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" A4nid ‘eport contains about; 965 references dealing with the -ole of the vestibular
apparatus in compressed air work. The sources for this bibliography include the
diving medicine reference works as well as the literature dealing with vestibular
functions. In addition, there are many items in the bibliography which would not
typically be seen when consulting the standard reference works in diving medicine
or vestibular physiology. These include obscure references and/or translations of
articles not previously translated. ‘The references are sorted by subject matter
into six categories: '

Category I. ' Vestibular Symptomatology as a Sign of Decompression Sickness
(Compression Effects: Isobaric?)
Category II. Clinical Investigation of Vestibular Symptomatology
Category III. Tests of Positive Function of Vestibular Apparatus
Category IV. Perceptual Illusions Occasioned by the Environment Some of Which
May be of Vestibular Origin
Category V. The Use of the Vestibular System as an Inertial Guidance System’
Category VI. Auditory gtudies which Have Relevance for Understanding
Vestibular Punction Underwater.

The major category is Category I (293 references). Most of the citations are
annotated and rany are cross-referenced between and within categories. It is felt
that the role of the vestigular system in compressed air work is presently under=-
estimated. This bibliography calls attention to the incident of vestibular
involvement in compressed air work and provides reference to the background material
essential for understanding and future study of vestibular problems.
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ABSTRACT

Thic report contains about 965 references dealing with the role
of the vestibular apparatus in compressed air work. The sources for
this bibliography include the diving medicine reference works as well
as the literature dealing with vestibular functions. In adcdition,
there are many iterms in the bibliography which would not typically be
scen when consulting the standard reference works in diving medicine
or vestibular physiology. These include obscure references and/or
translations of articles not previously translated. The references
are sorted by subject matter into six categories:

Category 1. Vestibular Symptomatology as a Sign of Decompression
Sickness (Compression Effects: Isobaric?)

Category II, Clinical Investigation of Vestibular Symptomatology
Category III. Tests of Positive Function of Vestibular Apparatus

Category IV. Perceptual Illusions Occasioned by the Environment
Some of Which May be of Vestibular Origin

Category V., The Use of the Vestibular System as an Inertial
Guidance Systen

Category VI. Auditory Studies Which Have Relevance for Under-
standing Vestibular Function Underwater

The major category is Category I (293 references). Most of the
citations are annotated and many are cross-referenced between and
within categories. It is felt that the role of the vestibular system

in compressed air work is presently underestimated. This bibliography

calls attention to the inciderce of vestibular involvement in compressed

air work and provides reference to the background material essential

for understanding and future study of vestibular problems.
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PROLOCUE

In reading the literature on compressed air worl. as related to
Navy diving, [ was prepared to see wvestibular implications .7 they
were prisent since ny previous work in aviation medlcine dealt wainly
with vestibular functions. Hovever, 1 became impressed with the
frequency with wiiich aspects o that sensory system were mentioned
throughout the research literature: as a gymptom of decompression
sickness, ancillary to auditory proulems, or in connection with dis-
orientation, etc. Yet general reference works (Hoff, 1948; Greeabaum
and Hofr, 1954; Greenbaur and aoff, 7 ’60) and manuais (e.g., Navy
Diving 'fanual, 197C#) did not appear to dezl in any formal way with
problem: which may center around this organ complex, aand general
textboo!:s often mercly indicaced that additional wori i3 needed in
this arca.

A file of over 1,00. geaerel roferences on 'vestibular functions'
was consulted and it appeared .aat only about a dozen articles dealt
specifically with vestibular {unctions under water and pressure.

Many morae articles were probably importait Lo 2 urdercctanding of the
role of the vestibular ap raranns uader woter and compressed air, and
tliese references do not generallv appear in the diving literature.

Furtherrore, I knew of no ''vestibular scientist' actively cngaged in

compressed air study and there is cvidence thuil a co.respondence

-— ——— - s s 12— - —

*Cited in bibliography.



betwaan the two exiitcs and is incrcasing (cf. Hubenstein and Summitt,
1770%), I thereforc deciied te merge studies of vestibular function
wilch I felt were applicablae to worll In a compressed air environment
with studies of conpresscd alr work involving nihe vestibular apnaratus
in some way.

I decided to organi:e the studies into subject mitter categories,
so I "forced cach citation into one of six bins. When an article had
Lroader application it waz placed into tue most appropriate category
aud cross-referenced at tne end of che other categories to which it
applied. Occasionally such a study had been published as a government
report and as a journal article as '.eil, or similarly in two journals,
or was nne of a series; in these cases an entry was made in two
categories.

The available liter:ature ‘ras scarched in several ways: (a) modern
snurces were cousulted aod reforences whiich wore cired therein were
backtracked, (b) tiie overall vestibular literature i;as surveyed, (c)
tiae "Sourcebooks" (iloff, 1944, Crecnbaum and lloff, 1957; Greenbaum and
lioff, 1766; Shilling and Werts, 1971) wrre consulted snd articles were
sizimmed or read as needed. Occasionallv, when it s not possible to
"see" Lard copy of an arricie for cne reason or anctier, the notation
“1.V." (not viewed, ther-fore not verificd) apoears. In those instances,

unless the source of the refcerence is spocificd, the souree was one of

— e v ~ > . — . et v e e —me . - Sm——

“*Cited in bihliography.
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tue "Sonrcebooks" previously listed, (d) experienced workers were con--
sulted for leads. ‘These neorle: were either 'vestibular scientists' or
“hyperbaric scientists', (e) since studies of vestibular functions have
historically enjoyed morc popularity outside the United Stat.s than in
i+, par:zicular attention ras p1d to articles which were not published
i+ Enpl’sh, When titles. abstvacts, or entirc articles were trans-
1ated b others this information is included in the text.

Th~ implicaticn of a particular article is carrled sometimes in
the title; when it isn't, the results arc also listed in the cext. For
t:c most part, however, it was felt that an interpretation of the meanine-
fulness of tie findings would se mere useful for the reader and so most
articles are annotnted. Generally, I introduced my own opinions and
interpratations reparding the application or implication of a reference.
Wien thils was done. I usually indicated I had taken this liberty by the
notation "(RX)," UGometi-es it was felt that a reference would be more
r.2aningful in conncction with anotiier. When this was the case, the
other article(s)were cross-ref:renced in the annotation.

In the course of assembling tiis bibliography, it -vas apparent
that many of the vestibular findings reported in the earlier literature

were not always known to lacer writers. To point thia out, the litera-

ture thiroughout this bibliography is listed chronologically within each

category., An author index also aprears at the end of the bibliography.

i;ach article has a unique identification number., Journal title abbrevia-

tions used were taken from thc List of .Journals indcxed in Index Medicus,

vil
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lpléJ or from ACCESS, Key to the Su-_'ce Literature of the Chemical
Sciences, 1969 edition.

As mentioned above, ecach article was placed into what was con-
slidered the most appropriate category. Six categories wers employed:

1. Vestibular symptomatology reported in connection wich com-
pressed air work,

2. Clinical diagnosis of vestibular symptoms witii relevance to
hiyperbaria.

3. Provocative tests of the positive function of the vestibular
apparatus to be used as pre-post measurements of normal functioning.

4. TIllusory phenomcna occasioned by water and similar environ-
ments vuich may involve or interact with vestibular functions,

5. The potential use of the vestibular system as a navigation
aid under water,

6. Relevant auditory studies.

Category I generally contains articles which report vestibular
s'mptors in connection with decompression sickness, Occasionally a
metnodology paper which would be useful in studying this problem is
included, If an article appeared more diagnostic than descriptive
it would be included in Category II. For example, some reports of
aerotitis media report vestibular symptoms, are diagnostic, but also
report auditory problems. These tlherefore may appear in Categories
I, II or VI.

Compression also produces problems and wiile articles reporting
cecompression sickness symptoris mal:e up the largest part of this
section, compression and isobaric :studies are also included.

viii



I"1en patholo,y is ulscussed the article may appear in Categories 1
or II,

Category II contains papers which it is felt would be useful
i the diagnosis of involvement of the vestibular system or its
contral pathways, althousi most of the citations are to papers which
o not mention hyperbarin per ze. Some overlap exists between
Categor’ II and Categorics I andIII and, to a lesser extent, Categor
1V, An effort was made o include modern, representative studies
in this category, and thc earller literature which may contain similar
studies is not alwiys included since it is felt that new diagnostic
approac.ies would supercede older oncs and provide reference to the
carlier, 1f the latter wcre of intcrest.

Category III lists the many methods for measuring the integrity
of the vestibular apparatus for the primary purpose of describing
normal function, or what is normal for that individual. Papers con-
tained within this category caa be used to assemble a battery of tests
for specific or general purpos:s. ‘Thus, if pretesting is performed
prior to a dive (or to a career in diving) post-testing can then be
employed to show deficits 1f they occur. Some nf these tests reported
nay also be used to indicate whether this organ system and its path-
vays is being affected by the cxperimental condition whilst the con-
dition is on-going (e.g., during an extended dive).

Category IV includes papers which discuss perception in general
as well as those which discuss aspccts of the kinds of perceptual

environments that may be encountered under water and pressure,

ix
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In this section, for exarmple, there are reports describing sub-

m:reibl:s and therc are report: of the effects of motion on perception.

Also, b:cause water immersion was used to simulate the weigntlessness
of spac~ flichts, and because percecptual problems were mentioned in
tiese rrports, some articles from tuis literature are included.
t'otion sickness as a diving problem may be of importance only in-
directl (viz., a dlver is often transported to his dive site and
tended by a hoat). lowever, tiie consequences of sea sickness to a
diver wio later dove could be fatal, thus a recent review of motion
s lckness is included (lfovey, 1771%),

Category V includes representative and general works regarding
animal orientation, navi;ation, homing and migration as well as the
fow stulies vhich dealt directly with hurman abilities to perform
t:ese operations., Several studies of importance for this category
riay also be found in Catcgories III or IV,

The list of aiiimal navigation studies is not mecant to be
cxhaustive but rat'.er representative of the kind of cues that are
i.2ing etudied in that literature. The studies referenced generally
rre: ¢ major confcrence with many articles, by a significant person

1 the field, contain a jood bibliegrapliy, or are rccent articles.

Categorr VI include- articles dealing with auditory problems.

“hasze rrticlrs wer: obta‘ned Curinc the course of ohtainire the

- e =-w - o Ga G G WG - @ — .

*Cited in bibliography.



roferences cited ir Categories 1 to V above. These articles are
i.¢cludei because of the similarities of vestibular and auditory
s'3tems, but the list is not mcant to be complete or representative,
Tie auditory articles arc conccrned mainly with barotrauma of the

t 'mpani: membranc, Lustaciian cube, etc., or hearing loss or ''sudden
¢:afness,"

Generally, tests of these injuries involve auditory tests and
auditor; symptoms (e.g., tinnitus), although vestibular involvement
(c.g., verti;o) anc test; (e.g., caloric) may be included.

Th: overall purpose of this bibliography is to call attention
to the incidecnce of vestibular involvement in compressed air work,
a:d to provide reference to the background material essential for
w.derstanding and future study of these problems.
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6.

BAUER, L,
Pathological

I. VESTIBULAR SYMPTOMATOLOGY AS A SIGN OF DECOMPRESSION
SICKNESS (COMPRESSION EFFECTS: ISOBARIC?)

effects upon the brain and spinal cord of men exposed to the

action of a largely atmospheric pressure.

The Saint Louts Medicel and Surgical Joyrnmal, R. P. Studley & Co., 1870,

A report of
interesting.

SMITH, A. H,

the Mississippi Bridge works in St. Louis; historically

The effects of high atmospheric pressure, incluyding the csisson disease.

PP. 's . B

The book des
This is an e
references t
(po. 23, 24)

rooklyn: Eagle Print, 1873,

cribes experiences connected with building the Brooklyn Bridge.
xcellent and little referenced study. It contains early

o animal studies (pp. 23, 24); use of pressure to treat illness

; adaptation effects (pp. 20, 34); constitutional factors (p. 37);

and cardiovascular effects (p. 20). Vestibular and auditory difficulties are

msntioned th

roughout (particularly p. 27 f£.). Smith feels a first-order

problem in cospressed air work is on "effact on hearisg (p. 17)." He coined
the term, "Caisson Dissase (p. 25)."

TREITEL.

Die rupturen des trommelfelles mit besonderer berucksichtigung ihrer

forensiche

n bedeutung.

Zeftsch. £. Ohr., Bd. XIX:115, 1880, (Cited by Lescienne, 1932; cited by A.
Pagano, 1939,)

VAN RENSSELAER, H.
The pathology of the caisson disease.

Irans. N,Y. Stete Med. Soc. pp. 408-444, 1891,

One of the earliest articles written in America. listorically, very interesting
wvith an exhaustive bibliography, particularly of the Prench literature.
Vestibular symptoms as prodromsl signs (p. 414), obesity (p. 438), adaptation
(p. 439), and cerebellar implications (p. 440), as vell as case histories, are

included.

BOBINGTON, T. H., and A. CUTHBERT.
Paralysis caused by working under compressed air in sinking the Foundation of
Londonderry New Bridge.

Dublin J. Med. & Sei. (N.5.) 36:312-318, 1893, N.V.

CURNOM, J.

Auditory vertigo caused by working in compressed air.
Lancet 11:1088-1089, 1894.

One of the earliest and certainly the most descriptive report of vertigo in
compressed air. An excellent paper.

HELLER, R.,

W, MAGER, and H. von SCHROTTER.

Vorlaufige Mittheilung uber Caissonarbeiter. (Introductory report on caisson

vorkers.

Trans. by Mrs. A. Woke, NMRI, 1972.)

Wien Klin. Wochenschr. 8:475-476, 1895,

An early report of decompression sickness which refers to Meniere-like
sysptoms. Describes the early experience of the authors with the caisson

at Nussdorf.

The entire report later sppeared as a book.
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8, SILBERSTEIN, ,
Sur kasuistik des caissonkrankheiten,
Wien Med, Woch. N:31, 1895. (Cited by Lestiennc, 1932; cited by A,
Pagano, 1959.) K.V,
9, ALT, F.
Ucber apoplectiforme Labyrintherkrankunge bel Cafssonarbeltern, (Concerning
apoplectic-form labyrinth diseascs in caisson workers. Trans, by Mrs., A, Woke,
NMRI, 1971.) 15
Monatsachrift fur Ohrenheflkunde 30:341-349, 1896,
Reviews the early litersture on ear (labyrinthine) problems from pressurc, and
although the author considered the previous literature small, he offcers about
20 rcferences. He calls attention to the large number of car discases that
von Shrotter was discovering at the hussdorfer Spitz floodgate, reports caies,
and offers thcories regarding etiology. He also reports on animal tests and
performed ear sections, but shows no slides in the printed version of hls talk.
10, SNELL, E. H,
Compressed air illuess (or so-called caisson dlsease).
London: H. K. Lewis, 18%0.
The author claims this airtic.,2 wo be one of the first reviews in Laglish
(but see Smith, 1873, #2). 1+ is excellent for fts doscription of disorders
involving the auditory and vestibular systems, Ia reports on vertigo (pp. 29, -u)
and vomiting (p. 57) In tuanel vorkers Snell clalms that ''...cascs of auditory
vertigo...have not previously been met with and recoguizerd by writers on
the subject (p. 74)." le mentions thickening of the tympanic membranc duc
to constant "accomiodation of the ear (p. 116, 117).," Case histories of
vestibular involvement begin on p. 95,
11. ALT, P,, R. HELLEPR, W, MAGER, and H. ven Schrotter,
Pathologie der Luftdruckerkrankungen der Gehororgans., (Pathology of air
pressure digeases of the auditory organs. Trans. by Mrs. A, Woke, NMRI, 1972.)
Monatsschrift fur Ohrenheilkunde 31-229-242, 1897,
Auditory prublems occasioned by pressure changes in gencral are discussed;
also labyrinthine diseascs caused by gas emboli after rapld decompression,
with figures which show tesions in the cochilea and semicircular canals
(p. 239). The authors dcscribe tne symptoms reported by workers ds including
dizziness, tinnitus, vomiting, ''reeling like drunkards (p. 240),"” inability
to stand on one foot (Romberg). They also report cases described by previous
workers: Moos, Gruber, tkert, Pol and Watelle, Gal, Gerard, Catsaras, and
Snell, plus twelve of their own, Animal studies of rapld decompression fron
5 ata showed hemorrhages in various places within the labyrinth particulariy
in the semicircular canals.
12, HOCHE, A,
Ueber die Luftdruckerkrankungen des Centralnerveusystems. (Air pressure discasces
of the central nervous system, Trans, by Mrs. A. Wok¢, NMRI, 1972.)
Berlin., Klin. Wochenschr. 22:4(4-46Y, i877.
A very good early paper. Spontaneous nystagmus (p, 465), dizziness, ctc., are
mentioned.
1900-1909
13, BARATOWX, J.

Des accidents survenante du cote de l'oreille dans 1'air comprine,
lndipend. Med. VI:114, 1900. (Cited by Lestienne; cited by A. Pagano, 1959.) N,V
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21,

22,

Hll;l.:l. R., W. MAGER, and u.b.m scnom“n. -
Luftdruck-Erkyank , Bit

sogengnnten w §E!L. Voe. T and 7

Vienna: A. Holder, 1900,

Many authors (e.g., Keays, 1909, #22; Hill, 1912, #25; Behnke, 1951, #85;
1969, #223) have used these volumes for basic date vegarding vestibular
symptonatology and decompression sickness, but the works themselves have not
been formally translated. Reporting similar data, articles by Alt (1896, #9;
1897, #11), leller, ot al. (1895, #7), and von Schrotter (1904, #16; are
found eleevhere in this bibliography.

ROPKE,

Die berufekrankheiten des ohres und der oberen Luftwege.

J. r. Beggmann. Wiesbaden, 1902, (Cited Ly Philip; Cited by A. Pagano, 1959.) N.V.
VON SCHROTTER, H.

Zur Pathogenese der sogennten Taucherlahmung.
(The pathogenesis of so-called diver paralysis. Trans. by Mrs. A. Woke,
NMRI, 1972.)

Verhandlungen der deutschen pathologischen Gessllschaft 8:136-138, 1904,

A report of post-mortem spinal cord observations (with 2 figures) in
3 divers, one of vhom had dissiness.

PHILIP, M.
Des accidents asuriculaires dans les travailleurs des caissons.
Ann, Mal. Or. 140, 1907. (Cited by A. Pagano, 1959.) N.V.

TORRETTA.
Lesioni del labirinto non acustico.
Il Policlinico, 1907, (Cited by A. Pagano, 1959.) N.V.

BERRUYER, G.
Les acctdents auriculaires ches les Travailleurs des cafssons.
Bull, de Lagyng. Otol. Rhin., 199, 1908, (Cited by A. Pagano, 1959.) N.V,

BOYCOTT, A. E,, G, C. C. DAMANT, and J. §. HALDANE,
The prevention of compressed-air illness.
J. Hyg. (Camb) 8:342-443, 1908,

They indicate that as far as "mechanical symptoms (p. 388)" are concerned,
goats do not appear to suffer from ear problems as men do. However,
behavioral measures of VIIIth nerve involvement are difficult to accomplish.
They describe that a "fair number of cases hawe occurred vhen the animal

is obviously 111 (p. 387)." It may be that wvertige or other vestibuler
symptoms were present. See Brauer, et al,, (1971, #266).

BLICK, G.
Notes on diver's paralysis.
Br. Med. J. 2:1796-1798, Dec. 25, 1909.

An early paper.

KEAYS, P. L.

Compressed air illness, with a report of 3,692 cases.

Cornell University Medical College, Ithaca, New York, Ressarches
from the Department of Medicine 2, October 1909,

One of the most quoted wvorks on the epidemiology of decompression sickness.
A good paper. The author claims that 5% of all cases had vertigo as

the "most_characteristic symptom (p. 38)"; he suggests labyrinthine
hemorrhage was the cause. Perhaps more cases of vertigo occurred,

but as accessory symproms to joint pain (See Hill, 1912, p. 78 ff,, #25;
Adler, 1964, p. 74 ££,, #154,) The author appears to suggest saturation
diving (p. 50). Good references to the earlier literaturs.
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23, PpoLl, C.
Resultati dell'esane preventive dell'orecchio nei lavoratori in aria
compressa,
Policlinico. Ses. Pret. XV1:210, 190°. (Cited by A. Pagsno, 1959.) N,V,
1910-1919
24, BRYANT, W, 8.
Occupational diseases of the sar, nose and throat.
J. M. Nev York, XIL1:295, 1912, (Cited by A. Pagano, 1939.) N.V,
25, HILL, L.
Caisson sickness, and the physiology of work in compressed sir.
London: Edward Arnold, 1912,
A very important review of the earlier work includes slides (fig. 36,
p. 83) from von Schrotter (1904, #16) of lesions in semicircular canals.
Reviews work of lieller, Mager, & von Schrotter (1900, #14), (Danube caisson
vorks), vhere involvement of the suditory and non-auditory labyrinth may
have been as high as 28% of all cases.
26, BASSOE, P.
The late manifestations of compressed-air disease.
Am. J. Med. Sci. 145:520-542, 1913,
Should be read with Boot's (1913, #27) paper. Bassoe reports "ssr
affections,” in "87 of the 161 men (p. 541)"; "33 complained of
dizziness,"” "6 of vomiting" (p. 527): "6 had blind staggers, that is,
labyrinthine vertigo, with nystagmus (p. 527)."
27, B0OT, G. W,
Caisson vorkers' deafness,
Ann, Otol. Rhinol. Laryngol. 22:1121-1132, 1913.
Boot mentions vestibular problems (p. 1131) and also indicates that the
vestibular system often continues to function even though hearing losscs
occur. However, his index of vestibular function is probably an ice
vater caloric, which may not be a sensitive enough test for showing graded
smounts of hypofunction (yet ice water cslorics are often used in modern
times). (RK)
28. BERRUYER, G.
Les accidents auriculaires chez les travailleurs des caisson.
Byll. de Laryngol. St. Louis, XXII:1121, 1913. (Cited by A. Pagano, 1959.)
N.V, 5
29. ERDMAN, S.
The acute effects of caisson disease or aeropathy.
Am. J. Med. Sci. 145:520-526, 1913.
Describes somsvhat dtffercntly the same data reported by Keays (1909,-!22).
Considers vertigo to possibly",..bc due to cerebellar gas embolism” or
bubbles in labyrinth (p. 523) Shows 88% of cases had pain "cither as the
only symptom or associated with others (p. 523)." [Underlining mine (RK)7
Because pcrccnt incidences sun to 100, one wonders if vertigo (for example)
appeared in "more than 52 (p. 523) as reported, or if vertigo was a prominent
symptom in >5% but was an accessory symptom in some of the 88. who reported
pain, (RK)
30. ANDREWS, A, H,, L. W, RO‘I'H and A. C. IVY,

On the use of reduced atnolphetic pressurc in the treatment of pnunual
sinusitis.
Quart. Bull. North. W. Med. Univ. School 46:41, 1915.
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32, GORDON, L,
Die Bemfskrankherten der Gehororgans.
Zbl. Habs. Nas. n. Ohrenheilk 9:433-461, 1926, N.V,
33, VAIL, H, H,
Traumatic conditions of the ear in workers in an atmosphere of compressed
alr,
Arch. Otolgryngol. 10(2):113-126, 1929,
This paper reviews the earlier work of Alt (1896, #9), Keays (1909, #22), etc.,
and calls attention to the fact that the U.S., Navy had no record of
"admission to the sick list for damage to the ears considered due to
diving activity (p. 114)." Reasons are given and two cases histories
are reported.
1930-1939
34, OTANI, N,
Beitrag Zm. Caisson Krauheit,
Zb. Habs. Nas. u. Ohgrenheilk 16:460, 1930. N,V.
35, HILL, L.
Deep-sea diving.
in !' N_.!n M_o S.!!u 18(8)3157'173. 1932-
A good paper of historical intercst mentions "giddiness' (p. 165) and
alludes to perceptual difficulties attendant upon the environment.
36. LESTIENNE, J.
Des accidents labyrintiques chez les ouvriers des chantiers de travail
a 1'air comprime (maladie de caissons). (Labyrinthine accidents
occurring in workers performing jobs in compressed air. Caisson
disease. Summary Trans, by F. Russo, NMRI, 1972.)
Ann. oto-lagyng. (Paris) 2:200-217, 1933,
Following a brief historical review, the author discusses case histortes
from compression and decompressfion accidents. He states compression
accidents often resulted in functional damage which recovered; decompression
accidents affected the nerve and were not recoverable., State-of-the-art
and methods of treatment (e.g., recompression) are discussed, A good
biophysical reference for decompression sickness.
37. BERTOIN, R,
Pronostic eloigne des accidents labyrinthiques par decompression.
Ann, oto-laryng. (Paris) 407, 1934, (Cited by A. Pagano, 1959.) N.V.
38, MAGNOTTI, T.
Alterasioni del naso, laringe ed orecchiv in animali sottoposti compressione
e deconpressione di aria (aviatori e lavoratori dei cassoni).
Otorinolaringol. Ital. 6, 1936. N.V,
39, SHILLING, C. W,, and J. A. HAWKINS,

LEWY, E.
COmp;uud-nl.r illness and its engineering importance (with a report of
cages at the East River Tuanels).

Byrcay of Mines Technical Papers No. 285, Washington, D.C., 1922,

A report of 680 cases of DCS, Vertigo as a major symptom occurred in
6.5%; localized pain in 91.8%, In this report, as in Keays (1909, #22),
there 1is no record of whether vertigo appeared as am accessory symptom
or as a premonitory sign of pain (slthough it probably did). Therefore,
the true incidence of vertigo is probably undetermined.

Hazsard of caisson disease in individual submarine escaps.
U.S, Nayy Med. Buyll. 34:47-52, 1936.



41,

42,

43,

44,

45,

46,

47.

48.

SINGSTAD, O,
Industrial operations in compressed air.
J. Ind. Hyg. 18:497-323, 1936,

Describes theories of compressed air illness and in particular, vertigo (p. 513),

WILLHELMY, G, E,

Ear symptoms incidental to sudden altitude changes, and the factor of over-
closure of the mandible-preliminary report.

U.S. Nav. Med. Bull, 34(4):533-541, 1936,

See also Costen (1934, #302), Pinto (1966, #446), and Kelly and
Langheinz (1946, 69).

ARMSTRONG, H, G,
The effect of flight on the middle ear.
J.AMA, 109(6) :417-421, 1937,

Early reference to aero-otitis media with inclusion of reference to
vertigo as a symptonm.

SHILLING, C. W,

Quantitative study of mental and neuromuscular reactions as influenced
by incrcased air pressure.

U.S. Nay. Med. Bull. 35:373-380, 1937,

Mantions among other things, dizziness on compression (p. 379).

BERTOIN, R.
A propos des accidents labyrinthiques par decompression.
J. de med. de lyon 19:457-460, 1938. N,V.

SHILLING, C. W,
Compressed air illness.
U.S. Nav., Med. Bull. 36:9-17, 1938.

A very good earlier review of the literature, ''cause, symptoms, treatment
prognosis, prophylaxis (p. 9)" of decompression sickness.

CUIAPPE, E.
Lasloni.dell'oncchio interno da decompressione. (Riliev, Istopatologici)
Ororinolaringol. Ital, 9:149-178, 1939, (Cited by A. Pagano, 1959.) N.V.

CRESPI REGHIZZI, A.
Contributo clinico alle malattic professionali deli cassoni.
Arch, 1tsl. otol. 51:408-420, 1939. u.V.

MANIGAN, T, P.
Otologic aspect of caisson discase,
Memphis Med. J. 14:81-84, 1939,

Mentions labyrinthine involvement.

1940-1949

49.

30.

GANDINO, D.
La malattia dei cassoni dal punto di vista otoiatrico.

Rassegna di med. indyst. 11:142-148, 1940. N,V.

REQUARTH, W, H., and R. E. BENSON.
Compressed air illness with spacial reference to the aiddle ear.

Ind“to y_Ld_o 9:115"121. 19400 N,V,



.,

33.

54,

36.

37,

58.

n:-ouiu'ufm in compressed air vorkers; treatment with helium-oxygen
xtures.,
L AMAL 116:1766-1769, 1941,

SHILLING, C. W,
Compressed air Lllness. IlI through VI.

U.S. Nev. Med. Bull. 39:235-259, 1941ls,

A continuation of a previous paper vith special mention of the fact that
"Meniere's symptom complex is relatively cosmon and vertigo, either

slone or associated with other symptoms, is frequently noted (p, 237),"
but uo reference is given., The reference 1list is othervwise very complete,
much of it not often reviewed by modern authors.

SIILLING, C. W,
Compressed air illness.

.8, Navy Med. Bull. 39:367-376, 194lb.
Review of literature 1936-1940 incl.)

An update of the previous paper wvhure "joint pathology" and “otological

effect(s)" are considered the two special problems, i.e., '"given more

notice than before (p. 309). Four references to the latter problem

are given, and nine to the formsr. This paper probably dates a turning

point in DCS studies toward an increased emphasis on joint pathology. (RK)
A

ALMOUR, R. \\

Industrial otology in caisson workers.

LY, State J. Med. 42:779-785, 1942a.

Mentions a Meniere-type syndrome aid gives s good revicu. A good
discussion follows,

BLUNKE, A, R.

Physiologic studies pertaining to deep sca diving and avistion, espccially
in rclatlon to the fat content and composition of thi: bLeody.

The liagvey Lectuges 37:198-226, 1742a.

A good description of bubble formation -.d fat. Thc contral nervous
system and vestibular system may iave a relatively high Eat content
compared to otlier atructures.

CAPBLILL, P, A.
Acrosinuiltis.
Arch. otolarnyiol. 35:107-114, 1942,

SUILLING, C. W., and CVERLEY, I. A.
Auditory acuity in submarinc personnel. Part III,
U.S. Navy Med. Bull. 40(3):654-0686, 1942.

This article contains a good bibliography of earlicr work plus case
hiistories of tie authors. The distinction 1is made betueen Lardtrauna--
type problems which result in vestibular and auditory prollems versus
Meniere-1ike syndromes most likely dus to nitrogen bLubbles causing

"aural lesions (p. 6G9)." Vertigo as an accompanying symptom is montioned
(p. 675).

BERT, P.

Increased pressure. In Baropetyric pressure. Reseaxches in experimsntal
physiology, 1878, Trans. by M. A. Hitchcock, and F. A. Hitclicock.
Chapter I, 353 ££. Columbus, Ohio: College Book Co., 1943,

In this classic, case histories of Bert's and others arc rcported, Vertigo,
"dizziness,"” ''vomiting" (p. 363) are mentioned frequently. Tor example,

the author had the bends and vomited. "...reflex movements [of the eyeg]
caused by the slightest stimulus (p. 381)" may be an example of nystagmus.
"...8ight was affected, and I sav my arm moving much as one perceives
objects after he has whirled about several times (p. 385),” may be an example



39.

60.

61,

62.

63,

64,

65.

66.

67.

68.

69.

of the oculogyral 1llusion (Graydiel & Hupp, 1946,0536) (RX)'I vas dassled and
my eyes refused to serve me st all. I sav only at long intervals, end for
s second at the most, then everything disappeared to resppear only after

s fev moments in the same vay (p. 383)." It may have been nystagmus. (RX)

DICKSON, E, D, D., J. B, G. McGIDBON, and A. C. P. CAPAELL,

Acute otitic barotraums-clinical findings, mechaniam and relationship
to the pathological changes produced experimentally in the middle sare
of cats by variations of pressure.

Jd. Lagynapl. 30:456, 1943, NV,

OGDEN, P, W,

A study of altitude chamber asro-otitis media.

U.S. AAP School of Aviation Medicine, Randolph, Field, Tex., Report No. 1,
Project 147, 5 May 1943. NV,

ENGEL, G, L., J. P. WEBD, E. B, FERRIS, J, ROMANO, H. RYDLR, and M. BLANKLSIOR:,
A migraine-like syndrome complicating decompression sickness.
Warp ed. 5:304, 1944.

SHILLING, C. W.
Asro otitis media and auditory acuity loss in submarine escape training.

Irans. An. Acad. Ophthalmol. Otolagyngol. 49:97-102, 1944-43.

BEIINKE, A. R,
Physiologic effect of pressure changes with reference to otolaryngology.

Arch. Otolaryngol. 42:110-116, 19435,

Deals mainly with barotrauma as a middle ear problem.

BROW!, G. A., C. Hl. CRONICK, H. L, IOTLLY, E. J. KOCOUR, and W. O. KLING! AN,

Nervous systen dysfunction in adaptation to high altitude and as postflight
reactions.

War 'led. 7:157-161, 1945.

The article provides case histories of altitude decompression sickness.
The [irst diagnostic catcgory employed is "Disturbances of equilibtrium and
coordination (p. 157)." Case No. 1 (p. 158) shows dizziness, ataxia, and

nystagmus.

STEWART, C. B., O. N. WARWICK, and G. L, BATEMAN,
Acute otitic barotrauma resulting from low pressure chamber tests.
J. Aviat. Med. 16:385, 1945. N.V.

ANON,
Barotrauma.
Roy. Nav. Med. Bull, 22:53-57, 1946, N.V.

GRAY, J. S., §. C. P, MAIIADY, R, L. MASLAND, and H. S. WIGNDSKY.
Studies on altitude decompression sickness. I. Symptomatology.
J. Aviat. Med. 17:333-342, 1946.

Nausea, vomiting, pellor, sweating, [aintness (p. 339) sre considered
eirculatory reactions in this report.

HAINES, H. L., and J. D, HARRIS,
Aerotitis wedia in submariners.
Ann, Otol. Rhinol. Laryngol. 55:347-371, 1946.

A good review of the problem, mentions vertigo as one of the symptoms.

KELLY, W. J., and H. W. LANGHEINZ.
Dental treatment for the prevention of asrotitis media.

Ann. Otol. Rhinol. Leryngol. 55(1):13-28, 1946.

The authors report s successful dental treatment in 46 of 50 cases of
persons diagnosed with aerotitis media in submarine training. A similar
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72,

73.

74,

75.

76.

77.

78.

effort could perhaps be made in diver training vhere & CaIwius wa ese
dental examination might be pcrformed after tests for ability to clear

the ears are conducted. This might: (a) return to training persons who
fail; (b) identify persons who could develop chronis problems later in

their diving careers. Behnke (1969, #223) reports that in "...5 to 235X

of al) compressions to 50 psi (abouc .30,000 compressions) applied to
Amsrican submarine personnel,..[the pcuomv have been unable to

sseoumodate regdily to the excess pressure (p. 261)." See other srticles

by the senior author, ,

LENTINE, J.
A reviev of one hundred cases of acute ssro-otitis,

Arch. Otolaryngol. 43:293-297, 1946.

LUWND, D, W,, J, H, LAWRENCE, and L., B, LAWRENCE,
Latent neurologic manifestations following decompression.
J. Occup, Med. 1:75-80, 1946,

Dissiness and vomiting are reported, among other findings.

BEHNKE, A, R.

A review of physiologic and clinical date pertaining to deacompression
sickness.

Naval Medical Research Institute, Bethesda, Md., Report No, 4,
Project No, X-443, 13 May 1947,

An excellent review of DCS and one of the few works to review directly

(eee Table 4) the studies of Heller, Mager, and von Schrotter (1895, #7),

Of those with DCS: they report 70X bends, 82 vertigo and Meniere's,

6% "chokes," 42 sensory disturbances, and 122 motor paralysis; the latter

two may also contain vestibular involvement.' (RK) Although not widsly available,
this is a very good report. See also Behnke (1971a, #261) for s similar

updated report,

DICKSON, E, D, D., J. E, G. McGIBBONS, and A. C. P, CAMPBELL.

Acute otitic barotrauma--clinical findings mechanisms and relstionship
to the pathological changes produced experimsntally in the middle ears
of cats by variations of pressure.

In E. D. D, Dickson (Ed.) Contributions to avistion otolaryngology.
pp. 60-83. London: Headley Brothers, 1947. N, N.V,

SHILLING, C, W,, H, L. HAINES, J, D, HARRIS, and W. J. KELLY,

Asyotitis media. A bdrief presentation of its symptomatology,
prevention and treatment,

J. Aviat, Med. 18:48-55, 1947,

In a discussion following the paper the influence of the mandible (p. S5)
was mentioned and should be compared to Pinto (1966, #436).

ASCHAN, G, K
Aerotitis media and aerosinusitis.
Acta Otolaryngol, (Stockh) Suppl. 69:1-93, 1948. N.V.

HARVEY, W,

Innuiution and survey of malocclusion and sar symptoms, with particular
reference to otitic barotrauma (pain in ears due to change in altitude).

Br. Dent, J. 85(10):219-225, 1948,

This article should be considered along with Costen (1934, #302) and
Pinto (1966, #436).

