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FOREWORD
Tas increasing performances of modern awrcraft give to flight safety a more
and more important role 1n the responsibilities of the authonties concerned.
In spite of the imps m 1 ques, the human element
15 still an essentsal feature n the operation of an awrcraft and the origin
of aircraft accidents.

Therefore, the AGARD Acromedical Panel devoted two symposia (Oslo~
Copenhagen, 1956, and Paus, 1957) to “The Medical Aspects of Fhght
Safety”. This AGARDograph gathers a selection of reports which are
within the lunits imposed by the terms of reference of this arganzation.

The following sketch plan has been adopted
Chapter I—Fhght Safety and Aurcraft Acadents—Generalittes
Chapter 1I—Unexplamed Aircraft Accidents
Chapter ITII—Use of Pathelogy in Crash Injuries
Chapter IV—1In Flight Protection
Chapter V—Some Special Problems

Such a plan ds to a need of clanfication and methodology
Chapter 1 15 the essenual part of this work; 1t discusses the physiological
problems associated with high-alttude flight, the general or special, physio-
logical and psychic factors, considered as a cause of most aweraft accidents

Chapter 11 (The Unexplained Aircraft Accdent) 1 composed of only
three reports. The authors have lted their studies to this particular
problem. They furmish statistical data and stories of unexplamed aircraft
accidents which awaken an obvious interest. But it 15 clear that a complete
medical study of this category of accidents would have included a series of
hypotheses, extrapolated from the positive data which were discussed in
Chapter I, and. which do not need a new emphasss.

Chapter III, devoted to Pathology, contains original and as yet hitle-
known views on the ymp of this disciphine 1n the ion of the
causes of acardents. These first results open a vista of the frutful future, when
1t will have the development it deserves, 1n the procedure of mqunes, m
case of aircraft accidents.

Chapter IV sw izes the present ach n flight
and proposes solutions for the future.

Chapter V 1s an appendzx, It collects papers only indirectly related to the
main subject

The Acromedical Panel keeps in mund that its mssion in NATO 15
that of an advisory group and not of an academic society. The purely
scientific papers and the theoretical discussions, although they may present
a major interest, must give way to actual cases and practical conclusions—
to the essential condations of efficiency. It must also be noted that the opinions
expressed by the authors are solely their own responsibility and do not
necessanily express those of the Aeromedical Panel. The latter ones are

i



FOREWORD

fficially d 1n the re dations and proposals add d to the
proper authorities.
An abstract of all papers 1s translated into English and French,

Lr.-Cor. Mépeciv E. Evrarp,
Chairman, AGARD Aeromedical Panel.

MEpeciy GENERAL INSPEGTEUR P. BERGERET,
Chavrman, Ediorial Sub-commutice,

Pror. Dr. P. M. VAN WuLrFTEN PALTHE,
Member, Ediorial Sub-commttee.

AVANT PROPOS

Les performances crowssantes des avions modernes conférent 2 la sécurité des
vols une place de plus en plus importante dans les préoccupations des
autorités responsables. En dépit des perfect de la techni
aéronautique le facteur humain continue a jouer, dans Ja conduite de l'avien
et dans la genése des accidents aériens, un réle primordial.

C’est pourquoi le Groupe Aéromedical de FAGARD a consacré deux
symposiums (Oslo-Copenhague, 1956, et Paris, 1957) aux “Aspects Médi-
caux de la Sécunté Aénenne” La présente AGARDographie rassemble un
chowx de rapports qui se situent dans le cadre fixé 4 cette organsation par
son statut

Le plan smivant a été adopté
Chapitre  1—Sécunité Aénenne et Accidents Aériens en Général,
Chapitre II—Acad Aénens I liqué
Chapitre III—Réle de I'Anatomo-pathologie dans I'étude des Accdents
Chapitre IV—Protection en Vol -

Chapitre  V—Problémes Particubers

Un tel plan est schématique et méthudologique, Le Chapitre 1 constitue
Tessentiel de ce travai), 1l expose les problemes physiologiques liés au vol &
haute altitude, les facteurs généraux ou particuliers, physwologiques et

J )l Sao e B AR

her. Tls apportent des données statisuques et des relations d'accidents
inexpliqués qui présentent pour le lecteur un intérét indiscutable, Mais il
est evident que I’étude médicale compléte de cette catégorie d’accidents eut
comporté une séne d’hypothdses tirées par extrapolation des notious
positives d€jd exposées dans le Chapatre I, et qu'il étt inutile 4’y sister
davantage.

Le Chapitre IT1, consacré 4 Panatomo-pathologie, comporte des notions
ongmales et encore peu connues sur le réle de cette discipline dans 12
détermination des causes d’ it Ces p font

PR B o T~ 32 Aappe-

. vleet
propose des soluttons pour Pavenir,



AVANT PROPOS

Le Chapitre V n’est qu’une annexe, 11 rassemble des rapports qui n'ont
qu'une relation indirecte avec le sujet principal, Le Groupe Aéromédical
n’oublie pas que sa mission au sein de 'OTAN est celled’un groupe consultauf
et non d’une société savante au sens halmucl du mot. Q_u:l qu’ensoit Pintérét,
Ies exposés fiques et les d doivent céder
le pas aux observations concrites et aux conclusions pratiques, condition es-
sentielle d’efficacité I est également & remarquer que les opinions exprimées
par les auteurs n’engagent que leur propre responsabihité et ne représe.mcnt
pas nécessarement celles du Groupe Aéromédical, celles-cy Sexpriment

dans les et des p; i dre 4 des
Autorités Supérieures.

Lr. Cor. Mépeciy E. EVRARD
Chairman, AGARD Aeromedical Panel.

MEeDECIN GENERAL INSPECTEUR P, BERGERET
Chatrman, Editorial Sub-commttee.

Pror Dr P. M. vAN WULFFTEN PALTHE
Member, Editoral Sub-committee,
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PROBLEMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDE

bru(alc, Pabai dérable de la le souffle d’air (dans
les avions de gros volumc) et enfin la diminution rapide de la pression. Les
effets de ce dermier facteur ont €té particuliérement étudiés surtout anx
U.S.A. eten France oli VIOLETTE y a consacré, ces temps d:rmcrs, toute une
série de recherches*. Grice a Pétabli de lots de d

pulmonaire, cet auteur a pu préciser les conditions dangereuses au cours
des décompressions explosives et, partant, les normes de construction
exigibles d’une cabine pressurisée pour mettre les occupants 4 ’abri d’acei+
dents physiopathologiques.

Pour que les décompressions ne créent aucune surpression A Iintérieur
des poumons, 1l suffit que le plus grand coefficient de fuite de la cabine soit
inférieur au coefficient glottique le plus bas, cest-3-dire & 1/100 m%m3, ce
qui, avec un facteur de sécurité de 100 pour cent, donne un coefficient de
fnte maximum de 1/200 m?/m3, Ce coefficient met 2 I'abri des risques de

pression Je rapport.
pression cabine/fpression extérieure.

Cest ains1 que pour un avion dont le volume de la cabine est de 80 m?,
prévu pour voler & 12,000 m (soit une pression extérieure de 144-6 mm Hg}
avec une pression A I'mténeur de la cabine de 674 mm Hg équivalente &
une altitude de 1000 m, la rapport de pression est de 4:66, donc supérieur
4 4 Louverture acadentelle de la cabine (éclatement d’un hublot par
exemple) ne devra donc pas dépasser 80 1/200 = 0-4 m?2, S5 ce méme
avion é&ait prévu pour voler 2 9000 m (soit une pression extéricure de 230
mm Hg) avec une méme pression cabme équivalentc 4 1000 m, le rapport
de pression qui est alom de 2 9, permettrait une ouverture de 1 6 m? sans

aaa aa

e TH agt hian

o . f R
Ces cond ne sont malt past bles sur les avions de

guerre dont la cabine est de petite dimension, comme les avions de chasse

par exemple. Dans ce cas, le coefficient de fuite en cas de rupture de canopy

est de l’urdrc dc 1/2 mz/m:’ L’cxpénence momrc que dans ce cas, § s lon
. 3 -

TLAUIEIIT UALS L CALIE ULE PLESSION PIOLIE UE CEUE qUE 1eglie au Sui
Deux facteurs Jouent aloxs d:ms le calcul de la prcssumauon, I’hypoxie
[rt

T o .

. Tnttan
AILLUUE TLAXIMIIULL UE 1U,50U 1L L) L8 YUL LULLELIE L IIYPUAIL SLLULLLIG, vis
peut donc en gardant le rapport pefpa & sa valeur hmite de 2 3 calculer la

® La M#decine deronautique, 9, 23,1954 Thése pour le Doctorat en Sciences Pans 1955.
4
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PROBLEMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDE

limute supéricure de vol pour laquelle on évite le msque de décompression
explosive et celut de Ihypoxie en vol normal. La pression de 10,300 m est
environ de 187 mm Hg, on aura done:

pa=pcf2 3 =187/2:3 = 81-3 mm Hg

ce quu correspond 2 une altitude maximum de vol de 15,600 m.

En ce qui concerne Paéroembolisme, on sait que si Pon veut voler
pendant une longue période de ternps sans risque d’aéroembolisme (sans
démtrogénation préalable), il ne faut pas dépasser l'altitude de 7000 m
cabine environ. Il nous est facile de calculer dans ce cas également, Palutude

0r
or
Bt
2}
33 + + +
+
e 25 d
Zone non ne de danger +
4 | dan +
+
3 ° +
°
2k o
° °o °
V200 /100 VS0 1/20 Vo 1/5 172 105 ASY mt/m3

Fig 1 Courbe expérimentale indiguant la zone dangereuse des décompressions explosues comple kent
du rapport peipa et du coefficient de furte AfV.
+ décompressions exploswes ayant entrainé des lisions
. g;mmpre:swru explosives hmites
© décompressions explosues offensives
# o {daprés VioreTre)

maximum de vol pour Jaguelle on éhmine 2 la fois les risques d'aéroem
bolisme et de décompression explosive, On a pour 7000 m cabine pe = 308
mm Hg, et

ba = pe[2°3 = 308/2-3 = 133-9 mm Hg,

ce qui correspond & une altitude de vol maximum de 12,500 m
Pour naus résumer, s 'on veut év:ter les misques de decamprcss\an

explosive dane T —nx dn -1 oo v 1 . pott da epaximum de
vol sera de ans ces deux
cas, le risqu 1se P°5° k

problime de In protection contre Fanoxémie qui suit ¥
6



R. GRANDPIERRE ET J. COLIN

perte de la pressurisation cabine Elle est facilement résolue a 12,500 m par
Pmhalation d’oxygéne pur 3 la pression ambiante ou mieux sous une faible
surpression,, & 15,600 m nous nous trouyons en dehors des Limites d"utilisation
de 'mhalation d’oxygéne en surpression telle qu'elle est réalisée par des
régulateurs comme le Bronzavia 316 et le Da.

Nous voyons done qu'au dessus de 15,000 m, dans le cas d’un chasseur, nous
nous trouvons devant des problé qu des solutions
particubiéres an admettant que le pilote a subt la dénitrogénation avant le
vol, deux graves problémes se posent*

contre la dé pl

P
—protection contre P'exposition aux trés basses pressions atmosphéniques
qut suit d Ia perte de

Protection contre la décompression explosive

Nous venons de voir que pour un chasseur dont la cabine est construite de
fagon classique nous avions un coefficient de furte (surface du canopy/fvolume
de la cabine) de I'ordre de 1/2 et qu'en raison de ce coefficient, nous éuons
obligés de conserver une différentielle cabine telle que pefpa << 2 3.

St I'on désire augmenter le plafond de 'appareil tout en conservant une
altitude cabine suffisamment basse pour ne pas dépasser le plafond d’utilisa-
tion des inhalateurs, nous pouvons jouer sur la surface de Pouverture
accidentelle possible. Prenons, par exemble, en nous plagant dans des
conditions extrémes, celles d’un vol A une alttude de 40,000 m. La pression
extérieure est alors de 2 mm Hg, et la pression cabine, par défimtion, de
187 mm Hg. Le rapport pojpa cst alors de 187/2. Pour éwiter le risque
mmmédiat de la décompression, 1l faut donc une ouverture maximum
4 < ¥x1/200 m?, sout, en admettant un volume de I 20 m3 pour la cabine,
A <120 1/200, ce qui donne 4 < 60 em?, Ce simple caleul montre qu’il
est pratiquement impossible d’¢hminer & trés haute altitude le danger de
déy pl en Jouant sur la surface des
hublots, 2 moins de supprimer le canopy actuel et de construire un canopy
toute épreuve. De toute fagon, le misque de décompression explosive sera
névitable en temps de guerre, au moment de 'impact d’un projectile dans
la cabine Comment, dans de telles conditions, assurer la sécurité du pilote?
Seul un équi 1 de peut-étre envisagé.

Le scaphandre aérien est la solution la plus sédussante du pomnt de vue
physiologique, En effet, enfermé dans son scaphandre, le pilote ne subira
aueune vanation de pression en cas de perte brutale de la pression cabine.
Autre avantage, le danger de décompression explosive étant éhmné, 1
sera alors possible de mantenir la pression cabine & des niveaux trés élevés,
et de supprimer les Tisques d’aéroembolisme, Ams: serait €liminée 'obliga-
tion de la démitrogénation si génante du pomnt de vue opérationnel du fait
de Ptmmolnlisation du personnel A terre avant la mission, Libéré de la cramnte
de la décompression explosive, de Paéroembolisme et de anoxémue, placé
dans des conditions de pression confortables, le pilote gardera toute son
efficience, On peut encore ajouter que la scaphandre pourrait encore
résoudre le problime de protection contre le vent, le froid, la chaleur et
méme Pimmersion dans les mers frordes.

a 7




PROBLLMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDE

Malheureusement, la construction d'un scaphandre se heurte 2 de nom-
breux obstacles qui n'ont pas encore été surmontés de facon satisfaisante,
Ces obstacles étant principalement: la réduction de la mobilité des différents
segments du corps, le pouds, I'encombrement et Ia difficulté de ventlation
intérieure. En Pabsence d'un scaphand i isfai: la ques-
tion de la protection contre la perte de pressurisation par un équipement
personnel reste posée; elle est a 1'étude actuellement, dans différents pays
et spécialement en France,

Cette protection

~—contre Panoxéme au-dessus de 15,000 m;

—contre I'ébullition des liquides organiques & partir de 20,000 m
environ (et non pas de 19,000 m comme on I'a dit souvent, car il
faut temr compte des pressions internes des liquides orgamques
différents de Peau),

a requ une solution provisoire qui est la combinaison pressurisée, Nous
n'msisterons pas sur le principe et le foncti de cet éq1 4
propos duquel une conférence sera consacrée ultérieurement. Disons

) que son fc est sir et Ja protection efficace jusqud
une altitude de "ordre de 30 3 35,000 m.

Nous verrons un peu plus loin la protection contre le froid qui suit im-
médatement également la perte de la pressunsation cabine. 3

Pour termuner cette bréve étude des prohlémes physiologiques posés par
la baisse de a pression b que, signalons que les méthodes de pressur-
1sation employé 1] deviend en haute altitude
Il est en effet impossible d"obtenir des compresseurs légers et peu encom
brants susceptibles de ramener & une pression suffisante I'air dans la cabine

"autre part, la compression de l'air extérieur fortement jonisé 3 c?tte

altitude, aménerait des concentrations toxiques d'ozone dans la cabinc.
Dans ces condrtions, & partir d*une altitude que 'on peut fixer aux alentours
de 20,000 m, les avions devront étre obligatoirement numis d'une cabine
étanche. Cette solution posera elle-méme 3 son tour d’autres problémes
physiologiques ou mécamques, en particulier st les sujets ne sont pas S
de vétements spéeraux, I'émination de la vapeur d'eau et du gaz carbonique
produits par les accupants de Pavion, ams: que la climatisation de [ cabme

Pour nous résumer, nous pouvons dire que la baisse considérable de
pression atmosphérique au-dessus de 15,000 m pose une séric de problémes
en ce qui concerne la sécurité au cours du vol; la combinaison pressunsét
est une solution partielle et transitorre, le scaphandre et la cabine &anche
;:ront vrasemblablement la seule réponse pleinement valable 2 ces Pro’

‘mes, .

ProsLEMES Posis PAR LEs RADIATIONS EN ALTIT""DF
(1) Rayonnement bumneue I
A mesure que décroit 1a pression barométrique, la protection mrmf'j
quapporte Patmosphére vis-a-vis du spectre lumineux émis par 16 0°7
g:::: ue et Pambiance lumnense entourant Pavion change considérable

8



R. GRANDPIERRE ET J, COLIN

Le rayonnement émis par le soleil subit en effet un certain nombre de
an cours de sa de 1" h Les b

molécules et particules qui composent Iatmosphére terrestre sont 4 Lorigine
d’un certain nombre de phénoménes® absorption, réfraction, réflexion,
diffraction et dispersion qui ont pour résultat de déterminer Pintensité de la
lurmidre nous parvenant au sol et la distribution spectrale.

La partie visible du spectre est atténuée par Pozone, surtout dans sa zone
orange, et d’une mamére plus faible par la vapeur d’eau et I'oxygene.

Les infra-rouges sont absorbés en grande quantité par la vapeur d’eau, le
protoxyde d’azote et le gaz carbomque

-

50 E

00 250
Longueur donde en mix

Fig 2 Absorptiondes U V par Uatmorphere en fonction de Ualtstude (Naual Research Laboratory)

Les ultra-violets subussent également une absorption trés importante par
Pozone et I'oxygéne,
L des rad fi ges et est particuliére-
ment importante & considérer. Tandis que Ja partie visible ne subit dans les
couches basses de Patmosphére, quune absorption de 1 pour cent, les infra-
rouges sont absorbés dans la proportion de 25 pour cent, et en particuher

1t 1 "

1a bande des 7 7.

18/ er 00 mp. :

Au total, 25 pour cent environ des ultra-violets sont absorbés par 'ozone.
Un fart interessant & noter est que la bande des 297 my, qui est la plus
dangereuse, surtout pour les yeux, correspond avec la zone d'absorption
maximum de Pozone, la bande des 250 mu pour laquelle la peau est dgale-
ment trs sensible est aussi fortement absorbée,



PROBLEMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDE

On voit donc toute I'importance que devra avoir la protection du pilote
et surtout de ses yeux contra ces radiations dangereuses aux grandes altitudes.
Cette protection pourra étre assurée par des écrans qui devront jouer le
méme rdle absorbant que Patmosphére. La mise au point de ces écrans est
du reste difficile, surtout en ce qui concerne I'absorption des infra-rouges.

Altitude en km

Hy0

15
10 m—”«
H0 Hyo 2

% > . —
08 1 12 14 1618 2 22 2% 2§ 28 Aenp
Fig 3 Absorption des I R. en fonction de Ualtitude (. Cor).

Mais comme nous allons le voir, la disparition de la protection apportée
par Pozone et la vapeur d’eau vis-3-vis des radiations ultra-violettes et infra-
rouges n’est pas le seul phénomeéne d’importance pour la viston de l'aviatenr.
11 faut encore tentr compte de la diminution p ive de Ja luminonté du
ciel, de 1a disparition de la diffusion de la lumidre par les molécules de Pair
et de I'imfluence de I'albedo de Ia terre

L'albedo ou degré de blancheur d’un objet est fonction de la fraction de
lumére qui est réfléchic et reavoyée dans Vespace par ce corps. Amsi que
T'a observé Danjon, la fraction de lumitre renvoyée par la terre est com-
prise entre 0-3 et 0-5 en France. Cette fraction de lumitre subit des varia-
tions saisonniéres, elle varie aussi suivant les longueurs d’onde envisagées, [a
réflexion opérée par les nuages est la plus importante. A mesure qu¢ }’on
s'¢leve, la luminosité du ciel dimunue, 'est donc le champ visuel férieur
du pilote qui devient le plus lumineux,

La luminosité du ciel est en effet due 2 la diffusion de la lumidre solaice par
les particules de Patmosphére Dans le cas des molécules d'air, cette diffusion
est en étroite dépendance avec la 1 d'onde. Le cocfficient d'atténua-
tion dela ciffusion étant saversement proportionnel 2 la quatriéme puissance
de 1a longueur d’onde, Ja quanticé de Jumidre difiractée s'accroft rapidement
& mesure que la longueur d’onde diminue, Cest pour cette rajson que le ci¢
parait bleu A mesure que Von séléve, I'épaisseur et Ia densité de Patmos-
phére située audessus de Pobservateur diminue, exactement de 12 'méx'n:
fagon que la pression barométrique. Clest ainsi qu 2 12,000 m la Jurninostt
du ciel n’est plus que la cinquiéme de la lumminosité au sol, & 30,000 m 53
valeur n’est plus que le 1/30 de sa valeur & 3000 m. Il faut cependant attein
dre des alutudes considérables pour que le ciel apparaisse noir, 3 90,000 ey
1l aura la méme apparence que par clair de lune au mveau de la men €t
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150,000 m seulement, 1} sera compltement noir. En méme temps les étoiles
deviendront visibles en plein jour, ce qui est un facteur intéressant pour la

navigation,
Ces drtions particuli d’ i poseront d'i
, TR e e e et e
- " e Cooex ' .
[ PR o
sl e e, e
porteur de lunettes i Il sera peut-étre inté égal de
prévorr dans le cockpit des panneaux diffusant la lumiére solaire pour
obtenir une diffuse ble de Phabitacl

) 0005 000 0015 0p20

Fig 4 Dustribution théorque de Pozone en fonction de 'altatuds (Mecxz)

Enfin, 1l est un probleme que nous rattacherons A ce chapitre parce qu'il
concerne la vision en haute altitude, c’est celmr de la “myopie spaciale”
Des expériences menées en particulier en Angleterre (WmTEsIDE) montrent
que st le champ visuel est vide, I'oeil au repos ne se met pas aw pownt A Iinfint
comme on I'avait admis jusqu’ict, mais & environ | metre. Ce phénomene
est & rapprocher de la myopie nocturne dont le mécanisme est sumiltaire
Le pilote d'un avion volant & trés haute altitude sera don mcapable de vorr
un autre appareil volant & une distance supérieure A 2 a 3 km du sien,
méme 5’1l en connart Ja durection et la distance grice 3 son radar. Ce n'est
qu'a partir de 2 & 3 km qu'il sera capable de le distinguer puis de vorr nette-
ment Pavion qu'tl recherche.

Différentes solutions ont été précomsées pour protéger 'aviateur contre
cc phénoméne On pourra se reporter & ce sujet au rapport de Witrans A la
Réumon de FAGARD de 1954,

1l sera peut-étre possible en outre, de se protéger contre cette myopic
spactale par I projection sur les paross du canopy ou des hublots de repéres
wvirtuels situés 4 Pinfini et servant de réferences évitant la mise au pomt de
T'oed & ]a distance de 1 m.

11
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(11} Rayons coxmiques

Si en haute altitude, Vatmosphire ne protége plus contre les radiations
lumineuses, il en est de méme povr Jes radiations cosraiques.

On croyait autrefois que les rayons cosmiques consistaient senlement en
noyaux d'atomes d’hydrogéne, c’est-2-dire en protons, Frewer, Lorore,
Nev, OppeNHEMER ont montré en 1948 que ks ravons coemiamen ane
prenaiens am ac a3
desr . -
dese -
etley, =+ ¢ ,

Or  pu cuunu ae nombre des particules primaires cosmiques qui
atteignent les couches supéricures de V'atmosphére. Par heure et par centi-
métre carré, on dénombre 4000 protons, 1000 particules, 20 noyaux de
carbone, 1 novau de fer (Van Auren et Tetew), Braor et Perers oat
indiqué la réparntion suivante: H/He/noyaux lourds = 79/20/1.

Environ la moing des protons primaires pénétre dans I'atmosphire
Jjusqu’a une alutude de 20,000 m, L'alutude minimum que pwssent atteindre
les noyaux lourds pnmiaires est d'environ 18,000 m. Au-dessus de cette
altitude leur nombre s'accroit de fagen idérable, jusqu's un i
qui commence & une altitude de 36,000 m. Le peu d’atmosphére qui subsiste
an-dessus de cette alptude n'a qu’un effet négligeable sur Ja densité et la
nature des particules cosmiques qui la raversent.

Le pouvoir de pénétration dépend de Ia vitesse et de la masse de chaque
particule. Certamnes traversent atmosphére jusqu'a la surface de la terre,
on a comparé cette traversée de Patmosphére 4 celle d’une plaque de plomlz
de 94 cm & épaisseur, ce qu dopne une dée de leur péndiration et aussi
de I'énorme dissipation d’énergae qui 'accompagne. .

Lorsque les particules prmaires rencontrent des molécules d’air, elles
produisent des mesons, des €lectrons, des positons, et des rayons gamma

3 e

&t
]
S
" 1onisation
! Totate
E Heenayqur
Jourds
todrds
w i ENED
° ° Atnuge ten o}

radiations cosmiques
totale en mutly vorntgens dons des fissus uspants soums gux M

Fig 5 Jomsatin sl o1 Ulatstudss Nord) (daprés J. ScHAEFER).
est fonction de Ia lautude.

Liomsation totale, pour une altitude dtm.néc,cc ot Js lautude

Bowsy, MiLukaN, NEMER ont montré que
12
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l’mﬂuence du champ mc\gncuquc terrestre qui dévie les particules des

chargées et I'intensité des rayons
cosmuques augmente pour une méme altitude lorsque on se déplace de la
région équatonale vers les pdlc&

Les effets biol des sont pri I dus au
phénomene de Pionisation, On peut donc, dans une certaine mesure, prévoir
Jeurs effets sur l'organisme & 'p:\nlr de I'étude d'autres radlauons 10nisantes
obtenues par les rayons X, les do-act; él de
particules, etc. Pour pouvoir comparer entre elles les dlﬂ'crentcs radiations,
1l a été nécessure de mettre au pomt un systéme d'umtés La premuére est le
roentgen, unité purement physique, qu'on a adapté 4 la biologie sous forme
du roentgen équivalent physique (rep) qui est défini comme étant la
quantité de rayonnement qui, traversant 1 gramme de tssus, hbere
2 012x 109 paires d’rons, Mais & égalité de dose ainsi définie I'action bio-
logique différe suvant la nature du rayonnement, aussi emploze-t-on le
roentgen équivalent homme ou rem D’aprés HousnTon le tableau de con-
version est le suvant

Rayons X, rayons y 1 (rep) 1 (rem)
Rayens o, Ly,
Neutrons 1o, 4,
Parteules o [ 0,
Produts de fizsion 1o, a7,

YL1omsation produtte par les particules lourdes primaures est semble-t-il
du méme ordre de grandeur, sinon supéneure A celle des produts de fision.
Ce sont Ies noyaux lourds primaires qui sont les plus nocifs, bien que leur
nombre soit petrt par rapport aux protons prunaires.

ScraEFER a donné, pour un homme et par jour, la dose totale de 57
rmulls rep dans les zones sup de I hére (cCest-a-dire 2 40,000 m
et au-dessus) et pour des lantudes supérieures & 55°N

Mass 1l faut tenir compte ausst de ce que Pon appelle le phénomene
d’étoile. Les noyaux Jourds possédant une trés grande énergie, peuvent, en
et Ao Pmn I — 2w, f

2000 par cm? et par jour & 26,000 D'aprés Haser, ce phénomeéne ajoute
32 milli rep dans Ies couches supérieures de I'atmosphére, ce qui nous
donne une dose totale pour un homme d’environ 9 milli rep par jour

Pour connaitre Paction de ces 9 mmlk rep sur 'organisme, 1l faut d’abord
les convertir en rem, ce qui est posstble d'aprés les facteurs de conversion
donnés par HoucnToy, et, en tenant cormpte du fait que ce facteur de con-
version (rbe) n'est pas connu de fagon exacte pour I'homme, on obtient
ainst une dose totale de 0 09 rem par jJour pour les altitudes considérées.

On admet 2ux USA (U S Natonal Comuttee ou Radiation Protection)
depuss 1949, qu'unc dose de 0 3 rem par semame est la dose bimate sup-
portable. Or, un pilote volant réguhérement 1000 hr par an au-dessus de
30,000 m recevrait par semame cnviron 0 09 rem, soit un peu moms du
tiers de 1a dose considérée comme sans danger,

On s'est amsi demnandé s les rayons cosmiques ne pouvalent pas avoir
une action particulidre sur certains tissus ou fonctions, Cest ams: qu'ont

13
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s

la plupart des rencontrés dans la zone d'alutude
considérée sont d’un poids de quelques mulhgrammes sculement (poussidre
météonque). La grande majonté des météorites, Cest-3-dire cenx dont le
pods est mféneur 4 quelques grammes ayant été vaporisée entre 80 et
90,000 m

Amsi qu'tl ressort des calculs statistiques de GRDINGER, un avion d'une
surface de 90 m® et ayant un revétement d’une éparsseur de 2 mm 5 pourrait
voler pendant prés de 100 ans avant d’étre traversé par un météorite.

Le danger représenté par les météontes au cours du vol 3 trés haute
altitude est donc mimme, 1] ne doit cependant pas étre sous estimé et les
mgémeurs de I'aéronautique devront calculer les revétements dey avions
en conséquence.

ProsriMEs Posés par LEs VARIATIONS DE TEMPERATURE
Jusqu'a ces derméres années on a envisagé les problémes posés par les
varations de température en alttude en tenant compte seulement de la
température du miheu dans lequel se déplagait 'avion. Actucllement, i1
faut tenir compte en outre des modifications thersmiques apportées par le
passage de 'avion dans le milieu,

Les problémes de protection de Pawvateur, & ce point de vue, se posent
non seulement en vol normal, mas encore en cas de déficience du condition-
nement d’air de la cabine ou d’abandon de Pavion, soumettant Paviateur
& des de extré mportantes et brutales

Les avions futurs évolneront dans un mihen de températures ambrantes
trés différentes Au cours d’une ascension en haute altitude, la température
dinunue progressivement pour se stabiliser aux environs de —55°C & parur
de 10,500 m en atmosphére standard. En réalité, la hauteur de la stratopause
varie de P'équateur au pdle et la température de la stratosphére vane de
—40°C au-dessus des péles & —83°C au-dessus de équatcur 51 on s'éléve

Tablea 1Y Températures Relevées en Fusée & Haute Altitude

Alntude Température Altude Température

{en km) (en °C) {en km) (e1°C)
12 —5% 60 -3
34 -3t 80 - 70
40 Z14 120 -3
48 +50 150 + 50
54 435 220 +180

la température augmente et vers 45,000 m on a environ +50°C, puis aprés
une nouvelle couche froide (—70°C & 80,000 m) la température s"accroit 2
nouveau de fagon considérable

Pour envisager Ia protection 1l faut temir compte non seulement de ces
€écarts considérables de température, mais ausn de la température qui
régne au sol dans l'avion au moment du décollage. Celle-c1 peut-étre trés
élcvéc elle est l'réqucmment dc +50° et au-dessus dans la mbmc d‘un




PROBLEMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDE

Altitude en km

a
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¢
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Fig. 6 1—Templrature caloulée.  2,—Température mesurde en fuste.

Le pmbléme se comphque encore si P'on tient compte de Péchauffement

et de Purradiation solaire. Le vol d'altitude, que nous con-

sxdémns ic1, ne peut se concevolr qu'a grande vitesse, celle~ci étant nécessarre

pour obtemr sur les plans de I'appareil les pressions nécessaires 4 sa sustenta-

tion. L'air se raréfiant en altitude, il faut donc voler de plus en plus vite
si l'on veut voler de plus en plus haut.

En rencontrant les surfac:s de I'avion, I'air est brusquement décéléré et
son énergie formée en énergie calorique. En certains points
de l'avion (nez, bord d’attaquc) Fair est brutalement arrété et on peut
abserver, en ces points, des températures trés élevées, supérieures 3 1000°C
pour une wvitesse de Mach 5. Aux autres points de I’avion, I'échaufferment par
friction aérodynamique est moindre, mais atteint environ 85 pour cent de
cette valeur (Haper). Heureusement en haute altitude, Péchauffement
aérodynarmque de P'avion est moindre en raison de la dminution de la
densité de Pair, ¢’est ains1 qu'un avion volant & Mach 4 & 40,000 m, ne
s*échauffera pas plus qu' Mach I an niveau de la mer. On pourra donc
voler trés vite & haute altitude, mas il faudra toujours que cet avion traverse
au décollagc comme & Patterrissage, les basses couches de P'atmosphére.

Une partie de la chaleur due aux frottements aérodynamiques est irradiée
vers V’extérieur, mais une partic importante est également transmise vers
Pintérieur de 'avion, amenant en définitive, un échauffement de la tempéra-
ture de la cabrne, et s1 on n’emploie pas de moyens spéciaux de protection,
un rayonnement de la paro: vers le pilote.
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L’échauffement aérodynamique n’est pas le seul & considérer, en dehors
des autres sources de chaleur: moteur, compresseur, équipements divers,
équipage lui-méme, le rayonnement solaire 2 une grande importance. Les

di h et nfr péné l dans la cabine
A travers la large surface transparente que représente le cockpit, Les parois

Tes absort et

mtéreures et les objets frappés par les rad es
puis émettent 4 leur tour des rayons infra-rouges de grande longueur d’onde
qui sont malt arrétées par le plexigk

Crest amst que la temperature cabine d’un avion volant de jour dans une
région subtropicale, 4 une altitude de 5000 m et A la vatesse du son, atteint
facilement 70°C. Cette température représente d’ailleurs Ia limite que I'on
puisse attemndre actuellement dans une cabine, on a en cffet signalé la
déténoration d'instrurnents de bord dans de telles conditions,

S1 le pilote est amené & abandonner son avion, il pourra étre exposé
de +70°C (temp de la cabine) & —55°C (température
de I'atmosphére ambiante) Si Pon veut que sa sécunté soit assurée, dans
toutes les conditions, 11 faut donc qu’il soit protégé A Ia fois contre la chaleur
qui régne dans son apparel et contre le froid auquel il peut se trouver brutale-
ment exposé.

La protection contre le froxd a été jusqu’a présent aisément assurée par
une combinaison ssolante d’une valeur de 3 clos environ, 1l est évident quune
telle b serast d méme dans une cabime
d’avion maintenue 2 une température normale de 18°C environ, Pour

[ R A PR

ROV SRR PR

€L SEL. AVEL UN UELIL SULISAIL, Ol drIve DAl (€ Luyer 4 mzamtenrr o
pilote dans des di 3 confortables en élimi; les calories
en excédent par conduction, convection et surtout par évaporation de I3
sueur. Une combinaison ventilée frangaise, caracténsée par une grande
Iégireté et une perte de charge minime est actuellement en expérimentation,
I N 3 PR PR >

UES LBALLS YUUIYUE Lol VElLLEs NG PLESENLE Pds ue graves problémes,
protection de ]a téte est plus déhcate. La ventilation de cette p;m,'du
corps est nécessaire, mais elle est dufficile & assurer lorsque Ie pilote doiy
porter un casque pressurisé, D'autre part 2l y a heu de considérer que 1z
ventlation de la combunasson ne pourra étre assurée en haute alitydy
de Paur pris 3 Pexténeur étant donné Pionisation du muliex ambiasy v gy
ne sera pent-dtre pas sans danger, dans certans cas, de -’axmm,',’"‘
oxygéne. -
On peut se demander combien de temps réssterait un sujey ¢
systéme de ventilation de la combinason viendrart brotalemim; 3 110
dé¢faut, De b auteurs i se sont inté 412 résige, iy
fa chaleur de sujets 1égerement vétus (Tavton, W. V. Brotraay, | L e,
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N. J. McConner, L. M. Newsure, K. Buermer). Les temps de tolérance
ainsi relevés pour des sujets au repos ou n'ayant qu'une faible activi
musculaire et pour un vent nul est de 70 min & 70°C, 55 min 4 80°C, 40 min
a4 90°C, 20 min & 115°C, 5 min 4 200°C.

On ne posséde que peu de renseignements sur le temps de tolérance d'un
sujet porteur d'une combinaison isolante, D’aprés BUeTTNER la réserve
de temps serait nlus srande nanr lac tamndeatineoe Llackan —ed e 2V oo oot f
aclorique et & . o
tuées au Labo . ' "

ire r pour les temp de lordre de 70°C.

La protection contre le rayonnement calorique soit & origine solaire, 3ot
provenant des parois surchauffées par les frottements aérodynamiques,
pourra étre assurée, d'une part par une verritre absorbant le rayonnement
infra-rouge, d'autre part par un casque et des vétements réfléchissants.

ProsrEmEs PosEs PAR LEs BruiTs

Si les avions ont toujours été des générateurs de bruits importants et génants,
que dire des avions modernes de hautes performances! Certains d’entre-eux,
munis de réacteurs & p yste de post: bustion, produi
des bruits d’une intensité globale de plus de 150 db. Aucune machine &
Theure actuelle ne fournit des i és t bles. Deux
rapports au dernier congrés de la branche de langue frangaise de I'Acro-
medical Association (Paris 1955)* ont fait le point des troubles physiopatho-
logiques, engendrés par les bruits (c’est-3-dire des vibrations infr: 3
sonores, et ultra-sonores transmises par I'air) produits par les avions actuelle-
ment en service.

llsont aussi les moyens quesdep ion 4 la ligue, Quoique
4 grande vitesse et 2 haute alttude, les bruits doivent se trouver réduits 3 des
valeurs inférieures A celle donnée ci-d , il faudra envi unep i

pour l'aviateur Celle~ci ne pourra consister qu’en une combinason spéciale
qui pourra problabement étre combinée avec celles que nous avons indiquées
precédemment pour la protection contre la dépression et contre les varia-
tions de température, le tout ne constrtuant gu'un seul vétement protecteur.

PronrimEs PosEs PAR LA DIMINUTION DE LA GRAVITE

Lrabsence de gravité, ou I'état de subgravité est un probl physiologig
que pose le vol & haute altitude au cours de certaines évolutions de Yavion
Iu-méme. On peut en effet prévoir qu'une proportton importante des vols
effectués dans les couches supéneures de Vatmosphére seront des vols
balbstiques, C'est-a-dire que le piote coupera ses moteurs aprés avoir
atteint une aliitude et une vatesse suffisantes: il poursuijvra ensuite sur sa
lancée une trajectoire prévue A Pavance, Au cours de celte trajectoire, les
différentes forces agusant sur I'avion (force de gravité, force centg-n[ugc.
accélération, décélération, poussée . .) peuvent s'annuler ou avoir une
omposante mimme pendant un temps qui pourra étre rcIativcfncnt Iong.
Jusqu'ici des états de subgravité on de non-gravité n’ont pu ére réalisés
que pendant des temps trés courts en faisant suivre & un avion une trajectoire

® La Midecine Arronautique, 10, 309-352 (1955).
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parabelique calculée & l’avance. Clest pourquoi il ne scmble pas que des
suets humains zient pu exp des états de ité ou gravité
zéro pendant plus de 30 sec.
Des pilotes d’essais {CrossriELD, YEAGER, MURRAY) ont rapporté leurs
sensations que I'on peut résumer ains1, sensation d’augmentation de la
PR a 1o e

paruculidres ces pilotes ont toujours été capables de continuer 2 piloter
correctement

Des expériences antmales réahsées aux USA en fusée, pendant des temps
plus longs, ont montré qu'l n’y avait pratiquement aucun trouble respira-
toire ou cardio-vasculaire ¢t qu'aucun trouble de I'équilibration n*était
décelable aprés fe retour au sol.

Malgré ces données favorables, 1l est difficile d’extrapoler ces expériences
de courte durée A des états de subgravité ou de non-gravité de longue
durée Les auteurs autorisés émettent des avis différents, les uns prévoient
une accoutumance humatne sans difficulté grace A la suppléance de la fonc-
tion vasuelle qui prume les autres sources d'mformation en ce qui concerne
Péquilibration 4 I'état statique, d’autres craignent des troubles tmportants
et I' d'un état profond. Il est donc nécessaire
dattendre que des expé plus prol et plus complétes viennent
nous éclawer sur le comportement de 'orgamisme au cours des états de
subgrawité prolongés

ProBLEMES PuysioLOGIQUEs PosEs par L’ABANDON DE L’AvioN
A Tris Haute ArtiTuDE

S1Pon admet que la protection de l'aviateur vis-2-vis de la baisse de pression
baroméirique, de pression partielle de oxygéne, des variations de tempéra-
ture, des vibrations transmuses par l'air peut étre assurée par un vétement
pressurisé et ssolant, on par un scaphandre qui joue tous ces réles 4 la fois,
1l nous reste a étudier des aspects mécaniques de I'abandon de Pavion en
vol puss de Ia chute hibre, ¢’est-a-dire les pressions d: etles accél
tions quu 'exerceront sur un pilote dans de telles conditions

Etant donn¢ que I'énergie cinétique de Pair répond A la formule générale
E = 1/2 m?, |a pression dynamique qui s’exerce sur une surface va s"accroi-
tre rapidement & mesure que la vitesse grandit, Clest ainst qu'a 500 km/hr,
la pression dynamque est de 1206 kg/m? et 3 1000 km/hr de 4 822 kgfm®.

Au dessus de 1a vatesse du son la rénistance de Pair s’accroit brusquement
et devient plusicurs fois supénieure A sa valeur dans le domaine subsonique
Clest pour cette rason que le sidge &ectable est Ja seule méthode d’abandon
d'un avion pour des vitesses supérieures & 500 kmjhr, ct qulelle devient
mapplicable pour des vitesses supersoniques. Deux exemples récents d’
Faie— a0 " ER - B

d'hémorragies oculaires et nternes, amsi que de Iésmns mmunalcs. La
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décélération & laquelle il fut soumus a atteint 40 G. L'autre exemple est
celui de M. Morranp, pilote de la RAF qui dut s'éjecter 2 Ia vitesse de
1100 kmyhr et 4 Paltitude de 3000 m. En plus des hémorragies oculaires ce
pilote eut & souffiur de fractures des bras et de la ceinture pelvienne, En
raison de la diminution de la densité de V'air, il faut toutefois s'attendre A
ce que I'éjection soit possible 4 des vitesses ’autant plus grandes quel'altitude
d’éjection est plus élevée grace A la diminution de I trainée. Clest ains: que,
& 5000 m, Péjection est possible 2 Mach 13 & 10,500 m elle est possible &
Mach 1, 5, 415,000 m 4 Mach 2, 4 18,000 m 4 Mach 2-5 (Mavo). F, Haper
a calcul€ la pression dynamique exercée sur le corps humain A trés haute
altitude et pour de trés grandes vitesses. II a mis amsi en dwdence qua
partir de 48,000 m cette pression diminuait rapidement. A Ialtitude de
95,000 un pilote pourrait abandonner son avion sans le secours du sidge &jec-
table, 2 une vitesse de Mach 10.

17000 >

AN

Altitude en metres

ool ||

|

0 02 04 0608 1 32 14 16 18 20 22 24 26
Vitesse en nombre de mach

Fig 7 Vitesses maxtnum pour lesquelles Péjection est possible (d'aprés Mavo).

Mais s1 la diminution de la pression dynamique est un facteur favorable
pour I'¢jection elle-méme, clle devient un facteur aggravant pour la chute
Iibre qui suit. Cette chute libre est en effet nécessaire pour de nombreuses
rasons: choc d’ouverture du parachute extrémement violent A haute altitude,
nécessité de sortir des couches phéri ol régne un
froid intense, durée himitée de Palimentation en oxygéne de la combinaison
pressurisée ou du scaphandre.

La diminution de a trainée du corps humain autorise des vatesses ﬁm’ﬂcs
de chute libre de plus en plus élevées 2 mesure que Paltitude croit, Clest
amsi qu'a 30,000 m Ja vitesse de chute hibre est de Pordre de Mach 1. A
90,000 m d’alutude, la vitesse atteindrait Mach 3. En entrant dans les
couches plus denses de 'atmosphere, le corps humain subirait une décéléra-
tion qui améne sa vitesse finale de chute libre 2 la valeur de 160 ?m/hr
environ quelle que soit Paltitude dut saut Dans le cas de 'abandon de I'avion
4 90,000 m, (en admettant une vitesse nulle au départ), la décélération
atteindrait 4 G A 30,000 m, Cette décélération allant de 24 4 G pendant 1 2
2 min serait supportable. Les chiffres que nous venons de donner sont pure-
ment théoriques, I'abandon de 'avion de fera toujours & une vitesse &levéc
Pour reprendre Pexemple donné par Haser d’un pilote abandonnant son
avion 2 Paltitude de 90,000 m et & la vitesse de Mach 10, la décélération
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horizontale est au déhut trés faible et la force de gravité diminuée par la
[orcc due au autour de Ia terre, Dans ces

ons, 12 décélérath drait un & de 7 G environ. On
voit donc que plus la vitesse de avion sera élevée, au moment de P'éection,
et plus la décélération sera brutale,

Dun autre cété, le corps entrera trés probablement en rotation, et ces
rotations feront changer constamment la valeur de la décélération en
faisant vaner la surface de tramge, ces fluctuations seront de Pordre de
122G,

L vitesse

>i§’/mdlullmn
]

Athude on km

A

o 0
Nombre de machs deceleration en G

Fig 8 buse t dictlat on ot de Ll apis abandon &' avion slant & Moch 10 &
iude de 90,000 m (d’apres Haser, F

En somme, un suget s’ éjectant A trés hautc alntudc s:ra d’abord soumis
4 une puis & un iplexe de et A des
accélérations en certans points du corps par suite de ses mouvements de
rotation D’aprés Hasex, ces mouvements de rotation sont favorables, car
1ls s’opposent aux troubles h qui seraient provoqués par
une décélcmtmn de longue duréc et dmgcs tout le t:mps dans le méme

1} semble done, cn resumé, quien raison de tous ces phénomenes, et
malgre I'aspect favorable de certams, que la solution de I'¢jection pure et
sumple soit 4 abandonner dans le cas des vols & hautes altitudes, La solution
du probléme réside sans doute dans Ja muse au point d’une cabine gectable
ou d’une capsule éjectable dans laquellc on pourrait inclure des équipements
de protccuon nécessaires.

La cabine ou la capsule gectable avant une trmnée plus faible que Ie
corps humain, 1l serait nécessaire de les munir d’aéro-frems ou de para-
chutes frems destnés & éviter Pappantion d'une décélération trop m-
portante au moment de leur pénétration dans I'atmosphére. La question

21



PROBLEMES PHYSIOLOGIQUES DU VOL A HAUTE ALTITUDES

de la rotation sera peut-étre la plus difficile  résoundre. Selon Frosr, de |
Stanley Aviation Corporation, une capsule &ectable ne serait ni ph
complexe, ni plus lourde, ni plus encombrante qu'um sitge &jectable lour
ct ne i isemblabl pas b p plus cher, Elle pourrait d
plus assurer Ia protection de 'occupant aprés la prise de contact avec le sol.

Dans un premier temps, il serait possible de prévoir que le pilote puiss
quitter sa capsule une fois arnvé A basse altitude et prendre contact avec
sol avec son propre parachute.

Autre avantage de la capsule éjectable, qui déborde cette fois le cadre d
la haute altitude, c’est qu'elle représente le seul moyen d’abandon dus
avion volant & des vitesses supersoniques 4 basse altitude,

CoNCLUSIONS

Alnsi, le vol A trés grande altitude ouvre un champ nouveau de recherche:
du point du vue de la physiopatholagie de Iaviateur et des bases physiolo:
gigues de la protection A envisager.

Certains des facteurs de troubles organiques nous sont déja connus, il
ne varient que dans Jeur imp d’autres sont si qu'ils peuvent
étonner ceux qui n'ont pas suivi les observations concernant Paltitude et les
progres de la technique aéronautique.

Bien des bases biologiques concernant Paction sur PPorganisme humarn
de ces différents facteurs nous manquent encore. Ceci explique que la
protection de l'aviateur qui s’aventure dans cette zone de Pespace ne soit
qu’amorcée.

De nombreuses recherches restent 2 faire, mais les problémes sont déja

posés et certaines sol quoique en partic D t déjd
données.
La Médecine 1] devant I'élargi de son champ

d’actvité, trouve ains: un nouvel élan de vitalité.

SuMMARY
High-altetude fiight provdes new tesearch fields in the physo-pathology of
auiation and n the physwological approach to protection against: .

Low atmospheric pressure—protection is required aganst explosive decom~
pression and more knowledge 1s needed in the calculation of caloric pressures in
view of hypouic and aeroembolism hazards. .

Intense hght—ihe protection given by ozone and waler vapour againel ultea-
violet and wnfra-red rodiation ts negligible at kigh alitudes whereas low ait
molecule content reduces diffusion and sky brightness. .

Spacial myopia—the tendency to focus at short distances in emply space.

Cosmic rays—Uttle 15 known about gffects of this radiation.

Meteorites—the assessment of danger 15 yet to be done. .

Extreme temperatures—due lo altude and aerodynamic heating.

S SRR R VS
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FLIGHT SAFETY—A NEW APPROACH

D. R. H. Urgunarr, RAF.

Cfo Airr Commodore ] § Wilson, RAF, MB, Ch B, DPH, Director of Hygiene and
Research, Air Minsstey, 2-8 Richmond Terrace, Whatchall, London S W 1

THE atterpt to prevent accidents must be one of the main concerns of the
admunistration of an Air Force not only for humanitanan but also for
economic reasons, In the early part of the war the acadent rate from causes
other than enemy action was alarmungly high, A Directorate of Accident
Prevention was set up to study these facts and to recommend methods which
would put a stop to this unnecessary loss of hfe and aircraft. Some trme after
the war the status of the organization was reduced to that of an Assistant
Directorate withan the Traimng Orgamzation, The majonity of the work
done by these formations was backward thinking 1n that no action was taken
until after an acadent or a series of accidents had occurred. There was then
a great rush to take remedzal action and have the awrcraft or the method of
m operation modified Because of the small staff avatlable the Assistant

f Accident P could only majorand minor
accndents, that is, those m which a good deal of damage had been done to
the crew or the areraft, Despite thus, a large amount of good work was
accomplished and the general acaident rate withim the A Force bocame
Tower

However the Air Council was not satisfied. It considered that the rate of
wastage was still too lugh. As a result of several reports from pilots, doctors
and other speciahzed people a decision was made to elevate the status of the
Accudent Prevention Branch to that of a full directorate and to name 1t the
Directorate of Flight Safety. Ths new organization was removed from the
Tramning Branch and is now directly responsible to the Air Council, It has
durect access to all branches of the Air Force, to those people concerned wath
the design and develepment of new aircraft and to the arcraft manu-
facturers th Into this new were posted a larger number
of officers, selected because of their experience n the vaned flying roles
and the duties connected with flying, There are quahfied flying mstructors,
fighter, bomber, coastal and transport pilots, technical officers and even a
flyng doctor Coupled with these 1s a small group of scientists and statisti-
cians whose responsibility 1t 18 to record all acadents that are reported and
to help analyse the statstics obtained from the records.

One of the greatest changes that has occurred is the requirement for
forward thinking. Very often n the past when a new awrcraft type was
ntroduced into the service, its early carcer was marked by a high loss of Ife
and awrcraft, Many of these dusasters could have been prevented had we
taken account of all occurrences in the past but because we did not, acaidents
were being bwlt into these types.

With the mcrease i stafl and exy the ficld of i igation has
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been greatly widened. Account can now be taken of mcidents in the air
which have only just avoided being major crashes. Very often in a major
accident where the aircraft has disintegrated the precise cause can never be
dogmatically stated but when the aircraft rcturns after a “Near Miss” an
accurate diagnosss of the cause can be made. We are of the opinion that
detailed examination of near accidents will produce 2 large number of facts
which can never be found from major accidents alone, It has been suggested
that a special team should be instituted to study near accidents, This team
was to have a Flying Personnel Medical Qfficer; a pilot who had operational
experience and was a test pilot, preferably with an instructor’s rating, and
the third member was to have been a senior aur traffic control officer who
had a navigator’s flying background. An effort was made to commence the
formation of such a team and one Flying Personnel Medical Officer began
traming as a Flying Instructor. Unfortunately he was Lilled in a flying
accident, There has not been any further advance with this progect

Within the Directorate of Air Ministry we have been grouped into four
branches. These are briefly concerned with:

1. The Flying Aspect.

2. The Technical Aspect,

3. The Scientific and Statistical Aspect. .

. Education, Prop da and the ion of reports and summarics
for distribution throughout the Air Force.

Those in the group deahng with the flying aspect consider all the factors
which are involved in the flying of an aircraft, Such factors include cockpit
layout, arecraft instruments, flying i and the psychological state
of the arcrew. This branch is staffed by pilots with varied and experienced
backgrounds and one Flying Personnel Medical Officer. .

The branch dealing with the technical aspects is staffed entirely by Techni-
cal Officers whose concern 1t is to ensure that no technical matter which
might affect the safety in operating an awrcraft is overlocked. ved

All reports of accidents and any resulting inquiry into these are reviewe
by these two branches and any faults or trends revealed are referred to the
appropriate Air Ministry department for remedial action. By reference to
the istical and i i

Branch can be obtained of any
simalar ocenrrences m the past and from this recommendations can be made
with a view to tmproving design of the faulty equipment or improving the
technique of the faulty operator. 3 g

The fourth branch correlates nformation gleaned by the Flying and
Technical branches so that complete studies and statistics can be pub!ls]’lt +
and dissermnated. This department is also rcsponsib‘le for the production @
fil . R - .

