t y  was defl- 
n i t e l y  n o t  p -e sen t .  Indeed, t h e r e  were a few 
c c s e s  i n  v:hich a t  l e a s t  a t  some f r e q u c n c i e s  a n  
improvement i n  t i c u i t y  WLS e x h i b i t e d ,  F igu re  2 4  
i l l u s t r a t e s  s-Lch ii case .  Enough o f  t h i s  m a t e r i a l  
was c o l l e c t e d  and ana lyzed  s o  that i t  i s  a p p a r e n t  
t o  us t h a t  t h e  o topa thology of a e r o t i t i s  media 
as s e e n  th rough  t h e  o toscope  i s  not a p e r f e c t  
o r  even  a Sood index  t o  the f u n c t i o n a l  e f f i c i e n c y  
of t h e  ear. 

e. The No, 5 Category  _. of  Damage. - 
It was l o g i c a l l y  necessa ry  t h e r e -  

f o r e  t o  look f o r  some o t h e r  e x p l a n a t i o n  f o r  t h o s e  
c a s e s  in which n s e v e r e r  ard r e l a t i v e l y  long 
l a s t i n g  impairment o f  h e a r i n g  undoubtedly occur red .  
From a more c a r e f u l  p e r u s a l  of t h e  p r o t o c o l s  of 
these 100 No. 4 e a r s ,  we n o t e d  that those  e a r s  
i n  wMch a s e v e r e  impairment o f  a c u i t y  was p r e -  
s e n t  were t y p i c a l l y  c h a r a c t e r i z e d  by a d a r k  p u r p l e  
o r  a b l u i s h  d i s c o l o r a t i o n  of t h e  eardrum, i n d i -  
c a t i n g  a middle e a r  f i l l e d  w i t h  dark blood f r e e  
of a i r ,  ?'Je found t h i s  t o  be t h e  c a s e  f o r  all 
of t h e  s e v e r e l y  dezfened ears and f o r  none of  the 
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other  No. 4 ears ( i . e .  t h o s e  which d i d  n o t  
e x h i b i t  a s e v e r e  h e a r i n g  loss). The ev idence  
seemed s o  u n i v o c a l  that we f e l t  it n e c e s s a r y  
t o  d i s t i n g u i s h  t h e s e  ears i n  a s e p a r a t e  c a t e -  
gory, and began t h e  p r a c t i c e  o f  l a b e l l i n g  them 
NO. 5 .  

I n  o r d e r  t o  d e m o n s t r a t e  t h e  
d i s t i n c t n e s s  of t h e s e  No. 5 e a r s  as a f u n c t i o n a l l y  
d i f f e r e n t  c a t e g o r y  f rom t h o s e  e a r s  now l a b e l l e d  
No. 4, F i g u r e  25 may be c o n s u l t e d .  F i g u r e  25 
r e p r e s e n t s  t h e  l o s s  i n  a c u i t y  f o r  t h o s e  e a r s  
r a t e d  No. 4 b u t  w i t h o u t  a p u r p l e  o r  b l u i s h  tym- 
p a n i c  membrane compared with the  loss of  a c u i t y  
i n  those  e a r s  c h z r a c t e r i z e d  by t h e  p r e s e n c e  of 
f l u i d  i n  t h e  n i d d l e  e a r .  

,'- 

A S  F i g u r e  25 is s t u d i e d  i t  must 
be emphasized t h t  t h e  Woe 5 e a r s  do r ,o t  show 
any g r c a t e r  amount of  o t o p a t b ! l o g y - - t h e  e s s e n -  
t i a l  d i f f e r e n c e  is m e r e l y  t h e  p r e s e n c e  i n  t h e  
m i d d l e  e a r  o f  f r e e  s e r o s a n g u i n e o u s  f l u i d ,  

In Figure 2 6  is t o  be  s e e n  a 
d i f f e r e n c e  audiogram f o r  a t y p i c a l  No. 5 c m - 4  
It will be notod tk.at  the audiogram is t y p i -  
c a l  of  c o n d u c t i o n  d e a f n e s o  such as  might  bo 
caused by removing the i n c u s .  

. 

It is ou h o t h e s i s  i n  t h e  
l i g h t  of p r e v i o u s  work(g ,  $8) tkzt s c v e r e  dcaf -  
ness o c c a s i o n a l l y  encoun te red  i n  a e r o t i t i s  media  
among s u b m r i n c r s  i s  not c a u s e d  b y  i n s u l t  to 
t h e  tissues b u t  l zrgc ly  by t h e  damping a c t i o n  
of f l u i d  i n  the tympanum. 

f, Discussion. 