KEREKES, G,
Conr.:ibutiou oto-rhinologiques a la connaisssgnce de la maladie des caissons,
Ann, oto-laryng. (Paris) 65:762-766, 1948,

ORTIZ, R. B,
Barotrauma otico.
Rev. Otorhinolaring., 8:41-66, 1948, (English summary.) N,Y,



79. UPFRNORDR, N,
Otological sxpevience with "Schnorchel"=equipped submerines.
Monograph on Submarine-Medicine, PFolio VII., U.S. Naval Porces,

Cermany, (Technical Section, Medical,) Date uncertain, 1948,
Discusses the barotraumatic effect of Snorkel submarines, psrticularly
in heavy seas. BReports that the symptomatology in some cases included
thickened ear drums, upper range hearing loss (p. D-II1-3), balance
disturbance and dizsiness (p. D~III-6), spontaneous nystegmus (p. D-1II-7),

80, VAN DER AUE, O, LK,
Caisson disease-~in the case of Perguson, Charles P,, GMI, 250-34-37,
U.8, Navy., Naval gun factory, EDU. (aboard U.8.8. Chanticleer ASR-7),

Report to Chief, BuMed, 6 Noveaber 1948, NV,

81. WEERSMA,
Barotrsums dei seni e dell'orecchio,
Nederl, Med. Genessk., Tiidsch. X, 1948. (Cited by Hyde; cited by A. Pagano,

1959,) Ny,

82, BOIES, L. R.
Acute otitis media.
In L, R, Boies, J. A, Hilger, and R, A. Priest Fundamentals of otolaryngology.

pp. 61-69, Philadelphia: W, B, Baunders Co., 1949, N.V,

83. TFTLANAGM, J. C,
Techniques for developing critical requirements from critical incidents.
Am. Psychol. 4:236, 1949,
An excellent methodology for problem definition. Of potential utility
in surveys of diver accidents,

1950-1959

84. TFILIPPI, P. :
Sul rapporti fra pressione del liquor e pressione endolabirintica nel gatto.
Boll. _s_os. Ital. Biol. sz.ro 263661. 1950, N.V:

85, BEHNKE, A, R.
Decompression sickness fullowing exposure to high pressures.
In J, P, Fulton (Ed,) Decompression sickness. Caisson sickness,
diver's snd flier's bends and related syndromss. p. 53-89.
Philadelphia: W. B, Saunders Co., 1951,
A good reviev paper with & summary of 1,361,461 decompressions,

86. FERRIS, E, B., and G. L. ENGEL.
The clinical nature of high altitude decompression sickness.
In J. P, Fulton (Ed.) Decompression sickness. Csisson sickness,
diver's and flier's bends and related syndromss. pp. 4-52.
Philadelphia: W, 3. Saunders Co,, 1951.

87, PULTON, J, F, (Ed.)
Decompression sickness, csisson sickness, diver's and flier's bends

and related syndromss,

Philadelphia: W, B, Saunders, 1951.
There are many good articles in this book. The ones considered most
important are referenced individuslly. '

88. GERSH, 1., and H, CATCHPOLE,

Dacompression sickness: physical factors and pathologic consequences.
In, J. F. Fulton (Ed.) Decompreasion sickness. Caisson sickness,
diver's and flier's bends and ralated syndromss. pp. 165-181,
Philadelphia: W. B, Saunders Co,, 1951,

See espacially pages 165-171,

10
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9.

92,

93.

9.

95.

96,

97,

98.

PAGANO, A,
Sinusopatie da barotrauma.

Arch. ital. laring. 59:257-268, 1981,

WAITE, C. L.
Madical problems of an underwvater demolition tesm.
U,S, Armed Yorces Med. J, 2:1317-1326, 1951,

Asrotitis media and external ear infections are discussed.

DESPONS, M,

Labyrintho-traumatisme chez un ouvrier de caissons. (Labyrintho-trauma
in s caisson worker.)

Arch, Mal, Prof. 13(10):615-5616, 1952,

Two other papers dealing vith nsurological/labyrinthine problems of
caisson vorkers are also listed (p. 616),

MEDA, E,

A research on the threshold for the Coriolis and Purkinje's phenomena
of excitation of the semicircular canals.

Archivo di Fisiologia 52(2):116-134, 1952, Trans. by E. R. Hope,

Defense Scientific Information Serviece, D.R.B. Canada, 1-5 Sept. 1954.

(Cited by Stewsrt & Clark, 1965, #692.) N,V.

PASHALIAN, S., W, J. E, CRISSY, A, I, SIEGEL, and E, P, BUCKLEY,
The interview: 1. A selectively abstracted bibliography.

U.S. Navy Submarine Msdical Center, New London, Comn., Rsport No. 1,
Project NM 002 016.01, 2 June 1952,

1f vestibular problems are increasing in incidence, techniquas described
in this article will be useful in studying the true base rate in diver
population,

PORTMANN, M., and G. PORTMANN,
Auricular disorders dus to a brutal decompression.
Med, J. (Bordeaux) 129(11):1055, 1952. N.V.

BERTOIN, R.

Evolution clinique des sccidents labyrinthiques survenant chez les ouvriers
travaillant en air comprime, (Clinical evolution of labyrinth accidents
in the ears of compressed air workers.)

Arch, Mal, Prof, 14:221-224, 1953.

The author asks for better diagnostic categorization of these maladies.
He also feels that soms chronic cases of VIIIth nerve disorder (balance
problems, etc.) worsen with time.

CHOSSEGROS, H. L., ROCHE, and L. MIGEON,
Les Atteintes vestibulaires graves dans la maladis des caissons.
(Grave vestibular hits in decompression sickness. Partisl translation
by F. Russo, NMRI, 1972.) )
Arch, Mal, Prof. 14:211-220, 1953.

The author differentiates between vestibular hits in dam workers due
to compression and those due to decompression, It is his opinion
that the latter are mors traumatic and are more likely to be chronic.

McCALLUM, R, I., and D. N. WALDER.
Compressed-air illness on Tynesids.
Lancet 1:464-467, 1953.

Vomiting 1s reported in 1 of 2 cases, but is most likely due to causes
other than vestibular.

PAGANO, A,

Ricerche audiometriche nei barotraumi ds cassoni.
Al’c . 1'2. 1.!1“.. 61!2“’265. 19530

1



100,

101,

102,

103.

104,

105.

106,

CLARK, B., and M. A. NICHOLSON,
Aviator's vertigo: A cause of pilot ervor im naval aviation students.
J. Avigt. Med. 25:1171-179, 1954,

th. "u Do "0. .M Dl Nl wmn.

Compressed air illness. An investigativn during the construction of the
Tyne Tunnel, 1948-30,

Medical Research Council Special Report Series No. 281. iondon: Her
Majesty's Stationery Office, 1954,

The main sysptoms recorded vere: "Pain, aching, burning, gripping,

stabbing, tingling (p. 10)," and perhaps for this resson vestibular
sysptomatology is being underestimated, since there is mo category for recording
it,

ROGER,
Variations de 1'EEC ches 1'homme en function de la pression,
Rey. de Neurol. 51:6, 1954, (Cited by A, Pagano, 1959.) N.V,

AMBROSIO, L., V. MAZZA, and C. SERRA,

Comportamento della attivita elettrica corticale ¢ dell equilibrio
elettrolitico in operai affetti da mal dei cassoni.

(Status of the corticel electric activity and of the electrolyte
equilibrium [balance?] in vorkers affacted by caisson sickness.)

Acta Neurol, (Nepoli) 10(6):879-906, 1935,

Electrolyte imbalances relative to EEG changes in connection with compressed
air vork are reported, There is a relationship of EEC changss to the high
pressurs nervous system syndrome (Bennett & Towse, 1971g,#264) possible
relationships of fluid balance to decompression sickness (Warwick, 1942,
#309; 1943, #311) and Menisre's disease (Simpson, 1965, #424) elsewhere

in this bibliography. Also numerous labyrinthine sywptoms in case

histories are reported (pp. 883-893),

BEHNKE, A. R.
Doeoqruuon sickness.
Milit, Med. 117:257-271, 1953.

A reviev paper vith minor smntion of vestibular involvement as a symptom
of DCS, although dizziness and nsusea are included in several case histories.

HAYMAKER, W., and A. D. JOHNSTON,

Pathology of decompression sickness. A cowparison of the lesions of airmen
with those in caisson vorkers and divers.

Milit, Med. 117:285-306, 1935.

The authors describe their own findings in relation to a very large litcrat.urc.
A good bibliography 1is included.

KOMENDANTOV, G. L.

Vestibular nystagmus in conditions of lowering barometric pressure,

In The functioning of organisms under conditions of changing gaseous .
environments. p. 53. Moscow, Leningrad: Acadesmy of Sciences, USSR, 1955.
(In Russisn, trans. by J. Diachenko, NMRI, 1972.)

Changes in post rotational nystagmus (induced by rotation) were noted
as a function of altitude. In general, changes begin to occur above
5,000 meters.

KRATOCHVIL, C, H,
The contributions of Alphonse Jaminet to an undoutlnding of decompression

sickness.
J. Avut. Med, 27:59-63, 1956.

Of historical interest, and indicates Jaminet hiwmself suffered dizsziness
after decompression.
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108,

109.

110,

111,

112,

113.

114,

115,

116.

117,
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AD”. un "o. A, m"!u. s, .u mnlu. G. c. W. NG ¢, 4o NEVEN,

Nystagmus elicited by high intensity sound.

U.S. Naval School of Aviation Medicine, Pensacols, Fla., Joiat Project
NM 13 01 99, Subtask 2, Report No, 6, 15 Pebruary 1957,

Because vestibular responses ave obtal.ed in deaf persons by noise and
because compression chambers are noiey, vestibular testing at depth
must take this relationship imnto acecount,

BO2Z1, K.

Il comportamento dell'Orecchio interno nel' Esercisio del nuote
subacqueo con auto-respiratore ad aria,

Minerva Otorinolaringol. (Torimo) 7:376, 1957. N,V

CROSS, E. R.
Prevention of diving diseass.
Water World 2130, 44-45; May/June 1957, N,V,

KOOPERSTEIN, S, 1., and B, J. SCHUMAN,
Acute decompression illness. A report of forty-four cases.
Ind. Med. Surg. 26(11):492-496, 1957,

Preselection on the basis of: (a) ability to equalize pressure, (b) ear
drum inspection, and (c) no untoward effects with the expiration of the
first work shift (p. 493) may have contributed to the low base rate
(.0318%). (RK)

LANPHIER, E. H,
Diving medicine,
N. Engl, J. Med, 256(3):122-128, 1957.

Calls attention to the vestibular reaction of caloric irrigation from
cold water (p. 122) and equilibrium disorder with spinal lesion (p. 128).

MELVILLE-JONES, G.

Review of current problems associated with disorientation in man-controlled
flight,

Flying Personnel Research Committee, Royal Air Force, Farnborough, England,

October 1957,

A good reviev paper with reference to pressure vertige (p. 22 £ff.). Also
describes a possible mechanism.

ARSLAN, M., and V. BOTINER,
Orecchio e sistema nervose vegetative.
XII Conv. Soc. Oto-Rhino-Laryng. Latina/Roma 1958. N.V.

BACKUS, J.
Tinnitus,
Skin Diver 7:25, Dec. 1958. N.V,

BRUZZI, B.
Sindromis otorinoiatriche nella malattia dei cassoni.
Folis Med. Napoli 41(8):780-783, 1958. N.V.

BUSCAINO, V. M,
Sindromi neurologiche nells malattia dei cassoni.
Folis Med. Napoli 41(8):773-779, 1958, N.V.

FIELDS, J. A.
Skin Dtvin;' Its physiological and otolaryngoloaical upcctl.

A.M.A, Arch. Otolaryngol. 68:531-541, 1958,

An importaut but short paper. Mentions how during descent undervater, the
stomach contents reorient themselves which can lead to problems, particularly
as the stomach gas bubble expands with compression, and gastric secretion can
he forced into the esophagus (p. 537). In ndd:l.t:lon. the contribution of a
"plug of cerumen” (p. 539) to vertigo is mentioned.).
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118,

119.

120,

121.

122,

122a,

123,

124,

DR VITA, C.
Contributo allo studio delle einusiti barotreumstichs.
Folia Med., Nepo)i 42:781-793, 1929, M.V,

NOURRIT, P,

Barotraums of inner ear. [Experimental ulinical study. Contribution
to prevent auricular asccidents in workers performing jobe {n
compressed air, (63 referemces,)

Thesis, Marseille, 1959, M.V,

PAGANO, A.

Otopatie ¢ sinusopatie ds b.ros_r_* nei lgvorslo dei cassoni.
poli: Casa Editrice V, Idelgon e Onocchi, 1939,

This text deals specifically with inner ear and sinus prodblems in

caiseon workers. Early literature is revieved snd case histories are
given, A very good and complete book (more than 250 pp.).

PICARD, D., A. APPAIX, and P, NOURRIT.

Lesions histologiques de l'oreille interne consscutives a des
barotraunatisnes experimentaux ches le Cobaye.

Comptes Rendus Soc. Biol. Paris 153:1230-1232, 1959,

ROZSAMRGYL, I,
Late conssquences of the neurological forms of decompression sickness.
Br. J. Ind, Med, 16:311-317, 1959,

Thie paper is a report of a follov-up of the cases first seen and reported
in a previous report (Rozsshegyi & Soos, 1956, #122s). Relative to the
vestibular system and its central connections is a "pseudo Meniere's
syndroms" which is central rather than peripheral and is prodably cauwsed
by a lesion of the medullary vestibular nuclei, It is often associated
with paraplegia and signs of syncope or parasywpathetic disturbances,

From the author's description one is reminded of the repnrt by Simpsocn
(1965, #424) that prior to his death, Msniere wvas attempting to relate

the disease which bears his name to forms of migraine and was suggesting
fluid retention as a similar mechanism for both. The paper by Enghl,
(1944, #61) on migrsine-like symptoms in DCS is also worth noting, Further,
the comment often made (cf, van Rensselssr, 1891, #4) that diuresis occurs
in compressed air wvorkers and high fluid exchange rates as part of a
person's habit afford soms protection from DCS, The fact that sodium
excretion is reduced by cowpression (Radomski & Bemnett, 1970bd, #505)

and ADH 1is released during unusual vestibular etimulation (Taylor, et, al.,
1957, #363) may all be connected,

ROZSAHEGYI, I., and 1. S00S.
Caissonkrankheit and Zentralnervensystem.
Arbeitsmedizin, Heft 30. Barth, Peipzig, 1956. N.V.

1960-1969

CAMPBELL, P, A,

Asro-otology.

In G. Coates and H, Schenck (Eds.) Otolaryngology. Vol. 2, Chapter 28,
Hagerstown, Md.: W.F, Prior, Co., Inc. 1960a.

DONNELL, A. M., Jr., and C, P, NORTON,

Successful use of the recompression chamber in severe decompression
sickness with neurocirculatory collapse.

Asrosp, Med. 31:1004-1009, 1960,

Dizsiness, nausea, and vomiting (p. 1006) were reported; pethsps they were
syncopal rather than vestibular.
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125,

126,

127.

128,

129.

130,

131.

132.

133,

134.

VLOTTES, L., and R, RIU,
The ear and the Navy,
Rav. Corpe. Sante Armees 1-2:183-260, 1960, N.V,

GOLDING, P. C,, P. CRIFFITHS, H, V, HEMPLEMEN, W, D, M, PATON,
and D. N, WALDER,

Decompression sickness during construction of the Dartford Tumnel,

Br. J, Ind. Med. 17:167-180, 1960,

This paper points out the diffsculty in adequately assessing the incidence

of decompression sickness of vestibular origin. First, only cases severe
enough "for the man to bring himself back for treatment are included

(p. 168)." Second, it would appear that pain as a sympton (perhaps accompanied
by dizsiness) would still be classed as type I. Nonethelass, after pain,
vertigo is the next largest symptom category. The authors also report

that type II symptoms vhen they appear, do so with shorter latency than

type 1, and so, if compressed air vorkers were alert for their appearance,

it {s possible =11d, type Il symptoms could be used as an early sign of

type 1, and recompression could begin sooner.

HELLER, M. F,
Skin diving injury.
Arch. Otolaryngol. 72:358-360, 1960.

A hearing loss post-dive occurred, but vestibulsr problems are also
mentioned (viz., dizziness and gaze nystagmus).

APPAIX, A., D, PICARD, and P. NOURRIT.

Les barotraumatismes cochleaires. Donnses experimentales. (Cochlear
barotraumas, experimental data.)

Ann, oto-laryng. (Paris) 78(4-5):232-245, 1961,

Histological sections are showm.

BOUCHE, J., J. SIARDET, and M. HANNEQUIN,

A propos de deux cas de surdite cochleaire a 1l'occasion de plongee
sous-marine.

Ann, oto-laryng. (Paris) 78(12):829-833, 1961.

COLES, R. R, A., and J. J. KNIGHT.

Aural and audiometric survey of qualified divers and submarine escape
training tank instructors.

Medical Research Council, Great Britain, Royal Personnel Command
61/1011, 1961.

The authors attempt to distinguish vertigo due to syncope from that due to
vestibular involvement. Report hypo function from caloric stimulation

in older divers. A good review and excellent bibliography of auditory
and vestibular studies.

JARRETT, A. S.
Ear injuries in divers.
J. R. Nav. Med. Serv. 47(1):13-19, 1961s,

LAMBERTSEN, C. J.

Harmful effects of oxygen, nitrogen, carbon dioxide and carbon monoxide,
Decompression sickness,

In P, Bard (Ed.) Medical physiology. pp. 720-721. St. Louis:
C. V. Mosby Co., 1961. N.V.

MALETTE, W. G., J. B, FITZGERALD, and A. T. K, COCKETT,

Dysbarism. A review of 35 cases with suggestions for therapy.

USAF, Aerospace Medical Center (ATC), School of Aviation Medicine,
Brooks AFB, Texas, 1961, N.V,

NICOLET, L., P, MERER, and R. JAFFRES.

De 1l'existence des manifestations neurologiques chez les travailleurs
en caisson presentant des lesions osteo-articulaires barotraumatiques,
(On the existence of neurological manifestations in caisson workers
presenting barotraumatic osteo-articular lesions).

Rev. Rhum, 28:241-245, 1961, N.V. 15,
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135,

136.

137,

138,

139.

140,

141,

142,

163'

144,

NOURRIT, P,
Clinical study of barotrauma of the innar ear.
Mags. Mad. 98(8):823-028, 1961. N,V,

PAGANO, A.

Les Barotraumatismes de l'oreille et des einus. (Pressure traums
of the ears and sinuses.)

Mars. Med. 98:803-810, 1961,

The author emphasized the importance of diving wedicine. He speaks

of the mechanice of pressure upon the ear and sinuses and hov it

creates lesions through increased blood pressure. He also delineates
the difference between compression and decompression sickness, and their
different treatments. He states the prognosis of compression to be much
more favorable than that of decompression.

PICARD, D., and P. NOURRIT,

Histologic lesion of experimental barotraumes of the middle and inner
ear.

Mars. Mad. 98(8):819, 1961, N.V,

ROWE, B,
Medical hazards of skin diving.
Med. J. Aust, 30:1038, 1961, (Cited in Edmonds, 1971,)

In this article it is stated that vertigo occurs in divers and is
probably due to caloriec irrigationm.

ROZSAHEGYI, I., and B, GOMORI.

Otologische Untersuchungen bei Caissonarbeitern. (0Ntologicsl
investigations on caisson workers. Trams. by Mrs., A, Woke,
NMRI, 1972,)

Arch, Gerwerbepathol. Gewerbehyg. 18:384-393, 1961,

The article reviews well the literature of labyrinth problems in
compressed air vork. It shows that evidence of auditory (hearing)
and vestibular (caloric) loss is greater in a group of workers who
had had acute caisson disease than in a group of workers wvho hadn't;
the latter also had larger deficits than would be expected although a
normal (control) group was not studied. Etiology is discussed.

SERRA, C. and L. AMBORSIO,
Malattia dei cassoni e male delle altitudini.
Acta Neurol. (Napoli) 16:239-250, 1961,

SHELBY, R. W,

Prevention and minimization of barotraumatic injuries assoc’ited with
scudba diving. .

J. Am. Osteopath. Assoc. 60:896-902, 1961. N.V.

SIMS, R, O, S., and S. WATSON,

Otitic barotrauma in divers.

_@_g. l- Au.t. 68(2) :10‘0"10.1. 1961. N.v.
DAVIES, W,

The medical hazards of undervater swimming.
Practitioner 188:656-660, May 1962, N,V,

GRINDA, M., and R, CANAVESE.

New observation of barotrauma in the inner ear.
J. Franc. O.R.L. 114:536-539, 1962, N,V,
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143,

146,

147,

148,

149,

150,

151.

152,

HIDALGO, P, C.
Sindroms de descompresion. (Decompression syndromws.)
Prensa Med. Mex. 27:360-363, 1362. N.V,

LANG, J.
L'evocation du nystagmus opto-cinetique a 1'aide d'un nouvel sppareil
et l'importance disgnostique de la methods.

Acts Otorinolagyngol. Belg, 16:5, 1962, NV,

ERDE, A.

Experience with moderate hypothermia in the trestment of nervous syst(~
sysptoms of decompression sickness,

In Proceedings Second s mouu on undervater physiology, Pebruary 25-26,
1963. w“h.' D. CC Pp- -73. Was .y Do . N.timl ACM Of
Sciences--National Ressarch Council Publication 1181, 1963,

Feels greater concern should be given to CNS symptoms of DCS. Reports

7 case histories, 5 of vhich show sensory neurological residual deficits,
Dizzsiness and disconjugate eye movements are reported in two case
histories.

GRAYBIEL, A,

Significance of vestibular organs in problems of weightlessness,

In R, B, Livingston, A. A. Imshenetsky, and G. A, Derbyshire (Eds.)
Life sciences and space reseaxch. A session of the Third Inter-
national Space Science Symposium, Wash. D.C., April 30-May 9, 1962,
Awsterdam: North-Holland Publ, Co,, 1963,

The similarity of motion sickness symptomatology to symptoms from other
"functional disorders resulting from a disturbance of the normal
pattern of central nervous system integration (p. 26)" are discussed.

To the author's list might be added “decompression sickness." (RK)

GWOZDIEWICZ, J., and L. LABA,

Nietpowy obraz neurologiczhy w przypadku chdroby kesonowej u nurka.
(An atypical neurological picture of a case of caisson disesse in &
diver.)

Bull, Inst, Mar, Med, Gdansk 14:175-179, 1963, N.V.

HARDACRE, L. E., and R, S. KENNEDY,

Soms issues in the development of a motion sickness questionnaire for
flight students,

Aerosp. Med. 34(5):401-402, 1963.

A questionnaire similar to this could be constructed in order to assess
past history of vestibular involvement in compressed air work.

LABA, L.
Pozne nastepstwa choroby kesonowej u nurkow., (Late consequences of
the decompreuion sickness in divcn )

Written in Polish, but the English summary indicates the author dis-
cusses pathology in divers,

MACKAY, D, E,

Comments on therapeutic recompression.

In Proceedings Second symposium on undervater physiology, February 25-26,
1963, Wash., D.C. pp. 57-65. Wash., D.C.: National Academy of Sciences--
National Research Council Publication 1181, 1963,

The author reports that most persons had pain only (622). The remainder
had other symptoms with or without pain, Many of these other symptoms
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could have a vestibular basis. If a liberal criterion of vhat econsti-
tutes vestibular involvemsnt is employed, 50X might imvolve the
vestibular system (e.g., nausea, vertigo, disorder of sensations, etc.).

153, RIVERA, J. C.
Decompression sickness among divers: an analysis of 935 cases,
U.S, Navy Experimental Diving Unit, Wash. D.C., Report No. 1-63,
1 Pebruary 1963,

One of the very best epidemologic studies of DCS. Table 14 (p. 12) shows
the frequency of signs and symptoms. Those individual symptoms which
could be due to vestibular involvement sre reasonably prominent. It is
felt that vestibular symptoms vhen reported occur often enough as initial
manifestation and should be emphasized more to divers as possible
premonitory signs of more painful or serious DCS.

154, ADLER, H, F,
Asromedical revievg: Dysbarism,
USAF School of Aerospace Medicine, Brooks AFB, Texas, Report No, 1-64,
AD 601600, February 1964,

This 1s a very important but little referenced review of studies of com-
pressed sir. The accompanying bibliography is excellent. Of particular
importance for this bibliography are the following: (1) reference to high
fluid intake (p. 60) and tolerance for decompression sickness (cf. studies
of Meniere's hydrops): (2) vestibular problems with refersnce to "bubbles

in the labyrinth or cerebellum: (p. 76) as a likely locus; (3) "effects on
the ear...(are considered) one of the most common manifestations of altitude
dysbarism”" (p. 117-125); and («) the relationship of "barodontalgia"

(p. 125) to sinus problems (p. 129), and "mal position of the jaws" (p. 119).

155. ALNOR, P. C., R, HERGET, and J. SENSING.
Drucklufterkrankungen. (Air compression sickness.)
Munich, Barth, 1964,

156, ANDERSON, B., Jr., R. E. WHALEN, and H, A. SALTZMAN,
Dysbarism among hyperbaric personnel.
J.AM.A. 190(12):87-89, 1964,

157. SEEMANN, K,

Vorschlag zur Klassifizierung von Trommelfellbefunden beim Barotrauma des
Mittelohrs. (Proposal for classification of tympanic membrane findings
in barotrauma of the middle ear.)

HNO 12:227-228, 1964,

158, SIIRDE, E, K., and V. A. SYARGAVA,
Osostoyanii lorarganov u skvalangistov 1, vodolagov. (Some otorhinological
observations in frogmen and divers.)
Vestn, Otorinolaringol. 26:86-89, Nov,/Dec. 1964. N.V.

Probably the came as #159,

159, SIIRDE, E. K., and V. A, SARGAVA.
(Some otorhinological observations in frogmen and divers.) English abstract
trans. from Russian article,
Vestn, Otorinolaringol. 26(6):86-89, 1964.
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. 160. ANDERSON, B,, Jv., A, HEYMAN, R, £, WHALEN, gnd H. A. SALTZMAN,
Migraine-like phenomsna after decompression from hyperbaric
environment,
Neurology 15(11):1035-1040, 1965.

The similarities of syncope, migraine, Menieve's disease, decom-

pression sickness, and motion sickness should be studied for possible

common etiologies. All occur in connection with diving, Simpeen (1965, #424)
(p. 751) claims that Meniers was vorking on a paper which called

attention to the similar etiologies of certain forms of migraine

and Meniere's disease vhen he died.

i 161, ANON,
Underwater neurology.
J.AM.A, 193(7):611-612, 1965,

A one-page reviev,

!: 162, BENSON, A, J.

| Spatial disorientation in flight,

| . In J. A. Gilles (Ed.) A textbook of aviation medicine. pp. 1086-1129,
t New York: Pergamon Press, Inc., 1965,

|}

A COOD REVIEW, espacially with regard to pressurs vertigo (p. 1101),

{ vestibular function, and vestibular illusions/disorientation. A very
good bibliography. Main thrust of the chapter is in regard to aviation,
but many problems are comon in diving. (RK)

163, DOLL, R, E,
Decompression sickness among U.S. Navy operational divers: an estimste

of incidence using decompression tables.
U.S. Navy Experimental Diving Unit, Wash., D.C., Report No, 4-64,
15 February 1965,

The base rate for decompression sickness in U.S. Navy diving is reported
as < 1%,

. 164. FENN, W, O,
[ Inert gas narcosis.
In Hyperbaric oxygenation. Ann, N.Y. Acad. Sei. 117:760-767, 1965,

A good paper on nitrogen narcosis,

165. GWOZDZ1EWICZ, J,

Izmeneniya v slinnom mozg-u vodolazov, svyazannye s khronicheskoi formoi
kessonnoi bolezni. (Changes in the spinal cord of divers resulting
from chronic form of caisson disease,)

Bull. Inst. Mar. Med. Gdansk 16:171-185, 1965. N.V.

166. LUNDGREN, C. E. G.
Alterncbaric vertigo--a diving hazard.
1 Brit, Med. J. 2:511-513, 1965.

An epidemiological paper and the one that focused attention on the
problem. See also Terry and Denaigon(1966, #190), and Vorosmarti and
G Bradley (1970, #252) for American studies.
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168,

169,

170,

171.

172,

173.

174,

MASPETIOL, R., R. RODDIER, and J. GUTTIERES, \

Barotraumatismes affectant les fonctions cochleo-vestibulares ches
les travailleurs dans 1'air comprime. (Scaphandriers-Caissons).
(Barotrauma affecting cochleo-vestibular function im workers under
compressed air. Divers-Caisson workers.)

Arch, Mal, Prof. 26(3):164-166, 1965,

MASPETIOL, R,, and R, RODDIER,

Barotraumas affecting the cochlear vestibular functions occurring
in vorkers performing jobs in compressed air.

Arch. Mal. Prof, 26(3):164-166, 1965, N,V

Probably the same as #167.

MULHOLLAND, T., and C, R, EVANS,

An unexpected artefact in the human electroencephalogram concerning
the alpha rhythm and the orientation of ths eyes.

Nature 207(4992):36-37, 1965,

Changes in EEG are symptoms of the HPNS syndrome and this study suggests
that eye movements are related to EEG changes., The relationship of eye
movements to vestibular stimulation is well known (cf. Robinson, 1968,
#565).

PAULEY, P,
Decompression sickness following repeated breath-hold dives.
J. Appl. Physiol. 20(5):1028-1031, 1965.

See "dizziness and nausea" (pp. 1028-1029).

POMPEIANO, O., and A, R, MORRISON,
Vestibular influences during sleep.
Arch, Ital, Biol. 103:569-595, 1965,

This paper, plus Morrison and Pompeiano (1965, #421), does not dis-
cuss vestibular symptomatology dus to decompression, but may suggest
mechanisms and connections of EEG microsleep as a HPNS symptom and
vestibular function,

VOTH, A. C.
Autokinesis and alcoholism.
Q. J. Stud. Alcohol 26(3):412-622, 1965.

Anecdotal evidence suggests Navy divers are heavy drinkers and Van
Rensselger (1891, #4) corments on the "fullness of habit" of com-
pressed air vorkers. Perhaps a correlation exists between drinking
and inhibition of apparent movement. This might suggest that the in-
cidance of subjective vertigo is less in Navy divers than in other
diving groups (e.g., SCUBA), (RK)

WALDER, D. N,

Some dangers of a hyperbaric environment.

In I. McA. Ledingham, (Ed.) Hyperbaric oxygenation. pp. 5-11.
Proceedings of the Second International Congress, Clasgow, September
1964, Edinburgh: E. §&§ S. Livingstone, Ltd., 1965, N.V.

BARNARD, E, E, P,
Aspects of underwater medicine,
Postgrad, Med. J. 42:636-642, 1966,

A short reviev paper. Labyrinthine problems mentioned (p. 638).
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175,

176.

177,

128,

179.

180,

181,

182,

BARNARD, B, K, P,, and D, H, ELLIOTT,

Decompression sickness: paradoxical response to recompression
therapy.

Br. Mad, J. 2:809-810, 1966,

Vomiting was reported but was mors likely due to other compli-
cations than to vestibular involvesment,

BOND, C. .
Effects of new snd artificisl environments on human physiology.
Arch, Environ. Health 12:85-90, 1966,

There were no ear problems reported in this paper on SEA-LAB I,
CABARROU, P,

Schema clinique et therapeutique.
La Presse Medicsle 74(4):169-171, 1966a,

Vertigo as a serious symptom of DCS is mentioned.

CABARROU, P., H. HARTMANN, K. H. WEINER, P. ALINAT, and
H. D. PUST.

Introduction a la physiologie de homo aquaticus.

La Presse Medicale 74(53):2771-2773, 1966,

Otoneurologic changes in deep diving are described.

GWOZDZIEWICZ, J.

Mielopatia na tle przevleke) postaci choroby kesonowej u nurkow.
(Mylepathy in correlation with a chronie form of caisson
disease in divers.)

Bull, Inst, Mar. Med, Gdansk 17:329-333, 1966, N.V,

HAMILTON, R, W,, J. B, MACINNIS, A, D, NOBLE, and H, B, SCHREINER,

Saturation diving at 650 feet.

Ocean Systems Inc., Tonawands, N, Y., Technical Memorandum B-4l1,
March 1966,

Vestibular problems reported during compression (High Pressure
Nervous System Syndrome).

KIDD, D. J.

Decompression sickness. Current trends in prophylaxis and
treatment,

Med. Serv. J. Can. 22:79-86, 1966,

In addition to mention of dizziness, etc., as a typs II symptom,
the suthor suggests that "careful clinical (neurological) éxamin-
ation under pressure is the only reliable way of assessing the
effect of treatment (p, 83)." ([Underlining mine-RK]

KING, P. P.
Otitic barotrauma.
Proc. R. Soc. Med, 59:543-554, 1966.

A good paper——describes how vertigo can result, and in the dis-
cussion the suggestion was made that this malady should be termed
“barotraumatic otitis media (p. 551)."
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103.

184,

185,

186,

187.

188.

189.

LANPHIER, E, M,

Decompression sickness.

In Committes on Hyperbaric Oxygenation Mﬂl‘.‘.’l’. ) _t_-%[-
baric medicine, pp. 89-94. Wa-',, D. C,: National Academy
of Sc!.cncn--l;uonn Research co:ncu. 1966,

LUNDGREN, C., E, G., and L. U. MALN,

Clinical aviation and ssrospace medicine: Alternobaric vertigo
among pilots.

Asposp. Med. 37(2):178~180, 1966,

Replicated their previous etudy (1965) in pilote and showed an
even higher incidence for a problem that has gone largely ignored
for divers and pilots. )

MACINNIS, J. B.

The medical and human performance problems of living under the
ses.

Can, Med. Assoc. J. 95(5):191-200, 1966,

Vestibular problems ave reported (p. 199) and a large bibliography
is presented.

OTTOBONI, A., G. PERFUMO, and G, SPERATI,

La patologia auricolave nei sommozsatori. (Ear pathology in skin
divers.)

Arch,. Ital. Otol. 77 (Suppl. 49):1-74, 1966. N.V.

ROZSAHECYI, I,

0 neurologickych formach dekompresivni nemoci (kesonove a
potapecski nemoci). (The neurological form of caisson disesss.)

Cesk, Neurol, 29(6):391-395, 1966.

ENGLISH SUMMARY (from the journal article)

The author gives a survey of his experience with caisson disease.
He distinguishes 4 types of the disease: disperse focal lesions of
the CNS, a syndrome of multiple lesions of the carebral hemispheres
and the upper brain stem, a syndrome of affection of the rhowben-
cephalon and a spinal cord syndroms. He further deals with the
acute and the primary and secondary chronic form of the disease.
He stresses the frequency of vegetative and mental changes as well
as the variability of the clinical picture of this affection.

ROZSAHEGYI, I., and B, ROTH,
EEG studie decompressivni newoci. (EEG study of caisson disease,)
Cesk, Neurol. 29(6):386-390, 1966a.

Where labyrinthine forms of caisson disease had occurred, 50% had
EEG abnormalities; where CNS forms of caisson disease had occurged,
672 had abnormal EEG'S,

ROZSAHEGYL, 1., and B, ROTH,
Participation of the central narvous system in decospression.
Ind, Med, Surg. 35:101-110, 1966b.

This and other papers by this author describe residual neurological
deficits in compressed air vorkers and of particular interest are
involvements of vestibular apparatus and its central connections.
These deficits even occur in caisson workers without a history

of decompression sickness spisodes (although the latter difference
is small). The highest "sleep activity (p. 104)" disturbances
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190,

191,

192,

193,

194,

195.

occurred in the group 'touched by labyrinthopathy (p. 104)."
Divers should be encouraged to be more candid about symptoms
of DCS, particularly vhen the symptom is of a vestibular or
central ngture. {RK)

TERRY, L., and W, L, DENNISOM,

Vertigo among divers.

U, 8, Naval Submarine Medical Center, Groton, Conn,, Special
Report No. 66-2, 8 April 1966,

A lover rate than found by Lundgren (1965, #166) but still substantial.
The authors differentiate alternobaric vertigo from other
stiologies.

WAGEMANN, W,

Barotrauma und Taucherkrankheiten. (Barotrauma and diseases of
divers.)

Z. Laryngol. Rhinol. Otol. 45:379-383, June 1966.

Compression prodblems involving the ear are discussed.

WALDER, D, N,
Some problems of working in an hyperbaric environment.
Ann, R. Coll, Surg. Emgl. 38:228-307, 1966. N.V.

nmm' !0 8. ’O
The treatwent of decompression sickness developing at extreme
pressures.

In C. J, Leubertsen (Ed.) Proceedings of the third symposium
on underwater physiology. pp. 156-164, Baltimore: The

Williams & Wilkins Co., 1967,

Case histories of decompression sickness occurring during ascent
to the surface are presented and their treatment discussed.
Unlike cases that occur at the surface, relief from symptoms
occurred at & pressure difference of only 60 feet, Very small
pressure fluctuations (one foot out of eighty) were sufficient
to cause noticesble changes in symptoms. Further, pain occurred
imnediately and acutely after pressure drops.