. . . . L. y
it ‘ i ' urent
with the operation of particular types of aircraft and equipment 1 cd. o
use within their Command. Upon these people we depend for the distr
bution of i ion to aircraft One of their main functions l;
continually to convince everyone that Fhight Safety is a matter of cor;cxel; "
for all members of the Air Force from the Chief of Staff’ do}«rm:lards 'I;\n o
just a Job of work for those within the Fhight Safety Organization. They
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responsible at their vanous levels for the co-ordination of effort towards an
accident free Air Force, They must laise with Squadron Commanders,
Safety Equipment Workers and Medzcal Officers. Their task is not an easy
one and as an aid in the future 1t is proposed that each of these will undergo
a course of instruction in his duttes, The whole purpose of the complete
organization must be to integrate the operational requirement, the techmceal
equipment and the human factors involved

More and more the Air Force is beginning to realize the absolute need
for the jon of the operational i the techncal
' -

Yl o cmem foeee * % a1 malaia ¥

P

Some time ago a medium jet bomber was taken off from a traming base
for a practice sortte mn radar bombing at mght. The aircraft carned one
pilot and two navigators On reaching the operational height for the sortie
some difficulty was expericnced with the radar sets and the nawigators
could not get clear mdications of their target. This meant a considerable
delay while the navigators made their adjustments and the aircraft was over
the target area longer than was expected. There was an unusually large
amount of clear arr turbulence that mght and the pilot was having difficulty
n controlling the arcraft, After a short nme he began to feel unwell and
suspected anoxia 23 the cause of this but a check of hus oxygen equipment
revealed no fault He eventually became confused and could not relate
outside references such as honizon and lights with what his aircraft msteu-
ments told with the result that the arcraft began to perform some unusual
manoeuvres. Within a very short ttme he lost complete control and ordered
i navigators to eject—an order which they acknowledged Without
further ado he proceeded to atternpt to eject himself, but because of the high
G forces acting on him at the ume he could not reach the handle which
operated the hood jettison and the control column snatch unit. It was with
the greatest difficulty that he managed to reach the gjection seat blind handle
and went out through the canopy He landed uninyured by parachute; the
two navigators were still in the aircraft when 1t crashed They had not even
Jetusoned their escape hatch,

The personal history of the pilot showed that he had a total flying time
of 512 hr of which 13 werc dual and 25 were solo on the type in which he

TEa o3 s, apa Ten it
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not be stopped by the pilot. Full forward movement of his control column
seemed to be of no avail, and level flight was impossible. The only way 1n
which he could maintan reasonable control was to keep the aircraft in a
steep turn with power off. Having tried many times to regain level flight,
and this being impossible, the decision to abandon the aircraft was made.
Three of the occupants had non-automatic ejection seats, and the other had
1o make a free exit through the normal doorway after jettisoning the door.
‘The student pilot was the unfortunate man who had to make the free escape,
hea T R O T R TR
LUL LU Wab ULSLLLLSSILL, BU LUl UELL UOWL alid 45313160 LIE PUpL DACA
inside the cockpit It was then found that a projecting handle had fouled
the escapee’s parachute 1n such a way as to tie him to the aircraft, and when
thig was freed the pupil made an uneventful escape, landing uninjured by
parachute.

‘While the pupil was attempting to escape both navigators ejected them-
selves, one Jandmg unmjured and the other was found dead still in hus
ejection seat. He had pulled his parachute ripcord, and the two lap straps
of his safety harness were still fastened although hus shoulder straps were
free, It would appear obvious that he had ejected hunself with only his lap
strap fastened, and it rs thought that the tumbling and rotating of the free
falling cjection seat made hum so confused that he was unable to locate his
safety harness release box and had pulled his parachute.

The first pilot did not eject humself until all other occupants had left the
areraft. He went straight through the canopy and the first thing he did was
1o pull hus parachute D ring. He realized that he had not released himself
from hus seat and when he did separate from the seat, the seat and parachute
fouled each other. He then had to free the scat from his parachute by
cutting the drogue line which was entangled with his parachute shroud
lines. In all this upsct the parachute was torn with the result that the paot
landed rather heawily and suffered a shght cut on hts wrist,

There was no pilot error mn this acadent. A part of the arcraft failed

pilot in the previous accident,

Despite this, the navigator’s death, the pupil pilot’s difficulty in leaving
the aircraft and the first pilot’s tangle with his parachute and ejection seat,
were all avodable; each of these was due to faulty escape dnll The pupil
attempted to le'zvc through the door by the wrong method, the navigator

SR S

escape dnlls. In this aceident, as 1n the last, some difficulty was expericnced
n reaching canopy jetuson controls, even though in the second case the
forces acting on the crew members were not nearly to great or vaned as in
the first case. The nangators found a litle difficulty 1n reaching their hateh
Jetuson swatch; the pulot was loath to release his grip on the control column

27






D. R. H, URQUHART

and centrifugal accelerations at the same time, and the effect of such mixed
accelerations on an individual are still not fully investigated. Here is the
place where the Medical Branch and the designers and uscrs of aircraft
will have to get together to decide the exact limi ofaman’s it
in view of such complications in future aircraft.

Much useful data can be obtamned from details of previous accidents, and
when this is correlated with expenments, medical or otherwise, then perhaps
a glimpse of what will happen in actual fact will be obtained.

The time 1s coming when the capabilities of an aircraft crs-d-2is the human
aperator will be such that automatic controls will be necessary and little
black boxes will have to perform many of the functions hitherto performed
by pilots. However, it will be a long time before a black box will be able to
replace completely a human being, in that there is no equivalent in weight,
size and ability to think and compute as the human brain daes. It may be
that until such time a3 a robot bram is produced the pilot may only be a
monitor who supervises the function of various automatic devices within
hus aircraft and that he will only be required to take active control of his
arcraft should one or other of these fall.

‘We saw m the description of two accidents that difficulty was experienced
by some crew members 1n operating their means of escape It 1s completely
uscless providing a means of escape 1f that means cannot be operated m an
emergency. Thought on these lines should not come as a sepavate factor but
should be considered in the basic design of the arreraft. With the advance-
ment of aircraft speed, the limit of usefulness of the ¢jection seat as a means
of recovering an uninjured crew member has been reached, the effect of
wind blast on the pilot is such that injury 1s almost certain, It 18 admutted
that liunb restraint does prevent a large number of injuries, but 1f an ejection
seat were to provide complete protection the apparatus would probably be
s0 clumnsy that the aircrew’s mavements would be restricted to such an extent
that it might make 1t impossible to fly the aircrat. The necessary considera-
tion is therefore being given to the provision of alternative means of escape
such as a jettisonable capsule This would maintain the pilot or crew man
in a suitable atmosphere and protect against blast effects until he reached
the ground.

Pilot selection and traning have often been criticized as a result of acaident

uvestigation and the need for the correlation of operational task and the
PR ~ ea. D

parrot fashion all the jargon necessary to indoctnnate aircrew. An nstructor
must be able to instill confidence in hus pupils, he must be able to help them
over theyr fears and shortcomuings and he must be proficient 1n the art of
flying and have the ability to accept or reject

Care of the psychological state of atrcrew must extend beyond the Flying
Training stage 1nto the Operational stage. If the aircrew then become aver.
worked and tiesd ar underwarled and etala ansdanse anll hacoaan L



’

FLIGHT SAFETY—A NEW APPROACH

I have tried to show you what we are doing in the Royal Air Force to
prevent accidents. Perhaps our efforts will not bear any better fruits than
have been borne by our pred in Accident Pr ion, but a more
positive and agressive approach has begun wath the formation of the Director-
ate of Flight Safety and 1ts attendant groups at lower levels. It has increased
in size, and we have integ d in the new i a varety of expen-
ence and skill. Its approach to other branches and organizations can be
direct and 15 not hampered by bemng a sub-section of a specialist branch.

I would briefly summarize the duties of the Flight Safety organization
as follows*

{i) It is a central reporting agency for all accidents and occurrences to

awrcraft or aircrew.

{n) It 1s the hbrary for all inquiries into accidents and is responsible for

the follow-up of these to ensure that all remedial action to prevent a re-

currence has been taken.

(1if) It has haison with the Medical Branch so that a follow up of all

medical officers’ and pathologsts’ reports of injuries to aircrew can be

undertaken with a view to re-designing personal safety equipment or
altering the method of its use.

(wv) Statistical analysis and reviews of all accidents are made, so that

significant trends are brought to light.

(v} It ensures that the dustribution of such information gathered from

these analyses and reviews is passed to all branches and commands.

(v1) It encourages the interchange of thought between the various cells

of expert knowledge, so that a development of an aircraft or its com-

ponents 15 along convergent and not parallel paths. 3

(vii) Publicity and education is carried out by production of articles,

films and posters to illustrate and drive home vital pomts.

(viii) It has laison with aircraft firms, designers and manufacturers s0

that they may be kept informed of accident potentials in therr products.

SOMMAIRE

Actuellement, dans la R.AF., une nouvelle orgamsation pour la pn’vmtmn,
des accdents aéniens ment &’étre mse sur pred, c'est la Direction de la Sla’mlt
en vol—(Durectorate of Flight Safety) qut velive directement du Cansel de DA
(Arr Councl). Elle comprend des wnstructeurs de pilotage qualsfifs, des prlotes de
chasse, de bombardement, de transport, des Qfficiers techmewens et un médeain de
P Asr, plus un petit groupe de savants et de statustaciens. L
Son domane s*étend non seulement aw accrdents majeurs, mais ausst aux mm{fﬂf!
aériens, souvent plus exploitables et plus wnstructifs. Elle comporle quatre sections
Soceupant vespectiement - i X i
1°—de Paspect “prlotage” dérant tous les facteurs dans
condute de Pavion: disposition du cockpit, wnstruments de bord, efficience
et diat psychologrgue de Déqupage,
2°—de Paspect techmque,
3°—de Paspect scentrfique et statistique, et enfin;
8°—de Péducation et de la propagande par films, artscles, placards, etc.
En dehors du Mimstére de Ui, Paction de la Direction est compléée par
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celle des Officrers de sécurité en vol & Ulchelon de la Base Aérienne, de P Escadre
et du Command, en hason avee les médecins de ' Air.,

Lauteur rapporte dans tous leurs détarls deux accidents récents, Pun du @ une
erreur-pilote, Pautre @ tne difasllance technique, qui illusirent parfaitement
Putshité de la nouvelle orgamsation

Les enquéles sont actuellement complétdes par une autopse systematique,
effectutt par un enatomo-pathologuste spécialsé.

Ayant constamment le regard tourné vers Pavenir, et non plus seulement vers
Détuds des acadents passés, la Direction de la Sécurité en vol est & méme de
rénser les méthodes &’ entrainement et de sélection; de coordonner les ¢fforts pour
Paméliration des cockpits et des tableaux de bord, d’améliorer les procédés
d*#vacutation du bord ¢n cas de nécessité, etc

La sélection et Pentrafnement opt souvent 848 mus en cause, J1 faut attacher une
smportance toute spéciale au chore des instructeurs et veller surtout & ce que la
survellance psychologique, lon de se limiter au stade école, sort inlassablement
continuée au stade opérationnel. Cecr West possible que par la coopération du
Commandement, des Médeans et des Officters de sécunité en vol & tous les échelons.
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NAVAL AVIATION MEDICINE VIEWPOINT
ON THE FLIGHT SAFETY PROBLEM

R. L. Curisty (U.S.A)
Bureau of Medicine and Surgery, Navy Dept,, Potomac Annex, Washington 25, D €

Americans have an expression which is widely heard and prominently
displayed in public places. In schools, in factories, and on the highway there
are posted signs which read Safety First! There are active safety programmes
for prevention of home, farm and industrial accidents in addition to moter
vehicle and public transportation accidents. These programmes are spon-
sored by many agencies, both private and governmental. At the highest
public level 1s a National Safety Council, chartered by an act of Congress,
which is in a position to adwise the President of the United States on all
matters of public safety.

The high rate of motor velicle accidents in America belies this basic and
real concern of the people for the tragic accidental loss of hfe on the high-
ways, However, one has only to look at the life expectancy of the average
American to see that the individual human longevity in the United States
reflects an exceptional degree of safety and physical well-being.

Turming to the subject at hand, Aviation Safety, one doubts that the
Wright Brothers, or Montgolfier, Bleriat or other aviation pioneers gave
more than a fleeting thought to the matter of therr own safety.

Certamly in the field of military aviation and espectally in wartime, .!hc
personal safety of pilots can be chiefly idered in the light of provid
sufficient protective equipment and a suitable environment to promote
increased performance of men and machine and thereby superiority over 2
real or potential enemy.

Thus, there is a fundamental difference between military aviation safety
programmes and all others. in the home, in the factories, on the highways an
1 ¢fwil aviation, The basic concern in military aviation is not only to plan a
programme which will eliminate hazardous situations buf also one which will
protect against an ingly d i aloft.

The aviation safety programme of the U.S. Navy is devoted to the pro-
position that increasmgly higher performance of aircraft need not necessarily

ly T d i aloft. In December of 1953

lead to an y 19
there was established in the Office of the Chief of Naval Otpera&mns a D:vxi\:‘):
statistics. The Duvision of Aviation Safety, as established in 1953, contant 8
‘ : [U'H
ent

; and aviation
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this activaty functions as a clearing house or centralized agency for compiling
and analysing all aircraft acadent data,

Two principal reports are completed on every major aircraft accident—
the aireraft accdent report and the medical officer’s report These reports
are received and studied by the various departments at the Safety Center,
which include Crash Investigation, Analysis and Research, Mamtenance
and Material, Literature, Records and Statistics and Aero-Medical. To
assist 1 the development of data, a machine processing system is available
- IR R S R A PR et

analyss. Nevertheless, a farly adequate system 1s 1 operation for the
PN r A

pilot-error factors Yet the fght surgeon or medical officer member of an
amrcraft acaident investigating team has, in the past, had a tendency, at the
scene of a fatal crash, to wrnite on his report, “Injuries, multiple, extreme”,
and consider his job complete. Stimulated by the classic example of the
Bntish 1n ther comprehensive medical analysis of the Comet disasters, a
group of individuals 1n America, along with representatives from the
Unmited Kingdom and Canada, arranged a symposium m March 1955 to
consider the Pathological Correlation of Aircrew Fatalities. As a result of
this meeting, a Joint Committee on Aviation Pathology has been formed
under the auspices of the Department of Defence with the United Kingdom
and Canada as co-members.

‘With the blish: of the Joint C i on Aviation P
ugmﬁcam step forward has been taken in the effort to clanfy the so~ca]lcd

*“pulot-error” eategory of arrcraft accidents,

Other efforts are beng made to strengthen this appmach to safety.
Aurcraft flight surgeons, and the
tion 1n general, arc becoming more and more alert to the need for com-
prehensive acaident investigation with a view toward defining true causes
and thus instituting preventive action

Another aspect of the safety 1 the p;
sself. A major development in this regard was the establshment of a Naval
Aviation Safety Officer Course at the University of Southern Calfornia in
the fall of 1954, The curriculum of 264 class hours includes courses in the
following.

1. Aeronautical Engineening 101 (class hours)

2. Awrcraft Accrdent Investigation 4

3. Safety Management (included 1n courses 2 and 6)
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4. Aviation Psychology 30 (class hours)
5. Aviation Physiology 27, .
6. Education 32 5,

In 1935 there were 125 officer graduates of this course who were assigned
as stafl and squadron safety officers upon graduation.

These d are regarded as ialists in aviation safety and are

expected to make a major \ to the hroughout the

ical ization, They are ing roles of leadership in the

vanous staff and area safety councils located in the Naval Districts and

. . ;
. N P
Operations Aviation Safety Council meets at frequent ntervals to consider
mayor aspects of the programme,

These are a few of the major developments in the field of aviation safety
wathint the past few years. It is difficult at times to distinguish between the
subject of aviation safety and the maintenance of 2 high degree of combat
readi Yeta ful or completed mission is a safz mission. You are all
aware of the many aspects of aircraft performance and the measures re-
quired to keep the aviator abreast or “ahead of his machines™. At first glance
1t might appear as though the capabilities of the aircraft had outstripped the
capabilities of man to control and operate it safely. Aircrew equpment
laboratories are hard-pressed to develop the equipment and environment

Lt ad L ata - fa Lo canPrcminnnn Zae aleeeafe which will render
- . “by the seat of
. . - + ridence that we
are making progress in this regard are the following figures: the 'NZVY
major accident rate for the years 1949 through 1953 was 5+5 major accidents
per 10,000 hours of flymng, the average for 1954 was 4-42 and for 1955, 3-56.
Also the application of the British develor of the canted or angled deck
and the murror landing device to our aircraft carriers is aiding greatly in
reducing aceidents. In addition to overall safety records study, detatled
studies of accident records of particular aircraft are made in order toassist
m improvement of aircraft and related components. Analysis of wheels-up
landings, ejection seat performance and the like have conttihutcd.gfca ly
to progress in improving safety and decreasing accidents, injuries and
fatalties, .

The following analysis of ejection seat usage in the U.S, Navy gives an
1ndication of such progress and the influence of statistics on design develop-
ment.

From the time of the first emergency escape from a Banshee fighter
arrcrzft on 9 August 1949, to the first of January of 1956 there have been
177 ejections from Navy aircraft.

Belore proceeding to a brief analysis of Navy ejections, 1 should like to
interject a word of caution regarding the strict application of stzu.smfﬂ
methods to the figures which will be presented. There are many variables
involved in any successful ejection; the principal ones being~

(I) the conditton of the aircraft, including its altitude and
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(11) the functioning of the ejection seat mechanism, mcluding separation
from the seat and deployment of the parachute and . .
(11T} the reactions of the pilot, including his decision to eject and his
ability to complete the required procedures.
1t is difficult 1 each wmstance of ejection, where the pilot has not survived,
to isolate the vanable or variables at fault For this reason, each individual
¢jection should, by and large, be considered as an occurrence an itself for
purposes of safety study and preventive action. Furthermore, it is not
possible, i a series of only 177 cases, to be on firm statistical ground.
Nonetheless, one fact appears to stand out, namely the fact we have at
our disposal (Fig. 1) a highly successful means of escape from disabled or

96 per cent
sornved ]

90 per cent
sarvved

@ (0)
@ xfwﬁ?@
[} @)

Fig 1 U.S Navy Egections
{a) Speed below 400 knots (8) Altztudr above 5000 ft,
(¢} Speed above 500 knots (d) Alntude below 1000 ft.

uncontrollable awrera®t under certamn condstions. (In the upper left-hand corner)
out of 136 ejectrons below a speed of 400 knots, 123 or 90 per cent of the
pilats have survived (In the upper nght-hand corner) out of 106 ejections
above 5000 ft altitude, 102 or 96 per cent of the pilots have survived Lest
these figures Iead us to 1 ding our present equi and
its capabilities, however, we hasten to observe (in the lower left-hand
corner) that out of 9 ejections at speeds of 500 knots and higher, there have
been 5 i p 1y half, as d to 90 per cent at the
lower speeds. And (in the lower right-hand corner) out of 14 ejections below
an alutude of 1000 {1, there was only one survivor—7 per cent survivability
compared to 96 per cent at altitudes above 5000 ft.

It is not m ary to k that our with ejections fram
high-speed aureraft 1s only beginning, Nor 15 1t necessary to point out that
there are a number of extremely low altitude or ground level emergencies
such as flame-out on take-off or landing which result 1n fatalites, yet which
are ble—provided we have p with the bil of safe
cjection at ground level,
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Inthe sum.ma'ry'oi" Navy ejections which follows (Fig. 2) only successhy]
s are (—by ful” we mean that the pilat is known to
h’ave ¢jected and cleared the aircraft prior to impact with the ground,
Known “attempted ejections’ are excluded. Also obviousl Juded are an
unknown number of fatal cases wherein attempts to escape may have
occurred.
Out af‘ 177 ejections, 115 or 65 per cent resulted in nunor or no injury
to the pilot. Twenty-seven or 1S per cent resulted in serous injury to the
pilot. A total of 142 ar 80 per cent of the pilots survived their cjections.

1152 65 per cert
rminor or no Inry

tost ar
issing

29216 per
cent fatal

Fig. 2, U S, Nawp Eyections.
Total t0 1 Jan, 1956 ~ 177 Surowved 142 = 809 Fatal 35 = 20%.

Seven or 4 per cent of the pilots who ejected were reported as lost or
missing. And 28 or 16 per cent of the pilots were fatalities. Thus a total of
35 or 20 per cent of all ejections were considered fatal.

Out of 35 fatal ejections, 26 ar 74 per cent were attributed ta one or the
other of the following causes+ did not leave seat, rip cord not pulled, chute
not deployed or 1mpact with ground,

Twenty-two or 63 per cent of the fatal ejections were accomplished below
3000 ft. This fact, coupled with the previous cause factors, would suggest
that 3000 £ is perhaps the eritical altitude, below which there is insufficient
time for the pilot to accomplish the entire ejection sequence including
separation from the seat and deployment of the parachute,

Tt has been estimated that safe ¢jection may be accomplished at 200-300 &
when the ic seat belt and parachute opening devices are standond
equipment. Present figures may tend to make this prediction sound some-
‘what optimistte.

Figure 3 re-emphasizes the pomt that was made earlier, Althoagh out
experience with ejections over 500 knots is small the next few years
probably show 2 shift of the Jarger bars to the right of this shde. ;

Als, the larger bar representing the unknown cases may very possibl;
properly located on the abscissa as you see st on this figure, since at the fower
speeds the outcome is uniformly more favourable.
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[0 Lost, missing or fatal

2
2
1 9
L]
3 6 Z l
20 300 0

500 and above | Unknown
Speed, knots (145}
Fig 3 US Nay Epections Speed and Surwabiity
Total to 1 Jon 1956 = 177

fumber of ejections

Figure 5 compares the cause for ejection and survivability and also shows
the causes for ejection in the order of their relative frequency, fire, explosion,
loss of control, etc.

—
] e

Ansade,

T tostmissing or fatal

7 Number of epctions

Fig 4 US Nay Eyections Alttude and Suroicabuliey
Totat ta 1 Jon 1956 = 177,

One might pownt out that in the cases of foss of control, indicating pethaps
the extreme cause for ejection, survival was 33 out of 43 or 76 per cent.

While in relatvely controlled emergencies such as engine failure and fuel
exhaustion, survival was 33 out of 31 or 97 per cent,
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Finally, your attention is called to the small bar on the right-hand side
of Fig. 5 which indicates that there has been only one inadvertent ejection,
This erphasizes the use of accident statistics in guiding design requirements,

With the first installation of the ejection scat, there was considerable
concern about possibilites of inadvertent ejection of the seat in flight, or
accidentally on the ground or during maintenance procedures. The face
curtamn firing method basically was considered to be of ad in this
respect as it was focated in an area not conducive to being caught by clothing
or equipment when entering or leaving the aircraft, nor was it lkely to be
canfused with other items 1n the cockpit, Nevertheless as an extra precaution
1n eaclier installations, a jection lever to jettison the canopy and

P pre-g

Nurmber ot
ejections

773 tost messing. fatat

Loss e Structad MA.ar Vertgo  Furl Inadverient nkown
erpmon comel Tanre e colion Guoneriation ehaion
Fig. 5 U.S Navy Eyections Cause for Eyection and Surnuabolty.
Total 10 1 Jan 1956 = 177,

arm the seat was used. The seat subsequently fired by the face curtain v;hi}c‘h
also aided proper body-positioning and support during gection and the
- o ot e A Lk o Ban T

s

ditions. Since the face curtain 1s essentially a safe system in itsell the par:
ejection lever as such is no fonger considered neeessary anq its functions o
now included in the face curtain firing sequence. This is dmgnmcﬁ_i a8 S“\Sm
point ejection control The first part of the travel Qrthc face curw;x a;t;athe
Jettisoning of the canopy which pulls the safety pin of the catapult a
seat fires as the face curtain completes its travel ‘%ownw:\rd- .
It is to be noted that the seat cannot be fired until d.:? canopy is je on
and thus pulls the seat catapult safety pin. This provision was xnzr:mw.
10 prevent premature cjection through a closed or partially o];:nu it
However, the record secm:‘d to indicate more of a problem throug!
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eyection through the canopy is possible. To date the Navy has had seven
successful intentional ejections !hmugh the canopy with only munor injury.

The considerable success of the ejection seat as a method of escape from
high-performance aircraft has thus shifted the cmphasis in system design
from one of caution against ground ejection or inadvertent eJccuon to a more
correct emphasis on proper ing under Incor-
poration of an alternate means of removal of the safety pin in the event of
failure of canopy jettisoning reflects this change and has resulted in seven
successful ejectrons through the canopy. Incorporation of simngle-point
ejection control 1s also designed to favour escape under emergency pro-
cedures by ehminating an extra step in the procedurc and by sumplifymng
design. Improvements in design have also bccn accomphshcd to eliminate
possible farlures or

‘The major remaining area for reduction of fatahties lies in increasing the
possibility of successful escape at low altitudes and at very hugh altitudes
and high speeds, particularly through incorporation of automatic lap belts
and parachute opening devices, These are going into all our aircraft as
raprdly as possible

LIPS

L e,
higher-performance awccraft use of cockpit capsule type escape appears
essential .f h:gh famlny rates are to be avarded,

Tt from 1mp: batlout dures to ejection
seats and on mm Ej:C!an seat capsules, fight safety and accident statistics
have thus played an jmportant role.

Continued effort 13 bemng made to obtain aceurate data regarding aviation
accidents and therr causes and to utihize this in aircraft design, traimng
T and

However, 1n one particular area, greater emphasss 1s required The
shortage of adequate numbers of career flight surgeons combined with the
effects of the rapid turnover of doctors entering and leaving the service
under the doctor draft and the heavy medical workload, have handicapped
the programme of preventive aviation medicine Fhght surgeons all too
often do not have sufficient ume to spend with therr pilots and aircrewmen.
However, 1t 13 hoped that m the not too distant future this will be remedied.
Greater attention by flight surgeons to details of hving of their palots, training
and equipment 1s required It1s of course far better to prevent accidents than
to investigate them

In summary, safety 1s emphasized on all levels throughout the Navy with
particular emphasis through the Aviation Safety Division 1n the Chref of
Naval Operations, the U § Naval Aviation Safety Center, and the Avlauon

Safety officers who are assigned to and

Safety and crash data are used n
arrcralt and arcraft p design and to 1mprove safety
with of aircraft,

Ths programme should insure the optimum 1n safety of flight while
and combat readiness of the avia-
trom s o the U 8. Navy " Marine Corps.
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Finally, your attention is called to the small bar on the right-hand side
of Fig. 5 which indicates that there has been only one inadvertent ejection,
Thus emp} the use of acci istics in guiding design requirements.

With the first installation of the ejection seat, there was considerable
concern about possibilities of inadvertent ejection of the seat in flight, or
accidentally on the ground or during maintenance procedures. The face
curtain firing method basically was idered to be of ad in this
respect as it was located in an area not conducive to being caught by clothing
or equipment when entering or leaving the aircraft, nor was it likely to be
confused with other atems an the cockpit. Nevertheless as an extra precaution
m earlier installations, a separate pre-ejection lever to jettison the canopy and

Nummber o
eectons

[ tost.missing. fatat

..... >

g =
Fi Engine Structural Mid-air  Vertig: Fuel Inadvertert
explosion control  fallure  falure  colision discrientation exhaustion

Fig 5 US Naoy Epections Cause for Eyection and Survwabibity.
Total to 1 Jan 1956 = 177.

arm the seat was used. The seat subsequently fired by the face curtan whick
also aided proper body-positionteg and suppost during ejection and the
retention of oxygen mask and helmet after ejection,

Although this system proved to be safe in flight, its extra safety factors
may have introduced undesirable features in escape under emergency €on-
ditions. Since the face curtain is essentially a safe system ie itself the pre-
ejection lever as such is no Jonger considered necessary and its functions are
now included in the face curtain finng sequence. This is designa!ct.i as single-
point ejection control. The first part of the travel of the face curtain actua;ld
Jettisoning of the vanopy which pulls the safety pin of the catapult and the
seat fires as the face curtain completes its travel downward. 4

1t is to be noted that the seat cannot be fired until the canopy is jestsoned
and thus pulls the seat catapult safety pin. This provision was incorporate
%0 prevent premature ejection through a closed or partially opened w:i‘l’P%
However, the record seemed to mdicate more of a problem through.f '“f:
of the canopy to jettison and since in this system failure of the canopy, _|cm§<:n
systern would mean inability to eject with posuible fatal results, a n{edﬁ?: .
for alterate removal of the safety pin has been incorporated following Whic
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ejection through the canopy 1s possible. To date the Navy has had seven
successful intentional ejections through the canopy with only minor injury.
The considerable success of the ejection seat as a method of escape from
Tugh-performance aircraft has thus shifted the emphasis in system design
from one of caution agawmst ground ejection or advertent q:cuon to a more
correct emphasis on proper under Tncor-
poration of an alternate means of removal of the safety pin m the event of
failure of canopy jettisoning reflects this change and has resulted in seven
successful ejections through the canopy. Incorporation of single-point
A PO S A Y

The major remaining area for reduction of fatahities lies i increasing the
possibility of successful escape at low alutudes and at very high altitudes
and high speeds, particularly through ncorporation of automatic lap belts
and parachute opeming devices. These are going mto 2ll our aircraft as
rapidly as possible.

RN fo a n .

higher-performance arcraft use of cockpit capsule type escape appears
essential of lugh fazaluy rates are to be avosded.

Th from 1mp: d bailout procedures to ejection
seats and on ln[D c_]ccuon seat capsules, flight safety and acadent statistics
have thus played an important role.

Continued effort 15 being made to obtamn accurate data regarding aviation
accidents and thewr causes and to utilize this in aircraft design, trmnmg

and praced

However, in one particular area, greater emphasis 15 required The
shortage of adequate numbers of career flight surgeons combined with the
effects of the rapid turnover of doctors entering and leaving the service
under the doctor draft and the heavy medical workload, have handicapped
the programme of preventive aviation medicme Flght surgeons all too
often do not have sufficient time to spend with their prots and arcrewmen.
However, 1t 1s hoped that 1 the not too distant fiture this will be remedied.
Greater attention by flight surgeons to details of iving of their piots, traming
and equipment 1s required. It 1s of course far better to prevent accidents than
o wmvestigate them

In , safety 15 ized on all levels the Navy with
particular emphasis through the Avianon Safety Diwvision 1n the Chief of
Naval Operations, the U.S Naval Aviation Sa[e!y Ccmcr, and thc Awviation
Safety officers who are assigned to

Safery and crash data are used m
awcraft and arcraft design and devel 10 maprove safety
with of arcraft

- This programn: should nsure the optimum m safety of fight while
] and combat readiness of the avia-
ton um!s of the u.s. Navy and Marnne Corps.
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Finally, your attention is called to the small bar on the right-hand side
oF Fio S awhinh indinnsns shos sty oo 1 e e T
" .
concern about possibilities of inadvertent gjection of the seat in flight, or
accidentally on the ground or during maintenance procedures. The face
curtain firing method basically was idered to be of ad ge, in this
rcspect. as it was located in an area not conducive to being caught by clothing
or equipment when entenng or leaving the aircraft, nor was 1t likely to be
f:onﬁu!:d with other items 1n the cackpit. Nevertheless as an extra precaution
in earlier installations, a separate pre-gjection lever to jettison the canopy and

Number ot
efections

[TTIT] Lost mssing. fatal

______ I —
N I £ngne Struclual Md-ar Vertgo  Fuel Inadvertent
explosion control  fallure  falure  cofision disonertation exhatstion
Fig 5 US Nay Eyections Cause for Eyection and Survivability,
Total to 1 Fan 1936 = 177,

arm the seat was used. The seat subsequently fired by the face curtain thxih
. i H f CA IR RO

Unknown

. H

ditions. Since the face curtan is essentially a safe system in itself t‘hc pre-
ejection lever as such 1s no longer considered necessary and its functlo{ls are
now included in the face curtan firng sequence. This is dcsignatu:‘l as single-
point ejection control. The first part of the travel of the face curtain actuates
Jettisoning of the canopy which pulls the safety pin of the catapult and the
seat fires as the face curtain completes 1ts travel downward. o
It is to be noted that the seat cannot be fired until the canopy is jettis
and thus pulls the seat catapult safety pin. This provision was incorporate
to prevent premature ejection through a closed or partially opened canopy-
However, the record seemed to indicate more of a problem through falure
of the canopy to jettison and since in this system failure of the canopy jettison
system would mean mabihity to gject with possible fatal results, 2 m.ccham_ﬂ:
for alternate removal of the safety pin has been incorporated following whic
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hugh-performance aircraft has thus shifted the emphass in system design

from one of caution against ground ejection or inadvertent ejection to a more

correct emphasis on proper fi under Incor-

poration of an alternate means of removal of the safety pin in the event of

farlure of canopy Jettisoning reflects this change and has resulted in seven

successful ejections through the canopy. Incorporatton of single-pont
. AR v e '

* The magor remarmng area for reduction of fatalitics hes 1n ncreasing the
posuibility of successful escape at low altitudes and at very lugh altitudes
and high speeds, particularly through mcorporation of automatic lap belts
and parachute opening devices These are gong 1nto all our awcraft as
rapidly as possible.

Safe escape 1n many mstances from high-performance aircraft will require
an exploitation of the ahove along with possible use of auxiliary methods of
slowing the aircraft prior to ejectzon at very high speeds Beyond thus in stall
higher-performance arcraft use of cockpit capsule type escape appears
essentral u‘lugh fata!uy rates are to be avoxdcd

Tt 1 from tmpr 1 bailout p to ejection
seats and on mto c_):cnun seat capsules, flight safety and acadent statistics
have thus played an important role,

Contnued effort is betng made to obtain accurate data regarding aviation
accrdents and thewr causes and to utiize this 1n aircraft design, tramng

ant d

However, 1n one particular area, greater emphasis 15 required The
shortage of adequate numbers of career flight surgeons combined with the
effects of the rapid turnover of doctors entering and leaving the service
under the doctor draft and the heavy medical workload, have handicapped
the programme of preventive aviation medicine Fhght surgeons all too
often do not have sufficient time to spend with therr pilots and arrcrewmen
However, 1t 15 hoped that m the not too distant future this wall be remedied
Greater attentzon by flight surgeons to details of Irving of their pilots, trainmng
and equipment 1s required It 1s of course far better to prevent accidents than
to mvestigate them

In summary, safety 1s emphasized on all levels throughout the Navy with
particular emphasis through the Aviation Safety Division 1 the Chief of
Naval Operations, the U S Naval Aviation Safety Center, and the Aviation

&

Safcty officers who are assigned to and md)

Safety and crash data ate used 1
arrcraft and aircraft cumponcm destgn and dcvclopment to improve safety
witl of awcraft.

Th:s progﬁmmc should wmsure the optimum mn safety of fight while
and combat readiness of the avia-
tion units of thc Us Navy and Marine Corps
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SOMMAIRE
Dans Ia Marine eméncaine, le Chef des opérations navales dispose d'une
“Duision de sécunté aénenne” avec un Duecteur et 5 Officiers. Elle a elle-
méme sous son autorté techmque le Centre dz sécurité aénenne de la Manine &
Notfolk (Virg.) avec 85 personnes, qui centralise et analyse tous les rapporls
d’accidents. (Rapports d’accrdents aériens et rapports des médecins), Ce Cenlre
travaille en hawson aiec le Comté mxte d’anatomo-pathologre de Pariation, eréé
en 1955 par le Département de la Défense,
11 est admis que 50 A 65 pour cent des acrrdents aériens sont certainement dus
& une “erreur-prlote”. Cest & Pétude et & Panalyse de ce facteur que tendent les
efforts actuels dans un but de prophylaxie, L'université de Sud-Calyfornie a été
chargée d’un cours d’Officters de sécunité adrienne avec 264 heures de legons En
1955, 125 Officters ont été diplémés et affectés dans les Etats-Majors et les
Groupes aéniens, o1 sls forment {a véritable ossature de Lorganisation.
Le taux des acadents graves qus était de 5 5 pour 10,000 heures de vol en 1953,
est tombé 6 4-42 en 1954 et i 3-56 en 1955,

Py aate s e

cent des prlotes ont survécu, dont 15 pour cent au prit de blessures graves. Dans
les cas ot la cause de Udjection étart la perie de contrdle de Vappared, la surve
Sut de 6 pour cent, tandss quelle a attemt 97 pour cent quand il sagissait
accidents “relatiwement contrles”, tels que panne de moteur, panne de combustible,
ele. ..



THE SUMMATION OF SOME PHYSIOLOGICAL
FACTORS LEADING TO INCIDENTS IN
THE AIR

W. R. Frangs, RCAF

Tnstitute of Aviation Medicine, 1107 Avenue Road, Toronts, Canada

WiTnin a few months we have been able to collect a total of nine reasonably
well 2uthenticated cases of loss of effective consciousness occurring among
aircrew while 1n the arr, By a combination of either amazing good luck, or
due to the fortuitous presence of a second person who could take control of
the atrcraft, these happemngs have not proved fatal. The incidence of these
episodes and the gained from of the

which 15 possible due to survival of those involved, would suggest that
mechanistns so disclosed form the basis of the distressingly frequent occur-
rence 1n all modern asr forces of fatal aceidents tn which everything points
to farlure of the human factor. The aiwrcraft usually flies straight into the
ground and no attempt 1s made to use the ¢jection seat when available.
Loss of useful consciousness is indicated.

The healthy indinidual 15 apt to take consciousness for granted but
actually of all phystological processes 1t is ;n many respects the most tenuous,
‘The normal oxygen debt of the bram only suffices for six useful seconds, yet
at the same time the normal blood flow required by the functioning brain 1s
ten times that of the remamder of the body on a weight for weight basis.
Such are the vicssitudes of the mechanism and controls involved that any

normal h:a.lthy ind can be made by a relatwely simple
i d Thus sqt and hyper lation followed

by raismg to the erect posture and the valsalva

uniformly causes normal ‘to famt (S S E P

1951-1956).

To those who have experienced this, the sudden loss of a pertod of ttme
out of one’s consciousness can be a very perplexing, if not shaking event
L I MO P T -

followed natural causes which once recognized can be prevented

In reviewing our short series of cases several pertinent factors are brought
to Iight which when considered 1n the terms of modern physiology, enable
one to picture the probable nature and cause of the incident. Loss of usefil
conscrousness in the air quite possibly represents the paramount aviation
problem facing us today In our series ught of the nine occurred on high-
performance jet awcrafl, six out of the nine pilots havmg had 1000 hr or
more flying tune to their credit In seven out of the nine there was an
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element of either anger or apprehension associated with the episode. Fn«
of the nine were salvaged to return to full flying duties. The intimate history
and the findings indicated in practically all cases that the final loss of con.

i was jated with a physialogically active
circumstances which summated in their effect to produce the total disability.
In this paper we propose to review bricfly something of our knowledge of
the various factors which can take part in ths net effect which can prave so
embarrassing in the air,

mn the RCAF today. Nevertheless the partial pressure of oxygen at the tissue
level is one of the fundamental parameters of bramn function, Continued
second-to-second utihzation of oxygen 1s a necessity for the normal function
of the brain. Small reductions in oxygen supply may actually merease activity
as measured by reaction time or accommodation but even at Jevels of
10,000 ft equvalent the rate of develor of fatigue 1s i d. In
addition to the well-known reduction in night visual acuity, Ducar (1957)
has been able to show that memory as measured by the rate of learning 15
decreased at these levels, Thus it 1s more difficult for a member to do the
night thing m regard to other factors concerned with our problem when
even mild degrees of hypoxia are present,

Hypoxa can also play an assocxats% role by prqduci‘x:ng a sense

of air

dehvered. In this connexson it 1s of interest to note that Gross-Branct
(1955) has been able to revive cortical activity in a shocked anumal ;:
T

measured by the ee g as a result of ncreased uptake of oxygen fm;n t
blood by the tissues following the admi jon of a cy pre-
paration

Finally the oxygen picture may play a role in the elements going to px?ducef
aero syncope as a result of the paradoxical response to sudden restoration Dl
adequate oxygen levels following a period of hypoxta. The net physmluglmti
effect has been shawn (Scewarz 1936, GRANDPERRE ¢ ol. 1952, a|l1
StavRaKY 1945) to resemble that of a Bezhold-Jarish response, nanln: r)z
slowing of pulse, fall of blood pressure and nhibition .°f resprration T € s
can be no doubt that the efferent pathway of the cardiac effect 15 mediate
through the vagus but the fundamental centre from which this response 1:
initiated remains to be determined. It is possble that central hypoige
secondary to acapnic changes may also predispose to this effect nnb o
sudden restoration of normal tissue oxygenation, Such a response may ;zt

d 1 one since B et al (1956) have recently shown th "
ectopic ventricular arrhythmia can be initiated by the localization rcsmsx::n;n
of normal oxygenation to heart muscle triggering ectopic respon
asphyxiated myocardium,

};ny’:nc of m);r cases syncope followed the actuation of the prcsS-;o'-::
button on the A 20 regulator which releases a mild surge of 100 pe
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oxygen. Although there are other factors in this case (PowELL 1956) cer-
tainly timewise the syncope was related to the sudden release of the 100 per
cent oxygen.

The other chemical substrate on which the brain is dependent for its

between seven and erght o’clock on the mormng of a day of difficult flying.

There can be no doubt that the normal functions of the brawn are immed-
1ately dependent on an adequate supply of ghicose but it is hikewise obvious
that this relation 13 not always a direct one. The situation has been reviewed
1n the paper by Fasryrant and Pacerra (1948), Otherwise normal indi-
S T et oot s

P R

. T .
glucose Conn and SevtzeER (1955) have suggested that the compensatory
hyperepmophrinemia may be the vanant on this. There 13 a need for ad-
equately controlled experiments n this field, and we are currently determin-
ng the effects of mgestion of a bland mtake (methyl celinlose) a3 compared
with glucose, using the e e g change and tremor test as criterion,

It 15 obvious, however, that the poor homeostasis of blood sugar, which 15
so vital for cerebral functiorung, can play a real role 1n predisposing normal
healthy indviduals to nomoptimum function during the periods of hypo-
glycemia Thus TUTTLE ef al. (1949) were able to show 1n 2 group of normal
University students that a “coffee only” breakfast (plus 1 0z cream and no
sugar) as compared with a light breakfast, resulted three hours later mn

ncreased tremor and chojce reaction time
coupled with dumnished maximum work output. There can be no doubt
but that the of the average dual vanes with the blood

sugar, but Tuttle found there was considerable variation mn the susceptibility
between different individuals In our senes two of the mne gave a blood
sugar of less than 70 mg per cent total reducing substance within 2 5 hr
the glucose tolerance test and mn a third a flat curve was obtamned which
reached approumately 70 mg total reducing substance wathm 1 hr of the
glucose feeding
It 15 now apparent that there are a number of factors which can influence
the degree of * 1 b i as d hed by Conn and SELZER
(t51d.). The character of the meal can have a considerable effect. It 13 known
that the rate of absorption of sugar 13 a factor 1n calling forth the production
of insulin and that this 1s mfluenced by the amount of carbohydrate i the
dietand by the rate of emptying the stomach Thus 2 tugh proten, low carbo-
hydrate breakfast has been proved ta be effective, prophylactically, in
blished cases of I hypogt . Absorption of sugar 15 from
the small bowel and thus the rate of absorption can be controlled by, among
other things, the rate of emptying of the stomach (EvENsEN 1942). This may
prove of particular nterest to our problem due to the possible mereased
flow of gastric contents through a relaxed pylorus while under prolonged
mcreased positive acceleration. Two of our cases gave a history of repeated
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turns producing accelerations up to 4 G (firing exercises) without G-suit
protection, We have recently failed to induce a low blood sugar in a pilot
with a gastrectomy, following glucose feeding coupled with runs on the
centrifuge, although we likewsse failed to produce symptoms of the “dumping
syndrome’” n thus case (see Haves 1955), Apart from the well-known factors
controlling blood sugar (Conn ibid.; McQuarrir 1955), including food,
adrenal fh , hypothyraid or even ! following
hepatutis, the pancreatic substance glucagon which causes glycogenolysis
may be involved. The precocious mobilization of glucose precursors may
ultimately lead to exhaustion phenomena. As pointed out in the recent
review of Pincus (1956), there 1s evid that gl laboration may be
under the control of the pitmitary growth hormone,

The recent evidence that vanous substances can cause effective hyper-

1 by inhibiting the enzymes which 1ly destroy the hormone, 18
also of interest. Mirsky (1956) has recently reported that a stable peptide can
be extracted from liver, which acts as a competitive inhibitor of insulinase.

PP ly such a simple sub: as tryy js active There thusisa
number of possible factors influencing the mechanism which control blood
sugar which warrant attention tn the Light of our problem,

As Cony (1h1d.) has pomted out, one of the consistent symptoms associated
with hypoglycemia 15 2 sense of insecurity if not apprehension. The super-
imposition of such a state on the already considerable stress that may arisc
m modern flight conditions could well serve to set up a vicious circle serving
to any latent instability in an otherwise rugged
individual (Portis 1950). Current evidence on this subject has recently
been reviewed (LanceT 1956). Finally, as Van WULFFTEN Ii.u.-mg 99.‘:3)
PO U T o DU N/ S TR W S T P

ng fight
. ~chanisms

are involved. Associated with acapnia there is a vasoconstnction o.f’lhe

cercbral vessels, and this response is in many respects unique, In adﬂl?tzn,

there is good evidence to show that hyper jon also causes 2

tion with ncreased pooling of blood in the muscles. While actual uncor

sciousness can result from this combination of circumstances, even

responses leave the normal indiidual particularly ptible to other
factors such as hypoxia or increased intrathoracic pressure of pressuft
B N ]

breathing or even pressure override systems as SHARPEY-S!
has pointed out.

‘When we further consi ;
may well shuft the hemoglobin dissociation so as to §
delivery to the cells, the sinister possibilities of an element but
becomes evident, Hyperventiation is difficult to dsagnose post haty e
there was suggestive evidence from history and subsequent lzehavnour in "
decompression chamber that this factor played some mlt_e in the syncopv‘
ancidents in at least four cases out of the nine in our series. As SHARPE! "
ScHAFER (1hid) has pomnted out, a rise in intrathoracic pressure causes
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decrease i the filling pressure of the heart by trapping blood behind closed

venous valves The amount of dcmase depends on the degree of pressure

i and th: tone, Pcrxphcral vamdda!ahan
A . .

as & result of the press-to-test button on the A20 r:gf\mur resulted 1 a
syncope lasting for probably 5 mmn.

s Hexe (1951) has pomnted out pressurc breathing i the unprotected
gl o b i

sertous when combined with the other factors at present under considera-
ton.

Excessive heat due to possible fatlure or madequacy of the cockpit coolng
system 1 modern high-p aircraft is 2 cond. whuch has to be
faced Agan the ph response 15 unfi Not only 1s there a
shaft of blood mto the peripheral arcas but if the heat 15 excessive vaso-vagal
effects can be anticipated. No doubt such a circumstance combmed wnh

~

amnvancad tntearhannmea mmaen o+ AL ;s LTooaiay 1

situation ) :

That hugh positive acceleration can produce profound alterations in the
blood flow o brawn 13 well known but from the foregoing consideration it
13 chvious that relatively small increases i posiive G can be likewsse pro-
foundly effective when coupled with other mechanisms which act simularly.
T M e e . . -

Increased heat and acceleration 1n our hands have been shown to be a
particularly embarrassing combination,
© Spranpro Qerrarrn bae se wtad ¢ ol o 4

It must be remembered that normally when a man famts he fa.lls to assure
the reclining position. To a plot harnessed to his seat this effective measure
is not possible There can be no doubt that even under 1 G the forced reten-
tion of a sitting upright position during syncope can only serve to prolong
or otherwise aggravate the sitwation. Increasing the G only serves to add
further insult, In two of our cases there 1s good evidence that the syncope in
the pilots lasted for several minutes. Longer than we mught expect in a
healthy young adult There 15 need for further study of this effect of the
crash harness.
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Fortunately in all this the use of the G-suit provides 2 valuable defence no
matter what the cause of the diminished cardiac filing pressure. Inflation
really is physiologically equivalent to the normal baroceptor constriction.
In our hands the effect of inflating the G-suit even to approximately 40
mm Hg under 1 G, provides a dramatic relief in a variety of syncopal con-
ditions includmng that due to pressure breathing, heat syncope and even post
influenzal hypostasis, as well as increased G. Inflation of the suit to 40 mg
in a normal indwidual produces changes which resemble the classical
Bainbridge reflex of animals, that is, there is a nse 1 pulse rate and blood
pressure, with an increase m respiration. Inclusion of the arms as m the
partial pressure suit of course simply makes the system more effective.

Vertigo from disorientation can hkewise cause a reduction in blood flow
to bram as SPIEGEL ¢f o, (1944) have shown experimentally in cats. This is

pp ly a passive pl dary to a splanchnic dilatati

Evidence that a sumjar mechanism js active in man is shown by the EEG
changes assocrated with vertigo (see Benrman 1955). In at Jeast two of our
cases the final event seemed to be triggered by the imposition of Coriols
effect due to rotating the head while in 2 turn. Sudden bumps of negative G
can also act on the baroceptors behaving like Sharpey-Schafer’s imposed
transients and result m a vasodilatation a few secouds later, at which tume this
ay constitute an embarrassment 5

Flicker syncope 1s another type of response which can occur in the air.
The frequency concerned, between 10 and 100 msee, is not liable to be
encountered 1n jet awrcraft but 1t undoubtedly can be a problem mn heh-
copters. We ourselves have uncovered a case similar to that rrpof(cd by
Vian WuLerreN Pavtas i which the pilot fainted while landing into the
sun with the propeller idling In our case the aircraft had not landed but the
situation was retrieved by the co-pilot. .

It must be realized that visual mpulses are not the only stimuli which can
elucit this response. Intermattent loud nouse of the proper frequency can be
effective and “beats” of this order can occur mn the coekpif of jet auc::{l‘

welcomed as to the possible factors which may alter sensitivity trom tume ui»
time. The final response has all the characteristics of a classical vasovaga

attack. i ot
In addition to the fc “physiol P* resp w}uc_h acE ?Tm. o

~ ~apng with various Cockpit dikops---
carbon monoxide and toxic breaks
i ' jet engine lubricants.
Alcoholic hangover must be recognized as one of the facts of life 'amféljg
aircrew and was the fundamental cause of at least one of our cases whith 'I‘l‘xe
not prove fatal for the simple reason that 2 co-pilot was available.
incident occurred after about 1 hr flymg time from take off on 2 Wﬂx
day, flying into the sun with the pilot of coursestrapped sitting upright- T
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is urgent need for a more senous study of this pmblcm utilizing modern
prasladg oF erot®rs a ¢ panand wmy WAk nan = Mla Te n i

. -
- Wt I .

H de e N o
following a 6 G turn without protection. On comng to, there was the usual
sweatimg, paleness {movies were being taken at the umc) with feeling of
nausea and general debilitation. No alcohol had been taken for at least 10 hr
previous to the flight but the same cannot be said for the period preceding
this, The response would appear to be vusavagal in nature and can be largely
prevented with modern G protection.

Carbon dioxide 1n small amounts actually mcreases the blood flow through
the bram as PATERsoN (1955) has shown. The effect is the reverse of the
acapnia of hyper igher of carbon diowde,
however, can act locally to mterfere with cerebral functioning behaviour in
many respects hike an anaesthetc,

Carbon monoxide of course interferes with the delivery of oxygen to the
bram and thcn:fore may be regarded as a particular type of hypoxa. How

may be in the of modern jet arcraft
while wcanng oxygen equipment 1s at present a subject for some debate
The high ncidence reported post mortem by CLARK et al. (1955) n fatal
crashes Tmght be expected to have its counterpart in non-fatal iadents
where an opportumty of examung the patient and the circumstance 1s
afforded. In the RCAF within recent months we have had only one case,
an observer 1n a two-passenger jet aircraft who became unconscous at
altitude while wearing an A13 oxygen mask 1nto which he was found to have
vomuted (and not removed). He remained unconscious for some time after
landing, was admitted to hospital and 24 hr later a blood sarmple sent to the
provincial laboratory was reported to have had 30 per cent monoxy hemo-
globin. Unfortunately the test was not repeated to confirm, The pilot of the
aircraft was not humself affected.

The case 1tself was thought at the time to have been one of aero-embolsm
which of course can produce all degrees of mterference with consciousness
In such cases u 1 usual that at Jeast some disability persists after recompres-
son A was a very ble subject for aviation medical
research during the last war but rather fell mto disrepute whm lhe  opera-

el YA 4

#1anal smnartance of tha hazasd 47
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Contammate the cockpit m various ways indrcates the necesslty for furf.h:r
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investigation of these materials (Krrzzs 1956). One of our cases occurred
after a reported cockpit contamination with a peculiar odour “like burning
plastjlc". e syncope lasted for several minutes. Tt is possible that some of
o LTRSS O e L e
its consequences serous enough that official cognizance of the hazard should
be taken. As SHARPEY-SCHAFER points out the differentlation from epilepsy,
although difficult, 1s often not insurmountable. The need of a close history
must be stressed, Syncope may be differentiated from epilepsy by the fall in
blood pressure at the time of loss of consciousness which fall may be spotted
bost hoc due to the diminished secretion of urine for several hours following.
Pallor also persists for some time but if the incident 1n the air is not fatal, the
circumstances, no matter what the mitial cause, are such that any individual
is apt to be pale and have marked tremor when examined on landing. We
at present in the RCAF are in the process of drafting a questiofinaire to be
filled out as soon as possible after such episodes.

Furthermore, there 13 need for the briefing of the control tower on emer-
gency procedures which should be adopted. Landings are apt to require
special deration, the indwidual: d being Ily in a highly

ional state following a pt iss.

