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Summary and Conclusions.
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. l, Aerotitis media iz the name given to

i a syndrcme characterized by ctopatholcgy,
particularly vascular rupture and separating
of tissue layers, caused by a differential
varcometric pressure across the eardrum. A
description of aerotitis media is glven, to-
gether with & discussion of anatomy and etiology.

2. An experiment was performed in an
attempt tc discover the causes and effects of
th¢ disorder, and to find the best means of
prediction, prevention, and treatment. In the
course of this experiment 6,149 submariners
were subjected to 50# positive pressure in a

' dry recompression chamber, They were examined
: . minutely both before and after pressure by
means of the ctoscope, the nasopharyngcscope,
and the pure tone audiometer, and all pertinent
data was rccorded.

3¢ A large group of men not contracting
aerotitis media in the pressurc chamber weas
rcquired to undergo a seconi pressure teste.
Another group which did ccniract aerotitis
media was likewise required toc undergo a second
pressure test after their ctopathology had sub-
sided; this group received n: treatment what-
evers These twc groups served as contrcl for
S experimental groups given éifferent types
of treatment a&s follows: psychologlical, tcpl-
cal, x-ray, radium, and dertal. The types of
treatment were all based on some rationale
designed to assist the men in successfully
taking pressure in the future.,
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4, Psychological treatment included addi-
tional motivation and encouragement, the use of

chewing gum, and the use of music. None of
these things reduced the incidence of aerotitis

media on subsequent pressure tests,
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5. Topical treatment consisted of 1/4%
neosynepﬁ&ne in normal saline, applied locally
for several hours before pressure. No effect
was noted.

6. X~-ray therapy was discontinued for
administrative reasons and our results are in-
conclusive.

7. Radlum therapy consisted in the appli-
cation of a monel metal cylinder 2 cm long,
outside diameter 2.3 mm, with walls .3 mm thick,
containing 50 mg of radium salt, to the pharyn-
geal orifice of the Eustachizan tube for §-10
minutes. This dose is effective, after 3-8
treactments separated by a month, in reducing
excessive hyrerplastic lymphoid tissuc around
the orening of the tube, thus permitting many
men formerly unable voluntarily to open the
tube now to do so, end consequently to become
eble to sustzain pressure without contrectin
aerotitis media., The treatment, where indicated,
i1s effective in well over $0% of cases.

8. Dental thercpy was investigated in
several score of cases where improper jaw motion
was suspected of hindering nermal operation of
the Euctzzchian tubce Very good success in
thecec czscs was achieved by Dre VWillizm J, Kelly,
(pc), UsiB, who has reported his findings clsc-
where.

9, MNo very efficient method was found to
predict whether a man woulé contract aerctitis
media, Positive correlaticns were indeed ob-~
talned with appearance of Eustachian tubes,
whether open, flat, closed, or covered, and
with size of adenoids; but the magnituds of the
relationship d4i1d not permit of good prediction
in Individual cases.

10, It was found that pain is not a good
indicator either of grade of damage to the ear
or of the loss of auditory acuity.
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1l. Rupturing the eardrum was found to
produce a loss in acuity of 5-10 db.

12, Almost no effect on aculty could be
found as a result of aerotitis media unless
the middle ear was filled with free blood,
Deafness among submariners is thus seen to be
caused more by damping of the ossicles than

by otopathologye
13. Discussion is given throughout on

the differences of pressure conditions and re-
sults of asrotitis media between the Submarine

Service and the Air Forces.
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Aerotitls Media in Submariners:t

Definition.

Aerotitls media is the name given to a
syndrome characterized by pathologlical changes
in the middle ear as a result of failure to
equalize differential pressure across the ear-
drum. There may be discomfort or even pain,
bleeding, tinnitus, vertigo, and deafness.

All grades of severity exist, from slight con-
gestion to extensive rupture of tissue. The
syndrome has an acyte and 1In some individuals
a chronic aspect. Various names have been
given to it, aerotitis, otitic barotrauma,
salpingotympanitis, and aviator'!s ear among
otherse 'We prefer the term aerotitls media
sincée 1t iIndicates at once the etiolcgy, nature,
and locus of the disorder.

# The outline of this study was conceived
largely by Captain C. W. Shilling, (MC), USHN,
to whom we are indebted for many suggostions
and for providing all necessary facilities.
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Historz.

Before World Viar I, only sporadic accounts
of ear damage under conditions of changing
pressure appeared. There are antique accounts
of disorders in pearl divers of the Orient,
and of ballooners even before the lWrights.
Beaven(2) and Campbell(4 ) have given much of
this early history, mentloning a case of aero-
titis media described by Pllatre de Rozier in
1783 after descent from a balloon journey, and
giving Glarsher and Coxwell'!s description of
the symptoms in 1862.

Shilling and Everley(18) have recounted
the history of aerotitls media particularly as
seen in divers, salvage workers, caisson workers,
and submariners. Requarth(15) contributed to
the literature on pressure effects on calsson
workers, particularly the treatment of caisson
disease with helium and oxygen mixtures.
Accelerated research on aerotitis media
has kept pace with 1ts growing seriousness as
a result of the great increase in high alti-
tude flight during World Jar II:s In 1941
Poppin(lg) considered aerotitis media as seen
in flying personnel. The use of radon in treat-
ment of aerotitis media btegan with Fowler(
who treated successfully many cases in the RAF
by the Crowe and Burnam technique. The U. S,
Army Alr Forces soon therseafter launched a
ma jor attack on the problem, of which a report
will shortly appear.

The work of the present paper stems fronm
the investigations of Shilling -and Everley(18)
who saw that the air forces would experience
difficulty with aerotitis media, and from the
later investigations of Teed(205 who discussed
the factors producing obstruction of the Lus-
tachian tubes in submariners.

Preliminary accounts of our work have al-
ready appeared(9, 10),

5
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Purpose of the Experiment.

In the past few years the problem of
aserotitlis media has assumed serious propor-
tions, with the increase of high-altitude
flying and of diving and salvage operations,
and the large expansion of the Submarine Sor-
vice, the men ongaging in thcse activities
boing subjccted routinely to extreme pressure
changose In tho case of submarineors, oxposure
to prossure changses comos only upon the uso
of the escape apparatus, and in the training
tank by which the men are instructed in the
proper use of the escape hatches Aerotitis
media 1s now a recognized occupational in-
jury, both in and out of the Armed Forces.

A number of centers both here and abroad have
been active in studying the condition with a
view to its prevention and curs. Our own
activity was selected by the Bureau of Medi-
cine and Surgery, Ue. S, Navy, as the Navy
center best suited to do this particular re-
searche In the first placs, Captain C. W.
Shilling, (MC), USN, the Officer-in-Charge of
the Medical Research Laboratory, was one of
the Navy's authorities on the physiology of
pressure. @e had a well-equipped Sound Labora-
tory staffed with an otologist, a psychologist
trained in sudition, with technical and sta-
tistical assistants, and we had access to
several hlindred men & month who were required
to undergo a severe pressure test, Moreover,
any of these men could be held for observation
and treatment as long as seemed necessary.

In view of the incomplete and often con-
fusing statements which have been made on
various aspects of the syndrome, there was
felt a necessity for especial care in experi-
mental design and in the application of control
procedures, Merely another clinical study
would not meet the need. Bccause of our favor-
able position we were able to mcet rigorous

6
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research criteria., However, in our desire to
satisfy exacting scientific¢c demands, we did

not wish to lose sight of the practical im-
portance of the work, Specifically, it was
hoped that the relatively high incidence of
aerotitis media amcng s ubmariners could be re-
duced considerably by means of bLetter methods
of selecting personnel, and by better techniques
of adnministering pressure; and that the cases
of serotitis media which did occur could be
allk viated and cured more quickly by improved
therapyve. ¢ was hoped furthermore that some
treatment could be developed the results of
which would be of a permanent nature so that

an individual cculd repeatedly sustain pressure
without difficulty in the futurs.,

Since we i2¢ a rich sourcc of clinical
material, and since every condition necessary
for rigid cxpcerizental control was macdc avail-
able, we Tclt it possible to providc & feirly
definitivc study on the causes, effccts, pre-
diction, and trecatment of the disorder, The
prescnt repcrt descdribes aecrotitis media as
it appears in subtmariners, and recounts the
cxperiments by which we asttemptcd to undsrs-
stand it and to mitigate its effects.