BENNETT, P. B.

Performance impairment in deep diving dus to nitrogen, helium,
neon and oxygen.

In C, J, Lanbertsen (Ed.) Proceedings of the third sympoeium on
undervater physiology. pp. 327-340, Baltimore: The Williams
& Wilkins Co., 196

In connection with a study on performance, the author reported
that at 600 feet "dizsziness and nausea and very occasionally...
vomiting" occurred "during the latter part of the exposure or at
the initial stops during decompression (p. 334)."

BORASI, G., and G. SPERATI.
1. Ipoacusie improvvise nei sommozsafori. (Summary in English.)
A_&Eo &‘_!. _o_so R_‘!o !L_a 66:397‘905. 1967-

Two of three divers reported vertigo; one had "ipo-reflessia
vestibulare sempre a destra (p. 898)," that 1-. suppressed
response in the right ear.

23



196.

197,

198.

199,

200,

201.

BUMLMANN, A, A., and W, WALDVOGEL,
The treatment of decompression accidents.
Hely, Med. Acta 33:487-491, 1967. (In English)

The authors report that from their experiences approximately

1 in 8 accidents from deep chamber exposures (11-23 ata) in-
volved the labyrinth and nearly all (9 of 11) of these required
treatment., Of the remaining accidents (71), 22 did not require
treatment. The only case of permanent damage invnlved the
labyrinth (hearing).

DOLL, R. E,, and T. E, BERGHAGE,

Interrelationships of several parameters of decompression
sickness.

U, S. Navy Experimental Diving Unit, Wash., D. C., Report No, 7-65,
1 March 1967.

The coding of DCS symptomatology is showm in an appendix to this
paper. The codes for different symptoms which could be a reflec~
tion of vestibular involvement tend to have high numbers (e.g.,

12 and 20 for "diszinesa/vertigo," and "equilibrium disturbance":
(p.28), and tend not to be grouped together. Both of these factors
could cause underestimation in reporting and data anslysis.

GOULON, M.

Resultats de 1'oxygenotherapie hyperbare dans 13 cas de'embolie
gazeuze cerebrale et dans 10 cas d'accident de decomprassion
chez des tubistes., (Results of hyperbaric oxysen therapy in 13
cases of cerebral gaseous emboli and 10 cases of decompression
accidents in pipe workers.)

Anesth, Anslg. (Paris) 24(4):431-438, 1967. N.V.

GREGG, J. B., and M, R, FERRELL,
Cochlear and vestibular damage from middle sar pressure change,
Eye Ear Nose Throat Mon. 46:464-470, 1967.

Although most of the raferences are "Personal Communication" this
article is a good source for additional cases of vestibular in-
volvement due to pressure.

MCCALLUM, R. I.

Decompression of compressed air workers in civil engineering.
Great Britain: Oriel Press, 1967.

Many good articles appear in this collection. The entire book
should be perused, An item in the Introduction is of interest:
if a joint pain (bends) occurs in about 1% of all decompressions
(cf. Doll, 1965, #163; Keays, 1909, #22; Patton and Walder, 1954,
#100; and articles in this book), but 192 of "tunnellers in
compressed air who were symptomless...had bone lesioms (p. vii),”
then perhaps a similar relationship exists between vestibular/
neurological symptoms and subsequent permanent deficit. Stated
differently, the incidence of symptoms may underestimate by a
good deal the ultimate identifiable damage done to an organism.

MILES, S,

Medical hazards of diving.

In C, N, Davies, P. R, Davis, and ¥, li. Tyrer (Eds.) The effects
of abnormal physical conditions at work. pp. 111-120. Edinburgh:
E. & S. Livingstone, Ltd., 1967.

0f 200 diving accidents (SCUBA) reported, 22 died of asphyxia and
of these, two inhaled vomit. "...a situstion may occur where
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202,

203,

204.

205.

206,

207.

208,

209,

111-f1tting hoods block the ears so that though the middle ear equalizes with
the nasopharynx the external meatus may remain at a lower pressure and the
drum i3 drawvn outwards (p. 119)." More importantly, parhaps, if the hood
has been moved for pressure equalization, some very cold water may be let in,

(RK)

NICHOLSON, A, N,, and J. ERNSTING.
Neurological sequelae of prolonged decompression.
Aerosp. Med. 38(4):389-394, 1967,

Concerns altitude decompression,

PANOV, A, G., and M, P, ELINSKY,
Stertye formy lorazheniya nervnoi sistemy dekompressionnoi etiologii u
vodoiazov. (Atypical forms of nervous system disorders from decompression

in divers.)
Zh, Nevropatolog. Psikhiat. 67:1791-1795, 1967,

ROZSAHEGYI, I,

Decompression tables in civil engineering in Hungary.

In R, I, McCallum, (Ed.) Decompression of compressed air workers in civil
engineering, pp. 41-45. Proceedings of an international working party
held at the Ciba Foundation, London, October, 1965. Newcastle

upon Tyne: Oriel Press, 1967a,

ROZSAHEGYI, 1.
Decompression sickness and the Hungarian schedules.

In R, 1, McCallum, (Ed.) Decompression of compressed air workers in civil
engineering. pp. 99-113. Proceedings of an international working party
held at the Ciba Foundation, London, October, 1965, Newcastle upon Tyne:

Oriel Press, 1967b.

ROZSAHEGYI, I.

Neurological damage following decompression.

In R. 7. McCallum (Ed.) Decompression of compressed air workers in civil
engineering. pp. 127-137. Proceedings of an international working party
held at the Ciba Foundation, London, October, 1965, Newcastle upon Tyne:

Oriel Press, 1967c.

This article is a narrative version of Rozsshegyi and Roth (1966b, #189),
with somevhat more speculations, plus a good discussion by symposium
participants.

WALDER, D. N,
Adaptation to decompression sickuess in caisson work.

Biometeorology 2 (pt. 1):350-359, 1967a. N.V,

WALDER, D. N.

The effectiveness of the British decompression table.

In R. I. McCallum (Ed.) Decompression of compressed air workers in civil-
engineering. pp. 65-70. Proceedings of an international working party

held at the Ciba Foundation, London, October, 1965. Newcastle upon Tyne: Oriel
Press, 1967b, N.V,

WALDER, D, N,

Aetiological factors in decompression sickness.

In R. I. McCallum (Ed.) Decompression of compressed air workers in civil
engineering. pp. 114-126. Proceedings of an international working party
held at the Ciba Foundation, London, October, 1965, Newcastle upon Tyne: Oriel

Press, 1967¢. N.V.
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212,

213,

214.

215.

216,

217.

WALDER, D, N,
Dacompression sickness in tunnel workers.
In C, M. Davies, P. R. Davis, and F. H. Tyrer (Eds.) The effecte of

abnormal physicel conditions at work. %dinburgh: E. & S. Livingstone,
Ltd,, 1967d.

He points out that vhile < 1% of all dives result in sccidents, » 20% of the
divers appear to have necrosis. Perhaps similar relationships can be
demonstrated regarding vestibular symptomatology in diving and permanent
vestibular/neurological effects. (RK) In addition, he feels that probably
everyone experiences DCS, but most don't report it because it fsn't manly,
Perhaps vertigo, or a similar symptom, could be used to screen persons

who may profit by extra decompression time, (RK)

BAYLISS, G. J. A.
Aural barotrauma in naval divers.
Arch, Otolaryngol. 88:49-55, 1968,

This report is mainly of interest as an auditory study. However, the
author's speculation (p. 146) reparding selection procedurcs as a possible
influence on the low incidence of vertigo in his population vs. others

is important, Shilling and Everley (1942, #57) make a similar point in
another context, These factors could result in an underestimation of the
problem of vertigo in populations with less vigorous selection procedures.

DAVIS, G. D,

A review of skin diving hazards.

Med. J. Aust. 55(6):230-235, 1968. N.V.

ELINSKII, M. P, and I, V. ROGOZINA.

Tserebral'nye rasstroistva pri dekompressionnoi Bolezni{. (Cerebral dis-
orders in decompression sickness.)

Gig. Tr. Prof. Zabol. 12:16-20, 1968, N.V.

FRYER, D. I. ’
Evolution of concepts in the etiology of bends.
Aerosp. Med. 39(10):1058-1061, 1968,

A good historical treatment,

CILLEN, H. W,
Symptomatology of cerebral gas embolism.
Neurology 18:507-512, 1968.

The author states the symptoms of cerebral gas embolism (dizziness,
nausea, and visual disturbances reported in 20% of the cases investigated)
is similar to, and should be compared with, reports of vestibular
symptoms of DCS,

KELLEY, J. S., T. E. BERGHAGE, and J. K, SUMMITT.

Review of diving accident reports, 1967,

U, S, Navy Experimental Diving Unit, Wash., D. C., Research Report 10-68,
1968,

LABA, L.

Przypadek choroby kesonowej z zespolem Meniera u Nurka, leczony recompresja
z zastosowaniem tlenu pod cisnieniem, 3,4 atn. (A case of decompression
sickneas with Meniere's syndrome, in diver treated by recompression with
pure oxygen under 3.4 atn, pressure,)

Bull. Inst, Mar. Med. Gdansk 19:191-195, 1968.

The English summary indicates that dizziness and vomiting occurred, as well
as pain in lumbar-saccral region.
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219,

220,

221.

222,

223,

224,

225,

LAMBERTSEN, C. J.

Modern aspects of treatment of decompression sickness.

Symposium on Undorsea-Asrospace Medicine, Miami, Plorida, May 9, 1968,
Aerosp, Med. 39(10):1055-1093, 1968,

MCCALLUM, R, L.
Decompression sickness: A revievw,
Br. J., Ind, Med, 25:4-21, 1968,

Tabla I (pp. 6, 7) shows that type II ranges from 2 to 17% in a review
of 13 major caisson works between 1914 and 1966, It appears that type I
and type II are mutually exclusive, and the former category is used in
preference to the latter. This would underestimate the incidence of
type I1 cases,.

PARKER, D, E., H, E. VON CIERKE, and M, RESCHKE,
Studies of acoustical stimulation of the vestibular system.
Aerosp, Med, 39(12):1321-1325, 1968,

This study and references in the author's bibliography show that noise
can result in vestibular stimulation and should be considered in connection
with noise levels in pressure chambers (“Murry, 1970, #956).

RICCIO, D, C., and J. S. THACH,
Response suppression produced by vestibular stimulation in the rat..
J. Exp. Anal, Behav. 11(4):479-488, 1968.

A "behavioral approach (providing] a sensitive and quantifiable technique
for assessing the effects of vestibular stimulation in animals (p. 479)"
is described using FR, VR, VI, and FI schedules.

U, S. NAVY,
U. 5. Naval flight surgeon's manual, Wash., D. C.: U. S. Govt. Printing
Office, 1968. .

"The danger of pressure vertigo is that it occurs suddenly, may persist
for 10 to 60 seconds, and is apt to occur at a critical time in flight when
the plane is either gaining or losing altitude rapidly.”

WALTREGNY, A., M. LAMEY, and J. MAWET,

Surveillance continue electroencephalographique et electrocardiographique
de 1a plongee a 1'air en caisson (4 ATA). (Continuous electroencephalo-
graphic and electrocardiographic surveillance of submergence in caisson
(4 ATA).

Acta Neurol, Belg., 68:851-861, 1968. N.V.

BAYLISS, G. J. A,
Civilian diving deaths in Australia.
J. Forensic Med. 16:39-44, 1963,

The author reports the cause of death in 71 drownings: Decompression sick-
ness wvas a factor in 9 (“neurological involvement was responsible for most
deaths from decompression sickness [pp. 42, 43]"); 30 were cause unknown.
Not mentioned but possibly a factor in the cause unknown category is
disorientation,

BEHNKE, A. R.

New approaches to medical aspects of work in compressed air.

J. Occup. Med. 11:259-272, 1969.

Dizziness and ataxia were reported, in some cases exposed only to 9-16 psi.
The author feels that type I DCS should be called "aild (p. 263)" and
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type 11 DCS "serious (p. 264)." He feels also that residual impairment
is likely with serious DC5. Other studies are reviewed vhers the ratio
of type I to types II is between 6:1 and 24:1. The importance of the
patency of auditory tubes, and auditory acuity as a concern are
mentioned (p. 261).

226, BENNETT, P, B,
Hazards of inner space.
Sci. J. pp. 64-69, April, 1969,

"Sometimes the tremors were accompanied by dizziness, nausea, and even
vomiting [to depths betwesn 90 and 240 meters) during the latter part of
the exposure or during decompression (p. 66)."

227. BRIERLEY, J, B., and A, N. NICHOLSON,
Neuropathological correlates of neurological impairment following prolonged
decompression,
Aerosp, Med. 40:148-152, 1969,

In addition to a report of cerebellar and other CNS pathology this paper
contains a useful bibliography. For connection of cerebellum and vestibu-
lar system see Wang and Chinn (1956, #361): Brodal, et al. (1962, #383);
and Brodal (1966, #427), For bubbles in the cerebellum, see Erdman

(1913, #29),

228, COCKETT, A. T. K., R. T. KADO, and R. M. NAKAMURA.
The patho-physiology of decompression sickness.
Rev. Physiol. Subaquatique Med. Hyperbare 1:199-202, Jan./Mar. 1969, N,V,

229, FRUCTUS, X., and J. C. RICCI,
Reflexions sur deux cas de maladie de la decompression (.D.D.)
In Bulletin Medsubhyp 1, pp. 10-12, French Association for Subaquatic and
Hyperbaric Medicine Service, 13 Marseille, December, 1969.

230. CGRIFFITHS, P, D,
Clinical manifestations and treatment of decompression sickness in compressed
air workers.
In P. B, Bennett and D. H, Elliott (Eds.) The physiology and medicine of
diving. pp. 451-463, Baltimore: Williams and Wilkins Co., 1969,

The author distinguishes between type I (e.g., pain) and type II (e.g., chokes,
CNS) symptoms, Claims the latter are more traumatic and appear earlier
post-dive. It may follow that: (a) type 1I could be a useful premonitory
sign of type I if workers could be encouraged to be candid; (b) some type II
symptoms may sppear more benign than type I and the vorker may ignors them
unless type 1 symptoms occur, with the result that the incidence of type Il
symptoms is underestimated, :

231, KICD, D. J., and D, H. ELLIOTT.
Clinical manifestations and treatment of decompression sickness in divers.
In P. B. Bennett and D. H. Elliott (Eds.) The physiology and medicine of
diving. pp. 464-490. Baltimore: Williams & Wilkins, 1969,

A good review of diagnostic classification with data. They consider that
'the staggers' ",..is a disturbance of labyrinthine function with vertigo,
nystagms, nausea and vomiting (p. 471)."

232. LANG, J., I. ROZSAHEGYI, and T. TARNOCZY,
Investigations of the hearing loss of caisson-workers.
Procudiuglvof the I1I., Conference against noise and vibrations., Bucur~sti,
1969. N. L]

233. MORRISON, L, E,
The ears, the nose, and the diver.
Eye Ear Nose Throat Mon. 48:508-511, September 1969. N.V.
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SUMMITT, J. K., J. S. KELLEY, J. M, HERRON, and H. A, SALTZMAN,

Joint U. S. Navy--Duke University 1000-foot saturation dive.

U, S, Navy Experimental Diving Unit, Wash, D. C., Research Report 3-69, \
41 p. May, 1969, N.V.

1970-1972

235,

236,

* 237,

238.

239,

240,

ADOLFSON, J., K, BJERVER, E, FLUUR, and L. GOLDBERG,
Vestibular reactions during hyperbaric conditions.
Forsvarsmedicin (Stockh) 6:234-238, 1970,

The authors found no difference in the vestibular ocular reflex at 10 ata
induced by head (relative to neck) displacement--but see Hinoki and
Terayama (1966, #431), This study should be repeated vith whole body
stimulation to minimize cervical inputs, then characteristics of the fast
phase and slow phase velocity should be atudied (RK), in addition to slow
phase displacement. See also Kotaskova (1970, #751).

THE ATHLETIC INSTITUTE.

Human performance and scuba divin:.

Proceedings of the Symposium on Underwater Physiology, La Jolla, Calif.,
April 10-11, 1970. Chicapo: The Athletic Institute, 1970,

BENNETT, P. B,, J. MORRISON, J. BEVAN, P. SHARPHOUSE, and J. EATON.

Interim report on some physiological studies during 1500 foot simulated
dive,

Royal Naval Phystological Laboratory Report IR 1/70, Alverstoke, England,

1970,

Authors state that during the compression phase: ''Rapid movements of the
head were followed by a slightly delayed sense of re-orientation (p. 23)."
"Decompression. One subject (P.S.) dev:loped symptoms indicating loss of
sense of balance including nausea and vomitine, especially whilst the eyes
were open (p. 24.)." Lyinp motionless helped. Decompression was attempted
and helped somewhat, but caused syncopal symptoms in the other subject.

BUHLMANN, A. A., H. MATTHYS, H. 6. OVERPATH, P. B. BENNETT, D, H. ELLIOTT,
and S. P. GRAY.

Saturation exposures at 31 ata in an oxvgen-helium atmosphere with excursions
to 36 ata.

Aerosp. Med. 41(4):394-402, 1970,

The authors report: 1in a 2-hour exposure to 31 ata, 2 subjects were symptom
free: in a four-hour dive to 31 ata, vertipo, tremor, and tachvcardia
appeared in one subject and nausca in the other; in a third group of 2 sub-
jects, both had tremor, 1 had tachyeardia and the other vertipo and nausea;
of 3 subjects exposed to 31 ata with excursinns to 36 ata, 1 had nausea and

vertigo.

CHAPYAN, R, M,, C. P, CAVONIUS, and J. T. EPNEST,
Alpha and kappa electroencephalosram activity in eyeless suhjects.
Science 171:1159-1161, 1970,

This study questions the results of Liypold (1970, #247) and Mulholland and
Evans (1965, #169) regarding cyc movements and EEG,

DEMARD, F., P, FREDENUCCI, and A. APPAIX,

Traicment hyperbare des surdites brusques et des surdites de l'oreille-interne
par barotraumatisme. (llyperbaric trecatment of sudden deafness and of deaf-
ness of the inner ear caused by barotrauma.)

In Bulletin Medsubhyp No. 1, French Association for Sfubaquatic and Hyperbaric
Medicine, pp. 13-14. Salvator llospital, 13 Marscille (9e), December, 1969.
Trans, from French, NIC Trans. No. 3070, Naval Intellipence Command lldqtrs.,

Wash. D. C., 22 June 1970,

29



241,

242,

243,

244,

245,

246.

247.

248,

EICHEL, B, S., and LANDES, B, S,
Sensorineural hearing loss caused by skin diving.

Arch. Otolaryngol. 92:128-131, 1970,

Of two cases of unilateral hearing loss one person had dizsiness and balance
problems.

ELINSKII, M

Decompression disorders after exposures to a ''safe pressurs’’ or a "safe
altitude."

Milit. Med. J. 7:87-92, 1970,

Describes some neurological disturbances and provides the translated title
of Russian literature appearing within the past twenty years.

ENDERS, L. J., and E., RODRIGUEZ-LOPEZ,
Aeromedical consultation service case report: Altermobaric vertipo.

Aerosp. Med. 41(2):200-202, 1970,

Claims alternobaric vertigo incidence may be underestimated. Contributing
factors and differential diagnoses are discussed.

GRAYBIEL, A. (Ed.)

Fourth symposium on the role of the vestibular organs in space exploration.

Naval Aerospace Medical Institute, Pensacola, Fla., September 24-26, 1968,
Report No. NASA SP-187, 1970,

This volume plus Graybiel (1965, #417; 1966, #576; 1967, £#450) are the best
collection of studies of the vestibular apparatus. See also Camis (1930,
7299).

KREPS, E, M., et al,

Hyperbaric epilepsy and narcosis.

Joint Publications Research Seryice, Wash.,, D, C., JPRS-51714, 4 November
1970,

Several articles which deal with CNS effects (in man and animals) from
hyperbaria are contained in this translation.

LEHMANN, H. J., K. HELD, and G, WERNEP.

Neurologische Folgezustande der Taucherkrankheit. (Neurolopical conditions
resulting from diver's disease. Trans. by Mrs. A. Woke, NVRI, 1972.)

Nervenarzt 41:189-193, 1970,

This study shows that neurological deficits involving the vestibular
apparatus and its connections occur in connection with & career in com-
pressed air work (see also Lang, 1971, #278).

LIPPOLD, O.
Origin of the alpha rhythr,

Nature 226:616-618, 1970,

Changes in EEG are symptoms of the HPNS syndrome, and this study supgests
that eye movements are related to EEG changes. The relationship of eye
movements to vestibular stimulation is well known (cf. Robinson, 1968, #595).

OVERRATH, G., H. MATTHYS, and A. A. BUIILMANN.
Saturation experiment at 31 ata in an oxygen-helium atmosphere.
Helv, Med. Acta 35(3): 180-200, 1970,

Mentions vestibular symptomatology as part of the high pressure nervous
system syndrome,



249.

250,

251,

252,

253,

254,

255.

256.

257.

PLANTE -LANGCHAMP, G., P. MAESTRACCI, and H, NICOLAI-HARTER,

Deux cas de destruction labyrinthique arr~= plongees.

In Bulletin Medsubhyp No, 4, Edite par la Comex B, P. 143 Mazarpues, 13
Marse{lle, December 1970.

This article describes two instances of labyrinthine damage. In addition,
other articles in this Bulletin contain maention of vestibular difficulties.

STANG, P. R., and E. L. WIENER,
Diver performance in cold water,
Hum. Pactors 12(4):391-399, 1970.

A good bibliography on cold water performance, Data showed also that one
of 14 people were nauseated (p. 393)--perhaps due to caloric irrigation of
the vestibular system. (RK)

U. S. NAWY,
L. S. Navy diving manual.
NAVSHIPS 0994-001-9010. Wash,, D, C,: U. S, Govt. Printing Office, 1979,

Very small mention of vestibular functions is made in this publication.

VORNOSMARTI, J., and M. E, BRADLEY.
Alternobaric vertigo in military divers.
Milit. Med. 135:182-185, 1970.

ZAL'TSMAN, G. L.

Initial manifestations of hyperbaric epilepsy in man.

In Giperbaricheskiye epilepsiya i narkos, pp. 155-162. Leningrad: 1968,
Trans. in Kreps, E. M., et al., Hyperbaric epilepsy and narcosis. pp. 26--43,
Wash, D, C.: Joint Publications Research Service, &4 November 1970,

This compilation (90 pp.) contains chapters from a book of about 300 pages.
Most of the articles deal with the CNS effects of compressed air and gas
mixtures (e.g., helium and argon), are excellent, and will repay careful
reading., (RK) Symptoms of the high pressure nervous system syndrome are
reported, particularly with regard to performance and EEC chanpes, Few
references to subjective symptoms "heaviness in the head (p. 49)" and

"nausea (p. 50)" are mentioned, Reports of "fullness of the head" are re-
ported (cf. e.g., Wendt, 1951, #345), often in connection with motion sickness.

ZINKOWSKI, N.
No air and bad air.

Undercurrents pp. 19-23, May 1970.

ADOLFSON, J. A.

Inert gas narcosis--A review.

Lecture presented at the Symposium on '*fan in the Sea," University of Florida,
Communication Sciences Laboratory, Gainesville, Fla., 29 April 1971,

Some of the symptoms mentioned are, most likely, of vestibular origin. A
good bibliography.

ALVIS, H., J. (Ed.)

Hazards of valsalva maneuver. (Fc.tor's Note.)

Hyperbaric Medicine Newsletter 7(5):6, 1971.

Describes the hazards of valsalva when used to clear the ears.

ANON,
Unique diving mask reduces jaw fatigue.

Oceanol. Int. 6(3):34, 1971.

Announcement of a new mask by General Aquadyne, Inc., to minimize jaw
fatigue. (ct. Pinto, 1966, #436; Costen, 1934, #302; Fields, 1958, #117.)
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258,

259,

260,

261,

262,

263,

264.

265.

ANON,
OPNAV Form 9940/1(4-70) Combined diving }~m--nccident injury report.
10, 19 Septemher 1971,

A case of vertigo is rveported.

ANON,
Four divers to try for 5,000 foot "dry" dive. (Man in the Sea.)
Occanol. Int. 11-12 August 1971,

This Ls a report of the same dive described by Sundmaker (1972, #291)
where vestibular problems occurred,

ANON,
"Ney" dive to 5,025 feet yields valuablc data.
Oceanol. Int. 16-17, September 1971.

Describes the veatibular symptomatology of the University of Pennsylvania
Institute for Environmental Medicine dive,

BEUNKE, A. R,
Decompression sickness: Advances and interpretations.
Aerosp. Med. 42(3):255-267, 1971a.

An excellent review and modern version of a previous paper by Behnke (1947,
#72), but with less discusaion of the earlier invesatipators (e.g., von
Schrotter).

BEUNKE, A. R.

Personal communic.cion repgarding diving physiological decrements (e.g.,
labyrinthine fluid volume, bone marrow squeeze, and problems of the inner
ear), 16 December 1971b,

BENNETT, P. B.

Psychologicsl, physielogical, and biophysical studies of narcosis.

In C, J, Lambertsen (Ed.) !Inderwater physiology. pp. 457-469. New York:
Academic Press, 1971,

Reporting on the work of others in helium diving, Bennett mentions...
"dizziness and nausea during compression (p. 465).”

BENNETT, P. B,, and E, J. TOWSE,

The high pressure nervous syndrome during a simulated oxygen-helium dive to
1500 feet.

Electroencephalogr. Clin. Neurophysiol. 31:383-393, 197la.

A good review of the literature precedes a report of 'vestibular decom-
pression sickness, resulting in vertigo, nausea, vomiting and photophobia
(p. 387)" from 1500 fcet in one of two subjects., The remainder of the
paper deals mainly with a study of other aspects of the IIP)S,

BENNETT, P. B,, and E. J. TOWSE,

Performance efficiency of men hrcathing oxygen-helium at depths between
100 feet and 1500 feet.

Aerosp. Med. 42(11):1147-1156, 1971b,

"izziness" and ''nausea" reported by both divers (p. 1154).
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266.

267.

268,

269.

270,

2n.

BRAUER, R, W,, R, O, WAY, M, R, JORDAN, and D. E. PARRISH,

Experimental studies on the high pressure hyperexc{tability syndrome
in various mammalian species.

In C. J. Lambertsen (Ed.) Undegwater physinlogy. pp. 487-300. New York:
Academic Press, 1971.

Behavioral measures of vestibular stimulation in animals are difficult to
assess (e.g., dizziness, nausea), but perhaps are present in connection
with the high pressure hyperexcitability syndrome (see p. 498) as they are
in man (cf. Bennett, 1971, #263).

BROWN, P, M,
Vertigo due to increased middle ear pressure: Six-year experience of the

Aeromedical Consultation Service,
Aerosp. Med. 42(9):999-1001, 1971a.

Case histories of alternobaric vertigo are described.

CAVE, P. M.
Some comments on a skin-diving death,
Med. J. Aust. 1(15):803-804, 1971.

This paper should be read in conjunction with Fields (1958, p. 537, #117)
since the latter offers a mechanism by which the death might be explained.
Cave offers a different explanation.

CHOUTEAU, J., J. M, OCANA de SENTUARY, and L. PIRONTY.

Theoretical, experimental and comparative study of compression as applied
to intervention dives and saturation dives at great depths.

Physiological Studies Report N, 1.71 CEMA, March 25, 1971, (Trans, from
French by M. E. M., Hashmall, ONR contract N0O14-67-A-0214-0009 with the
Biological Sciences Communication Project Medical Center, The George
Washington University, Wash, D. C.)

Describes deep dives vhere symptoms of the high pressure nervous system
(1IPNS) syndrome have been observed and includes as part of the syndrome
"nausea, vertigo...(p. 1)." Considers HPNS resembles neurovegctative
symptoms of the vagotonic type (p. 35), and it is known that vagatonic
effects tend to adapt, as in motion sickness.

COVEY, C. W,
Simulated dives indicated man can work down to 5,000-foot depths.

Undersea Technology 12(9):19-20, 1971.

The vestibular problems of the 1200 foot University of Pennsylvania,
Institute for Environmental Medicine dive are reported.

DEMARD, F.

Hyperbarie et oxygenotherapie hyperbare en oto-rhino-laryngologie.
Doctoral thesis, 1968, 185 p. (Hyperbaria [11fe under high pressure]
and therapy with oxygen at high pressure in otorhinolaryngology.)

NAVSHIPS Trans. No. 1292, Wash., D, C., June 1971,

The latter portion of this thesis deals with barotrauma. It has an ex-
haustive bibliography, and case histories and epidemiology are included.
Of particular interest 1s the section on "Barotrauma of the Iaternal Ear"
(p. 211 of the NAVSHIPS Translation).

3.
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273,

274,

275.

276.

277.

278.

EDMONDS, C.

Vertigo in diving.

Royal Australien Navy School of Underwat.. Medicine, Balmoral, N, S, W,
2091, Report No. 1/71, 1971,

An outstanding review article--probably the best single source regarding
the medical implications of the vestibular apparatus in compresaed air
work, A nosology for differential diagnosis of vertigo in diving is
offered (p. 7), and this or a similar classification glhiould he adopted.
Case histories are included; etiologies and countermeasures arc suggested,

FRUCTUS, X., and P. FRUCTUS.

Research program on using various gaseous mixtures for very decp dives,

Trans. from French by L. J. Robbing. MNAVSHIPS Translation No. 1276, 58,
Dept. of Navy, Wash., D, C,, May 1971,

Vertipo, disorientation, and vomiting ment{oned throughout. Additionally,
the hipgh pressure nervous system syndrome is deseribed, and svmptoms of
drowsiness are emphasized. The soporific effect of vestibular stimulation
i{s well known and should be conaidered.

FRUCTUS, X. R., R, W, BRAUER, and R. NAOUET.

Physiolopical effects observed in the course of simulataed deen chamber dives
to a maximum of 36.5 atmospheres in a helium-oxysen atmnsphere.

In C. J. Lambertsen (Ed.) Underwater physiology. pp. 545-550. New York:
Academic Press, 1971.

Vestibular problems Aduring decompression (p. 546) arc mentioned. Also the
"somnolence" (p. 547) mentloned may be of similar etiology to ""drowsiness'
in motion sickness (Graybiel, 1966, #575),

HEMPLEMAN, H. V., V. J. EATON, J. M, M0OPRISON, P, B, BEMNETT, and R, Y,
BARNARD,

Experimental observations on men at pressures between & bars (100 ft.) and
47 bars (1500 fcr.).

Royal Naval Physiological Laboratory, Alveratoke, England. PReport No, 1-71,
1971.

Vestibular problems reported,

JOHNSTON, D. G., and W. D. BURGEP,
Injury and digease of scuba and skin divers.
Postprad. Med. pp. 134-139, April! 1971.

A good section on ear injury.

KENNEDY, R. S., W, F. MIPONEY, R. M, BALE, H., G, GPERNINE, and D, O, SMITH,

Comparative motion sickness sympromatolopy and perfarmance decrements
occasioned by hurricane penetrations tn C-121, C-137, and P'-3 Navy aircraft.

Naval Aerospace Medical Rescarch Laboratorv, Pemsacola, Fla., NA'RL-1139,
July 1971,

LANGE, J., I. ROZSAHEGYL, and T. TARNOCZY.
Kochleovestibulare Befunde bel Calssonarbeitern. (Cochleovestibular con-
ditions in caisson workers, Trans. by Mrs. A, Woke, 'MRI, 1971,)
Monatsschr. Ohrenheilkd. Laryngorhinol. Reprint 1, 1971,
(Available from Verlag URBAN & SCHYARZENBERN, Kommanditpesellachaft, A-1096,
Wien, Frankgasse 4.)

Shows that residual vestibular prohle-s exist in a population of "432, pre-
dominantly under 40, trouble free caisson workers (p. 9)." Refers to a larger
report (100 pp.) of the author and containg a few other refcrences to their
own work.
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286.

MCCORMICK, J. G., T. L. HIGGINS, R, M. CLAYTON, and R. W, BRAUER,

Auditory and vestibular ocffacts of helium-oxygen hyperbaric chamber dives
to convulsion depths.

82nd Meeting of the Acoustical Society of America, Denver, Colorado,
19-22 October 1971,

Vestibular post-dive disorders were obtained in guinea pigs similar to vestibu-
lar loss found in a previous study of squirrel monkeys.

PEGG, J.

rive'hundred sixteen ft. (16.6 ATA) five-day ocean saturation dive using a
mobile habitat.

Aerosp. Med. 42(12):1257-1262, 1971.

Vestibular problems (nystagmus and vertigo) in a dive two weeks previous
(p. 1259) did not recur. Some mention of auditory problems.

REUTER, S. M,
Medical problems of the sport diver. (Also Fditor's note.)

Hyperbaric Medicine Newsletter 7(6):3, 1971,

Reports that ""90X of the medical problems of the sport diver are centered
around the middle ear (p. 3)."

RUBENSTEIN, C. J., and J. K. SUMMITT.

Vestibular derangement in decompression.

In C. J. Lambertsen (Ed.) Underwater physiology. pp. 287-292. New York:
Academic Press, 1971,

Even though a conservative criterion was employed, vestibular derangement
incidence appears to be increasing. A very good discussion of possible
etiologies is included,

SMITH, R. W, )

Application of the critical incident technique to accident research in skin
and scuba diving.

Presented at the Human Factors Society Meetings, New York, 1971.

The use of this technique should be explored, particularly if one wishes to
establish the base rate of vestibular symptomatology (vertipo, ataxia, etc.).

SUMMITT, J. K., and S. D. REIMEPS.
Noise: A hazard to divers and hyperbaric chamber personnel.
Aerosp. Med. 42(11):1173-1177, 1971.

This article reports, among other things, right mand{hular numbness, It
should be compared with Pinto (1966, #436) and Costen (1934, #302).

UDDIN, D. E., T. L. SALLEE, R, E, DANZIGER, E. M, NEPTUNE, J, M, ALEXANDER,
E. T. FLYNN, and J. K. SUMMITT, .

Biochemical studies during saturation diving: Two exposures at 19.2 ATA with
excursions to 23.7 ATA.

Aerosp. Med. 42(7):756-762, 1971.

ADOLFSON, J., K, BJERVER, E. FLUUR, and L. GOLDBERG.

Balance disturbances in divers at 10 ATA ambient air pressure.

Manuscript (1970) cited in J. Adolfson, and T. Berghage. Man's sensory
processes in the underses environment. In press.
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ALVIS, H, J. (Ed.,)
Simulated dives to 5,000 feet.
llyperbaric Medicine Newslatter 8(1):7, 1s/2a,

Mentions the vestibular disturbances in the dive conducted at the University
of Pennsylvania, Insctitute for Environmental Medicine,

288. ALVIS, M. J. (Fd.)
Aseptic bone necrosis,
Hyperbaric Medicine Newsletter 8(3):1f, 1972b.
Reporting on a symposium at USHN Submarine Basec, New London, it was described
that 5 to 20% of compressed air workers have aseptic bone necrosis even
though they experience no symptors and may not have experienced decompression
sickness. The possibility exists that vestibular deficits are present in
the same way in a diver population. (RK)
289. KCNMEDY, R. S., and A. R, FREALY,
Depressed vestibular function in Navy divers as reflccted by caloric irri-
gation thresholds.
In press.
290, KENNEDY, R. S., and J. A. DIACUENKO,
A review of diver vestibular accients,
In press.
291, SUNDMAXKER, W. K. H,
Vestibular funetion,
Presented at the Special Summary Progrom-Predictive Studies 1TI, University
of Pennsylvania, State College, Pa., 5-7 April 1972,
0f four men exposed to a simulated depth of 1200 FS'', three experienced
several vestibular problems (nausea, dizziness, nystapmus) with residual
effects apparent post-dive. The problems did not appear to coincide with
changes in pressure. The symptoms werc somewhat similar to those of
cupulolithiasis (Schuknecht, 1969, #493), although other diagncses
e.3., Costen's syndrome (1934, #302), cpidemic vertigo, bubhle formation,
etc., are possible.
See also:
References 295, 297, 302, 306, 315, 338, 339, 345, 349, 354, 359, 362, 367,
369, 370, 390, 393, 403, 408, 411, 421, 424, 429, 431, 433, 436, 443, 444, 455, 458,

464,
577,
907,

472, 473, 474, 483, 490, 495, 496, 505, 511, 512, 521, 524, 552, 555, 558, 562,
596, 610, 612, 626, 716, 734, 762, 773, 774, 824, 878, 895, 899, 900, 901, 902,

914, 917, 918, 925, 926, 928, 947, 951, 956.
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ADDENDUM TO Category I

KORNHUBER, H, U,

Neurologie des Kleinhirns, (Neurology of the cersbellum, Trans. esd summarized
by Mrs. A, Woke, NMRI, 1972,%)

Z. Gesamte Neurol. Psychiat. 191:13, 1968.

The old structure in archi- or vestibulo-, paleo- or spino- and neo- or
pontocersbullum 1s still useful for clinical orientation., Superior- and
inferior vermiform processes belong to the spinocerebullum. Both work
together to maintain equilibrium and body posture. Lesions produce dis-
turbances in equilibrium. The inferior vermiform progsess is also connected
with position nystagmus. The middle veriform parts, especially folium and
tuber, have a special function: apparently they serve the sight motor field.
The anatomically found somsatotopic struct of the supsrior vermiform process
is clinically relevant--,#*

VYSLONZIL, E,
Uber eine umschriebene Ansammlung von Otolonien im hinteren hautigen Bogengang.