For the immediate treatment in the air the oxygen system combimned with
the G-suit or the pressure suit offers valuable and dramatic aid. Manual
inflation of the G-swit to “comfortable” levels of pressure provides an im-
mediate relief which has to be experienced to be believed. For hyperventila-
tion, we have hesitated to add carbon dioxide to the energency oxygen
system due to the reported mcidence of ventricul illation induced
thereby. On reviewing the literature, however, it is apparent that fibrillation
only occurs after rather prolonged periods of hyper ion such as during
anaesthesias of long duration. Such duration is not liable to occurin the air
and perhaps the matter should be reconsidered. To ask a layman to dlﬂ'cr.cn-
tiate between hypoxia and hyperventilation effects is not realistic and holding
the breath during hypoxia can produce sudden unconsciousness. Pcrbap;
the answer lies in first checking the oxygen system, breathing normally an
then exercising the muscles. Overbreathing is only hyperventilation in the
absence of exercise. As Rakestraw (1921) has shown, mild exercise can
actually raise the blood sugar level. s

Syncope is always associated with a loss of muscle tone and perhaps ';‘h
mechanism could somehow be used to trigger off a safety procedure, The
. - amereZals meeemdes srataining 305 Der cent

Togieal

There were three times as many deaths from air accidents as Lol b
erhaps the

myelitis in Canada last year. Most of these are pmcnmbl;. E o

seriousness of the problem the d of a df  pted

plane. In seven out of mine of our non-fatal cases, unconsciousnes:

less than 1 min, e
Recommendations cavering these considerations mught warrant th

attention of this advisory group.
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SOMMAIRE

Déiude d’une técente séne de neuf sncidents abnens od, grdee @ des arcon-
stances heureuses la perte de connarssance ne fut pas smue de mort, permet de
penser que la méme caus @ provoqué de nombreus accidents mortels restés in-
exphgués. La dette normale oxygéne de la cellule cérébrale wlest que de six sec-
ondes; la perte de connaissance en Pasr constitue un probléme wial de médecine
abronautique,

Un certan nombre de facteurs ont pu éire dégagés de cette dtude, et Oest leur
combinarson ou leur sommation qui S'est révélée néfaste.

L'hypoxic grave en dlle-méme est une cause rare d’accident. Mats Phypoxte
ldgére augmente la fatigue, diminue la mémorre ¢t Pacurté visuclle nocturne, ef
d'une fagon générale senshilise Uinduwndu & Paction des autres facteurs norfs
d vl Subjecttvement ressentie elle provoque Phyperventilation L*effet para-
L . N ~ .

el Lun b CuS & nypergiycemie s accompagne towjours d’une sensation subjectioe
Dnséounitd et dappréhension, qus s'agoute aux autres facteurs de stress pendant
le vol.

e PP .

tion de U'hématocrste traduisant une extravasation plasmatique ntense dans
Penhalation sous pression sans contre-pression

La chaleur excessive par panne du systime de réfrigération du cockpit est
a considérer.

Les accélérations positives, méme relatioement peu éldvdes, conshiluent un
Jacteur cortamn d’aggravation, La sumple station debout (1 G) peut amener la
syncope, et alors la chute sur le sol est un phinomine de défense  le prlote sanglf,
buste drost, sur son sidge, en est prwé Heureusement le vétement anti-G peut icy
vemplacer o vasa-constriction normalement diclenchés par les barocepleurs.

Le vertige par désorientation avec, dans deux cas, Paccéliration de Corolss
par mouvement intempestsf de la tite, mnss que d*autres stimuls non visuels, peuvent
£galement tntervent

A ¢bté de ces réponses dites physwlogiques, Pavteur soulsgne encore trors
facteurs qut, bun que banaux, ne sauratent étre ndgligds -

—Lungrégnation. elosolique, qus on dehors mime de Paction aigut {pharma~
eologique, dit le texte de Palcool, a un effet prolong?,

—LPankydnde carbomque et Posyde de carbone, awmsi que les produts de

décompostion des lubnfiants des réacteurs,

—Enfin Dabroembolisme, s'sl n'a pas & retrouvé dans la sine dmadents
relatés, dost étre soupgonné dans certatns accdents mortels récents,
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En résumé, la syncope en vol rest pas rare. On peut par Panamnise s dis-
tinguer de la crise épileptique. Son traitement, en Pair, consiste dans le gonflage
manuel du vétement ant-G & un niveauw “confortoble” gqui Sest vhdld tris
efficace, et Pinhalation IO, atec ou sans Pression. La tour de contréle dowt guider
sosgneusement Datternssage, loyjours précaire aprés une syncope. Au sol, le
traitement consistera en inhalation de Qa auec 3+5 pour cent de QO pour lutter
contre la perte du tonus muscularre,
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SOME PRACTICAL MEDICAL ASPECTS OF
ACCIDENT PREVENTION

C. C. Barxzr {SHAPE)
Assistant Medical Officer (SHAPE), Paris, France

I this paper I only 1ntend to touch on those aspects of accident prevention
which have a purely practical application, in our chosen field of Aviation
Medicine and Physiology. Indeed, it would be pure presumption, on my
Ppart, to attempt to become over-scientific.

We, at SHAPE, are profoundly interested in the human factors, as 2
causative agent of aircraft accidents, Such accidents have a direct fmpact on
recruiting and aircrew morale.

In addition, loss of life and of valuable and cnitical material becomes -
creasingly maportant, when looked at from the point of view of the com-
plexity of the traimng of the modem aircrew, and the economics of modern
awcraft and their weapon systems.

Much of this presentation may be “old news” but I want to stress, in
particular, three things.

The first is “‘selection of aircrew” wath special emphasis on certain aspects of
fundamentalresearchwhch stilf seems to bevirgi d, insofar sy

Secondly, the essential and mtegral part that sound training in aviation
medicine must play n any aircrew’s caseer, and how we think this training
should be carried out.

And, thirdly, the part we, at SHAPE, feel the Aeromedical Panel of
AGARD play in helping SHAPE, and thus NATO, as a whole.

Perhaps, in acadent prevention, we have the “raison d"ét:c" fo.r‘.llrc

existence of Aviation Medicine and Physiology as a r P

in the medical field. Everything we do and have done, is, and has been,
directed at making the pilot and hus crew, more comfortable, more efficient
and more physiologically normal under all conditions of flight. We have
done this by sur ding hum with p devices against unnatural
elements, and all this efort has collectively and individually had a direct
bearing on flying safety.

The danger, from our pomnt of view, is, 2nd always has been, that 10 our
eagerness to protect the pilot, we overdo it and so saturate him with eq:xy-
ment, mental conundrums and advice, that we produce a reverse trend in
efficiency and safety, What we have heard at this conference, during the
sess1oms in Oslo, seems to confirm that we have already reached this pomnt-

Modern flight and flight conditions, and the amount of knowledge &ir-
crews have to absorb, have now rendered sumplification of solutions to

roblems, an absolute must.
P Where problems have been clear-cut, such as 1 anoxia, P"{‘“m“:::;
effects of gravity and the development of the ejection seat, I think we
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Howcvcr, o such Felds a5 fear, fatiguc and psychologxcal selccnon, our
efforts have not produced the answers for which we might have hoped.

And so to the first of the pownts which I wish to stress.

Seleetion of mrerew

In the selection of aircrew we are interested, to my mind, in two main
thengs,

inz:tly, that the man comes up to the physical standard required. This
physical exarmnation 1s, to a large extent, rule of thumb, relatively inflexable,
and subject only to sight varration All our nations, by expenence, have,
generally speaking, much the same base Line standard and we all see that
this bigh standard of physcal fitness 1 d by medical

know for certan that-
1. He 1s temperamentally suited to flying, and

I1. Even 1f he proves a sound peacetume pilot, he will stand up to the
stress of flying, n war,

In my opamon, his 1nstructor and later his fellow pilots, flight commander
and squadron commander, 1n that order, will be the first to detect the “lack
of guts” or “fire in the belly” under actual flying or war conditions

A good flight surgeon, by his clase contact wath his aircrew, may be able
to detect the early signs of an incipient “crack-up” but generally speaking,
1t 1s the man's immedaate superior who is the first to detect this.

If we can find a fool-proof selection dure which elimis the acei-
dent prone, the potential lack of moral fibre and the mdwidual who 15
hkely to allow fear to overcome s pride, we shall make an enormous
contribution to the whole aircrew selection pattern, saving our countries
large sums of money, through wasted training hours, and a lot of mental
anguish to indiiduals who are unsuited to a flying career, but who cannot
bring themselves to the point of publicly admtting 1t Thus facet of selection
should also include the elmmation of the man who s mentally unstable
and unable to make full use of the imtial and operational training faciities
available to him, 1n other words the mentally mcorngibly lazy mdividual.

Fear 1s another problcm Wc know very Lttle about 1t, what is fear?
Why does it affect ly? Why 15 1t ? What can
be done about 1t? Ts there any means of condmamng people to fear? And
finally, can we find an casy solution to the problem of the diagnosis of
fatigue ® When does fatigue become dangerous?

T fully realize that a tremendous amount of work has been and stll 1s
bemg done mvemgatmg thcse pmbl:ms but the results have so far been
P
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subjects are receving the time and attentton they merit. I feel that work o
these problems is still in the realm of fundamental research.

I repeat, that I have yet to see, in writmg, 2ny real evidence of success i
thas hine,

This, of course, bas nothing whatsoever to do with aptitude tests and th
ke, The Charman, yesterday, suggested that we must not be retrospective
I don’t altogether agree. I fully realize, expecially after yesterday’s morning
sessiom, that this is 2 most complex problem, in fundamental research. The
solution, however, must be simple,

Perhaps we may have to go back and employ electroencephalography
psycho-analysis and anything else the psychologist can dream up, on 2l
those arrcrew who have been grounded for fear, lack of moral fibre, prover
accident praneness and see whether there is some simple factor common to
all and unusual to those we term normal, i e. liking blubber, or tripe, or
disliking women.

1 am convinced that this weeding out of such potential breakdowns 15 an
economic survival and a wartirae must i view of the operational requirement
of gettng the “A” weapons to the target.

The second point 1 wish to stress 15 the absolute necessity for full and
sound indoctrination, 1n aviation medicine and aviation physiology, cl: all
arrcrews, at all stages of therr flying careers, as a fully authorized, recognize
and integral part of their ground training programme. We do not consider
an aircrew fully tramned unless he gets this indoctrination. The responstbility
JSor the officeal programme 15 the mr stafl’s, and not the doctor’s. L

During my travels around NATO, where thc}‘c h:tvc bcc? dcﬁcxcjnc)es u:

hold the purse stnings and the necessary power to make this training man-
datory. Without this backing such traimng becomes ad hoc, sporadic and
relatively useless. . R
This traming must be given by experts. Nothing brings us into greatet
disrepute than for ancrews to be taught aviation medicme by doctors and
physiologists who know less about the subject than those they are nmtructmgi
We at SHAPE are convinced that this traming requirement plays a vita
art in the reduction of the accident rate,
P To that end, SHAPE imnstigated, the Aeromedical Panel of AGAI}Ih)
implemented, and MAS (Air) 1n London finalized S'I:ANAG 311.4,. whic
laxd down (and was accepted by all nations), the minmmum trammghrc-
quirements for arcrews in the field of avation medicine, during ther
raining syllabus. L
! Rcc'::gml;‘ SHAPE developed a syllabus of trainmg for the commuzg:g
traming of operational crews, at regular wtervals This has b«:edr:i l‘ox;lwt; «
to MAS (Arr) for natonal agreement, to be{ﬁnahzcd, as an addendum, to
STANAG 3114. In this we have tried to highlight that group of p
problems which 1t 1s convenent to call the “Kaller Group”.

N
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of such centralization 1s that nations will be able to give their crews and
therr Air Force, .

(1) The best possible training, utiizing their most expenenced aviation
medical mstructors, with a degree of continuity unobtainable in any other

way.

(II) A far greater range of traming mids, at the least possible expense, by
avoidance of duphcation of such things as decompression chambers,
ejection seat test Tigs, etc : an 1mp to national

(L) A of Aviation Med: traming and research
organizations under one roof

It should be noted that this concentration of traming i no way takes the
place of the flight surgeon, at base level, and his direct supervisory responsi-
baleties. -

By this means we consider that crews will be more fully aware of their
physiological hmitations, the aids they must use to overcome these deficien-
cies, and how these aids function and should be mamtamed.

Such training will make a major b to accident p

1 beheve the Aeromedical Panel of AGARD, by exerting its influence,
could be of great assistance, throughout NATO, 1n pushing this matter of
centralization of training

you all know, ;n many of our countries, establishing the importance
of Aviation Medscine as a “must” 1n the minds of our “masters”, the Air
Staff, has been a difficult problem and perhaps for that reason, 1t has not
recewved the prionity 1t should have done, added to this, although we may
be convinced, i our own minds, of physiological factors being the primary
cause of an acaident, proof 1s sometimes very difficult and often impossible,
and this does not strengthen our hand with our Air Staffs.

However, during my visits around NATO, I have met with an encourag-
ng and increasing awareness of the important part aviation medicine plays
1n an aircrew’s career,

To sum up, we believe that centrahzation of aviation medicine traimng
to be 1 the best possible interests of the pilot, the doctors and the nation,

amd s a1 O]

i -
her, the NATO Nations.

Irealize that the Aeromedscal Panel of AGARD 1s a research orgamization
only and as such has strict terms of reference All nght, but SHAPE is
primanly interested tn the practical aspects of aviation medicine particularly
as it affects the awecrew, thesr effectiveness and acodent prevention,

Now we all know that rescarch 1s essential but research must be directed
to a practical conclusion, and m ths field, should not be entirely acadermic
in1ts purpose

The Fhght Surgeon on the spot 1s a practical man, dealing with practical
problems, and 15 not really interested 1n how reseatch 1s undertaken, How-
ever, he 1s witally interested in the practical conclusions produced by
Research He wants to know how 1t will affect the pilot Does 1t entail
additions to his accoutrements already at saturation Jevel and hkely to
constitute a hazard rather than a help?
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SOME PRACTICAL MEDICAL ASPECTS OF AGCIDENT PREVENTION

Does it entail further complicating factors that the pilot has to add to the
almost endless things he has to remember, and sp on? We feel the Aero-
medical Panel of AGARD could advise us on such practical things (and I
choose them at random). as:

(I) The value of the Ejection Seat Test Rig: its dangers, how these
dangers can be prevented; how often is indoctrination required, if at all,
ete,

(IX) The use of the decompression chamber, how often, and how the best
practical value can be obtained from practical di i

(IIT) An evaluation of physical standards and requirements.

We, on your advice, could act as your exccutive mouthpiece, and forward
such advice on an information basis, through the relevant MODs.

As I indicated, I have chosen the above, at random, rather as an illustra-
tion, than anything else.

In summary, gentlemen, 1t is still plainly evident that the military combat
awrcraft of today, and on the drawing beards for the future, are limited in
their performance by the human factor—the men who must fly them. To
increase man’s ability to match the acrodynamic capabilities of the combat
aeroplane, we have had to encase him in unnatural, uncomfortable appara-
tus, and then 1n a virtual capsule, which is dependent, for performance, or
technical details. Then, with everything working perfectly; the pilot is able
to take off mto unnatural, lonely space above the earth. At this point, and
for long periods of time on most occasions, he must keep constantly alert,
keen of mind, with his reactions on the top line, to survive his enemies andjor
accomplish his mussion, .

1 submit that there is a far larger margin for error in the machine than
1n the man, for the success of such a flight. Yet our jet combat trammgpr(l)-

- mantieally

constantly indoctrinated
S s Cedemrand and

i T
tramned and retrained agaimn, and, in addition, be

him ‘o efficiently perform his mission or even allow him to retumn alive. )

I suggest that this Aeromedical Panel and AGARD could' mabe 2 g!'ﬂ:s
contribution to NATO by directing 1ts thoughts, efforts and primary m;crgn
towards the improvements and developments which have a :i'n{ca rel at:;c
to the personal equip cockpit for
pilot, to mmprove his comfort and his e enc
aeroplane to nearer its performance capabilties.

Fmally, two points arising from the Conference: o

(I) Plans, tactical, strategic and for interdiction, are based on getting the

an 1
flictency to survive while flying his

“A” weapon to the target,

We m\it never lose sgxght of that, and for that reason I should havedli::
to have heard more on these lmes in protecting the pilot and Jess on get o
or get out. Here, of course, we are up against peacetime rcquu-dem;nu r‘;u e
by politicians and top brass alike, for political, propaganda and other
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QUELQUES CAUSES AUXQUELLES ON PEUT
IMPUTER LES ACCIDENTS AERIENS

T. Lomonaco

Médean Général, Gentro d Studt e Récherche di Médicina A ica-Minsstero della
Difesz Aeronautica, Rome

La plupart des accdents d’aviation dépendent, comme vous le savez, du
facteur humain.

Les statistiques les plus dignes de foi montrent que les accidents aériens
sont dus dans une proportion supérieure A 65 pour cent 4 des erreurs des
piotes ou du p 1 gant ou du p 14 terre, qui a le devorr de
contrdler l'efficience de 'avion ou I'allure de la navigation aérenne.

Les erreurs, en ce qui concerne le personnel navigant, peuvent dériver

1. d’une aptitude physto-psychique au vol. Il s’agit en général
de personnes qu n’ont pas passé A travers les épreuves rigoureuses d’une
sélection médrcale ou d’un contréle sanitaire périodique,

II. d’un insuffisant entrainement au pilotage ou aux travaux de bord;

III. d’une msuffisante aptitude au pilotage,

IV. d’une résistance temporairement réduite par suite de

maladies

o fanitm

d’anoxie ct de dépression barométrique in loto, de I'aéroembofisme, des
accélé provoquées par les de vol, du mal de lair, des
variations de température, des vibrations, d'intoxications provoquées par
le carburant ou par les gaz d’échappement des moteurs, etc.

Les facteurs mentionnés ci-dessus n’épuisent évidemment pas toutes les
possibilités 1l faut en ajouter beaucoup d’autres que Pexpémence peut
mettre en évidence chaque jour.

Ma longue expénence de médecin d’aéronautique m’a amené & penser
qu'une cause 1mportante, dans la gendse des accidents aériens scrait 4
rechercher dans Phyper 1 non pas provoquée par I'anoxe {car,
dans ce cas, cette dernidre prendrait la premiére place comme cause effi-
ciente), mais par d'autres causes, parmi lesquelles celle représentée par un
état émotf prolongé. Une autre cause pourrait étre recherchée, 4 mon avis,
dans Paction de dérangement des bruits continus ou intermittents, méme
d’intensité médiocre, .

Enfin I'on sait que les nuits blanches passées dans des divertissements plus
ou moins épuisants, peuvent &tre la cause d’une réduction des énergies
physio-psychiques, et, par quent, daccidents aénens.

En me basant sur ces considérations, y’ai chargé mes collaborateurs du
Centre d'Etudes et Recherches de Médecine Aéronautique, que jaf 1o
honneur de dinger, d’exécuter quel cherches exp dce
sujet.
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M.M. F. Rossanico et M. STROLLO se sont occupés en effet du premier
bléeme, ¢’ ire de I'infl de I'hyper it sur les temps de

réaction,

Les variations des temps de réaction peuvent provoquer, comme on peut
facilement le présumer, des erreurs de pilotage de ’avion ou dans la conduite
de Ja navigation aénenne, et par conséquent, peuvent donner licu 2 des
accidents,

Nous avons voulu faire des expériences sur le phénomeéne pur de Uhyper-
ventilation, c’est-A-dire sur une hyperventilation provoquée par la volonté
et non déterminée par des raisons émotives m par des médicaments, ni par

de mél; ga:

La technique expénment
suivants,

Les recherches ont été faites sur 10 hommes sans, d’un 4ge moyen de
32 ans environ (de 20 & 48 ans), entrainés A respirer 2 travers la masque, et
4 régler et controler par la volonté leur respiration. Les expériences ont été
exécutées le matin, aprés une période de repos d’une heure environ, Les
sujets, assis, exécutalent épreuve des temps de réaction simple & 50
stimulations lumineuses, enregistrée A I'aide d’un appareil approprié. En
méme temps, on mesurait la ventilation pulmonaire 4 Pade d’un spiro-
mgtre, on prélevait des échantillons d’arr alvéolaire an moyen de Pappareit
déenit par Rahn, et un échantillon de 5 ml. de sang vemeux était recueill
en dehors du contact de Pair

Chaque sujet ¢tait ensmte 1nvaté 3 ventiler 70 pour cent environ en plus
de sa ventlation pulmonatre & Iétat de repos, précédemment déterminée
et Pon contrélait la quantité et la régulanté de Ihyperventilation par le
spirométre, surveillé en méme temps par Pexpénimentateur.

Aprés quelques munutes, la valeur désirée étart atteinte et mamtenue,
presque automatiquement, pour une pénode de 30 min

De la 20 ¢mea la 30 &me munute d’hyperventitation, on répétait Pépreuve
des temps de réaction et les prélévements d’air alvéolaire et de sang vemeux,
avec les précautions d€ja mentionnées

Ala fin de Pexpérience e sujet répondait & un questionnaire concernant
les troubles subjectifs observés pendant et rmmédiatement aprés I'hyper-
ventilation

Les échantillons d’air alvéolaire ont été analysés A Paide de I'appareil
de Haldane-Margana et aprés la comp pour cent on a calculé les
tensions partielles des gaz alvéolamres. Le pH a été détermné sur les deux

échantillons de sang par la méthode potentiométnque, en employant le
PH-métre Beckman, A lecture durecte et €lectrode & calomel. Les valeurs
amsi obtenues furent corrgées, en les rapportant & la température de 38°C.
Les valeurs sont données dans le Tablea 1. De la lecture de ce tableau, 1}
apparait ce qui suit

(I) On 2 obtenu une ) {Veres) volontaire supé«
nieure d’environ 67 pour cent 4 celle normale

(IT) Pendant cctte hyperventilation on a observé une diminution de
29 4 pour cent du PA(cos) et une augmentation de 13 pour cent du Pd{os)
Par rapport aux valeurs enregistrées avant les expériences, le pH subit une
Augmentation de 2+3 pour cent.

ZEUX SP! etc,
tale adoptée et les résultats obtenus sont les
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(I1I) En méme temps, on a constaté une prolongation de Ia valeur
moyenne des temps de réaction, de +17'6 pour cent par rapport A la
valeur moyenne normale, avec une variation de +71 pour cent.

Toutes ces vari ont été

Du questionnaire présenté aux sujets, aprés chaque expérience, resultent
les phénoménes suivants*

{a) Sensation de nigidité musculaire (5 sur 10)
(b) Troubles de la vue (5 sur 10}
(c) Sensation de fourmllement {4 sur 10)
(d) Somnolence (4 sur 10)
(e) Vertigo {3 sur 10)
‘Tremblement (1 sur 10)
(g) Phénomenes vasomoteurs et sudation (1 sur 10)
Un sujet, non compris dans les une hyper Y

remarquable {plus de 32 1/min}, en effet, sa ventilation ax repos était déja
sensiblement supérieure 4 la normale. Les phénomenes objectifs et sub-
Jecufs observés chez ce sujet étaient de la mcmc nature que ceux décrits
a-dessus; A cette daffé) prés qu'ils s¢ prods dans une plus grande
mesure.

On peut donc conclure en affirmant que 'hyperventilation, au cdté de
Yacapnie et de I'alcalose, provoque un ralentssement des temps de réaction,
représenté par une prolongation de la valeur moyenne, et des phénoménes
secondaires varables qu peuvent ére considérés comme des facteurs
aggravants

M.M. M. StroLLo et F. O. DEBARNOT se sont occupés de I'tnfluence du
bruit sur les temps de réacuion.

Dix sujets sains, d’un &ge moyen correspondant 2 32 ans environ, dont les
fonctions visuelle et acoustique étalent normales, ont été soums 3 I'épreuve
des temps de réaction simple, réguh’ércmcm enregistrés

Les mémes sujets, dans les mémes conditions de temps et de lieu, ont été
soumis A une autre épreuve dts temps de réaction simple, avec un casque
n contact avec un it les bruits pr
enregutrés dans le cockpit d’un avion 4 réaction, moteurs et laison radic en
action,

Les résultats sont indiqués dans le Tableau 11

Des valeurs obtenues il résulte que lorsque les su_;cts étatent sourms .-;
Paction de b du brut, ils pr
longation de la durée des temps de réaction et une h:usse de la régulamé
des réponses.

M. A, Scano a étudi¢ la résistance 3 la dépression barométrique de
swets quy, avant de passer le test, avaient passé des nuits blanches en
duvertissements épuisants

Les données exposées dans le Tablean IIT ont été tirées par Scano d'un
complexe de tests fonctionnels effectués du 8 juillet 1954 au 9 yuillet 1956,
sur 300 sujets sams, d'un 4ge moyen de 22 ans, étant tous des pilotes
davions & réaction.

Ces sujets étaxcnt soumis pendant la matinée & de nombreux tests fonc-
tionnels pour 1* de leur effi i
toire et de leur résistance a Ja dépression bammémque.
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Le test de dépression b é en une ion fictive
dans Je caisson & dcprcss:on Jjusqu’a une altitude de 5500 m. Auniveandela
mer, 3 3000 m et & 5500 m, on relevait la vcnulatxon pulmonau-e, la com-
position de Pair alvéolaire, Ia fréquence resp
Ia pression artencllc' les sujets étaient egalﬂncnt sournis & une épreuve

Ainsi als d i A lalutude fictive de 5500m
pcndant 30 min environ,

Tableau I Caleuls Relatsfs aus Temps de Réctin Simple Pedand  diton
Bra

e Perturbatruce du
Temps Moyen ’ Cariation Mogenne
Nom
Normal | Brut ’ Normal | Brut
Valeur " Valeur Valeur Valeur
Brute & Bue | s Brute | s | Bue | o
EIEN- IR IR
DFO | 18t 100 I 205 1] 217 | 1e89 | 13 7056
1D 161 169 r 194 100 151 | 1wse | 166 | 230
Fs 175 ro 20 9 183 oo | 22 036
MG 189 | 225 | 220 | 256 | 208 | 57 | 234 | 4
SE 195 44 f 202 4 138 | 2116 | 14 5476
LAL | 180 % |2 169 | 14 1936 | 188 | 676
sM s | s | 197 19 | 135 | 2000 [ 336 (M8B¢
LE 164 100 194 100 222 14 | 285 84
DB 161 169 [ 190 | 196 | 138 | 2016 | 175 | 122l
GGP | 150 | 256 f 224 ’ 400 | 207 529 | 267 | 8449
1744 2018|2084 | 1284 | 183 9 j 11397 i 241 | 45463
M=17+ | M= 204 =184 M=214
=15 | o=12 o=35 =71
=172 =474

"3 cetie
Dans un nombre de cas nullement néghgeable, on 2 constaté qu'a ce!

N 10~
altitude se prodursaient des troubles d’une certaine mmportance: ‘:r::n isc-
fonde somnolence ou méme la perte de la conscience, vertige et
ment, de bréves périodes d’apnée. des alté "

Chez 1 sujets se es o tion
graphxqum, :amcténanues de Pisckémie myoczrdnquc. L'inh:
d’oxygéne a toujours éhminé de fagon nette ces phénoménes. s pussent

Comme 11 sembla)t trés étrange que tant de qucts sams et jeun l}:

résenter une telle ré de leur r e
g'lque de valeur moyenne, on en a recherché les causes. II rcsulta alors,
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ST U WLLL 4 dl da e cmedan lan aniee

prendre le repos nécessare.

C’est pourquot on a Jugé opportun de répéter le test aprés quelque temps,
2yant préalablement recommandé aux sujets d'éviter toute intempérance
pendant les jours précédant I'épreuve.

R A .

White, hypertension arténielle permanente, etc.), dans les épreuves succes-
swves, méme répétées troxs fors, mantfestaient toujours le méme comporte-
ment défaillant.

Il est done vratsemblable que la plus ou momns grande résstance 3 la
dépression barométrique dépend, outre que des particularités individuelles
du fait que le suet art jout, ou non, d’assez de repos, du degré et de la
nature des intempérances auxquelles le sijet s'est adonné avant la montée
en altitude.

En concluant, on peut donc affirmer que

(I) L'hyperventilation peut provoquer un ralentissement des temps de
réaction et des effets secondaires dus A I'alcalose résultante

(1T} Les bruits provoq 1 un des temps de
réaction et une moindre régulanté des réponses.

(11) Le manque de tepos physio-psychiq ble et 1
des énérgies du sujet, avant le vol, détermment upe dimrunion de Ja
réssstance A la dépression baroméinique

1l est donc évident que de telles conditions peuvent provequer des acci-
dents aéuens et peuvent ausst se trouver parmu les nombreuses causes des
accidents inexplicables.

Resumi
Au Centre d’Etudes et Recherches de Méd A de Rome,
on a exécuté des recherches expérmentales sur mfluence de Phyper-
ventilation sur les temps de réaction et sur Pmfluence des bruits, comme
facteur de dérangement, sur les temps de réaction On a constaté qu'aussi
bien Ihyperventilation que Ies bruits causent un ralentissement des temps
de réaction et une momndre régulanté des résponses. Une analyse criique
des tests de résistance 4 la dépression barométnque, effectués sur 300 pilotes
d'avions & réaction, a permus de constater une diminution de [a résistance
chez les sujets qut n’avatent pas reposé pendant la nwie précédant Je test, et
qui s'"étaient adonnés A des déréglements Les mémes sujets ayant, dans une
autre occasion, bien reposé pendant la nuit avant de se présenter au test,
avaient mamifesté dans ce méme test en caisson pneumatique, une résist-
ance normale 3 a dépression barométrque.
Auss est-il permis de dédure de ces d
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Le test de dépression barométriq it en une ascension fictre
dans le caisson & dépression jusqu’a une altitude de 5500 m Au niveaudela
mer, 4 3000 m et & 5500 m, on relevait Ia ventilation pulmonaire, fa com-
position de L'air alvéolaire, Ia fréquence respiratoire, 1¢] d
la pression artérielle; les sujets étaient également soumis & une épreuve
psychotechni Ainsi ils d ient & laltitude fictive de 5500m
pendant 30 min environ,

Tableau I Caleuls Relatsfs aux Temps de Réoction Simple Pendant P dctun
de Perturbatrice du Brust

Temps Moyen Varsoton Mayenne
Hom Normal | Brut Normal Bt
Valeur Valeur Valeur Valeur
Brute s* | Brute 51 Brute st Brute .
(mull) | (mil))
DFO | I8¢ 100 205 1 217 | 1089 | 13 7056
1D 161 169 194 100 151 1089 | 166 | B0
FS$ 175 1 201 9 183 001 | 22 036
MG 189 | 225 220 | 256 | 208 576 { 234 | ¢
SE 195 441 202 4 138 | 2116 | 14 3476
LAL 180 36 217 169 14 1936 | 188 676
sM 145 551 197 49 135 | 2001 | 336 |14884
LE 164 100 194 100 222 1444 ] 285 a4
DB 161 169 190 196 138 | 2116 | 175 | 2%
GGP | 10 | 25 | 224 | 400 | 207 520 | 267 | B 9
[ 1744|2008 204+ |128¢ | 1839 [11307 |2M 1 | 45408
A =173 A = 204 M184 M =214
o=15 o=12 o=35 o=l
t=172 1=47%
3 cette

Dans un nombre de cas nullement négligeable, on a commté.q“x‘m it
alutude se prodwsaient des troubles d’une certaine 1mpon,a.ncc.c e e
foude somnolence ou méme la perte de la conscience, vertige ¢

ment; de bréves périodes d’apnée. . "
Chez 1q psujets se ifestaient des alté électrocardio-

. i ton
graphiques, caractéristiques de lisckémie myocardique. L inhalat
d’oxygéne a toujours élmmné de fagon nette ces Phéna}néne{- sssent

Comme il semblart trés étrange que tant de sujets sains et jeuncs gawm H
présenter une telle réduction de leur r & une P alors, de
trique de valeur moyenne, on en a recherché les causes I e
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Paveu méme des intéressés, qu'ils avaient Phabitude de se rendre, les soirs
précédant le jour des tests, dans des lieux d’amusements ou des restaurants
caractéristiques, 1ls rentraient & Photel trés tard, étant ainsi empéchés de
prendre le repos nécessare.

C’est pourquoi on a jugé opportun de répéter le test aprés quelque temps,
ayant préalablement recommandé aux sujets d’éviter toute intempérance
pendant les jours précédant Pépreuve.

On a observé amnsi qu'une large partic des mdividus qui répétatent le
test de résistance toléraient sans aucun trouble Pexposition 2 la dépressron
barométrique, se condusant d'une fagon tout & fait normale (Tableau III).

Au contrare, d autres su_]ets qu mamﬁcstaxcnt dé_p\ au mveau de la
mer, des
d’hypertrophie ou de lésion myocardique, syndromc de Wolff-Parkinson-
Whate, hypertension arténelle permanente, ctc.), dans les épreuves succes-
sives, méme répétées trows fors, mamfestatent toujours le méme comporte-
ment défaillant.

11 est donc vrassemblable que la plus ou momns grande résstance 3 la
dépression barométnque dépend, outre que des particulanités indviduelles
du fait que le sujet ait Jow, ou non, d’assez de repos, du degré et de la
nature des intempérances auxquelles le sujet s’est adonné avant la montée
en altitude,

En concluant, on peut donc affirmer quc.

(1) L'hyper ut p 1 des temps de
réaction et des effets secondzlrcs dus a l‘alcalosc résullzme
{IT) Les bruats p un des temps de

réaction et une moindre régul:mté des réponscs
(IT1) Le manque de repos phy et I
des énérgies du swet, avant le vul déterminent unc dimnution de Ia
résstance 4 la dépression barométrique.
11 est donc éwadent que de telles condinons peuvent provoquer des acci-
dents aériens et peuvent auss: s¢ trouver parmi les nombreuses causes des
accidents mexplicables.

RESUME
Au Centre d’Etudes et R de Méd Aé de Rome,
on a exécuté des recherches expénmentales sur P'mfluence de I'hyper-
ventdation sur les temps de réaction et sur Influence des bruits, comme
facteur de dérangement, sur les temps de réaction. On a constaté qu'aussi
bien T'hyperventilation que les bruits causent un ralentissement des temps
de réaction et une momdrc rcgulamé des résponses. Une analyse ¢cnitique
des tests de ré alad effectués sur 300 pilotes
Lavions & réacuon, a permus de constater une dimunution de la résxstancc

avaient manufesté dans ce méme test en casson pneumatique, une résist-
ance normale 4 la dépression barométrique.
Aussi est-1l permis de déduire de ces i
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QUELQUES CAUSES AUXQUELLES ON PEUT IMPUTER 1ES ACCIDENTS AbriENy

les bruits et la manque de repos’sont des facteurs effectivement capables
de réduire Paptitude physio-psychique au vol, et qu'ils peuvent devenir pac
13 des causes éventuelles de tous ces accidents de vol qu'un premier examen
ferait paraitre inexplicables, :

SuMHARY
Some experimental yescarches were corried out, at the Centre of Studies and
Researches i Awation Medicing in Rome, concerning the influnce of hyper-
entilation on veaction times and the infhuence of noise, as a disturbing fostor, on
reaction times, It was possible 1o observe that both Ayperventilation and noise cause
a delay wn the yeaction time and an impairment in the uniformity of the subject’s
Tesponses,

An anabytical srview of the sesulls of about 300 tesis of resistance to baro-
metric depression, carried out on jet pilots, vesulted in the observatuon of a decreased
vesistance of those subjects who spent the night before the test without slecping end
n exhausting amusements. The same subjects, tested for a second time after o
night of rest, showed in the same conditions of barometric depression (in the de-
presston thamber) a normal yesistance,

It is possible to infer, from these findings, that hyperventilation, noise and the
lack of rest sepresent some factors able fo ampair the physiopsehic offciency
during flight. They could therefore be some possible causes of unclassified fight
serrdents,



Remarques Ponts
| Totaus
I

Le suet n'avat pas reposé pendant unc grande parve de la | 47/100

nust précédant I'épreuve

Le sujet a présenté une Igere somnolence 607100

Désordres abimentarres dans le jour précédant Pépreave Le | 24/100

suyeta présené de s somnolence 2 500 m ct au terme e sa
avand de du

dosable avant et aprés Pépreuve

N'a pas présenté de troubles manifestes en dépression baro- | 75/100
métrique

Le sujet n’avart pas reposé pendant une grande partic de la | 46/100
nunt précédant Iépreuve, et pendant celle-ciila présenté, 4 la
4 éme munute, unc breve apnde et perte de conscrence On a
&4 adminstrer Oy

Pas de troubles mamfestes en dépression barométrique 837100

Le suzet n'avait B reposé pendane une grande parue de | 48/100
la nuit précédant I'épreuve., pendant celle<y, 1l a présenté une.
somnolence remarquable et vomussement 4 5500 m

N'a pas présenté de troubles manifesees en dépression baro- | 84/100
métrique

Le sujet a yne brire défaillance apres 10 min enmviren de | 45/100
séyour 4 5500 m On a di administrer O,

N'a pas présenté de troubles mamfestes en dépression baro- | 74/100
métrique

Le syet n'avait pas reposé pendant une grande partie de la | 49/100
nurt précédant I'épreave, Aprés quelques mnutes de séjour
2 5500 m il a présenté perte de conscience, on @ di ad-
mumstrer Oy

N'as pas présenté de troubles manfestes en dépresston baro- | 82/100
métrique

Des désordses alimentaires ont en Lieu les jours précédant | 49/100
Pépreme  Pendant celle<t, a présenté étourdisement,

\ertiges, céphalalge, un soudain et violent stmutus 3 la
miction’

887100
N'a pas présenté de troubles manafestes en dépression baro- |
| métnique
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.E CLIGNEMENT DES YEUX, CAUSE POSSIBLE
IYACCIDENTS AERIENS

E. Evrarp
Directeur du Service de Santé de la Force Aénienne Belge, Bruxelles, Belpique

>arMI les causes les plus fréquentes d’accidents aériens, ol le facteur humain
reut &tre mis en cause, an peut ranger les accidents d'atterrissage et les
ollisions en vol, Les avions & hautes performances actuellement en service
wésentent en général des vitesses d’atterrissage élevées (250 4 300 km/hr).
.a précision, exigée du pilote pour la correction de P'attermssage, repose
otalement, Jusqu'a présent, sur 1 emplm continu et correct du sem vuuel
sendant toutes les pproche et de 1* 3
l en est de méme pour le vol en formahon ou I'évitement d’un avion. Le

des yeux dre une période aveugle, Il est donc
égtime de se demander, en raison des dastances parcoUTUES Par tertuing
ypes d’avions durant cette période, s1 le clignement peut sntervenir dans
2 gentse de certains accidents aériens dont Pexplication n’a pu étre fournie,

Le ProBLEME
« “black-out” ou période aveugle qui accompagne le clignement wmvolon-
awre présente en durée des variations assez grandes PourTon! citant les
zavaux de Lawson?, lui atiribue unc duréz moyenne de 025 sec. En
sutre, chez 70 pour cent environ des sujets, le clignement est smvi d'une
sériode de “vision mobile” qui est causéc par une rotation des globes
sculares concomitante au clignement Ces sujets ont donc, & chaque cligne-
ment des yeux, une pénode estrmée en moyenne par POULTON & 0-55 sec,
> Putibsation de la wision est impossible pour fourmir les informations
asuelles nécessaires & Iaccomphissement de la tiche, Le nombre de cligne-
ments par minute est extrémement variable. Pour Lawso, chez plus de 80
e ean A . A e

menter sous I'effet d*une tension psychique i mt:nsc, de la fatigue et dela peur.
Ellc peut étre fortement réduite dans les moments de cunccntranon visuelle
ou mentale intense. Sur ces données, LawsoN a prétendu qu'une fréquence
excessive de clignements pouvait causcr wne propension aux accidents
aénens, en faalitant les possibiités d’erreur dans Pévaluation rapide
d*événements visuellemenr observés et de courte durée.

En fait, ]a durée d'absence des sensations vasuelles, 2 'occasion d'un
thignement, s¢tablit comme swit pour les vitesses, actuellement utihisées auy
cours de la phase finale de Papproche-
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Vatesse Espace parcourn
durant 0 55 sec
180 km/hr 26m
200, 297
240 1) 35 "
260 ,, 38,
300 . al

La littérature sur les relations entre le clignement réflexc et le genre d'acti-
vité auquel se livre un sujet est extrémement abondante. Drew? en a fait
ré {1950) un excellent résumé, M 1 Tusions des
différents expérmentateurs sont souvent contradictomres. Ces désaccords
sont généralement dus & la nature différente des taches qui ont servi &
mesurer Je niveau de la p lie pendant le cl.

L’activité qui nous intéresse dans cette étude est uniquement Ie pilotage
d’un avion, tache de nature sensori-motrice, réclamant particulidrement
dans certains moments délicats du vol, un degré prolopgé de wigilance
visuelle, sans modification soudaine de la fixation visuelle, Nous nous sommes
proposé de vénfier expénmentalement Pexactitude de certaines données
objectives 1mportantes relatives au cl pendant I )
d'une tiche de méme nature que le pilotage, Sur cette base, nous envisageons
ensutte de discuter le réle éventuel du clignement comme cause possible
d’accident aéren. .

OpservATIONS SUR LE CLIGNEMENT
INvOLONTAIRE PENDANT CERTAINES TACHES SENSORI-MOTRICES
ANALOGUES AU PrroTacE
Nous avons examiné la fréquence du clj durant I’
de certames taches sensori-motrices complexes, exigeant une vigllance
constante pendant leur exécution. Ce sont:
(1) le test de coordmation dans la carlingue MSA de la RAF,
(I1) le stipple-test ou test de Bourdon-Wiersma,

Test de cvordination dans la carlingue MSA de la RAF )
Cinguante candidats élives pilotes ont été soumis au test de coordination
des 4 membres dans Ia carlingue MSA, utilisée 4 la RAF. L'épreuve, qut
dure 90 sec, consiste dans la fixation d’un spot lumineux mobile, et fon
mantien dans une zone centrale de I'écran au moyen d’un stick et d'un
palonnier. Des sources visuelles de distraction sont présentées pendant
Pexécution de la thche. Les sujess ignoraient que le nombre de clignements
serait enregistré au cours de I'épreuve par un observateur, occupant une
position latérale oblique par rapport & I'appareil
Les résultats s’établissent comme suit:

32 sujets (64 pour cent) n'ont pas cligné durant les 15 premidres sec
30

21 sujets (42 pour cent) » » » Y
13 sujets {26 pour cent) » » ” 45 5 0w
8 sujets (16 pour cent) ,, » » 60 4, »
5 sujets (10 pour cent) » » » 75 s »
2 supets { 4 pour cent) " " ”» 90 ., »
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11 fut également observé que la fréq des
pour chaque période successive de 15 sec.

Ces résultats peuvent éire rapprochés des observations rapportées par
ErLis et ALLANS qui ont ¢tudié le mouvement des yeux de 11 pilotes de
Météor durant Papproche visuelle et latternssage. Chaque vol a consisté
en 3 crcuits avec atternssage En filmant Iimage de Ia face réfléchic par
un miroir bien placé dans le cockpat, 1ls ont noté, entre autres choses, la
fréquence du chgnement durant ces activités Ils ont trouvé que cette
dernidre est grandement réduite chez tous les sujets. Le chgnement est
entiérement absent chez 7 d’entre eux (63 6 pour cent) durant les 30 sec qui
précédent immédiatement 'atternissage; 2 n’ont eu qu'un clignement; 2 ont
eu 2 clignements

Test de Bourdon-Wiersma {stipple-test)

Le test de Bourden-Wiersma ou stipple-test 2 été adminustré & 449 candi-
dats éléves pilotes selon la technique décrite par VAN WurLrrre PAuTHE?, Le
nombre de chgnements et le moment de leur apparition ont été notés Les
sujets n’ont Jamais eu connaissance que leurs chgnements étaient enregistrés.
L’épreuve consiste & barrer des signes, constitués de points, répartis sur
50 hignes, Elle dure en moyennc 10 mun_ Elle dépasse rarement 12 mm

La moyenne anthmétique du nombre de chignements pour toute la durée
de I'épreuve a été de 22 93.

Par tranche de 10 hignes, c-i-d par cinquitme de Pépreuve, ce qui corress
pond endurée 3 une péniode approximative de 2 mum, les moyennes anthmé-
tiques du nombre de clignements s"étabhissent comme suit

1e tranche de 10 lignes 1 38 chignements

2, w100, 334 »
e, o 10, 53,
4o, on 10, 630

e » 10, 661
Dans l’m!crpre!a!mn du test, nous avons, au cours d um: étude précédente,
dassé Ies sujets d’aprés Ia durée Pépreave, e temps, le nombre do fautes ¢t
[ aeee s L

N, e vty

P Lo Y PR .

fourmt le classement des sujets, en pour cent par catcgonc, selon le nomhre
total de clighements durant Iépreuve.

Nomire de [ Pour cent des swpets (N = 408}
chgnements
pendant Dpreuve N E C ¥ H

=262 n =57 n=27 n =355 r=3

25 e 76 33 50 88 6296 | 7818 pour.

262450 1832 2982 2222 ‘ 1818 mémoire

51475 05 1228 182

762 100 1353 1 o i 182

101 4 125 038 175 740 0

126 ct plus 038 175 370 j 0
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L'expérience permet les constatations suivantes:

(I) Bien que le degré d’attention exigé soit exactement le méme pendant
toute Pépreuve, la fréquence du clignement qui est trés faible pendant les 2
premiéres minutes, augmente & mesure que I'épreuve sc  poursuit. Cette

ion devient dant trés réduite, voire insignifiante, & partr
de Ia 9¢ mun,

(II) Les sujets des catégones E et G, c-3-d ceux montrant une fluctuation
considérable de l'attention, mise en évidence par la grande dispersion des
temps nécessités pour le travail, higne par ligne, sont également ceux qui
présentent Ja fréquence la plus importante de chignements au-dela de 25 ¢t
surtout au-dela de 50 pour la durée totale de ’épreuve.

(I1I) La fréquence de clignements est Ia plus faible au début de Ia tiche;
elle ensuite graduell puis tend vers un nveau 2 peu prés
constant. Ce plateau correspond & une fréquence beaucoup plus basse que
celle citée pour des situatians normales n’exigeant pas d’attention soutenue,

Ces constatations rejoignent celles que DREwS puis PouLToN et GREGORY®
avaient eux aussi remarquées au cours d'expériences assez simulaires:
celles-ci 11 dans I’ 1 d'une tache
sensori-motrice oft le sujet devait suivre, au moyen d’un pointeau m:mo.cuvré
par un mécanisme bimanuel, un tracé d’abord régulier, puis trrégulier.

(IV) Le nombre de clignements n’est pas toujours en rapport avec un

lach de 1 ion ou une fl ion de I'état de conscirence. En
effet, des sujets ayant de \: 1 pendant 1 du
test de Bourdon-Wiersma, ont cependant d’excellents résultats globaux dee
test. On ne peut d’ailleurs oublier que certains facteurs tels que Iimitation
de Ja cornée ou de la conjonctive, la dessication relative de la cornée ou dela
conjonctive, provoquent le réflexe du clignement et peuvent ?'c‘crm(rc 53
fréquence sans l'intervention de ditions psychiques par

(V) Afin d’obtenir ¢ 11 des déductions

pratiqs
sélection des candidats pilotes, nous avons examiné si les sujets ayar; {Jl::
R <D am gl e

e PR . . x ayant
. TI'heure

i pt;ur Ia

présente, beaucoup trop restreint pour pouvor cn tirer des déducdonzs
valables. En effet, sur un lot de 27 sujets, 13 sont devenus pilotes, dont :
avaient plus de SO chignements (67 et 79). Quatorze ont été €&liminés pou
inaptitude prof A s
Une autre s¢ . . . .
mentaire. Sur < . - - -
5 avaient plus de 60 clignements. Sur 50 ayant échoué, 6 avaient Plufi de ?:
chgnements. Au surplus la possibilité de l’intc‘rvcmmn de con “awla
bostolom hol. 1
:!, empéchent
chez les

ou f ques p
conjonctive ct & la cornée, telles que celles énumérées plus hat
tout essa1 d'interprétation valide, 2 base purement psychnqucl, el
sujets présentant une fréquence anormale de clignements durant les (ests.

SIGNIFICATION DU CLmNnm:N'f
ComuE Cause PossisLe D’ACCIDENT D'AVION

& H ue les
Drew, puis PouLton et GREGoRY® ont montré expérimentalement q
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clignements ¢tarent parfors suivis d’une détérioration de la performance dans
Paccomplissement d’une tache sensori-motrice
Faut-] de 13 dédurre que dans certains cas le chignement pourrait étre une
cause d'acaident aérien® Une conclusion ne peut étre formulée qu'aprés
examen de divers points
(I) Quelle est la fréquence des intersuptions du mécamsme sensoriel
captant les informations visuelles nécessaires aux phases de vol

considérées?
(11) Existe-tal des ismes de suppléance ou de fon?
(1) Quel est Pordse d* quioceupe I de Pinstru-

ment sensori- mulcur causée par le clignement, parmi les autres
&fauts impl le facteur humam?®
(1) Quelle est la fréquence des chgnements durant la phase finale de
Papproche ou durant des phases de vol nécessitant un degré de vigilance
pour Paccomplissement des manoeuvres avec controle visuel constant?

Les observations faites en vol par ELLis et ALLanS concordent avec les
résultats de nos expériences faites en laboratowre et avec celles de Drewd
et de PourTon et GREGORYS, faites également en laboratoire. Je nombre de
clignements est trés rédut dans ces circonstances. Nos expéniences n'ont pas
dépassé une durée de 12 run pour la pénode de vigilance continue, de degré
élevé, durant laquelle s'effectue la tache sensori-motrice. Toutefoss, 1l est
rare qu'en vol on rencontre des circonstances eugeant des périodes ausst
longues de vigilance extréme, sans périodes de détente s1 courtes soent-
elles On peut donc admettre que le chgnement est trés peu fréquent durant
les moments critiques d'un vol. Méme aprés une période d’attention
soutenue de 10 tnmn, sa fréquence dépassera rarement, chez la plupart des

suyets, 4 pendant I’ de la partie difficde d’une

(II) Stle chignement se produit 4 un moment criique pour le contrdle de
Tavion, quel sera l’cﬂ'c! de détéroration de la mche motrice? Ewste-tal

des pl ou de
BM‘(TLET!" et Pouz.ToN‘ ont bien montr: que l‘csumauon des effets des
sur Pexé d'une tiche 1ce exgeant rapudité
et précision doat faire le ph dr

sous ses deux formes: lanucxp:mon au Tuvean de Torgane sensoricl de
réception et de captation du sumulus visuel (anticipation du réccptcux
sensonel} ct I au stade de la p e per-
ception), Dans anticipation du récepteur scnsonel le sujet a la vision anti-
cipée du signal visuel ou de la situation 2 Jaquelle 1f devra répondrc. Dans
3 de perception, le syet 2 une péc du signal
visuel & venir, grécc A son expénience antérieure de telles situations Dans
les deux formes d’anticipation, le sujet peut donc préparer sa réponse ca
vue de son exécution correcte au maoment opportun. L’ant:iaipation peut-clle
Jjouer un rdle compensateur suffisant pour assurer au moment opportun le
geste moteur qui contrblera ou stabilisera Favion malgré la lacune visuelle
due au clignement?

Pratiquement, le probléme du pilotage de 'avion pendant le clignement
sc présente sous un des deux aspects suivants

(a) Le pilote se trouve placé brusq devant des
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absolument 1mprévues, dans une phase critique du vol, exigeant une action
immédiate sur les des. Aucune anticipation n’est donc possible, §i,
dans cette situation, se produit un clignement, Ja période d’absence de
réception du stimulus visuel (055 sec) devra étre ajoutée au temps de
réaction psycho-motrice avant de pouveir obtenir un début de réponsc
motrice destinée au contréle ou A la stabilisation de Vavion, A supposer que
Ie temps de réaction psycho-motrice soit de 0-30 sec, un déla: de 0 85 sec
s’écoulera avant Pamorce de la réponse motrice sur les commandes, Il est
éwnident que le retard dans exécution de la performance, imputable au
1i; peut dans ces ci étre cause d’accident

(b} L'antcipation mtervient, Ce sera le cas dans le plupart des circon-
stances du vol. Le probléme consiste alors & déterminer dans quelle mesure
le pilote pourra éviter les effets possibles de Ia péricde aveugle due 2u
chgnement. Comme Ie plus souvent, il s’agit d’anticipation de réception
sensonelle, le pilote pourra préparer sa réponse motrice. Celle-c1 ne subira
aucune répercussion si un chignement survient au moment de son exécution.
Sl s'agit d’une anticipation de perception, le pilote peut répondre sefon
son estimation de la situation pendant la période aveugle et indécise du
clignement 11 doit donc anticiper pour cette période (055 sec) et pour la
durée du temps de réaction psycho-motrice.