But w h i l o  this hypothosis is 
t h e  moat r e s a o n a b l c  onc t o  a x p l a i n  dcafnons  as 
wc soc i t  i n  s u b m r i n c s ,  it mag not  c o m p l c t c l y  
o x p l a i n  tho somewhat h i g h e r  Fncidcncc of deaf- 
n e s s  unde r  o t h o r  prcssurl: c o n d i t i o n s .  
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I n  the s e r v i c e s  the commonest 
a c t i v i t y  from which similar changes i n  p r e s s u r e  
a r i s e  i s  t ha t  of h igh a l t i t u d e  flight; and 
much of the l i t e r a t u r e  on the s u b j e c t  has been 
w r i t t e n  by A i r  F o r c e s  pe r sonne l .  
t o  t h e  p a r t i c u l a r  a s p e c t  of deafness i n  th i s  
syndrorne, however, two things must be s a i d :  
I n  t h e  f i r s t  p l ace ,  lowered a c u i t y  ?.luring f l i g h t  
may arise from t h e  a c t m i  4 i i ' f e r s?wc  i n  p r e s s u r e  
a c r o s s  the eardruz3 S L T . ~ ~ .  a diCf,?~-cr ,cs  in 
pr c s s 3 r o b 'j- i1,q.a .1 n L 
o s 3 i c u l a r  c;.x.ix3 :cC.rr:;:; t::? ~ I f ' < : i c r ~ : . ~  of 
hear inE, ,  If 1.: '1; 3 'CS :mt?d kl- t iS .:?:: :-5Luction 
is pu~2 l ; -  2 
to rmir iz t inq  i n  ;L-Z~;: p ? - : - s i c ~ l  e w E t 5  2nd has 
no r e a l  r e l a t i o s  5 ?  3 CLscuss ion  o f  l c n s r c a  
acuit;- a s  a r e s a l t  c f  t h e  c t o p a t h o l o g y  of ae ro -  
t i t i s  media. 

3 i t h  r ega rd  

.?-a.3 E 33 ?: ... 5 s i X I  t2n ~3 L- gh the - 

trz,: s :  L.c-:y I;h'TjmLicno-i z ~ f . 5  :rig and 

I n  tke  sscond  F l a c e ,  t h e  rseuced 
a c u i t y  which i s  c 0rnr.srP.y e q e r i e r x  e< s:.bseqilent 
t o  f l i g h t  may, and i t  :a b e  shown oi't;cn does,  
a r i s e  as a r e s u l t  cf  &; id i tc ry  fatigue, agz in  a 
f a c t o r  u n r e l a t e d  as  s-rch t o  a e r o t i c i s  r e d i a .  

- .  ccscr, . ibing the  c o r - d l t i c n  of  
a c u i t y  as  a r e s u l t  d i - e c t l g  cf' a c l i n i 2 s l  p i c -  
t u r e ,  these  two e f f e s 5 s ;  or' p r e s s u r e  2nd o f  
f a t i g u e ,  need v e q  c z r c j - a l  cor,'Jroi.., Zt i s  
d i f f i c u l t  t o  c o n s t r z c t  z.n e%'36_" i-rier-tel d e s i g n  

an a c c u r a t e  indsx of' l o e s  cT? acu:.iy u s  t h e  1'6- 
u s i n g  a c t u a l  f 1 i G P . t  c 8 z r ~ i i t l c r - s  -.-:ki.ch pi' OV 3 

B u ~ ;  ? v x  when d i s t u r b i n g  f a c t o r s  
ar9 c o n t r o l l e d ,  i t  a ? e a r e  t ha t  o u r  i r c i d e n c e  
o f  d e a f n e s s  i s  cons idc rab13  less than that  r e -  
p o r t e d  from the  Air Zorces .  The d i f f e r c n c e  must 
be e x p l a i n e d  in  t=ms of t h e  d i f f e r e n t  ba romet r i c  
c o n d i t i o n s  which p r c v a i l  b e t n c o n  the two s e r v i c e s .  
Although t h c  p r e s s u r e  d i f f c r c n t i a l s  a r c  much 



g r a a t o r  i n  the  submarine service ( f o r  i t  is 
s e l f - e v i d e n t  t ha t  no p r e s s u r e  g r e a t e r  than 
1 Atmosphere need ever be c o n s i d e r e d  i n  t h e  
A i r  F o r c e ) ,  y e t  i t  is  the  r e l a t i v e  d i f f e r e n t i a l  
r a t h e r  than t h e  a b s o l u t e  v a l u e  whi h is s i g n i -  
f i c a n t .  
l a r g e  m a j o r i t y  o f  men who cannot  s u s t a i n  p r e s s u r e  
do s o  a t  p r e s s u r e s  no g r e a t e r  than t h o s e  t o  which 
a v i a t o r s  a r e  commonly subjected. The main d i f f e r -  
ence  between submarine and A i r  Force p r e s s u r e  
c o n d i t i o n s  is  t h a t  t he  usual f l i g h t  c o n s i s t s  of 
a decompression followed by r e t u r n  t o  normal  
p r e s s u r e ,  w h i l e  s u h a r i n e  t r a i n i n g  c o n s i s t s  of 
a cornpression f o l l o w e d  by a r e t u r n  t o  normal  
p r e s s u r e  . 

Moreover, we have &own(9(5 that the 

I n  t h e  c a s e  o f  ~ ; i b m a r i n e r s ,  t h e n ,  
i t  w i l l  b e  s e e n  that t h e  n e g a t i v e  p r e s s u r e  i n  
t h e  tympanum which produced v a s c u l a r  engorgement 
and r u p t u r e  d u r i n g  t h e  first o r  compress ion  phase ,  
changes t o  p o s i t i v e  p r e s s u r e  during t h e  second 
o r  decompression phase,  and t h e  r e s u l t  i s  that  
the v a s c * J l a r  sys t em t ends  t o  shrink and a f o r m  
of t h e r a p y  is achieved .  The r e v e r s e  i s  t r u e  f o r  
the a v i a t o r s ,  i n  whom t h e  second phase  is one of 
compression,  the  men r e a c h i n g  t h e  ground a t  a 
time when symptoms are most pronounced. One 
might  f o r  t h e s e  r 'casons e x p o c t  R g r c a t e r  i n c i -  
dence  and s e v e r i t y  of o topa tho logy  and l o s s  of 
a c u i t y  anong a v i a t o r s  t h n  among submar iners .  

CL. 
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