(A transcribed accumulation of otoconia at the posterior membranous semi-
circular canal. Trans. and summarized by Mrs. A, Woke, NMRI, 1972.%)
Monatsschr, Ohrenheilkd. Laryngorhinol, 97:63-68, 1963.

The occurrence of a globular formation at the posterior semicircular canal,
near the common pillar is reported. The author found this change in three
cases of severe nephrogenous hypertonia and in one case of lupus erythematodes,
It was found that large masses of otoconia build up this globe, whereby layers
of albumin traverse this formation and simultaneously appear to represent

the connective mass., The pathogenesis of otoconia migration and masses of
albumin is discessed, and the apparently glandular formation at this location
of the semicircular canal. This article should be compared with one on
cupulothiasis (Schuknecht, 1969, #493).4
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CATEGORY II. CLINICAL INVESTIGATION OF VESTIBULAR SYMPTOMATOLOGY.
1900~

292. BARANY, R,

Untersuchungen uber dem vom Vestibular-apparat des Ohres refelektorisch ausgelosten
rhythnischen Nystagmus und seine Begleiterscheinungen. (Investigations on
vestibular apparatus of the ear, reflectively released rhythmic nystagmus and
i;;ou):colpanying sysptoms. Summary [pp. 91-95] trans. by Mrs. A, Woks, NMRI,

Berlin: Verlag Von Oscar Coblentz, 1906,

An early report of diagnostic tests.

293. GRAY, A. A,

The labyrinth of animals. Vol. 1.
London: J. & A. Churchill, 1907,

The source for the anatomy of the labyrinth for many animals. The auditory and
vestibular portions are described and the dimensions of all the parts are listed.
In man, the caliber of a canal is about 1.4 mm; in mouse, sbout .25 mm.

1910-1919

294, WILSON, J. G., and F, H. PIKE,
IV, The effects of stimulation and extirpation of the labyrinth of the ear
and their relation to the motor system.
Philes. Trans. R. Soc. Lond; B 203:121-159, 1912. N.V.

295, SCOTT, 8.
Vertigo and nystagmus associated with inflation of the Eustachian tube.

J. Laryngol. Rhinol. Otol. 34:51-52, 1919,
It occurs.
1920-1929

296. CHAROUSEK, H.
Zur mechanik des Drucksymptoms. (The mechsnics of pressure symptoms. Trans.
by Mrs. A. Woke, NMRI, 1972,)
Z. Hals, Nasen Ohrenheik. 15:225-227, 1926,

297. GUILD, S. R.
Observations upon the structure and normal contents of the ductus and saccus

endolymphaticus in the guinea-pig (cavia cobaya).
Am. J, Anat, 39(1):1-56, 1927a.

The circulation of the labyrinth is described. The article provide.l important
leads in the diagnosis of vestibular symptoms of decompression sickness. (RK)
Good bibliography, long article.

298. GUILD, S. R.
The circulation of the endolymph.
Am. J. Anat. 39:57, 1927b. N.Y.

1930-1939

299, CAMIS, M.
The physiology of the vestibular apparatus.
Oxford, England: Clarendon Press, 1930,

An old, excellent, and only formal text of the vestibular system. It is largely
not out of date. (RK)
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300, HUGHSON, W,
A note on the relationship of cerecdrospi=+l and intralabyrinthine pressures.
An. J. "hystel. 101:396-407, 1932.

301. HUGHSON, W., and S. J. CROWE,
Experinental investigation of the physiology of the ear.
Acta Otolsryngol. (Stockh) 18:291-339, 193233,

The section on methods for measuring the relationship of cerebrospinal fluid
preasures and intralabyrinthine pressures is interesting. (PK)

302, COSTEN, J. B.
A syndrome of ear and sinus symptoms dependent upon disturbed function of
the temporomandibular joint.
Ann, Otol. Rhinol. Laryngol. 43(1):1-15, 1934,

Following removal of the posterior teeth temporomandibular joint problems can
occur and vertigo, among other symptoms, has been reported. Long-term
mouthpiece use could produce eimilar problems. (RK)

303. SPIEGEL, E. A.
Vertigo in brain tumors, with special reference to the results of labyrinth
examination.
Ann, Otol. Rhinol. Laryngol. 45:979-998, 1936.

A good article with good references by a person long concerned with the central
connections of the vestibular apparatus.

304. MCINTYRE, A. K.
The quick component of nystagmus.
Am. J. Physiol. 91:8-16, 1939,

305, SPIEGEL, E. A., and J. B. PRICE,
Origin of the quick component of labyrinthine nystagmus.

Arch. Otolaryngol. 30:576-588, 1939.

The relationship of che fast phase of nystagmus to central aroussl centers is
discussed.

1940-1949

306, JOHNSON, F. H., D. E. S, BROWN, and D. A. MARSLAND,
Pressure reversal of the action of certain narcotics.
Je cell. comp. Physiol. 20:269-276, 1942,

Perhaps a clue to the etiology of some symptoms associated with protracted
exposures to high pressures will be found in this snd related studies.

307. MCNALLY, W, J., and E. A, STUART.
Physiology of the labyrinth reviewed in relation to seasickness and other
forms of motion sickness.
War Med. 2:683-771, 1942,

A good review paper for vestibular physiology as well as motion sickness.
308, SMITH, H. W., and G. W. MANNING.
The relationship between daily urinary output and the incidence of decom-
pression sickness. .
No. 2 Clinical Investigation Unit, RCAF, August 1942. (Cited in Adler, 1964)

See Werwick (1942, #309; 1943, #311).
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316.

317.
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319.

WARVICK, O, H,

The apparent relationship of fluid balance to the incidence of decompression
sickness.

No. 2 Clinical Investigation Unit, RCAF, Regina, Report to NRC, April 1942,
(Cited in Adler, 1964)

High fluid excretion rates appesr to afford some protection from DCS Con-
trast with hydrops in Meniere's disease.

WEVER, E. G., C. M. BRAY, and M. J. LAWRENCE,
Effects of pressure in the niddle ear.
J. Exp. Pgychol. 30:40, 1942, (Cited by A, Pagano, 1959) N,V,

WARWICK, 0. H.
Purther studies on the relationship of fluid intske and output to the incidence
of decompression sickness.
Flying Personnel Medical Section. No. 1 "Y' Depot, RCAF, Halifax. Report
to NRC, Feb. 1943,
(Cited by Adler, 1964)

See Warwick (1942, #309).

KOS, C. M., and H. D, SMITH.
Avistion otolaryngology.
Handbook AAF School of Aviation Medicine, Randolph Field, Tex., 1944.

A good handbook. It would be useful if modified for high pressure and under-
water otolaryngological examination.

MORALES, M, F., E. N, RATHBUN, R. E. SMITH, and N, PACE.

Studies on body composition. II. Theoretical considerations regarding the
major body tissue components, with suggestions for application to man, 8p.

U. S. Naval Medical Research Institute, Bethesda, Md., Report No, 2, Project
X-191, 7 August 1944, N.V.

OGDEN, P, W.

Tubal resistance and sero-otitis media.

U. S. AAF School of Aviation Medicine, Randolph Field, Tex.
Report No. 1, Project 268, 24 June 1944, N.¥,

TEED, R, W,
Factors producing obstruction of the auditory tube in submarine personnel.
U. S. Nav. Med. Bull. 42(2):293-306, 1944.

BATEMAN, G. H.
The effect of sinusitis on flying personnel.
J. Laryngol. Otol. 60:110, 1945, N.V.

NIELSEN, J. C.

Studies of the aetioloxy of acute otitis media. 191 pp.
Copenhagen: Ejnar Munksgaard, 1945, N.V,

SENTURIA, B, H,
Etiology of externa otitis.
U, S. AAF School of Aviation Medicine, Randolph Pield, Tex., Project 349,

Report No. 1, 15 pp., 15 January 1945. N.V.

BIERMAN, H. R., and I. W. BRICKMAN,

The relationship of dental malocclusion to vacuum-otitis media and the use of
dental splints during descent from altitudes.

Ann. Otol..Rhinol. Laryngol. 55(1):5-12, 1946.

This paper should be considered with Pinto (1966, #436) and Costen (1934, #302),
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322,
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327.

328 .

329.

330.

BROWN, B, R.
The incidence and relation of syncope to decompression sickness.

J. Avine. Med. 17:257-264, 1946,

Syncopal reactions and vestibular symptomalology are very similar and may be
confused in decompression eickness.

EAGLE, W, W,
Secretory otitis media.
Ann. Otol, Rhinol. Laryngol. 55:55-67, 1946,

KELLY, W. J.
The results of dental therapy in 50 cases of aerotitis media in submarine

personnel based upon a new functional concept of Eustachian tube blockage.
U. S, Navy Submarine Base, New London, Conn, Medical Research Dept. Project
X-434 (Sub, No. 89), Interval Report No. 1, 21 January 1946a. N,V

KELLY, W, J.
Dental treatment of trismus, tinnitus, otalgia and obscure neuralgias.

U. S, Navy Submarine Base, New London, Conn. Medical Research Dept. Project
X-434 (Sub, No., 90), Interval Report 2, 31 January 1946b, N,V,

KELLY, W, J.
A rapid dental treatment for the prevention of serotitis media.

U. 5. Navy Submarine Base, New London., Conn. Medical Research Dept. Project
X-434 (Sub. No. 90), Interval Report No. 3, 1 Pebruary 1946c. N.V,

KELLY, W, J.
An evaluation of a dynamic concept of dental treatment based upon a functional

classification of malocclusion.
U. S. Navy Submarine Base, New London, Conn. Medical Research Dept. Project
X-434 (Sub. No. 90), Interval Report No. &, 15 FPebruary 19464. N,V,

STERNSTEIN, H. J.
Management of common eye, ear, nose, and throat conditions in naval practice.

U, S. Nav. Med. Bull, 1041-1052, 1946. N.V.

AHLEN, G.
On the connection between cerebrospinal and intra-labrinthine pressure and

pressure variation in the inner ear.
Acta Otolarngol. (Stockh) 35:251-257, 1947.

BALLENGER, W. L., H. C. BALLENGER, and J. J. BALLENGER,
Injuries and diseases of the tympanic membrane.
In Diseases of the nose, throat and ear. pp. 637-641. Philadelphia: Lea &

Febiger, 1947a. N.V,

BALLENGER, W. L., H. C. BALLENGER, end J. J. BALLENGER.

Diseases of the Eustachian tubes.
In Diseases of the nose, throat and ear. pp. 642-651. Philadelphia: Lea &

s e et ¥ et t— ey a—

Febiger, 1947b. N.V.

CATCHPOLE, H, R., and I, GERSH.
Pathogentic factors and pathological consequences of decompression sickness.

Physiol. Rev. 27:360-397, 1947.

An excellent review paper and of particular use when considered along with vhat
is known about vestibular physiology in making & differential diagnosis for the
most likely source of a ''bubble’ with regard to vestibular symptoms, although
the latter are not described as such. They claim that bubbles are about .025 mm
in diameter and plug up arterioles of the same order of magnitude. Semicircular
canals in humans are about 1 sm in diameter (Gray, 1907, #293; 1908, #782). A
good review of the pathology regarding the central nervous system (pp. 373 ff.),

and an exhaustive bibliography.
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33.

334,
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336.

337.

338,

SIMPSON, W, L. and J. B, WITCHER,
A study of the sustachian tubes and their orifices and lumens in patients
with large operative defects gilving direct visualisation.

Ann. Qctol. Rhinol. Latypgel. 56:357-367, 1947. N.V,

CARRUTHERS, D. G.

Diseases of the middle ear.

In Diseases of the eap, nose, and throgt. pp., 201-210, Baltimore: The Williams
& Wilkins Co., 1948a. N,V,

CARRUTHERS, D. G.

The complications of suppurative otitis media.

In Diseases of the ear, nose, gnd throat. pp. 211-238. Baltimore: The
Williams & Wilkins Co., 1948b, N,V.

FARRIOR, J. B,
Lymphoid eustachian salpingitis: its effect on tubal patency.
Arch. Otolsryngol. 48:212-232, 1948, N.V,

LEWIS, R. S.
Common accidents to the ears and their treatment,
Mad. Pr. 219:579-582, 1948. NV,

WEVER, E, G., M. LAWRENCE, and K. R, SMITH.
Effects of negative air pressure in the middle ear.

Ann. Otol. Rhinol. Laryngol. 57:418-428, 1948, N,V

JONES, M. F,, and F, C. EDMONDS,
Acoustic and vestibular barometry: air pressure effects on hearing and
equilibrium on unoperated and fenestrated ears.

Ann, Otol. Rhinol. Laxyngol. 58(2)3:323-344, 1949,

LEMPERT, J., E. G, WEVER, M. LAWRENCE, and P, E, MELTZER,
Perilymph: 1Its relation to the improvement of hearing which follows fenestration
of the vestibular labrinth in clinical otosclerosis.

Arch. Otolaryngol. 50:377-387, 1949,

Discusses effects of pressure changes within the vestibular labyrinth occasioned
by surgery. There may be leads here for understanding vestibular problems which
occur at high pressure. (RK)

1950-1959

339.

340,

J4l.

342,

CHANG, H. T., R, MARGARIA, and S. GELFAN,

Pressure changes and barotrauma resulting from decompression and recompression
in the middle ear of monkeys.

Arch, Otolaryngol. 51:378-399, 1950.

The mechanism of barotraumatic otitis media is described and studied.

ENGSTROM, H., and S. HJORTH.
On the distribution and localization of injected dyes in the labyrinth of the

guinea pig.
Acta Otolaryngol. (Stockh) Suppl. 95:149, 1950. N.V.

HOOPLE, G. D.
Otitis media with effusion--a challenge to otolaryngology.

Laryngoscope 60(4):315-329, 1950,

HALLPIKE, C. S., M. S, HARRISON, and E. SALTER.
Abnormalities of the caloric test results in certain varieties of mental

disorder,

Acta Otolasryngol. (Stockh) 39:151-159, 1951,
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4.

J46,

347,

348,

349.

350,

351,

352,

353,

HAYASHI, S,
Statistic study of mastoid cell development in cases of chronic otis media,

as observed in X-ray pictures.
J. Oto-rhinolaryng. Soc. (Tokyo) 54(6):28-29, 1951. (English text pagination.)

NV,

MCCANCE, R, A., and E. M, WIDDOWSON,
Composition of the body.
Br. Med. Bull. 7:297-306, 1951. N.V,

WENDT, G. R.
Vestibular functions.

In S. S. Stevens (Ed.) Handbook of sxperimental psychology. pp. 1191-1223,
New York: Wiley, 1951,

Probably the best single heuristic, descriptive and concise source for
VESTIBULAR FUNCTIONS (in the fewest number of pages). The snatomy, physiolopy,
neurology, psychology, etc., of the vestibular apparatus is described. (RK)

DIX, M. R., and C, S, HALLPIKE,.

The pathology, symptomatology and diagnosis of certain common disorders of the
vestibulsr systenm,

Ann, Oto-laryng. (Paris) 61:987-1016, 1952,

Proc. R. Soc. Med. 45:341-354, 1952,

Reviews the original works of Meniere regarding diagnosis of Meniere's disease,
Includes also a discussion of other vestibular disorders.

HYDE, R. W,
Aerotitis media. A critical review,
Ann. Otol, Rhinol. Laryngol. 61:937, 1952, (Cited by A. Psgano, 1959.) N.V.

BORISON, H, L., and §, C. WANG,
Physiology and pharmacology of vomiting.
Pharmacol. Rev, 5:193-230, 1953.

This pathway can be involved in DCS from vestibular or other stimulation.

CROSBY, E, C.
Nystagmus as a sipgn of central nervous system involvenent.
Ann. Otol. Rhinol. Laryngol. 62:1117-1126, 1953.

ANDERSEN, H, C,, O, JEPSEN, and F, KRISTIANSEN,
The occurrence of directional preponderance in some intracranial disorders.
Acta Otolaryngol. (Stockh) Suppl. 118:19-31, 1956.

LEE, G., J. M. B, MATTHEWS, and E. P, SHARPEY,
The effects of the valsalva manoeuvre on the systemic and pulmonary arterial

pressure in man,
Br. Heart J. 61:311, 1954, N.V.

MILLER-GUERRA,

Le syndrome cerebelleux et le syndrome vestibulaire.
Masson et G. Parigi, 1954,

(Cited by A, Pagano, 1959.) N.V.

SEYMOUR, J. C.

Observations on the circulation in the cochleas.
J. Laryngol. Otol. 68:689, 1954.
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354,

355.

356.

357,

358.

359,

360,

361.

362.

363.

U, S. DEPARTMENT OF THE NAVY,

Instructor's manual for high altitude physiology training in lov pressure
chambers. Device 9-A series.

Department of the Navy, Special Devices Center, Port Washington, N, Y,,
NAVEXOS P-1260, April 1954,

A very good and simple description (with figures) of the mechaniem of baro-
trauma is offered (pp. 7-9). It also 1s {nteresting that vestibular symptoms
of DCS are not mentioned as such (pp. 10-12),

IRWIN, J, W., F, L. WEILLE, and W, S, BURRAGE.
Small blood vessels during allergic reactions.
Ann, Otol. Rhinol. Laryngol. 64:1164-1175, 1955,

PERLMAN, H, B,, and R, S, KIMURA.
Observations of the living blood vessels of the cochlaa.
Ann. Otol. Rhinol. Laryngol. 64:1176-1192, 1955,

This article is of use for mapping potential bubble transport. (RK)

RYAN, G. M. S., and S, OOPE,
Cervical vertigo.
Lancet 2:1355-1358, 1955,

WHITE, C. S., J. E. ROBERT, and H. W, MEREDITH,
The relation between dental overbite and aerotitis media.
J. Aviat. Med. 252:180, 1954; Exc. Med. 23, 1955. N,V.

GRAY, L. P.
Extra labyrinthine vertigo due to cervical muscle lesions.
J. Laryngol. Otol. 70:352-361, 1956,

Shows that a combination of vertigo, nausea, and tinnitus can result from
localized cervical lesions,

VAN EGMOND, A, A. J., and W, F, B, BRINKMAN,
On the function of the saccus endolymphaticus.
Acta Otolaryngol. (Stockh) 46:285-289, 1956,

Suggests that the function of the saccus is a suction to provide protection
within the labyrinth. Pressure changes might perturb function.

WANG, S, C., and H, 1, CHINN.

Experimental motion sickness in dogs. Importance of labyrinth and vestibular
cerebellum,

_A_m. g. Ph!llo_l_. 185!617“623. 1956-

The connections of the vestibular system with the cerebellum are reported.

DEWITT, G.
Acquired sensitivity to sea sickness after an influensa infection.
Pract. Otorhinolaryngol. (Basel) 19:579-586, 1957.

Perhaps vestibular symptomatology in general is potentiated by illness of flu
type. This may be an additional reason not to dive when 111, since decom-
pression sickness type 11 symptoms often resemble motion sickness symptoms
and other similar syndromes have been connected with decompression sickness
(e.g., migraine, syncope).

TAYLOR, N. B, G., J. HUNTER, and W, . JOHNSON.
Antidiuresis as a measurement of laboratory-induced motion sickness.
Can, J, Biochem. 35:1017-1027, 1957,

This article shows that a vestibular stimulus (wvhich results in motion sickness)
also produces a release of ADH. The antidiuresis which occurs in connection
with DCS may also be related to vestibular or vagal stimulation. (RK)
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) 364. ALPERS, B, J,
Symptoms and signs associated with vertige.
m. _M__._g_' mmo 15:27-‘0. l’s'.

365, CAWTHORNE, T.
Vertigo. (President's address)
Proc. R. Soc. Med. 52:529-536, 1958,

A very good description of the phenomenon.

366. FREEBERG, N. E.
Environmental and pilot aspects of the vertigo accident.
§ U. S. Naval Aviation Safety Center, Norfolk, Va., Report No. AM 1-58, 1958,

Vertigo cases which resulted in aviation accidents are reported,

367, SNYDER, J. F,
Dive reaction scale study. Project NS185-005 Subctask 5, Test 10,
U. S. Navy Experimental Diving Unit, Wash,, D. C. Research Report 5-58,
13 March 1958,

A scale such as this should be re-introduced to diving medicine for many
reasons: (a) diagnoses can be made more reliably; (b) saturstion diving
forms of DCS are less clear cut and probably more serious than previously
(see Rubenstein & Summitt, 1971, #282), and a rating scale such as this
would be useful; (c) a similar approach would be useful for diagnostic
classification of perceptual distortions which occur undar water. (RK)

368, GERNANDT, 8.
Vestibular mechanisms.
In Field & Magoun (Eds.) Handbook of physiology. Vel. I. Neurophysiology.
pp. 549-564., Philadelphia: Willisms & Wilkins, 1959,

369. KUILMAN, J.
The importance of the cervical syndrome in otorhinolaryngolosy.
Pract. Otorhinolaryngol. (Basel) 21(2):174-185, 1959,

The relationship of vestibular and cervical systems should be considered
in the diagnoses of decompression sickness symptomatology. (RK)

370, WING, K. G.
Studies of basic cochlear physinlogy and the energy-metabolism of the cochlear
response in the cat.
Acta Otolaryngol. (Stockh) Suppl. 148:1-97, 1959. .

A good and long paper (94 pp.), which utilized oxygen and nitrogen to study
{ various responses of the ear in the cat. A large reference list. .

1960-1969

] 371, cony, D. T. R., end H, L. WILLIAMS.
Cogan's Syndrome,
Laryngoscope 70:447-478, 1960,

A review of previous literature with the addition of four new case histories
of '"nonsyphilitic interstitial keratitis' (p. 447). Symptoms include vertigo,
ataxia, tinnitus, nystagmus, and bilateral sensory neural deafness. Complairts
referable to eyes or ears may be premonitory signs. ''From the available
evidence it would seem that this systemic disease is periarteritis nodosa
(p. 473).”

372. FERNANDEZ, C., R, ALZATE, and J. R, LINDSAY.
Experimental observations on postural nystagmus.
USAF Aerospace Medical Center, Brooks AFB, Tex., 60-23, January 1960,
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377.

378.

379.

380.

381,

382,

383,

JERGER, J., and T. TILLMAN,
A nev method for the clinical determination of sensorineural acuity level (SAL).
A. M. A. Arch. Otolaryngol. 71:948-955, 1960,

KROL, Ya. M., and LA. KUDEL'SKIY,
Characteristics of inflarmatory diseases of the nasal sinuses in submariners,
Voen. Mad. Zh. 3:92-98, 1940. N.V.

LABA, L., and J, RUSZEL,
About permanent injury of the ear in divers.
Bull. Inst. Mar. Med. Gdangk 11:165-172, 1960, N.V.

BERGSTEDT, M.
Studies of positional nystagmus in the human centrifuge.
Acta Otolaryngol. (Stockh) Suppl. 165, 1961,

The most complete referance to the influence of alcohol on vestibular functioning.

COLLINS, W, E,, W. E, CRAMPTON, and J. B. POSNER,
Effects of mental activity on vestibular nystagmus and the electroencephslogram.
Nature 190:194-195, 1961.

The implication of nystagmus and arousal is discussed end should be considered
with reports of lowered arousal in the HPNS syndrome.

JONES, G, M.
Pressure changes in the middle ear after altering the composition of contained
gas.

Acta Otolaryngol. (Stockh) 53:1-11, 1961,

Studied the ''normal" steady state partial pressure of oxygen in the middle
ear (ca. 55 mm Hg).

KRAUS, R. N,
Early diagnosis of hydrops of -the labyrinth.
USAF Aerospace Medical Centar, Brooks AFB, Tex., Review 1-61, February 1961.

Hearing losses sppear to precede vertigo in Meniere's disease.

WEILLE, F, L., J. W, IRWIN, G. JAKO, L. HOLSCHULL, A. S. WEILLE, C. A. STANLEY,
and M. G. RAPPAPORT.

Pressure of the labyrinthine fluids.

Ann. Otol. Rhinol. Laryngol. 67:528-540, 1961, N.V.

ALLEN, G. W., and M. HABIBI,

The effect of increasing the cerebrospinal fluid pressure upon the cochlear
microphonics.

Laryngoscope 72(4):423-434, 1962.

BERNSTEILN, L.
The otology and diagnosis of vertigo.
Arch. Otolaryngol. 76:329-337, 1962.

Discusses epidemiology and methods of differential diagnosis of vertigo
(vestibular versus central nervous system origin).

BRODAL, A., O. POMPEIAND, and F. WALBERG.

The vestibular nuclei and their connections, anatomy and functional correlations.
Edinburgh: Oliver & Boyd, 1962,
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384,

38s.,

386,

a7,

Jes.

389.

390,

91,

392,

BURGER, D., and J. W, VAN DEN BERC.
Experimental huskiness. (Hoarseness.)

Pract. Otorhinolaryngol. (Basel) 24:193 102, 1962. N,V.

DAVEY, L. M., and W, J. GERMAN,
The vestibular system and its disorders.

Ann, Rev, Med, 13:431-446, 1962.
An excellent article with a very complete bibliopraphy.

FLUUR, E.
The mechanism of nystagmus.
Actas Otolarynpol. (Stockh) 54:181-188, 1962,

Different control centers for vertical and horizontal nystagmus are reported.

FUREY, J. A., and R. N. KRAUS,

A clinical classification of vertigo.

School of Aerospace Medicine Review No. 7-61, U. S, A. F. Aerospace Medical
Division (APSC), Brooks AFB, Tex., AD287069, April 1962,

An excellent treatment of description and differential diagnosis. Of more than
passing interest are the sections on epidemic vertigo (p. 1316) vestibular
neuronitis (p. 1320) and pseudo (p. 1321) and atypical (p. 1322) Meniere's
syndrome.

JERGER, J.
Hearing tests in otologic diagnosis.
Asha 4(5)139-145, 1962.

PHILIPSZOON, A. J.

Compensatory eye movements and nystagmus provoked by stimulation of the vestibu-
lar organ and the cervical nerve roots.

Pract, Otorhinolaryngol. (Basel) 24:193-202, 1962.

This study should be compared with the study of Adolfson, Bjerver, Fluur, and
Goldberg (1970, #235). In the latter, head and neck movements wers made in
hyperbaric air.

Pme o. P.
A nw'ltmctuu related to the temporomandibular joint and middle ear.
J. Prosthetics & Dentistry 12(1):95-103, 1962.

If some vestibular problems under water and pressure are shown to be related
to Costen's (1934, #302) syndrome, then this article is important. See also
Pinto (1966, #436).

SANDSTROM, J.
Cervical syndrome with vestibular symptoms.
Acta Otolaryngol. (Stockh) 54:207-226, 1962.

A good paper which points out that the locus for some so-called vestibular
symptoms is the cervical region.

SCHUKNECHT, H. F.
Positional vertigo: Clinical and experimental observations.
Trans. Am, Acad. Ophthalmol. Otolaryngol. 66:319-331, 1962.

An early paper describing the symptoms which were-later (Schuknecht, 1969, #493)
called "cupulolithiasis.”
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398.

399.

400,

401,

ARNVIG, J.
Transitory decrease of hearing after lumbar puncture.
Acte Otolaryngol. (Stockh) 56:699-705, 1963,

The author shows that changes in lumbar region can result in functions
associated with nerve VIII (nausea and hearing loss).

COLES, R. R. A,
Ears and their after effects.
R. Nav. Diving Magazine 10(3):5-11, 1963,

COLLINS, W, E,, and J, B, POSNER.
Electroencephalogram alpha activity during mild vestibular stimulation.
Nature 199:933-934, 1963,

See Collins, et al. (1961, #377).

ELIA, J. C.
Practical treatment of otitis externa.
Maryland Med. J. 12:501-503, 1963. N.V.

FLINN, D, E., and G, J. WOMACK.

Neurological manifestations of dysbarism: a review and report of a case
with multiple episodes.

Aerosp. Med. 34:956-962, 1963.

Because the symptoms of migraine and vestibular involvement are similar,
particularly in connection with decompression sickness, this report is useful.

FLISBERG, K., S. INGELSTEDT, and U, ORTEGREN.
The valve and "locking" mechanisms of the Eustachian tube.
Acta Otolaryngol, (Stockh) Suppl. 182, 57-68, 1963,

HARRISON, M. S., and 1. NAFTALIN.
Meniere's disease.
J. Laryngol, Otol. 77:832-833, 1963,

Shows a relationship between fluid retention and vertigo in Meniere's disease.

NOZUT, M.
Title and article in Japanese,.
Otolaryngology (Tokyo) 35:901-907, 1963,

English Abstract: Observations were made on 51 patients with sudden onset of
deafness that was combined with some vestibular disturbances at the Out-patient
Department of Otolaryngology at the Tokyo University Medical School Hospital;
attentions in these examinations were particularly focused on the types of
nystagmuses and the conditions to which the vestibular organs may be disturbed.
Directions of the nystagmus varied from simple horizontal to rotatory, direction
changing and vertical. From the nature of nystagmus manifested in this way in
cases of sudden deafness, thc authors believe that, the pathology of this
disease is extremely complicated depending upon the degree and the location of
the lesion which may be localized in the cochlea or the vestibule; that it may
be the influence of some disturbances in the central region particularly the
brain stem should also be seriously considered.

PHILIPSZOON, A, J., and J. H. BOS.
Neck torsion nystagmus, .
Pract. Otorhinolaryngol. (Basel) 25:339-344, 1963,

Vertigo and nystagmus are generally, but not always, of vestibular origin.
Becsuse spinal lesions in DCS can occur, this factor should be considered. (RK)

48



AT T A R

v

402,

403,

404,

405 .

406,

407,

408,

409,

410.

411.

SERRINS, A. J., R, HARRISON, AND J. R, CHANDLER,
Cogan's syndrome. An audiologic evsluation and review of current concepts.

Arch. Otolarvngol. 78:785-789, 1963.

A disease entity vhere neurological deficits other than those which involve
nerve VIII appear sbsent. The symptoms have some communalities with studies
of otological deficits in caisson workers. (RK)

STEARNS, P, E,, and C, F. KASPAREK,

Catalog of scientific publications, 1942-Present.

U, S. Naval School of Aviation Medicine, Pensacola, Fla., 31 December 1963.
(0riginal publication date; updated perfodically.)

This catalog of scientific publicationa conteins more citations of studies
regarding the vestibular apparatus than any other.

SZEKELY, E. G., and A. A. SPIEGEL,

Vertical nystagmus induced by injec.ion of stimulating substances into the
striatum, third, or lateral ventricle.

Neurology 13(4):306-314, 1963,

THOMAS, J. J.
Chemical mechanisms in oxygen toxicity.

Proceedings, Second Symposium on Underwater Physiology. Office of Naval Research,

Pebruary 25-26, 1963. pp. 139-151. Wash., D, C.: National Academy of Sciences-

National Research Council, 1963.

ALLEN, G, W,
Endolymphatic sac and cochlear acqueduct.

Arch. Otolaryngol. 79:322-327, 1964. N.V.

ANSON, J. B,, J. A. DONALDSON, R, L. WARPEHA, and T. R. WINCH.
Surgical anatomy of the endolymphatic sac and perilymphatic duct.
Laryngoscope 74:480-497, 1964. N.V.

COLES, R. R. A.
Eustachian tube function.

Inability to equalize a standard pressure level is cause for rejection from
diver training. It might be interesting to determine whether a negative linear
relationship exists between hyperbaric vestibular involvement and the magnitude
of pressure equalization beyond the standard minimum. (RK)

JONGKHEZS, L. B. W,, and A. J. PHILIPSZOON.
Electronystagmography.
Acta Otolaryngol. (Stockh) Suppl. 189, 1-111, 1964. N.V.

LUNDQUIST, P. G., P. S. KIMURA, and J. WERSALL.
Experiments in endolymph circulation.
Acta Otolaryngol. (Stockh) Suppl. 188, 1964. N,V.

MACFIE, W. C. D. D,
E. N, T. problems of diving.
Med, Serv. J. Can. 20:845-861, 1964.

The embryology of the ears, nose, and throat is discussed. The author indicates
that the mechanical reasons for 942 of the separation from diving training "lay
in the ear, nose, and throat (p. 851)." Barotrauma to parts of the ear is
discussed. Case histories which also include vestibular difficulties are
discussed,
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A4,

415.

416.

A17,

414,

419.

420.

421.

ANSON, B, J., J. A. DONALDSON, R. L. WARPERA, and T. R. WINCH.
The vestibular and cochlesr acqueducts: their variational anstomy in the adult
human ear,

Laryngoscope 73:8, 1965, N, ¥,

BERNSTEIN, L,
Simplification of clinical caloric test.

Axch. Otolaryngol. 81:347-349, 1965,

DAVISON, R. A.
Ventilation of the normal and blocked middle esr. A reviev of mechanisms.

!Wms. c. H.

The differential diagnosis of vertigo.

In W, G. Scott-Brown, J. Ballantyne, and J. Gzoves (Eds.) Dise of the sar,
nose, and throgt. Vol. Il, Wash,, D, C.: Butterworths, 1963.

GERNANDT, B. E., M, IGARASHI, and H, W. ADES,

Effects of prolonged caloric stimulation upon oculomotor, vestibulospinal, and
segnental spinal activity,

U. S. School of Aviation Medicine, Pensacola, Fla., and Nationsl Asronautics
and Space Administration, NSAM-934, NASA Order No. R-93, 24 June 1963.

GRAYBIEL, A. (Ed.)

Symposium on The Role of the Vestibular Organs in the Exploration of Space.

U. S. Naval School of Aviation Medicine, Pensacola, Fla., Report No. NASA §P-77,
January 20-22, 1965.

This volume plus Graybiel (1966, #576; 1967, #450; 1968, #588) are the best
collection of studies on the vestibular apparatus. See also Camis (1930, #299).

GRAYBIEL, A., R. S. KENNEDY, E, C. KNOBLOCK, F. E. GUEDRY, JR., W. MERTZ,
M. E. MCLEOD, J. K, COLEHOUR, E. P. MILLER, II, and A. R. FREGLY.

Effects of exposure to a rotating environment (10 RPM) on four aviators for a
periud of twelve days. '

Aerosp. Med. 36(8):733-754, 1965.

Decreased urinsry output in connection with a bisarre vestibular stimulus (p. 742)
is reported. Radomski and Bennett (1970a, #504) show increased sodium retention
with pressure, and Warwick (1942, #309; 1943, #311) shows that high fluid exchange
rates afford some protection from altitude decompression sickness,

GUEDRY, ¥. E.
Psychophysiological studies of vestibular function.

In W, D, Neff (Ed.) Contributions to sensory physiology, Vol. I. pp. 63-135.
Nev York: Academic Press, 1965. o '

A very good review paper,

MONTANDON, A., P. MONTANDON, G. KAPHAN, and J. LIBOIS.
Nystagmus central et nystagmus peripherique. (English summary.)
Acts Otolaryngol. (Stockh) 59:320-328, Feb.-Apr., 1965.

MORRISON, A. R., and O. POMPEIANO.

Vestibular influences on vegetative functions during the rapid eye movement
periods of desynchronized sleep.

Experientia 21(11):667-668, 1965.

This paper, and Pompeiano and Morrison (1965, #171) show a relationship between
the vestibular nuclei and REM sleep and should be consulted for leads reparding
the relationship of their findings to the microsleep reported as a symptom of
the High Pressure Nervous [system] Syndrome by Fructus and Fructus (trans. 1971,
#273) and Bennett and Towse (1971a, #264). (RK)
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PICKARD, B.

Physiology of equilibration.

In W, G. Scott-Brown, J. Ballantyne, ar' J. Groves (Eds.) Diseases of the esr,
nose, and throat. Vol. II. Wash,, D. C.: Butterworths, 1965a.

SCOTT-BROWN, W. G., J. BALLANTYNE, and J. GROVES. (Eds.)
Dissases of the ear, noss gnd throat. Vol. II,
Wash,, D, C.: Butterworths, 1965,

There are many excellent chapters in this book.

SIMPSON, J, F.

Meniere's disease.