Anatomy.,

Inasmuch 2= it is an abnormal functioning of
the Eustachian tube which is the inciting cause of
acrotitis mcdia, its anatomy should be described.
The tubc consists of a bony acnd a cartilaginous
parte. The bony part is roughly a flattcned funncl
in shape, is cbout 12 mm long, and ariscs from the
uppcr pirt of tre cnicrior wall of thc tympanic
cavity. Its mucous mcmbranc, which lics closc to
the bone, is covercd with ciliatcd cpithclium. The
bony part passcs downward, forward, and mcdiad, &nd
joins the cartiloginous part without 2 difinite linc
of demarcations The junchturc is known as the isthmus,
and is thc narrovwest part of the tubc,

NA
"

For much of thc anatomy and for many heclpful sug-
gesticns throughout we arc indcbted to Dre. Stacy
Guild, Johns FHopkins Mecdical School.

7
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The cartilaginous partion is about 24 mm long
from the isthmus to its opcning high up on the
latcral wall of the nasophorynx. Its size in-
crcascs as the pharynx is approached, but normally
its walls arc apposcd cnd it rcmeins & vertical
slit-likc potcntial tubc unlcss opencd by action
of voluntary musclcs or forccd orcn by positive
prcssurc in thic middlc car. It is lincd with
columnar ciliated cpithclium on ¢ loosc¢c stroma
containing mucous glands and dififusc lymphoid
tissue (7)e Thc ciliz crcatc a2 currcnt toward
the nasopharynx, thus hclping to drain thc middilc
car. Thc lymphoid tissuc ncar the mouth of the
tubc is known 2s the tubal, or Gerlach's, tonsil,
This should not bc confoundcd with thce lymphoid
tissuc in thc fosszc of Roscnmucller, thc part of
thce nosopharynx behind the torus tubarus of the
pharyngcal cpcning of the Eustachian tube.

The end of the tube, the pharyngeal ostium,
acts as a flutter valve in that as a result of
its contour it opens easily to allow the escape
of air under pressure in the middle ear, and yet
unless opened voluntarily it prevents pessaze of
air into the middle ear,

0f the muscles near the Eustachian tute, the

tensor veli palatini is the most important in
openins the lumen (16).

The Effect of Change of Pressure on the Normal

Functioning of the Eustachian Tube.,

An individuzl is subjected to a change of
ambient air pressure whenever he goes from a
more densec to o less dense atmosphcre, or
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Fig./A. Eustachian tube in relation to the nasopharynx.
(1) eustackian tube, (2) edenoidal tissue, (3) nasopharynx.

R
L ) . 1\4 "V‘”', -
Fig. . Zustachian tube in relation to the middle ear.

(1) eustachian tube, (2) middle ear, (3) tympenic membrene,
(4) external ear.

s

{Pictures courtesy U. S. army Medical Museum No. 82362 & 82637)




conversely from a less to a more dense at-
mosphere. Since the Eustachian tube 1is
normally closed, entrapping the air in the
middle ear, it follows that with a change
in ambient air pressure there results &
pressure difference across the eardrum.

If the ambient alr pressure 1s decreas-
ing, the relative pressure of the entrapped
air in the middle ear builds up until it is
about 15 mm of Hg. (see footnote) gre=ter
than that of the air in the nasopharyrx, at
which time the Eustachlan tube 1s forcczd
open and enough air escapes from the ¢ mpanum
to equalize the pressure across the eardrum.
As the ambient air pressure continues to de-
crease, the relative pressure in the tympanum
again increases to 15 mm whereupon morc air
escapes; and so ons We have found 1t rarse
for an individual to experlence difficulty
wvith this antomatic process.

On thoe other hand, if the ambient air
pressurc is increasing, the mechanical effect
of the differential pressure is not exerted
to open the Eustachian tube--rather it is
oxertcd to kcep the tube closeds If pressure
is to bo oqualized, thc Eustachian tube must
be opcnod by action of its muscles, If the
tub¢ 1s not oponed by some means, a rathar
dofinite serios of c¢vonts will occur. Under
increesing amblont air pressurse a sensc of
fullnoss develops in thec ears at a pressurc
of 3-5 mm. Discomfort is noted if the prossurse
is allowed to incrcass tc 15-30 mm, Hcre thers

Footnoto: This figuro is for soa level air
densitye. All pressurc rcadings in mm mst
take density into account. e have seen an
electric fan, running repidly at sea levcl,
elmost stop as a reasult of the extra load
when tho alr prcssuroc was raiscd to 3.4
Atmosphorcs.

10
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is diminishcd hecaring as a rcsult of rotraction

of tho cardrum and consequent tolescoping of

the ossicles. Above 30 mm pressure there may

be pain, tinnitus, bleeding, and even vertigo
O~

and nausea. Pressures of 90 mm give great
pain, and the severity of all symptoms lncreases.

At any time during the 1lncrease up to
80-90 mm, the Eustachian tube can be opened by
any of a wide varlety of acticns -swallowing,
yawning, sneezing, screaming, contracting the
throat, or forced expiration while holding the
nose {(the Valsalva mancuver). Most experienced
divers and flyers have learned favorite ways
of "clearing" their ears. If this is done
from time to time while the pressure 1ls in-
crcasing, no symptomatology nced appear and
the subjcct will be able to sustain great
amounts of pressurc without contracting aero-
titis media. It is only when something goes
wrong with the intermittont equalization pro-
cess that the typical syndromc appcars.

4 recletive pressurc of 80-90 rm acting
against the pharyngcal opcning of the Eustacnian
tuve is, however, usually above that which the
tubal rmuscles can overcome, whereupon with any
incrcasc in prcesurc the tubc becomes "locked"--
the walls are presscd sc tightly that the mus-
cular rcfleoxcs which normally opcn the tube arc
unable to cxert thelr usual effcect, and the
prcssurc must be reduccd beforec equalization
can occure Wheon the pressurc differcncc roaches
150-540 mm, rupturc of thc cardrum will rcsult.

Efiology and Symptomatology.

Most persons are able to inflate the middle
ear at will. Many persons, however, are not
able to do so voluntarily, usually because of
Soms obstruction of the Eustachlan tube. There

11




may be colds, with Infection of the lymphoid
tissue underlying the epithelium so that the
lumen 1s entirely closed, or there may be
sufficient excess tissue to block the tube
even with no infection. There may be other
types of congestion, or there may be paralysis
or atypical functioning of the tubal dilator
muscles.

But even with subjects who can ordinarily
inflate the middle ear voluntarily, there may
be occasions when i1t becomes impossible, as
during periods of sleep (babies in airplanes
are particularly susceptible) or of unconscious-
ness, or during the condition of "locked" tube
as described above. The element of rate of
pressure change must also bc considered--that
is to say, a subject may be able to maintain
equal precssurc across the cardrum at one rate
of changc, but be unablec to accomplish this
if the rate is incrcased.

vilth an individual unable to inflate the
tympanum, or unable to do so with sufficient
specd, a scories of pathological events may
occur in the tissucs of tho middle e¢ar when-
ever pressurce is administercd., These events
arc characterized by vascular rupturc and by
the pulling apart or scparating of tissue
layers.