Dans ces circonstances, le pilote sera donc capable de compenser 'absence

Ip "inf grice 3 I’ ion

(I11) Puisque le chgnement ne peut étre exclu comme cause possible
d’accident, en cas de coincd oi1 l'apparition d’é ‘mP"‘é"“’
exige une réponse motrice éd il ymporte d Tordre d'im-
portance de ce facteur parmi les autres facteurs humarns auxquels on impute

inéral les d inexplqué )

(a) L’absence d’mformation visuelle due au clignement est de courle durét,
puisqu'elle dépasse rarement 0-55 sec. La lacure purement physlolﬁ.gl"l“c
dans Pinformation visuelle est bien plus longue dans beaucoup de circon-
stances ot n’intervient pas le chignement: par exemple, lorsque le pilote
passe de la vision de ses instruments 3 celle de ses repéres exténeurs, 2U
sol, et vice-versa. Ce se reproduit de fois pendant
Papproche. ALLAN et ELLisS ont trouvé que pendant Uapproche mud:;’
12 pour cent du temps étaient consacrés au déplacement du rggard e:
Pexténeur vers le tablean de bord et vice versa. Getie pénode, muuh;)]
pour Pinformation visuelle, est beaucoup plus longue que celle imputable
aux clignements

(b} On a attribué 4 la fatique un réle important dans I

augmentation de
2 o

n e meocdenties 1] SEIMWIE o
ws =n neo s de la fréquence
W vgm e oeomooasse m"'mmtd
du test, Il semble donc plus logique ¢¢
tus important de détériora~
acaident, que ¢

s .
clignements/min  la période finale
considérer la fatigue elle-méme comme un facteur p! t
tion de performance et par conséquent comme cause d
clignement assoc1é & cette fatigue.
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(¢) Pourton et GREGORYS considérent le chgnement comme un signe de
vigilance réduite. 11 semble résulter de nos observations au cours de spple-
test (vorr tableau des fréquences de chignement en fonction des types de
réponse au stipple-test) que ce soit chez les sujets montrant des fluctuations
conlmu:l]cs et 1mportantcs de Iétat de vlgll:mcc (typcs E et C) que la

Sofims wmmn e Bk (7 AR

1
o e e ey ooy, Ve e ey
p plus 1mp de l‘ i de I'état de vigl mais Cest
ce dermser état qu d itude au vol. En lusion, 1l est im-~

possible d’exclure totalement e chgnement comme canse possible d’accident
dans Paccomplissement d’une tache telle que le pilotage, basée sur la per-

manence des wvisuelles Cependant, malgré I'accroi des
vitesses d’atternissage et des vatesses de vol, ce facteur ne peut pratiquement
Jouer que dans des ol toute P est absente. Ces

circonstances ne sont pas usuelles en vol. Parmi les hypothéses 4 envisager
pour tenter de donner une cause plausible aux accrdents inexphqués, ce
facteur doit étre rangé loin apres la fatigue et aprés Iinattention ou la
fluctuation de Pattention dont 1l pourrait bien n’étre qu'un sumple signe
précoce

Comtom Yo o vt

SUMMARY
The problem 15 fo ascertan whether blind penods caused by wnvoluntary
blinking could cause accidents ounng to the greal distances travelled in very brief*
wntervals by modern asreraf!

(u:ed n the RAF) The mult: lew rlm 64 per cent o/ all lht subjects dxd ot
Bhak for =~

e .
shows a .

the cornea, of the comunciiua, elc ) con affect blinking frequency sn the absence
of speaal psychologreal nfluences.

One can assume that 1 fught, bhmking takes place very seldom dunng entical
bhases (as tn approach for instance). Anticspation of both tpes (receptor anticr-
bation and perceptual anticpation) compensates sufficiently for the temporary lock
of information caused by a blind pertod, these blind periods seldom exceed 55 sec;
3 7
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wn the deterioration of performance blinking due to fatigue plays & lesser role
than fatigue itself.

In conclusion, although it is not possible to discard blnking entirely os
possible cause of accidents, 1t 15 a factor that can play a role only in very unusual
circumstances, when anticipation 15 lacking, Blnking is only & minor and practi-
cally neghgible bimitation,
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SPATIAL DISORIENTATION IN OPERATIONAL FLIGHT

of pilot disorientation experiences, (II) labyrinthine sensitivity testing of
“vertigo susceptible” and “vertigo non-susceptible” prlots, and (I1I) review
of types and incidence of “pilot’s vertigo” accidents in operational units,
Experiences of disorientation in flight were collected in conjunction witha
survey of altitude reactions and incidents. This survey was conducted at a
physiological indactrination centre which is responsible for the refresher
physiological training of all aircrew personnel in the major overseas com-
mand of United States Air Forces in Europe. Aircrew of high-performance
aircraft are required to undergo refresher physiological traming every
eighteen months at this centre. The survey was conducted during attendance
of this scheduled refresher training, The disorientation study was limited
to pilots. These pilots are assigned to tactical units throughout the USAFE
command. Most of these umts are fighter bomber and fighter interceptor
type although other types such as light bombardment, tactical reconnais-
sance and combat cargo were represented. The types of aircraft used by
these units are predominantly F84G, F84F, F86F, F86D, F86H, B45, BT,
RB57, T33 and Cl119. .
A write-in questionnaire was used which requested specific information
regarding the following topics.
(I} Hypoxia incidents
(IT) Hyperventilation
(IIT) Decompression Sickness
(IV) Disonentation in Flight (Vertigo)
Explosive or Rapid D pressi
(VI) Personal Equipment Problems
The  information d ing dusori included  the
following*
(1) Frequency
II) S; toms and severity L.
(§II; F}l:;}]:t condittons (mght, weather, single fight, formation i
weather etc )
{IV) Effect on control of awrcraft
(V) Circumstances of recovery

aestem mte

data from the questionnaires would remain strictly conhidential and iV
signatures were required 3 s
In conjunction with the survey it was decided also to conduct a cor.n,l: -
tve study of the non-auditory labynnthine sensitivity of pilots wit b
apparent high susceptibility to “vertigo™ and palots with an §Epa:en(g ;lu Y
ptibil dicated by the questionnaire results T o ﬂogu
and low “‘vertigo™ susceptibility were selected from random gmu}isd(’é:mny
attending the refresher traming. They were subjected to a standa: W
rotation chair test Five tests were conducted on each pilot: Q) right rr.zma in’
10 times 1w 20 sec, head flexed 30° forward, (II) left rotation, 18 mcﬂ Teo
20 scc, head flexed 30° forward, (I1I) right rotation 5 times in 1 SI:V’) e
rotated to left and sagittal plane of head in the honzonsa.l posmon‘f(head n
rotation 5 times 1n 10 sec, face rotated to night and sagittal plane o
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the horizontal position, (V) coriolis duced by oscillation of
head from forward flexed position to moderately rearward euendcd position
every 10 sec for 4 oscillations during constant rotation to right at the rate
of one rotation every 2 sec, The total period of exposure during the 4 oscilla-
tions was 50 sec. Labynnthine sensitivity was based upon duration of after-
nystagmus The fifth test was uscd to determine central and autonomic
nervous system sensitivity to lak as ind; d by pallor,
sweating, nausea, vormting and change i bood pressurc.

One tmportant aspect of conducting the Barany tests was the stimulation

PR T v CEREr P -

flyng.
A review of major arcrafl accidents w the USAFE Comrmand during the
past two calendar years was lished. All acci to

“pilot’s vertigo” were reviewed and abstracts of typical “vertigo” accidents
‘were obtamed for mclusion in this study.

Subjects: The questionnarre was admnistered to 685 rated pilots assigned
to operational units, No attempt was made to restrict the study to an homo-
geneous population, however, the majonty of subjects were jet fighter pilots,
‘The average total flying experzence of these pilots was approxumately 1625 hr,
and the average jet expenence was approximately 450 hr All the subjects
{excluding controls) who were submutted to labyrinthine tests were jet
pilots.

Resurts
0

suroey of di

“Pilot’s vertigo™ 1s a condition umvcxsally experienced by all pdms. The
questionnaire survey revealed that many pilots recorded no “vertigo®
experiences, however when questioned directly these pilots would admit
having had some sensory 1llusion of flight on one or more occastons Repeated
questioning of pilots who claimed no disonientation expenences failed to
reveal one pilot who had never experienced “vertigo” in flight The results
of the questionnaire survey with regard to incidence of serious disorientation
incidents are indicated in Table 1.

Table I Spatial Disorentation Expenences wn 685 Pulots

Degree M Moderate | Severe
Number of jet pilots 324 123 | 29
Numbet of non-jet patots 184 20 3
“Total 508 145 32

This tabulation indicated the numbers of pilots recording mild, moderate
75
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and severe “vertigo” expeniences at some tirme in their career, Mild expen-
ences include those which do not significantly affect the pilots flight
performance to a noticeable degree and do not create a mental hazard,
Moderate experiences include those which adversely affect the pilots flying
ability to a noticeable degree and produce moderate mental stress, Severe
experiences mclude those which produce severe mental stress and usually
result in complete loss of control of the aircraft. Approximately 75 per
J e N e R i S S O

ences recorded one or more of these. Extracts of 57 typical moderate and
severe types of disorientation experientes were reported at the meeting.
These recorded experiences reveal “vertigo” incidents occurring under
all types of circumstances. However, the overwhelming importance of
weather formation in operational flying as a cause of dwonentation in
experienced pilots is indicated in a large number of these reported incidente
‘This does not mean that simgle-ship instrument flight ceases to be a problem
area for operational units This fact is indicated by a number of thesc
recorded experiences, The co-ordination difficulties and tune delay involved
in transitioning from formation reference to instrument reference arc
illustrated in the recorded experiences of many of the pilots This large
group of “vertigo” incidents falls into the category of illusions of attitude
and motion. Almost 100 per cent of the recorded experrences were of this
type. Only a few visual illusions such as confusion of lights with stars, iltusions
of relative motion and autokinesis were recorded. These comprise a very
small secondary group of unusual types of disorientation cxpcxicnea. N
Some of the unusual features of the latter “vertigo” experiences in

comparison with the previous group include the fact that visual 1{1‘?1:::

occurs under dayhght weather conditions. Disturbing efiects ot hedd suuie-
ments during aircraft movements also occur, some of these effects being
probably the result of coriols acceleration, The disturbir‘)g cﬂ:cctx of passing
through cloud layers has been mentioned by several pilots in discussions.
Rarely, cases of true vestigo have been reported to result from the effect
acute aero-otitis media and the unusual pressure changes in the mnfidle ear
may possibly affect the function of the non-auditory labynmnth in some

individuals, ) R . V. dadtuen fmeartance
© in the

able L.

- Pt oo Ml canrson was st €
. 1onal
' ation

1 of

flying after assignment to operational units.
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Table 11 Flight Condutions and Frequency of Disoruntation

Flight Condition

Namber of
Times Recorded

. . 1.

Swgle ship penctration turn

Hood

Formation (wing position) to nstruments

Northern ights
Cloud layers

Night Climb-outs
IFR to VFR

Low level over water

Other Contributing Factors

Head movements during manocusre 10
Head cold with “plugged ears” 8
Period of “lay o1 5
Fatigue 4
Hangover 3
Instrument falure 2
A nckness 1
Radio difficulty 1
“Psychologicat difficulty” 1
Table II Pilots Recommendations
Number of
Times Recorded

None 265
Cannot be prevented, ignore 121
» e e L, 137
. B - - 45
23

1y

16

16

15

1

10

9

9

[T . I 8
e o e e e e 8
Stay on iastruments when tn broken clouds 7
0 a known manoeuvr, check and reorient 3
Check gauges before departing formation 3
Close eyes or look away from instruments momentanily 2

7
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It was considered that perhaps some useful information would result
from opinions of pilots ing means of ing or p ing
adverse effects of disorientation. Table III presents recommendations of
the surveyed pilots in this regard.

The above tabulated results appear to indicate that the majonity of pilots
considered that either no problem exists or that if “vertigo” is a problem
there is little one can do about it. Of those who apparently considered
“pilot’s vertigo” to be a problem the majority beheved that practice and
training are the essential means of attacking the problem,

It is of interest that a number of pilots felt the need of additional indoctrina-
tion in the i and physiology of disori jon. In d i
with these pilots, following refresher physiological traning, it was ewdent
that our demonstrations of reversal of labyrinthine sensations in the Barany
chair were most convincing and that it was their first exposure to this type of
indoctrination, While the concept of hability of inthi
and other pr ptive 15 readily it is apparent that
a ing d 1on is of value in lating the pilot to adopt a
more resolute attitude toward learning to ignore and suppress these sensa-
tions Such demonstrations may therefore result in mcreased training eflort
by the indvidual with respect to atttude instrument flying proficiency.

Labynnthine sensitionty fests .
The procedures used 1 these tests are described above. During a pesiod of

approxumately 4 months, in the course of the questionnaire survey, two goup

of pilots were selected for testng on the basis of recorded ‘vertigo exper-

personnel, of appropriate age distribution, was also tested.
Table IV Labyninthine Sensitinty

fon-flyer Vertigo Vertigo Non-
J‘Cramjy?[: Susceptible susceptible
(30) (30) 30
Total flymng nme — 1354 ! ;?g
Jet time (br) — 581 ",
“After-nystagmus—H =Horizontal (sec) 184 185 i
After-nystagmus—V =Vertical (sec} 119 120 E
BP change (systolic) (mm Hg) ~33 <73
Unable to complete 4 corialis R g
Total autonomic sympcoms 30 29
Number subjects showang autonomic s © 5

response

T (Mean values 1a three groups of 30 subjects )
A comparative summary of tests Tesults is pr:sc:lcd in Table ] V.gc Sfies-
it in avera
It 1s readily that no sig hffer in i
nystagmus tume exists between the mld ‘“vertigo’ suscfp"bk;;';qnﬁ:w
“vertigo™ susceptible gronps. The test data in Tables V, VI arlxd 4 xantml!-
a wide disperston of after-nystagmus times 1n both groups and in the €
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sensitivity tests are of little value 1n predicting ability to learn to fly or
ability to accomphish acrobaties

Although aft tme 15 not different in the two
study groups it 13 quite that ifi diffe does exist with
respect to autononuc response. It was noted that the autonomic reactions
were much more frequent and more severe 1n the “vertigo” susceptible
group, (severe), than m the “vertigo” non-susceptible group, (muld). The
autonomuc reactivity of the controls was sumular to that of the “vertigo”
susceptible group, These differences m autonomic response may possibly
be of sigrificance These results may indicate that the “vertigo” non-
susceptibles tend to have a smaller total response to labyninthine stimulation
and are therefore more capable of resisting the disonentation mfluences of
unusual motion. The importance of total reactivaty and autonomuc sensitivity
will assume greater proportions under flight conditions where human stress
factors are multiple and vared No definite conclusions can be drawn from
this study, however a trend 1s indicated and additional studzes should be

tod ats and si

Revtew of “wertigo” accdents
A review of major amreraft acadent trends 1 USAFE smee 1952 reveals

total absence of any discussion concerning “vertigo” at the December 1953
USAEL Fighter Symposium The report of this symposium pinpoints all
sigmficant cause factors m arcraft accidents and “vertigo” 1s conspicuous
by ats absence in the light of events since that ime During the past two years
numerous fatal accidents have occurred 1n which “veruigo” was mmplicated
as the pnmary cause factor The increased madence of this type acadent
was so strking that a programme of remdoctrination of all pilots 1n the
psychophysiological aspects of spatial disorientation was mtiated m the
USAFE Command. The cause of thus unusual increase i incidence of
“vertige” accidents 1s not understaod, however a number of contrtbuting
factors are discermble Some of the more important of these are (1) NATO-
build-up with new units, (2) large in-put of relatively inexpertenced pilots,
(3) accelerated traming to create all-weather combat capability, (4) con~
version of units to new awrcraft

Security requirements will not permit publication of accident rate data.
SOR S . . DRI
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by the fact that “vertigo” accounted for approximately 14 per cent of the
fatal accidents in USAFE during the past two years.

It is quite cbvious that a problem exists, however 1t does not necessarily
follow that “pilot’s vertigo™ per se is the culprit of exclusive importance in
these accidents There are so many varrables in any accident, both knownand
unknown, that it is impossible in many cases to sort them out and determine
which are most important This is particularly true of fatal accdents,

Study of these “vertige” acadents fails to reveal any common pattern
in the events leading up to the acadent situation, It 13 also apparent that
many questions are left unanswered What was the pilot’s general condition?
‘Was hypoxia involved ? Carbon monoxide? Did he panic from lack of con-
fidence? Was there mstrument malfunction? It 1s true that some of these
questions can be answered, but not all of them

The criteria for establishing an aceident as a “vertige™ type for Air Force
statistical studies are two. The pilot mvolved must mdicate by radio trans-
nussion that he has “vertigo” or a competent observer must have seen the
arcraft enter an unusual attitude or manoceuvre with no apparent cause

acadents i which “vertigo” 1s a cause factor. For this reason there are
probab!y ‘many acadents mnvolving vertigo which are classified as “cause
A {fatal dentsaren th Y.

Although no defimite pattern 1s discernible 1n the above aceident cases
there are some important factors which are common to one or more in this
group. One outstanding factor 1s that of inexperience of the pilot. Specifically,
inexpericnce or lack of recent experence as related to the awcraft and
flight conditions under whuch the accident developed and occurred

Another commen factor 15 that of head movements during a procedure
turn. In the questionnaire survey s:nes, ths was noted to be a factor con-
sidered by lots as prod of d The of pro-
ducing disortentation 1n this arcumstance may be the Coriolis effect or more
probably miscontrol from the head and hand movements mvolved with a
tesultant unusual attstude and “vertige” whuch starts a series of events
resutting 1n an atutude difficult to correct, Ths 1s eritical if 1t occurs at low
alitude A change 1n radio channels made just prior to the beginning of
difficulties as a factor has been noted 1 a number of fatal acaidents and could
be sigmficant, In many models of the F86 aircraft 1t 1s necessary to shift suck
control from the right to the left hand then turn the head and look down and
back 1n order to select the proper radio channel wath the right hand If this
is attempted 1n critical situations 3t may readsly result 1n muscontrol, This
deficiency 1n cockpit design is bcmg corrected 1n new areraft.

The factor of ume in sudden itoning from one frame
of reference to another 15 also important. Trials in tact:cal unuts have indicated
that an average of 45 sec 15 required for a pilot to shift from one frame of
reference, (cg another awcraft m formation) dunng a manocuvre, to
another frame of reference (mstruments) and regam full control of the
aireraft. This time requirement becomes cnitical under conditions of mental
stress, low vasthility and low altitude.
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The factor of “semi-contact” flying may also be of importance. It was
noted in the survey examples of disorientation under night flying conditions
that a tendency to fly both instruments and contact existed and frequently
resulted in confusion,

The factor of mental stress under instrument flight conditions 1 always
an unknown quantity, ‘There is no doubt that apprehension, uncertainty,
and fear frequently occur, resulting in tenseness, over-control, miscontrol,
Jjudgement errors and even panic or mental blocking, These things occur in
a variable degree in many individuals. Inadeq perience with resulting
lack of confidence is apt to promote such reactions under instrument flying
conditions, when smooth precision control of the aircraft by rapid instrument
reference is mandatory. The margin of allowable error in high-p
aircraft 15 unfortunately, small,

The factor of instrument fajlure also frequently remains an unknown
quantity. It is known that many flight instrument failures occur, although
cases in which all instruments fail are rare. However, 1t is quite possible that
many pilots depend too much on one instrument without adequate cross-
checking. In such cases malfunction of one instrument can rfmh in 2
cntieal It is quite r kable that in the questis survey
there were only two cases of disorientation in which flight instrument falure
was indicated. The significance of this low number is unknown however,
inasmuch as no specific comment regarding instrument failure was re-

quested. . . |
In view of the many possible “factors” involved in dlsonenta‘t‘mn type
accidents it is very difficult to d ine the relative of *vertigo’

itself as a causal factor in aircraft acaidents, It is belteved valuable informa-
tion n this regard would be realized from careful and dctailcq :tudl‘ts of
disorientation “near accidents” with an effort to obtain from the pilot, minute
and specific details of events leading to the near accident situation. Cm?m'])'x
the mnformation available from studies of fatal accidents of this type is i
adequate.

DiscussioN .
This study indi that spatial disori ion cf varying degrees is univer-
sally cxpzricnccd by pilolg)s. Further, it has been determuned that pg::
“vertigo” continues to be & problem amang f:xpcncn:cd pilots ufnom
op lyin, ditions. However, the magnitude of the problem é X
the standpoint of flight safety 13 difficult to determine m"xd precipitate JUVE:‘
ment based on madequate study should‘nothbc permitted erther to O

it 1. area.
or under-emphasize p: area. the
The results of the . y n:mm;l:;km‘
importance of spatial I'lc Y r}:cognflc
This conclusion 1s partially drawn from the fact that most pilots s

# but also fecl that adequate training o

penience will assure the capability of mantaining aersal .eql}lhbﬂ!‘:\:lf o

onentation under all flight conditions. The second point in favoul Shents
jon is the ly low incid of “vertigo™ near-acti

Six hundred and c;rgrhty-ﬁvc pilots indicated having had pcrhapscma:)'
thousands of “vertiga™ experiences, but only 20 incidents were r¢
84
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which were considered to be *“‘near-accidents”. In only 5 of the incidents

were the pilots unable to recover on mstruments. These 5 recovered on

contact after breaking out of the weather. Therefore, it may be reasoned

that, while the number of “vertigo™ expenences is exceedingly large, the
loss of aircraft control as 2 result of them 15 relatively infrequent.

On the other hand, the results of the awcraft accident review tend to

h the of spatial asa ﬂxght safety problem

if one looks only at the p of major accid to prlots®

“vertigo”, Certainly, 4 per cent of major and 14 per cent of fatal accidents

these acc:dents would not have occuncd 1f the pilots” lcvcl of trauung and
een with the 1 flight
to which they were exposed Thc existence of “vertigo” would under such
be C of othcr factors frequently
mnvolved 1n these aceidents also tends to dilute the importance of *vertigo®”
ber se. For example, the hazard value of the time required to transition
from. one frame of reference (wing formation) to another (mstruments) can
be partially attributed to the lack of more 1deal instrumentation, which will
permit more rapid and accurate interpretation of arrcraft attitude and
indicated corrective action Time 15 vatal to the pilot of a hugh-performance
aircraft leaving no margin for errors or delayed decisions The engmeers
and designers persist in exceeding the saturation potnt of the pilot’s mental
faculties, This problem is further compounded or many occasions by the
natural stresses of flight, including apprehension, anxiety and fear Errors
in cockpit layout requinng unnecessary head movements and hand shifts
on sensitive controls have also been implicated in “vcrugu" accidents,

It is quite obvious that the possibility exists that ““vert:go” may become a
comvenent whipping boy for other faulty conditions and hence may delay
thm rccognmon and coﬂccuon‘ This does not mcan that the fact of

.

Some action areas w)nch m:\y be considered to be linked wnh the “vertigo”

nenhlae s WL, L A Cld Lalewml e




SPATIAL DISORIENTATION IN OPERATIONAL FLIGHT

that in most instances the “vertigo” susceptibles have been able to cope with
the circumstances of disonientation in spite of their autonomic hyper-
reactivity to labyninthine simulation, From a practical standpoint, one 1
tempted to question the results of clinical labyrinthine testing as beng
appheable to flight disorientation problems. This doubt is suggested by the
fact that the stimulus used in the Barany chnical test is 1000 times threshold,
whereas the in-flight stimul affecting the labyrinthine system and pro-
ductive of “vertigo” are often a combrnation of sub-threshold and threshold
or at most a few times threshold.

The mmportance of indoctrination of all prlots in the physiological pn;]-

fon is wi

ciples and h of devel of spatial
recogmzed. This study indicates that perhaps the original indoctrination
would have been more effective, if ical d t labynnth

sensation unreliability had been more frequently utthzed. It 15 also apparent
from the study that refresher indoctrination at periodic intervals is of defimte
value, The lack of an appropriate training film for this purpose is considered
to be an unfortunate void. 3

The possibility 1s suggested by this study that our present training 2nd
proficiency requirements with respect to precision mstrument flying 1n hugh-
performance aircraft under present operational conditions are not adequate
There may be some question as to whether or not these rcquircmenu—lhﬂ‘ﬂ
kept pace with arrcraft p e and new operational procedur
Improvements in this problem area will be highly productive in eliminating
some of the mental stress factors which are known to be of utmost importance
in pilot performance under adverse cirrcumstances.

Tt 3s recognized that a great deal of effort is beng made to improve stri-
ment design and display, to mmprove and standardize cockpit I.ctynutY fo
develop more useful and accurate flight instruments and to minimiz¢ the
environmental stresses to which the pilot is subjected. One s forced to wonder,
however, whether enough consideraton is given to the saturation pownt

of human mental facultics in the relationship to the flying task requirements
fonal d d that perhaps more studies

under all of t1s
should be hed 1n operational units to d the a}icq;‘mcg :{

Xstin, h and p di to safely permit the
cxstng cawpmen T (L 21 arava s mmn] warssivernents, [t is apparent
f some

. rent of
- I '

more ad ques an:

The forcgomgremphasxs upon the indivect method of approach m:;«'ib‘;d
the solution of the problems of pilots “vertigo™ is believed to be the T

. 3. &
mneenarh and ana which will hine more immediate results-
e orienta-

of present
. ate pilots’

SUMMARY hed
. shed.
A study of spatial disorientation 1n operational flying has been accomp xbccn
Six huﬁdredp and eght-five pilots from the USAFE Command have
86






SPATIAL DISORIENTATION IN OPERATIONAL FLIGHT

be of significance as a cause of aircraft accidents in operational flying
in the USAFE Command.

(II) Dunng the past two years a marked change in this respect has
occurred and Pilot’s “vertigo” has been implicated as a prmary
cause factor in 4 per cent of major accidents and 14 per cent of fatal
accidents,

(IIT) Some probable factors involved in this change are: NATO build-up,
accelerated training to attain all-weather combat capability, large
in-put of new pilots of low experience level, and conversion of units
to new aircraft.

{IV) Ten typical ples of ‘“‘vertigo” accidents were p d in the

report.

Review of “vertigo” accdents revealed no common sequential

pattern leadng up to the occurrence of an accident. However,

several factors appeared which were common to ene or more of these
accidents. Those factors considered most important were:

(a) Inadequate total or recent experience in the flight conditions
under which the accident occurred {6 in the 10 accidents

presented).

(b) Head movements and shift of stick control from right hand to
left to effect radio channel change during flight manoeuvre
under IFR conditions (2 in the 10 accidents presented).

(¢) The transition time requirement in sudden change from one

frame of reference to another, particularly from wing reference

to instrument refe (4 in the 10 accidents'p d).

“Semi-contact” flying with division of attention between two

frames of reference (3 in the 10 cases presented).
(¢} Mental stress.

(VI) The possibility of the existence of other factors such as ms.crumﬂﬂd'
failure, poor physical and mental status of the pilot, hypoxia, toxt
agents, hypoglycemia or fatigue requires consideration in acaidents

3

(@

of this type. § blem

The mmpheations of pilot’s “vertigo® as a significant flight safety probie '

area were d 4, Certain d garding the P“’bkmf
spatial disor fon were 1 by the d ion. Some

tions which may ment consideration are as follows:

(I) Initial indoctrination of student pilots in the psyc
spatial disorientation should include a demonstration ¢
bility of labyrinthine sensory cues as a means of orientatio
Barany Chair can be used for this purpose. indoctranas

' (I} A traiming film should be prepared for nitial fmd .r:frcshcrm oct
tion on the subject of spatial disorientation in f.lxghf‘_ dents”
(111) Detaded studies should be made of disorientation “near aijm(a:ils e
with an effort to obtain from the pilot, minute and specific de
events leading to the “near accident” sit.ua!ion. e the time
(IV) Operational studies should be accon:lphshcd to determine  fyiog)
requirement for transitioming from wing rcl'cx:;ncf (fonm}_t;: i
to during a chnrque
1ng this tume requirement should be developed if possible.
88
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{VI) Studies of adequacy of present training, proficrency, and check-out
requirements for all operational awrcraft under all operational con=
ditrons should be made to determine whether such requirements are
keeping pace with aircraft performance and new operational tactics.
These reqs should be with the i level
of the present average pilot entering operational squadron service

This study indicates that spatial disonientation and related factors consti-
tute a significant flight safety problem area in operational umts It 1s a
complex problem area involving many diverse factors such as physiological
status of the pilot, flying techniques, fight tactscs, traming and proficiency
requirements, cockpit layout and flight instrument design which collectively
overshadow in importance the central core of piot’s “vertigo”, per se.
Further studies should be accomplished to evaluate the relative role played
by all mvolved factors which contribute to the establishment of spatial
disonentation as a sigmificant fhght safety problem in operational flying,

SoMMAIRE
Le vertige de Pamatenr est la cause de nombreux acodents aénens au cours
de Lanstruction, 2 Pécole de prlotage, par suste dinexpénience, Mars, méme chez
les prlotes confirmés, dans les Formations aériennes, la désomentation spatsale
continue @ étre un facteur non néghgeable d’acaudents ef d'madents. Clest ce quu
lgitime la présente enquéte, favte dans les escadres opérationnelles de I'USAF en
Europe.

635 pulotes Brevetds (chasseurs, bombardy ep bombarde
Yger, ete. . ) sout “sensibles au vertige”, sor “nsensibles au vertige”, ayant
en moyenne 1625 hr de vol, dont 450 sur Fet, ont été sourmis

U)y=d wn détarllé les wncrdents kg

1 le mal de de Iz dé en vol, la décom-
pression nplmu ou rapde, les pmblmu: déquipemnent personnel. Les guestions
relatiwes & la désonentation spatiale comportarent fréquence, ymplomes, con-
ditions de vol, effet sur la condurte de P'avion, curconstances de la sécupération,
e .o,

{I1)—a une séne de tests de sensibahié labynnthique standardisés sur le
Jautew! de Barany, avec mesure de la durée du nystagmus post-rotatouse {Ces
tests ont été subus par les plotes de Jet senlement),

La arconstance la plus habituclle est le vol en formation par mauias temps.
Rares sont les cas d’llusnons visuelles (confuston des luméres avee les dlarles,
tertige auto-cindtique) Deux tableaux détarllés mdsquent d*une part la fréquence
de la désonientation en fonction des conditions du vol, d’autr¢ part Fopimon des
Prlotes sur les movens de récupérer apris désorientation ou d'en éniter les rj,"m
s recommandent la prabique ¢ ans guune
supplémentaire sur le mécamsme et la physiwologes de la désorientation.)

A et dgard, les dprewes de sensbilité labyrinthique omt ballé chez eux
beaucoup d'intérét La conclusion générale de ces tests est qu'sl nly a pas de
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Hation sig bilitd lab y

a ve enire la ique (durée du nystagmus post-
#otatoire) et la sensibilité au certige. Ce résultat concorde avec celui d'autres
rechesches ayant montré que les tests de sensibilité labyrinthague sont de peu de
valeur pour la prédiction de Paptitude & voler ot & exécuter des acrobaties. Par
contre, les réactions “‘autonomes” sont plus fréquentes et plus séoires chez los sujels
sensibles que chez les nop-sensibles an vertige. Celte question mérite d’étre appro-
Jondue,

Les auteurs ont procédé ensuite & une revue complite des aceidents majeurs
survenus dans PUSAFE pendant les dewy dermires amnées, s¢ gut lewr 4
permus dg meltre en valeur certans acordents atlribuables ax “vertige de Paviateur”
et dont le nombre va crosssant, elors qu'sl nen était pas fait mention avant 1952,
Leur taux est actuellement &’envrron 4 pour cent, avec une mortalité de 14 pour cend,
du total des acordents mortels. Div observations caracténstques ef détmllées,
qu'il. faut lire dans Iz texte, sont rapporides & titre dexemple.

Bien qu'il soit impossible de donner une réponse & loutes les questons que
posent les accidents de cette nature, leur classification dans la catégorie *due au
vertige” repose sur deux critéres. le prlote indique par radio qu'sl a le vertige, on
bien un témoin compétent a vu Pavion prendre une attitude inkabituelle ou exéader
une manoeuvre sans cause apparente, Beaucoup d'accidents dits “de cause indé~
terminée” entrent dans ce nombre. Dans ceus qus ont £1¢ yelatés ci-dessus il faut
souligner la fréquence de Pinexpénience du prlote, en particulier dans le vol de rust
ou tous-temps. Un dewnéme facteur est le mouzement de téte pendant le vol en courbe
(Coriohis). Enfin ol faut temr compte du temps nécessmre pour lo passage d'un
systéme de référence vrsuelle (vue exténeure) & un autre systéme (bablean de bord)
dans certames condtions dz tension mentale, mauvaise visibrhité, basse altstude,
ete. . . . La désonentation peut naftre du désir de voler & la fors aux anstruments
¢t au contact. Les facteurs “mental stress” et difallonce des snstruments, sont
diffictles & apprécier. L'étude des wnesdents serait, & cet égard, plus snstructive gue
celle des accidents mortels.

En résumé, le probléme de la désorientation spatiale existe chez les pzl,am
PP T

. . . Coeost
D : 2

. . . e

* N L e e 1

le temps nécessasre au passage au vol aux insiruments, éusler les moutetenss ue
L etc. o - » Mieux qlune sélection basée sur les lests D hyperevcitabisid laby-

ninthique, une et surtout répétéc consti-
tuera une prévention efficace. , X
I 'y o l& quun aspect particuher dun | " £, 1, qui est celns
des limatations humaine™ L5 de lavion @2 - soums
& toutes les !xxg:m‘::?"
©NCES
Arsmstrone, H. G. P Coof
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ion sienifi 8112 Inbrinthi,

entre la que (durée du nystagmus post-
rotatowre) et la sensibilsté au vertige. Ce vésuitat concorde avec celui d'autrer
recherches ayant montrd que les tests de sensiblutd labyrinthique sont de pou de
valeur pour la prédiction de Daptitude & woler ¢t 3 exdeuter des acrobaties. Par
conlre, les réachions “autonames” sont plus fréquentes et plus sévires chez les suis
sensibles que chei les non-sensibles au vertige. Cette question mévite d'éire appro-
Sfondse.

Les auteurs ont procédé ensurte & une sevue compléte des accidents majeurs
survenus dans UUSAFE pendant los deux dernidres anndes, ce gui lour a
permis de meltre en yaleur cortains accrdents atiribuables au “vertige de Pavatenr”
et dont le nombre va croissant, alors @il ren était pas fart mention avant 1952,
Leur tawy est actuellement d’environ & pour cent, avec une mortalité de 14 pour cent,
du total des accrdents mortels, Dix observations carackéristiques et dhaillles,
qu'dl, faut bire dans le texte, sont rapportées & titre d’exemple.

Bren quil sorf umpossible de dommer une téponse & foutes les questions que
posent les accidents de cette nature, leur classification dans la catégorie “dut 6u
vertsge” vepose sur deux enitéres. le pilote indique par radio qu'sl a le vertige, o
baent un témoin compétent @ v I'avion prendre une attitude inkabiuelle on exéouler
une manoeuvre sans cause apparente, Beaucoup d'accidents dits “de cause indé-
ferminde” entrent dans ce nombre, Dans ceur qus ont &1 relatés ci-dessus il fout
soultgner la fréquence de Pinexpérience du prlote, en particulier dons le vol de nent
ou tous-temps. Un deuxiéme facteur est le mouvement de téte pendant le volen. mu‘rbl
(Conolss). Enfin ol faut teniv comple du temps nlesssawre pour le passage d'in
systéme de référence visuelle (vue extérieure) & un autre systéme (tableau de bord)
dans certaines conditions de tension mentale, mauomse visibulitd, basse oliitade,
etc. . . . La désorieniation pent nafire dy désir de voler & la_fois aux snstrumen
et au contact, Les facteurs “mental stress™ et difaillance des snstrumenls, ot
difficiles & appricier. L’étude des incrdents serant, d cet dgard, plus snstructise qu
celle des acordents tnortels. .

En résumé, le probléme de la désonentation Jpalmli existe chey les pilotes

e 1o st g ol

. ble, ek 22

. PR ' « l vertige
mais la p‘me du contrile de Uapparent est relatrvement rare. D”aum payl..liz_ {l:’::

dviter les mowvemenss ot
erexcitabilité 1aby-
répitde consti-

Ie temps ndeessaire au passage an vol aut wstruments,
téle, etc, . . . Meux qu'une sélection basée sur les tests &Ry
rinthique, une ind: it et surtout frdg
tuera une prévention efficace.

I ﬂ‘fj ap 3 qu'un HJZ;:;! particulier dun problime plus général, g est ””g
des lumitations humanes dans Pemplos de Vazion & hautes pegformances Jour
4 toutes les exigences opératronnelles.
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corvélation significative entre la sensibilité labyrinthique (durée du nystagmus post.
rotatoire) ef la sensibiste au vertige. Ce résultat concorde avec celir d'autres
recherches ayant montré que les tests de sensibihté labyrinthique sont de pew de
valeur pour la prédiction de Paptitude @ voler et & exéeuter des acrobatues, Par
conire, les réactions “autonomes™ sont plus fréquentes et plus sévdres chez les supls
sensibles que chez les non-sensibles au vertige. Celte question mévite d"re appro-
Jonde,

Les auteurs ont proctds ensuste & une yeour complile des acodents mojrurs
survenus dans PUSAFE pendant les deux derméres anndes, ce qui lar o
permus de metire en valeur certarns accidents attribuables au “vertige de Uamalenr”
et dont le nombre va croissant, alors qu'sl nen était pas fat mention avant 1952,
Leur tau est actuellement d’emwiron 4 pour cent, avec une morichité de 14 pour cent,
du total des accidents mortels. Dix observations caractéristiques et délmilées,
qu'dl. faut lire dans le texte, sont rapportées & ire d'exemple. |

Bien qu'tl soit impossible de donner une réponse & toutes les questions que
posent les acadents de cette nature, leur classification dans la catégorie “due a
vertige” repose sur deux cntéres: le prlote sndique par radio qu'sl a le wmg'z, o

soubgner 18 fréquence de Pinexpérience du pilote, en particulier dans bt vol de nant
ou tous-temps. Un deuxiéme facteur est le mouvement de tite pendant le volen nm:b:
(Gorohs). Enfin sl faut temy compte du temps nécessaire pour le passage d'un
systéme de véférence visuelle (vue extérieure) & un autre systéme (tableas de bord)
dans certaines condsitons de tenswon mentale, mauvaise visibihté, basse altitude,
eto. . . . La désorsentation peut naftre du désir de voler & la fors aux snsinumenis
et au contact. Les facteurs “mental stress” et défaillance des instruments, sont
difficiles & apprécier. L*étude des incrdents serait, d cet égard, plus wnsinuctice Je¢

celle des accrdents morlels,

En résumé, lr probléme de la désonentation spatuale existe chez fes pulotes
- PR A Tovm e sdoseitd e 0], S
. B ot

des acerdents mageurs et martels montre que, pour la plupart, 1ls ne s¢ setie v

et suriout frig

reperee i

rinthique, une i
tuera ung prévention efficace. ) i .
Il n'y a 6 quun aspect particulicr d’un problime plus général, qui ﬂ:o z’{':
des imwtations humaines dans Pemplos de Pawon & hautes performances
& toutes les exigences opératonnelles.
REFERENCES
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DISORIENTATION DUE TO RAPID ROTATION

IN FLIGHT
(A Cause of Unexplained Aircraft Accident?)

G. MeLviLL Jones
Institute of Aviation Medicine, Royal Asr Force Farnborough, Hants, England

Drrricurties which may be associated with manceuvres involving rapd
rotation in flight are described. These difficulties are discussed first 1 con-
nexion with loss of control m a single very rapid rolling manocuvre and
second 1 connexion with certain findings from 2 field enquiry into the

causes of pilot disorientation.

R Ly SR A | QR

to d of normal
bular stimulation.

It is concluded that vestibular stimulation during and immediately .afltf
manoeuvres nvelving rapid rotation can jeopardize the reliability of visual
sensory mformation, and that the possibility of similar interference with
other neuromuscular mechanmsms cannot be ignored.

Finally, it 1s emphasized that the significance of such interference m man-
controlled flight 15 as yet ill defined, and it is suggested that hereisa field of
investigation which at the time of writing requires to be further explored.

)} hani: as a result of vest-

INTRODUCTION i
The foll paper d certain difficulties which may beset a pilot
when ing a flight e involving rapid rates of rotation. It 13
based 1n the main upon a smgle ncident in which control was lost du;erllg
recovery from a very rapid roll, and upon the cutcome z')f a recent
mquiry mto the causes of pilot disorientation, Before continuing howcvct;:
1t will perhaps be helpful to consider briefly the main factors concerned Wi
the of in lled fight. _

The 1 of by man in any dynamic environ-
ment essentially depends upon the fulfilment of three fundamental m}lml:;
ments, In the first place there must be adequate availability of e a:l
sensory information. In the second place this mformation x‘nusl be pmpca(z'
integrated 1n the central nervous system and formulated into appropr:w
patterns of response In the third place, there must be effective nxccu;l:(dy
such response through the medum of the body musculature. Fortu ryd
n his normal environment on the ground, t ‘c:h
req are quately met by the X h wi
which he is naturally endowed For he 1s provided with thre
pendent and relatively reliable sources of sensory nformation,
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so long as man remains

h three largely inde-
namely the
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be flown back to base in a normal manner.
disorientation and has litrle memory of the co
loss of control.
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The episode can be traced by reference to Fig.
of roll of the aircraft and displacements of the
separately plotted against time, It will be seen t!

lateral stick movement was made to the right and the roll comme:
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In this incident, therefore, misleading sensation may have been exper-
1enced similar to that usually implied by the term “after-sensation of rota-
tion”, despite the fact that the durations involved were too short for the

P

of after as usually und d by the terms.
Amputia  SeTiCITUAr
( &g Cupta ‘% z
{a) Stationary {b) 100%sec tonght

\7

\\

(d) 200¥sec toright (2100 sec to night

Fig 3 Dugrammatic slustration of the way wn which sensatwn of rolaton may at times have been
oppastle to that which was w fact occurring

VEsTIBULAR INTERFERENCE WITH Vision Durinc Proroxneen
OTATIONAL EXPERIENGE

In this single incident and 1n the absence of direct experimental evidence,
interference with vision due to vestibular sumulation can of course be no
more than conjecture. But the plausibility of ths being the case during more

L i P 1 hat greater since the experiences to
be recounted below have been repeatedly reported by many different
pilots, When spinming an arcraft, for example, if recovery 13 delayed for
more than roughly 15~20 sec (about 5 turns when the spin is rapid) one’s
visual §mpression of the outside world quite suddenly becomes blurred and
“m.mkf’ and the rate of rotation appears to specd up when this 15 not m
m':l:ty o When recovery action 15 then taken and the rotation 1 rm1¥

cockpit and horizon appear to rotate together at the same speed *“Recovery
was only effective” he said, “so long as I could keep a landmark on the
horizon and a point on the cockpit coaming gomg round together at
the same speed”,

‘The two effects, namely difficulty of a clear visual imp
of lh? outside world when the spin is prolonged, and the after-sensation of
Totation experienced ymmedrately after recovery, are almost certainly both
attributable to the well known errors which deselop in the rotation sensitive
end-organs during, and immedsately after cessation of, prolonged rotation.
In the first place as the vestibular sensation dies away during the prolonged
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DISORIENTATION DUE TO RAPID ROTATION IN FLIGHT

(scxni-u:rcu]ar canals) will have been violently stimulated, Indeed, in
probability the moving parts of the end-organs concerned will hase bees
maximally displayed well before the maximal stimulus was attaned vy
Ecmonn ef al, 1949). But it is well known that during angular movemes,
stimulation of the semi-cjrcular canal tends to induce reflex responses n the
extrinsic muscles of the eyes which assist them to follow the outside wuld
and so maintain a steady image on the retina. It is also well known that
when such stimulation is unusually strong the eye movements so indued
tend to become involuntary. Hence it must be presumed that involustay
movements are likely to have been generated on this occasion.

The possible q of this i y appear to be twofold. In
the first place the nd of invol veye suitable to follow-
ing the outside world might well have prevented the pilot from fising bs
gaze upon the instrument panel in his aircraft. But in the second place the
rate of rotation might well have been too great for compensatory cje move
ments to allow fixation upon the outside world erther; particularly so it
25 already mentioned, the angular velocities achieved were probablyinexces
of the maximum which can be registered by the end-organ cnznce-mcd. k
was interesting to hear from the pilot, therefore, that in practice he could
neither fixate upon his instruments nor upon the external visual fieldat \h;
higher rates of rotation. Only a blurred impression of alternating dark o
light was obtained,

There is one additional possible consequence which should be hﬂﬂm
tioned. Any rotational movement 13 in the nature of 2 vector hamngds P
magnitude and direction. As already mentoned, there are grouncs
belteving that magnitude of the angular velacity expericnced was 2t :‘K
greater than the maximum which can be recurded by the semic¥ e
canals, But for this very reason there are also grounds for bd‘mmgthat
sensation of direction of rotation may have at times been W“‘("Eﬂ o
which was in fact occurring. The source of this kind of error ray be :ﬂ
in Fig. 3. Let us suppose for the sake of’ al‘gufncn't that th‘c rzllggg}l;‘: Behore
o o e
organ) ¢ ' o d:g::]g“: oc

5 we may s4f, Up
example it would then be fully deflected, or :: ngeht ity\W A Serun her,

stops (Fig. 3(4)). Dunng further rotation to ! 3 at
in t‘;xe(fuﬁy def)iz)zcted position, and hence the same cvndm‘ﬂn V{°“1db::i$nm
300°/sec as at 100%sec (Fig. 3(c)). But the moment dece crmir; an actual
cupula would commence its return, and hence on ",ducmhgl to the 20
angular velocaity of 200°fsec it would have returned roug zjd be exper-
position (Fig. 3(d)). That is to say, no sensation of rotation ‘gumg the 1o
ienced even though actual rotation were sull in evidence. ed to the le 80
mainder of the deceleration the cupula would then be dcﬂcc: (sulltothe
that on having reduced the rate of rotation still further to 100 {:f;n shown it
right) the cupula would be defiected to the IefR, in the P‘Dhsc Jeft when the
Fig, 3(e). That is to say, sensation would be of rotation tﬂf a sensation o
actual rotation was still to the right. At this point there ‘:{; which was i
rotation would be experienced jn the opposite durection 1o

fact oceurring,
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constatations fatres au cours d'une enquéle sur les lerramns, au sujet des causes de
désorientatean ches, les pilotes.

Les dificultés rapporiées se classent en trois catégonies principales:

(I)-—telles qui se produtsent quand les changements de vol sont trop ropides
pour dre suns par un opérateur humain,

(I —<celles qui sont dues & {a molmcc ;xfxynque dc la manaeutre,

(U —cetles qui sont dues & la d
aires normax par suste de la stimulation mnbulmu.

On en conclut que la stimulation vestibulaire pendant et aussitst aprés des
manoeuvres comportant une rotation vaprde peut compromettre la raleur de Pin-
Sformation sensorelle visuelle, et que la posabiité d’une nterférence analogue
avec d’autres mécanismes neuromusculaires ne peut ftre ygnorée.

Enfin on souligne que la signification dune telle wnterference dans le vol avec
prlote humain est encore mal défime, on suggére qu'il y a (2 un champ d'études
qui, au moment o1k cet article est éonst, demande & étre plus complitement exploré,
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DISORIENTATION DUE TO RAPID ROTATION IN FLIGHT
‘

spin, so the compensatory nystagmus of vestibular ongin which normally
assists visual fixation during rotational movement, may also be expected to
die away. It may be expected, therefare, that difficulty would be experienced
in establishing a stationary mmage upon the retina, In the second place,
immediately after recovery, the difficulty may be attributed to the presence
of such eye movements (nystagmus due to after stimulation of the rotatron
sensitive end-organs) when in fact rotation has ceased to occur.

During the enquiry referred to above it transpired that similar difficulties
are expenenced when a rapid rolling manoeuvre is prolonged beyond about
15-20 sec.

It does not seem at all improbable therefore that vestibular stimulatos
due to rapid rotation n flight can, when sufficiently severe, jeopardize the
reliability of a pilot’s visual mechanism, a conclusion which 1 the more
significant when 1t is recalled that normally the eyes alone can provide
information sufficiently rehable for maintenance of orientation during
fhght.

Concrusions
It will be seen from the above discussion that there are a number of different
kinds of difficulty liable to be experienced by a pilot when exposed to tapid
rotation during flight. In the first place it is possible for the rates of chaoge
mcurred to be too great for human neuro-muscular mechanisms to follow
the sequence of events. In the second place a pdof may suffer :Hcctshdue :7{
the physical violence of a manoeuvre. In the third p.laQe, and perl as;'z !
greatest significance 1t seems that vestibular stimulation is liable to jeopa -
the one channel of rehiable sensory information available to a pilot, mlm 7;_
the visual one, by causing involuntary response in the extrmsic muscles O
the eye. e s ot
Tt is perhaps not too presumptive to conjecture that such respo

i il le that
entirely confined to these muscles alone. It is possible for a;::n:(}: le o

when bl lation is iently strong resp vl and

identical with, those already known to the physiologsts as po

righting reflexes may become maml;est‘ . . both
derable body of } i! is now o rgans

reflexes such as these and the nature of the rotation sensitive o
responsible for their imtiation. But it must be ac}mmed thatl :m fym
known as to how they can interfere with the ability of the pil oh ottt

lane and it is d that inv jon of these factors mtde':ﬂl s
of Awiation Medicme should to be L Puﬁrﬂm“; i e
anticipated that unless such interference can be more clearl yhich  though
near future, there will be an increasing nu‘mlfer of mcldc.nts w ) v’vill i the
in reahty attributable to disorientanontafising from this ‘?u;c;xdcnt-
event have to be placed in the category of the unexplaine

SoMMAIRE
Description des difficultés qui pewvent n’mll’er
rotation rapide en vol. Ces difficultés sont exposées, er #
de perte de contrble au cours dun stmple lonneau trés 7apde
100

de tnanocuvres cam;olmnl unt
en premucr Liew, d'aprés 10 :!u
t ensusle d'aprés 5
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Case 1
“This 19 year old navi is employed on twin place i -ptor aircraft,
At 16 00 hrs while ascending to 31,000 f2, he suddenly became unconscious.
The pilot realizing that hing was wrong d d ded to

25,000 ft, when the navigator started to recover consciousness He was
perfectly conscious at 23,000 ft and felt well except for a slight headache.
¢ had been unconscious for about a mmute. The flight was continued
They climbed again and spent 30 min at 31,000 ft. There was no cabin
pressurization Imrnediately before the flight the navigator had a doughnut
and soft drink,
. L T T S

fit for all aircrew duties His resting LEG was borderhine i that there were
thythmic bisynchronous 6 and 10 ¢/s waves of high voltage after 1 5 mun of
overbreathing. This continued for | mun after H.V. ceased,

The LEG was repeatcd fasting (B S. 70 tng per cent) and a ssmular pattern
was observed but the slow waves were 2-3 ¢/s. 100 g of glucose was given
and he was subjected to 3:4 G for S sec one hour later (B 5.80 mg per cent).
No change from the resting pattern was observed, He hyperventilated for
45 sec and was again exposed to 3 4 G for 5 sec =4 ¢'s waves suppressed
the alpha rhythm at the peak G Two and one-half hours after the glucose
adn:}nislmlion the B S. was 90 mg per cent, agamn the 34 G for 5 sec was
annlat A, e A e L T e s e £

the convulsion,

Despute this startling experimental finding he was allowed to return to
full navigator duties but he was warned of his sensitvity to hypoglycacma
and concomutant hyperventilation. If he had been a pifot it s likely that he
wold have been given a Limited flymng category. His progress will be
watched carcfully,

Case 2

This s a 20 year old navigator on twin place interceptor awrcraft. He has
400 hr of fiying. They took off at 18.54 hrs and chimbed to 30,000 ft i a
few minutes, (It was found Jater that the navigator's kst legible entry 1n
the loy was 18,58 ) Shortly after they reached altitude the navigator told
the piot he felt faint The pulot noticed there was no cabin pressure and
that the -~ v ve. N

©10pe . . - . \ N R
30,000 ft 10 tne hangar apron was 16 mun. 4nc BAVILALLT U BOL ILspoIL
At any time during the descent, At 5000 ft the puot heard gurgling sounds
over the mtercom. and these continued untid the canopy was opened. The
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aircraft was met by a medical officer, who found the navigator was not
breathing, was ious and deeply d. The mask was filled with
vomtus. He started to breathe when the mask was removed and his colour
improved but he remained cyanosed even on portable oxygen,

In hospital he was deeply unconscious during the first 4 hr; he had
multiple convulsions. The pupils were widely dilated and he had up-going
toes. His convulsions ceased; his coma gradually lightened, and he pros

, gressed towards consciousness during the next 8 hr, An Xeray of the chest
showed some haziness of the right lower lobe but this cleared in two days.
A blood sample, taken 12 hr after his removal from the aircraft, was later
reported, by a reputable lab y to have a h lobin of 173 per
cent and of this 30 per cent was carboxyhaemoglobin. No other blood
samples were sent for CO estimation so this isolated finding may be viewed
with suspicion. He was seen by the RCAF Consultant in Medicme 14 he
after the incident, At this ime he had a retrograde amnesia to about 4 hr
before take-off, During the next few hours he remembered incidents up to
the time of the take-off, but remained completely amnesic in regard to
incidents from the take-off until he recovered consciousness 12 hr later.

Fourteen hours after the incident there were no abnormal findings in 2

ination. The niavi

very plete physical fe

was dtoa
large hospital where he was examined by a number of specialists Nothing
abnormal was found. His mental state was considered to be normal, The
EEG was quite normal. However, in view of the lengthy, almost monbund
condition he was kept off flying for 6 months. He was then examined at the
TAM. Nothing abnormal was found and his EEG was again quite normal.
There was apparently no late mental sequelae of his prolonged, profound
hypoxia and he was returned to full navigator duties. .