In W, G. Scott-Brown, J. Ballantyne, and J. Groves (Eds.) Diseases of the ear,
nose and throat. Vol. II. p. 737f, Wash.,, D. C.: Butterworths, 1965,

This excellent chapter reviews the description of the disease by Meniere and
indicates that Meniere was planning to relate the disease to certain forms of
migraine--also a symptom seen in connection with DCS (see Engel, 1944, #61).
Further, the analogy of the disease to glaucoma and too much f£luid and the
findings in fluid exchange in caisson workers (Adler, 1964, #154; Warwick, 1942,
#309; 1943, #311) is interesting.

WOLFSON, R. J., D, MEYERS, W. D. SCHLOSSER, and R. A. WINCHESTER.
Vertigo.
Clin., Symp. 17(4):99-133, 1965.

An excellent paper which discusses the provocative clinical tests to use as well
as differential diagnoses from the results. Figures are by Natter.

WUSTROW, F,, and M. WESTHUES-KOELN.

Druckmessungen im perilymphraum des horizontalen bogengangs des menschen bei
der rotation. (Pressure measurements in the perilymphspace of the horizontal
semicircular canal of man at rotation. Trans. by Mrs. Anna Woke, NMRI,)

Arch. Ohren. Ngsen. Kehlkopfheilk. 185:652-655, 1965.

The author shows that pressure changes in the perilymph accompany changes in
rotation, therefore, other factors which change pressure in the perilymph could
perturb vestibular function.

BRODAL, A.

Anatomical aspects of functional organization of the vestibular nuclei.

In A. Graybiel (Ed.) Second symposium on the role of the vestibular organs io.
space exploration. NAC-NRC Committee on Hearing, Bioacoustics, and Biomechanics,
Ames Research Center, Moffett Field, Calif., January 25-27, 1966 NASA §P-115,
Wash., D. C., 1966.

FLUUR, E., and L. MENDEL. '

Relation between strength of stimulus and duutton of latency time in vestibular
rotatory nystagmus.

Acta Ntolaryngol. (Stockh) 61:463-474, 1966.

HENRIKSSON, N, G., and L. GLEISNER.
Vestibular activity at experimentsl variation of labyrinthine pressur:.
Acta Otolaryngol. (Sicckh) 61:380-386, 1966,

Changes in pressure within the labyrinth caused by. the introduction of fluid

to the posterior canal resulted in variable activity in the horizontal ampullary
nerve. See also Schuknecht (1962, #392; 1969, #493).

HENRIKSSON, N. G., L. GLEISNER, and G. JOHANSSON,
Experimental pressure variations in the membranous labyrinth of the frog.
Acta Otolaryngol. (Stockh) 61:281-291, 1966.

If a bubble is suspected at the end organ this article should be consulted for
pro and con evidence. (RX)
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HINOKI, M., and K, TERAYAMA,
Physfological role of neck muecles in the occurrence of optic eye nystagmus.
Acts Otolaryngol. (Stockh) 62:157-170, 1966,

This influence of neck muscle stimulation on nystagmus is discussed (cf. Adolfson,
ot al., 1970, #235).

1SH1I, T., H. SILVERSTEIN, and K, BALOGH.
Metabolic activities of the endolymphatic sac.
Acta Otolaryngol. (Stockh) 62(1):61-73, 1966, N,V.

KLOCKHOFF, I., G. ANGGARD, and L. ANGCGARD,

Recording of cranio-labyrinthine pressure transmission in man by acoustic im-
pedance method,

Acta Otolaryngol. (Stockh) 61:361-370, 1966,

LAWRENCE, M,
Effects of interference with terminal blood supply on organ of corti.
Laryngoscope 76:1318-1337, 1966,

Emphasizes the importance of adequate blood supply for structures within the
labyrinth.

MCCABE, B, F,.
The quick component of nystagmus.
Trans. Pac. Coast Otoophthalmol. Seoc. 47:91-95, 1966.

PINTO, O. P,
Temporomandibular joint problems in underwater activities.
J. Prosth. Dent. 16:772-784, 1966.

The strain placed on the temporomandibular joint from protracted mouthpiece
use is similar to the strain which can occur following removal of posterior
teeth. The latter results in problems termed Costen's Syndrome (1934, #302),
one of the symptoms of which is dizziness and vertigo. See Pinto (1962, #390).

RIVERA, J. C., and W, L, DENNISON,

Gas embolism and related sccidents.

In Diving Medicine Notebook, p. 208. U. S. Nevel Submarine Medical Center,
Groton, Conn,, 1966, N.V.

SILVERSTEIN, H.
Biochemical and physiologic studies of the endolymphatic sac in the cat.
Laryngoscope 76:498, 1966. N.V.

WOLFE, J. W.
Evider’lco for cerebellar control over habituation of vestibular nystagmus.
Unpublished doctoral dissertation, ,Univerlity of Rochester, N. Y., 1966,

A relationship of the cerebellum to vestibular function is reported. Other
relationships are described in the Introduction and Discussion.

YULES, R. B., C. Q. KREBS, aud F. P. GAULT.
Reticular formation control of vestibular system.
Exp. Neurol. 16:349-358, 1966.

Because of arousal changes with deep dives (high pressure nervous system syndrome)
this article should be consultecd for possible vestibular implications. See also
Morrison and Pompeiano (1965, #421), :

ANSON, B, J., D. G. HARPER, and T. R. WINCH.
The vestibular system: Anatomic considerations
Arch. Otolaryngol. 85:497-514, 1967. .

An excellent description of the gross nnctomy.'
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Arch, Ot:laryngol. 85:182-187, 1967.

Bucy, P. 0.
Vertigo with discages of the central nervous system.
Arch, Otolaryngol. 85:535-536, 1967,

A short definition of vertigo. An introductory paper to the symposium on vertigo,
all of which is reported in this volume of the journal.

CARPENTER, M. B,
Central connections of the vestibular system.
Arch. Otolaryngol. 85:517-520, 1967,

A very good paper frum a symposiun on vertigo (Vol. 85).
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INGELSTEDT, S., A. IVARSSON, an¢ Bjorn JONSON,
Mechanics of the human middle ecar.
Acta Otolaryngol. (Stockh) Suppl. 228:1-60, 1967.

"Pressure Regulation in Aviation and Diving, a Nontraumatic Method" is the sub-
title of this long article.
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JONGKEES, L. B, W,
Vestibular tests.

Arch. Otolaryngol. 85:548-351, 1967,
Good description of vertigo and differential diagnoses.

KAWAMOTO, K.
The atypical epithelial formations of the utricle.
Arch, Otolaryngol. 85:561-571, 1967,

Possible cite for bubble formation? (RK)
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LITTON, W. B., and B. F. MCCABE.
Thermal vestibulometry: Technique and clinical aspects.

In A, B, Graham (Ed.) Sensori-neural hearing processes and disorders. pp. 263-281,

Boston: Little, Brown and Co., 1967. N.V.

NORRIS, C,, and W. RUBIN.
Notes on nystagmography.
Arch. Otolaryngol. 85:265-268, 1967.

SCHUMACHER, G. A.
Demyelinating diseases a cause for vertigo.
Arch. Otolaryngol. 85:537-538, 1967.

Myelin has a high fat content and could be a locus for bubble formation.

SHAMBAUGH, G. E,
The symptoms of vertigo.
Arch, Otolaryngol. 85:515-516, 1967. -

SIMMONS-BLAIR, F., and C. J. MONGEON.
Endolymphatic duct pressure produces cochlear damage.
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Summation of the symposium on the vertiginous patient.
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Neuronitis vestibularis.
Arch. Otolaryngol. 85:298-302, 1967.
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WOL?, S.
The ;rldycardin of the dive reflex: a possible mechanism of sudden death.
Cond. Reflex 2:88-95, 1967. N.V.

ALTMANN, F,

Diagnontic significance of vertigo.

In R. J. Wolfson (Ed.) The vestibular system and 'its dise pp. 353-371.
Philadelphia: University of Pen Pcnnsylvnnia Press, 1968.

ANSON, B, J., D. G, HARPER, and T. R. WINCH.

Developmental and adult anatomy cof the membranous labyrinth {n man.

In R, J, Wolfson (Ed.) The vestibular system and its discages. pp. 19-38.
Philadelphia: University of Pennsylvania Press, 1968.

ARSLAN, M,

Experimental Meniecre's disease.

In R, J. Wolfson (Ed.) The vestibular system and its diseases. pp. 180-206,
Philadelphia: University of Penngylvania Press, 1968.

BENSEL, C. K., E. DZENDOLET, and H. L. MEISELMAN.
Body sway during long-term standing and as affected by pure tones.
Perception & Psychophysics 4(3):171-174, 1968.

This study contains a good reference list to the early studies of postural
equilibrium. The application to "staggers" and bodv sway at depth is great,
Also because of noise in chambers, this paper (which deals with the so-called
"Tullio effect') is of methodological interest. (RK)

COCKETT, A. T. K., N, L. MANGELSON, L. E. SWANSON, and R. T. KADO.

The diagnosis of experimental pulmonary aero-emboli following decompression
by radio-isotopic lung scanning.

Am. Surg. 34(2):109-113, 1968.

Perhaps this procedure could be modified for vestibular studies. (RK)

FIELDS, W. S.

Vertigo related to alteration in arterial blood flow.

In R, J. Wolfson (Ed.) The vestibular system and its discases. pp. 472-483.
Philadelphia: University of Pennsylvania Press, 1968,

FREGLY, A. R., and A, GRAYBIEL,
Acute alcohol ataxia in persons with loss of labyrinthine function.
Acta Otolaryngol. (Stockh) 65:468-478, 1968a.

It 18 axiomatic that divers are heavy drinkers, and the relationship reported
here should be considered. See also Voth (1965, #172).

HALLPIKE, C. S. :

The Caloric Test: A review of its principles and practice with especial
reference to the phenomecnon of directional preponderance.

In R, J. Wolfson (Ed.) The vestihular system and its diseases. pp. 207-217.
Philadelphia: University of Pennsylvania Press, 1968.

HARRISON, M. S.

Benign positional vertigo.

In R, J. Wolfson (Ed.) The vesatibular system and its diseases. pp. 404-427,
Philadelphia: University of Pennsylvania Press, 1968.

See also Schuknecht (1962, #392).
LINDSAY, J. R.
Meniere's Disease: Pathology and manifestations.

In R. J. Wolfson (Ed.) The vestibular system and its diseases. pp. 375-389,
Philadelphia: University of Pennsylvania Press, 1968a.
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LINDSAY, J. R,
Pathology of vestibular disorders vertige of peripheral origin: MNistopathology.

Ann. Otol. Rhinol. Laryngol. 77(2):203, 1968b,

A good deucription (re: differential diagnoses) of episodic vertigo, postural
vertigo, and distortion of one or both labyrinths. (RK)

MCCABE, B, T,
Clinical aspects of the differential diagnosis of end-organ vertigo.

Ann, Otol. Rhinol. Larymgol. 77(2):193, 1968,
A very good paper.

NAFTALIN, I,, and M, S, HARRISON,

Biochemistry of the labyrinthine fluids.

In R, J. Wolfson (Ed.) The vestibular system and its diseages. pp. 159-179,
Philadelphia: University of Pennsylvania Press, 1968.

PARKER, D, E,, W, P, COVELL, and H, E. von GIERKE,
Exploration of vestibular damage in guirea pigs following mechanical stimulation,
Acta Otolaryngol. (Stockh) Suppl. 239:1-59, 1968,

Describes the effects on swimming ability and the righting reflex in guinea pigs
whose otoconia (maculae) are lost due to mechanical (acceleration) stimulation.
No regeneration of lost otoconia appeared to occur. Noise was without effect.
Vibration produced a transient loss in behavior.

STAHLE, J.

Electronystagmography~--its value as a diagnostic tool.

In R. J. Wolfson (Ed.) The vestibular system and {ts diseases. pp. 267-280.
Philadelphia: University of Pennsylvania Press, 1968a.

STAHLE, J.
Vestibular neuritis.
In R. J. Wolfson (Ed.) The vestibular system and its diseases., pp. 459-470.

Philadelphia: Univenity of 1 Pen'uylvanin Press, 1968b.

WEISS, A. D.
Neurological aspects of tho differential diagnosis of vertigo.
Ann, Otol. Rhinol. Laryngol. 77(2):216, 1968.

Varicus pitfalls in the diagnosis of neurological involvement when a patient
presents with vertigo are discussed. (RK)

WOLPSON, R. J.

Labyrinthine surgery for vertigo.

In R. J. Wolfson (Ed.) The vestibular system and its diseases. pp. 527-544.
Philadelphia: Univenity of Pennaylvanh Preu. ~1968a.

WOLFSON, R. J. (Ed.)
The veatibullr system and its diseases. (Second priatimg.)
Philadolphia' Uni.veruty of | Peansylvania Press, 1968b,

A textbook of vestibular functior and otoneurology. Many chapters are important
sources. '...the program falls naturally into categories...anatomical studies
and research; diagnostic methods...; pathophysiology; and :therapy. (p. 550)."

FREDRICKSON, J. M., H. H, XORNHU3ER, and R. L. GOODE.
Nystagmus: Diagnostic significance of recent observations.
Arch. Otolaryngol. 89:88-95, 1969,

A good pape: for differential diagnosis,
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JONGKEES, L. B, W,
Cervical vertigo.

Lagyngoscope 79:1473-1483, 1969a.

The possibility of vertigo resulting from stimul{ (e.g., bubbles) in "neck
structures (p. 1482)" should be considered. (RK) Jongkees offers probable
etiologies (p. 1482). '...nystagmus, homolatural past pointing, and & tendency
to fall toward the injected (cervical fissure) side (p. 1474)" can also occur.

JONGKEES, L. B, W,
Vestibular physiology and tests.
Arch. Otolaryngol. 89:37-44, 1969b.

MCNALLY, W, J,
An evaluation of vestibular testing.
Arch. Otolaryngol. 89:57-63, 1969.

A very good treatment of the kinds of tests which can be used for diagnosis and
positive vestibular function. Many are adaptable for clinical use and expensive,
complicated apparatus is not alwavs required. (RK)

SCHUKNECHT, H, F.
Cupulolithiasis.
Arch. Otolaryngel. 90:765-778, 1969,

The symptoms of this disease bear a strong resemblance to those experienced in
the deep dive reported by “undmaker {1972, #291). Perhaps a similar mechanism
is involved whereby the eifects of pressure cause otocomia (as do other sub-
stances with high specific gravity) to accumulate in the ampulla of the posterior
semicircular canal. (RK)

STEGEMANN, J., and U, TIBES.

Die Vennderung der Herzfrequeng beim Tauchcn und atemanhalten nach korperlicher
anstrengung, (Changes of heart rate during diving and breath-hold after
exercise. Trans. by Mrs. Anna Woke, NMRI, 1971.)

Pfleugers Arch. 308:16-24, 1969,

The vagal influence on diving is discussed.
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497,
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BARLOW, J. S.
Vestibular and non-dominant parietal lobe disorders.
Dis. Nerv. Syst. 31:674-679, 1970,

Describes the relationship of neurological deficits to spatial disorientation.
Similar symptoms may occur in connection with compressed air work. (RK)

BRUNER, A., and T. W. NORRIS,

Lateralization of hearing loss and vestibular nystagmus in test pilots.
Aerosp. Med. 41(6):684-687, 1970, ’
Shows that vestibular and auditory deficits are correlated.

CLARK, B.

The vestibular system.

Annu. Rev. Psychol. 21:273, 1970.

A good modern review of vestibular studies. No studies of diving are included.

FLUUR, E,; and L, MENDEL,
Crescendo time for per-rotatorily elicited nystagmus.

Acta Otolaryngol. (Stockh) 69:239-246, 1970.
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FLUUR, E., and A. MELLSTROM,
Vestibular bidirectional sensitivity.
Acta Otolaryngol. (Stockh) 69:363-365, 1970,

Shows that "it {s not possible to cause a nystagmus in both directions from only
one semicircular csnal (p. 363)" with gslvanic stimulation.

FREGLY, A. R., and A, GRAYBIEL.
Labyrinthine defects as shown by ataxia and caloric tests.
Acts Otolaryngel. (Stockh) 69:216-222, 1970,

Shows the validity and reliability (with caloric) of ataxia testing.

FRUCTUS, X., and J. C, RICCI,

Reflections on two cases of caisson disease. '

Bulletin Mesubhyp No. 1, December 1969. French Association for Subaquatic and
Hyperbaric Medicine, Salvator Hospital, 13 Marseille (9e¢) Trans. from French,
NIC Trans. No. 3070, Naval Intelligence Command Hdqtrs., Wash., D. C.,

22 June 1970.

Points out the danger of the Valsalva maneuver vhen resurfacing.

ICARASHI, M., B. R. ALFORD, T. WATANABE, and P. M. MAXIAN.

Direction of ataxic gait after unilateral partial destruction of the vestibular
system in squirrel monkeys.

Laryngoscope 80(6):896-914, 1970,

Provides validity and diagnostic utility of ataxia tests.

MAN, A., and G. LEVENTON,
On vestibular response to mechanical irritation.
Acta Otolaryngol. (Stockh) 69:443-444, 1970,

A nezative finding, but of some importance. Should be replicated with a more
sensitive indicator like the oculogyral {llusion. (RK)

RADOMSKI, M. W., and P. B. BENNETT.
Electrolyte changes in humans under hyperbaric conditions.
Aerosp, Med. 41(12):309-313, 1970a.

Sodium and calcium retention are reported in comnection with hyperbaric air,
but not hyperbaric helium.

RADOMSKI, M. W., and P, B. BENNETT.
Metabolic changes in man during short exposure to high pressure.
Aerosp. Med. 41(3):309-313, 1970b.

The authors state the otoliths of the utricle are calcium carbonate concretions.
If decreases in calcium excretion can occur with high pressure perhaps increases
in calcium deposits within the body can also occur. If so, perhaps these
changes might perturb normal vestibular funotion. (RK)

RESCHKZ, M. F., and D. E. PARKER. ..

Stimulacion of the vestibular apparatus in the guinea pig by static pressure
changes: head and eye movements.

J. Acoust. Soc. Am. 48(4):913-923, 1970,

STAHLE, J,
Vestibular function on earth and in space.
New York: Pergamon Press, 1970.

A good ccllection of papers concerning many aspects of vestibular function.

58



R e e . -

508.

509.

510.

311,

512,

513,

514,

515.

516.

517.

TIBBLING, L.

Observations on central mechanisms common to vestibular and optokinetic
nystagmus,

Actg Otolaryngol. (Stockh) 69:434-442, 1970,

UDO DE HAES, H. A., and H, SCHONE.

Interaction between statolirh organs and semicircular canals on apparent vertical
and nystagmus.

Acta Otolaryngol. (Stockh) 69:25-31, 1970,

WADA, J. A., A. TERAO, H., SCHOLTMEYER, and W. C. TRAPP,
Reversible audiogenic seizure susceptibility induced by hyperbaric orygenation.
Exp. Neurol. 29:400-404, 1970.

ANDERSON, J. R.
Case report of student aviator with unusual psychosomatic symptoms.
Aerosp. Mad, 42(11):1212-1218, 1971.

Vestibular symptoms were considered to be precipitated by fear. The application
to diving may be direct.

ANON, ]
Carbon monoxide in the Corvair.
Consumer Reports 36(9):572-574, 1971.

The vestibular symptoms reported here are very similar to the "staggers'" and
other vestibular derangements seen in DCS.

BENNETT, P, B., and S. P. GRAY.

Changes in human urine and blocd chemistry during a simulated oxygen-helium dive
to 1500 ft.

Aerosp. Med. 42(8):866-874, 1971,

Among other changes recorded, it was shown that at 1500 feet there was retention
of calcium, Otoliths are calcium carbonate concretions:; perhaps there is a
connection so that changes in otolith crystallization can occur.

BROWN, F. M,

Vertiginous flyer: A review of 6 years' experience of the Aeromedical Con-
sultation Service.

Aerosp. Med. 42(8):891-893, 1971b.

A good epidemiologic study with a citation of 6 cases of alternobaric vertigo.

BRUNER, A., and 1., W, NORRIS.
Age-related changes in caloric nystagmus.
Acts Otolaryngol. (Stockh) Suppl. 282:1-24, 1971. N.V.

GRAYBIEL, A., C. R, SMITH, F. E. GUEDRY, JR., E. F. MILLER, II, A. R. FREGLY,
and D. B, CRAMER, ’

Idiopathic progressive vestibular degeneration in a young man: loss of vestibu-
lar servation not the basis for detection.

Naval Aerospace Medical Research Laboratory, Pensacola, Fla., Report NAMRL-1128,
March 1971,

GUEDRY, P. E., JR., and A. J. BENSON.
Nystagmus and visual performance during sinusoidal stimulation of the vertical

semicircular canals. Z
Naval Aerospace Medical Research Laboratory, Pensacola, Fla., NAMRL Report
No. 1131, USAARL Report No. 71-16, 10 March 1971.

Because of the difference between fast phase-up and fast phase-dovm nystagmus
responses, this approach may provide a way of measuring differentially superior
vs. inferior canal function by ~echanical means.
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The role of vasoconstrictinn in noise-induced hearing loss.

Ann. Qtol. Rhinol. Laryngol. 30(6):903~1003, 1971.

Shows the influence of oxyzen on cochlear function.

HIGGINS, L. L., C. KNOX, and W. W, SIMMONS,

Acoustic-optical imaging techniques for decompression studies.

TRW Systems, Redondo Beach, Calif., ONR Report No. 12833-600£-R0-00, 31 March
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HILLS, B. A.

Concepts of inert gas exchange in tissues during decompression.

In C. J, Lambertsen (Ed.) Underwater physiology. pp. 115-122, New York ead
London: Academic Press, 1971a.

HILLS, B, A.

Decompression sickness: a fundamental study of "surface excursion" diving
and the selection of limb bends versus C.N,S. symptoms.

Aerosp. Med. 42:833-836, 1971b,

Timb bends (type I) generally outnumber (NS type I1) bends. This paper suggests
a way to study the latter,

ISHIYAMA, E., and E, W. KEELS,

Preliminary results on intralabyrinthine temperature changes in the vestibu-
lar labyrinth during caloric stimulation.

Pract. Otorhinolaryngol. (Basel) 32(4):231-239, 1971,

LANDAU, J. V.,

Hydrostatis effects on cellular function.

In C, J. Lambertsen (Ed.) Underwater physiology. pp. 85-93, New York:
Academic Press, 1971,

This report may be relevant if cellular changes within the vestibular apparatus
are shown to occur under pressure., (RK)

LANGER, P. H., and F, T. MANSURE.
Hazards of valsalva maneuver.
Hyperbaric Medicine Newslecter 7(5):6, 1971.

MATHOG, R. H., and R. L. CRAMER.
Testing of the vestibular system,
Aerosp. Med. 42(7):741-745, 1971.

The title is self explanatory but the article also calls attention to the fact
that cerumin (p. 744) in an ear can modify a caloric response in the laboratory.
This factor should be considered as a possibility in deep-sea diving where
water has access to the ear and if there is a plug of wax in one ear it could
result in a differential stimulus to the semicircular canals. (RK)

MONEY, K. E., L. BONEN, J. D. BEATTY, L. A. kUEHN, M. SOKOLOFF, and R. S.
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lHyperbaric respiratory mechanics.
Aerosp. Med, 42(5):536-546, 197,
529, COMEX (H perbaric Rescarch Center), Ver..{lles, France.
100 hours st 500 meters, Chamber saturation dive at 1640 ft (50.68 ATA).
Unpublished paper, February/March 1972.
Vestibular symptoms are not mentioned in this report but "incoordination"
and lessening of awareneas (p. 6)" as a part of the HPNS syndrome is. See
also Morrison and Pompelano (1965, #421), and Yules, et al., (1966, #440).
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References 29, 67, 76, 79, 95, 102, 117, 130, 131, 148, 159, 160, 162, 171, 181, 182,
227, 235, 246, 247, 256, 271, 272, 282, 530, 531, 532, 534, 539, 542, 544, 546, 551, 556,
557, 564, 566, 567, 568, 573, 574, 5715, 577, 582, 584, 586, 591, 595, 596, 597, 59&, 608,

614, 616, 618, 622, 668, 730, 755, 777, 782, 797, 824, 835, 874, 878, 905, 919, 926, 947,
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CATEGORY III, TESTS OF POSITIVE FUNCTION.OF VESTIBULAR APPARATUS,

1920-1929

330.

331,

ROORDA, P.
Der Eit.lflub der Drehung auf den Zeigeversuch von Barany. (The influence of
turning on the pointing test of Barany. Trans. by Mrs., A, Woke, NMRI, 1971,)

Arghives Fyr Ohren, Hals-und Kehlkopfheilkynde 113:97-103, 1925.
Describes the effacts of a rotatory (i.e., vestibular) stimulus on past pointing.

TULLIO, P.

I riflessi sonori.

Amer. J. Physiol. 90:542, 1929, (In Italisn. Abstract of communications from
International Physiological Congress.)

An esrly reference to the adequacy of sound serving as a vestibular stimulus,
Since pressure chambers can have high noise levels, one should control (or at
least be cognizant of) this relationship in provocative vestibular testing
performed in the presence of noise. (RK)

1930-1939

532,

533.

534.

335.

CATTELL, M.
The physiological effect of pressure.
Biol. Rev. 11:441-476, 1936.

A good source for the preparation of a battery of tests constructed to measure
vestibular function (in particular) or CNS functions (in general) at or after
pressure. (RK)

MOWRER, O.H,

A comparison of the reaction mechanism mediating optokinetic nystagmus in human
beings and in pigeons.

Psychol. Monogr. 47(212):294-305, 1936,

Species differences and baseline data are presented. Mechanisms are discussed.

WENDT, G. R.
The form of the vestibular eye movement response in man.
Psychol. Monogr. 47:311-328, 1936.

This paper should be consulted if eye movements of suspected vestibular origin
during (or pre-post) a dive are to be studied. (RK)

DOHLMAN, G.

On the mechanism of transformation into nystagmus on stimulation of the semi-
circular canals.

Acta Otolaryngol. (Stockh) 26:425-442, 1938.

Describes the origin of the CNS pathways of the slow phase. The mechanics of the
vestibular apparatus are discussed. )

1940-1949

336.

GRAYBIEL, A, and D. HUPP.

The oculogyral illusion: A form of apparent movement which may be obsuired follow-
ing stimulation of the semicircular canals.

J. Aviat. Med. 3:1-12, 1946.

This paper describes a sensitive measure of semicircular canal function. It shows
also that illusory responses can occur for angular velocities which could be
experienced in a submersible. (RK)
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337. GRAYBIEL, A., B. CLARK, and K, MACCORQUODALE,
The illusory perception of movement csused by angular acceleration and by
centrifugal force during flight. I, Methodology and preliminary results.
J. Exp. Psychol. 37(2):170-177, 1947,
"The method is adaptable to a number of types of studies concerned with the in-
fluence of angular acceleration and g on visual perception (p. 177)," for example,
submersibles. (RK)
538. FENN, W, O0,, R. GALAMBOS, A. B, OTIS, and H. RANN.
Corneoretinal potential in anoxia and acapnia.
J. Appl. Physiol. 1:710-716, 1949,
Because the gas mixture can influence the standing potential in the eye this
factor must be considecred when recording vestibhular eye movements under pressure
and with different gas mixtures. (See Kennedy, 1972, Appendix B, #622, for a
bibliographic review.) On the other hand, this measurement may be a useful
index of the change. See also Dolatkowski, et al. (1966, #572), and Adolfson,
et al. (1970, #235), who recorded eye movements,
539, JONGKEES, L. B, W.
Which is the preferable method of performing the caloric test?
Arch, Otolaryngol. 49:594-608, 1949,
1950-1959
540, WOPCHEL, P., and K, M, DALLENBACH.
Vestibular sensitivity in the deaf.
Correlation between tasks are reported.
541, MOORE, E, W,, and R. L, CRAMER.
Perception of postural verticality: effects of flying ewpcrlence upon reduction
of error,
U, S. School of Aerospace Medicine, Brooks APB, Texas, Report No. TDR-62-72,
June 1952,
542. THOMSEN, K. A.
The caloric test a. m. Hallpike, et al. in a normal material,
Acta Otolaryngol. (Stockh) Suppl, 109:189-196, 1953,
543, BEKESY, G. V,
Subjective cupulometry. Threshold, adaptation, and sensation intensity of the
vestibular organ for rotations in the horizontal plane.
Arch, Otolaryngol. 61:16-28, 1955,
A good test of vestibular function.
544, MCNALLY, W. J.
Some facts and fancies about the utricle,
Ann, Otol. Rhinol. Laryngol. 65:355-363, 1955.
The other paper by McNally (1969, #492) should also be consulted. ’
545. ASCHAN, G., M, BERGSTEDT, and J. STAHLE,
Nystagmography: Recording in clinical neuro-otological examinations.
Acta Otolaryngoel. (Stockh) Suppl. 129, 1956. N.V..
546, HENRIKSSON, N. G.

Speed of slow component and duration in caloric nystagmus.
Acta Otoleryngol. (Stockh) Suppl. 125: 1-29, 1956.
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547,

348,

349.

MANN, C. W,., and C. J. CANELLA.

An examination of the technique of cupulomstyy.

U. §. Naval School of Aviation Medicine, Pensacola, Fla., Joint Report No, 42,
30 May 1936,

A good test of vestibular function.

STAHLE, J.
Electro-nystagmography in the caloric and rotatory tests.

Acta Otolaryngol. (Stockh) Suppl. 137, 1938. NV,

de RIVERA, J.

The postural sway test and its correlations.

U, 8. Naval School of Aviation Medicine Report No. 3, Pensacola, Fla., 12 November
1959,

This test measures suggestibility in addition to being a measure of postural
equilibrium. It might be a good test as part of a battery for use in compressed
air experiments for both reasons. (RK)

1960-1969

350,

551.

552,

553,

554,

555.

CRAWFORD, W. A.
False perception of the horizontal and vertical planes 1n a dynamic setting.
Flying Personnel Research Committee, Farnborough, England, October 1960,

CAVAGNA, G., F. SAIBENE, and R. MARGARIA.
A three-directional accelerometer for analyzing body movements.
J. Appl. Physiol. 16:191, 1961.

A useful paper for building apparatus to msasure postural equilibrium either -
as an indicator of vestibular/(NS symptomatology under pressure, or to measure
pre=, post-changes, or to evaluate symptoms. (RK)

JONSSON, B., and B, STEEN,
Function of the hip and thigh muscles in Romberg's test and "standing at ease.”

An electromyographic study.
Acta Morphol. Neer. Scand. 5(3):269-276, 1962.

Of interest for testing postural equilibrium during or after a dive. (RK)

KENNEDY, R. S., and A. BRAYBIEL.

Validity of tests of canal sickness in predicting susceptibilicy to airsickness
and seasickness. ,

Aerosp. Mad. 33:935-938, 1962a.

The relationship of calorie ruponuvi.ty to motion sickness luccptibnuy is
shown.

!‘!CLEOD' M. Bo. .nd J- C. HEEK.

A threshold caloric test: results in normal subjects.

U. S. Naval School of Aviation Medicine, Pensacola, Fla., snd National Aeronautics
and Space Administration, Report No. 72, NASA Order No. R-47, 9 July 962.

Threshold responses can occur to as little as 1.5°c either side of body
temperature. This could be a source of problems in cold water or gas. (RK)

CANTRELL, R. P.

Body balance activity and perception,
Parcept. Mot. Skills,17:431-437, 1963.
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357,

358.

559.

560.

561,

562,

563.

DAVEY, L. M,
Evaluation of bicaloric test of vestibular function.
U, 8, Naval Medical Research Report No, 411, Groton, Conn., 12 September 1961.

Probably the best normative data published for the caloric test (N » 400)--the
pro;.odun is well dencribed. Notes regarding differential diagnosis are given,
(RK

GUEDRY, P, E., and C. §. HARRIS.

Labyrinthine function related to experinents on the parallel swing.

U, 8, Naval School of Aviation Medici{ne, Pensacola, Fla., BuMed Project
MR005,13-6001 Subtask 1, Report No. 86, 25 September 1963.

Validation of parallel swing studies by showing normals and persons with
labyrinthine defects produce different responses.

HARRIS, C, §., R. K, AMBLLR, and F, E. GUEDRY,

A brief vestibular disorientation test.

U. S. Naval School of Aviation Medicine, Pensacola, Fla., BuMed Project
MR005.13-6001, Report No. 82, 1 May 1963.

This test may be useful in selecting persons who are insusceptible to vertigo,
or training persons to be more tolerant of vertigo. Tranafer of training

could occur to vertigo which was induced by pressure, cold water, submersible
motion, etc., from that induced mechanically. (RK) This transfer could be in
the form of increased physiologic tolerance or improved perceptual awareness.

HINOKI, M., and M. KITAHARA.

An application of strain-gage-type instruments to the analysis of the
equilibrium function in human subjects and animals.

Acta Otolsryngol. (Stockh) Suppl, 179:110-121, 1963.

Describes apparatus construction for measuring postural equilibrium,

MILLER, E, F., and A. GRAYBIEL.

Role of the otolith organs in the perception of hor{zontality.

U. S. Javal School of Aviation Medicine, Pensacola, Fla., Peport No. 80,
19 March 1963a.

A good paper for constructing behavioral tests which measure normal otolith
function, (RK)

BROWN, J. H., and G. H. CRAMPTON,

Quantification of the human nystagmic response to cugular acceleration,
Prediction formulae and nomograph.

Acta Otolarngol. (Stockh) 58:555-564, 1964.

A transfer function for umiclrculug'canal function and input is presented.

DZENDOLET, E.
Effect of dramamine on the objective electric vestibulogram.
Percept. Mot. Skills 18(2) :465-463, 1964,

Used swvay as a provocative test. Showed threshold changed (higher) with drug.

GUEDRY, P, E., JR., R. S. KENNEDY, C. S, HARRIS, and A. GR/YBIEL.
Human performance during t'o weeks in a room rotating at three RP!,
Aerosp. Med. 35(11):1071-1082, 1964,

Descr’bes the resul:s of t.e use of tests of vestibular fun:tion (postural
equilibriuh, past pointing’ before, during, and after bizavre vescibular
stimulation.

(21
W



56‘ L]

565.

566,

567.

568,

569,

570.

571.

572.

MCLEOD, M, E., and M. J. CORREIA,

Use of caloric test in avaluating the effects of gravity on cupulas displacement,

U, 8, Naval School of Aviation Medicine, Pensacola, Fla., Report No. 94, and
NASA, 2 April 1964,

A technique whizh can be used in diagnosis and possibly as part of a test battery
during compressed air work. (RK)

MILLER, E. F., and A. GRAYBIEL,

Magnitude of gravitoinertial fovce, an independent variable in egocentric visual
localization of the horizonial.

U, S, Naval School of Aviation ledicine, Pensacola, Fla., Report No. 98,
31 July 1964,

A good paper for study of vertical and horizontal spatial orientation. Many other
papers by these authors appear in Stearns and Kasparek (1963, #403).

FLUUR, E., L, MENDEL, and L. LAGERSTROM,

Reproducibility of duration of latency time in unidirectional per-rotatory
nystagmus,

Acts Otolaryngol. (Stockh) 62:118-124, 1965,

FREGLY, A. R., and R, S. KENNEDY.

Comparative effects of prolonged rotation at 10 RPM on postural equilibrium in
vestibular normal and vestibular defective human subjects.

Aerosp. Med. 36(12):1160-1167, 1955,

Validity of ataxia testing.

PICKARD, B,

Methods of examination of the ear.

In W, G. Scott-Brown, J. Ballantyne, and J. Groves (Eds.) Diseases of the ear,
nose, and throat. Vel. 1I. Wash., D, C.: Butterworths, 1965b.

WOLFSON, R, J., W. D, 3@0388‘. and R, A. WINCHESTER.

Vertigo.
Summit, N,J.: CIBA Pharmaceutical Company, 1965,

A reissue of Wolfson, et al. (1965, #425),

CABARROU, P.
Etude electro-encephalographique de 1'ivresse des grandes profondeurs.
Maroc Med. 45:529-536, July 1966b,

CRAMPTON, G, H.
Does linear acceleration modify cupular Jeflection?

Ames Regearch Center, Moffett Field, Calif., January 1966,

DOLATKOWSKI, A., J. TORBUS, K. DEGA, and S. KLAJMAN, .
Hibarii Naczas Odruchu Wzrokowo-'!iesiowego u Kurkow. (The influence of hyper-
baria on the eye-muscle reflex period in divers.)
Bull. Inst. Mar. Med. Gdansk 17:303-309, 1966. L
The connections of the oculomotor system (III, IV, and VI nerve nuclei) with the
vestiular system are well known (cf. Wendt, 1951, #345: Robinson, 1968, #595),
and sihould be considered relative to the findings hecre of increased eye muscle
reflex latency with increased prassure, Of relevance also are cianges in eye
muscle potential with luminance and with gas mixture (Kenredy, 1972, Appendix R,
#1622, for teview). Since electronystasmography is used in provocative tests
of vestibular function, 1if vestibular tasks are performed at pressure using eye
muscle potential as a measure, tiuen tie data of Dolatkowsii are relevant. (See
Fenn, et al., 1949, #538). (RK)
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T

373,

574,

375,

576.