The immediate causc of thc otopathology
appecars to lie in a pressurc diffcrential be-
tween the ecntrappcd air in the tympanum, and
a componcnt of ambient air precssurc transmitted
to and expressed in the tissues involved,

“hen this occurs, so that for example within

a capillary or arteriole the pressure is
grcatcr than in thc surrounding air, thc vessecl
will cxpand and may rupturc, allowing froc
blood and scrum to e¢scapce. Thc samc "suction'
effect may cause the outer layer or layers of
certain tissues to be pullcd loose. The car-
drum layers may for example becomc separatcd

in this manner,

12




lie have followed Teed(20) in describing
and grading the symptomatology of aerotitis
media, A perfectly normal esr is described
s No- 0. An ear showing some congestion in
Shrapnell's nembrane and along the handle of
the malleus 1is described No. 1. Retraction
and an extencsive and filery red congestion of
the entire drum and tympanum characterizes a
Noe 2 eare A lc. 3 ear exiaibilts the samse
symptoms as o, 2 but in additlon thers is
evidence of rurftared vcasels in the drun.
A o, 4 ear is cnaracusrizid by extencive
vascular rurtur<, wita: blceding in the niddle
ear and froua tie Eustachisn tubdbe, Thor: may
be disssectng lemorrhages in the lavars cf
the eardrum, Tne eardrum mey actu2ll; he rup-
tured or tricre may be bleb formation in the
canal, The whcle midcle ear may beccome filled
with blood mixel with air, or filled with
blood alone, in which case the drum appears
purple or blacke. These last cases we have
termed Noe. 5 ezrs because of a differential
effect on acuity.

In addition to the objective description
with the use of the otoscope and nasopharyngo-
scope, a number of other observations are of
importance, A few patients develop vertigo
and nausea., Commonly, pain occurs radiating
down the side of the face to the throat, or
it may be deep-seated in the ear, Sometimes
it is rather mild, and a ruptured drum may
occur before the patlient feels more than a
transitory needle-1l1lke pain., Often there is
tinnitus, usually 2 roaring noise. Stuffi-~
ness and "dullness" of the ears is common--
many patlents state that it seems they were
talking "with their head in a bucket." Many
complain of reduced auditory acuity, though
we have found thcir subjective feellng of
deafness is not always to be trustede.

13
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These subjective symptoms may be found
in varying degrees in all grades of damage
according to the graded scale., However, no
very close correlation can be drawn between,
for example, pain and grade of damage, It
has proved to us much more satisfactory to
rely upon the objective data we were able to
obtain. :

Experimental Deslgn.

l. Summary.

Over six thousand men were exposed
to 50 lbs. positive alr pressure. The:r whole
auditory systems were carefully examined be-
fore and after pressure., Those who cortracted
aerotitis media were selected for special ob-
servation and treatment. A study was made of
mechanical and patholcgical factors possibly
contributing to the appearance of the dlsorder.
The effect of aerotitis media upon acuity was
determined. Finally, the eoffectiveness was
investigated of 5 different types of treatment,
dental, by x-ray, by radium, topical, and
psychologicals For cach type of treatment one
or more control groups was studied simultaneous-
ly with the experimcntal group.

2. Subjects.

All men used in this study were .
young, healthy males, averaging in the early
twenties, with an IQ of 95 or higher. Very
few had any previous experience in taking
pressure, although in this report both experi-
cnced and inexpcrienced men arc included.
All had passcd on the prcccding day a rigorous
physical and psychiatric cxamination for ontrance
to the Submarine Sorvice, thc most highly sclected
group of cnlistcd men in the country.

14




A relatively high state of motiva-
tion exists generally; they are 1009 volun-
teerss A number of inducements ars offered
todprospective candidates: the men receive
50% extra base pay, they are indoctrinated as
to the Importance of submar ine warfare, living
conditions are excellent with respect to food,
officer-enlisted man relations, and shipboard
morale; lastly, it is known that the pressure
test must be passed before entrance to the
Submarine Service.

3e Frepressure cxamination.

On the day before pressure, each
man received a pure tone audiogram at the 6
octaves 256-8192 c.pes. This was administered
by & well-trained audicmetrician using a
Yiestern Electric 6B mechine in a soundproof
anechoic chamber. Atitenuation of outsice
noise in this chamber is over 90 db,

Each man’received a careful ezamina-
tion with zn otoscope, the condition of ais
ears being made a matter of detailed record,
In eddition, each man received an examination
with the nasopharyngoscope (see Fig. 1).:
Tris instrument provides a view of the entire
rasopharynx, 3ie have found that it may be
inserted along the flcor of the nose without,
in the vast mejority of cases, any prclilininary
anesthesia or astringent. Fige 2 shows the
instrument in use. Fige 6 shows the tip of
the nasopharyngoscope in place agalnst the
nasopharynx, wnile Fig. 3 shows a normel Eus-
tachian tube opening as seen through the in-
strument. TFigss 3 and 6 were taken by a
cemera specilally fitted to a nasopharyngoscope.

i+ For Figs. 1, 3, and 6 we are indebted to
Captain John Hendricks, MC, AUS, ¥estover Field,
Massachusetts,




Shows Nasopharyngosoope with Appliances
Fiso 1l




The Nasopharyngoscope in Use

Fig. 2




L Opening of Normal Eustachian Tube
Been through the Nasopharyngoscope

Fig. 3
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H Radium-Containing Applicator
Fisc 5




Applicator in Place against Eustachian Tubes
S8een through the Nasopharyngoecope

Fig. 6




Wlth the use of this instrument the
Eustachian tubes were labelled "open", "flat",
"closed", or "covered", and the acenoids were
listed on a 5-point scale frem "small" to
"enormcus' s Any unusual conditions, such as
congestion or plugs,were noted, 1In addition,
the vresence or absence of colds was ascar-
tained by oojective means, Those who hed
severe colds, or for some other reason it was
thought thsr would be unable to take pressures,
were excused from doing so until their trouble
was correcved. There were, for example, a
few men with psychological disturvances arising
from the imminence of & pressure test. Then
all men had been thoroughly examined ané se-
lected, they were sent for a pressura test,

4, Conditions of Administration of Prsassurs.

Tne Submarine Escape Training Tank

(see Fig. &) 1is a tower contezining a column of
fresh, clear water 25 feet in diameter and 100
feet deep. Escape-hatches are located at depths
of 18, 50, and 100 feet., The hatches are con-
structed in a manner similar to the escape

hatch of a submarine. Men are required to enter
a hatch, submit to a pressure increase appropri-
ate to the depth of the hatch, don a Submarine
Escape Appliance, or "lung", pass from the

hatch to the water, and ascend to the surface.

is a preliminary check on the ability
of the men to undergo the pressures involved
in these hatch escapes, they are first re-
quired to ernter a dry recompression chamber
where they are subjected to SO lbs. (3.4 At-
mospheres) pressure in from 8-10 minutes de- ,
pending on the trouble experienced by individuals
in ary particular group. If a man 1s in such
pain trhat he cannot continue, he is "locked"
out of the chamber and excuscd from that day's
pressure test. Fifty pounds pressure is as
much as the men will need in the course of their




escape training, and it is with the dry re-
compression phase only that this experiment
deals.

Se Postpressure Examination.

Immediately upon completion of the
dry pressure test each man was examined care-
fully with the otoscopes Every ear was assigned
a grade of damage accocrding to the graded sys-
tem. Several hundred men were given a post-
pressure audiograme. At the sign of any oto-
pa_tholecgy in a particular ear, that man was
carefully examined with the nasopharyngoscope,
4 daily log was kept with descriptions of all
ears suffering damage. These protocols could
then be compared with those on the same men
from the prepressure examination,

6. Contrecl and Experimental Groups.

Of those not contracting aerotltis
media, & group was regulred after the lapge
of a week to take pressure & second time as a
normal control procedure, In this as with all
other grouprs, the percent of those falling to
complete the test, the percent of those con-
tracting aerotitis media, and the average grade
of damege, were carefully noted and made the
bzsis for group~to-group comparison,

Of those contracting aerotitls medis,
a control group was required after the lapse
of a week to take pressure a second time, no
therapy whatsoever having been given in the
interim, Of the others exhibiting the syndrcme,
men were assigned at random to experimental
groups for treatment a&s follows:

a., psychological

This sort of treatment consisted
cf personal assurance that in 10 days, or 1less,
his ears would heal and he would experience no
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difficulty a second time. He was subsequently
instructed again in the Valsalva maneuver and
given a second pressure test, the otologlst
usually present in the chamber for individual
example and lnstruction.