The diagnosis and the aetiology are very doubtful. The aircraft oxygen
system was checked and found normal. Admttedly his mask was filled with
vomitus but presumably this occurred some minutes after loss of constous-

ness.

Case 3
Tt 1* wvesTead Ausine 3 rocket firing

- '
became worse, he expenenced vertigo and was mildly pauseaied. s
difficult Janding he e amsnre of hi equiibrinm. Hit left side flt heavy
and the floor came up to meet his left foot unexpectedly Wh‘c:d wb 1}%::
This condutton spontaneously cleared in 3 hr. He was examin o t)’ e
medical officer immediately after the landing He showed a 15 dnhl Dr—
left, The caloric test with warm water was performed next day. Rigl t;:mt
shght reaction, environment spun to right, nystagmus with fast c?mp i
to left. Left ear—sudden violent response, environment spun to Iel !.;;Z‘an ]
mus with fast component to right. He became nauseated, very P
collapsed. He recovered after one minute. .

Tl?e significant findings in hus past history are that he hada ‘ll'nltld';:luxnu‘xll:
attack, lasting a few hours, a year before when he was on pilof
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This was accentuated by head turning. He was born with a torticollis, This
was corrected by operation at age 4 years.

He was examined at the IAM two weeks later. He was found to have a
mild neurotic elcmcnt in lus makc»up, bemg mdas and lughly strung. At
this time full showed
nothing. He was found to be mddly :usccpuhlc to experimental motion
sickness. His resting EEG showed sleep frequencies during overbreathing
but was otherwise normal. The EEG was repcated on the aceelerator, The
resting record showed a well regulated 10 ¢/s alpha rhythm. Hyperventila-
. P - CL = b S

for § sec wnhout any slow waves ch [¢) for 5 sec pmduccd a period when
he was probably and ths was followed by slow
waves. He then had a convulsion, The unconsciousness followiag the applica-
tion of 5 G and the subscquent seizure can be considered normal since
40 per cent of subjects on this have shown and
serzures at high G loading. He was considered to have suffered a transient
neuronitis and returned to full fiying duties.

Case 4

He 13 2 27 year old prlot with 1800 hr flying time mcluding 300 hr on jets,
He was an average student but was unable to carry out a conversion course
to operational anterceptor flying. He was over-confident and made many
oustakes 1 flying: he did not apparently recogmize these mustakes, The
question was rased of hus willingness to fly. He was adamant 1n his desire
to fly jets However, for safety, he was removed from operational training
and transferred to a jet ferrying unit. He has made about 30 long range
jet ferry fhights but has had three 1ncidents of dumimished consciousness.
The first occurred 1n June while flying 1n formation at 35,000 ft.

He had his normal breakfast of half a grapefrut, toast and coflee at
07 00 hrs, He had to fly as a passenger 100 miles to pick up the aircraft to
be ferned and bring 1t back to his home base. He landed at 10,30 hrs,
hummied to do shopping and go to the bank. He had a hurned lunch of &
sandwich and coffee at noon and took off solo in a formation of three jet
mr:;*.x‘!} at 13.45 hrs.

TR S T

d.recled nto a convenient airfield where his oxygen syslcm was l:hcckad -nd
found correct He praceeded after one hour to his ongmal dcsumuon Ile
had n shght headache. Medical at the
nothing abnormal. The ovygen system was again checked and l'ound
normal.

The second wncident occurred 1n September, He had been taking an
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antihistamine for allergic rhinitis but did not take this drug on the days he
was flymg. This ing he had a breakfast of one-half grapefrut, toast,
a boiled egg and coffee at 07.00 hrs, and was flown 300 miles to pick up the
aircraft. He had a lunch of a sandwich, piece of pie and a milk-shake at
12.30 hrs an dtook off for an intermediate base, where they landed. Hs
hayfever (Ragweed) was extremely bothersome while he was on the ground
but on take-off with 100 per cent oxygen, it rapidly cleared vp, He was
flying solo and No. 3 in a three place formation. They reached 42,000 ft
(cabin altitude 26,000 ft) just above cloud. At 15.00 hrs, he felt light headed.
He attempted to reduce his breathing rate because he had been warned
of the dangers of hyperventilation after the first episode. He noticed that the

two leading aircraft had disappeared into wispy cirrus clouds and he
Al A hin LT o cmcinm hannma hlhoread Tha oun ceemed very

A tn mne nhnea o

managed to land the aircraft at the destination. The other two px}ou stated,
emphatically, that there were no clouds whatsoever at the altitude they
were flying, He was temporanly taken off flymng until the end of October.
(This is also the date of the end of the Ragweed seaton.)
At the end of October he was briefed to ferry a T33 to western Canada
but was to be ied by an experienced pilot. The night before
PRl s o

i L e Ll vnmenn Hahada

and climbed to 35,000 ft (cabin 24,000). At 11,00 hrs he noticed thg sun was
very bright; he felt light headed; he was over-breathing and having s:rmc
difficulty ing his radio tion with the Ccnt'rol. The safety
pilot took over and returned to base, He states that the sub);ct w:n.hzvllpg
great dufficulty talking to control and did not respond to his questions for
at least 15 sec. He saw that the subject was very pale. He to

The subject was sent to the IAM where he was found perfectly al ecw
pass all normal aircrew selection tests. He was psychologically fit for m{:?od
duties and showed no evidence of fear of flying. A r:stmg. EEG, ata shgrp
sugar Ie\_/cl of 80 mg pcx: Eent, s|how¢zd »aﬁvi 3.“%3:.’:. lggéh:vo;a::w e
« hypervenlation
' L . 100 g of glucosG=
was given. One hour later B.S. was 104 mg per cent, ‘Lhree andh: Ezgml
for 5 sec in the accelerator produced a few 34 ¢fs waves from 1! e pee
region at the beginning of the acceleration. Two and one:half x'm{;l el
ventilation with 3-3 G for 5 sec applied at the end of this perio fpr Frowy
high voltage bilaterally synchronous slow waves of .2—3 cfs lanu;gl o1 oy
Twe and one-half hours after the glucose administration blo a!i:’ga;ﬁhe
77 mg per cent. The acceleration was again apphcq. No abn}z:n:ccdcmion
EEG was noted. A repetition of the H.V, for 2:5 min, with the
applied at the end, gave a similar slow pattern Iasting for 8 sec. nd the fict

Because of the three episodes of diminished consciousness a e tor
that his flying proficiency seems to be below the standards req
safety, he had been removed from flying duties.
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Case §

This 21 year old officer has a total of 400 hr flying time with 110 hr on jets.
He was on an instrument training fight in a T33 at 26,000 ft {cabin 12,500 ft)
He had a full breakfast including bacon and eggs, 3-5 hr before. He had been
airborne for 10 min when he neticed *“paipitation of his heart”, followed by
blurring of vision., His immediate action was to operate the “press to test” (he
was on diluter-demand) take a deep breath and hold his breath. His symp-
toms dusappeared in approximately one minute. He climbed to 30,000 ft when
the symptoms recurred and he repeated the p However, hi;
did not mmprove and the instructor brought the aircralt down to 20,000 fi
(cabin 10,000 fi}. At this altitude hu blurring of vision disappeared and
the exercise was continued.

He was not unconscious but s blurnng of vision was marked and the
instructor had to take over. The aircraft and personal oxygen systems were

to 120/min. At two rnmulcs he had blurring of vision and a hmvy sensation
in his head which he admutted he had also experienced at the time of the
cident. The mechamsm of this was carefully explained to him and he was
seturned to fying.

In view of lus extreme
some three months later at the IAM, Hc had noticed xh:t hc had hypcr-
ventilated on a number of occasions but had been able to recognize the early
onset of the symptoms and contro} hus breathing rate. He had noticed that,
while flying, his heart rate had often been very rapid The rate had increased
quickly but not suddenly. The rapid pulse suddenly slowed. He did not
belicve he was hyperventilating during these attacks of rapid pulse but he
could stop themn by xlowmg his breathmg Hu phy!lcal cxnmmauan showed

N S deeen

e e e

Ca St . .y

-1 ‘ G
on the ccmnl'uge did not mcre;se |he nlaw activity. Mcr glucose feeding
{BS. 115 mg per cent) the combination of 3©1 G and hyperventilation
produced only occasional d:lla waves,

He was funther ind d1n the ition of hyper symp-
toms and told of the protective effect of high protein recdmgx. He was re-
turned to full fiying dutics and has had no further trouble.

Casz 6
é‘n 18 year old NI\TO pnlot umnte h;d ﬂawn 75 hr on Hzn‘nrdx. In
b 3G framnrm an
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sensation all over his body; his vision became blurred and finally ds-
appeared. Ten seconds later his vision returned and he found he was flying
straight and level but 400 ft lower. He managed to land and reported the
incident.

At the age of 11 he had had nephritis and during the convalescent period
he had 4-5 fainting attacks per week. He states that even now he had oneor
two a week. The attacks always come after muscular effort however stight.
He states that stretchung himself after sitting for a while may precipitate
an attack. The attacks always follow the same pattern of tingling sensaton
over the whole body with dimming of vision and perhaps complete loss of
vision. On only one or two ions has he lost i althoughata
few other times he has fallen and injured himself. He never expenences
headaches either before or after the episode. There is no aura.

He was examuned at the JAM and found fit for flying by all methods of
medical examination used 1n assessing aircrew, except that there was &
moderate degree of anxiety, not sufficient to warrant a psychiatric diagnosis.
He had a completely normal EEG showing an alpha frequency of 10 ¢fs
not changed by hyperventilation. The subject stated that he had dacnb:j:l
his attacks to the medical exammers, This is hard to believe and there is
no record of it in exther the original examinations in his own country, or %
re-examination on arrival in Canada. In view of the danger associated with
an episode of this type and the mild anxiety state, he was taken off flying
and returned to his own country. No further news of him has been reccived

Case 7
In April a 20 year old pilot trainee, with (75 hrs) flying time, was ﬂying};'
7000 ft in 2 Harvard when he had a momentary lapse of ;&I)ns:::o]}xs;&u; bu:
i i 1 i i €] S
tad studied unil miduight the night belore an 2 e el at 0100
-
a

- [
thinks that the cold blast of air brought him aroum?. He does not ufmn:nu;f
he lost any height and did not travel far during his lapse of wﬁw\‘:ca ;
He felt weak and very light as though he di(?n’t weigh much. '_he sbzse "
considerably. He did not have vertigo. He “just went b:{d( to ecdmtely
one straight hine, came in and landed”. He was examined imm:
after landing. No abnormality was found. B

He was rf-examincd at the JAM two weeks later and passed all a;.rt:‘;‘;'
physical examinations, He was at first thought to !_xavc bcco:lc t}l::iyt T
logically unsuitable for flying but further exnmmauz:ll rcrc'vealccﬁon. Despite
apparcnt~moﬁuna.l c_oldx:css. was due to early parenta 4_1 o vt &

This

a of C red norm: was
psvchopathic personality. His EEG was consld_: red 1 . in100
. - - « the

o ) ~cord

LERUENUZE Was QUlALLG s ssdaeees -
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problematical. Blood sugar curves showed little rise or fall from the resting
Ievel.

He was returned to flying training and has since done well,

Case 8

A 25 year old NATO palot had flown 200 hr of which 5:5 hr were on jets.
He took off at 13:30 hrs in March 1n a T33, flying in the front seat with an
instructor behind, He had an adequate lunch 2 hr before, He camned out
aerobatic exerexse for 1 hr. Finally the instructor demonstrated a cuban
eight at 2 height of 14,000 ft (cabm 8000 ft). Following this manoeuste
the student was told to take control. The student related that he heard the
mstructor but was unablc m make any volumary movement; he dnd not

S o

‘The instructor estimates that the student did not respond for 20 sec.
However, the student recovered rapidly after this, took control and per-
formed three or four “touch and go” landings before completing the exercise
30 min later,

ar -

EEG showed 3 cfs waves
45 sec afier HLV, ceased,
He was seen at the JAM three months later. He had had no further
trouble and had progressed well in us flying training. Agan he passed all
standard airerew medical exarmmnations. The EEG was tepeated, The
resting and H.V, traces were essentially as found three months before.

Three G on (he accelerator produccd no :low waves but couplcd with l mn
leutran PR At —

PP early i hyper lation and lasting

Y et

S PR - -

his flying tramung after further physiological indoctrination.

Discusston
In Case 1, 1t scems most hikely that the navigator had not connected his
oxygen hose and therefore became unconscious on the climb to 31,000 ft.
If this explanation is incorrect, it 13 incredible that an expenenced pilot
should 12ke an expenenced navigator again to altitude and finish the further
30 min of the test flight. Case 2 presents great difficulty 1n diagnosis, He
19



UNCONSCIOUS EPISODES IN PILOTS DURING FLIGHT (1956)

became unconscious near the end of the climb to 30,000 &t and was near
death when the aircraft had stopped rolling. The finding of 30 per cent
carboxyhaemoglobin 12 hr after the incident is surprising. Carbon monoxide
poisoning might have accounted for the rapid unconsciousness and its cons
tinuation for 12 hr. Aganst this, the pilot was also on diluter-demand and
suffered no ill effects. Again, no carbon monoxide has been found in signific
cant amounts in any of this type of aircraft. It is gratifying that this navigator
was not only fit to return to full flying duties but was anxious to do so,

Case 3 was not unconscious nor did he have diminished consciousness
but the vertigo due to the vestibular neuronitis was most distressing and
occurring earlier in the rocket firing exercise might have been dangerous
He has had no recurrence. Even if he does, it is believed that he will now
be able to detect the early symptoms and to land saftly.

Case 4 shows the anxiety of the slightly overstressed pilot, the rush and
hurry of pre-flight arrangements for famly care, the hurried, inadequate
high carbohydrate snacks before take-off, hyperventilation occurring before
the incident and the incidents occurring some 3 hr after the snacks when the
blood sugar was likely to be rebounding to a Jow level. .

Case 5 has been labelled physiological, At the time of the incident, he
was probably anxious as he was undergoing a check flight which was o be
fmportant in his career. He had a good meal some 3-5 hr before the mcu‘!snt
but he was found to be extremely sensitwe to the effects of hyperventlation.
The EEG showed marked slow activity in the second minute of hy-pbw'cnu}d-
tion when the B.S. was 95 mg but the combination of 3:1 Gonth
and hyperventlation only produced a few slow waves when the BS. v};m
115 mg per cent. It could not be proved that he hadapa‘roxysm:sl tachy-
cardia but he had a very labile pulse rate, a pulse rate wluch‘bcgame \Q"Y
fast with hyperventilation. He 1s believed to satsfy the eriteria an 1:
fabelled “phystological unconsciousness™, He has been allowed to continu
full flying duties, .

Casycls g, 7 and 8 show a very simular pattern. They had been unda%og)g
prolonged G and straightened out (Case 8 was still undergoing pmlong:c A
They could not have been hypoxic. It 15 significant that !heg’l w; :
experienced in this type of flying. In addition they were pmba“ }f vunbil;)'n
Angxiety was not definitely established in two cases but may we! :: it
present. Two of the cases showed a norm':fl E_EEG"ang:hli}:ff}:‘:P:! be{‘m’t ’

srtance

- . - soduce

; . s TS
a physiological unconsciousness in the subjects by the cxpt:l.luh‘-hit :ﬂ: ol
available. However since the stresses had only been apphed sing] ylcads Fom
essential to combine them. The accelerator was wx‘rcd to allow lm fing 08
scalp electrodes to be brought out through shodium-plated :r g ey
Grass Madel IIID Electroencephalogram. Useful }fEﬁGn :c;%‘ 0 doal gives
e mterference can now be eken Cove 7 ves e T 0T el
he resting EEG-
ected to 3 G and
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hyperventilation but with 3 G and no hyperventilation slow waves were not
produced. A study of a number of aircrew (including these subjects), has
been undertaken with this combined stress. It shows that the combination
of the very minimal ac:dmuon of 3 G for 5 see togcth:r with hyperventila~
uon and hypogly can produce lasting from 10-15
sec, This 1s felt to be a very important finding in the elucidation of these cases
of physiological unsciousness. This work 13 to be reported elsewhere in
May 1957

That } 1 ia can cause i has been shown by many
workers. Momumusz (1956} has recently discussed hypoglycaemia and
reports on 15 patients who suffered sudden unconsciousness from this con-
dition.? Four of these had major epileptic fits and three had deep, prolonged
coma lasting for several days. In one of the latter cases, the coma resulted
from post-gastrectomy hypoglycaemia. This 1s a finding which is giving us
some concern, since we have a few pilots in the RCAF who are doing full
flying duties after partial gastrectomy

Franxs (1956) has discussed the significance of the EEG 1n the syndrome
of physiological unconsciousness and reviewed the basic physiology under-
Iying this syndrome ™ BenryaN and KNGHT (1956) have described a con-
dition of carotid sinus epilepsy.? None of our subjects have shown any
sensiivity to halateral massage of the carotid sinuses and therefore it is
unlikely that ther unconsciousness could have been produced by head
movements with the neck restricted by tight clothing.

None of our subjects had markedly abnermal EEG’s of the type usually

d with epileptics and 1t seems ble to assume that none of the

cases in the present seres 135 an epdeptic However, in making this assump-
tion, we acknowledge that 1t may be questioned. A subchmml epileptic
may be tnggered off by the d stresses of hypogly , hyper-
ventilation and the reduction of cerebral blood flow due to ncreased G
A normal individual may become unconscious with !he same stresses, but
obviously not all normal individ can become with
levels of these stresses. The levels of the phymological vanants which allow
some normal individuals to react to the combined stresses is not known.
The determination of these wall required further investigation.

S\nuu.wx
Eight cases of inished whle flying were
vestigated at the IAM Toromo duning 1956,
Five of these cases sausfied the cntena for the diagnoss of “physiological
unconsciousness 1n medically fit arrerews”™.
The factors scem to be

{I) Previous or concomitant G
{I1) Hypoglycaemia eccurnng a few hours after a hght carbohydrate meal.
(I11) Hyperventilaton
Also there seem to be associated:

(IV) Anxicty or anger.
(V) Early slow EEG actwity with hypervenulation,
m
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became unconscious near the end of the clmb to 30,000 ft and was near
death when the aircraft had stopped rolling. The finding of 30 per cent
carboxyhaemoglobin 12 hr after the incident is surprising. Carbon menoxide
Ppossoning might have accounted for the rapid unconsciousness and its cone
tinuation for 12 hr. Agamst this, the pilot was also on diluter-demand aod
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Case 3 was not unconscious nor did he have diminished consciousness
but the vertigo due to the vestibul itis was most distressing and
occurring earlier in the rocket firing exercise might have been dangerous.
He has had no recurrence. Even if he does, it is believed that he will now
be able to detect the early symptoms and to land safely.

Case 4 shows the anxiety of the slightly overstressed pilot, the rush and
hurry of pre-flight arrangements for family care, the hurried, inadequate
high carbohydrate snacks before take-off, hyperventilation occurring before
the incident and the incidents occurring some 3 hr after the snacks when the
blood sugar was likely to be rebounding to a low level. .

Case 5 has been labelled physiological. At the time of the incident, ke
was probably anxious as he was undergoing a check flight which was to be

important in hus career. He had a good meal some 3-5 hr before the incident
PR - P T it et il sl affaaie 8 hemaruentylation.

and hyperventilation only produced a few slow waves when the b.o. ;u
115 mg per cent. It could not be proved that he had apa.roxysmalﬂ 1y~
cardia but he had a very labile pulse rate, a pulse rate which becane very
fast with hyperventlation. He 1s believed to satusfy the criteria an.d 3
labelled “phystological unconsciousness”, He has been allowed to continue
Full Bymg duties. .
Casycs 66', 7 and 8 show a very similar pattern. They had been und:;%og)x
prolonged G and straightened out (Case 8 was stﬂ} undergoing prolong: no!‘
They could not have been hypoxic. It is significant that thcyl “i:rc
experienced in this type of flying, In addition they were proballf |)l' ml‘fc?;
Anxiety was not definitely established in two cases but may we! .av: ot
prfsent. Two of_th:.cas_cs'sh?w‘ed a xfm?ffl E_E.E, ,ang :‘h: ,}:.-erhi:pis:“ gc e
. . tance

Inthe JAM invéstigation of 1955, it had been found impossiuie l;‘l/:dc:::
a physiological unconsciousness in the subjects by the c.xpex.un;n  socgmed
available. However since the stresses had only bec'n applied sing] Yl;¢ o
essential to combine them. The accelerator was wired to allow six oz
scalp electrodes to be brought out through rhodium-plated slip witisvery
Grass Model ITID Electroencephalogram. Useful EEG ft:.(:or'ds'dua1 given
little interference can now be tz:ikcn. Case 7 was r.h;I cﬁ(ris’s xsr;ixxa el

b L 1 ia and hyper 3 a EG
ized slow a::tiv;i:yhat 3-0 G which was not present in fhe l:s:;nfé:an 3
Case 1 showed a very startling unconsciousness when subjecte
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hyperventilation but with 3G and no hyperventilation slow waves were not
produced. A study of a number of aircrew (including these subjects), has
bcen undcrukcn wnh thus combined stress, It shows that th: combmztxon
PRI SR S L

t -

3 . ' . - ..
May 1957,

That hypogly can causc has been shown by many
workers. Moorstouse: (1956) has recently discussed hypoglycacmua and
reports on 15 patients who suffered sudden unconsciousness from this con-
dition.2 Four of these had major epileptic fits and three had deep, prolonged

LIPS P N )

flying duties after partial gastrectomy.
Franks (1956) has discussed the significance of the EEG 1n the syndrome
of physiological unconsciousness and reviewed the basic physiology under-
Iying this syndrome34 Beuryan and Kmeur (1956) have described a con-
dition of caroud sinus epilepsy.8 None of our subjects have shown any
sensivity to bulateral massage of the carotid sinuses and therefore it is
unbkely that ther unconsciousness could have been produced by head

movements with the neck restricted by tight clothing,

Nonc of our subjects had markedly abnormal EEG's of the type wsually
with ep and it seems ble to assume that none of the
RN, B “
. . . - e

cive = ela

v:nhhuon and the reduction of cerebral blood flow due to mcrused G.
A normal indindual may become um:onscwus with the same stresses, bm
obviously not all normal Juals can become with
Tevels of these stresses. The levels of the physiological variants which allow
some normal indiduals to react to the combined stresses is not known.
The determination of these will required further investigation,

Sunsary
Eight cases of or diminish while flying were
mivestigated at the JAM Toronto during 1956,
Tive of thesc cases satisfied the cniteria for the diagnosis of “physiclogical
unconsciousness in medically fit aircrews"
The factors seem to be

(1) Previous or concomitant G,
(11) Hypoglycacmia occurring a few hours after a light carbohydrate meal,
(I11) Hypervenlation.
Also there seem to be assocated.
{IV) Anxiety or anger.
(V) Early slow ELG acuvity with hypervenulation.
in
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All these factors contribute to du'mmsh:d cerebral activity and can

ate. It 1 idered that this is the cause of the uncon-

scious episodes and therefore these episodes may be prevented by removing
one or more of the factors.

SouMAIRE

Hunt cas de perle ou de dimunution de connaissance en vol ont 84 étudids & I
Instutut de Médecine Adronautique de Toronta en 1956. Ces cas présentent bequa
coup danalogee azec cewx qus ont Hé dudiés en 1955,

Dans cing cas de la présente séne le diagnostic de ““perte de connaissance
physiologique” & #E post, Ces cas présentarent le méme schéma. Lncident
survient quelques heures aprds un repas hydrocarboné lger. Dans trows cas, le suyet
subissatt ou avast subs des axcélérations prolongées. L'anciété ef Phyperventilation
semblent qoorr #4 en cause. Les sndividus furent trouvés “apies” lors de Pexamen
sefon les standards médicaux du Personnel Nawigant de la R C.A F mau la
$rorn

LV AR X B I ¥ IR R ELPEL
o
e -
fmmn phjmlagxquu tmda;u lous & pm,aqun une bauxe du métabohsme
cérébral s trouvent combunds Pris wsolément, ces facteurs ne sont pas noctfs, mas
$'uls agissent tous ensemble, 1ls peuvent provoquer une perte de connaissance
désastreuse.
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LES PERTES DE CONNAISSANCE OCCULTES,
CAUSES D’ACCIDENTS INEXPLIQUES

AnroiNe Rimonn
Centre d’Expertisc Médical du Personne] Navigaut, Pans, France

Dans le domaine de la spécialité EEG, I'un des diagnostics les plus fréquem-
ment demandés 3 la méthode est celui des pertes de connassance, La
question peut prendre plusieurs aspects. Tantot 'accent est placé sur le
diagnostic positif y a-t-il eu perte de connajssance, ou celle-ct peut elleavor
eu lieu étant donpé le sujet considéré? Tantdt il est placé sur le diagnostic
¢tiologique des pertes de connaissance, On désire alors rattacher celles-c1
3 une maladie dé i comme Pépilepsic par exemple, sans en discuter
leur réalité.

Cest presque dans un cas sur deux que les malades sont adressés aux labora-
torres d’électroencéphalographic avec une histoire de perte de connaissance
La grande variété des cas pathologiques, les nuances importantes existant
entre les sujets, ont pu nous donner une expérience approfondic de leurs
différentes modalités. Chez les malades qui nous sont présentés certaines
pertes de connaissance se sont révélées comme étant parfai}cmcy:.ofculls

mie

o .o
v L .

minde ne pouvait manquer de fajre natre dans notre esprit une a”"wﬁ"

. < . ¥ et meen enemmeg TEIVELS

etlogique
idents 1~

expliqués et pour lesquels Venquéte étiologique peat étre devenut bx::
difficile quand le responsable de Paccident est mort. La présente c}?r;;"!‘“m
cation napporte donc en rien les résultats d’une recherche A prion. ;:65

) faite des idérations & postériori gui nous ont &é sugy o
par le titre du symposium qui nous réunit, étant donné nos trés [réqu;k’
contacts avee le probléme des pertes de i avec celui des ti‘]wl’:nccs
de Ia conscience et d*une fagon plus générale ceux que posent les défai .
wridion flve syethrme nerveuwr. Dans ce gun suit nous tendrons “‘j P

lle-mé m dével AT UHE Ladoones -
nous notre PP P:
ite dune (500
oceultes. Nous a ensuite f
s on s pacun & osdes. Nous envisage

hacune des variétés propose
de prévention qu'il est

posuble d’ea*
quant tertains prob

plus ou moins approfondie c!
2mes

rons enfin les moyens de dépistage et
visager pour les éviter. Nous terminerons en évo
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médico-légaux qui se rattachent A Jeur existence et gui se sont souvent
pméq 4 nous.
hal hique est un des moyens physiques
utdisé en logie pour accroitre les informations
ob]echvcs récoltées par Uexamen chimque classique, If s'est développé
de fagon considérable dans les dix dernitres années et son emploi praugue
sc trouve relativement bien codifié quarque avee des nuances méthodolo-
g\qu:s lmponan!q entre les ifférenty centres utilisateurs.,
de Pactwité €l du cerveau et fes enregise
trant d*une mamhc continue, Pavantage conndérable de cet examen est
son caractére dynamique et vivant. Diune paxt, il apporte des renseigne-
ments sur "état de santé de base du systéme nervens, d'autre parz—i)
convient de bien wnuster sur ce point—il révile les réactions du eerveau
aux ifTé quelles ke sujet gistré est soumis pendant
Pencegistrement. Ces réponses, contemporamnes des stimuh qui les provo-
P e LIRS N e

- . . [
dépuzécs pus étudnéts au cours des dcnuém am\&s.

Létude des démlbncn quil nous est donné dobservcr dans notre
pratique P et ous A permis
de classer ces dermiéres en les rattachant & des modes de wu[\'r.\nct ouddes
pertutbations bien connues du systéme nenveux. S1 notre connaissance a
&é acqmsc dans des mublieux trés dnvm mxhcux hospitahers vands {er en

icuher dans Je Lab de P ! chnique de la Salpd-
mérc), milicux de recherche ou d*espertise comme Le Laboratowe Médico-
psychologique de la Prévention Routdre et surtout le Laboratoire du
Centre Q'Examen Médical du Personnel Navigant de la région de Pasis,
Rous avons pu recueitlir dans ce dermier faboratoire des observations qui
n'étaieat en rien différentes de celles de nos autres centres Qactivité, Les
données acquises dans ces dermers ne f;\mm que préciser et complélcr

Foflag Bn ue mg man o Al Balanan B R

{V}—enfin de coma A début brutal et imprévu.

SUICEFTILITE SERORIELLE ANORMALE

L S A

qu'ils qubissent,
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Voici une observation récente recueillie au CEMPN de Paris quiljustrera
T N S T D S Ay

Aprés avorr combattu en Indochine il revient au terme de son contrat A ce
moment 1l a effectué sur réacteur plus de 700 h de vol de Jour, et 23 b
de vol de nut. 11 passe une visite d’admission comme pilote de ligne d'une
Compagnie de transports aériens, Sa candidature n’est pas retenue pour des
r2i50ns qu ne nous sont pas expliquées mais qui semblent étre en rapport
avec existence d’un electroencéphalogramme anormal.

Aprés une périade de repos ce jeune homme est envoyé au CEMPN
de Paris en janvier 1956, pour une nouvelle expertise qui pourrait éventuelle-
ment lu ouvnr Pentrée d’autres compagnies aériennes. Au cours de 52
vaste il est reconnu normal & tous points de vue. En particulter un examen
neurologique et un examen ophtalmologig lassiques s bsol
normaux Clest alors quil nous est adressé au laboratoire d'électroen-

éphalographie. Son EEG sp se situe dans les limates du normal; on
note seulement d’importantes ondes lentes isolées postérieures, si fréquentes
chez les adolescents, A la fin de Penregistrement et selon notre protocole
habituel, nous pratiq une Stmul: Lumi I (S.LI)
plagant devant les yeux fermés du sujet un stroboscope 2 fréquence d*
N B o testee 1o £l canna da | 5fsec potre
. s enregistrons

A la suite de cet mcident le candidat est tout d’abord déclaré inapte pour
un moss. De nouveaux tracés, faits avec beaucoup de précaution, montrant
que Pétat du sujet 4 Pégard des lumiéres paptlotantes ne change pa:i
Pinaptitude définitive est prononcée en avril 1956. Il est radié du personne

nawigant en octobre 1956 . 4
Depuss, nous avons suivi ce sujet de loin en loin et.lu: avons conscﬂléuc
prendre d’une fagon habituelle un trai a t 1 ¢ o
(& base de trimétadione) et de porter, pour se mettre 4 Vabri de fa;;o"
relative, des verres filtrant la partic souge du spectre lumuneux X "”t
. G. . . dans Penthousiasme de sa jeunesse ne pouvait que dxlz'za]emc“!;c
accepter le contretemps qui brisait sa carridre et dont seul, 4 son pvxg! -
vue, Pexamen gu'on lm avait fait subir éxa{t responsabICAY Grace 2 -
relations 1l fit tout pour retrouver une possibilité de voler. Clest anrlxlsf qes
récemment 1l finit par étre adressé en sur-expertise 3 un de nos co cg“u!
Marsesllais dont les travaux sur I'épilepsie photogénique sont bien con;li éc
Un clectroencéphalogramme est & nouveau pratiqué La S.LIL maud_
1 et sans pré spéaale déclenche & nouvea ¢t €1 9 -

ques secondes une crise de Grand Mal 2 laqu P

&2 b
L’intérét déja considéral e e sufet
de I'acaident que nous avens pu sans doute J .
aux relations de son pere, J. G. . . était rél‘Icmm:n:i :sn passe drétre :ngi‘
comme pilote par une p. ¢ 1% pune
presque }l))ar hassrd que le pére nous mentionna ce fast 31 o:cﬁ;fs‘ Sv:f\s
visite qu'il nous faisait pour nous faire signer une ordonnance.
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pu lui expliquer & temps le danger auquel 3] allait étre exposé. Par une
curcuse malchancs notre infortuné pilote ne voulait rien moins que de
placer ains1 an-dessus de sa téte un stroboscope de la plus grande taille. 11
nous semble infiniment probable qu'au premier vol par temps ensolcillé
Tappareil se serait écrasé avec A son bord un pilate inconscient en prowe A
une crise convulsive,

Des observations de ce genre ne sont pas rares La premitre en date que
nous asons recueillie dans ce domaine il y a une dizaine d'annérs était celle
@'un Ingénicur Electronicen employé par un Fabricant de postes de
tél&vision, Au moment ol nous avons eu Yoccasion de le voie il venaw d'étre
placé par cette entreprise dans un service de contrdle ol son occupation
consistait 3 régler la synchronisation des bases de temps des télérécepteurs.
Placé devant Ia source de lumidre papillotante, véntable S.L.I. que consti-
tue I'écran de réception, 1l avait été retrouvé A plusieurs reprises mammé
devant sa table de travail, la langue mordue, 1a bave aux levres, bref avec
des stigmates fort nets de crise d’epilepsie récente.

A Texamen EEG sous S L.I prudente, le swet montrait de grandes
décharges de pointe-ondes qui signaent le diagnosic d'éprlepsie photo-
génique. 11 a suffi A cet Ingémeur de ne plus régler de tubes A rayons catho-
diques pout redevensr Vhomme normal quil aurait pu ne jamais cesser
détre. Certes il ne conduismit pas d'avion mais sa compétence aurait fort
bien pu le placer devant I'écran radar d’une tour de contrdle de terramn
d'atternssage. . .

Depuis 10 ans la httérature s'est progressivement ennichie d'un grand
nombre d'obsenations du type suvant

Un individu se trouve dans une voiture qui roule au soleil couchant sur
une route bordée d'arbres, Les tournants de la route sont tels qu'd un
mement donné le saleil ¢éclaire la vorture de cété Pour une ramon quel-
conque le sujet est amené X tourner a téte du c6té d'od vaent la Jumidre.
Cette lumitre interrompuc par les arbres du bord de la route, & une fré-
quence dépendant de 1a vitesse de 11 vosture, prut présenter § ou 6 inter-
ruptions'sec, Sans comprendre ce qui lu arrue Pindivida présente quelques
secousees myocloniques qui Ic projettent en arridre. 11 perd connaissance et
fait une crise de Grand Mal, Dans les obsenations de la Lintérature, un
certam nombre de cas p a celu du cond méme de la
sorture, dont 1a crise photogémique a naturellement €& & l'ongine d'un
accudent,

Tous ces cas d'épilepwie photogénmque dowent étre bien compns dany
leur mécamsme. Ts font partie du groupe plus général des épilepnies

Reéflexes et des observau quoique mons ! ont pu
&tre obtenues dans le domane audit {épilepsic phosphogémique et épileprie
musicogénique) et dans le domaime tactle. Jlest posuible qu'sl en existe dans
le domamne 1 estibmlaere.

Tous les stimuli du mutieu ambrant, quiils sorent enntinus ou intermittents
sont transmus pour nformation an systéme nerveux central par le jeu des
récepteuns sensoniels Ceux-ci, en transmettant Pinformation aux structures
capables de les percevenr, de les fixer et de les interpréter, rencontrent &
Vimiéneur du cenveau des ciremts aux tanufications infinies en réserux
inthqués qu conduisent par aifleurs et 1ans cesse les messages de nature
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électro-chimique qui permettent & chaque agrégat neuronique de lencé.
phale d’étre renseigné sur Pactivité de tous les autres. Pour que ces messages
soient utilisables pratiquement et ne contribuent pas  une cacophone

indéchiflrable, la nature 2 sof utihsé le facteur temps pour
dviter le mél Les techniq i( iques les plus récentes, celles qu
utilisent la physique des impulsions, ont cur atteint ddesmé

analogues & ceux utlisés depuis des millions d’années par les cenveaux
animaux et humains. Mais ces circuits, qu'ils soient récepteurs, trans
metteurs ou effecteurs sont sensibles & des degrés divers & des phénomenes
de résonnance, C’est 14 une sorte d’artéfact nécessaire au principe méme
de leur fonction. La ré de ces cond: biologiques dépend non

1 de la i & ique des ercuits, mais bien plus
encore de leur constitution chimique, Ils ont en effet 3 leur base une archi-
tecture isée de molécules d’une grande complexté dont
tous les éléments, des plus abondants aux plus rares, sont utiles si ce n'est
indispensables 4 la bonne tenue fonctionnelle de Pensemble. Or I'électro-
physol él adepuis | montré les grandes mod:fications
1ntervenant dans Pexcitabilité des fibres nerveuses 3 la moindre pcrturpa!loﬂy
provoquée ou non, de leur contenu en certains 1ons comme le sudlurzl, le
potassium, le calcium . . . pour ne citer que ceux-1d, Ce sont ces mémes
modifications de Fexatabilité ou ces différents états spontanés qui intet-

1w hant

N PR . . ,
ont & la base de leur comportement un degré mdlvid:xcl .d qglt:l?lltt
nerveuse, résultant 4 travers des lois fort complexes de Dexcitabilité frag

ire de I dont ler S.N.C. est cons
mentaire de Pensemble des agrégats ncuromquc’s ont v cone

titué, Il est des types de r qui sur PP et wlle

les sujets dont I'excitabilité de certamns centres ou de ccr'lames volC!I Cch

que les ditions d’entrée en r sont plus "réa s “d
aboutissement des

Le cortex occipttal dont une partie est le siégge dab e
afférences visuelles, présente au repos une activité rythmique p:fr:sx«; i
ment spectaculaire et harmonieuse: le rythme alpha. Cz':m: a’ctht o
fréquence est voisine de 10 ¢/s disparait en grande partic & Pouvertuw

yew . s omenillé

o da facnn TVEIIRYUE
égion occl
n du cortex
. v sint dépend

- s dans Jes
cortex ocepiar Les €orps

relais thalamiques des voies visuelles et dans Ie ! o e et
genouillés externes on s’opére la Jjonction cntrc' lcs’ fibres prai’?&;ﬁ et
post-synaptiques, modulent suivant leur deg‘rc d’ ex’c“auo{:'lité o male-
Jd'amplification affecté au message. Dans certains cas d’excitabil ronal

ment &levée, le relais visuel agit dans les himites qui lu

i sont imparties P";
, nisation ¢
la structure comme un amphficateur puissant. Leffet de synchrol
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d'entrainement apporté finalement au cortex optique peut devenir considé.
rableetpar son intermédiare ou par celuide courts-circuus intra-thalamiques
peut affccter de fagon marquée l‘acuvué élccmque habl(udle du reste du
cerveau, De vértables déch 1 inter : Cest la crise
d’epilepsie photogénique.

Parmi les indvidus dits normaux il est des sujets qui résistent bien aux
stimuli visuels rythmiques D'autres au contraire y sont particuli¢rement
sensibles ct peuvent & chaque fois qu'sls les rccomrent s:n trouver génés
d'une fagon plus ou momns 1mp La
sennbilité individuelle peut d'autre part varier dans de larges limites et éire
modifide par certains facteurs métaboliques.

Dis qu'unc susceptibilité sensonelle anormale (nsuel]e) est suspccléc on

peut lEnltr d‘en établirle parles
q us dent 4 cette sensibihté Sur ' électro-
mcéphalugnmmc spontané on pourra dans certains cas relever Uexistence
isolés sporadiques frontaux b . Clest I

la plus rare. Ces décharges pourront parfois apparaitre seulement au
moment de la fermeture des yeux. Mais le plus souvent, 11 n’existe aucune
de cette bilité et 1l faut avorr recours 4 Ja S.L.L
Celle-t est effectuée 2 Pmde d'un stroboscope médieal fourmssant des
éclairs A une fréquence de 1 & 100/sec. Les fréquences de 5 3 25sec sont les
plus efficaces, La fréqn dc lS/scc A un maxi-
mum. Cette 8 1 L i dont s'effectuer sclon un
proloco]c bien é(abh comm: ilen :xmc maintenant dans tous les labora-
toires d'él Les déch: de I'épilepsie phologémque
sont habtuell polyp des ou P
rythmique & 3jsec appa.rmssam sur les régions frontales et de fnqon !)‘mé-
trique. (D;\m le pr:mler cas clles peuvent &tre accompagnées chniquement
de .} Ces déch se prod Ie plus souvent aumldl aprés

(I NP A ) - tea -

suncnue d'une dédmrge typique, le duagnostic nslc rarmcl 1t existe une
sensitilitd sensonielle anormale. Celle-ci le moment venu pourra étre A
Yonigine d’une crise d’Epilepsie photogémque,

EriLersiE Psycio-moTrice

Les épilepsies pry cho-motrices sont longtemps restées mal connues, placées
de fagon wnprécwse dans le grand cadre des Equivalents épaleptiques Au
cours des dix dernidres années la délimitation d'une épilepue €lectrique
temporale a jeté beancoup de lumidre sur ce groupe des épilepues psycho-
motrices dont 2 on 3 autres sanétés, correspondant A lintervention de
certains ensembles de structures nerveuscs diff€rents sont maintenant aceep-
tées: I'épilepsie dite temporale étant Ja plus représenzative. Comme on e

fort bien, une des Liniques Jes plus habatuelles
et souvent isolée de cette maladie £st une “fausse abrence™, beaucoup plus
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il 0’y eut pas moyen de le faire changer de chemin ou de le faire stopper.
Ce n'est que lorsque Ia provision d'essence fut épuisée une demu-heure plus
tard que le véhicule s'arréta Le conducteur en descendit mais il tomba
ausutdt sur le sol et ne veprit conscience qu'une heure aprés, & Ihépital.
A ce moment 1l avait un violent mal de téte et se trouvait trés fatigué.
Néanmoins 1l regagna son domicile et vint consulter le lendemain.

Dans les antécédents 1l fut possible de retrouver quelques absences re-
trouvées par les proches, mais elles étatent qualifiées de “distractions™.
Climquement le sujet ne présentait aucun symptéme de lésion objective du
cerveau mais 'EEG montra de mameére spontanée des décharges paroxys-
tiques du type Petit Mal Myoclonique fort proches de cefles de Pepilepsic
photogénique. De plus 1l existait un foyer de pointe-ondes isolés dans-la
réglon temporale droite. Le Docteur BeHAGUE mut le swet en traitcment
et ce1u1 c1 ayant repris son service de gardien de la paix n'a plus présenté

Lde Tles crises psycho-motrices qu'elles sorent de courte ou de
longue duxce Malgré les comclls qut lu furent prodigués le sujet conduit

a nouveau son véhicule personnel,

LEs Syncores
Les syncopes sont des accidents banaux connus depus fort longtemps en
Meédecine Générale et en Cardiologie. Ce mest que depuss peu quelles ont

ntéressé lcs et les sp du systém:

gramme D’autres enregistrements physiologiques comme celui de la
respiration, de la résistance cutande de la peau, y sont aussi de plus en plus
souvent ajoutés, Nos collégues ont pu ainst reconnaitre les modifications de
Pactivité électrigue du cerveau au cours des syncopes et étudier celles-ci en
fonction de la modification de ’'EKG  Ils ont trouvé un outil des plus pré-
ceux qui leur a permmus dans bien des cas de redresser un faux diagnostic de
comitialité pour porter celu de crise hpothymique.

La défadlance paroxystique du systéme nerveux qui constitue le terme
ultame de la syncope se trouve généralement sous la dépendance d’un arrét
cardiaque A son tour celm-o peut n'étre qu'un phénomine réfiexe pro-
voqué par une exci vagale ou
durable. Sans préscater pour autant de lésions du systéme nerveux ou de
maladie vasculaire, une grande proportion des sujets dits normaux d’une
population moyenne est plus ou moms prédisposee aux manifestations
syncopales. Dans la vie des mdividus celles-ci sont tus fréq
que les manfestations épileptiques. En fait, il est peu de sujets qui, au
morns une fois dans leur vie, parfois plus souvent et principalement au cours
de leur adolescence, ne se sont évanours Ces évanowissements ne sont
jamas spontanés. Ils dépendent toujours de la stimulation vagale que peut
provoquer le milieu intéricur (surtout I'état digestif du sujet) ou le mulieu
ambiant Patmosphire chaude et confinde, Ia station debout prolongée,
Pémotion, la vue du sang, la douleur, la peur et Panxiété sont des éléments
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favorisants habituels d’efficacité bien connus. Au laboratorre il n'est pas rare

d’enreg des pes. L'on en istre plus souvent que des crises
d’épilepsie. Le tracé €l phalographiq; istique, fait
d’ondes lentes généralisées A fréquence progressivement ralentie et d’ampli-
tude progressi survient éral aprés un arrét de

Pelectrocardiogramme ayant duré plus de 4 2 6 sec. Dans ce cas le diagnostic
nosologique de la P. C. est facile. 11 est moins immédiat quand 'EKG, ne
s’étant pas interrompu, la syncope est intervenue sous Pinfluence d'une
dépressi Ile suffi La pileur, la sudation, les nausées parfors
suivies de vomissements, en sont alors des signes concomitants fort utiles.
Quand le dragnostic a besoin d’étre confirmé, il est possible de provoquer Ia
syncope ou tout au mouns ses signes électriques avant-coureurs par la simple
compression oculaire.

SommEIL
Le il par: et les endor invincibles dowvent rentrer
dans le cadre de notre étude étant donné les multiples observations de ce
type que naus avons recueillies au Centre d’Examen du Personnel Navigant.
11 ne s'agit pas 14 de narcolepsie, cette maladie étant habituellement par-
faitement connue du sujet qur en est atteint. Il s'agit seulement d'un
N Patici

phénomeéne trés voisin de I'ind P 7 lle du sor{xmul
chez les individus fatigués. Tous les di d’ bill n
bien la lutte qu'ils doivent mener i 11 contre end

en particulier quand aprés de longues heures de conduite 1l leur arrive de
faire une légére collation. Cette éventualité étant plus fréquente encore
quand la voiture est chauffée.

Un certain nombre de sujets qui nous sont adressés pour examen 'syslé-
matique sont enregistrés au début de Paprés-midi. Aprés quelques minutes
d’enregistrement Jes yeux fermés, situation habituelle & 'examen EEG ayant
pour but de maintemr le systéme nerveux au repos, ils présentent des
signes électrigues plus ou momns évidents d'endormussement. Dans ’cclt'c
période inttiale, le moindre bruit nattendu provoque une réaction d éx_f;ll
qui raméne Pactivité électuique typique de P'état de veille et qui aice
d’ailleurs par son contraste A faire rattacher au sommeil les mudlﬁcat'mn;
précédentes du tracé. Mais C’est souvent pour peu de temps que le rével
intervient et quelques secondes aprés son début, Je tracé montre a nuuvc:u:
Peffondrement progressif du niveau de conscience. Les sumuh_dxvers son
de moins en moins efficaces et le swet finit par dormir profondément.

(thaaue fors aue dans notre laboratoire un sujet sc présente de‘ Cff‘_c.

montrer de signes d ﬁlluU:il:n.l.w

i) e [itions
ment, Mais par contre, certains sujets, méme Placés dans des, c[:)rllw r‘ o
favorables, s'endorment i nouveau quclqu.cs r{nnmes aprés q\l: ::ﬁ s
fait fermer les yeux. 11 est naturellement difficile de tracer Jes lu s, ol
ce ine, d'une trop facile du ], entre ce qui &5
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et ce qui est pathologlquc. Mais étant donnc les grands dangers que peut

et nous avons pris
I'habitide de considérer comme probablement mapte tout sujet qui montrait
le méme tendance au sommerl au cours de tracés répétés, ceux-a1 étant
fants, & part Pocclusion des yeux, dans des condrtions particulidrement peu
favorables & Fendormissement

Comas

La cinquitme catégorie de P. C, celle des comas 2 début brutal et imprévu,
comme celle de 'endormissement 1nvincible, se trouve un pew en marge
des tross premiéres du fait de sa fréquence moins grande. Il n'en est pas
momns vrat que, 1A ausst, 1l nous a été donné de recueillic plusicurs observa-
tions qui correspondent & ce groupe. C'est par exemple le cas suggestif d’un
autre malade que le Docteur BEHAGUE nous envoyait pour expertise electro-
encéphalographique.

Ce sujet de 56 ans conduisart en plein jour une automobile et traversart
une importante agglomération de la région paristenne lorsque sans raison
apparente il n*évita pas un hicychste qui swivait Je méme chemin que Tus
Le choc fut assez violent pour non seulement jeter sur le sol le cychiste qui
fut gravement blessé, mais ausst pour déténorer Pautomobile dont une aile
fut fortement cabossée et dont un phare vola en éclats Malgré cela la voiture
continua son chemun, évitant les passants qui tentatent de l'arréter. Aprés
avoir secouru le cycliste, les agents de police A tout hasard suvarent le chemin
de Pautomobiliste et trouvérent la vorture arrétée 1 km 1/2 plus loin., Le con-
ducteur était resté assis A son volant, mas lorsque les agents lm demandérent
s¢s papiers 1l fut incapable de dire mi son nom i son adresse. Toutes ses
réponses éaient lentes et le suet hébéré fut connidéré par cux comme étant
en état dwvresse Comme il y avait déht de finte 1l fut arrété. Quorque le
sujet semblit en fait dans un état anormal assez différent de Pivresse on lw
fit unc prise de sang, aprés quil I'ait apparemment acceptée. Elle montra
un taux d’alcool sanguin trés bas excluant Pintoxication alcoohque Sur ces
constatations on ne délvra pas de mandat d’arrét et I'on fit condure le
sujet dans un hépital ot le Docteur Benacue fut affecté pour préciser sa
responsabilité, A Pexamen il le trouva confus, hébété, ne répondant que
quelle est Directnice d'Ecole D'une fagon manifeste 1l s'agissait d'une
aphaste, L’él que nous alors mut en
évidence des al h h gauches dérables a i
fromo-temporal sous forme d’ondcs delta méguhém permanentes, Ces
Al fans g et e g SN A .

" e
e R e

e te e
parfaitement
Llenquéte révéla alors que 2 mois avant cet épisode le sujet avait ey un
premier acadent. Depuss celui-ci il avait souvent paru “tout dréle” et
“bien changé" & son entourage ct surtout dans les dermers temps 1l est done
125 °




LES PERTES DE QONNAISSANCE OCQULTES

blable que 'hé sous-dural dé; t 4 la suite de l'accident
qu1 a provequé notre examen datait du traumatisme que le sujet avait subi
2 mois plus t6t.

A ce cas d’hématome intra-crinien nous Ppouvons, du fait de son ongme
vasculaire, rattacher le cas d’un Navigant qu1 au volant de sa voiture se
sentit tout d’un coup dans un état brzarre dans lequel il avait la sensation
de ne plus percevoir les objets comme d’habitude, 2 tel pomt qu'il éprouva
lc.bcsoin de sarréter. Bien quiil cut déadé de repartir aprés quelques
minutes, on s’apergut 4 Poccasion d’un examen médical peu de temps aprés,
quil présentait une hé psie latérale ho; en quad inférieur
dont e début semblait comader avee la survenue brutale de sa difficulté de
conduite L’étiologse de ce cas n'est pas expliquée mais PEIL hal
gramme montrait et montre encore de grosses anomalies fonctionnelles de la

! lzire de cette région est

région T corr d Une lésion
vraisemblable.
Pour donner un exemple un peu différent nous avons recueilli un véntable
tracé de coma chez un homme parf: éveillé répondant aux q
mais que sa fernme avait trouvé depuis quelques Jour suffisamment différent
dans son comportement habituel pour 'amener consulter. Lui-méme sl ne
confirmait en nien Fanomahe de son état. tombait dans un coma clinique
profond le lendemam du jour o nous l'avons exammé. Ce coma dura
plusieurs jours et ne céda qu'a une thérapeutique intensive pratiquée dés
que le diagnostic étiologique de coma hépatique put étre établi. Ces
ples divers p étre ltipliés en grand nombre mais tous
ont un caractére exceptionnel qui dimnue sans doute Pintérét de leur

groupement,

DEPISTAGE
Quoique les différentes catégories de pertes de connaissance que nous venons
de passer en revue soient d’un aspect assez disparate, clles gardent entre
elles le caractére de une défaill mmprévue du
systéme nerveux prenant I'mdwdu tout & fait au dépourvi. Quand ces
défaillances se répétent et que ceux qui les subissent reconnaissent existence
d'un trouble paroxystique de leur état de conscience, ils provoquent
généralement d’eux-mémes les examens qui permettent de faire le diagnostic
et d’établir Pénologie Cependant, dans un certain nombre de cas, ia pre-
miére défulfance survient en sérvice et peut étre & l'ongine de ca.msé'
quences dramatiques. Il importe donc d’avor, devant les posstbihités
d’occurence de ces de Ia fragisté du systéme
nerveux, une attitude précise tendant 3 dépister ces cas quand il y 2 en
acadent ou & les prévemir avant toutes anomalies graves dans le comporte-

ment des mndividus ; n
Pour effectuer ce dépistage 1l mmporte de faire pratiquer un exame:

neurologrque détaillé et surtout un examen électroencéphalog‘raphlq;t
mquisiteur & toute personne ayant présenté au cours de son travail on de

i t étre mnter-
3 mussions une atutude quelque peu suspecte pouvan
Bilptesde mais inqui de Pétat de

fex :

prétée comme une u nte |

conscience. D'une fagon spéciale et obligatoire tous les indivedus ayant

présenté en service ou hors de service un acadent quelconque et A fortiori
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f;,f!cx: cthz lc‘s prédisposés. On pourra“cnﬁn les examiner dans des con-
"mons physic ques un peu comme celles que provoquent
Phypogly , Phyper ‘mgestion d'alcool, l'abstention de
somexl etc. . . . chaque fois que Fon saura que Pun de ces facteurs est
d’importance pour le sujet en cause.