577.

578.

379.

ESKIN, A,, and D, C, RICCIO,
The effects of vestibular stimulation on spontaneous activity in the rat.
The Psychological Record 16(4):523-527, 1966,

This study showed that behavioral indica...s of vestibular stimulation in enimals
could be reliably obtained. A similar methodology for study of vestibular
problems in animals due to decompression could be followed. (RK)

FREGLY, A. R., and A, GRAYBIEL,

An ataxia test battery not requiring the use of rails.

U, S. Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 985,
6 December 1966,

This well standardized test is a good model to follow 1f one wished to have an
entire neurological battery of tests which could be administered prior to
entrance into a diving career or even before exposure to a specific environment.
It should be considered with other papers by Fregly in tuis review, (PK)

FREGLY, A. R., A, OBERMAN, A, GRAYRIEL, and R. E, MITCHCLL.

Thousand aviator study: non vestibular contributions to postural equilibrium
functions.

U. S. Naval Acrospace Medical Institute, Pensacola, Fla., Report No. 956,
17 March 1966,

Correlation of ataxia and other variables (e.g., body build) are shown.

GRAYBIEL, A. (Ed.)

Second symposium on the role of the vestibular organs in space exploration,

NAC-NRC Committee on Hearing, Bioacoustics, and Biomechanics, Ames Research
Center, Moffett Field, Calif., January 25-27, 1966. NASA SP-115, Washington,
D. CO’ 19660

This document and others in the series (I, IIT & 1V) are the modern analogues
of a textbook of vestibular functions. (cf. Camis, 1930, #299.)

GRIGOR'EV, Y. G., and Y. V. FARBER,
Vestibular function in man during a 120-day period in a hermetically sealed
chamber,

Fed. Proc. (Trans. Suppl) 25:966-968, 1966,

Confinement per se appeared to affect a change in vestibular function. This
could be a factor in long-term submergence studies. (RK)

NIXON, C. W., C. S, HARRIS, and H. E. von GIERKE.

Rail test to evaluate equilibrium in low-level wideband noise.

Aerospace Medical Research Laboratories, Wright-Patterson AFB, Ohio, Report
No. TR-66-85, July 1966.

The authors demonstrate the use of this test to measure performance in an
exotic environment.

GRAYBITL, A., E. F, MILLER, II, B, D, NEWSOM,. and R. S. KENNEDY.

The effect of water immersion on perception of the oculogravic illusion in
normal and labyrinthine-cefective subjects.

U. S. Naval Aerospace Medical Institute, Pensacola, Fla,, NAMI-1(15, NASA-93
September 1967.

Individual differences in normals on tiiis tes: supgest that it might be useful
in monitoring vestibular-connected perception during (or pre- pos:-) com-
oresse’ alr work., It may z1so be ucefu’ as a selection device. (RK)
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580.

38l.

582,

583.

584.

585.

586,

588.

NAPIER, J.
The antiquity of human walking.
Sci. Am. 216(4):56-66, 1967,

Of some inportance for studies of postural equilibrium.

NELSON, J. G.

The effect of water immersion and body position upon perception of the gravi-
tational vertical.

U, S, Naval Air Development Center, Johnsville, Pa., Report No. MR-6709,
18 July 1967,

Because of the difficulties in determining body position under water, perhaps
individual performances could be related to success in diving careers, and so
used as a selection test. (RK)

PEITERSEN, E.
Vestibulospinal reflexes,
Arch. Otolaryngol. 85:192-198, 1967,

Good references to his earlier work. A simple test for monitoring suspected
vestibular involvement as woll as for diagnosis post hoc of residual damage.

RICCIO, D. C., M. IGARASHI, and A. ESKI,
Modification of vestibular scnsitivity in the rat.
Ann, Otol. Rhinol. Laryngol. 76(1):179-188, 1967,

Because the rat is often thc animal of choice in studies of the experimental
analysis of behavior, this reference to vestibular responsivity 1s included.
(RK)

NENSEL, C, K,, and E. DZENDOLET,
Power spectral density analysis of the standing away of males.
Perception & Psychophysics #4(5):285-288, 1948.

Because of "staggers'' and increasing body sway at increasing depths (Adolfson,

et al., 1970, #235) tests of this type would be useful for monitoring subjects

during a dive, as well as for pre- and post-dive (permanent and temporary)

changes. (RK)

CLARK, B., and J. D, STEWART.

Hagnitude estimates of rotational velocity during and following prolonged
increasing, congstant, and zero angular acceleration.

J. Exp. Psychol. 78(2):329-339, 1968a.

Shows the sensitivity of the semi-circular canals to turning.

FODOR, F. ' '

Clectronystagmography: Its perspective, advantages, and limitations in routine
vestibuiar testing.

In R, J. Wolfson (Ed.) The vestibular system and its diseases. pp. 309-321,
Philadelphia: University of Pennsylvania Press, 1968.

FREGLY, A, R,, and A. GRAYBIEL.

vabyrinthine defects as shown by ataxia and caloric tests.

U, S, Naval Aerospace Medical Ins:itute, Pensacola, Fla., NAMI-99L, NASA Order
R-93, 22 August 1568b,

GRAYBITL, A.
Vestibular mechanisms in human beiavior.
Ann, 0-ol. Rhinol. Laryngol. 77(4):772-786, 1968.

A summzry of provccative tecsts.
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589.

590,

391.

392.

393.

594.

595.

596,

597.

598.

599.

600,

HINCHCLIPFFE, R,
Nystagmus rate as an index of caloric teat response.
Acts Otolaryngol. (Stockh) 65:311-315, 1968.

HUMPHREYS, L. G.

Comparison of three methods to determine thresholds for perception of angular
accelaration,

Am. J. Peychol. 81:207-216, 1968.

IGARASHI, M., A. GRAYBIEL, and F. R. DEANE,

Screening of squirrel monkeys (Saimiri sciureus) for vestibular function
studies.

U. S. Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 1042,
9 May 1968.

Also see Igarashi, et al. (1970, #502).

JONGKEES, L. B. W,

Parallel swing test.

In R. J. Wolfson (Ed.) The vestibular svstem and its diseases. pp. 218-228,
Philadelphia: University of Pennsylvania Press, 1968.

MILLER, E, P,

Ocular counterrolling.

In R, 1. Wolfson (Ed.) The vestibular system and its diseases. pp. 229-241,
Philadelphia: University of Pennsylvania Press, 1968.

MILLER, E, F,, A. R, FREGLY, and A, GRAYBIEL.
Visual horizontal-perception in relation to otolith function.
Am. J. Psychol. 81:488-496, 1968.

ROBINSON, D. A.
The oculomotor control system: A review,
Trans. IEEE. 56:1032-1049, 1968.

If eye movements of vestibular (or other) oripin are studied during (or pre-
post) compressed air work this paper is useful, (RK)

CLARK, B,

Factors influencing the perception of angular acceleration in man.

San Jose State College, Department of Psychology, San Jose, Calif., August
1969 .

A review of the author's recent baok.

FLUUR, E., and L. MENDEL,

Relation between strength of acceleration and duration of postacceleratory
nystagmus.

Acta Otolaryngol. (Stockh) 68:127- 136 1969a..

FLUUR, E., and L. MENDEL.
Reproducibility of duration of postacceleratory nystagmus.
Acta Otolaryngol. (Stockh) 68:201-214, 1969b.

MILLER, E. p., IlI.

Evaluation of otolith organ function by means of ocular counterrolling
measurements.

U, S. Naval Aerospace Medical Institutz, Pensacola, Fla., NAMI-1063, and NASA,
20 March 1969. '

YUGANOV, Y. 4., S. S. MARKARYAN, =, V, LAPAYEV, and I. A. SIDEL'NIKOV,
Outlocik for the development of vestibular selection methods in aviation,
Voyenno Meditsinskiy Zhurnal 12:57-61, 1969.
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601,

603.

604,

605.

606.

607.

608.

609.

610.

2

AMBLER, R, K., and P, E, GUEDRY, JR.

Reliability and validity of the brief veutibular disortentation test compared
under 10-RPM and 15-RPM conditioning.

U, S. Naval Acrospace Medical Research Lgboratory, Pensacola, Fla., Report No.
1115, USAARI. Ser. No. 71-7, 14 August 1970,

This disorientation test could be used to determine susceptibility to vertigoe
in divers. It could also show pre-post changes due to a career in diving, 1if
a control group was available. (RK)

APPALIX, A., and P, DEMARD.
L'examen d'aptitude a la plongee sous-marine. (In,Prench.)
J. Fr. Otorhinolaryngol. 19:391-394, 1970,

The authors suggest LNT testing (among other things) for divers, and describe
results which counterindicate diving.

COHEN, M,

Hand-eye coordination in altered gravitational fields.

Naval Air Development Center, Johnsville, Pa., Report No., NADC-AC-7007, June
1970. Also Aerosp. Med. 41(6):647-649, 1970,

This test is similar to the pointing test of Barany (See Roordas, 1925, #530),
and could be used as part of a battery which measures this function pre-, per-,
post-compressed air work. The intended application was aviation and space,
but it is relevant to undervater investigation. (RK)

FLUUR, E.
The interaction between the utricli and the saccule.
Acta Otolaryngol. (Stockh) 69:17-24, 1970a.

FLUUR, E.
Multiple choice rotation chair.
Aerosp. Med. 41(8):921-924, 1970b.

GRAYBIEL, A., C. W, STOCKWLLL, and F. E. GUEDRY, JR.

Evidence for a test of dynamic otolith function considered in relation to
responses from a patient with idiopathic progressive vestibular degeneration.

U, S, Naval Aerospace Medical Research Laboratory, Pensacola, Fla., NAMRL-1119,
October 1970,

NASHNER, L. M.

Sensory feedback in human posture control.

Massachusetts Institute of Technology Thesis No. MVT-70-3, Cambridge, Mass.,
June 1970. . .

OOSTERVELD, W, J., J. B, JANEKE, and L. B. W. JONGKEES.
On the vestibular threshold.
Adv. Otorhinolaryngol. 17:180-190, 1970.

PARIN, V, V., and M. D. YEMEL'YANV,
Physiology of vestibular analyzer.
NASA Technical Translation No. TT P-616, Wagh,, D. C., June 1970.

SOMMER, H. C., and C. S. HARRIS.

Comparative effects of auditory and extva-auditory acoustic stimulation on human
equilibrium and mocor performance.

Aerospace Medical Research Laboratory, Wright-Patterson AFB, Ohio, Report No.
AMRL-TR-70-26, June 1970.

Becausz of the interaction of balance changes due to vestibular and auditory
stimulation (e.g., in pressure chambers), this article should be consulted. (RK)
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611,

612,

613,

614,

615.

616.

617.

618.

BARNES, D. J., G. C, BROWN, and Z. M, FRACTOR.

Differential effects of multiple and single irradiations upon the primate
equilibrium funetion,

USAF School of Aerospace Madicine, Brooks AFB, Texas, SAM-TR-71-7, AD 722058.
March 1971,

Describes an indicator msethodology which could be used to study vestibular
problems of cospreseion in animals. )

BLACKWOOD, F,, and C. EDMONDS.

Soms otological investigations in divers. "

Royal Australian Navy School of Undervater Medicime, Balmoral, N. §. W,,Report
No. 2/71, 1971. (Cited in Edmonds, 1971)

Discusses vestibular testing under water and pressyrs.

ELSNER, W,
Power laws for the perception of rotation and the oculogyral illusion.
Perception & Psychophysies 9(5):418-420, 1971.

Provides human transfer functions for graded, single angular acceleration stimuli.

HILL, J. C.

A dynamic mcdel of the human postural control system.

Presented at the Joint National Conference on Major Systems, Anaheim, Calif,,
October 25-29, 1971,

Of importance if changes in postural equilibrium due to pressure occur or are
being studied.

SCHROEDER, D, J.

Alcohol and disorientation-related responses. I, Nystagmus and "vertigo" during
caloric and optokinetic stimulatica.

Pederal Aviation Administration, Wash., D. C. Report No. FAA-AM=71-6, Pebruary 1971.

CLARK, B,, and J. D. STEWART,
Comparison of the sensitivity of rotation of pilots and nonpilon.
Aerosp. Med. 43(1):8-12, 1972,

Shows that vestibular sensitivity does not change appreciably with exposure,
history, or age and thus 1is a good and relatively invariant index of function.
A test of this type would be useful to check for vestibular damage due to a
career in diving. Also shows overall sensitivity of vestibular apparatus to
turning stimuli, (TK)

FREGLY, A. R.

Vestibular araxia and its measurement in man.

In H. U, Kornhuber (Ed.) Hendbook of sensory physiology. Vol. VI. Vestibular
system. Berlin-Heidelberg-New York: Spriqgcr-Verlag, in press.

Probably the best single source for measurement of postural equilibrium in man.
An extensive bibliography. (RK)

FREGLY, A. R., A. GRAYBIEL, and . J, SMITH.
Walk on floor eyes closed (WOFEC): A new addition to an ataxia test battery.

Aerosp. Med. 43(4):395-399, 1972.

See other articles by senicr authtor. This papef is also related to the question
of swimmer navigation. (RX) .
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619.

620,

621,

622,

See

FREGLY, A. R., and M, J. SMITH,

Chronological age influences on ataxia test battery intercorrelations.

U, S. Naval Aerospace Medical Research Laboratory Report, Pensacols, Fla., in press.

See otiier papers by senior author.

FREGLY, A. R., M. J. SMITH, and A. GRAYHIEL,

Revised normative standards of performance of men on a quantitative ataxia test
battery,

U. S, Naval Aerospace Medical Rescarch Laboratory, Pensacola, Fla., Report lo.
NAML-1160, (Submitted to Acta Otolarynpel. (Stockh), in press.)

See other references by the senior author.

FREGLY, A. R., M. J. SMITH, C. D, Woon, D, B, CRAMER, and A. GRAYBIEL,

Effects of some antimotion sickness drups and secobaroital on postural equilibrium
at ground level and at 12,000 feet (simulated).

U. S. Naval Aerospace Medical Rescarch Laboratory Report, Pensacola, Fla., in press.

See other papers by senior author.

KENNEDY, R. S.

The relationship between habituation to vestibular stimulation and vigilance:
individual differences and subsidiarv problems,

Ph.D. thesis, University of Rochester, New York, 1972.

also:

References 14, 130, 150, 162, 235, 246, 250, 272, 288, 305, 337, 345, 403, 428, 441,

447, 463, 473, 477, 484, 488, 492, 496, 498, 499, 500, 502, 507, 508, 525, 627, 635,

638,
742,
873,

639, 640, 651, 652, 653, 660, 662, 678, 698, 701, 702, 703, 707, 708, 718, 732,
745, 747, 755, 758, 764, 801, 808, 824, 827, 835, 842, 844, 857, 858, 870, 872,

874, 941, 960,

ADDENDUM--CATEGORY III

622a. CLARK, B., and M. A. NICHOLSON.

Aviator's vertipgo: A cause of pilot error in naval aviation students.
Aviat. Med, 25:171-179, April 1954.

622b. MOTTRAM, J., and G. SINGER.

Judgmenca of body and object verticality in the presence of d:lacotdant visual
information,
Psychon. Sci. 22(6):265-367, 1971.
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CATEGORY 1V, PERCEPTUAL ILLUSIONS OCCASIONED BY TI'E ENVIRONMENT
SOME OF WHICH MAY BE OF VESTIBULAR ORIGIN,

1910-1919
623, STIGLE®, R.

Versuche uber die Beteiligung der Schwereempfindung an der Orientierung dcs
Yienschen im Raume. (Experiments dealing with the participation of the sen-
sation of pravity in the orientation of man in space. Trans. by 'rs. A. Woke,
N®RI, 1972.)

Archiv. fur die gesamte Physiologie 148:573-584, 1912.

An early paper which describes the existence of a ''special spatfal sense orpan

{p. 575)" which the author studied under water., He used the hest svimmers of

the Vienna Row Club "DONAU" as subjects (p. 575). llc dipped the subjects under

water and rotated them for 1 to 1 1/2 minutes, then had Ss indicate which way
was up. Gross errors were made, and the subjects vere friphtened. These data
differed fron thosc reported by FExner, therefore, additional tents were made
with subjects under water {or lonper periods, strapped to a beard rotating
vertically or as a spit, The S8 (Munparian dtvers) were ahle to respond to the
upright correctly, althoup': accuracy was not perfect. !entions also that fear
and apprehension contributed to errors. (PK)

1920-1929

624.

625.

KOCH, H, L., and J. UFKESS,
A comparative study of stylus maze learning by blind and sceing subjects.
J. Exp. Psyechol. 9:118-131, 1926,

Stylus maze performance is generally poorer in blind than blindfolded subjects,
although having "some visual experience before the onsct of blindness” lelps.
Similar relationships may be applicable under water. (°X)

EBER, C, 0., and K, M. DALLENBACI,
The properties of space in kinaesthetic fields of force.
Am. J. Psychol. 41:95-105, 1929,

1930-1939

626,

627.

MACCURDY, J. T.

Disorfentation and vertigo, with special reference to aviation,

The introductory contribution to a discussion of disorientation and vertigo at
the joint meeting of the Physiological and Psycholopical Sections of the
British Association for the Advancement of Science, Leicester, England, 1933.

GIBSON, J. J., and 0. H. *'OWRER,
Determinants of the perceived vertical and horizontal.
Psychol. Rev. 45:300-323, 1938,

An excellent early reference on the perception of the upripht with complete
bibliography. .

1940-1949

628,

GRAYRIEL, A., and B, CLARK,

The autokinetic illusion and its sipgniffcance in night flying.

U. S. Naval School of Aviation *‘edicine, Pensacola, Fla., Report No. 3, Project
X-148(AV-V4-3), 7 Pebruary 1945,

A significant papeir which reviews visual effects vhich occur in unarticulated

visual environments. The thrust of the paper is aviation, but diving environments
have much commonality. (TK)
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629, VINACKE, W. E,
The concept of aviator's "vertigo."
U, S. Naval School of Aviation Medicine, Pensacola, Pla., Report No. 7, 8 May 1946a.

630, VINACKE, W. E.
Illusions experienced by aircraft pilots.
U. S. Naval School of Aviation Medicine, Pensacola, Fla., Report No. 9, 31 May 1946h,

631. VINACKE, W. E,
Predicting the susceptibility of nviatora to "vertipo”* A preliminary study.
U, S. Naval School of Aviation Medicine, Pensacola, Fla., Renort No. 10,
21 Juue 1946¢c.

632, VINACKE, W. E.
"Vertigo" as experienced by naval aviators.
U. §. Naval School of Aviation Medicine, Pensacola, Fla., Report No. 12, 3 July 1946d.

This and other papers by the author report a questionnaire approach that could well
be modified for underwater studies of vertigo. (RK)

633. VINACKI, W, E,
"Fascination” in flight,
U, S. HNaval School of Aviation Medicine, Pensacola, TFla., Report No. 13, 194Ge.

634, CLARK, B., and A, GRAYBIEL,
The effect of angular acceleration on sound localization: the audiogyral illusion.
J. Psychol. 28:235-244, 1949a,

Under certain conditions this effect can lead to disorientation; particularly
when using sound localization for navigation. (RK)

635, CLARK, B., and A, GRAYBIEL,
Studies of human adaptation to centrifugal force., 1. Visual perception of the
horizontal.
U, S. Naval School of Aviation Medicine, Pensacola, Fla., Research Report No.
N!* 001.059.01.22, November 15, 1949b.

Indicates that the vestibular system is useful in orientation but also describes
an illusion (oculogravie) which could occur in submersibles and lead to
disorientation. (RK)

636. WITKIN, H, A,
Perception of body position and of the position of the visual field.

Psychol. Monogr, 73(7):302, 1949.

A good source for studies of perception of the upright under water,
1950-1959

637, PASSEY, G. E. )
The perception of the vertical: IX, Adjustment of the visual vertical from

various magnitudes of body tilt,
U. S, Naval School of Aviation Medicine, Pensacola, Fla., Joint Project Report
No. 15, NM 001 063.01.15 (formerly N 001 037), March 10, 1950,

This whole series of studies 1s of importance for undervater perception. About '
thirty studies from these two authors have appeared. See Stearns and Kasparek
(1963, #403) for additional titles.

638. MANN, C, W., and G. E, PASSEY,
The perception of the vertical: V., Adjustment to the postural vertical as a
function of the magnitude of postural tilt and duration of exposure,

J. Exp, Psychol. 41-108-113, 1951,
Shows “nfluence of +ilt on perception of upripght.
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639,

640.

641.

642.

643,

644,

645.

646,

647,

GIBSON, J. J.
The relation between visual and postural determinants of the phenomenal vertical.

Psychol. Rev. 39:370-375, 1952,

BITTERMAN, D. E., and P, WORCHEL,
The phenomenal vertical and horisontal in blind and sighted subjects.
Am. J. Psyghol. 66:598-602, 1933,

Shows the dependence of vision in orientation but also shows that blindfolded
sighted subjects are more disrupted than blind subjects when they are tilted.

CLARK, B., and A. GRAYBIEL.

"Fascination": A cause of pilot error.

U. S, Naval School of Aviation Medicine, Pensacola, Fla., Report No.
NM 001.059.01.35, 15 May 1953,

The similarities of a pilot flying into a target/tow banner (which occur with
some frequency in aviation training) and "perceptual narrowing in novice divers"
(Weltman & Egstrom, 1966, #705) are strong enoush to suspect a similar mechanism.
(RK) This study used over 500 subjects.

WITKIN, H. A,, H, B. LEWIS, M. HERTZMAN, K. MACHOVER, P. B, MEISSNER, and
S. WAPNER,

Personality through ggfcagtion. New York: Harper, 1954.

This and Witkin (1949, #636) and Witkin et al. (1962, #674), report individual
differences in perception of the upright which may have important applications
for diver selection and training., (RK)

ASHER, H. M.
0ff effect giving rise to a senation of blackness.
J. Physiol, 134:18, 1956.

Demonstrates that ''perceptual narrowing” or '"tunnel vision" can be of neural
origin and can occur when a person stares fixedly. This could also occur if
attention 1f fixed. (RK) (cf. Weltman & Egstrom, 1966, #705.)

CLARK, B., and A. GRAYBIEL.

Vertigo as a cause of pilot error in jet aircraft.

U. S. Naval School of Aviation Medicine, Pensacola, Fla., Report No. 44,
15 August 1956,

This paper should also be consulted because of the possibility of vertigo in
submersibles. (RK) Additionally, it describes a useful technique for question-
naive construction which could be used to studv vertigo as symptomatology of -
DCS. (RK)

FEENY, B. .
Buffalo divers use underwater sled. -
Skin Diver 5-21, Sept. 1956, N.V.

MANN, C, W,
Final Technical Report, Joint Project Report lo. 43.
U. S. Naval School of Aviation Mediecine, Pensacola, Fla., 30 June 1956,

The report lists all 43 studies in this series, many of which deal with orienta-
tion to vertical and horizontal.

CLARK, B,, and A, GRAYBIEL.
The break-off phenomenon.

Diveis should be Interviewed to determine whether a similar phenomenon also
occurs at depth, (RKX)

75



648,

649,

650.

651,

652.

653.

654,

655,

656.

CLARK, B,, and A. GRAYBIEL,
Vertigo as a cause of pilot error in jet aircrafe.
J. Aviat, Med. 28:469-478, 1957b,

See Clark and Graybiel (1956, #644) for a more complete explanation of
questionnaire construction.

KoL, O, A., and F. SEARLE, JR.

Subjective and articulation tests of deep and shallow vater divers communication.

U. S. Navy Experimental Diving Unit, Wash,, D, C. Report on Project NS185-005,
Subtask 2, Test 10, 19 August 1957,

Because underwater sound communication is poor, perhaps vestibular and/or cutsneous
communication should be explored. (RK)

WOELLNER, R. C.
The perception of vertical in the presence of increased accelerative forces,
U. S. iiaval School of Aviation Medicine, Pensacola, Fla., Reponrt No, 45,

31 October 1957.

MARCARIA, R.
Wide range investigatione of acceleration in man and animals,
J. Aviat. Med. 29(12):855-871, 1958,

This is a significant paper--not often referenced in the compressed air literature
(probably because it was intended to apply to aviation and space flight). (PK)

It contains information of interest in several categories, e.g., (a) sense of
position under water (p. 860), and (b) evoked cerebellar responses have lower
thresholds in wigratory than non-migratory birds (p. 863 f£f).

“ARGARIA, R., T. GUALTIEROTTI, and D, SPINELLIL.
Protection against acceleration forces in animals by immersion in water.
J. Aviat, Med. 29(6):433-437, 1958,

See also Marparia (1958, #651).°

MELVILL JONES, G.
Disorientation in flight.
Presented at the First International Congress of Aeronautical Sciences, Madrid,

Spain, 8-13 September, 1958,

A good discussion of the problem relative to aviation, and applicable to diving.

NUTTALL, J. B.
The problem of spatial disorientation,
J. A. M. A, 166(5):431-438, 1958.

There are many similarities between diving and aviation. Because of a relatively
larger research effort in the latter, important leads for the former can often
be found. This paper and others deal with disorientation (e.g., Melville Jones,
1957, #112; 1958, #653; and Lundgren, 1765, #166: 1966, #184).

PIRENNE, M, H., H, C. MARRIOTT, and E. F, O'DOHERTY.

Individual differences in night-vision efficiency.

Medical Research Council, Special Report Series No. 294, london: Her Majesty's
Stationery Office, 1958,

Nffers a neural explanation for an effect similar to "percentual narroving'
(Weltman & Egstrom, 1966, #705).

BECKMANN, E. L.
Escape from ditched aircraft.
Institute of Aviation Medicine, R. A. F., Farnborough, England, 1959, N.V,
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657.

PADDEN, D, A.
Ability of deaf swimmers to orient themselves when submerged in water.

_R_._._o Qo Mo m- !.slth Ph!!o Bdus. 30’21"226. 1959.

Clearly shows the importance of vestibular organs for orientation underwater.
In addition, since individual differences are reported, tests of this orienta-
tion ability in normal individuals could be employed as a sclection device

for diving training. (RK)

1960-1969

658.

659,

660.

661.

662.

663.

- 664.

CLARK, B,, and A. GRAYBIEL,

Visual perception of the horizontal during prolonged exposure to radial acceler-
ation on a centrifuge.

U. S, Naval School of Aviation Medicine, Pensacola, Fla., Reponrt No, 54,
18 August 1960,

Same as Clark and Graybiel (1957, #647).

GRAYBIFL, A., B. CLARK, and J, J. ZAPRIILLO,

Observations on human subjects living in a "slow rotation room” for periods
of two days.

An _4!. Ao A!Ch. N‘!to 0 3:55'73. 1960-

Findings of dizziness, etc., at low rates of angular velocity (1 & 2 RP}) suggest
this may be an area of concern in submersibles if the latter turn at comparable
rates. (RK)

SCHUNCK, G, J. D.
Perception of the horizontal and vertical in simulated subgravity conditions.
U. S. Armed Forces Med. J. 2(7):786-793, 1960,

Most of this paper contains raw data. The purpose of the study was connected
with space flight; however, the tests were carried out underwater,

WHITESIDE, T. C. D.
The effect of weightlessness on some postural mechanism.
Aerosp. Med. 31:324, 1960.

The author describes past pointing errors in zero gravity. Neutral buoyancy
may produce similar problems. (RK)

BROWN, J. L.
Orientation to the vertical during water immersion. ..
U. S. Naval Medical Research Laboratory, Groton, Conn,, Report No, 355, 10 ay 1961.

This very significant study shows that orientation underwater is sometimes very
poor, It contains suggestions for improvement of perception, and further
research needed. .

CHAML:KS, R, M., D. A. MORWAY, E. L. BECKMAN, R. DEFOREST, and K. R, COBURN.
The effects of water immersion on performance proficiency.
U. S. Naval Air Development Center, Johnsville, Pa., Report No. MA-6133, 1961.

GRAVELINE, D. E., B. BALKE, R, E, MCKENZIE, and B. HARTMAN.
Psychoblolog’c effects of water-immersion-induced hypodynamics.

Aerosp. Med. 32:387-400, 1961.

Mainly shows cardiovascular effects, but a good source for other water immersion
studies. (RK)
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665,

666.

667.

668,

669.

670,

671.

672.

673.

GRAYBIEL, A., and CLARK, B, .
Perception of the horizontal or vertical with head upright, on the side, and
inverted under static conditions and during exposure to centripetal force.
U. S. Naval School of Aviation Medicine, Pensacola, Fla., and National Aeronautics
and Space Administration, NASA Order No. R-1, 15 August 1961a.

GRAYBIEL, A., and B, CLARK,
Symptoms resulting from prolonged immersion in water: The problem of zero

G asthenia.
Aerosp. Med. 32(3):181-196, 1961b,

Describes some paychological effects from enforced prolonged water irmersion.

GUEDRY, P. E., JR., and E. K, MONTAGUE,
Quantitative evaluation of the vestibular Coriolis reaction.
Aerosp. Med. 32:487-500, 1961.

0f importance if the angular velocity of submersibles reaches threshold values,

BLEGVAD, B.
Caloric vestibular reaction in unconscious patients.
Arch. Otolarynpol. 75:506-514, 1962.

Suggests that arousal can potentiate the caloriec vestibular reaction and so a
diver in panic may be mo.e susceptible to caloric induced vertigo. Also shows
the diagnostic use of the test. (RK)

CORS0, J. F,
Bodily position and auditory thresholds.
Percept. Mot. Skills 14:499-507, 1962. UN.V.

DAVSON, H. (Ed.)

The eye.

New York & London: Academic Press, 1962.

The Troxler phenomenon iz described, which 1s behaviorally similar to "greyinpg
out,” '"tunnel vision," or 'perceptual narrowing,"” and occurs when one gazes
fixedly (cf. Weltman & Egstrom, 1966, #705),

IIAMER, L, R.

Perception of the visual vertical under reduced gravity.

Aerospace Medical Division, 6570th Aerospace 'fedical Research Laboratories,
Wright-Patterson AFB, Ohio. Report Ne. MRL-TDR-62-55, Mav 1962,

A good review paper with some reference to mutual buoyancy studies,

KENNEDY, R, S., and A. GRAYDIEL,

Synptomatolony during prolonged exposure in a constantly rotating environment at
a velocity of one revolution per minute.

Aerosp. Med. 33:817-325, 1962b.

Shows that disorientation and motion sickness.are minimal or ahsent at this
angular velocity except for extremely susceptible persons. Perhaps submersihles
should use this as an upper limit unless countermeasures are employed. (RK)

PIPENNE, M, H.
Light-adaptation,
In H, Davson (Ed.,) The eye. Vol. 2, Yew York: Academic Press, 1962.

The Troxler phenomenon reported here has much in common with “perceptusl narrowing'
(Veltman & Epstrom, 1966, #705).
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675.

676.

677.

67¢.

679.

680.

631.

682,

WITKIN, H. A., R. B, DYK, I, F, PATEPSON, D. R, GOODCNOUGH, and S. A. KARP,

Psychiological differentiation: Studics of developmant.
New York: Wiley, 1962.

See Witkin et al. (1934, #642), and Witkin (1949, #630),

ANON,

llandbook of instructions for aerospace systems desipn, Vol, III, Reduced
gravity,

AFSOM 80-9, HDQTRS AFSC, Andrews AFD, Wash., D. C., Septemher 1963,

Many studies are reported where water immersion was used to simulate zero gravity,
These studies are also of intcrest for their application to underwater studics,
but arc not often refcrenced in underwater reviewa. (PK) They include studies
of perceptual, cardiovascular, and performance problems.

CHA'BERS, R, M.

Psychological problems in disorientation. .

U, S, Naval Air Dcvelopment Center, Johnsville, Pa., NARC-IA-€321, AD 43296%,
31 December 1963.

A good review paper with well-descrihcd mechanisms and nomenclature.

FERNGUSON, J. C., and R, M, CHAMBERS.

Psychological aspects of water immersion studies.

U, S, YNaval Alr Development Center, Johnsville, Pa., Report }o. MA-6328,
3N December 1963,

Shows 'a considerable disorientation in the water, especially in the head down

and back position (p. 111).”" These studies were concerned with effects of
weightlessness in space flight but many used water immersion to simulate sub-
gravity and as such have application for undervater physiology and psycholapy. (™)

MILLER, E. F., and A. GRAYRIEL,

Rotary auvtokinesis and displacement of the visual horizontal associsted with
head (body) position,

Aerosp. Med, 34(10):915-919, 1963b,

MORWAY, D. A., R. G. LATHROP, R. M. CHAMBERS, and L. HITCHCOCK.
The effects of prolonged water immersion on the ability of human subjects to
make position and force estimates.
U, S, laval Air Development Center, Johnaville, Pa., Report llo. MA-6115, 24 July 19017,

Shows that past pointing is in error underwater. but adapts.

WIITESIDE, T. C. D., A. GRAYBIEL, and J. I. NIVEN,

Visual 1llusions of movement.

U, S. Naval School of Aviation Yedieine, Pensacola, Fla., and Mational Aeronauties
and Space Administration, NSAM-877, NASA R-93, 21 October 1963,

A review paper which also speculates on mechanisms and implications.

BAUEREISTER, M.
Effect of body tilt on apparent verticality, apparent body position, and their

relation,
J. Exp. Psychol. 67(2):142-147, 1964,

FLETCHER, J. L., G. D. ROBERSON, and '!, LOFB.

Cffects of hipgh intensity impulse noise and rapid changes in pressure upon
stapedectomized monkeys.

U. S. Army “edical Nescarch Laboratory. Fort Knox, Ky., Report No, 610, August 21,
1964,
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683. GUEDRY, F, E,, JR., R. 8. KENNEDY, C. 5, HARRIS, and A. GRAYBIEL,
Human performance during two weeks in a room votating at three RPM,
Aerosp. Med. 35(11):1071-1082, 1964,

. This report shows that some difficulties exist with an angular velocity as low
as 3 RPM and should be considered in connection with submersibles. (Same as
#563, Category 1II.)

684, KATZ, M, 8., W, METLAY, and P. A, CIRINCIONE,
The effects of stimulus and field sise on the accuracy of orientation in the
homogenesous environment.
Communications Psychology Division, Human Factors Laboratory, Orlando, Fla,,
NAVTPADEVCEN IH-13, AD 607739, July 1964,

See Metlay, et al. (1964, #685).

685, METLAY, W,, M, S. KATZ, P, A, CIRINCIONE, snd G, C. TOLHURST,
Vertical orientation in a homogeneous environment.
U, S. Naval Training Device Center, Port Washington, N. Y., NAVTRADEVCEN IH-19,
AD 603568, 12 October 1964,

Empty or near-ampty fields are experienced by divers.

686. SCHONE, H,
On the role of gravity in human spatial orientation.
Aerosp. Med. 35(8):764-772, 1964.

687. SZIKLAI, C., S. WAPNER, J, H, MCFARLAND, and ¥, WEPNE®,
Effect of tonus changes on perceived location of visual stimull.,
Aerosp. Med. 35(6):519-523, 1964,

Interaction of postural and visual systems is reported.

688. AVANT, L. L.
Vision in the Ganzfeld. ’
Psychol. Bull. 64(1):246-258, 1965,

Empty or near empty fields are experienced by divers.

689. MACKWORTH, N. I,
Visual noise causes tunnel vision.
Psychon, Sci. 3:67-68, 1965.

This paper is relevant to any study where amorphous visual environments exist.
It is particularly relevant to tlic "perceptual narrowing" finding (Weltman & °
Egstrom, 1966, #705).

690. PROPST, A. S.
A preliminary study of man in the sea, diver personnel and trahing implications,
Naval Personnel Program Support Activity, Personnel Research Laboratory, Wash.,
D. C., Report No. WRM 66-5, July 1965,

Describes a “depth disorientation phenomenon” (pp. 18, 19, and 22) in connection
with Sealab I1I,

691, STEPHLNS, W. M.

Research submarines.
Sea Frontiers 11:228-241, July/Aug. 1965. XN,.V.
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692.

693,

694,

695,

696,

697.

698.

699.

700.

STEWART, J. D., and B, CLARK,
Coriolis effects during pitch and roll maneuvers in & piloted flight simulator.

Asgosp. Med. 36(2):106-112, 1965,
Applicable to submersibles.

WYKE, M.
Co-p;rativo analysis of proprioception in left and right arms.
go io En' P.!chg . 17(2):1‘9'1’7; 1965.

Pointing accuracy a function of target position and head movement. The influ-
ence of neutral buoyancy on these results should also be studied, (RK)

CONTICELLI, M., and E, M, GLORIA.

Visual performance in the empty field and in partially structured fields. III,
Task involving Vernier acuity.

Atti Fond. G. Ronchi 21(3):605-614, 1966,

See Conticelli and Zoli (1966, #695).