For a period, alternate groups
were presented with band music during pressure.
It was supposed that the rhythm or the relaxa-
tion induced would be of benefit. Again, with
certain groups half of the number were given
chewing gum to masticate during pressure,

be symptomatic

Every two hours for 6-8 hours
before a second pressure test, individuals
with symptoms of aerotitis media were in-
structed to apply drops of 1/4% neosynephﬁne
in normal seline to the nose.

Ce x-rai

r

A random sample of those ex-
hibiting severe ctopathclogy were to be ex-
posed to an appropriate dose of x-rays in an
attempt to shrink certaln tissues. As described
below, it became impossible to make more than
a start with this type of therapy.

d. radium

A random sample was selected
from those men with otopathology who had
exhibited excessive lymphoid tissue 1In and
about the orifice of the Eustachian tube and
in the fossa’ of Rosenmuller, With a small
monel metal applicator, radium was applied to
the orifice of the Eustachian tube according
to Crowe's and Burnam's technique, but with-
out anesthetic(6 ), Fifty milligrams of
radium salt were applied once a month for 8-10
minutes to each side of the nasopharynx.




Pigs 5 shows a radium appli-
cator. It is a hollow monel metal chamber
2 cm long containing the radiume. It has an
outside diameter of 2.3 mm, and an inside
diameter of le7 mme The walls are .3 mn thlck.
This cylinder is brazed to a wire by which it
is handleds With the patient on his back, the
applicator is passed slowly along the floor of
the nose following the same pathway as the
nasopharyngoscope, until the middle of the
radium chamber touches the orifice of the Eus-
tachian tube. (The correct depth can be deter-
mined by inserting a nasopharyngoscope in one
side and a dummy applicator in the other). A
similar radium epplicator 1s then placed in
contact with the orifice of the other tube,
and a clamp 1s placcd over the handles of the
applicators in such a way thzt the inner tips
are forced outward agzinst the tissues it is
desired to shrinke. rige 7 skcws a subject
with the two aprlicateors in place.

Successive racium treatments
were given to individuzls at intervals of
about a monthe. One group was required to
take a pressure test after every treatment,
others were required to wailt until a course
of 3 or 4 treatments was comrleted.

FEesults:

le Voclume of wvierk,

Since the of
of this project; =ugus
6,149 men heve ¢ -
the 507 dry pr:zs

\
otoscopy in &ll cases, and nsscphar
and audiometry in all but a few casecs.




S8ubject with Radium Applicators in Place
Fig. 7




Of these, a total of 1,659 men, or
26,9%, contracted more or less severe aero-
titis media., A total of 732 of %these cases
of aerotitis media were treated with radium
therapye An attempt vas made to administer
radium at least 4 times in each case; in somse
cases as meny as 8 treatments were needed.
It was sometiries Impossible to complete a
series of 4 treatments when, for example, a
man was unexpectedly transferred.s But for the
most part, therary was completed and the man
egzin admitted to the pressurc chamoer.

The routine volume of our work for
thc past vear is shown in Fig. 8, where belew
the menth is printcd the nunmber of mon examined
during thot mentn.

2e .The Zffect of Teather.

It hazs often bpeen supposed thnat
weather conditions =zppear to influsnce the
onset cf zerotitis niedia, “ut we conclude from
our studies thait where meteorologicsl cordi-
tions anpear %to influence tile crnset of sero-
titis mediz, the connection is indirect. e
do nct see any tendency for the disease To be
associlated in any weay with teaperature or baro-
metric prcssure. Figurs 9 presents doy-by-dzy
charts for a tyrical winter montnr. The lower
line gives the dailly perccntage of men ccntract-
ing serotitis mcdia, the middic linec gives the
tomperature in rahrenheit, and the top line
gives the pressure in mm of Hz., Observations
were tcoken ot 0800 every morning just before
each group was given pressuree. Tne pressure
and temperature curves are rough mirrcr images,
but fcr every interval wherc these secm rclzted
to the lower line, ancther interval in the
nonth can be fcund vwherc thce ozposite tendency
is tho m™mle.
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A slight seasonal effect is apparent,
thers being slightly nore disturbance in the
winter months. Fig. 8 demonstrates that both
the incidence of aerotitis media and the num-
ber of men failing pressure on the first trial
ere at a peak during March.

(It should be said here that the
rise in Doth these variables during October,
November, and Decomber cf 1945, is not ex-
plained as 2 seasonal phenomenon, but probably
arises from a different factor altogether. 2Zeo-
fore V=-J day the men were examined by the otole-
gist and sent through coressurc on the ncxt deay;
shortly after V-J dey the scheduling of tine =on
was so changed that in many cascs several cays
cr even wieks clapsed vetwresn the exermination
and the tazking of pressure. During this time
the men had amrle orportunity to contract upcar
respiratory infecticns which may nave affected
their ebility to undergo pressure).

Thie possioility of a slight seasonzl
difference is brought out by = comparison cf
the day-by-day records for a tyrical winter
end 2 typical sumer month (Figs. 10 and 11).
T4 is seen that the figures for January (Fig. 10)
ars somewnat higher., The average percentags
of failures for thne wrole month of January wszs
9493, thzt for July only 6,25 The difference
of 3.68% is 3.4 times iis own standzrd error,
indicating that there is less tha’n 1 chance
in 1,000 that the differencc 1is due to the
prcséence of chance factorse.

The reader will carefully note that
in the preceding paragrapn we have been sreal-
ing not of the incidence of aerotitis medie,
but ol pressure failures, The two are by ne
means the same thing. In this connection, we
point out that the comparison of pressure
failures for January and July is not corrobto-
rated by the comparative incidence of barotreuma,
since indeed there the percentage is higher for
July than for January.
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The greater number of faflures
during January,while significant, does not
of course necessarily mean thet the difference
is due to seasonal changes At least as good
2 hypothesis is the possibility that in soms
indirect manner the untoward events of the war
both In Europse and in the Peciric affected
the readinsss of some men to undsrgo pain and
thus complete their pressurs test satisfactorily.
It was, for example, avout this time that the
Navy announced the loss of three submarines in
one week.

What we nust explain, therefcres, is
not the reliability of the difference betvee:
January and July, but why the differerce 1is so
slignt. The explanation prcoably lies in cur
selection msthods, by which 21l men with acute
coléds were excussd from rressurs. The result
is that slthough the amount of upper respira-
tory in fections in Januer 7 is greater than in
July, the number of men with cclds actually
teking pressure is gbout the same from mcnth
to month,

Although as we shzll show, the pre-
sence of colds is of far less significance in
aerotitis media than is usuzalily cleimed, we
are forced to ccnclude with regard to weather,
that in our data no day-by-day or truly season-
a2l meteorological effects can be discerned.

3. The Effect of Intelligencse.

Fig. 12 presents distributions of
ntelligence for a group of 200 men whc passed
pressure, and & group of 200 whc failed. A
tendency can te destected for the curve of those
who failed to e shifted to tne right hand or
"low” sice of the intelligence continuum. How-
ever, the difference between the means is
slight (.99) 2rnd is statistically insignifi-

cante
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It would be the part of caution not
to assume that intellligence is unrelated to

tre protlem.,.

ly sel

ected

Note that

our men are very high-

for intelligence, only a rare onse

or two per hundred falling below an I«Qs. of

100.

Wie can make no statement concerning the

bvehavior under pressure of the lower levels
of iIntelligence, but it 1s possible that with
a wider range the factor of intelligence would
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be ize of adenoids.

In view of the close approxi-
mation of the adenoids to the opening of the
BEustachian tube and their effect on the be-
havior of the latter, it has seemed logical
to exrect that with larger and larger adenoids,
more aerotitis media would occur. That this
is in gereral true is ccncluded from the data
of Fig.l3, wi®re the average damage (according
to the Teed classification) resulting from a
first pressure test is related to size of
adenoids., There is a strong and reliable ten-
dency for the damage to increase 1In severity
as the size of adenoids increzsas.