Par Pintermédiaire de cet examen on se comporterait avec ces hommes
appelés & de grandes responsabilités et dont les défaillances peuvent entrainer

es accids phiques, comme Pl ieur se comporte devant un
matériau qui doit entrer dans la construction d*un avion et dont la résistance
dans certaines conditions détermine le sécurité de Tensemble, On ne voit
pas en effet pourquoi 'on serait tellement moins exigeant pour les hommes
que pour les matériaux quand la vie méme des hommes est en cause. Le
personnel exposé doit &tre éprouvé en vue de sa résistance aux perturbations
physialogiques que la situation dans laquelle on le place est susceptible de
p . Non seul sa résk doit étre ép: mats il semble,
pussque l'on parle de sécurité, quiil devrait disposer comme [a machine
qu'i! condwit d’un certam * coefficient de sécurité.” Cest cette attiude qui,
4 notre sens, devrait préuder A I'élaboration d’un protocole d’examen
1 éphal ) du deuxiéme degré, véritable banc d’essai du
systéme nerveux humain. C’est & un pareil examen que I'on soumettrait
auss: les pilotes d’avion léger ou d’avion 2 moteur qui dovent étre trans-
férés sur avion & réaction ou sur des engins exigeant des qualités particulitres
de cenx qui les condusent,

La pratuque des examens EEG spéciaux et L

idi

2 régularité des examens

per sans doute d'éviter unc
proportion importante de défaill dang 1 certaines
ionnelle de facteurs imprévus, ne

d’entre elles, dues A la coincidence excepti
pourrent étre prévenues. Clest pour certains de ces cas qu'une sorte d'mdi-
cateur de la panne humaine, sous forme de duspositif d’alarme pourrait
certainement €tre employé. Les décharges paroxystiques de 1'épilepsic, le
rythme théta ample et €tendu du dé B * ¢ tman e
signes ¢lectriques de Pendormissement, -
et filtrés peuvent déclencher la mise

! années on utilise sur ce

Jant le danger & I Depuis quelq
llage de ser le & hésie qui dose

principe un app
ment Jes substances hypnogénes pour conserver au sujet une profondeur de

sommeil qu’ ajustent ses propres ondes cérébrales.
Pour les cas de syncops, Jes signes EEG et EKG pourront provaguer un

stamulus sensonel intense ou un €l hoc. b kS

ment automatique comme celui qui a été mis au [

mourir Jes malades bles d'arrét ca ladic a
Dans le cas de endormissement un stimulus sensoriel intense pourrait s¢

tharger de réveiller Je dormeur en méme temps que son cndorn’ﬁsscmcnt
ayant été signalé & sa base par radio on pourrait 11 faire donner Pordre de
rentrer immédiatement.

ProBLEMES, MEDICO-LEGAUX e

i ultes, & cot
A cbté de I'aspect diagnostique et nosologique des P.C. occultes,
aussi des problémes de leur dépistage et de leur prévention chez les
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LES PERTES DE CONNAISSANCE OCCULTES

Cert_aines observations actuelles du CEMPN soulignent I'urgence d'une
pareille attitude. Certains pilotes pour lesquels “Parrét d'inaptitude’ a été
conselllé 3 la suite d’un EEG suffisamment anormal ont £té, espérant les
duvergences de vue des spécralistes, consulter ceux-ci en série. La conclusion
de ces derniers, insuffisamment informés du probléme et ne tenant pas
compte de Putihisation que leur client pouvait en faire, ne donne pas le
méme accent de gravité aux mémes manifestations électriques. Un foyer
d’épilepsie temporale par exemple tellement commun dans la pratique
peut étre considéré comme bénin quand on est certain que sa cause n'est pas
une tumeur cérébrale mais une cicatrice. Les intéressés ayant en main des
comptes-rendus d’examen contradictoires, au moins en apparence, font
appel au Consed Médical du SGACC pour faire reconsidérer Ja décision
qui a pu les farre suspendre ou rayer du personnel navigant,

(III)~Quand un navigant en pleine santé apparente, ayant fourni les
preuaves de son habileté par de nombreuses heures de service et des années
d’entrainement, se trouve arrété brusquement dans sa carriére par les con.
clustons d’un examen qu’il 2 pu passer pour des raisons fortuites, il est bien
naturel qu'il exprime son ressentiment et qu'il cherche & acquérir Iassurance
que le geste par lequel on arréte sa progression est motivé,

St P'on ne doit pas pour autant se passer des possibilités diagnostiques
considérables de PEEG dans Je domame des lesions du systéme nerveux,
I'on devra organser son utilisation de telle sorte qu'un indtvidu qui présente
une tare occulte pussse éire élimmé avant méme son entrée dans le personnel
navigant et non pas comme le pilote qui fait I'objet de notre premitre
observation aprés six ans d’entrainement et de succés. -

SUMMARY

Duning the last ten years 1t has become possible to reclassify the different categories
of paroxysmal faslure of the adult nervous system This has been brought nﬁl.ml
by voutine use of the EEG exammnation 1n great numbers of subjects anvolving
ndisdual responsibality for collective safety (e.g. railroads, public transport,
aurcrew, ele.). These eprsodes, though unrecognized by the subject and hes assoc-
1ates, are sometumes fortustously discovered during laboratory exnminaliam,undjr

. T m, thovatars tn

The study of faming eprsodes observed in SUOCS Wny Wert Wos skt
thewr occurrence has vesulted 1 thes classification based on the well-known dis-
turbances of the central nercous system. Our expensences have n foct enabled us
to distinguish between different types of loss of conscuousness due ts the following

causes

(1) An abnormal sensory sensiturly (photogeme epilepsy and reflex :'pzltpsxer),
when zarous stmuls are repeated at particular frequencies 1n subjects wnth
hyperexcitability of certamn sensory pathways
JP(II) Pyychomotor eprlepsy (spurious temporal absences; automatisms) occur-
rning as a result of stress which causes the actwation of a cerebral area whose
reststance has been lowered by previous siress.

(HT) Syncopes and Dpothymea, in subjects wnth vagal kyperexatability under
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ACCIDENTS AERIENS D’ORIGINE INDETERMINEE DANS L’ARMEE

La deuxi2me raison est plus particulidre: on a tendance, en face d'un
acadent pour lequel n’apparait aucune autre explication, 3 lattribuer 4
une “défaillance physique” du pilote; 'on met ains: impliciternent en cause
&a responsabilité médicale, soit du médecin qui a la charge du Personnel

soit de Ja méd aér que qu'on a lair de taxer d'in-
suffisance dans ses méthodes de sélection, de surveillance médicophysio-
logique et dans ses mesures p phylactiqs parfois si mal é

dailleurs par les exécutants eux-mémes. Au médecin donc de montrer dans
quelles conditions la défaillance physique ou mentale est probable ou seule-

ment plausible, ou formell et & veiller & ne pas
lassser déplacer, ou non, des responsabilités qu sont tougours
lourdes,

Au demeurant, dans I'’Armée de 'Air Frangaise, P'effort soutenu depuis
la dewxiéme guerre mondaale pour accroitre Ia sécurité aérienne a porté ses
frunts. La statistique montre que, de 1947 4 1956, la proportion d’accidents
aériens de toutes causes a baissé progressvement, pour 10,000 h de vol, de
20 0 en 1947 4 5:4 en 1955 et 5+6 en 1956 (avec un court palier 2 87 entre
1950 et 1952, date de l'entrée en service des chasseurs & réaction). Dans Ia
méme pénode, le taux des accidents mortels pour 10,000 h de vol s'est
abaissé de 149 & 1-0. Quant aux taux d’acaidents dongine  indélermenée, qui
était de 0 8 en 1947, 1 n’étart plus que de 0 2 en 1955 et de 048 en 1956
{aprés avorr atteint, en 1951 le taux de 0 9 pour la raison donnée ci-dcs'slfs).

Pendant ces huit dermiéres anndes, la moyenne des accidents d'origine
indéterminée par rapport aux autres causes {personnel, matériel, dwverses)
se chiffre & 6-2. La situation apparait donc comme plutét favor?blc’.“' Aquot

cerne le facteur humain, meilleure appréciation du comportement ps_ychl‘t‘]'uc
< HN t DO N AUk 1

. . i . e
valeur trop absolue.” La défimtion de Paccident d’origine indétermmes
n’est que négative, et c’est une rubnque élastique, dans laquelle on fait

entrer des concepts assez différents, o
Tl y a, d’abord Paccident absol (pliqué, et mexg Tavion
a disparu en mer ou dans la forét vierge, ou bien 1l a percuté Je sol avec .u‘r:c
telle violence ou a briilé si 1 quaucune on matéel
n’est possible, Toutes les hypoth sont perr nest fon éc.e
11 y a d’autre part, I'accident o plusieurs causes sox'u.prob,ables et mém
certames—mais Jeur imtrication est telle que la Commission d cnqu’etc ne s¢
résoud pas A faire un choix et préfére rester dans l‘mcsfmud?. (‘)‘ ;l cct::
catégorie ’acaidents qui mériterart plus spécralement d’étre dite “‘de caus

indéterminée”. X i

11 est enfin des cas o, & l'origme, le pilote a pu signaler hu-méme quelque

défall érrelle, vibrati anne de I'horizon artificiel, mauvats

eDans IUSAF en 1955, le taux des “causcs indétermnées™ a été de 14 pour cent

dapres MoseLey
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P, BERGERET ET R. MARCHESSEAU

Topes d'apparails .

() -dvions Joole et avvons d'entrainement des résertes
15, dont P47 . .

.03
SIPA oo . 4
M5472475 | .2
T-6 . - 3
T-33 . - . . 3
(X1} dvioas de chasse monoplaces 4 véacton 22, dont
Vampir R
Mistral . 2
-64-G F
Ouragan . 8
Mystere IV-A .oz
(IIL) Buplaces & réaction
Meteor . 1
(1V) Hdtseoptires
Hiller 360 .
Age des pulotes
De 20 2 25 ans . 27
De 26 4 30 ans. - 8

Plus de 30 ans
Liage munimum est de 21 ans (3 pilotes)
L'age maximum est de 47 ans {1 pilote)

Nombre d’heures ds ol de chague pilote
Moms de 100 h (cest & dire éléves an dégrossissage ou aux

premieres phases de lmstruction) néant
100 & 300 h (en majorité éldves en cours d’instruction)
De 301 4 1000 h (pilotes brevetés et confirmés) 2
Plus de 1000 h (pilotes anctens et trés confirmés) 9

Le mummum d’heures de vol est de 120 Le maxumum est de
1780 (1 momteur qu s'est tué sur T-6)

Le pilote de Phélicoptere, agé de 30 ans, avait sur son camnet de vol 1950
h sur avions convenuionnels, mais en réahité 1l n'était A I'entrainement sur
hélicoptére que depuis trés peu de temps C’était son premuer vol solo aprés
un vol avec moniteur,

Conprtions e VoL
Altitude de Pation au moment de I'accident -
(1) Au décollage ou dans les quelques minutes ayant suwi le

décollage c’est & dire A moins de 500 m 0
(II) De 500 A 3000 m, c’est & dre sans anoxémuie plausible 9
{I1I) Au-dessus de 3000 m (zone ol le facteur anoxémie peut étre
discuté) 14
dont- A42000m) . . . 1
24500 (m) . 2
6600 (m) B
37000 (m) . 3
2 7500 P 2
a 7800 E ) 1
49000 (m) ot
410,500 (m) 1
11500 (m) . 1
413,300 (m) . 1
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ACCIDENTS AERIENS D’ORIGINE INDETERMINEE DANS L’ARMEE
(1IV}) Altitudes non précisées [

Temps deoulé depuis le début du vol
Décollage (vorr cr-dessus)
Morns de 30 min
Entre 31 et 60 mmn
Plusd’l h
Non précisés
Maximum: 85 min

. 10
.o

g
4
5

Que conclure de ces données purement statistiques? peu de choses.

—Aucun des types d’avions en cause ne semble prédusposer plus par-
ticubérement A I'accident inexpliqué. Si la majorité appartient aux F-84
et Ouragan, cela tient certes 4 leur performances élevées, mais surtout au
fart que, lorsque a plupart des accidents sur ces types d’appareils se sont
produits, ils constituatent un matériel révolutionnaire dont les performances
et les modalités d’emploi n’étaient pas encore fammlidres aux utibsateurs.
Clest la chasse & réaction qui a le taux maximum d’accidents*, qu'sls sojent
expliqués ou non.
—Ce sont les pilotes 4gés de moms de 25 ans, et ayant de 300 3 1000 h de

le a@ i

vol qui fourni dongine indéterminée. Mass
cette ancienneté d’age et de méter est celle de la majorité de nos pilotes
d’Escadre qui, dans la i) érale des accid figurent dans la

méme proportion. .
On notera toutefois, parmu les accidents survenus en Ecole, qu'un moni-

' . t peu prés autant

. quaux altitudes

R . + seulement que I’
hypothése anoxie dont on sait Pimportance, peut étre envisagée, et nous y

reviendrons . -
—Si nous avons précisé le temps écoulé entre le'début du vol et I'accident

C’est pour pouvorr discuter également hypothése fatigue, sur laguelle nous

reviendrons également,
En somme, cette étude istique, encore que né ire, mais portant
sur de petits nombres, ne permet pas de dégager une notion claire de Ja
. N 14 atl s A eemmbeer AN CEUX=CL
. dents
- squée
. . . dents
‘ faut

. . . :
admettre a prion qu'il y a deux ou trojs chances sur une pour yu .l soit

imputable au facteur humain.
Mais 1l ne s’agst pas ic1 d’exposer encore w

Y

e fois toutes les cases possibles
ou par troubles psychologiques

d’erreur h par p r les psy s
ou anomahes de comportement. Elles ont fait déja I'objet d’études pertl
nentes et i lles 1l faut celle de Pracior et

v H e mals AOSELEY
FranpRoIs, intitulée “Les maluses en vol’f, celle de H. G Mosk:
. tion faite pour les Centres d’entrainement des réserves
Excephon N:R{(d aero 10, (3} 301, 1955.
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ACCIDENTS AERIENS D’ORIGINE INDETERMINEE DANS L’ARMEE

—D. (28 ans, 780 h) sur F-84-G. Val Iocal en patrouille, Pénttre dans un
nuage & 7000 m, en sort aux environs de la verticale, en plein orage. Séjecte
4 basse altitude. Tué,

—~D. M. (25 ans, 370 h) sur F-84-G. Vol en patrouille. A 10,500 m,
aprés 18 mm de vol, perd le contréle de son appareil dans un nuage. §'éjecte,
mais est retrouvé sanglé sur son siége, parachute non ouvert, sans casque ni
halateur.

~—Deux réservistes sur M-S 475 (Pun 34 ans, 205 h—I'autre 38 ans,
190 h). Exercice dinterception. Aprés 18 min de vol comportant la tra-
versée d’une couche Tavion aband, la lle, déclench
dans un virage & gauche, pique et s’écrase au sol,

~—V (25 ans, 470 h) sur Mistral. A 4200 m, apres 1 h de vol, signale daas
. . PR [

- ~n Fams e g,

h

13 de vol, sort des nuages 600 m, pique et percute au sol.
~B (23 ans. 6 h) sur Mystére IV-A. A 1400 m le Chef de patroulle

donne Pordre 4 ses équiprers de se placer en formation étagée pour traverser
ST P 700 m

La Commission d’enquéte ne retient pas Thypothése “panne d’honzon
mais pense 4 une fausse manoeuvre ayant entrainé “‘une perturbation des

d’équilibre et un affol du pifote”,

—B. (28 ans, 450 h) sur Meteor. S min aprés le décollage, aprés Ja
traversée d’une couche nuageuse, en montée, perd 4 2000 m le contact 2
vue avec son équipier. Continue en V.5.V. pique et percute. -

La fréquence des accidents de cette catégorte a amené PArmée de I'Air
4 organiser pour tous les pilotes de chasse des stages de V.S V. comportant
en particulier des conférences faites par un médecin sur les aspects psyﬂm'
physiologiques du V.SV (éq i i Jllusx.ox.ls
vertige statique, etc. . . ). L’ouverture de ces stages 4 été suivic d'une baisse
sensible du taux des accidents aérens mputables au facteur humain.*

La perte de contrble semble également plausible au cours de certaines
manoeuvres telles que les suivantes. .

—N. (22 ans, 570 h) sur Ouragan. Accoutumance au vol sans bidoas.
Aprés 15 mun de vol, au cours d’un exercice de décrochage (prévu) pique

et percute au sol )
—G. (21 ans, 310 h), sur F-84-G. A 3600 m, aprés 40 min de vol :n
excrcice de poursuste—début de vrille, part en piqué, largue son canopy,
mais ne s’éjecte pas. L
V. (23 ans, 460 h) sur F-47. A 7000 m, aprés I h c’lc vol, regoit Jonlilw
de se rapprocher de son Chef de patrowlle dont il s'est écarté, part en vrille,
1que et s écrase au sol. .
P q~C de L. (21 ans, 345 h) sur Ouragan A 8000 m, aprés 42 min ,l:c V?:
en manoeuvre de combat, part en vrille 4 grand nombre de mach, ne s’éjec!
pas, percute au sol,
* Cf Senzoas et Cantom ““Aspect particulier du pilotage des avions & réaction au €ours
du VSV " M arro 11, (1) p 93, ler tum 1956,
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Qcci-rcvient' 4 dire que Jes acadents éités sont plus instructdls que les
accidents d’origine indéterminée. On s’en doutait.*

Ce qui ressort done- de notre étude rapide, c'est 1a grande Iréquence
des pertes de contréle, en particulier dans les nuages €t au cours de certames
évolutions de vol.

La question est alors de savorr si la perte de contrdle est due A un malaise
physique, 4 une insuffisance d’instruction ou d'entrainement, ou 3 une
défaillance psychique,

Le malase physigue A aux effets de Paltitude, des accélérations, de Ja
température, €tc. ne peut, sur les 39 observations retenues, qu'étre évoqué,
(mais non affirmé).

Lhypothése “anoxie d’altitude”, aurait pu Jjouer dans les 14 accidents
survenus entre 4500 et 13,500 m (et & condition qu’il y ait eu aux altitudes
supérieures 4 7000 m panne simultanée d’oxygéne et de pressurisation)
Cette proportion de 35 pour cent concorde avec celle des statistiques étran-
géres (32 pour cent d’aprés le “Fhght Safety Research”). Nous n’avons
toutefois (rouvé trace, dans les dossiers d’accident, ni de rapports indiquant
un mauvais i ieur du dispositif doxygéne ou de la
pressurisation cabine, ni d’indications (sauf peut-étre dans eu cas) sur
des changements dans Ia voix ou la parole du pilote au moment des
derni par radto, symp! dont on connait la grande

valeur. .
11 nous a paru plus objectif de noter, dans ces cas, 12 durée du vol depuis
le décollage:
A 6000 (m), aprés 20 min de vol
000 35

311,500 » . 20 . (casnon morte)
A13500 o . 23 . .

En Pabsence de renseignements précis sur le temps passé réellement aux
altitudes sndiquées, il n'est pas question de parler ici de la “réserve de
temps” chére aux physiologistes; mais on doit noter que dans tous ces c25,
P'acaident ne s'est pas produt dés Parrivée a Paltiude en cause. Or, trois
quarts d’heure ou une heure de vol sur chasseur 4 réaction font nécessaire-
ment penser & un degré de fatigue certam, surtout st existe un Iéger dcg{;é
d’anoxie, et qui a pu &tre A Pongine de Ia perte de contréle ou de la faute de

ilotage ayant entrainé Paccident,
P Lcsg:‘orzcs @accélération, en tant que facteur prédominant éventucl
n’apparaissent que dans trois ou quatre cas; mais par leur sommation, nous
savons qu’elles sont également un facteur de fatigue. .

Pourtant, la fatigue n'a pas joué dans les 21 accidents (sur 39) qu se son
produits au décollage au dans les trente premidres minutes du vol.

*® Vour 2 cc suet Larticle de A, "‘“’“5%‘;“'&1’51’3."55‘7’_?,‘?»%"5&?% Rclff)m" E’;"ﬁ.‘;’..;"

ol Med. arro. (Troisidme trimestre 19
consciousacs in g:lou during Flight 7 doat Med. 21, 4,301, 1956-
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Aussi faut-il attacher une grande importance aux fautes de pilotage en
elles-mémes, ou si I'on veut aux anomalies de comportement,

Avec MoseLEY, nous avons la conviction que les troubles psychiques vrais
(psychoses, psychonévroses) sont dépistés dés Padrmussion dans le P.N. ou
des les premuers stades de P'instruction S'ils se manifestent plus tard, s
sont le plus souvent décelés & temps et ne constituent donc pas, en régle
générale, une cause d’accident.

De méme, le défaut d'ad fes pr p chez des
sujets dont le comportement reste dans les hinites normales, maus altérent
leur jugement, et faisant d’eux des “énervés’ sont remarqués en temps ntile
par les instructeurs ou les supérieurs et nous ont semblé n’avosr causé que
relativement peu d'acaidents,

Au ire, les lies de comp 4 Perreur-pilote,
alafaute de pilotage (au sens général du mot) surtout sur les avions modernes

nous déclarer que “les jeunes pilotes qui hn arrivent de IEcole ont encore
tout & apprendre”, m un autre ajouter “mon Escadre n’est qu'un prolonge-
ment de I'Ecole, Ie jeune pilote, quil soit éléve-équipier ou, ensuite éléve chef
de patrouille, n'est encore qu’un éléve, et mes cadres sont avant tout des
momiteurs”. Clest assez dire, que instruction reste le probléme essentiel,
non seulement en vue de lefficacité opérationnelle mais aussi en vue de la
sécunité des vols, Du point de vue psycho-physiologique, cela signific la
nécessité de Pacqy des réflexes etla i des
réactions psycho-motrices, permettant 3 leur tour un meilleur équilibre et
une plus grande stabihité du comportement,

La tibl ph le sur ce sujet 4 &tre abond
Lncore une fois, notre intention n’était pas de revemir sur ces données de
plus en plus classiques

Nous nous contenterons, en ternunant, de rappeler quelques principes
généraux

(T) La défaillance humanne est chose normale, parce que les possibilités
physiques et psychiques de Phomme sont limitées,

(II) Beaucoup d'accidents sont dus A ce que les caracténstiques de
Vavion ont é¢ fixées sans quil ait ét¢ suffisamment tenu compte de ces
Iimitations

(I1T) La technique et la doctrine d’emploi de P’avion, élaborées et pré-
cisées an cours des essais en vol par un personnel hautement spéciahsé,
peuvent se révéler dangercuses Jorsque Favion de série passe aux mans
d'un personmicl moins qualifié

(IV) Le complexe “homme+machine” constitue un systéme fermé dont
les parties réagussent Pune sur Pautre: si les performances de 1a machine
avgmentent, Phomme ne peut rester 3 la hauteur de 5a thche que grace &
Paide d'un & dont Ia I et Jes défaill i
éventucllement pour lui un danger supplémentarre.
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{V) Le médecin qui s'occupe 3 t de I'“h indiwidu”
ne peut donc négliger “I’homme-instrument” comme dit GRAYBIEL, ct le
comportement de “I'homme dans le cockpit” doit étre étudié par le médecin
au méme titre que son comportement dans la vie de tous les Jours

Vould qui est facile 4 dire, et peut-étre moins facile A réaliser Dans Ie
cockput du Mystére IV il n°y a place que pour le pilote. Mais cette difficulté
méme met Paccent sur I'importance des “simulateurs de vol” (jet-traincrs).
Pour nous, decins et psycholog ils t un p!
indispensable de la batterie de tests psychomoteurs—soit que le médecin
assiste personnellement aux séances d’entrainement stir ces “trainers™, soit
que ceux-ci solent mis 4 sa disposition en vue d'un travail spéaifique. Amsi
pourra-t-1l, chez un suet donné, poursutvre Pétude synthétique et concréte
des aptitudes fond. les mises pr en valeur par les méthodes
analytiques de la psychotechnique, soit examiner plus en détail I'adaptation
de ces aptitudes fond: les & I' ion d'une tiche particuliére telle
que la condutte C’un avion nouveau. L’idée n'est pas nouvelle, Le “Cam-
bridge cockpit”, les expériences de BARTLETT et ]a monographie de Russer.
Davis sont bien connus* et peut-étre auraientals pu étre exploités plus 2
fond. Mais ce que nous précomsons spécialement, ce n'est plus emplot d'un
cockpt standard, mamé par des psychologues professionnels—c’est un
“jet trainer” reprod Ies caractéristiques de Pavion d’armes
et sur lequel le médecin d’escadre observe le comportement des pilates deson

teurs intelligents et connaissant & fond tous les aspects du facteur humazn, de
B e

e

- le

mettre en valeur certains facteurs subjectifs tels que la peur du vol, 13
phobre de Paltitude, et cette sorte de stupeur qui, parfois saisit I’'homme com-
. - SN aieantea wistmE

na

- fait

iine
hfié

U Uiy vULieoil s s
psychologrque de prédispo:
& explorer »

Sa participation & tous les stades de I'enquéte sur les accidents aériens
est une mesure 11 mais lete. Elle doit s” de la
partiaipation du médecin & tous les stades de Pinstruction du pilote; son
réle dans la prévention des accidents sera, ngus en sommes convaincus,

1 nc plus efficace .

pl‘;\?ni‘;e x:fénd ommes pas encore [a. Cette intrusion du médecin dans un
domarme réservé est cependant de mteux en mieux comprise et admise pac
les Hautes Autorités responsables, ausst bien que dans le cadre de Ia v

* Vour ¢galement les constatations fautes en maure ::nssx:sca:nu;z;l:“%;omz:;

“P, 10n. d'un test synthétque pour la
e el R GAT Aéd aero 11, (1)* 101, 1956
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ACCIDENTS AERIENS D’ORIGINE INDETERMINEE DANS L’ARMEE

(I) That special psychological indoctrination be given to flying lmlmclau,

{IIT) That stll more detarled psychophysiological mdactnnahan be given to
Jhyng personnel than ts the case at present.

The authors propose to submit a formal recommendation to that effect to the
AGARD Aeromedical Panel.
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CONTRIBUTION A L’E’FUDE DES ACCIDENTS
D'ORIGINE INDETERMINEE METTANT EN VALEUR
L’IMPORTANCE DU COMPLEXE “PILOTE-AVION"

Meédecin-Colonel Senecas et Médecie-Commandant Cantoxt
France

Pour des facihtés d’exposé, I'étude porte sur un groupement de Formations
Adriennes caracténsées par Putilisation d'une méme catégorie d’avions
monoplaces & réachon, ayant accomph un waval aérien bien défini, et
soumus A la méme doctrine d’emplot

La pénode considérée englobe les trois dermidres années, au cours des-
quelles cet ensemble aénen a effectué 100,000 h de vol par an, soit au total
300,000 h de vol accomplies par un nombre moyen de 700 pilotes.

177 accidents ont été observés dont 10 ont €u pour origine une cause
nconne, soit 59 pour 10,000 h de vol et 0 30 pour ceux de cause mdérer-
minée, ce qui apparait de prime abord néghgeable

En réalité, Pétude des accidents dont la cause n'a pas été décelée prend
une importance accrue si 'on envisage non plus 'ensemble des accidents,
mais stmplement ceut ayant entrainé, dans chaque cas, la mort du pilote.

En effet sur 46 pilotes tués par aceident aérien, 10 ont trouvé {a mort
sans que l'enquéte ait pu préaser les rasons réclles de I'accident En
d'autres tcrmcs. dans us de 20 pour cent des cas les enquét:un ont é(é

cadre de la Sécunté Aénenne

L’étude de cette catégonie d'acadents présente donc un intérét majeur
puisqu'elle s’étend sur prés du quart des accidents mortels survenus en 3 ans
dans la population considérée.

Dans la répartition des accidents, on constate que 4 sont survenus en 1954,
3en 1955¢t 3 en 1956, 1l n'y a donc pas eu une régression sensible, alors que,
pour la méme pénode, le taux général des accidents aéniens avart diminué
de moiu¢ De ce fait, s1 Pon étudie 'évolution des accidents dorigine in-
déterminée en foncuon du nombre de pilotes tués par année, on s'apergoit
que
—pour I'année 1954- sur 25 accidents mortels,

4 ont en une cause inconnue, soit 16 pour cent.
—pour année 1955. sur 13 acaidents mortels,
3 ont ¢u unt cause inconnue, 3oit 23 pour cent
-~pour Fannée 19561 sur 8 acadents mortels,
3 ont en une cause inconnue, soit 33 pour cent.
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CONTRIBUTION A L‘Ii”I‘UDE DES ACCIDENTS
D'ORIGINE INDETERMINEE METTANT EN VALEUR
L’IMPORTANCE DU COMPLEXE “PILOTE-AVION”

Médecin-Colonel SENEGAS ¢t Médeaine-Commandant Cantont
France

Pour des facilités d’exposé, I'étude porte sur un gronpement de Formations
Aéniennes caracténsées par Putilisation d’une méme catégone d'avions
monoplaces A réaction, ayant accomph un travail aérien bien défini, et
soumis A la méme doctrine d’emplos

La pénode considérée englobe les trois dermidres années, au cours des-
quelles cet ensemble aénen a effectué 100,000 h de vol par an, soit au total
300,000 h de vol accomplies par un nomhre moyen de 700 pilotes

177 acaidents ont £t¢ observés dont 10 ont eu pour origine une cause
nconnue, 3ot § 9 ponr 10,000 h de vol £t 0-30 pour ceux de cause indéters
minée, ce qu apparait de prime abord néghgeable,

En réalnd, I'étude des accidents dont la cause n'a pas été décelée prend
une importance accrue si 'on envisage non plus 'ensemble des accidents,
mais ssimplement ceu ayant entrainé, dans chaque cas, la mort du pilote,

En effet sur 46 pilotes tués par acaident aénien, 10 ont trouvé la mort
sans que l'enquéte ait pu précuser les rasons réelles de I'acaident. En
&’autres termes, dans plus de 20 pour cent des cas les enquéteurs ont été
contraints d’émettre des hypothises, plus ou mots nombreuses suwvant les
circonstances de 'accident, et de trouver parm elles celles qui paraissent les
plus probables, afin d'en urer des enseignements pour l'avemir, dans le
cadre de la Sécunté Aérienne

L’étude de cette catégone d'acaidents présente donc un mtérét majeur
puisqu’elle s'étend sur pres du quart des acaidents mortels survenus en 3 ans
dans la population constdérée.

Dans la réparution des accidents, on constate que 4 sont survenus en 1954,
- £ T e - e [y S e e

2€ 0t 2w 100EL

—pour Pannée 1954, sur 25 accidents mortels,
4 ont cu une causc inconnue, 301t 16 pour cent.,
—~pour l'année 1955 sur 13 acardents mortels,
3 ont eu une cause inconnue, 50it 23 pour cent
—pour F'année 1956, sur 8 acaidents mortcls,
ont eu une cause inconnue, $o0it 38 pour cent.
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L'ETUDE DES ACGIDENTS D’ORIGINE INDETERMINEE

En somme, chaque fois que les mesures de sécurité aérienne rédusent
le nombre des accidents, en particulier ceux entrainant la mort du pilote,
le p ge relatif des accid d’ongme mndéterminée ne cesse de
s’accroitre, démontrant amnsi Pitérét de leur analyse, en recueillant, en
Pabsence de renseignements décisifs quaurait pu donxer le pilote, tous les
élements capables d'onenter les enquéteurs vers des hypothéses reposant
sur des données précises et permettant d’apporter des conclusions pratiques
pour la prévention de tels accidents.

OBRSERVATIONs RESUMEES DES 10 ACCIDENTS
ANNEE 1954

Casn® 1

Sur avion MD 450 “OURAGAN™, 15 mm aprés le décollage, au début
d'un “virage relatif” effectué A la vitesse de 300 noeuds et & 15000 ft
d'altitude, I'appareil déclenche en auto-rotation vers Pinténieur du virage,
se stabilise, purs descend en vrille & plat, en sens inverse de la fotatmn

pilote.

Quoique Paccident soit imputable 4 une cause i
bien cependant que Ponigmne male de cet accident, soit une action trop
brutale du pilote peu expérimenté, qui a fart déclencher son apparel &
partir d’une position en virage et fortement accélérée i

On ne peut fure que des hypothéses sur Jes causes aggravantes qui ont
faxt que le pilote n’art pu réussir 4 arréter la vriile, larguer sa verritre en
temps voulu, et s’éjecter.

Casn® 2

Aprés un exercice de percée réelle en patrouille, sur F 84 G, le Chef de
Patrowlle fait mettre son équipier en formation de manoeuvre Des nuages
fractionnés sous la couche de stratocumulus rendent la tenue de cette
formation difficile Par deux fois Péquipier perd de vue son Chef de
Patrouille au cours de traversées de bouchons nuageux et, ne parvenant pas
A retrouver le contact, monte au-dessus de la couche, Le Chef de Pa!ru:nllﬁ
ne répond plus 4 ses appels Son avion est retrouvé éerasé au flanc d'une
colline quil a percutée en vol sur le dos. . son

Etant donné, que 1-5 min avant Iaccident, le pilote a parlé av;c b
équipier et Iui a donné des ordres de manoeuvres, hypothése dz 2r -
faillance physique est peu probable. Le fait que Pavion ait percut 2 sucm
dos, sous un angle de 40°, est une preuve pratiquement cestaine d ur; l};mc
de contréle dans les nuages, En effet, si le pilote avait accro!:hé "
altitude, soit en vol horizontal, soit en virage, les débris de I'avion auraie!
€té répandus sur une grande longueur ,

La scrtc de contrblegdrans les nuages peut étre imputéesoit 2 Ia d:\[]'ﬂsl]‘l;ﬂlf:
brutale de 'horizon gyroscopique, soit & une faute de pilotage en 'cn:u:t ot
pilote était cependant trés bien entramé, parfaitement confirméet v
suwvre un stage de VSV aux Etats-Unis.
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Casn®3
Sur avion MD 450 “OURAGAN", au cours d’une percée réelle 'équipier
qum:h p:trouﬂ]c a un: almude d’envxmn 3000 ﬁ, sorx des nuzgcs 32000 ft

PATAL VEALEIILLALIC, UUIYUE 14 PEILES (UL LLAUVELICIL L4LUE 4 exeiuiet
puxsquc pmuquemcm :n hgne dronc. Dans cettc éventualité, on peut

EPY L ORI T DA A

sur le dos, sous un angle de piqué accentué qui ne lui a pas permis de ré-
tablir, ou de s'éjecter.

Casn® 4

Au cours d’une mission d'entrainement, une patrouille de deux Ouragans
équipés de tip-tanks part en retournement de combat, A laltitude de
26,000 ft, pour attaquer une patrouille de F. 84 Dans cette manoeuvre,
P'¢quipier déeroche & grand nombre de Mach, <t patt en tonneaux déclen—
chés rapudes, A gauche, aérofr sortis Sa s'inchae rapi
Jusqu'a 70° environ, Le pilote arréte une premuére fois la vrille apris que
son Chef de Patrowlle lus ait indiqué de pousser fort sur le manche. 1 repart
aussitdt en sens inverse en vrille trés rapide. Le pilote arréte une seconde fois
Pauto-rotation pendant un temps assez long (1 A 2 sec). Le Chef de dispositif
indique au pilote de tirer doucement sur le manche. L'avion s¢ remet en
vrille rapide, & gauche. Le Chef de dispositif donne au pilote l'ordre de
s'éjecter, L'avion disparait vers 5000 ft dans les cumulus, percute le sol,
explose et brile,

L'enquéte conclut qu'il P'agit vraisemblablement d’une panne dans le
transfert des bidons, créant un déséquilibre par dussymétrie, non déeelé
par le pilote. Celui-ci, non avert s'est engagé en tonneau déclenché puis
envrille. I1n'a pas largué ses bidons, a tiré trop fort sur le manche pour sortir
du piqué ets'est remus en volle Enfin, i n'est pas amvé & larguer sa verritre
et n'a pu s"éecter.

Annte 1955

Casn® S

Le pilote décolle, sur “OURAGAN", pour effectuer un exercice compre-
nantd’aprésle cahier: d'ordru percées QGH ﬁ:h"ﬁ, wolnge 412,000 ft, prise
de terran en P d’un vol, moteur
coupé

Une minute aprés que le pilote ait demandé 'autorisation d'effectuer sa
voltige et annoncé qu'il restait en contact radio, I'avion s'écrase au sol. Le

pllolc qui s" ct éjcclé 2 trés b:.\s;e altitude est tué.
ot aca, i

Fotmm m Led mmian am

grandes marges de sécurité d'alutide (10,000 ft).
" 15



L’ATUDE DE§ ACGIDENTS D’ORIGINE INDETERMINEE

Casn® 6

Sur avion “OURAGAN?”, au retour d’une mission d'assaut, Pavion qu
vale 4 500 fi, cabre doucement en virant, passe sur le dos, continue son
évolution par un tonneau lent suivi d'un tonneau déclenché au cours
duquel Ia verritre est larguée, et part en piqué a 45° en vol sur le dos.

Peu aprés, un demi tonneau vraisemblablement contrélé raméne Fayion
en position normale, Le pilote amorce alors une ressource et s'¢ecte 3 une
altitude d’environ 130 f, sans avoir rien annoncé & Ia radio, L'avion
s’¢crase, et prend feu,

L’hypothése d’une inattention suvie d'une réaction brutale Ppravogquant
un tonneau déclenché est retenue par les enquétenrs, quoiquiil s'agisse
d’un pilote adrout et trés expérimenté, nettement au-dessus de la moyenne.
Il'se peut qu'il y ait eu un déséquilibre dit au bidon droit incomplétement
vide, ayant provoqué I'auto-rotation.

Casn® 7

Sur F 84 G, au cours d’un exercice en patrouille simple, 2 22,000 ft,
l'avion disparait aprés 20 min de vol et percute le sal, sous un angle trés
fort. Le pilote n’a pas parlé A la radio, il n’a pas tenté de s'&jecter.

Les enquéteurs retiennent la possibilité d’une défaillance physique ou
psychique chez un pilote revenant du Canada et peu entrainésur F 84 G. La
mise en compressibilité de son appareil peut avorr entrainé une perte de
contréle et une inhibition émotive enlevant tous les moyens de réagir
utilement pour rétablir I'avion en vol normal.

ANNEE 1956
Casn 8 .
~ aEm soa camwrn o vaam A 18 i da w1 A 10 NANA B Ta nilnte aU
mnconnue.
Casn® 9

Sur avion *“Mystére IV* au cours d’une mussion & haute altitude (45,0010
ft), 4 min environ aprés une transmussion radio normale, Ie pilote pcr? :
contréle de L'appareil qui percute le sol 2 trds grande vatesse sous un 0;
angle de piqué. Avant de s’écraser le pilote largue la verritre mals n'a P
le temps de s*éjecter. 5

It;hyl;)othés:]d’une perte de connaissance par arrét de I'alimentation €n
oxygéne parait la plus probable, pour deux raisons: . i

(I) le pilote semble avotr repris ses sens & basse ?lhtude mais trop'::é;

(II) les signes d’anoxéme se sont manifestés 3 min aprés Pheure es

2 laquelle il devait attemndre Paltstude de 45,000 ft
Cas 2° 10 i

Sur ;vion “Mystére V", en exeraice de navigation de nuit, 3 gq.ogi i‘a
17 min aprés le décollage, I'appareil percute le sol, sous un. angle voisin
verticale et en dehors de la route prévue.
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Le pilote, aprés avoir signalé sa pontiot par radio dans la prem
partic de la mission, ne fatt plus aucun appel.

Les hypothses émises par les enquéteurs peuvent dtre classées par ordr
probabilité décroissante:

(1) Erreur de navigation swivie d’une perte de contrdle dans les nua
due peat-dtre & une panne d'mstroments,
(If) Malaue en vol,
(1I1) Panne électrique totale et emballement du Flettner,

DiscussioN

Des 10 observations ci-dessus présentées, il ressort que tous fes accid
sont caracténisés par une perte de contréle de Uappareil au cours de laqu
le pilote ne s'est pas jecté ou a tenté ' Ejection trop tardivement.

—80 pour cent des accidents sont survenus sur avions “OURAGAN
“MYSTERE IV” et 20 pour cent seulement sur F 84 G ou F, alory
ceux-ci constituent les 2/3 de fa Flotte aénenne considérés.

90 pour cent des acadents ont eu heu A des altitudes telles qu
posnbilité d’une défaill physique ou psycho-physiol par hyp
reste pen probable, méme en envisageant unc pressurisation défectu
de 1a cabine, Seule, dans le cas No. 9 la perte de connaissance du p
apparait probable et semble Liée 4 un état anoxémigue brutal et accé
par \a période digestive

La fréquence des accidents survenus sur certains types d'appareils
en relief I du lexe pil dans Ponigine de ces:
dents de cause indéterminée. Pour un méme travail aénen, le risque 3
suvant des facteurs mutuples dont Ia connaissance de certains ne peut

PO N S T e

LLSIEIL UE § dLLtuitie, 41013 uE 163 thoyens G sont mis & 1a dispositio
pilote pour contréler sa position dans I'sspace, deviennent relativermer
plus en plus snsuffisants,

En particuber, parmi les mstruments de bord, horizon artificiel g
scopique est trop sensible aux accélérations €t par son inertie ne perme!
des lectures exactes rapides. Le vanomitre est par contre trop lent ¢
donne des tectures exactes qu’ avec un trés grand retard. i le piote
pas familiansé A piloter au “panneau réduit™, c'est-2-dire uniquement

P AT A -
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doivent tendre tous les efforts des tcchmcxcns, mgémcun, médecins et
psychologues, travaillant en Certes si I' rationnel,
contrdlé et progressif doit jouer un rdle prépondérant pour développer les
aptitudes requises et permettre une connaissance approfondie du matériel,
1l n’en reste pas moins que toute amélioration des moyens mis 4 la disposition
du pilate pour connaitre immédiatement, et & tout instant, sa position daas
Pespace, réduira considérablement le nombre des accidents dont l'origme
était restée jusqu'alors, difficile & déterminer.

SumMARY

In the first section of this paper, the authors gwe detailed observations of 10
aireraft acadents for which no cause could be found. These accidents happened
1 the Furst Tactical Arr Corps during the last 3 years and involved single-seater
et arreraft,

The mpnd mrnm geves @ synthesis qf these accidents which emphasizes the

1 12 complex { with aerial hazards, classsfied
according Io i fzrml ypes of aircrafl.

In conclusson, the authors state that the adaptation of man to the aweraft will
remain @ perenmal problem due to the rapid evolution of modem avtahon.




FACTORS RELATED TO UNEXPLAINED ACCIDENTS
IN THE U.S. AIR FORCES IN EUROPE

Joan M. Tarsor
Commander, 7112th Central Medical Group, USAF

1 srouLp bike to present some data and opinions about aircraft accidents in
the United States Air Forces in Europe. Since the subject concerns accidents
for which no absolutely conclusive explanation was found, and because
specific causes are often difficult or mpomhle to establish, some latitude is
Tequired for speculation on dical factors and the p babibty that they
were, indeed, involved. This paper is not an attempt ‘ata comprehensive
study of med:cal factors in aviation accidents, nor does it prove anything
statisically, The numbers that I shall mention later are useful mainly to
emphasize the continuing importance of factors that are already well known
11 aviation medicane.

When the accident mnvestigation shows that such non-medical events as
matenal fatlure, known pilot error, or severe weather were very improbable,
one’s suspicion of hypoxia, vertigo, blackout, 2nd other acromedical hazards
of flight tends to nse. Caution 18 necessary, however, because even when
non-medical cause factors can be proved 1t 13 not always possible to eluninate
the medical factors as secondary or, indeed, as the primary cause of the
accident. Hence, in the d accident, the i is nearly
always confronted with the quguon of the pat’s physical and psychologrcal
fitness and whether or not he was incapacitated dunng flight. The importance
of catastrophic medical events such as acute coronary thrombosis or an
epileptic seizure 13 acknowledged, as arc the less dramauc but equally
treacherous diseases that can produce awiation tragedies; however, the
incidence of such events 1n our active pilot group seems 1o be very low; at
least we lack proof to the contrary. Much more important, 1n my opinton,
are the time honoured and ever present acromedical complications of flight
that render incompetent or incapacitated the otherwise healthy pilot—
acute hypoua and spatial disorientation, to name just two which demand
our enduring respect Many here will recall that fast year Dr Powett of the
Royal Ca'nadlan Anr Force reported! 9 cases of unconsciousness in RCAF

lasted for 10 secin one to 6 mun lhe extreme case, What were the causes?
Ore severe hypoxia; two epilepsies; one aleoholic hangover without adcqua!e
food before flight; one severe vertigo with nausea and doudmg of conscious-
ness; a fear of formation flying without true unconsciousness; and one case
unuphmcd. The hypoua case was an expericnced pilot with 2800 hr, of
which 600 hr were in jets.

Last October, I had an opportunity to interview four Norwegian fighter
plots who had had episodes of unconsciousness during flights in I-84 F's.
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These cases were very thoroughly investigated by the Royal Norwegian Air
Force. Unconsciousness ranged from a few seconds to more than one munute
One was a highly experienced officer with more than 1000 kr of et time;
the cause of his incident was most probably a loose fitting oxygen mask
which has aged beyond serviceability. In one case there was & combrnation
of no food on the day of flight, repeated G stresses during flight and fatigue
from severe physical exertion on the previous day; however, the relatve
mnportance of these factors could not be proved. The other two incidents
seemed to be hypoxia probably caused by poorly fitting oxygen masks.

A review? of U.S. Air Force major jet aircraft accidents during the period
1 July 1954 through 31 Dy ber 1955 ind that, excluding take-off
mishaps and mid-arr collisions, there were 194 major accidents in the cause
undetermined category, with 206 fatalities. Of these, the circumstances of
the accidents were such that 32 per cent could have been caused by hypovia

The present study is based upon a questionnaire survey of US Air Force
flyers who had physiological training at the 7112th Central Meducal Group
between September 1955 and July 1956. The questionnaire covered six areas
of interest: hypoxia, spatial disortentation (pilot’s vertigo) hyperventilation,
rapid or explosive d pression, d sickness, and the important
related matter, personal protective equipment.

Table I shows the gross results of the survey.

Table I —Acromedical Tncrdent and Equipment Survey among USAFE Flyers: Sept. 1955-June 1956
questionnaures submitted 865

no response 35
neg rosponse 106
positive responises 72%
Ppos Tesponses, pers equip. only 104

pos responses, pers cquip and aeromed 450
ncidents 36

pos responscs, acromed 620
274

meidents only

Some 865 questionnaires were submitted. OF these, 35 contained no entrics

at all and, i 106, all questions were answered negatively. There were 724:!{

which one or more of the § of g had positive o
of these, 104 reported on personal equipment only; 346 offered comme s
on personal as well as dical incid and 274 restricte

quip z : 3 n
their entnies to acromedical mncidents. As a result, we obtained 450 reports 0

personal equipment, and 620 on aeromedical incidents. It should be ’d,ﬁ
that, although the great majority of the reports concerned episodes that
occurred during the flyer's current assignment in the USAFE, some few
taken place in other commands prior to the European a'ssxgnmcnt. vof

Table II shows the reported occurrence of in-flight incidents that wer
special aeromedical concern.

Table I —Reported Aeromedical Incdenis
(based upon 620 “posttce’ questionnasres)

hypowa 183 303 (per cent)
hyperventdation 27 A
sudden decompression w1z .
decompression sickness I

*Piloe's vertigo (spatial disonentation)
*Figures obtained from previous study by NuTtaiL and Sanroxn
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Based upon the 620 so-called “positive” questionnaires, lhc.m.wcre 188
fiyers (30'3 per cent) who had had one or more hypotia incidents; 27
(4-4 per cent) with histories of hyperventilation; 107 (172 per cent) who
had experi d rapid or explosive d i and 73 (11 8 per cent)
who had had decompression sickness. I have listed spatial dsorientation
(pilot’s vertigo) last in the table because the figures were obtained from a
previous study? by Nutratt and Sanroro in which it was concluded that,
at one time or another, all pilots experience the illusions of flight that lead
so readily to spatial disonientation,

In Table II we sec that, of the 188 individuals who reported one or more
episodes of hypoxia, 161 or 85 per cent were moderately severe, 15 or 8 per
cent were severe, and 12 or 6+4 per cent were so severe that incapacitation
and unconsciousness resulted.

Table If —Reported Hypoxra Incvdents
(based upon 620 ““posstioe’ questannares)

Flyers reporting epuodes of hypaxia 188 303 (per cent)
everty.

Md not spplicable

Moderate 161 856 ,
Severe: 13 80 ., .
Severe, incapaciuated 12 64 o

Hypoxia was not & most probable cause 1n any of USAFE'S twenty-three major acadents,
1955 and 1956, 1t was ruled out a4 4 possible contributing factor i all but one case.

A typical example* a pilot flymg at 35,000 ft noticed blurred vision,
started an wnmediate descent, and lost consciousness at 30,000 ft; he came
to at 9000 ft. He stated that he lost contro} of the aircraft and that he was

. P - - P .

avoiding the “muld hypoxia™ classification. Thus 1s based on the view that if
the hypoxia has progressed to the poimt of recogmition by the victum, it has
already passed the mild stage. In the U.S. Aur Forces in Europe during
1955 and 1956, there were twenty-three major awrcraft acGudents in the
cause undetermined category.® Hypowia was not indicated as the most
— ~nem te am e o L -

U.b. Air karce are by no means rare. As a result, one tends towards the
impression that even though hypowa occurs with uncomfortable frequency,
the expenenced flyers are sufficiently well trained and alert to cope wath it
in the majority of cases. Thus is perhaps a dangerous impression, certainly it
should not suggest that we relax our cflorts ta reduce hypoxia incidents to
al

* Ttshould be noted that, before actepting any Lactor as the primary cause of an aceident,
the U'S Aur Force requires proof beyond reasonable doubt; beces mmany accudents which
almaet certamly resulied from material Cudure reman, for Lack of speciBe proo, s the catse
undetermined category,
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In their excellent paper on spatial disorientation3, Nurrarr and SaNForn
concluded that “pilot’s vertigo™ of some degree is universally expenenced
by flyers. In ther study, as indicated i Table IV, 685 pilots were interviewed,
478 of whom were jet pilots.

Table IV ~Reported “Pelot’s Vertigo” (Spatial Disorventasion)®
(based upan wteranewss of 478 jet pilots and 207 nomget pilats)

Pulots reporting “‘vertigo” experience 665 100 (per cent)

Severity:
Mud 508 741 (percent)
Moderate 45 202,
Severe 32 70 .

“Vertigo™ was the most probable cause of 4 (17 per cent) and could not be ruled out as
possibly contributing n another 5 (22 per cent) of the 1955 and 1956 USAFE maor, cause
underdetermned accidents,

® Data from 1956 AGARD Acromedical Panel paper by Nutrais and Sanromo,

Some 508 had one or more episodes of mild “vertigo®; 145 had one or
more instances of moderately severe “vertigo” defined as having some
adverse effects on flying p i and produci d mc{ltal stress;
and 32 gave a hstory of severe “vertigo” defined as producing severe
mental stress and usually resulting in complete loss of control of the awreralt.
It was concluded that while “pilot’s vertigo” s a significant ﬂight safety
problem, the great majority of pilots either do not consider it an jmportant
problem or feel that it 1s a circumstance of flight which can be adequately
dealt with through proper trainmng and practice. However, the followng
observation suggests that our pilots are not sufficiently impressed wuh‘ the
importance of “vertigo” as an accident factor. of the 23 major unexplained
acadents in the USAFE in 1955 and 1956, 4 were thought to be mc;l
probably caused by “vertigo®, and m 5 others, “vertigo” could not be rule
out as a possible contributing factor. . id

Hyperventilation, decompression sickness, and explosive and rapk
decompression episodes have, for convenience, been grouped together in
Table V. Our reported experience suggests that, although these cvents ar

Table V—Rep Sulden and ; Sickness Incidents
{based upon 620 “posstive™” questionnaires)
g Mild  Med Stﬁﬂl
Hyperventlation 27 44 (percent) 21 1? 1
Decompresston sickness Bous, L, S H
Sudden decompression w7 172, ., 68

Hyperventlation, decompression sickness, and sudden decompression were 20t 10
plicated as probable factors in USAFE 1935 2nd 1956 unexplaned aceident

#See explanation, page 159 of text.

' on 1
hazards to flight safety and crew effectiveness, they are not as caﬂ;:ﬂscw]s
their severe consequences as are hypoxia and spatral dy.sonemattlon‘:omcm o

bl I’ babl importan
that hyper 15 probably a more Bmporan B e out

vt - c
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Finally, because a well planned and operated personal protective equip-
ment [ 18 idered absolutely fund ! to crew effective-

By PU R ol @ e awmnn e
have been made. Table VI indicates that of the 450 flyers who submitted
positive comments, 72 or 16 per cent were favourable. In contrast, 378 or
84 per cent of this group registered complaints, the majority of which were
serious) In the unfavourable group, 82 per cent of the complaints were
reported by jet pilots, Complaints were aimed at and supply,
related logistical difficulties of personal equipment and Iack of tramed
personnel. The majority secemed to regard the design of equipment as
satisfactory or better since only 5 per cent considered equipment design as
faulty. During the past year progress has been made in improving the
personal equipment supply.

Table VI —Views of USAPE Flyers on Pervorad Equipment
(Based upon 450 “positioe’ questionnares)

Comments*
Favourable 72 160 per cent
Unfavourable 378 84 0 per cent
Fet Nonjet Officer  Enhsted
Sources: Dilots pHlots erew crew
Favourable 33+ 20 13 6
Unfavourable 31 38 20 9

In 344 of the 378 unfavourable comments, sadequate supply was seported as the important
factor,

© Includes 10 RCAF (in all cases, RCAF pulots reported thewr personal cquipment 28
good to excellent).