CONTICELLI, M., and M. T, ZOLI,
Visual operating characteristic in the empty field.
Atti Fond. G. Ronchi 21(3):307-314, 1966,

Visibility underwater can be analogous to an empty field.

DAY, R. H., and N. J. WADE,
Visual spatial aftereffect from prolonged head-tilt,
Science 154(3735):1201-1202, 1966,

powp, P, J., E, W. MOORE, and R, L. CRAMER,

Effects of flying experience on the vestibular system: A comparison between
pilots and non-pilots to Coriolis stimulation.

A.ro.g. &_t 37(1):‘5-‘7. 19660

The diffarences in susceptibility to Coriolis stimulation between experienced
and inexperienced aviation personnel may be applied to submersible training
and selection of divers. (RK)

HOWARD, I. P., and W. B, TEMPLETON,
Hyman spatial orientation.
New York: John Wiley & Sons, 1966.

An excellent text which describes the interrelationships of vestibular and visual
stimulations. Tests of vestibular function are included. The chapter on
orientation (p. 419 ff,) on weightlessness is particularly relevant for diving
medicine.

MARGARIA, R. '
Human locomotion on the earth and in subgravity.
Schweizerische Zeitschrift fur $portmediein 14:159-167, 1966,

See other papers by Margarias.
MILLER, E, F,, and A, GRAYBIEL.
Magnitude of gravitoinertial force, an independent variable in egocentric visual

localization of the horizontal.
J. Exp. Pgychol. 71(3):452-460, 1966a.
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702,

703,

704,

705,

706.

707.

708,

MILLER, E. F,, and A. GRAYBIEL,
Role of the otolith organs in the perception of horisentality.
ml _J_n L.!chgl. 79:26-37' 1966b.

This paper and others by these authors should be consulted for the mechanism of
orientation to the vertical and horizontal in humans, as well as for an under-
stending of the disorientation problems which may occur in this capacity under
neutral buoyancy. (RK)

MILLER, E, P., A. R, FREGLY, and A, GRAYBIEL.

Visual horizontal perception in relstion to otolith function,

U. S. Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 989,
23 December 1966,

MOORE, E. W,

Responses to Coriolis stimulation in flying persennel with different levels of
proficiency.

USAF School of Aerospace “edicine, Brooks AFB, Texas, SAM-TR-66-36, AD 634406,
April 1966.

The author reports increased tolerance with flying experience and similar effects
may occur in similar environments (e.g., submersibles), Flying experience was
correlated with age, and although not mentioned as such, may also have been a
factor. (RK)

WEENE, P., and R, HELD,

Changes in perceived size of angle as a function of oricntation in the frontal
plane.

J. Exp. Psychol. 71(1):55-59, 1966,

WELTAN, G., and C. I, EGSTROM,
Perceptual narrowing in novice divers.
Hum. Factors 499-506, December 1966.

These effects can influence orientation whether to the upright or in terms of a
direction sense. (PK)

ARNOLD, H. A,
Manned submersibles for research.
Science 153(3779):84-95, 1967.

The addition of motion to the other attributes of the underwater sensory environ-
ment may increase the perceptual problems.

CLARK, B., and A. GRAYBILL.

The erocentric localization of the visual horizontal in normal and labyrinthine-
defective observers as a function of head and body tilt,

U, S. Naval Aerospace fedical Institute, Pensacola, Fla., Report No. 991,
17 January 1967a. a

Shows the importance of the vestibular system in orientation (as in Clark & Graybiel,
1967b, #708).

CLARK, B., and A, GRAYBIEL.

Egocentric visual localization in normals and partially blind during & change in
direction of gravitoinertial force.

U, S, Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 1006,
2 May 1967b, Also in Am. J. Psychol. 81:314-318, 1968,

Shows the importance of the vestlbular system in orientation.
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709,

710.

1.

12,

713,

714,

715.

716.

GRAYBIEL, A. (Ed.) _

Third symposium on the role of the vestibular organs in space exploration.

U. S. Naval Aerospace Medical Institute, Pensacola, Fla., NASA SP-152, 24-26
January 1967,

This volums, plus Graybiel (1965, f#417; 1967, #450; 1968, #588), are the beast
collection of studies of the vestibular spparatus. See also Camis (1930, #299).(RK)

GRAYBIEL, A.,, E. P, MILLER, II, B, D, NEWSOM, and R. S. KENNEDY,

The effect of water immersion on perception of the oculogravic illusion in
normal and labyrinthine-defective subjects.

U, S. Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 1016,
Septenber 1967,

One "normal” subject had more difficulty in orientation undervater than did
the other three. (Same as #579.)

GUEDRY, P, E., JR.

Relations between vestibular nystagaus and vilunl perfomnce.

U. S. Army Aeromedical Research Unit, and U. S. Naval Aerospace Medical Institute,
Pensacola, Fla., NAMI-1008, 24 May 1967.

Nystagmus elicited by rotation degrades visual performance. It is felt that
1f vertigo and nystagmus occur in divers from pressure, bubbles or other means,
a similar outcome can be expected. (RK)

PESCH, A., and R. TOHER,
Analysis of star boat performance and characteristic response.
General Dynamics Electric Boat Division, Groton, Conn., P417-67-060, October 30,

1967.

Figures 18, 19, and 20 suggest that in a 30-second 180° turn, the angular velocity
in the last 10 seconds approaches the threshold for Coriolis stimulation of the
semicircular canals (Meda, 1952, #92) which could in turn produce vertigo. (FK)

STEEDMAN, W, C.
Absolute judgments of size in a restricted visual environment.
Percept. Mot. Skills 24:731-736, 1967.

ANON,
Rotational extravagance.
Approach 14-15, June 1968.

Describes how fear, information overload, and a vestibular stimulus can summate
and interact with hazardous consequences.

ANON,
Research submersibles; A report from General Dynamics.
Undersea Technol. 9:77, May 1968. N.V. a

BARNIM,
The epidmiology of USAF spatial disoricnntion aircraft accidents.
Presented at the 1971 Aerospace ‘fedical Association Meeting in Houston, 'rexas.

1 January 1958-1 December 1968.

Although present-generation submersibles do not approach the aerobatic freedom
of high performance aircraft, this report suggests that a violent maneuver is
not alvays necessary for disorientation. Leads and potential problem arcas
for undexrwater vehicles can be found here. (PK)
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717.

718,

19,

720,

721.

722,

723.

724,

CLARK, B,, and J. D. STIMART, .
Comparison of sensitivity for the perception of bodily rotation and the oculopyral
111lusion.

Pegception and Pgychophysics 3(4A):253-156, 1968b,

The fact that two indicators of rotation sensitivity have different thiresholds
can result in disorientation in moving vehicles, particularly when cues are
altered or absent (e.g., undervater). (RK)

HARRIS, C, S., and H, C. SO'CMER,

Human equilibrium during acoustic stimulation by discrete frequencies.

Aerospace Medical Research Laboratories, Wright-Patterson AFB, Ohio, Report
No. A'RL-TP-68-7, 'fay 1968,

Becausc noise can produce changes in equilibrium, and because pressure charbers
are noisy, one must control the effects of noise in order to measure the effects
of pressure on equilibrium., (RK)

IVANE, M,, !f. ONO, and M., SAWADA,
Effects of Coriolis stimulus during mild centrifugal C-load upon stick performance.
Med. Experiment Report 8(4):135-141, 1968, (Trans. by Civilian Aeromedical
Institute Lil;nry. AC-922, Federal Aviastion Administration, Oklshoma City,
Okla., 1969,

This paper shows that head movements incident to angular velocity (not very
different from the rate of turn in subrmersibles-~RK) can influence tracking.

LETKO, W., and A. A. SPADY, JR,

Walking in simulated lunar gravity.

Presented at the Fourth S .posium on the Role of tie Vestibular Organs in Space
Exploration, Pensacola, Fla., September 24-26, 1968.

MILTICH, A. J.

Human auditory threshold shifts following changes between upright, supine and
inverted bodily pcsitions,

J. Auditory Res. 8:367-377, 1968.

Auditory thresholds are higher in the inverted position-~a position not uncommon
in diving. The influence of the vestibuiar system was not ruled out
satisfactorily. (RK)

NELSON, J. G.
Effect of water immersion and body position upon perception of the gravitational

vertical.
Aerosp, Med. 39(8):806-811, 1968.

Demonstrates the difficulties in orientation to which way is up when immersed
in water. A good bibliography.

PESCH, A. J. .
Human factors research and simulation {n the design of small submersibles.
General Dynamics Electric Boat Division, Groton, Conn., May 7, 1968.

See Pesch and Toher (1967, #712).

RADLOFF, R., and R. HELMREICH,

Marine life.

In R, Radloff and R. Helnreich Groups under stress: Psychological research in
SEALAB II. Century Psychology Series. iew York: Appleton-Century-Crofts,
1968,

Reports on disorientation in SEALAB IT, pp. 62, 63.
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726

727,

728.

. 729,

730.

121,

732,

733.

734,

ROSS, H, E,, and P. LENNIE,
Visual stability during bodily movement undervater.

Undervater Association Report 504:55-57, 1968,

ANON-
Cepter 1 submersible,
Oceanol, Ing. 4:14, Jan./Feb. 1969. NV,

ANON,
Sub-surface ocean vehicle,
Oceanol, Int. 4:26, May/June 1969. N,V.

BARRETT, G, V., P. A. CABE, C, L, THORNTON, and H. E. KERBEF,
Evaluation of a motion simulator not requiring cockpit motion,
Hum. Factors 11(3):239-244, 1969.

Because motion sickness and vertigo mipght occur in submersibles, and on barges
before a dive with dire consequunces, a trafuing or. screening device may be
useful for diving medicine. (RK)

BPOSGOLE, L., and K. H. HANSEN,

The effect of change in body orientation upon the perceived direction of
autokinesis,

Psychon. Sei. 15(4):204, 1969.

Because a swimmer's attitude underwater with respect to gravity is different than
vwhen under terrestial conditions, this paper is of interest. (RK)

BYNUM, J. A., and J. A, STFEPN,
Painted helicopter main rotor blades and flicker-induced vertipo.
Aerosp, Med. 40(6):622-626, 1969.

The authors indicate that under special conditions "vertipo” can be induced by
flicker.

CONTICELLI, 4., and R. BPANCATO.
Autokinesis in the empty field.
Atel Fond. G. Ronchi 24(3):375-386, 1969.

See Conticelli and Zoli (1966, #695),

DOTY, R. L.
Effect of duration of stimulus presentation on the anpular aceceleration threshold.

J. Exp. Paychol. 80(2):317-321, 1969,

Results should be compared to angular velocity of submersibles for purposes
of design criteria and perhaps sclection of crew members. (r)

MccoY, D. F., and K. C. LANGE,
Stimulus generalization of gravity.
J. Exp. Anal. Behav. 12:111-118, 1969, N,V. -

MILES, S.
Undervater medicine (3rd ed.).
Philadelphia: J, B, Lippincott Co., 1969,

Discusses the effect of neutral buoyancy on perception, and other perceptual
i1llusions occasioned in water. ‘'lentiors "interest in dizziness has in recent
years subsided,” but "cannot be liphtly dismissed,” and '"is worthy of futurc
comldcutl.on" (p. 94). A very good book. (PK)
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135,

736,

137.

738,

739,

740,

741.

742,

MOSER, R., JR,
Spatial disorientation as a factor in accidents in an operational command,

Aerosp. Med. 40(2):174-176, 1969.
A similay effort might be undertaken for uivers.

PETERS, R, A,

Dynamica of the vestibular system and their relation to motion perception,
spatial disorientation, and 1llusions.

NASA Contractor Report No. CR-1309, Wash., D, C., Apri{l 1969,

PICK, H, L., JR,, D, Il, WARREN, and J, C, HAY,
Sensory confliet in judgments of spatfal direction.
Perception & Psychophiysice 6(4):203-205, 1969,

The hierarchy of sensory modalitics is shown in this atudy and as expected,
vision i{s very important. lowever, the influence of proprioception over
audition has application for undervater where the influence of the !or-# is
min{mized., (R\) > o

MI:‘NIS. "a o-. JR.

Adventures of Alvin.

Ocean Ind. 3:22-28, May 1969, Also published as Woods Hole Oceanogr. Inst.
Report 69-48, AD 692 346, May 1969, N.V,

REASON, J. T., and A, GRAYDIEL,

Magnitude estimations of Coriolis sensations.

U. S. aval Aerospace edical Institute, Pensncola, Fla., and National Aeronautics
and Space Administration, NAMa-1082, IASA Order R-93, 18 July 1969,

One of a series of studies on this phenomenon by these suthors.

ROSS, H. E., S. D. CRICKMAR, N, V., SILLS, and E, P, OV'EN,
Orientation to the vertical in frece divers.
Asrosp, Med. 40(7):728-732, 1969.

The authors report inverted (rclative to pravity) performances are poorer than
upright., Their findings are essentially supportive of the studies by Nelson
(1968, #722), Brown (1961, #662), and others.

TPOUT, 0. F., JP,, and W, J, BRUCHEY, J®,
Water immersion reduced-pravity simulation.
Hum. Factors 11(5):473-488, 1969.

A very good revievr. Although intended for an aerospnce sudience, it {s directly
applicable to divine., (RK)

YESSENOW, M, D,

A study of tic relationshin betwren nysztagmus eye movements and the oculopyral
11llusion.

Submitted in partial fulfillment of the requirementa for the deprree of Doctor
of Philosophy, University of Rochester, 'les York, 1969,

1970-1972

763.

ANON, (Staff - Deep Vehicles Branch of the U. S. Naval Oceanopraphic 0ffice.)
“fanned submersibles and underwater surveying,
U. S. llavcl Oceanopraphic Nffice, tlash., D, C., 1771,

Illustrates the characteristics of sut-ersibles, In addition to possible problems
from Coriolic stimulation due to head movements incidental to anpular velocities
(e.p., during turns), the presence or absence of ports may also lead to illusory
disturbances connected to the vestibular apporatus. (®Y)
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744,

745,

746,

747,

748,

249.

750.

751,

752,

BERNOTAT, R. K.
Rotation of visual reference systems and its influence on control quality.

IFEE Trane. on Man-Machine Systems, MVS-11 (2):129-131, 1970,

There could be an application of the findings to instrument design in sub-
mersibles and parhaps for free swimming divera, (RX)

CLARK, B., and J. D, STEWART,

Thresholds for the perception of angular acceleration ahout the three major
body axes,

Acta Otolaryngol. (Stockh) 69:231-23:, 1970,

See Clark and Stewart (19685, #717),

COLLINS, W, E.

Lffactive approaches to disorientation familiarization for aviation personnel.

Department of Transportation, Fadcral Aviation Adminir:ration, Oklshoma City,
Okla., Report No. A'! 70-17, November 1970, - -

The training program reported herc masy Le useful in connection with duty in
submersibles. (RK)

EBENHOLTZ, S§. M.
Perception of the vertical with body tilt in the median plane.
J. Exp. Payciol. 83(Part 1):1-6, 1970.

Shows data regarding egocentric horizontality and variahlas whieh influence this
abilicy.

FRANKLIN, S. S., H. E, ROSS, and G, WELTMAN.
Size-distance invariance in perceptual adaptation.
Psychon, Sei. 21(4)-229-231, 1970.

Adaptation to perceptual distortion is related to water and face mask distortion,
GRINOR'EV IU, G., IU V, FARBER, and N. A. VOLOKIOVA.

Vestibuliarnye reaktsii. (Vestibular reactions. A71-28672.) 195 pp.
Yoscow, Izdatel'stvo Meditsina, 1970,

Of some interest regarding Coriolis forces and submersihles. (Abstract only
seen,)

KENNEDY, R. S,

Visual distortion: a point of view,

U. S. Naval Aerospace Medical Institute, Pensacola, Fla., Peport No. 7600,
Monograph #15, 6 January 1970,

A review of the literaturec on visual distortion with referenees to vestibular
distortions also. Speculations on mechanisms and counter-measures are made,

KOTASKOVA, J.
Some psychological aspects of isolation in hyperbaric conditions.

Revue De Physiologie Subaquatique 2(1), 1970.
Mentions disorientation.
MCKAY, C. L.

Decrease in perceived distortion with rapeated expogure: application for Naval

diver training.
U. S, Naval Submarine Medical Center, Groton, Conn., Report No. 613, 16 February 1970,
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753.

754,

755,

756.

157.

758.

759.

760,

761.

s o

MELVILL JONES, 6.
Dynamic cross-coupling i{n the semicircular canals.

In D, E, Busby (Ed.) Recent sdvances ip aerospace pedicine. pr. 235-248,
Dordrecht-Holland: D,.Reidel Publishin:; Co., 1970s.

' If vertigo occurs in future generations of submersibles this report will aid in

explaining the mechanisms, (RK)

MELVILL JONES, G.

Origin significance and amelioration of Coriolis illusions fyom the semicircular
canals: A non-mathematical appraisal.

Aerosp. Mad. 41(5):483-490, 1970b.

Countermeasures are suggested.

0OOSTERVELD, W, J.
Threshold value for stimulation of the hori{zontal semicircular canals.
Aerosp. Med. 41(4):386-389, 1970,

This experiment shoved that laboratory threshold values are not very different
from those obtained in flicht. The threshold given is lower than the turn rate
for some operational submeraihles. (PI)

STOCKU%LL, C. W., and F, E, GUEDRY, JR,

The effect of semicircular canal stimulation durinp tiltine or the subsequent
perception of the visual vertical.

Acta Otolaryngol. (Stockh) 70:170-175, 1970.

This factor sliould Le consfdered In undcruater exneriments investigating perception
of the upright vhere subjects are often turhled,

“ADE, N, J.
Effect of prolonged tilt on visual oricntation,
Q. J. Exp. Psychol, 22(3):423-432, 197Ma.

One of many studies by this author with a good review and explanation of the
mechanisms.

WADE, N, J.
The effect of different psychophysical methocs on visual orientation during tilt.
Paychon. Sei. 19(4)-201-203, 1970b,

WATERLAND, J. C., and G, Y. SHAMEFS,
Diplane center of gravity procedures,
Percept. Mot. Skills 30:511-514, 1970,

WHITESIDE, T. C. D.
Blur zone.
sgture 225(5227):94-95, 1970,

An interesting review and theoretical paper which raises a question about what
is availahle for "'sceing’” vhen a subject is in motion. Althouph written for
aviation, the slover speeds (but poorer visihility) of divers may make this a
diving problem also. (RK) ’

BENSON, A. J., and F. E, CUEDRY, J®,
Comparison of tracking-task performancc and nystapmus during sinusoidal oscillation

in yaw and pitch. ]
U. S. Army Aeromedical Rescarch Laboratory, Pensacola, Fla., Report No. 1123,
29 October 1970, Also Aerosp. Med. 42(6)°593-601, 1971.

Insofar as submersibles will occasion stimuli such as these, degraded performance
might be expected. (RK)
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162.

763,

764,

765.

766.

767.

768,

769.

770.

CLARK, B,
Puot'nporu of disorientation across 14 years of flight.
Asrosp. Med. 42(7):708-712, 1971,

A reference list of review articles on this problem is in the paper, as is
a reference to the construction of a questionnaire which could be modified
to etudy similar problems in divers. (%K)

DZENDOLET, E.

Comments on Sjoberg's hypothesis for thic mschanism of the inversion illusion
under sero-gravity conditions.

Asrosp. Med. 42(11):1211-1213, 1971.

The mechanism underlying the "inversion illusion under sero-gravity” may have
direct relevance for the difficulties experienced by divers in judging the up-
right. Perhaps the otoliths only signal the plane of the gravity vector and not
its direction. (RK)

X T )

GALLE, R. R,, B, V, USTIUSHIN, L. N, GAVRILOVA, and E. I. KHCLE'SKII.

K voprosu ob otsenke vestibuliarnoi ustoichivosti. (The problem of estimating
vestibular stability. A71-28414.)

Kosm. Biol. 'Med. 5:65-71, 1971.

Different human tolarances to Coriolis stimul{:(as might be encountered in a
submersible) are discussed.

KELLOGG, R, S,

Vestibular influences on orientation on sero gravity, produced by parabolic flight.

In H, E. Adler (Ed.) Orientation: Sensory basis, Aan. N, Y. Acad. Sci. 188:217-223,
1971,

Thers 1s application of his findings to underwater environments.

LEIBOWITZ, H.
Size constancy and visual space.
In U, E. Adler (Fd.) Orientation® Sensory basis. Ann, N. Y. Acad. Sci. 188, 1971,

MILLER, B. P., II, and A. GRAYBIEL,

Goggle device for measuring the visually perceived direction of space.

U. S§. Naval Aerospace Medical Resecarch Laboratory, Pensacola, Fla., Report No., 1151,
November 1971,

This device, modified for water and pressure, would be useful for investigating
spatial orientation. (RK) K

SEIRE:, A., A. BAZ, and D. PATEL.
Supportive forces on the human body during underwater activities.
J. Biomech. 4:23-30, 1971,

STEWART, J. D. ’
Human perception of angular acceleration and implications in motion simulation.

J. Atzecraft 8(4):248-253, 1971.
Of application for design of underwater wehicles.

WEEPTS, T. C., and W. R, THURLOW,
The effects of eye position and cxpectation on sound localization.

Perception & Psychophysies 9(1A):35-39, 1971.

The influence of sound position versus cye and heac poaition on localization
are reported,
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774,
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776,

177.

WELTMAN, G,., J. E, SMITH, and G. H., ECSTROM, R
Perceptual narrowing during simulated pressure-chamber exposure.

Rym. Pagtors 13(2):99-107, 1971.
See also Weltman and Egstrom (1966, #705),

wooDs, J. D,, and J. N, LYTHROE (Fds.)

Undorwater science.
New York: Oxford University Press, 1971. NV,

ADOLFSOd, J., and T. BERGUAGE,
Man's sensory progesses in the undersca environment.
Wew York: John Wiley & Sons, in press.

The chapter on spatial orientation undervater discusses the influonces of the
vestihular system. A chapter on somethesis contains reference to vestibular
function underwater and pressure (body sway, vorcically). as vell as some
examples of disorientation.

ADOLPSON, J. A., T. BERGHACE, and L. GOLDBFRG,
Effects of increcased ambient air pressures on standing stcadiness in man,

Aerosp. Med,, in press,

Changes in balance as a function of ata occurred, Because noise affects halance
(Tullio, 1929, #531; Bensel, et al., 1968, #584), the influence of chamber noise
(Murry, 1970, #956: Summit and Reimers, 1971 #964) on equilibrium (Narris,

et al,, 1968, #718) should be ascertained also. (RK)

E. C. 0. R,, INC,
Underwater propulsion systems, Specification sheet, ECOR-1,
Maelbourne, Fla., 1972,

This announcement describing the ECOR-1 sugpests that turning rates higher than
2 RMM can occur in submersibles and should be compared with threshold data for
producing Coriolis vestibular 1llusion (*leda, 1952, #92; Stewart and Clark,
1965, 1692).

MORANT, R. B., and J. ARONOFF.
Starting position, adaptation and visual framework as influencing the perception

of verticality,
J. Exp. Psychol., in preas,

Because of the relationship of this ability to certain personality variables
(e.g., field independence) there may also be application for diver selection. - (RK)

SCHROEDER, D. J.
Some effects of alcohol on nystapmus and vertigo during caloric and optokinetic

stimulation. )
Ann, Otol. Rhinol. Laryngol. 81(2):218-230, 1972.

Divers as a group tend to drink heavily and bec.ure alcohol can influence vestibu-
lar reaction (at times inhibiting and at times facilitating), this should be
considered. e

M s, NSRS whei'S

o



M__.__, N

* 778, SHENTON, E. H.
%}:'Yo:k: Norton !L*?wm

779, VAUGHAN, W, S., JR,, and A, 8, MAVOR,
Diver performance in controlling a wet submersible during four-hour exposure

to cold water.
Hum. Factors 14(2):173-180, 1972.

Ses also:
Peferences 35, 69, 72, 112, 117, 162, 224, 235, 250, 272, 273, 302, 348, 365, 367,
403, 488, 495, 507, 331, 536, 537, 550, 552, 553, 554, 555, 538, 373, 583, 590, 596,
603, 610, 622, 708, 725, 740, 773, 781, 788, 790, 799, 801, &N2, 810, 824, 832, 835,
842, 848, 855, 857, 858, 861, 941, 955, 960,
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CATEGORY V. TIIE USE OF THE VLSTIBULAR SYSTEM AS AN INERTIAL GUIDANCE SYSTEM, :

1830::1900

780, GALTON, F.
The art of trasel; or, Shifts and contrivancen ayailable in wild countries,
London: Jolin Murray, Albermarle Street, 1856,

Farly reference to mctliods of naviration in humans and animals, e.g., moss on
trees (p. 126), etc.

781, GULDRIRG, F, N,
Dir Cirkularbevepunp als thierische Grundbewegunpg, ihre lirsache, Plianomenalitat
und Nedeutung. (The circular movement as the basic movement of animals, its
causc, phenomenon and importance, Trans, hy e, A, Yoke, W'™I, 1972,
Z. Biol, (tunich) 35:419-458, 1897,

Shows that orcanisms travel in a circle and suppests the functional importance
of such a tendency i to permit them (ir the case of certain animals) to rejoin
the herd. ‘fentions (p. 43%) that deep seca divers see fishen svimming in
circles {n response to illumination by diver's lanterns.

1300:1909

782. GRAY. A. A,
The lalwrinth of animals. Vol. II,

Tondon: J. & A. Churchill. 1908,
See frav (1907, Vol, I. #2°3),
1910-1019

783, T°omMNInAE. C. C.
Pundamnntal met’iods of oricntation & "irapinarv maps.”
Science 38:888-£97, 1913,

Discusses the different rethods ewployed in navigatioew ir humpns, Some met'inde
are hetter (e.r., imapinary maps) for seme functions and oorrer for others.
Application for free suim-ing and reconnaisance divere may he fourd, (™)

784, ABDERVALDEN, L,

Beohachtuneen zur Frane der morphnlorischen und funlitinncllan Asymmetrie des
menschlichen Korpers. (Nbservations concernine the questinn of the morphnlopical
and functional asyrmmetry of thc human body. Trans. by re, A, tloke, "™T,
1971.)

Pflupers archiv fur die gesamcte physicloeie 177:213- 215, 1917,

An early study shovine directional preponderances and preferences in humans, In
particular the tendency within individuals to ascend different stairwavs is uscd
to launch a discussion of the ba:is of this response preforence.

1920-1929

785. BULLIMATON, ', E.
A study of spiral rmovement in the Cilirte Infusoria.

Arch. Protictenk. 50(5)+219-274, 1925,

The auther roports most of the ore-cellind orpanisms studied (164 eiliates) tend

to snpiral =movement in a leftward (counterclockwise) direction., The ratie is

about 2:1. This study warn performed in the “orthern lemispiere (largely at Cold
Spring larbor)., The author does not mnntion that the rotation of the earth could
be a factor, bHut if ciliates in the Southern lemisplhiere turn mostly rightward tihis
would suggest that ornsanisms are capable of responding to very lov levels of
Coriolis force. Future study apnears 'rarranted and if positive findings are
obtained, there may be practical application for navigation in humans. (™K)
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789.

WEBER, C. O.
The properties of space and time in kinesthetic fiplds of foree.
Am. J. Psychol, 38:597-606, 1927,

RABAUD, [,

How animals find their way about.
New York: Harecourt, Brace and Co., 1928.

SCHAEFFER, A, A,
Spiral movement in man.
J. Morph, Psysiol. 45:293-398, 1928,

In this long and sipgnificant article the author reviews the functional significance
of directional preponderance (turning) in man and animals. In addition to dis-
cussing spiral movements across phylla (amoeba to man), the author also discusses
experiments on blindfolded persons walking and swimming. An excellent bibliography
is presented; many articles are in German. Experiments in man on turning during
swimming and rowing are reported, machanisms arg discussed. (PK)

KNOTTS, J. R., and W, R, MILES,
The maze-learning ability of blind compared with sighted children.
J. Genet. Psychol. 36(1):21-50, 1929,

Better performance was obtained by blind than blindfolded persons, and recently
blind persons appeared to learn lLetter than blind prior to ape five,

1930-1939

790.

791.

793.

794,

LUND, F. H,
Physical asymmetries and disorientation,
Am. J. Psychol, 42:51-62, 1930,

An inmportant paper applicable to diver navigation and orientation. For example,
one interesting finding: right turning predominates in walking, but left turning
in swimming is duc most likely to the fact that left legs are longer and ripht
arms are stronger (p. 59), although the relationship is not perfect (also see
Schaeffer, 1928, #788; and others).

DESILVA, H. R.
A case of a boy possessing an automatic directional orientation.
Science 73:393-394, 1931,

Although the ability was not as pood as claimed, it shows how one's "sense of
direction' can profit by use of the ability.

DUNCAN, B, K.
A comparative study of finger-maze learning by blind and sighted subjects.
J. Genet. Psychol. 44(1):69-95, 1934,

940-1949

GREGG, F. M.
Overcoming geographical disorientation.
J. Consult. Psychol. 4:66-68, 1940,

Shows the influence of the vestibular system when "intentlv thinking (p. 66)"
of a '"geographic direction (p. 65)."

RYAN, T. A., and M. S. RYAN,
Geographical orientation.
Am. J. Psyehol. 53:204-215, 1940.

A study on humans,
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795,

796.

1950-

797.

798.

799.

800,

ml.

802,

803.

LORD, P, E,
A study of spatial orientation of children.
J. Educ, Res. 34(7):481-505, 1941,

A good paper for future studies of navipsation in free swimine divers. (PX)
Several additional references.

GRITFIN, D. .

The sensory hasis of bird navigation.

Q. Rev. Biol. 19:15-31, 1944.

Evaluates kineathatic and otlier theorien of lioming. LCxcellent Lihlionradily.

-1959

MENZIO, P,

Lubyrtnthinc reactions induced in man by means of minimal thermal stimuli and
the influence of previous modification of t¥wi8rature in the external auditory
cﬂnﬂl.

Arch. Pisiol. 51:154, 1951, .V,

WORCHFL, P,

Space perception and orientation fn the blind.

Psychol. Monopr. 65(15):1-28, 1951.

Amonp other findings the author sugresta that time estimation i{s the method

employed in navipation.

CLARK, B,, and P, D, MALONE,

Topographical orientation in naval aviation cadets.

U. S. Naval Alr Station, Pensacola, Fla., Report o. 001 059,01,.30, 2 June 1752,

A test is rcported vhich purports to mcasure a personality or life style trait

"srnse of direction.” The hypothesis was that hiph scores could be related to

success in aviation training. No relationship was found. llovever the trait, if

it exists, may be more critical for divers than pilots since the latter have more
navigation aids and therefore can depend less on thcir scnne of direction. (7F)

WORCHEL, P.

The role of the vestibular organs in space orientation.

J. Exp. Psychol. 44(1):4-10, 1952,

DALLELNBACIH, K. ?

The phenomenal vertical and horizontal in blind and sipghted subjects.

Am. J. Psychol. 66:598-602, 1953.

*{cREYNOLDS, J., and P. WOPCHEL.

Geographical orientation in the bhlind.

J. Gen. Psychol. 51:221-236, 1955.

Because divers are often rendered cffectively blind by the poor visibility of

some water, there is much to be learned regarding navigation from this litcrature.

(RK) This study and others by Worchel have good hihliopraphies.

ROUSE, D. L. and P, WORCHEL,

Vearing tendency in the blind.
New Outlook for the Blind 49(4):115-118, 1955,

There is a directional tendency to veer even in blind persons and this tendency is

relatively eonsistent within a sudject. Perhaps a "personal cquatinn” identified in
a diver could improve the diver's ability to navigate. (%K)
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804, BFRG, J., and P, WORCHEL,
Sensory contributions to human mage learning: a comparison of matched blind,
deaf, and normals,
J. Cen. Paycliol., 54:81-93, 1936,
There (s application for undervater swirmer navigation, as wvell as for the
training of blind divers, (RK)
805. GUEDRY, F. E., and G. RICIZNND,
Diffcrences in response latency with different magnitude angular acceleration.
U, S, Army Medical Pesearch laboratory, Pensac~1a, Pla., Report o, 301,
2 Novembher 1957,
Shows respensa of subject to various magnitudes of turning (angular acceleration)
stimuld.
806, MARFARTA, R,
Prolonged after-effect of centripetal and tangential accelerations on cerebellar
potentialn,
Final Report, Contract AP 61(514)-968, AP Air Research & Develonment Command,
AD 152 246, Summary of work from 1 June 1956 to 30 Septemher 1957,
“Potatory and post-rotatory ccrebellar activity in birds [is] investipated (p. 1)~
and reported. Responscs are obtained {n cerchellar cortex as low as .N1- .92 g,
807. GRIFFIN, D, R,
Listening in the dark: The acoystic ortentation of batn and men,
Neir Haven: Yale University Press, 1958,
Sen Chapter 12, "Echolocation in the Blind,"
808, nUnpry, P, F., and S, J, CIPAN,
Derivation of 'subjective velocity' from anpular- displacement estimates made
durine prolonged anpular accelerations: adaptation effects.
U. S. Army ‘“fedical Pescarch Lahoratory. Fort Xnox, Kv., Renort MNo. 376, 21 Novasher
1958,
The accuracy of subjective sti=ulf of turnins !a gfven,
19601969
879, FRAFRNKFL, G., and D. L, CUVY,
The orientation of animals.
New York: Dover Books, 1960,
810, DIFFTUBACH, . S.
The ability of submerged subjects to nense the gravitational vertical,
Cornell Aeronautical Laboratory, Inc., 2uffalo, N.Y., "eport Yo. M 1355 v-.1,
2 Septembear 1961,
Shows how poor is orientation to the vertical when subjects are irmersed in water
and tilted,
811, PTALDNKEL, €. S., and D. L, GUUM,

The orientation of aninals: Kireses, taxes, and compass reactions,
Mew Yerk: Dover Publications, Inc., 1901.

Probably the best single reference work for a hasie undcratanding of thc problem
and for implication to human navigation. Ixcellent rcferences.
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812,

813.

814.

815.

816.

817.

818.

819.

820.

821,

BERITOFY, J. 8. A
Spatlal orientation of man and animals.
XII Inter. Congr. Physiol, Sci., Leiden, 1-17 September 1962,

Ingey. Congr. Soxfes 1(47)-3-4, 1962,

Shovs (in a film) the importance of a functioning labyrinth (human and dog) for
traversing a route.

HIOWLAND, C, H., and B. HOWLAMD,
The reaction of blinded goldfish to rotation in a centrifups,
ll F_xgo ml-o 39:491"502. 1962.

MEVALDT, L. R,
Displacement of migrarory birds.
San Jome State Collegze, Calif., NONP Report Mo, (M)-00030-62, 26 December 1962,

PPATT, J. G,

Research on animal orientation, with empliasis upon the phenomenon of homing in
pigeons.

Muke University, Paleigh, . C., ONP Rescarch Project !llo., 301.-244, 18 October 1962,

ADLLPR, H, E,
Sensory factors in migration,
Anim. DBehav, 11(4):566-577, 1963,

A reviaw of the sensory systom involved in animal migration. An excellent billiograply.
liis reports of time estimation (i.e., internal clocks) are useful in theorctical forru
lations regarding the use of the vestibular system as an initial guidance nyster. (")

AUTPRM, H., et al. (Eds.)

Orientierung der Ticre Aninal Orpientstion.
Berlin, Cottingen, lieidelberg: Springer-Verlag, 1963,

All papers in this symposium have English summsries although some articles are in
GCerman. There are several very good papers.

BERITACHVILI, I. S. (BERITOV)
Les mecanismes nerveux de l'orientation spatiale chez 1'homme.

Neuropsychologia 1:233-249, 1963.

The Enplish summary describes hiorr deaf-rutes with bilateral labyrintiitne defects
were unable "to walk along the route along vhich they were led or carried (p. 248)."
llowvever, otherwise normal deaf-rutes could (i.e., not lsbyrinthinc defective).

Same author as Beritoff (1962, #812).

BARLOW, J. S.
Inertial navigation as a basis for animal navigation.
J. Theor. Biol. 6:76-117, 1964,

Offers a thecory and wmodel regarding the use of the vestihular system in gnimal
migration and navipgation, .

MARGARIA, R., and . A. CAVAGNA.
Human locomotion in subgravity.
Aerosp. Med. 35:1140-1146, 1964.
See other papers by 'fargaria.
SCHMIDT-KOENIG, K.

Sun co:pass orientation of pigeons upon displacement north of the Arctic Circle.
Biol. Bull. 127(1):154-158, 1964.
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M-___

822,

823,

824,

825.

826,

827,

828.

829,

830.

P ]

BARLOW, J. S.
Inertial navigation and animal navigation,

N. Engl. J. Med. 273(20):1090-1092, 1965,

Similar to Barlow (1964, /1819),

BATSCIELET, E.
Snttnttcnl metliods for the analysis of prohlems in animsl orientation and gertain
1010314:- rhythms “rhythns,

Wash,, D. C,: ‘l'lu American Institute of Biological Sciences, 1965,

Some of these methods can be applied to studies of navipation in free suimmingp
divern.