A sharp rise in the curve of
Fig.l3 is obvious &g the sgize increases fron
"mediuxm® to "large'"., Almost certainly the
explanation for this rise lies in the f=zct
that the "large" category incliudes tross cases
with lymphoid tissue in the fossa of Rosenmmiler,
while the '"medium" category dces nots It seems
that the fossa of Rosenmuller cccupies a stra-
tegic pcsition with regard to its effect on the
patency of the Bustachian tube.

2
<
(S

A caution must be raised in
interpreting Fig.l%, in that the relstionship
between size of zdenoids and severity of aero-
titis media is not nearly so trecise as appears
from the single curve of the figure. A great
deal of overlap occurs such trat many patients
with enormous adenoids have no trouble with
pressure whatsoever, while on the other hand
many with small or no adenoids sustzain severe
damage., This argument is carried by Fig.la,
where a frequency distribution 1s presented
for each of four groups, those with sm1ll,
medium, large, and enormcus zdenoids. Vhen
the curve for the "smali" group is compared
with that fer the "enormous" group, 1t 1s
scen that whereas 50% of the "enormous"™ group
contract #4 ears, still over 20% of the "small"
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group contracts #4 ears also--a sizable pro-
portion. Also, it will be noted that about
20% of the "enormous" group maintain perfectly
normal ears.

ce. Appearance of Eustachian Tube.

In our attempt &t predicticn,
the condition of the Eustachian tube &as seen
on nesopharyngoscopy was considered, Tubes
were labelled open, flat, clcsed, or covered.
T:e men were then folloved through pressure
and the severlty of damage, if any, notecd.
Figel5 shows the relatlon of appearance of the
tube tc the grade of damage on the graded
scale, a4 regular increase ln severity occurs
as the Zustachlan tube becomes more and more
occluded.

Agzsin, %the sncocthness of Fige.l5
althougnh regular and reliable 1s deceptive--
inspection cf the raWw data revesls thet too
muck cverlar cceurs for rrediction in in-
dividual csses to be very successful, Figeil
puts the situation in grephlic form. EKEere is
oresented a frequsncy cdistribution for cach
group, the opeon, flat, closed, and covered.
Although Figel5 showed the mean differcnces
botween these groups to be reliadble from a
statisticel point of view, it is c¢clear from
Fig.l€ that the severer grados of d amage arc
by no means confined to thosce cases with
cevered or closed Bustachian tubes--in fact
more than 25% of ceses with perfectly open
tubes suffered 74 ears, Moreover, of those
cases with covered tubes, abouit 159 had no
trouble whatsoever in taking pressurees

e conclude thet & definite
relation exists betiween appearance of Eus-
tachian tube and ability to take pressure,
but thet the individuzl variation is too great
to allow accurate prediction of just which men
Wwill contract acrotitis moedis.

sl
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de Abjility in Valsalva.

In acdition to studyling the
static appearance of the system we wisnhed to
obtain an idea of the functional properties
as wall 1n the form of the Valsalva maneuver.
Before the pressure test 2 long series of men
was checked on how well they could veluntarily
inflate the micdle ear, The records of 13§
men who subseguently contracted acrotitis
media were studied. It was found that over
half, or 56%, had apparently hed no difficulty
with inflation beforenand. Thirty-one rer-
cent were listcd as having had somc difficulty
beforehand, while the remaining 135 were in =
poor category. It is evident from these flgurcs
that the ability to perform the Valsalva during
g prcliminary examination is no certain gusran-
tee that during actual pressurs the maneuver
will always be successfuls Nevertheless, as
we shall show, we have in the Valsalva the best
predictive measure of asrotitis media,

A total of 588 men whe dié not
contract aszrotitis media was drawn from the
same weekly intervals as the 13G men of the
preceding parsgraph. The resulits from the two
gEroups are cempared in Tzble I,

Table I

ACility at Valsalva

Good Poor Douttful Total

Not Contract. AOM-N:586 78,2 .5 21.3 100.0

Percent of ceases

Compares Ability at Valselve of those Contrzct-

. ing serotitis media with tkosc not Contracting.




Yinen the absclute figures are
treated according to the Chi-square technijue,
it appears that the difference between the
control group and the aerotitis media group
is significant at the 1% level for all three
categories of ability in Valsalva.

For practical purposes we can
say that a somewhat grester probability exists
for a man to have passed a preliminary Val-
salva 1f he does not contract serotitis medie,
aqo that if he does contract it, the chances

re nearly 1 in 2 that he nhad some trouble with
the Valszalva.,.

In order to make our statements
more precise the data must be treated in another
ways Vie may specifically inguire what th
cnances are ¢l & man contracting aerotitis media
1f he Is lavelled by the otologist Good, Doubt-
Tul, or Foor on 22ility at Valsalva. Table II
glves an znswver, The rzaw data are the same as
In Teble I, but the’percentages are computed
from the totals in the wvertical columns rather
than by rocws.,.

Table IT

ability at Valsalva

Good Peoor Doubtful
N: 538 Ms 21 N: 1568

Contract. AOQ: 14,5 8547 25.5
Not Contract. AOl 85.5 14,3 74.5
Total: 100.0 100,0 100,0

Percent of cases

Shows successful prediction of zerotitis =media
by ability et the Valsalva maneuver,




. Table II shows the prediction
of which a preliminary Valsalva is capable,
Of those labelled "Good", only 14.5% contracted
aerotitis media, while 85.5% did not. This
result at first looks very satisfactory until
it is noticed that of those labelled "Doubt-
ful", 74.5% did not contract aerotitis media
while only 25.5% .did so. There are too few
cases labelled "doubtful" to make any final
statement concerning that category; but 1t is
certainly significant that so many as 18 of
21 "Pocr" cases did contract zerotitis media,

The figures of 14.5% and 25.5%
contracting aerotitis media for thosc men
labelled "Good" and "Doubtful" respectively,
are reliable at a satisfactory level of confi-
dence (2% level), but it is clear that since
ebout 3 out of 4 cf those labelled "Doubtful”
do not contract aerotitis media, it is im-
rractical tc prevent these cases fron attempt-
ing the pressure test. PFurthermore, if all
such cases were climincted, the preventlon of
aerotitis media would still not be complete
since about 15% of those latelled "Good" would
experience difficulty. It would probably be
an efficient procedure to eliminate all "Poor"
cases at the stert or until they received
appropriate treatment.

e conclude trat a preliminery
test of ability at the Valsalva maneuver pro-
vides only & rough guide to & man's ability
to take a subsequent pressure test.

e. Previous Experience with Pressure.

Another factor which 1s probably
related to the abllity to take pressure with-
out ecar damage, 1is demonstrated ablility to have
taken 1t in the past, %e have comparcd a
group of 495 candidates for Submarine School
with a group of 658 experienced submariners.
Almost none of the former had ever taken pressure
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while all of the latter were more or less
familiar with pressure from experience with
our Training Tank, that at Pearl Harbor, in

iving school or salvage operations, or in
the escape hatch of a submarine. The two
groups werc glven pressure during the samo
time intervals, and often the groups weore
simultaneously in the pressure chamber. The
natural selection operating in the case of the
experienced men is reflected in the fact that
only 18.0% of them contracted aerotitis media
as against 27.2% for the inexperienced men.
This difference is highly reliable and it is
a defensible hypothesis that it rests upon
the fact of previous acguaintance with the
whole situation.