In summary, the following points deserve emphasis. The reported :xi
periences of USAFE flyers mmpressively show that hypoda and SP‘“-“;
disorientation, and to a lesser extent, decompression sickness and hyperventi-
ation are important and continumng threats to flight safety and erew
effectiveness. We gnize a serious and 11 quil it to improve
the logistics and mamtenance of personal protective flying equipment- '{'h'
reported USAFE experiences firmly support the present USAFE pol ‘f‘{
that requires thorough refresher training of jet aircrew personnel i ﬂlgE
physiclogy and p ive egqui every 18 months. In the U§AFd
experience may be found ample for both fund ‘“C
applied research aimed at a better understanding of human pm:l"nrrnancr

bl and ions and at i ing the design and reliability o

the equipment that is essential to flymng safety and aircrew effectiveness

SOMMAIRE
Une étude portant sur Pinterrogatoire de 862 aviateurs de
Europe a permis d’avorr des rensergnements sur la fréquence des
abro-médical survenus en vol ef comp Lhypovie, Uhph T piote.
dicompresston rapide ou explostoe, le mal dp décompression et Ie veriige du pilote.
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Hypoie et vertige constituent toujours les factewrs primordiaux d'ordre aéro-médical
dans les occidents daviation majeurs. En outre, on g demandf gu Personnel
Navigant de 'USAF en Europe ce qu'tl pensaut de la qualité et de Iz fourniture
de Déqupement indiciduel de protection en vol, sur les bases afnennes. L'appro-
rusionnement insuffisant en mabérial indispensable de cet ordre reste un probléme
non, résolu.

Les accidents aériens majeurs de 1955 ¢t 1956 dans la catégorie “'cause
sndéterminée® ont dté dtudies en vue d*tealuer dans quelle propertion les facteurs
abro-médicaux ont & ou aurtent pu dtre des causes premudres ou secondes
dacaadents.

Les donndes sont présentées sous forme graphque, avec la relation des cas
démonstratyfs.
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THE UTILIZATION OF PATHOLOGY IN AIRCRAFT
ACCIDENT INVESTIGATION

Frang M. TowNsEXD
Colonel, USAF (M.C-) Armed Forces Tnstitute of Pathology, Washington, D C., U.S.A.

AIRCRAFT acadents continue to be a problem within the Umited States
Air Foree, Concern regarding these accidents atises initially because of the
humanitarian aspects involved, a feature which defies ultimate evaluation.
The Air Force is also confronted with the practical mulitary viewpoint of
conserving its combat mpabxhty, both pilots and planes. The economic loss
of a modern awrplane is enormous, and the loss of a single pilot requires a
great to achieve a repl of equal tramung | and ability.
In order to place the matter in ats proper perspective, it is necessary to
cite previous expenence of the United States Air Force regarding aircraft
acadents! In 1922, there were 506 major awrcraft accidents per 100,000
flying hours which in 1955 had been reduced to 17 major accidents per
100,000 ﬂymg hours. In spite of thus remarkable record there has been an
of fatal d 1n 1930 there was an average of one
fatal accudent 1n every 13 myjor acadents, while currently one out of every
5 major accidents results in a fatality. Duning the past five years over 4800
pco le have been killed in United States Air Force arrer: & accxd ts and
1nn "

SIS

responsible for 40 per cent of the fatal acaidents,
Naturally, any solution to thus problem rests with the flight safety personnel
and must of ncceasity centre about two mzuor features; ﬁm, to find the
cause of an acaident and secondly, to p dits p ical
engineers have kcpx pace in ther i mvcugauom conccmmg accident causa-
uon and pm‘tnlmn which is well :x:mphﬁcd by lhﬂr pa;! n:cord 3 It now
P PR APRTErY I

[HANEIN g

N ‘. P ' . .

requured fnr such an endeavour, the ﬁdd ol' p:uholagy 18 pnm:mly cone

cerned with the structural and functional changes in disease and conse-

quently, 1t 1 believed, offers comldemble  prospect in the co-ordination of
Th

flight safety P y of Forensic
Pathology has d d this scientific d ine’s usefulness 1n establish:
ing cause of death, sequence of cvents, etc.

The pathologist’s bution can pro ble, particularly if he

has a prior undenstanding of the magmmde of the problems involved. An
nvestigauon by a pathologist should encompass all the many factors which
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affect the ‘man-aircraf” relationship and for the purposes of simphfi
the appmas:h to this field has been threefold; including a considera
(]) the eny 1 factors, (II) ic factors, and (I1I} pre-¢
disease.® Tabls I presents these features in greater detail.

Table I
wr -

{I1) Traumatic factors
(a) Protective equipment
(b) Escape
(©) Aurcraft design .
{UII) Pre-evsting disease
The environmental factors are deserving of continuing intensive re
and mvestigation in order to ferret out the enigmas which must be
there. There is need to late data regarding the b
traumas produced 1n accrdents 50 that injury might be prevented by o
cation of experimental aircraft. Every effort must be exerted to de
means to predetermune those pre-existing diseases which may incapa
a crew member,
The following examples and their associated discussions may set
focus attention to some of the above mentioned facets:

Case 1. Hypoua

Twenty minutes after take-off; a jet trainer levelled off at 35,0001}
a cabin pressure of 29,000 ft. Oxygen check at this times was stated as
by the passenger who was also a rated pilot. Five minutes later the
heard the passenger taking off his mask. The passenger made the remar}
it was too tight and he loosened it. The pilot then asked the passeng
tune in the radio station, and when the passenger said that he could no!
the radjo station, the pilot asked him to fly the aircraft while he four
The passenger competently flew and after 4 min relinquished the cor
satisfactorily. Six minutes Jater, the pilot called for another oxygen &
and received no reply from the passenger, The pilot then asked the ¢
aircraft in the flight visually to check the occupant in the rear cockpit:
pilot of the second awrcraft noted the passenger was slumped over.
mediate descent at the Mach limit was instituted and within a few mif

it} i nel waiting. Attemp!
they were on the ground wi th mc‘dxcal person tog, Aot
In itself

were q q! ¢
mask to be deficient although the oxygen system was in order. :
case does not represent an aircraft accident but the consequences
single-place aircraft are obvious.

Diseussion—Unfortunately there are no unequivacal hi"wp:l:hal
changes in death from acute hypoxia or anoxia as contrasted thl;‘ © 1;
evident abnormalities associated with chronie hypoxia, Nonetheless,
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injured, No attempt has been made to eject. The cause of the accident was
uadetermined; however, the suspected cause is spatial disorientation and
the prlot n resultant confusion flew the aircraft inta the ground at a hugh
rate of descent.10

Discustion~The above example is oply one of many such instances in
which the last communication from the pulot concerned this changing radio
Trmem e U I Ll it S BT e e 2 Tt o fhon

by mstruments folfowing such ities as changing the radio channel, Ian
unnatural atutude 1s assumed during such a manoeuvre, it is quite possible
for a pilot to fly into the ground before carrective action can be taken. A
sharp dechine in the frequency of this type accident has followed the movement
of the radio selector panel into the pilot’s line of sight. Yet, as far as can be
determined, in to such instance as in the case cited, has the mner ear been
removed at post-mortem i for pathologi i ese
errors of omission will do little to help clarify this perplexing problem.

Case 4, Traumatic factors
o T e b e e A acn anding oo palfunction.
N Coe . = aenfireinthe
. - ailot, co-pilot,

navigator and 1nstructor navigator. Heconstruction ot the sequentt of
events from all available nfc shows the following; the

seated in the nose of the plane, gjected, but at too low au altitude for survnvgl
The instructor navigator apparently attempted to exit through the main

entrance door, his anly means of escape. There must have been a suddes
. - oAt L. & o et of the

happened to the remains of the instructor navigator. 1he co-puols vuu/
was described as fragmented. The pilot was thrown clear of the wreckage.
Although lus body was 1ntact he sustamned burns of the face and arms
Discussion—Post-mortem mmaterial was received on all crew members
except the instructor navigator From the information available no titue
was found on the latter individual, The only unfixed materiat for toxicology
recetved was from the navigator and consisted of bram tissue. ’;’he lacuc
acid level was elevated and this was interpreted to be pmbﬂb'ly an mdx.cat\o!\
of hyper-ventilation durmg the terminal stages of the flight since the mrognf:
was at too low an alutude (200 ft) for hypoxia to play a role. Tissue cardo
monoxide was negative. In addition to fixed tissue for histopathology stu ::;
on the navigator, random tissue for histopathology studies were rgcu;in
on the pilot and co-pilot. In the case of the pilot, spinal cord was receive din
the fixed state, but no samples of the burned skin. It would have b;en m;blc
esting to study sections from the burned areas to determine, 1f poss "
whether the burns were incurred ante martem while in the arrcraft, ur‘_P}m
mortem from tadiant energy effect of the fire at the site of the crash If ¢l
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spinal cord had been submitted in an unfixed state for todicology studies it
would have been more useful in that a determination of carbon monoxide
wuu!d havc also btcn a duc a3 to how much fire and smoke lhc pilot was
.o, PRCE AT .
fixed state l'or histologic exammation, Elevated carbon monovide levels
would have helped substantiate the theory that there was fire in the cockpit
prior to impact, This case serves ta ilfustrate that the individual performing
the autopsy should be acquainted with all of the known circumstances sur-
rounding an accident and direct his invesigation efforts along the hines that
will best answer the questions raised 1n each parucular case. The effort
expended 1 obmmng spmal cord tissue from the p\]a( m this accxd:nt was
ished much useful inf garding the nature of the burns and the
time of their occurrence
There is urgent need for a careful evaluation of sequence of traumatie
events incurred i arrcraft acadents so that we may better cope with the
problems of aircraft design, escape mechanisms, etc, A recent study'! of
289 gross autopsy protocols dcmuns(mlcd that frcqucndy only lethal head
injuries were w aircraft ing during the fanding
and take-off phase. When 11 realized that nearly two-thirds of our accidents
occur at these entical stages of flight, this observanon stems to dictate the
need for better head protection during this phase of fight, In several in-
stances death has been due to remediable hemorrhage which points up the
desire for a more rapid medical rescue. ‘The need for eritical study of bail-out
cascs has been emphavized, 2 for i several cases a careful examination by a
pathologist has led to a clanfication of the sequence of events that occurred
11 fatal cases of ¢jection bail-out. Data of this type can be of great use to our
equipment designers for further veference. A more careful evaluation of
burny sustained by crew membcn may be of value in aiding the marenat

0 answer i the ongun of the fice, its duration
and intensity,13

Case 5. Pre-caisting dusease
During the let-down procedure, a 3¢ year old co-pilot of a C46 aircraft
suddenly suffened 1n his seat, became unconscious, and upon hndmg way
pre d dead. He had exy no and has beba
been normal untf the sudden onset of his sllness. An nuwpsy reveated severe
coronary atherosclerosis as the only cause of his sudden demuse.
Dutcwsnon—T¢ u eavy ta visualize the outcome of such an inaident had this
man been the pilot of a single-place aireraft and the resull may well have
been anather unexplained areraft acadent. Other examples of pre-existing
disease on file at the Armed Forces Institute of Pathology which have pro-
duced sudden mup::uauon or deuh n p\lou indude braun tumours,
sickle ceff anemia, lary 1t is obvious that
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trots chapitres dwntérét mageur: facteurs d'ambionce, Sacteurs traumaniques ot
défectuositds pré-existantes.

Létuds des facteurs d’ambiance comprend les dangers résultant de Daltiude,
les ffets possibles de la vitesse et des forces d’accélération, les tovigues tels que GO,

s liquides hydrauliques; les tempé extrémes, les bruits ef vibra-
trons excessifs, et le r6le du siress. Les facteurs traumatiques doipent étre examnds
soigneusement quant & leur réle dans la valeur de Déquipement protecteur, ! évacua-
tion du bord et les caractéristiques de Uavon. Comme exemples daffection pré-
existante qui peut frapper dmcapacité un pilote au cours du vol, on peuteiter
Patkéro-sclérose covonarienne, des kystes du troisiéme ventricule, Danémie &
hématues falerformes, et Pemphysime.

La discussion de ces aspects st présentée avec des cas démonstratify pour sllustrer
la bution que Panatomze pathologique peut apporter aux enquétes sur les
accdents d’avion.

LUS. Air Force a rédigé une directive concernant Penguste médicale sur les
cas mortels par accident d’avon, qui esquisse la marche & suivre systématigue
pour les recherches post-mortem, avec recours & la foxicologie, la tadwlogse ¢t la
photographe,
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THE UNEXPLAINED AIRCRAFT ACCIDENT: SOME
PROBLEMS IN POST-MORTEM DIAGNOSIS

J. K. Mason
Wing Commander, R.A.F. Institute of Pathology, Halton, Great Britam

In recent years, the role of the pathologist in the investigation of aircraft

accidents has received increasing notice (Berry 1956). OF the various ways

in which the post-mortem examination of fatal aircraft casualtics can be of
: f 1 1

the d of lity in the pilot is probably
the most important in the apparently inexplicable accident (Masox, 1955;
T 3 and M , 1957). Pathological at Qnt
may be of such a nature as to be i itating under any or

may be acceptable as normal on the ground, yet shown to be dangerous at
high altitude.

In this paper, it is proposed to discuss briefly three pathological conditions
which seem particularly apposite to the consideration of the unexplainet

acadent,

CoroNaRY Disease 1N Younc ApuLts
P 1ol AR e Lneea msa n mraab Snamancs in Interect in raranary disease

7
L]

(Swrtt and BarTELs, 1932; GLENDY, LeviNe and Warte, 1937; Scorl,
1938; MiLLer and Woons, 1943; Frencr and Dock, 1944; RercH, 1948)
have drawn ion to the app i i q of fatal d'uzase
in younger age groups, FRencr and Docx remarking that death without
infarction or death with only a single occlusive lesion was perhaps mor¢
frequent in young men than in older groups. A recent review of the subject
(YATER, TrAUM, BRowN, FIrzGERALD, GEISLER and WiLcox, 1948) !epﬂfg
the findings in 450 necropsies evolving from 866 patients, between 18 anr
39 years old, diagnosed as suffering from coronary disease; 4] per cent of
those who died shawed sclerotic occlusion alone without infarction. SnepsoN
(1939) stated that, in a large number of accidents involving injury, hear! ;
disease had, in fact, been the cause and, analysing 15,000 med:colega

N RT A T ~arsheal crculas

- - . 954},

who showed that aviators were 1O MOFE SUSCEPLDIC 10 LUlUliary S35
than non-flying officers, coronary disease might well produce !).'mP'f”:i
even in such a highly sclected group as aircrew and fm}g anoxia rught
! o orted
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by Baxsox (1937) and Wirrre, (1940); Fasniowps (1944) reported a similar
death following exposure to low pressure in a decompression chamber, and
‘TowNsEND ¢f al. quote one accident attributed to coronary thrombosis,

However, the hterature thus far reviewed deals exclusively with actual
death from coronary disease and it 1s only comparatively recently that

- tag e e mmethee o Lt
(1955) performed 300 autopsics on Korezn battle casualties from which all
cases in which there was a ehnieal history of coronary disease were excluded.
Evidence of coronary arteriosclerosis was found in 77-3 per cent of the hearts
with complete occlusion of one or more vessels in 3 0 per cent.

In Table I'T have summarized the findings in the coronary arteries of 30
unselected aviation deaths, Only cases in which microscopical preparations

TABLE I
Cormary Artery dusease wn Aealihy yong adulss
Present senes Exosetal.
(Aviaton) (Seldsensy
Ne. % %
GRADE 0
10 333 Normal vescls or munimal Changes, na
GRADE 1
Atheromatous Teaving adequat
1 366 e Plaquing leaving adequate 160
GRADE 2
Atheromatous  pla with  severe
s 166 restncacn of Tamens T E
123
GRADE 3
Atheromatous th severe
' B3| g g8

were available have been included. For the purposes of comparison the
figures obtained by Enos ¢t al. are reduced in the table 30 as to conform as
nearly as possible to my own classification which is based on the appearances
1n haematoxyhin and eosin stained sections, and is deseribed in Tuble I The
incidences in the two senes show a rough parallelismn, though there is a

i di f ity in my cases.

lower inci of ity or near i}

It is clear that 30 cascs make a poor form of comparison with 300; it is also

©obvious that the number of cases is too small to attempt to decide whether

or not there 1 any essential difference between aviators and soldiers or,

alternatively, between British and American military personnel. The only
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THE UNEXPLAINED AIRCRAFT ACCIDENT: SOME
PROBLEMS IN POST-MORTEM DIAGNOSIS

J. K. Mason
‘Wing Commander, R.A F. Institute of Pathology, Halton, Great Britain

In recent years, the role of the pathologist in the investigation of aircraft
acadents has recewved increasing notice (Berry 1956). Of the various ways
in which the post-mortem examination of fatal aircraft casualties can be of

i the detection of dent abnormality in the pilot is probably
the most important in the apparently inexplicable accident (Masow, 1955;
TownsenD, STEMBRIDGE and Mostori, 1957). Pathological abnormalities
may be of such a nature as to be i itating under any ci or
may be acceptable as normal on the ground, yet shown to be dangerous at
high altitude.

In this paper, it is proposed to discuss briefly three pathological conditions
which seem particularly apposite to the consideration of the unexplamed
accident.

CoRrONARY Disease' N YOUNG ADULTS

The last 20 years have seen a great increase in interest in coronary diseas
as a cause of death in young adults. NaTHaNsoN (1925), APPELBAUM af:d
Nicrorson (1935) and Levy and Bruesn (1936) commented on the rarity
of death from coronary disease below the age of 40, but many authors
(Smrri and Bartews, 1932; Grenpy, Levine and Warre, 1937; ScotT,
1938; MirLeEr and Woops, 1943; Frence and Dock, 1944; RercH, 1948)
have drawn to the apy i freg of fatal duseasc
in younger age groups, Frencr and Dock remarking that death without
infarction or death with only a single occlusive lesion was perhaps more
frequent in young men than in older groups. A recent review of the subject
(YATER, TRAUM, BROWN, FIT20ERALD, GEBLER and Wircox, 1948) rcports
the findings in 450 necropsies evolving from 866 patients, between 18 an

39 years old, diagnosed as suffering from coronary disease; 41 per cent of
those who died showed sclerotic occlusion alone without i ion. SIMPSON
(1939) stated that, in a large number of accidents involving mnjury, hw;
discase had, in fact, been the cause and, analysing 15,000 medicolega!
autopsics in 1947, he found that failing of the coronary or cerebral circula:
tion accounted for more than 56 per cent of natural sudden deaths.

It would appear that, despite the evidence presented by GRAYBIEL (1.954)1
who showed that aviators were no more susceptible to coronary diseas®
than non-flying officers, coronary disease might well produce syfm}!tfm}:’l
even in such a highly selected group as aircrew and mild anoxia mli4 t
aggravate the condition (Warre, 1940; Hasonos, 1944; RrrrzLeg, 19 i
GERu1s, 1956). It follows that coronary disease in the pilot isa potential m“:d
of aircraft acaidents and “near misses” from this cause have been report
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by Bexsox (1937) and WinTe (1940); Hasneonns (1944) reported a similar
death following exposure to low pressure in a decompression chamber, and
TOWNSEND ¢! al. quote one accident attributed to coronary thrombosis,

However, the literature thus far reviewed deals exclusively with actual
death from coronary disease and 1t is only comparatively recently that
attention has been focussed on the coronary arteries in apparently wholly
healthy young adults. Frrzameon (1956) presented some findings in aviation
fatalities 1n the Royal Canadian Arr Force and Exos, Horymes and Bever
(1955) performed 300 autopsies on Korean battle casualties from which all
cases in which there was a chinical history of coronary disease were excluded.
Evidence of coronary arteriosclerosts was found in 77-3 per cent of the hearts
with complete occlusion of one or more vessels in 3.0 per cent.

In Table I have summarized the findings in the coronary arteries of 30
unselected aviation deaths, Only cases in which mcroseopical preparations

TABLE 1
Coranary Artery dusease 1n healshy young adults
Present senes Exoset ol
{Avators) (Soldaers)
No % %
GRADE 0
10 333 Normat vessels or mumumal Changes. 77
GRADE 1
Atheromatous plaquing leaving adequats
n 366 patency. plaguing leaving adequate 1650
GRADE 2
Atheromatous pl. with
3 "6 restriction of lumtﬂlr g severe
123
GRADE 3
Atheromatous ung  with
* 123 B i revere

were available have been mcluded. For the purposes of comparison the
Gimummg ~hontond Lo Paona us o —ae cad 23 01,0 7y, -

lower 1crd, of ity or near y in my cases,

It is clear that 30 cases make a poor form of comparson with 300; it is also

obvious that the number of cases is too small to attempt 1o decide whether

or not there is any essential difference between aviators and saldiers or,

alternatively, between British and American military personnel. The only
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incontrovertible fact appears to be that a very high incidence of coronary
abnormality can be discovered in fit young men. The majority of my cases
were either pilots of jet aiveraft, other operational aircrew or pilots under
training; two were g ployed experi ! officers and two,
including the only man above the age of 40, were civilians killed piloting theie
own light aircraft, The distribution of lesions in various age groups is shown
in Zable II.

TABLE If
AGE INCIDENCE AND SEVERITY OF LESSONS
kEY
b e ey
oAMDE 1 Y
A 3 GLoE 262
" N CRADE 3 R
4
T e
%
£
3
2

W4 Nt BN MU py Me

AgE Groyps

If any of the cases in Grades 2 or 3 had, say, fallen dead in the strect, 2
post-mortem diagnosis of death from coronary acclusion would have been
perfectly justifiable 1n the absence of any other obvious cause. '1.'}1:1: two

hereft ise th cases from the point of view of the

the
ups, P N
enpfained accid Limitations of space prevent an analysis of all 9
cases mvolved but four ples are which are typical.

P
was extremely bad, and, at some 5 miles from base, he ran into the top of &

ill, hi ber two (wing man) escaping but scything a barley ficld. Figure 1
:xlxxgzv},]’sd:‘: ‘:ppcarﬁnf.‘c if his anterior descending l:[{ coronary af;lt;g'h:‘“
whuch there is gross occlusion of the lumen with formation of a large ey
ised plaque, This case is placed in Grade 2 but his right cc{mn:nrg 3‘ itk
(Fig. 2) would only just achieve Grade 1 status and his left circumfles
normat by any standards.
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e top of 2 W/ wooded hill- Fagure 3 shows the grOss atheroma s changes inhis

.ft anteror descending 2 arterys Thu 15 severe RarToWing ol' 1he \umcn, an

:as:ulamauon and depontion of caloum place the €ase frmly i o Grade 3
nons We! ade of

weather ere WS conflagraton and incnd eration O cupants-
The ma Teft coronary artery Fig. & shows reduction of the lumen to 2
mere slit, with vascu\ans:n jon of the athetom tous whroa: Arthe pufurcation

e 3
This mans aged 35 was navigater of 2 helicopter W! which hed i bad
of bo'.h oct

9) sh
4 cases alt how coronary ctery d\susc of 2 sev:r‘m/ ufficient by
genua! medico) colegal star ndards, 1© e(ha\ n - But, the genera\ series
dm casily demo™ strable axhcmma is prcscm 10 $OMe pwo-thirds of
B vn come 0 yos! -ynortem 83 & result of arrcraft acadents, and this
~ Tands PAPETS: ‘Moreovers the histones of thes¢
. - .~ acute coronary farlure 10
the p\lot. i oo e ' . rested that cnnﬂdcrab\e
caution 18 TEA red pefore atieips v - arrcraft accident o0 the
bass of coronary sease in the palot.

?“woxumﬂ or PreTIC Ureer

1o view of the possible associationt berween gastric aleer and continued

exposure 10 stress (LoNc.mr:m, 1956)s pilots of opemuoml areraft © could
ITTING!

well be susceP jble to this fo disease- (\953) drew atien
uon to e ity of pe! tion ernorTia! P rjpimcd
by high a\mudc, and since 2% ulcer M2y well be sym & 1o the tim¢
of per{om on (CARD: 19¥ uld seem bea polenlr.\\ cause of the

2) (hu woul
unesplane ed fatal accident and o whicl hcnu\d \yb duudalcd by post
mortem examination:

3an wary 1956 3% interesting 25 ported {BAZARNI
pdoz of a single seat fighteds & aged 21 hreakfastcd at 0645 and took off
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11.00, without further food, exercising for some 50 mins, in severe acrobaties
At 12.00 he again took off, at which time he experienced severe epigastrc
pain. He considered an immediate landing but the pain, although present,
subsided and he continued practice attacks at 25,000 ft for 30 mins. As he
attempted to get out of his cockpit a very severe attack of pain struck him
and he collapsed to the ground. He was admitted to hospital where operation
disclosed a perforated ulcer on the lesser curvature of the stomach. Before
operation, the patient denied any “gastric history”, but subsequently a
vague story of abdominal pain 13 and 4 months before perforation, with a
possible attack of melaena [ month previously, was elicited. He had,
however, never reported sick.
A year later, the following case was seen;

Case 6

A pilot of a single seater fighter, aged 22, was leading a formation of two
in a low level exercise, When breaking cloud at 1000 ft his aircraft hit the
top of trees and the pilot exclaimed over the R/T. His aircraft was then
seen to pull up but rolled over and crashed with the pilot still within the
cockpit. The previous day, he had complained to his colleagues, but not
to the Medical Officer, of vague abdommnal pain and had not eaten. On
the day of his death he had undertaken one sortie without brealdasting.
After landing he had rapidly eaten a tin of spagh(:_lti in the erewroom and

o csrraca hurrming,

' The medical history in this case suggested the possibility of peptic vicer

perforation and hence 2 potential cause of the accident. However, the

accident story itsell strongly militated against such a causation; the rupture

of the diaphragm indicated severe forces acting in th\at region; food wng

present only in the thorax suggesting tgathpcr['omtwn.of‘ the stomac]
; and the

was not an ant rtem pt

while shawing gross autolysis, shows no evidence of a vital ive process
{Fig. 11}. I?xcsosccrm o doubt that this lesion was caused by fractured
ribs.

Great care must also be exercised in interpreting gastric lesions when
. - .. w an TN geraethe

lungs may be affected. A case showing just such changes 1as 1ecetiy P
seen in a pilot who dicd 36 hr after an aircraft accident.

DECOMPRESSION SICKNESS
Death from decompression sickness in aircraft is uncommon a;d b.;!:i“
reported in only three cases (Sprourt, 1951; Haviaxer ?!r'\' Jo: Ruyni
1955; Havmaxer, Jonnston and Downey, 1956). Two additional i
Air Force cases have accurred. It seemy possible that the paucity o b}:?rsxg
mortem examinations in aviation fatalities has resulted in other cases
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issed ands while the aumber of aircraft tyPeS, jo which fatal dccompnsﬁon
Jock could anse is 1OY now greab this po(cnﬁa\ cause of unup\a.mcd acci-
ents 18 present and has recently peceived much publictty: eath from

jecompression is eastly sable i if the co®
dition 0CEUTS [l p:ssmgm-, sl it in the plot of o single P ot
reraft D it ailable and the is can © t
autopsy:
¢ pathology of dccomprét'\on sickness due 1o altitude Tas been EX1ER
sively review! b R A WVIDSON (\950 H KER AN
ORNITON (1955} HATMARER, jummou and DOWNEY, 1956)5 and FRYER
1956)- 1fthe ulhmate picture s, comp\lcav.:d by extensive traumatic 1esions,
supcnmpos:d imost ymmeds ely after the ons¢! f shocks urapti
post‘mnr!em diagnosis t ) ding of tent foramet

over
foramen ovale docs aot appear 0 be “essentual 10 the syndrom™® of decorn-
preswon shock.
The maior mterest therefore attaches 10 the preseace of fat enaboli.
Wi

comparable series 10 healthy yours adults but 1t was thought that the
findings ® aviation accidents, where death was due to muluple severe
injuries AN pruum;bly |mstantancouss mght a?pmx.\ma\: to the normal

CsOTe

The degree of pu\monary' fat embolis™ found in 33 consecutive fatalities
18 shown 10 “Table 11, fO which all €3¢ suspected OF proven not to
have died m:unmncous\y have been excluded ¢ table shows that
some degree of fat embolism, dassified o the basis of & simple gradings
was present i alarge POl srtion of these cascs Without cnns\dcrab\e ane
alysss, 108 lmpossxb\e to deade whether thus 183 wpormal” finding: KRUCKE

(1945) od that onY few heatt ats art ry to rodu
(at embols d 1t i bable that many of the Jeaths Wete not truly
msmmanmus.

1t is, howeser? dlear from e results that at attempt 10 allocate an uo
up\am:d awrcralt crash to decomprm\on shock, using the presence of Grad
2 pulmonary, st embolis™ asd ngmficant factor it the d1agnoss would t
open 10 considerab\: errot.
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Table HLmIrcxdence of Pulmonary Fat Embolism in immediate deaths due o mudtyple infurses

from fat embohsm

Grade 0 No fat embol: scen n 5339,
Grade 1 Emboli found after some searching 12 36 4%
Grade 2 Embol1 easily found - 9 27:3%
Grade 3 Embolt present 1n large numbers 1 30%
Grade 4 Embolt equivalent m concentratien to death 0 J 0

Concrusion

To regard the general tenor of this paper as iconoclastic would be a gross
misiterpretation It is firmly believed that the pathologist has a most
important role to play in the i ion of aircraft accid I is niot for
one moment denied that there are a large number of pathological conditions,
demonstratable only by autopsy examination, which might arise in a piotin
flight and precipitate an aircraft accident.

Awaation pathology 15, however, in its infancy and the effect of aviation on

general human pathology is not yet fully understood, OF even greater im-
N . N . I o I e A Ve

our prcgent state of knowledge, caution is necessary before ascribug 41
unexplained accident to human pathology. The sole purpose of this papes
has been to present some problems which have arisen in personal practic®
in this field,

SOMMAIRE

. foots

Lun des moyens les plus 1mp qui opathols
daider & fure la lumiére gu suset d’un accident adrien snexpligué est la mise en
vidence de certanes lsions frappant Uaviateur d'incapacité. La présente communi-
cation expose briévement trows étals pathologiques connidérds comme élant en

rapport avec le théme du symposium,

Maladie coronarienne des jeunes adultes 5
On Sest récemment intéréssé de plus en plus & la maladie coronarienne commne
R o VP adn ot Oall ot wantartd 45D aulopsits

. . . - eafe
. + voduire
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Dans ces toutes derniéres années, Uattentron @ é¢ concentrée, surtout par Exos
1t Coll. sur la friguemse pasticuliire d*une maladie coronariznns démonirée par
Pautopsie d'hommes jeunes ehey lesquels vien, pendant leur tie, ne pouvaif farre
penser & ure telle qffection. Des signes analogues ont BE constatls cheg de jeunes
aviateurs tués acodentellement; newf cas sur trenle non lrids présentaient des
modifications de la awculation coronanienne suffisamment marquées pour fatre
benser quelles ond 8 cause de (a mort ou d'une wncapacité, par conséquent cause
darcident.

L'instorre 1 vapportle de qualre des scodents qus sont tout-d-fait caracté-
vistiques pay ailenrs, permet d*liminer cette doentualstd,

En rarson de ces constatations, s'ajoutant & d’autres, Iauteur est d'avis quune
grande prudence s'tmpose avant d’altribuer un acadent inexpliqué d une maladie
coronanenns di pilote.

Perforation d'ulcére peplique

Llexposition continue qux stress que subtssent les pulotes en service aetif les
prédispose & Culcére prptrque qur, sl est latent, peut aboutsr & la perforation
en vol. Un cas de cetle sort est décont, maus Ie prlote put atiernr sans dommage et
Jub sguré par une miervention chirurgicale.

Dans un accident mortel ricent, 1l y avart des antéoédents caragiéristiques d'ulcdre
peplague et Pov trouva & aulopsis une vaste pevie de substante d Destomac, Mais
Cautopsie compiite, awnsi que ("hustoire de Cacadent, montrérent qutl S'agessast
non pas d'une b vraze, mas d’une 7 du termnal,

L'attantron est attirde ¢z encore sur la nécessité d*étre prudent dans Pinterpre-
taton des lsions gastngues quand [a mors n'est survenue qu'un certmn femps
oprds Paccident.

Mal de décompression

L . P A
devrask empicher la formation &"embolies gravsseuses des organes d*un systime.

On admet que Je foramen ovale manfeste de ype valvalare est chose trop
commune pour avotr une valeur diagnostque.

Afin d'tablr fa sgmfication dun degrd modéré d'embolisme grarssene
pubmonaire chez les yeumes adultes dien portants, on @ examund les poumons de
33 suyets monts d'accrdent o8 tnés de fagon & exclure tous ceux ol Uon avait une
raison de penser que la mort n'avait pas &té immédiate. Dans environ 30 pour eent
de cex cas, on a trouré facilement ces embolies gravsseuses.

ILse peut que toutes ces morts Watent pas é1é absolument \mmidiates, mais es
ehiffres montrent qu'sl serant extrimement a.emtusé de prétendre attmbuer un
accrdent @ wn choo de ddcompression cheg e pelate sur la seule constatation & un
degrd modérd d'emboties grawseuses pulmonaires.

Conclusion
Baen que Les opimons exprimées ci-dessus appararssent quelque pou négatives, ol
ne faut pas en déduire que cela thmmgne d'un manque de vonndération pour
Timpe e du v8le de I hologiste dans les enquiles sur les accidents
8t
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wdfomn N e ndepde 4 fdn m Yy gntan 3,

simplement quelques points particulrers des dgﬁmlt:': sencontrées dans la pratique
prrsonnelle de Pauteur.
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THE POST HOC DIAGNOSIS OF LOSS OF USEFUL
CONSCIOUSNESS IN THE AIR

W. R. Frangs
Instutute of Aviation Medicine, 1107 Avenue Road, Toronto, Canada

Iv a previous communication! we discussed some of the physiological and
morbud circumstances wluch can affect “normal® aircrew in the air, and
which may summate to produce varying interference with useful conscious-
ness. We wish today to review briefly the problems presented by the post
hoc diagnosis of such a state with its sequelae,

The maintamed operation of an aircraft may demand a considerable

of mental The inan machine is iall
inssstent in 1ts requi , and even y lapses on the part of the
operator can set in motion a chain of events which may prove consequential.
In contrast to the potential requisites of flight, the normal flow of conscious-
ness 15 not continuous and may vary from moment to moment, Cerebral
functioning with its active moments of productive “systole”, has as well
periods of inattentive “diastole” which probably play a useful anabohc
role,

By some quirk of nature, 1t so happens that the brain despite jts capital
role, has been d d physiologically with a mini of reserve as com-
pared with other tissues. This may be an inherent limitation consequent
on jts large metabolic requirement. The brain is highly dependent for its

d d fi i the mai deq blood flow,
ue but substrate as well, Brain tissue hay

g an
not only to bring oxygen to the tiss
a very poor “‘oxygen credit”,

T}?; il:\ttgrated demands of flight on the operator are well indicated by the
fength of time requrred to tram normal personnel to master the art. Probably
no mechanical device is equally as demanding. When this is coupled with
the fact that the nature of the occupation in many instances imposes con;
ditions which are particularly embarrassing to the normal maintenanct o
flow of substrates to the brain, it is not surprismg that at times these condtions
may be limiung. Nature is apt not to forgive a momentary loss of conscious®
ness under such circumstances. {

Specifically, the factors we are concerned with include hypoxa, “““5“‘[

! i of posture, ahnormal environmentd

forced . P
temperature, actite vertigo, pressure breathing, decompression, poss! fz'
of hyperventilation or hypogl ja—the pause that refreshes in the au

1s difficult to effect. Carbon monoxide and other noxious gases m\ls('ﬂ
d. Sudden overwhelming psychic d ds may ent Z
paralyzing. In addition, the day to day requirement for mam\mnmgn_
p iling the disciplined and coordinated eﬂ"or} of many ln
dividuals may find the particular human faced with operating u}lgfr ("3’
one of many pertinent but common vicissitudes which can be prejudica
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his welfare. These include alcoholic hangover, head cold, influenza,

must be considered.

Failure to mamtain the perquisite conscrousness 1s zlways apt to be a
serious event 1 the air, The individual may recover in tume to regain control
of the awrcraft, or an alternative member of aircrew may retrieve the situation,
‘Too often 1t may rapidly allow the aircraft to assume an impossible condition
of fight with an mevitably fatal result Both types of sequelae present them-
selves for our solution,

Just as the bran 1s tmewse immediately dependent on its normal physio-
logical supply, so also 1ts powers to recover are rapid and relatively pro-
found Failure of consciousness such as in a famnt, can be recovered from
rapidly, leaving few clues to enable a diagnosis to be made. Nevertheless
there may be certam physiological or biochemucal “scars” which persist
- ORI g - © Mede v lwalaill .

In essence, our problem presents two phases for diagnosis, namely, (I}
Was there actual loss of useful consciousness on the part of the operating
personnel? (II) What were the factors causing this state of affairs? The
former may be 1mportant on account of 1ts mmplication of fitness of the
induwvidual to fly, the latter, 1n regard to adequacy of trainung or equipment.

Limting oursclves to conditions where loss of useful conscrousness follows
from interference with normal substrate flow to the brain, two mamn con-
ditions anse, namely (a) Inadequacy of one or all substrates i the blood,
such as are met with in hypoxtc hypoxia, carbon monoxide poisomung, or
hypoglycacmia (5) Inadequacy of delvery of substrates, . of blood flow.

-
tion, such as in vasovagal syncope
In conditions which do not prove fatal, recovery from these vascular
changes 1s apt to be relatively complete by the tume the aircrew are avallable
for cxamination. We are dependent, therefore, more on the associated
sequelae to make the diagnosss. Where, however, events prove fatal, the
abrupl arrest of cm:ul;\tmn 13 liable to mamtain the status guo enabling
tobe In this event the measurement of
the amount of h Jobin or its b products d with the
parenchyma of the tissues should yield valued mformanon Such arteriolar
and capillary blood supply 1s not only significantly variable in amount
physiologically, but 1s relatively tmmune from artefacts resulting from the
high aceelerations imposed by the terminal impact. With modern methods
satisfactory determunation can be made on relatively small amounts of tissue,
Ctr(:unly amounts which are apt to be recovered in ¢ven the most violent
Various methods are available
or can be suitably modified, m:ludmg bmchemxcnl or spectroscopic :mn!)m
of extracts of tissue
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hfstocoloﬂnmetry, or even capillary counts as measurements of patency or
dilation.- 3

Quantitative post-mortem measurements of the degree of blanching or
cngqrg:x:xcnt occurring in the various tissues should yield pertinent diag-
nostic 1n . The same individual can be made to serve as his own

This can be indicated by a decreased ratio of the relative amount of haemo-
globin 1n brain to that in skeletal muscles. A somewhat similar condition
may be encountered in positive acceleration,?0 but a body gradient in the
muscle findings serves to differentiate this state from others associated with 2
gcn:'x:alizcd mcrease in muscle blood content, such as occurs n hyper-

. - e v ot s

1

Hypoxic hypoxia, on the other hand, produces blood shifts which differ
from erther of these. There 15 usually a vasodilation in the brain with conse-
quently increased haemoglobin 1n the tissue. Conversely, there is an attempt
to conserve the i peripherally so that iction in the
muscles ensues Muscles of the leg, therefore, would contain less haemoglobia,
and the brain to muscle ratio would be increased. Carbon dioxide poisoning

leads to an even greater degree of ot ion 1 brain. C 1y, breath-

S S T eeobant wemanammeteintion®!
v . 5

" . hysio-

logically vaniable, There is sp hnic tissue fated with

vertigo and vasovagal syncope, but the reverse is true in hypoxia, syncope
from primary heart failure, or possibly acceleration,

The degree of blanching of the skin may similarly be measured post-
. - A . - TP ez haetan fo menqlly 28500+

2e skin.

- . enceof
ARPEY~

£ more

its hor-

tes after

- f . .

than a few seconds, the posterior pitmtary is stimulated, secreting
mone and causes pallor of the skin which persists for many munul
syncope of various types. This pallor 1s generalized. Acceleration may show
a gradient 1n skin haemoglobin concentration as with the musc]'cs of v;m;u!
parts of the body, or conversely, a marked increase associated with the suflt
sion which occurs after the acceleration has passed off. Findings must alwa;
be interpreted n the light of the flight history.

R i .

—mrtarn micro-gxamination
o ' rasoconstrictio

» disintegratio
reliabulity of the result
1, the farther the tiss¢
from termind

or .

immediately post mortem actually increases the

Furthermore, at the crash site, other things being equal

is found from the site of impact, the less the interference
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acceleratron is liable to be, the force developed being inversely proportional
to the distance over which the deceleration 15 spread.

When there is actual loss of consciousness there 1s usually associated a
loss of muscle tone resulting 1n fatlure to mamtain an erect posture. If the
head is already hanging forward at the ume of impact, the hne of fracture
of the helmet or shull may be detcrmined thereby. If on the other hand the
ndwidual 1s seated erect, there would be a greater likelihood of a more fore

e e S A Cae he o

15105 to be elicited, the situation being determmined by the tonus of the muscles
already mn exsstence at the time of impact Other systems mught be mvesti-
gated 1n the hight of similar considerations

In addition to the shifts 1n the distribation of blood elements assocrated
with varous factors plaving a role m interference with consciousness during
flight, other metabolic shifts may be considered

As an example, we have had some success 1 developing a method for

A e L+ ot o b e matinn AF ¢ a8 var

therefore, are able to manifest themselves, It 1s well known that as a defence
aganst hypowa the body tends to contract itself 1wto a heart-lung-brain
orgamsm while at the same time other tissues provide metabolic substrates
which act to mamtan these essentials, Bram normally metabolizes glucose
from the blood stream to carbon dioxide and water, but in Lieu of oxygen, 1t
exhibits a well developed ability to obtain energy by glycolysis In the bran
the end product of the latter change is lactic acad, During hypowa there 1s a
mobilization of substrates from vartous sources which are brought to the
brain and which can undergo this anowic breakdown When, therefore, we
measure the total lactic acid concentration 1n the bram tissue post mortem,
that 1s the preformed and that formed from ewisting substrate after death,

altitude, drowning, acute ocdema of lung, or prmary respiratory fadure.
Hypen entilation, posstbly due to the reduced blood flow locally to bram,
does not apparently miterfere with the test, nor does carbon monovude
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mto the tissues. Vertigo likewise is generally associated with increased
salivation. This may be evid d by buccal H and the parotid
cells examined by periodic acid staining for lysis of granules adjacent to the
lumen of the duct,

In hyperventilation the post-mortem onset of ngor is rapid. There may
be indications of carpopedal spasm deduced from evidence indicating the
relative attitude of the fingers at the tume of impact.

Evidence of the patency of the foramen ovale should always be noted 1n

with bolism. Similarly, incapacitating cerebral embolsm

may be mitiated in the caput and superior sinuses of the bram from a com-

bmation of positive acceleration and decompression. Frxation under reduced
e . K P s 10

of a compensatory vasodilatation, which lasts for an hour or more.

Carbon de p g can be d ined post mortem by the
exammnation of various tissues accordmg to the method of CLARK ¢f ol

There 15 at least experimental evid that an itial myocard
may be localized by hypoxia during intercurrent (virus) infectrons 4

In the fortuitous circumstance where the loss of useful consciousness does
not prove fatal, a rare opportunity for diagnosis presents itself. While the
physician seldom can be present to observe the attack first hand, much ean
be gained from a close history, particularly if the aircrew have been previous-
Iy briefed on the possible limitations and behaviour of the normal human
body under such circumstances 3

R ing that medical ination will usually have to be post fot,

particular attention should be directed towards those findings which !c.rsld I:
give an grated result thus indicati diate past p:rformancc; ‘:;e
o

conditions are met by various secretions of the body. In .avildlﬁor:

asuse

ased
ctic

The urme collected 1n the bladder provides a valuable integrateu uic.
of the occurrence of hyperventilation. Acapnia results in a prompt m;rlc
secretion of base coupled with a reduced secretion of ammonia. Blood 12
acid 1s apt to be increased. . o

Ketosis and ketonuria m the presence of an alkalosis is practically pﬂ'chC

of hyper it under our conditions. There is howc;/cﬁr ;}»g
fe i
for more information as to the rapidity of development of this usefid! &2
under conditions as met 1 flight. ) "

Smrra of Farnborough has found some interesting changes assocgatcdwvi’:m
hypoxia m urinary substances eluted after charcoal adsorption e

ined ch hically. Loss of p ization at altitude 15 fial P
to give rise to varying degrees of dehydration “f“h consequent i:;:cg::\hn
specific gravity, During hypuglycacmi'a a f urmnary no!

SR . R AT

diminution of
Tomn Tamers remnrted.S
1114 yhereas

’ “ 's the rzverhst
. by the
effect.?- 13 The control of water secretion in the urine is muuenced by
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secretion of antidiuretic hormonc from the postcnor pitwtary Due to the
ume relationship involved, this p ly warrants attention,
since actvity of the hormone can be detected for some hours after its elabora-
tion The volume, rogen ton concentration, and specific gravity of the
urine voided ymmediately at the time of mitial examination should be
noted and a test for 1 actwity i d diately.? Useful
nformation can be gained by plotting the curve of unnary volume collected
at half-hourly intervals for the ensumg 4 hr after ingestion of suitable
amounts of water as shown by the results of BRUN ef al 191n Fig, 5, and.J2 A

Ca

HUH% IEEEEEEES

l
e,
AN

¥ 00 ML 40 WGESTED EVERY DwmuTES

Fig 5 Lxperment showwing aliguraa and hemoconcentration ofter a brf syneope (after Bru, Knvosen
and RAascrou® °, 1946)

following periods of anowa or hyperventilation per se with or wnhout acap-
nat¥ Negative ! or positive 1 when p d with a
G swit may produce similar effects.

It must be realized, however, that antidiretic hormone secretion 15 not
pathognomonic of any of the above conditions, but can occur following
psychic trauma, etc.3 Howevet, 1t 1s a constant finding associated with
syncope

LRty e e - .
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into the tissues Vertigo likewise is generally associated with increased
salivation. This may be evidenced by buccal examination, and the parotid
cells examined by periodic acid staining for lysis of granules adjacent to the
lumen of the duct.

In hyperventilation the post-mortem onset of rigor is rapid There may
be mdications of carpopedal spasm deduced from evidence indicaung the
relative attitude of the fingers at the time of jmpact.

Evidence of the patency of the foramen ovale should always be noted in

jon with aeroembol Similarly, i itating cerebral embobsm
may be initiated 1 the caput and superior sinuses of the brain from a com-
bination of positive acceleration and decompression. Fixation under reduced
pressure 1s useful to bring out an otherwise occult aeroembolism.1?

Of nterest m this connection 13 the recent finding of Dusr «f a2 that
artenal acroembolism results 1n an srcreased blood flow presumably by way
of a compensatory vasodhlatation, which lasts for an hour or more.

Carbon monoude poisoning can be determined post mortem by the
examnation of various tissues according to the method of CLARK ¢t ol

There 1s at least experimental evidence that an interstitial myocarditis
may be locaiized by hypotia duning infercurrent (virus) infections.®

In the fortutous circumstance where the Joss of useful consciousness does
not prove fatal, a rare opportunity for diagnosis presents itself. While the
physician seldom can be present to observe the attack first hand, much can
be gained from a close history, particularly if the aircrew have been previous-
ly briefed on the possible Jimitauons and behaviour of the normal human
body under such circumstances.

R ing that medical ion will usually have to !lc post oty
particular attention should be directed towards those findings which tend (;
gwveani d result thus indicating § jate past per v Sul
conditions are met by various secretions of the body. In addition to lf\t
urine, these include sweat, salwva, lachrymal, nasopharyngeal, bronchogenic,
and gastric secretions which can readify be examined and whose character
varies according to circumstance.

‘The urine collected in the bladder provides a valuable int:grated. mc:lsur;
of the accurrence of hypersentilation. Acapnia results in a prompt increaset
secrenon of base coupled with a reduced secretion of ammonia. Blood factic
acd is apt to be increased,

Ketosis and ketonuria in the presence of an alkalo:

ioe

sis is practically patho-
There is however nee

of hyper ) under our 3
for more information as to the rapidity of development of this usefid finding
under conditions as met in flight. iated with

Sarr of Farnborough has found some interesting changes asso0 hen

hypoxia in urinary substances eluted after charcoal adsorption ¥ e

ined ck hically, Loss of ization at alttude is ha e

i . i

to give nise to varying degrees of dehydration with consequent chzntg:;hn
speaific gravity, During hypoglycaemia a dimaution of urx;zary noradrt
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effect.3+ 13 The control of water secretion in the urine is influenced by the
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skin surface, from skin washings, or from extractions of clothing m contact
with the skin., There is evidence that apocrine secretion is adrenergic in
response, 1n contrast to eccrine ing which is predominantly cholinergi
This difference should prove useful. Apocrine sweat may be easily demon-
strated due to 1ts fluorescence under ultraviolet light (in the axilla, for
example). Eccrine sweating due to emotional strain is more liable to occur
in the palmar and plantar areas that is heat invoked sweating. In stress
situations the sodm to potassium relationship is modified in the sweat,
reflecting the electrolyte dysbalance in the blood.

Objective evidence for alcoholic hangover may also be obtained from skin
response. KuNo® reported that the critical sudoriferous environmental

dropped signifi ly on the day foll g a drinking bout

There is evid which indicated that adrenergic states can iaterfere
with the action of antidiuretic 13 IF this is suspected, evidence of
apocrine (adrenergic) sweating should assist in the mterpretation of the
findings,

Gastric secrettons can be influenced by many factors related to our
problems. Anger, resentment or anxiety may lead to vagotonic response
with increased acidity, peptic activity and gastric motility.1s Simularly, in
hypoglycaemma there is increased hydrochloric acid and pepsin secretion

Proof of this condition is ind d by a localized hyp ia of the mucous
limng. Conversely, fear or depression may produce the reverse effect both
with reduced acid and peptic i jated with blanching of the

mucosa. The vasomotor changes are usually similar to the flushing or pallor
of the face. As pointed out by PoweLy,10 anger or resentment was a common
prodromal finding associated with our sgrics of established loss of conscious-
ness in the arr. i '
Increased serous nasal ion is the rule jated with

of the nasal mucous membrane 1n the presence of extreme cold, such as can
oceur from loss of coupe top at altitude. Nasal drip into the mask can be
quite eml ing under the ci and leaves it mark In the las;
patt of his paper (not published here) the author emphasizes the urgclnc)’ ol
prompt material observation when the episode has not proved fatal
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LE VETEMENT PRESSURISE FRANCAIS

R. Granoperereg, R, Mounnicn et J. Couw
Centre o ctde de Médecne Parss, France

INTRODUCTION

Un des problemes les plus aigus que posent les avions modernes actuels est

celut de la protection de leur équipage contre les effets de Pabaissement

idérable de la pression existant 3 Paltitude quiils sont

bles d’atteindre. De pes frangais peuvent, dores

et déja, dépasser largement 15,000 m ct seule I'absence d'un équipement

de secours approprié avait empéché les essais de ces appareils 4 trés haute
alutude

Les cabines étanches permettent de maintenr une presston pour laquelle
la protection contre Panoxémue peut étre aisément assurée avec les inhala-
teurs d’oxygéne actuels Mass alors, en haute altitude, aviateur est exposé
a un danger grave en cas de perte de pressurisation plus ou moins brusque
en raison des presstons extrémement réduites qui existent & l'exténieur de la
cabne.

L des a permet de réaliser une pro-
tection valable jusqu’a 15,000 m, mais pour des temps extrémement courts
4 cetee alutude

La surpression d’oxygéne délivrée par ces régulateurs a di en effet, étre
lm'utcc aux environs d: 30 mm Hg pour des raisons mécamqucs et surtout

I est i ble d’éhmimner )! les furtes au miveau
da masque dés que Pon atteint des surpressions de l'ordre de 20 mm Hg.
En ce qu concerne les troubles phystologiques, 1l ne peut &tre questton ict
que de les résumer, mais 1ls sont importants & connaitre, car c'est de leur
étude au’est dénvé le vétement pressunsé.

Rarrer PHYSIOLOGIQUE

Une surpression d’oxygéne supéricure 3 30 mm Hyg, exercée sur le systéme
respiratoire A l'aide d’un masque couvrant la bouche et le nez, fait naitre
rapidement des douleurs au niveau des yeux et des oreilles, Ces douleurs
disparaissent lorsque la surpression est réalisée non plus seulement au nivean
des voies respiratomres, mais ausst sur la région céphalique tout entiére.
On peut réahiser Cette surpression gréce 4 un casque étanche englobant toute
le téte.