CRATTY, B, J.
Perceptual alterations of vcer by interpolated movament experience.
Ren. Q. Am. Assoc. Health Plys. Fdue. 135:22-28, 1965.

This report is short but has many applicationg far diving mediuma, It sugpents
important lcads for rescarch, particularly for atding navination in free strirmine
reconaissance divers., (PX)

sioopP, C, R,
Orientation of ambystoma raculatum: Movements to and from breeding ponds.
Science 149(3633):558-559, 1965,

BARLOY, J. S,
Inertial navipation in relation to animal navigatinn,
J. Inst. Navigation 17(3)-312-315, 1960,

Sinilar to Barlow (1364, /819),

srow, J. H,
‘arnitude estimation of anpular velocity during passive rotation.
J. Exp. Psychol. 72(2):167-172, 1946,

Brorm's article shows that the subjects’' reportas of a vestilular stinulus
({.e., turning) is proportional to the stimulus, and the error of the cstimate
is srall., This report and othcn in this scction suppast that the ability to
navigate by “direction sense” is better than the use made of it In proctical
situations. (7K)

PLE!, J. T., and P, L, PENEY,
The navigation of pensuirs,
Sci. Am. 215(4):105-113, 1966.

Although a sun compass is used v'icn available during long dark winter nights
another mechanism nay be involved at other times. (°F)

STOR'(, R. M. (Ed.)
Animal orientation and navigation.
Corvallis: Oregon State Univerrity Press, 1966,

Some very excellent papers appear {n this book and the bibliographies are good.
Inertial theories are discussed occasionally (cf. pp. 35-37: especially p.’ 54).

CARR, A. F,
So excellent a fishe. (A natural history of sea turtles.)
Garden City, N.Y,: The Latural History Press, 1967.

Describes the various thcories of navipgation/migration in green turiles. Speculates
on hots thd animals find Ascensinn Island--a 'small crumb out f{n the vea betwecn
Africa and South America (p. 157)” and near the equator. One of the theories
offered uses the vestibular system,
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8.

832.

833,

834,

83s.

836.

837.

831,

839,

T R S e

GENTRY, R. L,
Unlervater auditory localization in the California sea 1lion,

lo Aﬁ‘to!! B—‘-‘-' 7:187"193. 1967.

LOCKLEY, R. M,
Animal navigation,

New York: Hart Publishing Co., 1967,

The chapters on "A sense of balance (p. 66)" and "A sense of time (p. 72)" are
most important for a study of human navigation. (RK)

TOLSTOY, L.
Master and man,
In Great Short Works of Leo Tolstoy, pp. 453-500, ' New York: Harper & Rav, 1967,

Circular movement in humans was well enough known to Tolstoy that it served as
the theme of this story. e

ANDERSEN, B, G.

Diver performance measurement: Underwater navigation, depth maintenance, weight
carrying capabilities.

General Dynamics Electric Boat Division, Groton, Conn. luman Factors Section
Report No. U-417-68-030, AD 674 528, March 1968.

Navigation accuracy averaged 5.21° over a 780-foot course. If bias was constant
within a diver perhaps a knowledge of a "personal equation” could improve
accuracy. Further, if cause of error could be attributed to velative strength of
the legs, perhaps a diver could be trained to modify his headings. (™K)

GPAYBIEL, A., C. F, MILLER, B, D, NTWSNM, and R, S. KENNERY, ‘

The effect of water immersion on perception of the oculopravic {llusion in normal
and labyrinthine-defective subjects.

Acta Otolaryngol. (Stockh) 65:599-610, 1968,

Shows that orientation to the upright in water is better in normal than in persons
with labyrinthine defects.

HIXSON, W, C., and J. 1., NIVEN,

Instrumentation for measurement of vestibular-significant forcea in helicopters.

U. S. Naval Aerospace Medical Institute, Pensacola, Fla., Report No. 1043, USAATU
Serial No. 68-10, 21 'ay 19€8.

This system might be adapted for underwater use and could then serve as a
navigation aid.

JANDER, R,

Uber die Rthometric von Schlusaclreizen, die Theorie der telotaktischen “ahlhandlung
und das Potenzprinzip der terminalen Cumulation bel Arthropoden., (Mn the
ethometry of sign stimuli, the theory of telotactic choice, and the pover principle
of the terminal cumulation in Arthropods.):

Z. Versl. Physiol. 59:319-356, 1968.

KAVAYAU, J. L., and C. E, "ISCHEP,
Program clocks in small marmals,
Selence 161:1256-1259, 1968,

For the vestibular system to be able to serve as a.useful inertial guidance system
it must respond to the linear and angular forces and must also have an accurate
timing device. This paper shows how accuratc some clocls in animals can be. (“F)

“CDONALD, D. L,
8ird orientation: A method of study.

Science 161:486-487, 1968,
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84n,

841,

842,

M3.

844,

. 845,

846.

847,

ANDERSEXN, B, G., P. L. ALLT, and J. C. LA'D,

Diver performance meagsuromont: transporting neutrally huoyant oljects, manual
movenent by heavy objects,

Cencral NDynanicn Llectric Boat Diviaion, froton, Conn, Prepa:ed for the Nffice
of llaval Rescarch, Vash., D, C., Report No. U-A17-67-06h, July 1969,

Effects of weipght-carrying on navigation i{s reported,

BERTAR, G., and R, TOPT,

Sensory mechaniams of homing in salmonid fish, I. Introductory expariments on the
olfactory scnac in grilac of Baltic salmon (Galmo Salar),

Behaviour 35(3-4):235-241, 1969,

CLARX, B,, and J. D, STEWART,

Effects of angular acceleration on man: Threnhiolds for the parception of rotation
and the oculogyral {llusion,

Presented at the Annual fcetinpa of the Acrospace lledical Society, San Franclsce,
Calif,, May 5-8, 1969, s

See Clark and Stewart (19G3L, #717).

PTOSCIER, V. B.
The magic of the senses,
vier York: F. P, Dutton & Co., Ine.,, 1969.

Chapters 8 and 9 on Migration and lavipation, respectivcly, are of interest.

¢urpry, P, L., JN., G, G, OVTHS, and J. . NOPMAN,

Assessment of semicircular canal function: I, Meansurements of subjective
cffects produced by triangular wvaveforms nf angular velocity,

U. S. Naval Aerospace Madical Institute, Pensacola, Fla,, NAMT-1073, USAARL 69-7,
AD 695368, June 1969.

A useful method for ctudying the analogue of the vestibular apparatus as an
inertial guidance system.

HOLUBAR, J.

The sense of time: An electrophysiological study of its mechanisms in man. 1961.

Trans. from the Czecli by Jolin S, Darlow. Cambridpe, ‘fass.: Mass. Institute of
Technology, 1969.

This recently translated work reports on the accuracy of timinp behavior in man
and animals. A supplemental bibliography is appendcd. An important source for
studies of navigation by vestibular cucs. (RF) :

MAYNE, R.

The analogy of the vestibular organs to an inertial guidance system.

Oto-fhino-Laryngology Excerpta }edica International Congress Series No.
206:407-415, 1969%a.

This excellent paper makes the point that this analopy has not been discussed
much in vestibular physiology. 1t follows and should be added that the
application of these findings to problems of diver navigation could have: . -
important implications and applications. (M%)

MAYIE, R.

The n’\alogy of the vestibular organs to an inertial guidance system,

Presented at the World Congress of Oto-Rhino-Larynrolosy, Mexico City, August
1969b,

Essentially the same as ayne (1969a, 846), however an updated version of bnth
will appear in Handbook nf sensory physiology. VI. Vestibular systenm.
Berlin: Springer-Verlag, in press,
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848,

e

851.

852.

853.

854,

855.

856.

857.

-— ow

Science 168:1003-1005, 1970.

MNS. Go cc .M 'c B. MDIY, ch U

Assossment of semicireular canal functions: II, Individual dtfferences in sudb-
Joctive angular displacement produced Ly triangular vaveforms of angular
displacement,

U. §, Army Acromadical Rescarch Laboratory, Pensacola, Fla., Report lNo. 1074,
17 June 1969,

Adaptation of this method using trains of stimuli could be worthwhile in studying
information procensing with vestibular stimulation rnlative to navigation hy "dead
reckoning” or "direction sonse.” Individual differencen could be useful for
purpones of seloction, (RY)

PARTRIDAL, L. D,, and J, I, KI',
Dynamic char. “taristics of responie in a wuttbulmtor rof lew,
Neurophysiol. 32(4):485-493, 1969,

Je
9

>

COuLh, J. L., M, HINNETTY, and M, C, “ACLFOD,

Communication of direction by the honey beec.

Seience 169:544~554, 1970,

HASLER, A, D,, R, ™, HORRALL, A. B, SASKO, and A. E. DIZON,.
Orientation cues and tracking of migrating salmonid fishesn.
Proc. lNatl, Acnd. Sei. USA 66(1)-13-14, 1970,

Jannce, B,
E{n Ansatz zur modermen Elcmentarbeschreibunp der Orienticrunpgnhiandlung. (An
attempt at a modern elermentary description of orfentatien activities,)

2. Ticrpaychol, 27:771-778, 1970,

JAIDEP, R., Yichael FABRITIUS, and ‘onil:a FARPITIVS.

Nie Bedeutung von Gilederung und Kantenriclitung fur dic vimsuclle Pormunterscheidung
der Weape Dolichovespula saxonica am Fluglcch, (The significance of disruption
and contour-direction for visual form discrimination ncar the nest entrance in
the wasp [Dalichouespula saxonica).)

2. Tiexrpsychol. 27:381-893, 1970,

JANDER, ®., and I. VOLK-HLI'PICHS,

Das strauch-spezifinche visuelle Perceptor-syntem der Stahlicuschrecke (Carausiun
morosus). (The shrub--srecific visual perceptor-system of the stick insect
(Carausius morosus].)

2. Vergl. Physiol. 70:425-447, 1970,

LEGGICRE, T., J. MCANIFF, H. SCHIICK, and J. VAN RYZIV,
Sound localization and honing of scuba divers.
MIS J. 4(2):27-34, 1970.

A uscful model for future studies of vestibular orientation and navigation
capabilities.

LISSAMAN, P. B, S., and C. A, SIXOLLDIBERGBR..
Formation flight of birds.

PARKER, D, L.

Interactions between electrical and mechanical vestibular stimulation: observations
on rabbits and men, .

J. Exp. Psychol. 84(1):96-104, 1970.

Because methanical (physiologic) and electrical stimulation of the vestibylar
apparatus is possible, and because the response tends to be proportional to the
stimulus, water adaptable (e.g., ELF) stimuli may be useful to human divers as a
navigation aid. (RX)
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838, PARSONS, R. D.
. Magnitude estimates of tho oculogyral {llusion during and following angular
accolerationa,
J. Exp. Psychol. 84(2):230-238, 1970,

Tho accuracy of the human vostibular system to respond to turning stimul{ is good
and the system should bo studied as a navigation aid. (77)

359, PrOTEUS, S. D,
Ponnible effrcts of rate of global spin,
Parcept, Mot. Skills 30:503-509, 1970.

If he 18 corroct about differentinl responses to global spin, then perhaps such
mechanisma could aid in luman geopraphic orientation and navipation, (™X)

860. RODTPTSON, D, €,
A self-contained undervater swimmer guidance system.
In Proc. First Vestern Space Congress, L. pp. QZ‘-”B. North liollywood, Calif,:
Westorn Pariodicals Co., 1970,

This is a good article concerning a self -contained swimmer guidance system using

: sound localization which could be modified to atudy the ahility of the veatiliular
system to do similar or redundant work, or to add another dimension. Remotc
transnisaion might also be attempted. (PK)

861. ROss, W, E., D, J, DICKINS™, and B, P, MPP,
Ceographical oricntation under water.
Hun. Factors 12(1):13-23, 1970,

Although errors occur in pgeographical orientation under water, it would be inter-
eating to repeat this study with the purpose of studying ways to improve performorca,
e.8., training in time estimation, advice on perronal wveerinp tendencies, ete. (™)

862, S‘ITH, A.
The seasons. Rhythms of life: Cycles of change.
London: teidenfeld and Nichoison, 1970,

Chapter 4 on Migration is interesting.

863, SOLIDPAY, S. M,
Navigation in terrain-following flipht,
llun. Pactors 12(5)-425-433, 1973,

864, WILLIAS, T. C., and J. ™, WILLIA“S,
Radio tracking of honing and feeding flights of a nootropical bat,
Phyllostomus hastatus.
Anim, Behav. 18-302.-309, 1970,

865. ADLER, H. E. (Ed.)
Orientation* Sensory basis,
Conforence, ‘e York Academy of Sciences-American ‘fusew- of ‘latural History,
Ner Yorl:, Pebruary 8-10, 1971. Ann. N. Y. Acad. Sci. 188, 1971,

866. ANON.
Bird navigation during distorted vision (contact lens),
lev Scientist and Science Journnl, 29 July 1971,

Describes tin ability of birds to navizate even when vinian is disrupted,

867, B~OW™, P, A
Some orientational influences of nonvisual, terrestrial electroragnetic ficlds.
In #, E, Adler (Bd.) Orientation: Sensory basia. Ann, A,.Y. Acad., Sci. 188:224-241,
1971.
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868,

869,

870,

871.

872.

873.

874,

875,

876,

8770

cory, C. H.
A comparison of the porteun and Havy maza tests, ,
laval Parsonncl and Training Research 'aboratory, San Diepo, Calif,, Tech, Null,

STB 71 11, June 1971,

This teat, plus teats of gecograpliical orfentation (Clark, 11771, #762), may be
uscful selection devices for divers., (7K)

DIZON, A, L., R, M, HOTRALL, and A, D, HASLER,

The homing salmon and LIC responscs to homestream water,

Preacnted at the llew York Acadeny of Sciences Conference on Orientation: Scnsory
Basis, !llev York City, February 3-10, 1971,

DOCYESTADER, S, L. ,

Comparison of cupulometric and psycliophysical threasliolds for perception of
rotation and the oculogyral illusion.

Perception & I'sychophysics 9(3A):209-302, 1n.

Shors that the vestibular system (semicircular canals) is very sensitive to

turning, This study has applicatlon for diving as: (1) a provocative test of
vestibular function which pressure could perturb; (2) to show that vestibular
sensitivity might be useful for navigation under vater. (M) ’

FErrusnid, D, E.

The sensory basis of orientation in amphibians.
In ll, E, Adler (Ed.) Orientation: Sensory basis,
Ann, H.Y, Acad. Sci. 188:1036, 1971,

A good bibliography.

GILSON, R. D., C, U, STOCKWELL, and F, E, GUEDRY, JP,
Nystagmus responses during trianpular waveforms of anpular velocity about the

Y~ and Z-axes.
U. S. Naval Aerospace Medical Research Laboratory, Pensacola., Fla,, Report Mo,
1138, USAARL Serial Ne. 72-1, 22 July 1971,

Shows the accuracy of vestibular apparatus to angular velocity stimuli,

GUEDRY, F, E., JI,, C, W, STOCKW'LL, and R, D. GILSO,

Comparison ~f subjective responscs to semicircular canal stimulation produced by
rotation about different axes.

Acta Otolarynpgol. (Stockh) 72:101-106, 1971,

Demonstrates the reliability of Luman responses to anpular acceleration stimili,

GUEDRY, F. E., JR., C. W. STOCKWILL, J. W. NO®MAN, and 6. G, OUTNS,
Use of triangular waveforms of angular velocity in the study of vestibular function.
Acta Otolarynpol. (Stockh) 71:439-448, 1971.

HODGSON, E. S., and R, F, “MATHEWSOH.
Chemosensory orientation in sharis.
Ann, N.Y. Acad. Sci. 188:175--182, 1971.

HOWLAND, H. C.

The role of the semicircular canals in the angular orientation of fish,
In . E, Adler (Ed.) Orientation: Sensory basis,

Ann, N.Y. Acad. Sci. 188:202-216, 1971.

JANDER, R.

Visual pattern recognition and directional orientation in insects.
In H. E, Adler (Ed.) Orientation: Sensory basis.

Ann, N.Y. Acad. Sci. 188:5-11, 1971.
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878, LEINER, P, N. and D. 8, DENNIS,
Q Preliminary research on the ability of ducks to discriminate atmospheric pressure
changes,
Ann, N.Y, Acad. Sgi. 188:98-109, 1971.

Ducks responded to .4 psi of pressure. This has implications for learning but
perhaps also for barotraumatic otitis media. (RX)

879. PAYNE, R,, and D, WFBA,
Orientation by means of long-range acoustic signaling in Baleen whales,
In H, E, Adler (Fd,) Urientation: Sensory basis,
Ann, N.Y, Acad. Sci. 188:110-141, 1971,

A good biblioaraphy.

880, SCHLICHTE, H. J., and K, SCIMIDT-KOFNIA,
Zum Heimfindevermogen der Brieftaube. (The home-recall ability of the carrier
. pigeon, Trans. by Mrs, A, Woke, NMRI, 19719 @
Nacurwissenschaften 58(6)-329-330, 1971.

. The article points out the importance of vision in bird navipation.

881. SCHINT-KOENIG, K.
Session on "Photoreceptors.'
In H, E, Adler (CEd.) Orientation: Sensory Basis,
Ann. N.Y, Acad. Sci. 183, 1971,

882, SCHUSTE™MAN, P, J,, and ™, ¥, BALLIFT.
Aerial and undervater visnal acuity in che California sea lion (Zalophus
Californinnus) as a function of luminance,
In H. E, Adler (Ed.) Orientation: Sensory basis,
Ann, Y. Acad. Sci. 188:37-46, 1971,

883, SIMONS, J. A. .
Lcholocation in bats: Sianal processing of eclines for target range.
Science 171:925-928, 1971.

884, SICNONS, J. A., and J. A, VERNON.
Echolocation: Discrimination of targets by the bat, Eptesicus fuscus,
J. Exp. 2o0l. 176(3):315-328, 1971.

885. SI'MONS, J. A., E. G. WEWRR, and J. M. PYLKA,
Periodical cicada: Sound production and hearing.
Science 171:212-213, 1971,

886. SOUTHERN, W. E,
Gull orientation by magnetic cues: A hypothesis revisited.
In H. E, Adler (Ed.) Orientation: Sensory basis,
Ann, N.Y. Acad. Sci. 188:224-241, 1971,

A good bibliography.

887. STASKO, A. B.
Review of field studies on fish orientation.
In H, E, Adler (Ed.) Orientation: Sensory basis.
Ann, N.Y. Acad. Sei. 188:12-29, 1971.

A good bibliography.
888. TAVOLGA, W. N.
Acoustic orientation in the sea catfish, Galeichthys felis.

In H. E. Adler (BEd.) Orientation: Sensory basis.
Ann. N.Y. Acad, Sci. 188:80-97, 1971.
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889.

890,

891.

892.

8913.

894.

"ARD [] R . R . L
<he living clocks.
New York: Alfred A. Knopf, 1971,

An accurute inercial guidance system {8 only as accurate as the timer. (RK) This
discusscs various cimers in organisms,

ANON,
(A question and ansver reparding vestibular system in flounders.)
Sea Secrets 16(1), 1972,

The rasponse to a question regarding the directional specificity of the migration of
the eye and optic nerve in flounders is of interest (p. 14).

BLAKESLEE, E.

Sensitivity of pigeons to direction of movemant considered in relation to inertial
guidance theorics of animal navigiation.

Unpublished Ph,D, dissertation, University of Indiana, Bloomington, 1972.

EMLEN, S. T.

Birds. Their migration is at least as complex as human navigation and probably no
more mysterious.

Psychol. Today 5(11):52-56, f. 94, 1972.

Mentions the importance of celestial cues in navigat{on but aprees that other
cues (e.g., vestibular) could be important.

GALLER, S. R., K. SCHMIDT-KOENIG, G. J. JACOBS, and R. E. BELLEVILLE,
Animal orientation and navigation.
Nacional Aeronautics and Space Administration, Wash., D. C. 1972,

In this long report (600 pp.) studies of virtually all forms of navigation and
orientation of homing and migratory animals are discussed. No reports deal
specifically with man,

WILTSCHKO, W., and R. WILTSCHKO.
Magnetic compass of European robins.
Science 176:62-64, 1972,

The magnetic compass of Euvopean robins does not use the polarity of the magnetic
field for detectinp the north direction. The birds derive their north direction
from interpreting the inclinaticn of the axial direction of the magnetic field lines
in space, and they take the direction on the magnetic north-south axis for "north"
where field lines and gravity vector form the smaller angle. (Author's abstract.)

See also:

References 139, 162, 345, 403, 488, 495, 550, 561, 585, 596, 613, 616, 618, 624, 649,

651, 652, 662, 698, 701, 707, 708, 737, 745, 773, .946, 955, 961.
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CATEOORY VI. AUDITORY STUDIES WHICH HAVE RELEVANCE
FOR UNDERSTANDING VESTIBULAR FUNCTION UNDERWATER,

1600-1699,

895. LESTER, J. C., and V, GOMEZ,
Observations made in the caisson of the new East River b 'dge as to the effects of
compraessed air upon the human ear.
Arch, Otol, 27(1):1-19, 1898,

ENT examinations were performed in a caisson with persons previously examined at
normal pressure, Labyrinthine disturbances are wentioned (pp. 17-15).

1900-1909

896, POLI, C.
Resultati dell'esame preventivo nei lavoratori sotto pressione.
Atti XII _C.o_nxl'. &q. _!_t_._l_o _o_l‘!o-o' 1908, (Cit.d by.Au P.R.M. 1959.) _N.._V_.

1920-1919  None,
1920-1929

897. POMIMAN, A, 6., and F, W, KRANZ,
The effect of pressure changes in the external sud{tory canal on acuity of hearinp,

Ann. Otol. Rhinol. Laryngol. 32:545-553, 1923,
1930-1939

898, MITCHELL, J. H.
Streptococcic dermatoses of the ears.
gl.A.ly'_A.l 108’361'366. 1930.

899. THOMPSON, E,, H, A, HOWE, and W, HUGHSON,
Middle ear pressure and auditory acuity.
Am. J. Physiol, 110:312-319, 1934,

Increased or decreased prossure can impair one's functional ability to about the
same extent.

900. BENNKE, A. R.
Medical problems relating to diving, underwater construction, and submarines,

Pacific Scientific Congress 6:85-89, 1939.

The effects of pressure change on air spaces (specifically, suditory tubes and
sinus passages) are discussed.

901. LOVELACE, W, R,, and C. W. MAYD,
Asro-otitis media: 4its allaviation or prevention by the inhalation of helium

and oxygen.

——eee e

e aawew

902. HALL, J. F., JR,
The use of helium-oxygen mixtures in aviation for the prevention of painful ear

symptoms.
’lo _Avi.t_o _H._ql_. 11:81"6' 19‘0.

903 . AL.%UR. Ro‘

The "blocked ear'" of the caisson worker.
Laryngoscope 52:75-81, 1942b,
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904, BEHNKE, A. R,

Investigations concerned with problems of high altitude flying and deep diving;
application of certain findinge pertaining to physical fitness to the general
military service,

The Military Surgeon 40:9-29, 1942b,

A veviev paper: of more importance for auditory than vestibular problems, (PX)

90S. LOCH, W. E.
Effect of experimentally altsred air pressure in middle ear on hearing acuity in
man,
Ann, Otol. Rhinol. Laryngql. 51:1006, 1942a. N.V.

906. Locu, w, E,
The effect on hearing of experimental occlusion of the Fustachian tube in man.

$07. ANON,
Diver's ear (otitic barotrauma). 0.
R. Nav. Med. Bull. 5:13-14, 1943,

This article suggests that tympanic changes occur in persons exposed to compressed
air wvho do not have the '"knack of ear clearing (p. 14)." For inexperienced persons
following a descent of sbout 10 feet or more, ''100 percent...will show drum
changes [and the) common appearance is that of acute otitis media (p. 13)."

908. KOS, C. M,
Effect of barometric pressura changes on hearing.
Tr. Am. Acad. Opht. 49:75-81, 1944. (Cited by PFulton: cited by Pagano, 1959.)

909. MITCHELL, D. P,
Aerodontalgia.
Bull, U, S. Ammy Med. Dept. 73:62-67, 1944.

910. KENNON, R, H., and C. M. OSBORN.
Relation of aerodontalgia to aerosinusitis.
Air Surgeons Bulletin 2:434-435, 1945,

A possible contributing factor in cases of DCS. (RK)

911, SANDLER, H, C.
Toothaches at low atmospheric pressure.
The Military Surgeon pp. 475-477, December 1945,

cut was

912. LIEBERMAN, A. T.
Aero-titis media in pressure chamber 'flights."

313. PATTON, R. A. '
Purulent otitis media in albino rats susceptible to sound-induced seizures,

J. Paychol. 24:313-317, 1947.

914. CHANC, 5. T., R. MARGARIA, and S. GELFAN,
Pressure chaages and hemorrhage in the middle ear of monkeys resulting from de-
compression and recompressior.
Fed. Proc. Amer. Soc. Exp. Biol. 8:23, 1949,

915, HITSCHLER, W. J.

The relationship of swimming and diving to sinusitis and hearing loss.
Laryngoscope 59:799-819, 1949.
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916,

THUILLIER, A.
Sinusite barotraumatique. Medecines asronsutique.
B. 8. 8. Alr 4:130, 1949, (Cited by Bertrand, 1954; cited by A, Pagano, 1959.)

1950-1959

917.

918.

919.

920,

921.

922,

923.

924,

925,

926,

KUROZUMI, S.

What influences on the hearing acuity were found vhen the pressure in ths tympanic
cavity vas changed experimentally?

Nippon zibinkoka gakkai kaiho 33: Japanese text parination 331-335: Enplish text
pagination 35-36, 1950. (In Japanese with English summarv.) N.V.

ADAMS, W, S,

The aetiolopy of swimmer's exostoses of the external auditorv canals and of asso-
ciated changes in hearing, Part I,

J. Laryngol. Otcl. 65:133-153, 195la.

-». s

In addition to perceptive loss of hearing there are also reports of vertipgc,

ADAMS, W, S.
The aetiology of swimmer's exostoses of the external suditory canals and of
associated changes in hearing. Part I1I,

See also Adams (1951a, #918).

TONNDORF, J.

The influence of service on submarines on the suditory organ.

In Symposium on submarine medicine, Folio VII, U. S, Naval Forces, Germany.
(Technical Section, Medical). Date uncertain, 1951.

COLEMAN, J.
Auditive disorders in the compressed air illness.
Arch. Mal. Prof. 14(3):211-220, 1953. N.V.

BERTRAND, M.
Contribution a 1'etude des sinusites barotraumatiques.
Rev. de Laryngol. (Paris) 75:784-813, 1954, N.V.

PAGANO, A.
Ulteriori ricerche audiometriche nei barotraumi da cassoni.

HALLBERG, O. E.
Sudden deafness of obscure origin.
Laryngoscope 66:1237-1267, 1956, N.V.

BURKE, D. T.
Barotrauma.
Med. J. Aust. Section of Oto-Rhino-Laryng. 867, June 21, 1958.

TAYLOR, G. E,
The otolaryngologic aspects of skin and scuba diving.
Laryngoscope 69(7):809-859, 1959.

Although mainly concerned with the auditory portion of nerve VIII function, this is
a very significant and complete article and there is much of interest reparding the
vestibular system, particularly effects of barotraums. Over 60 references and
case histories are reported. (RK)
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927. CAMPBELL, P. A.
Sinus barotraums.
In Otolaryngology. Vol. 3, Ch, XII. lagerstown, Md.: W. P. Prier Co., Inme.,
1960b. N,V.

926, APPALIX, A., M. GRINDA, J, HENIN, and P, NOURRIT.
Les barotraumatismes cochluaires. Donnees cliniques. (Cochlear barotraumas,
clinical data.)
Ann. oto-laryngol. (Paris) 78(6):359-371, 1961,

929. BOSATRA, A. H,, and G, B, STAFANI,
Endolymphatic sudden deafness: clinical study.
Acta Otolaryngol. (Stockh) Suppi. 169:1-62, 1961. N.V.
930. JARRETT, A. S.
Reversed-ear syndrome and the machanism of barqirquma.
Br. Med. J. 483-486, Aug. 19, 1961b,

931. MONTAGUE, W. E,, and J. P. STRICKLAND,
Sensitivity of the water-immersed ear to high- and low-level tones.

fe el

932, BOND, G. F.
Clinical problems of SCUBA diving,

oo

The author briefly mentions the importanze of the ear in diving.

933, BUSNELL, R. 6. (Ed.)
Acoustic behavior of animals. 923 pp.
New York: Elsevier Publishing Co., 1963, N.V,
934, SERGEANT, R, L.
Speech during respiration of a mixture of helifum and oxygen.
U. S. Naval Medical Research Laboratory, Groton, Conn., Report No. 412, 14 Oectober
1963.

935. ALFANDRE, H. J.
Aerotitis media in submarine recruits.
U. S. Naval Submarine Medical Center, Groton, Conn., Report No. 450, 29 May 1965.

Reports the epidemiology study of 432 cases.

936. SMITH, P. P,
Bone conduztion, air conduction, and underwater hearing.
U. S. Naval Sumbarine Medical Center, Groton, Conn., Report No. 65-12, 8 October
1965.

937. WILKE, V. M., and Y., STEFEL. )
Horstorungen bei tauchsportlern, (Disturbances {n hearing of sport divers.)
Dtsch. Gesundeitsw. 20:1149-1156, 1965.

938. ADOLFSONM, J., and E. FLUUR,
Hearing discrimination in hyperbaric air.
Aerosp. Med. 38(2):174-175, 1967.

The authors did spcech discrimination at 4, 7, and 11 ata. They found a difference
at 7 and 11 ata.
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99%9.

940,

941.

942,

943,

944,

945.

946.

947.

948.

949,

950,

. 951.

BEAL, D, D., W. G, HEMENWAY, and J. R. LINDSAY,
Inner ear pathology of sudden deafness.
Arch. Otolaryngol. 85:591-598, 1967.

puns. R.
ORL-probleme beim Tauchsport. (INT problems in diving sport.)

------

HARRIS, C. S., and I, E. von GIERKE,

The effaects of high intenaity noise on human cquilibrium.

Paper presented at the Annual Convention of Aerospace Medical Association, Wash,,
D. C., April 1967,

The influence of noise on equilibrium is discussed.

SPERATI, G,, and G. PEFUM,
L'ottite esterna die Sommazzatori. (Ntitis externa of skin divers.)
Arch. ital. otol. 78:443-459, July/Aug. 1967. N.V.

NIXON, C. W., W, E. MABSON, F, TRI'BOLI, J. E. ENDICOTT, and B, E, WELCH,

Observations on man in an oxygen-helium environment at 380 M!, HGC total pressure:
1V, Communications.

USAF School of Aerospace ‘ledicine, Brooks AFB, Texas, SA TR 67-205, 1968,

SERGEANT, R. L.
Limitations in voice communications during deep submergence-helium dives.

SERGEANT, R. L.
Voice communication problems in spacecraft and undervater operations.
Ann. N.Y. Acad. Sci. 155(1):342-350, 1968b,

HARDACRE, L. E., and J, HALPERN,

The evaluation of a dynamic visual display of transient undervater acoustic signals,

Computer Image Corporation and University of Denver, Denver, Colo., Technical
Report No. 2, September 1969,

HARRIS, J. D.
Hearing loss in decompression.
U. S. Naval Submarine Center, Groton, Conn., Report No. 591, 1969.

A very good review of the effects of pressure on hearing. More than 80 references,
many of which are of interest for vestibular functions. (RK)

HOLLIEN, H., and J. F. BRANDT,

Effect of air bubbles in the external auditory meatus on underwater hearing
thresholds.

J. Acoust. Soc. Am. 46:384-387, 1969,

MURTY, V. S. N,
Otitic barotrauma with bilateral perforations (a case report).
J. Aero. Med. Soc. India 12(1):62-66, 1969.

RIU, R., L. FLOTTES, R. GUILLERM, R, BADRE, and R. LeDFN.

La trompe d'eustache dans la plongee, (Eustachian tube during diving.)

Rev, Physiol. Subaquatique Mad. Hyperbare 1:194-198, Jan./Mar, 1969,

SLESKOVIC, Z.

Barocraumatsko ostecenje slusnop organa u ronilaca. (Barotraumatic cdamage of
hearing organ in divers.)

Vojnosanit. Pregl. 26:75-77, Feb. 1969. N.V.

No English abstract availsble.
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P Tt e

952.

953.

SMITH, P. P,
Undervater hearing in man: I. Sensitivity. .
U, S. Naval Sumarine Medical Center, Groton, Conn., Report No, 569, 28 Pebruary 1969.

WERSTER, J. C.
Sil-past, present, and future,

Sound and Vibration 1(8):22-26, 1969,

1970-1972

95"

95%.

956.

957.

958.

959.

960.

961.

962.

BAUER, B, B.
Com;lu on "Effect of air bubbles in the external auditory mestus on underwater

hearing thresholds."
J. Acoust. Soc. Am. 47(2):1465-1467, 1970,

Failed to replicate the finding of Hollien and Brandt (19¢7, #948), The latter
"measured no significant difference in underwater threshold (p. 1465)."

HARRIS, J. D., and R. L, SERGEANT,
Sensory behavior of naval personnel: Monsural/binaural minimum audible anrle of

auditory response.
U. S. Naval Submarine Medical Center, Groton, Conn., Report No. 607, 14 January 1970,

MURRY, T.
Noise levels inside Navy diving chambers during compression and decompression.
U. S. Naval Submarine Medical Center, Groton, Conn., Report No. 643, 21 October 1970,

Very high noise levels vere obtained in diving chambers (they can be more than 100
db, A-scale), and noise does affect vestibular functions (cf. Harris and von Gierke,
1967, #941).

SMITH, P, F.;, R, HOWARD, M, HARRIS, and D, WATERMAN,

Underwvater hearing in man: II. A comparison of temporary threshold shifts induced
by 3500 hertz tones in sir and underwater.

U. S. Naval Submarine Medical Center, Groton, Conn., Report No. 608, 15 January 1979,

SUMMITT, J. K., J. M, ALEXANDER, E. T. FLYNN, and J. M, HERRON,
Repetitive excursion dives from saturated depths on helium-oxygen mixtures.
Phase II: Saturation depth 200 fect, saturation depth 150 feet.
U. S. Navy Experimental Diving Unit, ‘‘ash., D. C., Report No, 6-70, 23 September 1970.

WATERMAN, D., and P, F, SMITH,
An investigation of the effects of a helium-oxygen breathing mixture on hearing in

naval personnel.
U. S. Naval Submarine Medical Center, Groton, Conn., Memo Report 70-7, 1970.

HARRIS, C. S.

Effects of acoustic stimuli on the vestibular system.

Aerospace Medical Research Laboratory, Wright-Patterson AFE, Ohio, Report MNo. A7-1,
1971.

Harris' findings showed that nystagmus and egocentric verticality were not disrupted
by noise, but postural equilibrium was.

HOLLIEN, H,, and H. ROTIMAN.

Underwater sound localization in humans.

Communication Sciences Laboratory, University of Florida. Gainesville, Fla., Propress
Report No. 23, 1 March 1971.

MCCORMICK; J. G., T. L. HIGGINS, H. S. DAUGIIERTY, and P. E. JOINSON,
Cochlear dysfunction associated with decompression from 300-ft. hyperbaric chamber

dives.
82nd Meeting of the Acoustical Society of America, Denver, Colorado, 19-22 October

1971,
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MILLER, R, E,
Cochlear potentials at 11 atmospheres,
Laryngoscope 81(6):979-988, 1971.

A good bibliography. Losses of 15 to 20 db are reported.

964, SUMMITT, J. D., and S. D. REIMERS,
Noise: A hasard to divers and hyperbaric chamber personnel.
U. 8. Navy Experimental Diving Unit, Wash., D, C., Report Mo, 5-71, 15 May 1971,
Noise levels in chambers and helmets are high (> 90 db), and result in temporary
threshold ehifts.

Ses also

References 10, 14, 19, 27, 28, 33, 42, 48, 51, 54, 57, 39, 62, 63, 65, 66, 68, 69,

73, 74, 81, 110, 114, 127, 128, 129, 130, 131, 154, 157, 178, 182, 315, 339, 394, 398,

403, 518, 718, 721, 855.

965.

ADDENDUM--CATEGORY VI

DELONCA, G.

Considerations sur les manosuvtes dites d' equilibration de 1'oreille chez le
plongeur.

Parc of a longer COMEX--CiEX0O report. (Unable to identify title; probably after
1966. Ed. Note.)

The article stresses the importance of the patency of the Eustachian tube ia diving

operations and the dangers of Valsalva to the ear (barotrauma) and the cardio-
vascular system (generation of syncope). They counsel their divers in other methods.
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