It can certainly not be said,
however, that repested exposure to pressure
will alone finally result in the ability to
overcome an initlal failure. The top curve
of Fige. 17 shows that when men contract acro-
titis media on a first pressure test and arc
then given & seccnd try with only symptomatic
treatment in the intervening days, more than
90% wi1ll again contract the condition. Ve
have a number of cases in our files of men who
have been sent through pressure a half-dozen
times or mere, sach time waiting until the
previocus trouble had clearcd up, and ceach time
the same symptoms appeared,

Wle conclude that if a man can
pass cur pressure tcst once he can pass it
twice, but 1f hc cannot pass it the first time,
he needs mcre than cursory attention before
he attempts it agailn.,

f« Discussion and Conclusions of
Prediction Experiments. ST

The reader will have noted
that cne of the major aims of our study nas
failed; namely, to find a means of stating
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with precision whether a man can sustain
pressure without ear damage. We have been
disappointed nect only in our attempt to precict
individual cases, but even in an attempt to
lower the overall incidence of 25-30%. We
had been led by Dr. Teed!s work to expect a
distinct drop in incidence as a result of more
careful selection. He says, "A large percentage
of damaged ears among submarine personnel could
be avcided by & routine check of the abllity
of each candidate to autoinflate his sars. This
is done by having him perform the Valsalva
maneuver vhile the examiner observes the ear-
érum.s. s In my experience, in any group of
30 men 7 to 9 would be unable to inflete the
sars, If examination of the nose and tnroat
disclosed infection, the infecticn would be
reated, In a week or 10 days the group would
be tested again, and if then able tc inflate
the ears, would 2e allowed tc take the tests.
If nct, meore time wculd te given for reccover
Probably 211 but 1 cr 2 would eventuzlly ras
the small remainder requiring further treat-

L
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"It is tnerefore not necessary
tc test the man under ressure to find cut
whether or not he can inflate his ears and
equzlize air pressure. It is =y contention
that 1f this prcgram were carried out, the
nunber of cases with pathclcgic changes weuld
te 2 percent or 3 vercent rather than the
present 25 percent cr 30 percent.”

Unfertunately we saw from Teble
II that if we concsider crly tlhose men who per-
form the Valsalva satisfacteorily, still 14,35
contract serotitis media, and we tnerefcre
feel that Teed!'s figure of 2-3% is not attsin-
able with the use of Valsalva only, It would
seem that en incidence of about 15% is & scrt
cf thecretical "fleocr" belew which present
selection methcds cannot goe At least, in all




the thousands of men examined here, our lowest
incidence for a reasonably large sanple of ex-
perienced nmen has never been lower than 18%.,

Referring again to Fig. 8, where
the month-by-month incidence of aerotitis rniedia
1s charted as practically a flat line, nakes
it fairly clear that all we did in prediction
and selection was of little avail, ¥V hen this
fact 1s cormbined with work to be reported later
on in this paper concerning the effect of
radiun therapy on the incidence of aerotitis
nedia, the conclusion is forced cn us that in
thls case a distinect difference exists batween
the prediction of aerotitis media and the deter-
nination of its cause, It will be shown that
the cause of aerotitis media in riost cases is
the precsence of excess tissue in armd around the
opening cf the Eustachian tube; but we have
already seen froem Fig.X:t that the size of
adenolds .is itself not a very precise indica-
tor of subsequent zerctitis riedize Zvidently
a ratier clear knowledge of the cause of aero-
titis media is nct as vet sufficient to prevent
its cccurrence with any real certainty.

In this paper we have shown
that a sizable percentage of n1en with smell
adenoids, open EZustachian tubes, and with good
ability at Valsalve, still may contract aero-
titis media. One reascn vhy this may be so 1s
that, in the pressure charmber, somne en uay
let the increasing pressure "get ahead" of then
or.e or ricre tlues, and inflzte their ears only
after some damage has been dones This nay
occur even with nen rerfectly capable of auto-
Inflatione

Asnother explanation may be that
some nen are especialily susceptible to pressure
so that even though they are inflating their
ears regularly and without disconfort during
increasing pressure, nevertheless the slight
pressure differential existing each tine before
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the ears are voluntarily inflated is enough
cunulatively to cause some otopathologye.

S5« Therapy

a. dental

be. radiunm

Ce X=ray

de toplcal

e. psychological

a, The Effect of Dental Therapy.

In collaboration with the
present writers, a dentist, William J. Kelly,
Lt. Cordr. (DC), USNR, selected for special
treatment a number of men unable to take pressure
and whose dental occlusion was not normel. It
was reasoned that dysfunction of the tempecro-
siandibular joint could affect the normal cpera-
ticn of the Eustachian tubes., Remarkable results
were achleved in helping these men to take
pressure nermally, and we believe such treat-
nent 138 definitely indicated in certain cacses,.

A complete description of the technique and
results appears elsewhere(1ll).

be The Effect of Radium Therapy.

It cen quickly be shown from
Fig. 17 thet radium therapy has a nost satis-
factory effect cn men who could not take
pressure without suffering ear damnage. The
lower line represents the incidence of aero-
tltis niedia in =men after they had completed a
course of radluz treatmentse. The percentagse
has dropped tc an amount ccnsiderably less than
that of a usual grcup of nen. £ control group,
similar in 21l respects tc the treated group,
1s represented by the top line cf Fige. 17. Of
these nen, sent back through pressure with only
symptonatic treatment, well over 90% again con-
tracted aerotitis media as contrasted with an




average of asbout 10% for those following con-
pletion of radiun therapy.

The nunber of men involved is
enough that we are able to conclude that radium
therapy is successful in 9 cases out of 10,

For those men whonr radium does nct assist in
taking pressure, 1t may be true that further
radiuni would be effective, or 1t nmay well be
that other condlitions besides excessive tlssue
produced the trouble in the first placse.

During the final znicnth of our
study, for example, 3 cases falled to respcnd
to radium treatments In 2 cf these cases old
rastolditis had caused considerable scarring,
while the other had a post diphtheritic paralysis
of the right side of the throat and palate.
The latter feiled to move or open the Eustachlan
tube on swallowing or inflaticn. Hle tympanum
could, however, be inflated easily with a Eus-
tachian catheter. The tympani of the other two
men could nct be inflated with catheterizaticn.

In order to study the effects cf
successive radiun treatnents, a group cof 122
men were sent through pressure again after every
treatment instead cof their waiting until the
radiun serlies was completed. For these nen,
not cnly incidence of ecerotitis media was noted
but also the grade of damage to each ear,
Fige. 1B gives the percentage cf each grade of
damage fcr the ears before treatment, and the
percentage c¢f each grade of damsage for each
succeeding treatment. The graph nay be read
in vertical dimension, thus: 38% cf the ears
were rated lNce. 4 before treatment, 21% were
rated Noe 4 after 1 treatment, 9% after 2 treat-
nents, and 2% after 3 treatments. Conversely,
20% of the ears were rated No. O before treat-
ment, &and 6587 after 3 trcatments.
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The average grade of damage
throughout the radium series for these 122 men
1s surmarized in Fig. 18. A steady and highly
reliable decrease in damage is seen, starting
from nearly & No. 3 ear and declinling practi-
cally to a Nos O ear. Forty men were avail-
able for two treatments only, but even after
two treatments Figs 18 shows that most ears
sustain little or no damage when sgain sub-

Jected to pressure.

¢e The Effect of X-ray Therapy.

Our program for investigating
x~ray s a means of shrinking excess tilssue
around the Eustachian tube was stopped for ad-
ministrative reasons before conclusive results
were obtained. We sent 5 patients to Lte Be.
Dubiler, (MC), USNR, of Brooklyn Naval Hospi-
tal, Although we ¢o not have data of our own
we feel that x-ray should prove beneficial(l45.

de The Effect of Toplcal Therapy.

The ,effect of topical therapy
in the form of nose drops was investigated by
treating men with 1/4% solution of neosynephrine
in normal saline solution., A random sample of
men contracting aeroctitis media on their first
pressure test was instructed to administer 5
drops every 2 hours starting at 0730. These
men were then sent through rressure a second
time at approximately 1300,

Littls effect of the nose drops
could be discerned. The average incidence of
aerotitis media on the second test ranged from
83¢1 ~ 84.0. This figure is slightly better
than that with rmen who receive a second pressure
test with no therapy at all.
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8. The Effect of Psychological Therapy.

Lo A number of procedures of a

& minor nature were tried in an attempt to reduce
A the undesirable effects of pressure. Specil-

e fically, the use of chewing gum, the playing

of music, and man~-to-man encouragement by the
otologist, were all given extensive trial.

In none of this wrk was any
reduction observed either in percent of pressure
failures or incidence of aerotitis media, A
group of 120 men were instructed to chew gum
vigorously during pressurc, and compared with
a group of 142 men given no gume. No difference
between the groups was found.

Musici provided by a S5-plcce
orchestra through a loudspeaker in the pressure
chamber was prescnted to a total of 276 men,
compared with a total of 586 men during the
same¢ time interval tut given no muslcs. There
was a difference of only «6% betwecn the groups.

For a period of two months,
small groups of men contracting aerotitis medila
on a first pressure test were told that their
trouble was of a minor character and would
clear up in a week or ten days, and thet they
would experlience nc trouble in passing a second
teste No therapy other than this suggestive
sort was given. 1In addition, they were told
that if they did not pass the second test,
their off~the-base liberty would be removaed
for a daye. Then, cduring the sccond test, the
otologist took the pressure along with the men,
encouraging and instructing them by examplo
and by talking to them individually. No offect
whatever on the incidence of aerotitis media

i The use of muslc was suggested by Comdr.
1 He. Berman, (C), USNR.
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was found from our most strenuous efforts
in the psychological directlions Pressure
failures, however, were reduced.

f« Discussion and Conclusions on

Theragg.

e conclude that since a variety
of therapeutical measures of & psychological
nature have been given a falr trial and have
been found valueless, 1t is probably true that
no such therapy will prove effective, and that
other measures will have to be sought.

From the number of men given
symptomatic treatment with no improvement in
ability to take pressure, we conclude that
effective therapy must necessarily consist of
some radlcal alterztlion of the structure of
the ezr systeome Our experiments with x-ray
were incomplete, but therapy by dentistry where
indicated, and more generally by radium, both
demand an extensive change, either the removal
of hyperplastic lymphold tissue around and in
the opening cf the Zustachian tube, reduction
in congestion of tissue about the tube, or
realignment of muscles attached to the tube.
It eppears that a mechanical alteration must
take place if a man who cannot take pressure
easily is to do so in the future.

The reader will have notlced
that the word therapy has been used here not
referring to the treatment of symptoms of
aerotitis media, but to a2 procedure which per-
mits a man to takse pressure successfully in
the futurece The treatment of aerotitis media
as seen 1n divers and submariners is a very
slmple matter, consisting in most cases of
letting well enough alone=--more secondary in-
fections result from attempts to clean out the
ear than if it is left strictly without treat-
ment. Extravasated blood will shortly be
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resorbed, and separated layers of tissue will
usually heal in a very few days. To afford
some relief, nose drops may be administersd

or local shrinkage with cocalne of tlssue about
the tube may be indicated.

6. The Effect of Aerotitis Media on the
Absolute Threshold. - . T

a. History.

The literature contains a
variety of seemingly contradictory statements
on the factor ¢f audltory acuity. It 1Is claimegq,
for example(1l9) that typically the syndrome is
characterized by a high tone loss, and(12) that
low tones are first and typlcally affected;
again, it is stated(19) that the deafness may
be severs znd permanent, and(10)that any aculty
loss is usually regalned in a matter of hours.

There is no question but that
most of the apparent contradiction can be cx-
plained on the basis of tho qultec diffcrent
conditions tc which the patlents of the scveral
studics were subjecteds ¥ now know enough of
the relation tetween aerotitis media and audl-
tory aculty to resolve most of the dificulties,
and to apprcach something like a final state-
mente

In the early literature on the
subject, mostly from studies on caisson workers,
the question of the etlology of d eafness 1is
complicated by several factors, In the first
place, only relatively crude tests of hearlng
could be administered. In one study(3) on 13
caisson workers, "The hearing tests were made
oftenfimes undoer unfavorable circumstances,
being made at times in saloons, 1ln boarding
houses, and in other placcs whero it was not
possible to sccure quiet for tests with the
whispered voice."




In the sc¢cond placc, the roason
for deafness could usually not be determined;
it could have been caused by the immediate
action of compressed alr on the audltory mecha-
nism, by lesions due to previous attacks of
aerotitis media, by nitrogen bubbles In the
fluids of the inner ear, or indeed may have
existed prior to the investigation.

With old caisson workers & defi-
nite and often extreme permanent loss of hear-
ing was found to be common, some men dominantly
of the perceptive and some of the conductive
typees Nothing could be said about the locus
of trouble in middle-car deafness, since damage
oceurrcd in all tlssues and with all degrecs
of severitye. ‘hen such damago results in perma-
nent aldcration of tissues, principally thicken-
ing of the tympanic mombrane, hcaring loss may
be permanents In cases of innor-car deafness
the damage to the cochlear structures caused
an 1mnediste and permanent loss of aculty pre=-
dominantly but not exclusively for the nigher
tones,

¥

Because these early clinical
studies had nct controlled conditlions so that
clear relationships appesared, a thorougn-going
experlment was needed involving the applica-
tion of pressure to a large number of normal
gars, with complete audiometric examination
both before and after pressure., Obviously such
an expreriment is impossible with calsson workers
and divers where no unifomity of conditions
can be obtalneds The present experiment fulfllls
all necessary qualifications. Our men have
had 1little or no previous otopathology, com-
pressec-air illness does not arise, and finally,
aucitory fatigue cannot occur, In short, no
complicating factor need intrude, with the
result that the opportunity presents itself
for determining in clear cut fashion the rela-
tion between aerotitis media and aculty.
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In 1942 Shilling and Everley(18)
considered the question, presenting data on
18 cases of asrotitis media of the more severs
sort with audiograms showing for several sub-
jects a disabling loss in hearing, and describ-
ing in some detail the course of recovery of
hearing as a function of time, These 18 men
were compared with a control group matched for
age and submarine experience, but without
aerotitis media. With the data of the control
group treated as a zero reference, the 18
men had average losses of 14.8 - 25.9 db
through 7 octaves, 128-8192 cycles per second.
Because of the mamer in which theilr cases
were collected, Shilling and Everley were
unable to present pre-pressure audlograms for
any of the 18 cases. The difference between
the 18 men and thc control group is highly
reliable, and subscquent andiograms show &
tendency to recturn to what was probably the
pre=-prcssure level; it 1s nevertheless im-
possiblc to bc certain about the extent of loss
in any particular man. Some of these men rad
had many years of submarine experience and thelr
audlograms may have been depressed &s a resuly
of gunfire, blast, intense diesel engine ncise,

age, or dilseacss.,

Teed(20) studied hundreds of
cases and noted that, following pressure, men
now and again volunteered the information that
they had a subjective sensatlen of lowered
hearing. Unfortunately Teed was unable to
provide comple te audlometry for his series of
subjects, so that his statements have only &
qualitative value. In the matter of the sub-
jective sensation of lowered hearing, however,
1t is our experience that a feeling of fullness
or congestion may readily be confused with truse
lowered acuity. We have seen many scores of
cases of men who state that thelr hearing was
"fuzzy" whose audiograms were nevertheless per-
fectly normal.




be The Factor of Pain.

It was reasonably supposed very
early in our work that a fairly accurate index
of the extent of otopathology would be furnished
by the amount of pain present. Teed mentioned
this possibllity. In order to check the point
in the present study, nearly 100 subjects were
chosen at random; this group was persistently
questioned as to the amount of pain suffered,
From 62 men no report of noticeable pain could
be eliclted; the difference audiogram 1is pre-
sented in Figure 20 as a so0lid line. For those
subjects volunteering or reporting pain under
questioning, the difference audiogram is pre-
sented as a broken line. A comparison of the
acuity loss for these two groups shows that
pain in and of itself is no indication of loss
of acuity. We are not now here concerned with
whether paln 1s relsted to otopathology.

On the other hand it is not
necessarily true that those with no pain have
suffered no loss in acuitye. VWhen the difference
audlograms at the high frequoncies (4096-8192)
are inspccted it will be s¢en that some loss
has occurreds. Flgure 21 presents distributions
for the difference audiograms at the high fre-
quencies: the zero vertical line represents
no difference between the pre and post-pressure
auciograms; a point to the left of this zero
vertical represents loss of acuity, and a point
to the right represents a gain. Since it is
clear that there is a preponderance of cases
to the left of the zero, it is conclud:d that
some loss of aculty may be present cven wnere
conditions are favorable and with subjiuus
whese discomfort could have been on.y mild,

Of course, it 1s possiblo that somo cf “nis
loss may have been occasioned in subjects who
for one rcason or anothcr did not admit having
experienced any palne. Even though the losses
at the high tones for theso subjects arc small,
they arc nevertheloss several times thelr own
Standard Errors,
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Kaines(9) has mentioned that
not all otopathology 1s accompanied by pain,
The extent of this lack of overlap can be
estimated from the fact that although nearly
304 of all individuals in escape training
develop more or less severe otopathology, only
12% of all ears give rise to so much discom-
fort that subjects are willing to report it.
It is of Interest to examine the differential
frequency effect of the damage giving rise to
pain. Filgure 22 is constructed exactly as
Figure 21 except that each frequency is glven
its own coordinates-~a shift to the left of
the zero line indicates loss of acuitye. It
is clear from Fig. 22 that low tones may or
may not be affected, but that for frequencies
of 2048 and above, some loss of acuity is
usuals,

‘ ce The Effect of Rupturing the
Tympanic HMembransg. .

The gusesticn arose whether the
existence of a ruptured drum membranc would
lower auditory acuity. It seems that some
lowering occurs, but it 1s mild, et worst, in
cases of uncompllicated perforations, The
aeverage losses of S5 to 10 db do not conceal
e single case where a loss greater than 15 db
has been sustained,

d. The Factor of Grade of Damage.

Our original intention was to
graph the average loss of aculty for each of
the divisions of the Teed classification schems.
It soon appeared, however, that the less severe
grades of damagse were not accompanied by a great
enough loss of acuilty to distinguish from the
acuity of normal ears--indeced in the vast majority
ef cases with ears rated 1, 2, or 3, no loss in
aculty whatever could be demonstrated.
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Among those cases exhibliting
the greatest loss of aculty there were several
ears which had sustained a rather severe drop
in acuitys Accordingly we collected the first
100 ears rated Noe 4 according to Teed'!s origin-
al classification, and prepared a composite
post-pressure audiogram for those ears, This
audiogram is shown in Figure 23, It should be
said that the loss of aculty 1s significant
both in the statistical sense and in the sensse
that the subjects were aware of damaged hear-
ing, However, in terms of the number of decl-
bels loss which we ordinarily see in those
individuals who are even mildly hard of hear-
ing, the loss 1n these ears is certainly not
SEGVEre€.

As a matter of fact, there were
many ears in this series of 100 cases of severs
" gerotitis media whnere a loss of aculty was defi-
nitely not rresent. Indced, there were a few
czses in which at least at some frequcencies an
improvement in aculty wes exhibited., Flgurc 24
{llustrates such a case. Enough of thils material
was collected and analyzed so that it is apparent
to us that the otopathology of asrotitis media
as seen througn the otoscope is not a perfect
or even a good index to the functional efflciency

of the ear,

ee The Noe 5 Category of Damage.

It was logically necessary there~-
fore to look for some other explanation for those
cases in which a severer and relatively long
lasting Impairment of hearing undoubtedly occurred.
From a more careful perusal of the protocols of
these 100 Noe. 4 ears, we noted that those ears
in which a severe impairment of acuity was pre-
sent were typically characterized by a dark purple
or a bluish discoloration of the eardrum, indi-
cating a middle ear filled with dark blood free
of air, U'e found this to be the case for all
of the severely deafened ears and for none of the
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other Noe 4 ears (1.e. those which d41id not
exhibit a severe hearing loss). The evidence
seemed so univocal that we felt 1t necessary
to distinguish these ears 1ln a separate cate-
g;oryé and began the practice of labelling them
No. .

In order to demonstrate the
distinctness of these No. 5 ears as a functionally
different category from those sars now labelled
No. 4, Figure 25 may be consulted. Figurs 25
represents the loss 1n aculty for those ears
rated Noe 4 but without a purple or blulsh tym-
panic membrane compared with the loss of aculty
in those ears characterized by the presence of
fluid in the middle ear.

As Figure 25 1s studied it must
_be emphasized that the Noe. 5 ears do not show
eny grceter amount of otopashology--the essen-
- tial difference 1s merely the presence in the
4 middle ear of free serosanguineous fluid.

4

. In Pigure 26 1s to be seen a
~ difference audiogram for a typical No. 5 ocars
It will be noted that the audiogram is typi-
cal of conduction deafness such as might be
caused by removing the incus,

It is ou h{gothesis in the
1light of previous work(8, 10) that scvere deaf-
ness occasicnally encountered in aerotitis media
among submarinsers is not caused by insult to

the tissues but largely by the damping action

of fluld in the tympanum.

f+ Discussion.

But whilo this hypothesis 1is
the most ressonable one to explain dcafness as
we soc it in submarincs, it may not complctely
.- oxplain thc somewhat higher incidencc of dcaf-
-7 ness under other pressurc conditions.
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In the services the commonest
activity from which similar changes in pressure
arise is that of high altitude flight; and
much of the literature on the subject has been
written by Alr Forces personnel, With regard
to the particular aspect of deafness in this
syndrome, however, two things must bte said:

In the first place, lowered acuity during flight
may arise from the actual 4ifferance in pressure
across the eardrums Such a ulfP="(nc, in
pressure by inra.ring wvengtission torovgh the

gsicular chsin, scdacns £ eff;cidnzf of ’
hearing. IS :: ) tg a0%
is purcly & trans lety D
terminating in p;r: - -
no real relation Lo 2
acuity as a result of
titlis media.

5

ed tiag ShIz recuction
hcnomenon ar’s:ieg and
rrsical events and has
~iscugsion of lcwzared

ne ctopatholeogy of aero-

In the second place; the reduced
acuity which 1s commcnly experienced subsequent
to flight may, end it can be shown ofvuen doses,

4 arise as a result c¢f auditory fatigue, a2g2in a
factor unrelated as sich to aerotivis media.

In cdzseribing the cordision of
acuity as a recsult directly of a ¢linisal pic-
ture, these two effects; of pressure and of
fatigue, need very care:ul conirol., It 1is
difficult to construct -n experimertal design

snCitilens wnich provides

using actual flight ¢

an accurate index cof loss o7 acu'*y as the re-
sult of otopatholegy: Theze dirfficulties are
of course well knowr to flight surgeons(l,4,12),

Buf 2vaen when disturbing factors
are controlled, it zrrears that our incidence
of deafness is con SlCCPabl] less than that re-
ported from the Air Forces, The differsnce must
be explained in tcrms of the different barometric
conditions which prevail betwecon the two services.
Although the pressure diffcrentials are much
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groator in the submarine service (for it is
self-evident that no pressure greater than

1 Atmosphere need ever be considered 1ln the

Air Force), yet it 1is the relative differential
rather than the absolute value whigh 1s signi-
ficant, Moreover, we have snown(9) that the
large majority of men who cannot sustaln pressure
do so at pressures no greater than thoss to which
aviators are commonly subjcctede The main differ-
ence between submarine and Air Force pressure
conditions 1s that the usual flight consists of

a decompression followed by return to normal
pressure, while submarine training consists of

a compression followed by a return to normal
pPressurc,

In the case of submariners, then,
1t will be seen that the negative pressure in
the tympanum which produced vascular engorgement
and rupture during the first or compression phase,
changes to positive pressure during the second
or decompression phase, and the result 1s that
the vascular system tends to shrink and a form
of therapy is achievede The reverse is true for
the aviators, in whom the second phase 1is one of
compresslion, the men reaching the ground at a
time when symptoms are most pronounced. One
might for these reasons expect a grcater inci-
dence and severity of otopathology and loss of
acuity among aviators then among submariners.
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