Mais, méme lorsqu'un casque adequat est mxs en oeuvre, 1l reste & lutter
contre les effets de la surpression sur les poumons et la cage thoracique d’une
part, sur le reste du corps d’autre part En effet une premiére question se
pose, c’est de savoir A quelle surpression peuvent résister les pournons sans
rupture, Des expériences réalisées sur 'animal ont permus de constater que
les poumons se déchirent entre 40 ct 60 mm Hg de surpression i 1a cage
thoracique n'est pas protégée. Par contre, si on maintient fermement celle-ci
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par un moyen de contention tel que des bandes inélastiques ou un gilet
preumatique, des pressions allant jusqu'a 170 mm Hg sont supportées sans
1ésions,

Une contre pression excellente peut étre réalisée chez Phomme par un
R N Vo L T S R
Ferkn angl::\is) une respiration en surpression €levée est relativement aisée,

Les expéniences menées chez I'homme ont montré qu'avec un casque
pressurisé et un gilet pneumatique ne recouvrant que Ia cage thoracique, la
resprration en surpression n’était tolérable que pendant 20 4 30 min &

us longs et

t. K L TADGER ont

montré que sur 50 sujets, 45 pouvaient résister sans perdre connaissance &

une surpression de 78 mm Hg pendant 7 min 30 sec. Mais pour des surpres-

sions supérieures la perte de connaissance survient de plus en plus rapide-
ment au fur et & mesure que la pression augmente,

De nombreux auteurs se sont attachés a rechercher le mécanisme de ces
troubles. Ce sont, en particulier. Baracn, Fenx, Otis, Rann, CHAbwick,
Henry, ERNSTING et, en France, GRANDPIERRE et VIOLETTE; ces auteurs ont
mis en évidence I'mportance des troubles crrculatoires qui peuvent aboutir
& la perte de canscience.

L?élévation de la pression ntra-pul proveque une €&l dela
pression vemeuse centrale qui devient supérieure A la pression veineuse
périphérique La lation veineuse en p des bres s’arréte

mule alors dans les

omta  An hant dhum

alors que le sang continue 3 y affluer. Celui-ci s"accu
.o [ARNEAPIONQP

ou cet état d’équilibre est atteint, il s’est produit un veritabie swkage ue
sang dabs les vaseaux des membres, La quantité de sang ainsi stockée dans
les membres a pu étre mesurée expéri )| par pl phit
C’est amnsi que pour une surpression de 60 mm Hg, et avec une conire
pression réalisée sur le tronc tout entier, le sang accumulé dans les membres
représente approximativement 260 cmd. A cette perte de sang par stockage
s’ajoute une perte de plasma par filtration 4 travers les paross des capillaires,
cette furte hiquidienne a hieu sous I'effet de élévation de Ja pression hydro-
statique. Elle a pu étre chiffrée par plétysmographie, mesure du volume du
sang circulant et par ’hématocrite; dans le cas d’une surpresston de 60 mm
de Hg cette filtration attemnt 68 cm? par minute. Un calcul simple montrerait
que dans ce cas, les volume sanguin total perdu pour le arrculation serait de
500 cm® au bout de 3-5 min.
A ces troubles, 1l faut encore ajouter une baisse corréfative de la pression
. et - ¢levation de la

. ut améliorer Ia

tolérance 2 la respiration en surpression élevee 1t es ueLLsare d'empécher
les troubles de la circulation dans les membres Une solution simple consiste
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nembres supéricurs et les picds, 11 est alors possible de résister
ms d’oxygeéne nécessarres pour atterndre 'altitude de 20,000 m,
: de tolérance demeure court et ne peut guere dépasser 1 min
le.

.Ja plus satisfaisante consiste & exercer une contrepression sur
entier. Cette contre-pression est réalisée par la combinaison

d'Feudes de Brologie Aéronautque avait mis & Iétude en
une combinaison pressurisée basée sur le principe utilisé par
b Lavpost (levier pneumatique) pour sa réalisation de la
ami-G dénommée PLS C'est ¢galement le systéme employé
pour la pressunsée
3 dcs résultats trés encourageants avatent €1€ abtenus L'étude
des questions de créduts fut reprise en Novembre 1954, et en
1a premiére montée & 20,000 m fut réalisée au caisson dans des
tisfasantes. Depuis de nombreux essais ont été faits et I'en-
sensiblement améhoré,

6N SUCCINCGTE DU VETEMENT PREsSURISE FRANGAILS
pressurisé s¢ compose de trois éléments pnncipaux

ement de corps {combinason pressunsée)

ement de téte (casque pressurisé)

ement pneumatique (régulateurs).

corps

laison pressurisée s¢ présente comme un vétement étroitement

zorps. Elle est fabriquée dans un tissu nylon-coton trds résistant

orosité assure une ventlation suffisante

rettre de Penfiler facik des éclarr sont disp

€3, les avant-bras, le dos, les mollets

sture éclair disposée transversalement sur "abdomen, permet de

Plis qui se forment mnévitablement cn position assise lorsqu'elle

a position debout est plus confortable

es disposés le long des membres et de chaque coté du tronc

m préas de la A son util

de tissu cacutchouté courent le long des bras, des jambes et de
du dos. Ces tubes sont rehiés au tissu de la combinatson par des

s croisés. Lorsque I'on gonfle les tubes, ceux-ct tirent sur les

xercent 4 leur tour upe traction sur i¢ tissu de la combimnaison,

st une contre-pression mécamque sur tout le corps (sauf la téte,

les pieds)

la pression soit umiforme la section des tubes est en rapport

>n du corps dante, Aprés essais de d formules,

retenu les rapports de section tels que le rapport des pressions

es et la pression exercée par la combimaison sur Je corps soit en
1/4. Cependant, le rapport entre la scction des tubes et la

irps ne suit pas une loi smple, en rasson de Pinégalité de ! élasticité
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R. GRANDPIERRE, R. MUNNICH ET J. COLIN

{IV} d'une visitre en mandre plasiique s'adaptant 4 Varmature métal-
lique et sur laquelle se trouvent
~Tarrivée d’oxygéne
—une soupape inspiratoire
—une soupape expiratoire compensée
(V) d'un ble micro-é T une haison radio-
téléphonique normale.
(VI) d'un casque anti-choc s'adaptant & Farmature métallique par des
t solid rehé 2 la ison par un systéme de cables
en acier et de roulettes, Ce systéme est ire pour éviter le d.
svers le haut de "ensemble de téte sous effet des fortes surpressions d’oxygéne.
Le tube d'arnivée d’oxygéne au masque est termné par un embout dis-
connect normal qui vient s mettre en place sur un bloc de trois ou quatre
voies Les trors autres embouts de ce bloc correspondent
—a 'arnivée d’oxygéne du régulateur de bord,
—a Parmivée d’oxygéne du régulateur de secours,
—au départ de I'ovygéne vers les vessies inguno-abdominales et éven-
un gilet
Cet équipement ayant révéte quclqucs défauts importants espace mort
trop umportant, 1mpossibilité d'enlever la visitre au-dessous de 3000 m,
vistbilité latérale pratiquement nulle lorsque [a pression & U'mtérieur dépasse
50 mm Hg, 1l a été décidé¢ de réaliser un autre équipement de téte obviant
2 ces défauts Le nouveau casque, dont 'expérimentation a commencé, est
caracténsé par la présence d’une vistére pivotant sur Ja parue supérieure
du casque et d'un masque permettant au pdote de garder la visiére levée
tant que son alt:itude de vol ne dépasse pas 12,000 m.

Equipement pneumatique

Pour que P'équipement donne au pilote l¢ maximum de confort, 1l est
absolument indispensable que 1a pression dans le masque et la pression sur
le corps solent égales. 11 a donc paru intéressant de réguler ces deux pressions
par le métne organe de fagon 4 obterur un synchrenisme parfait Cet organe
est désigné “relas pneumatique®

Relas prewmatique (Fig. 2 A)
Un détendrur altyméingue—gonfie les bourrelets & la pression convenable
et, & leur tour, les bourrelets réglent la pression des régulateurs d’oxygéne.
Une ralve altiméirigue—mettant les bourrelets & Pair Libre du sol A Paltitude
11,700 m, pomnt de départ de la courbe du régmme de surpression.
Un détendeur 6 HPz—pour ahmentation de régulateur de bord
Le relais comporte également

—un raccord pour prise de presston 150 HPz destiné 4 alimenter Je
manometre de contréle des presstons bouteilles,

—un raccord pour prise de pression 6 HPz pour alimentation de régula«
teur de bord,

—un raccord pour réglage de Ia surpression du régulateur de bord,

—un raccord pour ahmentation des bourrelets,

—une soupape de sfireté,

201



LE VETEMENT Pmassumsé FRANGATS

sowpane 9

srete

paendes’
Jaie BOHIRS A

e
AN \ = manve'le

Les




R. GRANDPIERRE, R, MUNNIGH ET J, COLIN

Riguluteur de Bord type 218 (Voir Fig 3 B)

Coest un régulateur Bendix D-2 modifié de fagon & lui permettre de
réaliser les nouvelles courbes de surpression, Snm entrer dam le détail des
modifications qui sonit assez comp nous i que fa
pression des boudins vient agir sur une membrane de section 5, Ccnc mem-
hrane réagit 4 son tour sur la membrane respiratoire §.

Pression bourrelets

.5
On duit avoir. = =
¢ Pression matque

Le rémme surpression n'entre en action qu'a Ialuiude 11,700. Da so), 2
cette altitude, le régulateur fonctionne exactement comme un appareil non
modifi€

~s

Bengs 02/

Fig 3. B-Rigulateur Yergre type 218,

Régulstenr de secours Vergne ipe 241 (Voir Frg. 4)

Ce régulateur fat partie de U'équipement wdividuel du pilote. 11 est
monté sur une bouteille d'oxygene de 0-8001 Clest unapparet 4 fa demande,
débstant de 'oxygéne pur 4 [a surpression demandée,
1t comporte-—

{ manométre indiquant Ja pression de la boutedlle,

1 détendeur,

1 raccord de chargement équipé d'un clapet anti-retour,

Powis 6e commance du robines

as te rasan |
“rs tek pourreiety e

s coupute  we
hase pression

PR / [—
:

Fig 4 C—Rigulatrur Vergne type 281,
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une membrane de réduction venant agir aurl 2 e embrane ¥ piv ratoirc.
Accessowres (Vorr Fig. 5% L‘équ‘xpemcm pncumm':quc est comp\été par trois
2cCesSOEs*

comportantt

ord 3 4 vOres monté sut les canahsat\ons respnatuucs,

ahd
—une som: vers e masqués
—une s rtie vers 1€ 1! gu\atcut 241,
e ion, V! régu\ateu r de bord,
inale.

jec! €.
ord & coupure hame -pression ortant dews clapets anti-Te”
s1Rge é)ccmb\e.

ers 1o ot

e 1 one T 20t

@

/efs e raccord o

=2
iy
L

Yers ¢ m\a\ A
(FY

‘Jm \es bowTee®

vers 1€ réguste’
psstont pourrelets

Fig 8 D—Rmmmm,ycwpw basse press™

(con-cpondam Y

Famlwnnmm . -

m ression cabine et supérieur® 3 151 ™% g

paititude 11, '100 m, )

aL: ol st ™ —) yalve auton atique durclai® estouverts X:esb;)‘ o

sont en €O scation aVE° cla b nc 1OV 2 pas de curpressio™ pil
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R. GRANDFIERRE, R. MUNNICH ET J, COLIN

est altmenté par le régulateur de Bord Vergne 218. Le rabinet du régulateur
de secours Vergne 241 est fermé.
{IT) La pression cabine devient inférieure & 151 mm Hg.

Vol avec surpression—premier cas. La valve automatique du relar s'est
fermée 4 151 mm Hg. Le détendeur altimétrique se met en marche, la
pression monte dans les b lets & une valeur pondant A fa pression
cabine et agit sur fa it iratoire des ! 218 et 241, Ce
dernier ne débite pas, le robet de bouteille dtant towours fermé. Far
contre, le 218 débite en régime surpression.

deuxiéme cas. Le régulateur 218 ne fonctionne plus, Le pilote actionne la
commande manuelle d’ouverture du régulateur 241 et ferme le robinet
d'arnvée d'oxygine du rég 218, Le relai 7 ique continue 3
débiter sous pression dans les bourrelets et cette pression réagit sur la
b p ire da gul 281, Le clapet anti-retour de Ja
coupure “E” s¢ ferme et le pilate est alimenté en régime surpression par le
régulateur 241,

Manomiiee TS0 WP Edupement O tite

Boureins

Poche_mgunaie
el
Commanse  manaeie

e rdgusen 204

\c:mm. J—
o réguiateur 261

Fig § Schéma d'matallanon, Pour une snstallatior i) faut
3 manomdtre 150 HPz

o?

1 régutatenr Vergne 420
Draseord & roues.
£ aoupure pussage 18 @ self obturanion
F—-1 Compure passage 8 A self obturation,
1 dquipement de téte, § equipement de corpr

Ejrchion
Le pote est obligé d'abandonner avion Au moment de I'éection, le
sitge se hibére de son support Le cable d'ouverture du régulateur 241 qui
est fixé au support agit sur la poube du robmet et le régulateur de secours
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¢ 11 Flight clothing

1 MB-5 Helmet 2 Face pucre heater lead 3 Vent-MD-1 Anti-exposure sut 4 XMG-1

Integrated harvess 5 Geswat lead 6 Vent suit lead 1 Helmel tie-douns 8 M.1-2 Underorm
preservers 9 Ovygen pressure hose leads

| TODAYS MAN WITH Touoie;zows ‘rAsx.n "

Fig 12 Today's man with tomerrow’s task
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Overwater and overland flights required the need for survival gear—A-1
luts for land and C-2A raft kuts for sea.

Like the knight of old, we have continued to load the man to meet his
enemy, however, unlike the knight of old, the increased weight of our
armour 15 not to meet a tangible, living enemy, but to cope with nature, an
enemy with many untold weapons.

As n past phases of armour development, we have agamn approached the
upward clmb of the curve or cycle which contmues to repeat itself in the
evolution of weapous. Like the kmght of old, development of armour in the
Arr Force has gone through a period from maximum mobility to limited
mobility. This point is especially true as a result of our present progress in
the field of aircraft development. The capabilittes of our present aiwrcraft
have forced us now to require more body armour in our battle with nature,
The desire to conserve life and to reduce the chances of injury stll persist in
our attempt to cope with superior weapons Flights to extreme alutudes
require us to wear counter pressure swits and helmets aganst the ranfied
atmosphere. The ranges of awccraft have required us to wear what 1s now
known as global armour—so as to protect us, 1 addition, to altitude, from
e.g cold, water and to provide essentials for any terrain,

It s true that modern-day areraft have facilsties that may well reduce the

number of items used—for aircraft have cabin pressure systems—air con-
A% e bl e eas? 3 a1 - S e

escape from jus mobile, damaged armour.

The Figs show an airman dressing step for step 1n his personal protective
armour for today’s global flight.

Fig 1. An airman with his basic garment—the integrated G and partial
pressure altitude suit. The leads on the right are capstans and the one on the
left 15 “g” smit.

Fig 2 shaows the airman wearing the ventilatian suwt to cool the man and
Leep him in thermal balance,

;‘xg. 3 now shows the man in a liner which provides the necessary clo

ue,
B A b e

R B

- “l
attempt to reduce weight, bulk, and complexity of the restraint and emer-
gency harness attachment, the harness combines the function of shoulder
harness, parachute harness, and lap belt into one garment. The Navy has
already installed this assembly in several aircraft and the Air Force is now
1n the final stages of putting in into several aircraft,

Each of these 1tems have been developed to do a specific Job. We've spent
considerable effort to combine or integrate the 1tems so as to provide the
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TRENDS IN PERSONAL EQUIPMENT

man with 2 minimum of bulk and yet provide him with 2 maximum of
protection and comfort Even so, 1t is quite evident that we have Limited
his mobility, especially 1n a period where split-second action is of
primary importance. However, if one considers each of the items, singly or
collectively, one realizes they are essential and have often times served thew
purpose,

The arguments against body armour stem back from the beginmng of
time in spite of their value in numerous situations, If we exanune the records
of the sixteenth century, we are surprised how often armour saved jts wearer.
The fact 1s clear that, had cases not been numerous in which the soldier had
been saved by his armour, the armour would not have been worn. Nor was
the burden too great, considered from every viewpoint, if by means of
armour a particular person could be saved. One has only to visit the royal
armoury in Madrid today to know what such a man as Charles V thought of
the practical value of armour. He was literally a specialist in its study and he
provided himself with armour for every eventuality and of every weight
which in spirit is not unlike the any or all need for the arrman of today.
He was a man of modest stature and proportion, yet his &ffing armour for
one particular effort weighs no less than 120 Ib and his helmet alone over
40 1b. His protection was speciahzed for a particular situation. The aitman
shown to you 1n the figures is literally protected for any situation with a
total equipment weight of 114 Ib. X i

What I have presented to you today clearly brings out the point that, in
the evolution of protective armour, which is continuous, there is a cycle.
We have seen the pilot, who, during the mfancy of aviation, started out with
protective equp that isted of a bare mink ininally the use }zf
a parachute to a pont m the present where he is essentially immobihzed in
an awrcraft that has made tremendous advances and requires spht-second

timing and skill .

- ca et ar

weight of the new compared to the present will remain essentrally the sawe
and the only item of equip that will be el  is the exposure suit
since the full pressure garment would serve both needs }t is obvious that
G protection, vennlation, clo value :}nd so onis s.ti]l“r::ql:u.rc?. e O

the chances of injury persist as 2 basic American pRuOSOPhY Al peubuse
' " “n 13 left to revert the man
' ngenious machine? Since

d } d, we certainly

1 e .
man, time, has pl o
cannot expect to impose contmued hardship upon him 1f we are to maini
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TRENDS IN PERSONAL EQUIPMENT

Une série de 12 clichés montre le détal de ces différentes pidces d*équipement
personned, Jusqu'au harmats “intégrd™ combinant en un seul ensemdle e harnais
d'épaules, le harmas de parachute et les sangles dattacke, réduisant ainsi pords of
volume, mats au détrment de {a mobilité, Le poids total est de 114 hures, La
protection contre la “gifie” au moment du sout hors de f'ovion nécessite une
fixahon trés solide de tout Péquipement protecteur ef yéduit encore Ia mobilié.

On pourratt évidemment prendre certains risques, mars da politique américane
est de sauver e maximum de vies humaines.

Comme Uhomme, par défimtion, ne peut élve modifié, c'est Uavion qu'il fout
modufier. Tous les éléments de protection devrarent dire réumus en un cockpit largable,
seul le vélement anls-g restant indispensable.

Leaton progresse towpours, la protection de Phomme réclame loujours di
nouteau,
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ESCAPE FROM AIRCRAFT

Jonx P, Srare

Chaef, Aero Medical Field Lihnnlory, Hollornan Awr De\tlopmcm Center, Holloman
Air Foree Base, New Mexco, U S

Minnsusm requirements for escape from aircraft during inflight emergencies
mclude:

(1) Effectiveness in accomplishing escape under all conditions of flight.

(1) Keeping the factors imposed by the escape process within limits of
human tolerance

(I1I) Making the least demands on the operator by automatic sequencing
of al steps in the process, mcluding, i some the of the
process {under extreme stress, human judgment and consciousness are more
fallible than relays and tuming devices)

{1V) The of, ot L of a viable envaron-
ment during transition from awrcraft to earth,

(V) Protection from ground or sea environment after landing.

(VI) Survival and commumications equipment for use pending search
and rescue.

Thc relation of conditions of flight to effectiveness of escape from awrcraft
can be by ing U.S. Aur Force experience

wuh the ejection seat, consisting of less than a 1000 eyections since 1949,
although the first U.S Air Force expenmental gjection was in 1946.7+
The ejection seat was a proven device in the German Aur Force, with more
than 60 reported combat ejections, before 1t was brought to the United
States for study Intensive development, including numerous live ¢jections
of human volunteers, occurred before 1t was deemed safe for standard use 1n
et aireraft, Research has never ceascd on making it more fully automatic,

of P! g its range of effe
‘The most wnportant products of thns research arc the anerod-timer for
the 1ap belt opener, and the

downward ejection seat,

In Figs. 1 and 2, data” published by the Directorate of Flight Safety
Rescarch of the U.S. Air Force, has been converted to graphs showing
per cent of survival, major and mnor 1wyury and fatahtics with relation to
alntude and speed respectively. The ejection seats in these cases had a
definite altitude barrier of 1000 ft, below which only one out of four survive
Add 1o this the numerous crash deaths and injuries where ¢jection was not
attempted or was not even available, and the ncrease of low-level escape
effectiveness becomes, in terms of nurmbers, one of our most urgent areas
for research.

The Britsh Martin-BakerS seat with successive cartridge firing and a
70 1n stroke catapult has enabled escape from a Meteor jet on the runway
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at 156 mulesf/hr by propelling the expert 1 vol upward 130 f,
with automatic stabrlizing drogue chutes and main chyte deploying in tme
to bring him down safely. A more generous margin of time and altrtude for
deployment and descent would be provided by as little as 106 of upward

Fatotity

o L 5000 70500

oy 000
ALTITUDE - FEET

Feg. 1. Induated alttuds selatue 1o snyury 681 erectuons fiom operational
axperience with gection escape systems, August 1949 to Aarch 1956

I
3

106 60 = 360 500

o
KNaTs

Fig. 2. Induated awspeed relatuve to ungury 665 gections, August 1949 to March 1956

propulsion acting for half a second, elevating the man and seat about
450 ft above the point of ejection. The Martun-Baker scat has also been

- T e
. = 10fs

L - ases

reported.
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Fug 3. Probable acceleration-tme history of George Smich case  giechan at Mach 1 05,
6500 1% attitude

Fig. 4) provided bl for i

trajectories for George Smith’s ejection. These data are presented as the
nearest to quantuative figures available on an actual ejection. It occurred
at Mach 105 and 675 knots true airspeed, with a  of 1280 Ibjft2. The

el
0 605 01 0® 02 025 03 035 G4 045 050 055
ire from catapult teng  (sec)

Fig 4 Resltant of vertizal, horizontal ond lateral accelerations, head ond lower torso,
671 keots sled rum

graphic data serves to indicate forces that could be survived with scvere

njuries to a man secured to the seat by a lap belt and comparatively loose

shoulder straps. Measures to relieve negative G and reduce duration of

cangestion of head and face, and fixation of head, trunk and exeremities

might have done much to reduce sevetity and extent of injuries. The high

decelerative and rotational forces are sufficient to account for these injunes
' 215
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Th; first experimental measurements of these wind drag deceleration
fqrcg under c‘o{xdiﬁons of flight were obtained in a series of four downward
of ¢ subjects in dard ejection seats from an ar
dropped missile accelerated downward to Mach 1-4 at 20,000 ft at the point
of eyection. Analysis of the first two of these experiments is complete and is
reported by the Cook Electric Company, contractors for the research.
Fig. 5 shows a graph of resultant forces at the center of gravity of chimpanzee
and seat. Because of mechanical failures in the recovery system, freefall of
seat aqd occupant to the ground produced damage which overshadowed
any evidence of injury duning escape except in the third of these tests, not
yet reported, in which the seat failed in 2 manner that caused strangulation
of the anesthetized subject by a chin strap of the cloth muzzle, and no other
lethal injury. This subject was huted down following the estimated
opening shock of 35 G. The first two tests were instrumented; vital signs of
heart beat and respiration persisted after ejection and during descent.
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Fug. 5. Composite acceleration of the seat center of grawty vs tsme fiom Jalo ignition,
Gherskee Massile gection of dhmpanzee wn seat, Mach 15 at 20,000 . Jalo ygntion
t =30 05 afler relzase seat eyection accurs af approxsmately 4 25 sec
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~tala metan Of SEpALAUUN.
. = and abruptly
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lmpt.:scd wind drag deceleration does not express the indwvidual and com=

bined effects of its component factors

E to d ine human to decelerative force?- 13
required controlled application of force with respect to direction, rate of
onset and duration, in addition to the magnitude. This experimental
programme has been i progress since 1947. The first objective was to
determine the effects of abrupt forces encountered in aircraft crashes. Snee
1953, the main effort has been to explore tolerance to deceleration patterns
produced by wind ram during supersonic escape. Human volunteers were
exposed to controlled increments of force in which factors were varied one
at a time with the other variables held at tolerable values, Curves fora
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typical experiment are shawn in Figs. 6a and 6b. Figure 7 shows three curves
which respectively indicate maxima for each of the three factats other than
direction of force, which was transverse to the seated subject from front to

anarmicaL oaTa
FLUNT CETERMINATION LASIRATORY
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VATA REDUCTION JETTION
PosITION OX), VELOGITY Ly} AND ACCELERATIONUAL)
veRsua TINE

FROJECY X301 ATRO NED LA 18 84N

To MaRTH 1309

suEnsd EVALUATION TEST
e
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TIME - 5EC

WETERING DATA 33
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DATA REDUCTION SECTION
PROJECT WX 98)  AERO MED
SLEDRUN ON 13 MARCH 1954
o

30 kC Banp
ACCELERMETER OR SLED

Fig 6 Sled deceleration chimpanzee seated facing forward, Holloman Track, 19 March 1954,
o Veloanes and deceleration dyfferentiated imz-dusplace
b e s T ot Jrp amt-diplaemint data (Stanan)

back. Accurate presentation of experimental findings requires all three
cm;vcs. In the transverse axis, any combination of rate of onset, magmtude



ESCAPE FROM A{RGRAFT

The first experimental measurements of these wind drag deceleration
f?rccs under conditions of flight were obtained in a series of four downward
1 of chimp subjects in dard ejection seats from an air
dropped missile accelerated downward to Mach 1+4 at 20,000 ft at the point
of ejection. Analysis of the first two of these experiments is complete and is
reported by the Cook Electric Company, contractors for the research,
Fig. 5 shows a graph of resultant forces at the center of gravity of chimpanzee
and seat, Because of mechanical failures in the recovery system, freefall of
seat and occupant to the ground produced damage which overshadowed
any evidence of injury during escape except in the third of these tests, not
yet reported, in which the seat failed in a manner that caused strangulation
of the anesthetized subject by 2 chin strap of the cloth muzzle, and no other
lethal injury., This subject was d down following the estimated
opening shock of 35 G. The first two tests were instrumented; vital signs of
heart beat and respiration persisted after ejection and during descent,
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Fig, 5. Compostte acceleration of the seat center of grauty vs time from Jato igmbwn,
Charokes Missile gjection of chimpanzee 1 seat, Mach 15 at 20,000 2 " Fato vgnttion
t =30 05 after release seat gection occurs ol approvimalely 4 25 sec.
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bined effects of its compenent factors. ) on

" Experd to d ine human tol to decel force? 10
required controlled application of force with respect to dircction, rate of
onset and duration, in addition to the magnitude. This ugpenmcn‘
programme has been i progress since 1947. Th.e ﬁfst objective w;{ i;
determine the effects of abrupt forces encountered in aircraft z:r.ashes. mc’
1953, the main effort has been to explore tolerance to deceleration pat:;:x:c
produced by wind ram during supersonic escape. Human voluntccf:d vere
exposed to controlled inerements of force in which factors were vari to
at a bme with the other variables held at tolerable values, Curves fo!
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typical experiment are shown in Figs. 6a and 6b. Figurs 7 shows three curves
which respectively mdicate maxima for each of the three factors other than
direction of force, which was transverse to the seated subject from front to

onatony
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Fig 6 Sled decelevation chimpanzee seated facing forward, Holloman Track, 19 March 1954,

a Velates and deceleration. diffetentuated feom tome-displacement data (SLRAN).
B decsirancty recodings iomcired o S * ¢ )

back. Accurate presentation of expermental findings requires all three
curves. In the transverse axis, any combination of rate of onset, magnitude
and duration can be tolerated which does not exceed the expertmentally
established boundaries presented by these three curves. In the vertical axis,
the Yimuts of tolerance vary with the alignment and position of the vertebral
column With the colamn in the erect position and maximum area at
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The first experimental measurements of these wind drag deceleration
f?r‘:ﬁ‘ under cofxdxtions of flight were obtained in a series of four downward
of chimp subjects m dard ejection seats from an ar
depctli missile accelerated downward to Mach 1+4 at 20,000 ft at the poiat
of ejection, Analysis of the first two of these experiments is complete and is
reported by the Cook Electric Company, contractors for the research,
Fig. 5 shows a graph of resultant forces at the center of gravity of chimpanzee
and seat, Because of mechanical fadures in the recovery system, freefall of
seat axtd occupant to the ground produced damage which overshadowed
any evidence of injury durning escape except in the third of these tests, not
yet reported, in which the seat failed in a manner that caused strangulation
of the anesthetized subject by a chin strap of the cloth muzzle, and no other
lethal injury. This subject was parachuted down following the estimated
opening shock of 35 G. The first two tests were instrumented; vital signs of
heart beat and respiration persisted after ejection and during descent.
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Fig. 5, Composste acceleration of the seat center of grawy vs, tume from Jato sgnition,
Cherokee Missile gection of chimpanzee w seat, Mack 15 at 20,000 2 Fato sgmon
1==30 05 after release seat gection ocours af approvimately 4 25 see.
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imposed wind drag deceleration does not express the individual and com-
bined effects of 1ts component factors.

Experiments to determune human tolerance to decelerative
required controlled application of force with respect to direction, |
onset and duration, in addition to the magnitude. This experiment
programme has been in progress since 1947. The first objective was to
determine the effects of abrupt forces encountered in aircraft crashes. Smce
1953, the main effort has been to explore tolerance to deceleration patterns
produced by wind ram during supersonic escape. Human volunteers were
exposed to controlled increments of force in which factors were varied one
at a time with the other variables held at tolerable values, Gurves fora
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ESCARE FROM AXRCRAFT

apposit'\on impioging petween yertebrac, forces exceeding 306G
ustained without injury-
1f the body 15 bowed forward 10 the limit
by 9-14G at less than 500 Gfsce in the
ool e rd until only th
the vertebral podies carried the conccmratcd 1oating
1 ¢ of failure iR blood vessels if 2 fate
iscos

¢ elasticity of tissues 20 cosity

a 50

of curving the spints wedge

3

S

3

-]

2

3
£

won tn G5

9

peceteral

05

Fg. 7 Parameters of humat golerance 1 decelerahion
Human toleran® to fnea?, deceleration Lt for recernble ncapaciteton, '3
4. Ratz of onset B- ‘Magmtsdee C. Durahiot of dectlerei®® Sore e forward
seat posthion

Another 1atent p:riod of 3 sec ©F more i required for accclcraﬁ
o head t© et the pump‘mg force of the

1ong axs ir0 foot to @
deprive the braift of oxyEe™ for long cnough £ affect vision an

jagram of the thre orders of cffects of mech?

jnvestig?



e T S I e LS

Due Date

o
R

Sl el Tt o
G

IR e O

Porrower's
Mo

Due Date

Horrower's
No




T s i)



JOxy », 3Tap,
No i feees Tlateq ¢, Wip t
9 whicy the by,

OCCurrey in g Tackey sleq c.‘rpcnmcnt"
mcupant With heag im:lusrd in windproor 15 ang
head q&rmiq 3eCurey A8xingy !Iaibng SDoseq 'y, ligg Ib/p2 of
Wu’ndbhrt maximulm Uring 54 500 Posy, (See Fig. 10 ROckv:t Sleg
to windbla.rf in S of 1809 ojpe haye been Sustajy, by
sumlarly tectey :Iumpanz Subjecy Wi, Njury. (See e, 11}
o COngroy the condmaa f‘mape mn Ordey to I:rep the .ﬂzccors zmpnscd
bylhc aqpcp Ixmb s of iy, I nce Ires tp, ﬂ.-»llon
Stepy
I s the Yoy, Vehiele
Proya, Nef and ;¢ be
ay Avojg

of eeey Windpy, ¢ rcstl)tmg from,
X uttmng of fay, Stryey, s ang flagie,
i o g, faciy Openyy, s by sccunng s legy
foes, pevelxicln ang enﬁ?.yl'ng thep, diny Win, Proofee, '2er,
(ty Sing, tlxcreiano tunenu)rlmuwn Wy of, Cludy, CCelerags, 3 by
URray; mparrmcnr, pmrection from hydraub f e
doy ace c:-auom wil} Auire 5 COlngey ressy, 2 the 'y to Taise the
o holg for Aekoy, Aboye T ey or 5 Manoe, . ey
Of the N2tyre Of the SScapy Seat o, Psule, 11y eaction to mm{-dr-zg Mtrsy o
’fsulmd b e g, to Leep the dmelenu‘on fol]aw.ng scpamuan ftory,
with cﬁmcnwy detern,; foleraby, lmyyg,




ESCAPE FROM AIRCRAFT

band.

that decision to an expenst: ype could be delayed until
clearly inevitable. The two leading causes of fatality following ejection have
been failure manually to separate from the seat and manually deploy the
parachute. The introduction of the automatic lap belt cartridge and aneroids
timer paract depl q and the ful functioning of
these devices 1 the one low alttude supersonic escape to date indicate 2
successful solution to this problem.

It has been long accepted that flight above 10,000 fi requires supple-

atmospheric pressure is breathed; and that loss of pressure to the equivalent
of 63,000 ft ambient decompresses body fluids to their borling point at body

T and that i 1 p below freezing can
frost bte exposed skin when airflow is rapid; and that positive accelerations
can produce greyout and blackout 1n accordance with well known experi-
mental curves of time versus G.

No one disputes that an excess of cumbersome gear slows down scrambles,
causes fatigue, hampers movement in the cockpit and reduces saféty of
operation, The problem of elminating, integrating or comfortizing personal

without p ing safety is not easy.

Parachutes can be taken off the pilot’s body and attached to a seat or
capsule. The crash function of restraints can be made secondary to escape
positiomng of the body, if ground level to 1000 ft capability can be bult into
the escape vehicle. If 2 minimum partial pressure suit is acceptable for
quick descent below 50,000 ft prior to escape, in case of cabin pressure loss,

to continue descent and land, the full pressure smt can be elimnated
- - . . et tee e msimary
in
ute
- *he
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U.S. NAVAL AIRCRAFT INSTRUMENTATION
PROGRAMME

Grorge W, Hoover
Cde. U.S.N., Office of Naval Reseatch, Washington 25, U 5, U S.A.

Froxt a paper delivered at the AGARD meetings two years ago you learned
that the Navy is engaged in a comprehensive programme for the improve-
ment of instrumentation, of which the long-range aspect is the responsibility
af the Office of Naval Research, This paper is an outline of the programme
with a review of the methodology employed, the conduct of the programme
and the results to date,

Since one of the pnmary missions of the Office of Naval Research is to
fook ten to twenty years into the future, our requirements were based ot
concepts of aireralt of the future, After making an aualysis of these require-
ments, it became evident that present instrument displays would not e

adequate and it was decided to take a fresh look at instrument design, the
- R R statamont of the problem.

* . Overall fught
N ' . . ' . . avigation, strike
or mussion, Tejoin, return, traffic control, identification and landimg, Rcfdts
of these studies indicated that in carrying out the various phases of flight,
information can be obtamed from five sources: the air, the aircraft, the
carth, the pilot and other aircraft, It was further established that there are
four basic duscriminations which must be made by the pilat, whc%n are’
direction, alfitude, time and mechanical (or controlj, The analyfu ako
indicated that if the data presented to the pilot is to he adequate it must
answer five questions, which are, which control to move, when to move it
which direction, how much to move it and how long to hold it. Ja summasy,
then, our problem was fairly well defined. In order to design instrument
displays adequate for flying aircraft, they had to be capable of answering
each of the five questions, for each di ination, for cach phase of 5’81""

The tremendous rate of aircraft devel has fo i
engineers to take care of so many “fire drills” that they have never rea );
had the time to develop ways for eliminating the cause of the fires. In almos
every instance, new instrument development has been carried out m
erash programme bronght about by the necessity for more da{a.',.ﬂﬂd ca
by technological ad in aircraft and capabi "

1t was apparent that this constant necessity for “ﬁrc‘t{p'ﬂs_' wo! 5‘7::'
tinue to force us to aceept promises unless we a se;:ar::o‘
programme of fire prevention, In other words., a long-range rescarch p! -
gramme had to be ¢arried on simultaneously with the everyday ngramr: ¥
and conducted in such a way that only fandamentals were considered, 2
with the thinking completely uninhibited.
222
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GEORGE W. HOOVER

In order to clarify our inology, an expl of * hibited
thinking” is in order. In this instance, such a mental process can be des-
erbed as an attempt to analyze a problem down to its bare fundamentals,
without prejudice, bias or opinion; without seeking an immediate solution
or compromuse, in order to define the problem as completely and clearly as

LtAC_pier emsie
VHRMBIED  FUNDIMENTALS.

( sounoks / SREADEOARD

TERN PROCRAN
BEST CONPROV'SE OF STATE OF THE ART
PauCTON

Fig. 2. Dual programme.

possible. To accomplish this one must divorce this thinking from his Lmited
pool of knowledge of existing partial solutions to the problem, and assume
that no solution exists in any form One can approach the fundamentals by
co]l;l:inuing to ask either why or what for until no further questions can be
asked,

In order to conduct a successful long-range programme, 1t s essential that
the Aeﬁ“on be carried out by a team rather than any particular group of
engincers. In order to achieve good mstrument design, we must elminate,

Pllots
Tnformation
For 77 Requirements \
Engineers Human Engineers
Design and Display
Development Requirements
Engineering Physicists
Technical
Reguirements

Fig. 3, Instrument team.

as far as possible, personal opinion, Because a pilot has flown several thousand
hours, or an engineer has worked on mstrument development for ten years,
docs not in itself make either of them qualified to determine the fpe of
tndication needed on the instrument panel. The pilot can very definitely tell
us what he needs in the way of information, but he can only compare one
display wath another when asked how to indicate the information. The
engineer on the other hand can tell us whether or not it 1s posable and
practical to make one display or another, but is not really qualified to
objectively determine the proper method of indicating the display. This 15
Tot meant to belittle either of these men, but rather to point out that each
hasa particular part to play in a coordinated programme. The only practical
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V.8, NAVAL AIRCRAFT INSTRUMENTATION PROGRAMME

way to make the best use of individuals with particular skills is to have them
work as a team, cach covering his particular field of endeavour.

Such a team requires pilots to estabhish infc i quil 5 human

i to use these requi as a guide in order to establish display

q 5 a feasibility group of engi and physicists to establish
technical requirements for the display; engineers to actually design and
develop the equipment; and last but not least, flight surgeons to define the
I of pilots’ per capabilities and keep us constantly re-
minded that a man is the indispensable link in this sytem.

In the short span of 35 years the airplane has advanced from the relatively
simple propeller driven machine of World War I to the jet propelled super-
sonic arrcraft of today.

Man on the other hang, over a period of 3,000,000 years has changed
very little~nor will he change very much in the next 3,000,000 years.

With due consideration for all other parameters, man’s psycho-physio-
logrcal limeation is the cosstant around which any man-machine system
must be designed.

ORIENTATION—What am ) doing?
DIRECTOR-—~What should | be datng?
QUANTITATIVE~How am I doing?

Fig. 6. Types of Instruments.

Fundamentally the tnstrument problem involves much more than :iu:!
the design and develop of a group of I for ina
cockpit. The problem in fact is primarily one of creating a man~-machine
W ts Mbe affinet F ik fe n weadunt AP hath factars The machine we

. - . = =y

stan aeramis’al in tha man-machine problem

OF all the sensory systems, vision is the strongest especially mn etfecting
. omre Tl
- - ympatible with the

In order to bring about a proper display it is necessary to sense certain
phenomena, This data must be computed in order to produce the dupkg’e-
In order for the man to respond to the display a control system must o
furnished. In addition, there must be a means of commumcation bof
fly and through radiati .

The overall problem, and this incidentally applics to almost every yp¢
of rescasch and development, falls into five arcas: (1) Display, {an Smﬂ"g‘»
(111) Computation, (IV) Control and (V} Communication. ‘The man
requirements are the starting criteria, . .

‘}n the case of dusplay for agirmﬁ, thhc pnréur{ q:;?t‘l‘on to be answered i
simply, “What is it the pilot necds to have display: . .

’II';IZ;e are actually zwz major requirements. Thesc are, position 1n !gp::ea'
and geographical position. The first is observed ngrmaﬂy w';th r;hpccﬁmh
vertical plane and the second with respect to 2 horizontal plane, The
primarily orientation, the second situation display.
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GEORGE W. HOOVER
Each of the two areas must be further divided into three types of display.

1. Orientation, which tells the man what he is doing.
1I. Director, which tells the man what he should be dong.
111, Quantitative, which tells the man how he 1s doing.

In order to determine the details of these three types of display it was
necessary to make a complete analysis of the Information Requirements.
To d these req pilots were & d to establish the

d infc necessary to the task at hand, Not as
interrogation of the individuals opinion but rather an assessment of the
essential information required with which the task could be accomplshed
wathout i lation or mental p For example, during an air
mterception the pilot must have range mformation. The fire contro] en-
gineers, realizing this, provided a means for determining range and then
proceeded to present this information in the terma in which they had always
defined range—in mles and yards However, when pilots are asked the
question, “Why do you want range information?”, they answer by stating
that they need range data in order to know when to lock on, when to fire, and
when to break. When denotes time, not distance. In other words, funda-
mentally, range must be indicated as a director type of presentation in order
to climinate the necessity of the pilot remembering at which range to lock-on
fire and break When the ing reaches a point where the
operator states that without X data he cannot carry out the task, then X

4 10t

data is the fi

These i q had to be established for each phase of
the task from beginning to end.
Havin, blished these fund: 1 i the next task was to

select a yardstick which was adequate 1n order to determine the display
requirements. In most instances this yardstick is merely that which is most
natural, In the specific case of orientation, the visual warld is the yardstick
because with some exceptions pilots do a fairly good job of Ayrag when they
have aceess to the visual world, This is due to the fact that our behaviour
R DU M O -t Py

the vanous phases of fight.

1 we resort to invention we can only compare an idea with another, both
of which may be fundamentally wrong. On the other hand, if we use the
visual world as one of the elements of our companson, which we know
incidentally 1s adequate, we at Jeast can establish an equally adequate
display, This companson then is made against 2 natural, rather than a
man-made model. If we can create a synthetic display comparable, (not a
duplicate) to the visual world, then we known axiomatically that the display
will bckade uate. Having once established this we can then proceed to

Tm = el ra e
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V.8, NAVAL AIRCRAFT INSTRUMENTATION PROGRAMME

the display for which we must create a correlate. The proof here for display
is by axiom rather than evaluation hecause if it i true that we orient ours
selves by our perception of the visual world, it follows that our display must
be algcquztc if it reproduces the same cues which are apparent in the visual
world,
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The actual display i preseatly heing integrated by our human engineers.
‘The results to dgtcyarcpnat coi’nplctc enough to exhibit the final display.
The following however will descrbe it in gcncra‘l terms. i

The concept consists of two basic displays; one in the chca'l Planc giviag
onientation nformation, and one in the harizontal plane providing position

or a situation display. . 3 N
The data disp!ljaycd on the vertical unit includes attitude mfogmal;zx:{.

altitude and velocity indicati bstacles and weather informa

director type of information. The configuration of the display is }:mcg!ra::

in such a way that direct answers are provndcd' to the pilot rat c(; aorc

serfes of factors which require mental intcrpmmmni’m'uzudﬁ de! (gﬁc <
tati the visua} world than just a horizon bae.

o rcprcs“mb;n:m b 1 lines indicati Iejv:]s rather than a dock fype
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as the standard alti Velocity is relative rather than numen-

- e

established Tequirements.

Engine information is provided by a series of indications on both vertical
and horizontal displays. Such indications include “how goes it” information
as well as emergency data.

Functional switches are provided to select data to be displayed on both
1ndicators as desired by the pilot of cach mode of flight. This elminates all
information from the displays except that requived at the particular phase
of flight,

In summary, the displays are a representation of the elements apparent
in the visual world rather than a pure contact display. They are presented
to the pilot in such a way as to climinate the necessity for reconditioning
his reflexes. Training required will be a minimum because in effect there
is little or no transition from contact to instrument flight.

Srutegat®

TitgsFeVatg

Fig 9.

Sensing certain phenomena 1s essential to producing any display. In the
past, we have chosen to divide the problem into specific types of instruments
such as flight 3 i i fire control, Janding,
engine, cte. As awreraft became mote advanced, 1t became fashionable to
include more than just the instrument and refer to the development as 2
“system”. These systems each include sensors, amphfiers, tomputers,
indicators, etc. and were developed for a specific type of aircraft. In stating
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the overayy Problem, which includeg all of the varioug flighy Mmades, jy appear
that eacp mode 15 i reality only 5 Fepetition of the other, anq fwe soly,

s, e o
or example, the only rea} differences between Ianding and take of i the
2pplication of Power, The ©quations oy, the same, The only reqy difference
etween rendezyoys and ajp intcrccption i3 that i the lagter €25¢ we refeage
the Armameny, The only difference between take-off and Tendezyoys g the
Plane of Operation, I the fina} analysis a1 modes of gj, ht are iy fact only
Varations of Ravigation, and avigation i the g ati

It can pe stated thay considerahle Progress has been made in the instrume
Programme durmng ¢p. last tyyo Years In fact, five major “brczkthmugh
have been achieved,

The firet was in the application of 5 new technique or approach to th
inslrumcnc problem which Consists of secking the l‘unda.m:nml rather tha

2 partia] solution ¢, the Problem, Tp; 2Pproach resylys in the following
T1es,

A medium for Presenting the display consisting of flae transparent
cathode ray tube

f i . b ez
“Plugged™ into differene wing-engine configurationg for wide mission
<apablity, 3 )
I(’Jovcrn}:ng this entire Programme thers 3 a phxlosophy which may be
described o follows -

i he fundamentals,

ly pargia) solutions, Vyhey, men distory o overlook :.
:;lc );&fult €2n only pe 5 Partial solugion, Where the;na]ysu i3 complcch:‘ntd
the basie fundamcnra!s are established, the results will be not 0{111): complete,
bue simple as welj, We are looking for—and Betting—those right a; 3
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FUTURE TRENDS IN PROTECTING ATRCREWS

D. FLICKINGER
Brig-Gen., USAF., Headquarters ARDC, Baltimore, US.A.

‘Fo many of us who have been working in the Human Factors field the news
of the 1000 knot speed capability of the USAF production F 104 has been
TR ey : o ., our feelngs are
- 7 and perseverance
P and planners who
made posstble this noteworthy accomplishment. Close akin to pride we also
share a feeling of security with the rest of the nation, for in this era in which
we now live, our ability to discourage a potential aggressor force is direetly
related to the qualitative superiority of our deterrent Air Force, Mixed m,
h , with these und dably good feelings there comes to us aga,
and with increased urgency, the realization of the many problems which
confront us in engineering our manned weapon systems for maximum
operator performance and safety.

When we realize the many unsolved problems we now face in achieving
the desired degree of safety and functional compatibility of the operator in
aircraft of iderably less perfc bility than the F 104, and
further, if we wished to take a rather pessimistic view of the situation, we
mght expand the title of this paper in a succinct fashion by saying that the
future trends m protecting aircrews will all be towards one objective, namely,
20 take them out of our combat aircraft and substitute unmanned weapon
systems, To this view, however, I cannot ascnibe, since I can never believe
that American science and technology are incapable of solving any bio-
physical problem, given the necessary time and resources. More specifically,
1 would oppose that view on the grounds that the potential pay-off in finding
the solution to these problems is far too great for both military and peacctime

- e Vet of e 2 Fmemmante and affarte in thys field.
-

warrant their replacement of a segment, and I repeat, a segment only, vt
our total deterrent aur power. Such mussiles will become a most valuable
adjunct to our manned weapon system, but I cannot foresee any time in the
future when 1t would be feasible, practical or even expedient, to replace ﬁcl;
human operator in all space-traversing vehicles whether t.hcy be comumit o
to peaceful exploration of new frontiers or missions in the interest of natior: v
security and economy. Difficult though he may be to understand an
measure in all lus variance of mood and response, man, 2s a r.nan-lxne'at
with jud ivation and loyalty can never be sausfacton!()!'
or economically replaced, and will continue to have i.nﬁnit:. value b?th
usability. If we are to continue to use him then in our military a“mn"bih !
present and future, we must on the onc hand insure complete compatibility
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between the demands of the aircraft syst
tion, and the operator’s ability to meet them with enough deviation allow-
anee to prevent failure and d ion from as the inevitabl
result of any significant overloading, and on the other hand, we must assure
him of reasonably acceptable odds for safe escape frora the system once 1t 15
srrevocably committed to disaster,

It 1s to these two topics then that I address my brief discussion today.
Frst, how can we make our crew recovery systems more effective and re-
lLable, and second, how can we design and operate our manned arrcraft
a manner which will require use of the escape system only in rare mstances.

Tue ProBLEM OF EMERGENCY EscaPe SvsTEMs
Despite the many outstanding contnibutions made toward defining human
1 to d ion, wind-blast and tumbling, plus the
of ejection seats, our record
4 and i

and

p m
today does not p
facts of the situation are as follows®

{I) Analysis of all existing biophysical data indicates fairly conclusively
that our present ejection seat escape system is inadequate for uniformly
safe crew escape at speeds in excess of 600 knots indicated

(11} The performance capabilities of our present century series fighters
places them 1n an operational speed range which would result i 26 per cent
fatahities m all attempted escapes,

(III) No escape system to our knowledge has as yet been tested above
47,000 ft altitude,

{IV) The greatest number of fatalities resulting from the use of our
Ppresent escape systems occur from attempts made below 2000 ft altitude.

V) The continued application of devices, clothing and equipment to
the crew member, 1 order to protect him from all possible environmental
hazards, 13 seriously compromising the reli and eff of the
present escape systems even when used within the acceptable lmmts of
velacity and altetude.

Accepting these facts as they are, and realizing at the same time that the
maximum avadable speed will be used in the combat situation, 1t 1s obvious
that we must mtensify our efforts towards both an immedhate and long-range
solution to the problem, Certamly from the standpoint of personnel and
economy, let alone the morale factor, we cannot afford the loss of 25-30
per cent of our crew members who are forced to use the escape system.

Two different approaches arc being made towards a satisfactory solution
to the mmedrate problem; one attempts to alter the velocity envelope of
the aircraft prior to ejection, and the other strives to modify the decelesation
profile of the ejected mass to within hiologically acceptable limuts,

(I) The first approach consisting of droguing the velocity of the arrcraft
down to a degree and within a short enough time interval to provide safe
gjection has many advantages if proven to be workable and feasible, It
could be apphed to awrcraft without modification of the existing cockprt
and seat and the shight add I weight should do lttle to
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The potential benefits to be ganed by the Air Force from even a partial

solution to this problem are enormous. Thc prcs:rvauon of highly tramed
1 and costly equip plus the i d morale and
of airerew members, are all factors of major importance.

In its simplest form perhaps we can say that an atrcraft accident occurs as
the result of snme major mcompauhlhty which arses somewhere in the
‘We have trained our operator
1n the best manner we are capable of, and we have given lum a job to do
with a machine which 15 built to the best possible standards for performance
and safety. Yet, m too many cases, something happens despite the operator’s
best efforts to prevent 1t, and both he and his machmne come to an untimely
end The answer to your natural question of “in how many cases”
can be at least partially gained from a review of the following accident
statisticss

(l) Human error was credncd thh two thirds of the ma]or accndmts

we 1y5y-33 perioa,

(IIT} Jet trainers and fighters account for 68 per cent of the major
aceidents and 66 per cent of the minor ones yelding a total of 73 per
‘:iem of the awrcraft destroyed, yet fly only 29 per cent of the total hours

lown,

(IV) Landings and take-offs account for 61 per cent of all acaidents m
Jets and 66 per cent m non-ets.

From even a bnef consideration of these figures, we can make a few
simple and basic generahizations*

(I} The malfunction attributed to the operator component 1 our total
configuration 15 the primary factor anvolved.

(I1) When a major accident occurs, 1t is much more apt to be fatal than
formerly.

(I11) Landings and take-offs are the most hazardous portion of the job
i any aircraft.

{IV) Jet awrcraft with a single operator are much more difficult to keep
out of trouble than all others combined.

Having made these it a number of i questis
are presented to us

(I) What is the actual operator malfunction wnvolved, what 15 the se-
Qquence or pattern of its occurrence, how can we reduce 1t?

(II) How do the two factors of increased speed and complety of opera-
tion in our current high-performance aircraft balance out in accounting for
the increased hazards involved 1a any major accident, tn singly operated
jets, and m the landing and take-off modes?

The two questions above are obviously i d, but I have
them purpcsr,ly since I wish to focus attentton and consideration to the first,
dealing with the so-called buman error or operator malfunction. What is the
actual malfunction involved; what brings 1t on, and how do we prevent 1t?
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AGCIDENT ANALYSIS AND RECONSTRUGTION OF EvENTS
Realizing the great strides made 1n reconstructing material failures as prime
accident factors, we look first to accident analyses for clues to our question
of “what human error”, Is it possible through reconstruction of events and
post-mortem studies to determine+

(I) What was the “functional ready state” of the operator at the time
the d accident p 1 of his hi i built up to
certainty,

(IT) What was the sequence of demands placed upon him by the system
and environment which eventually exceeded his capabihties for effective

response,

Unfortunately, despite the commendable progress made by the Directorate
of Flight Safety in acadent investigation techniques, we are still greatly
handicapped in our ability to analyze and reconstruct the human factor m
the actident. Port-mortem studies are performed on only a very small per-
centage of fatalities, and evenr when done, do not yreld all the objective data
we require In some cases, reduced functional states due to anoxa or c:arbtm
monoxide toxicity can be 1dentified, but the less ic red in the
functional ready state evade detection.

‘We might, therefore, list the following objectives or trends as being worthy
of consideration in attempting to reconstruct the operator malfunction
factor in aircraft accidents:

(I) Improvement of techniques for pathologic study of towcants, and
altered physiologic states, plus much greater use of post-mortem exams
1mations,

(II) Devel of crash-proof instr ion which would yild us
more accurate data on the sequence of events as they built up to the inevita:
bility of the accident. onal

(I} Greater emphasis and study on the problem of the funetion:
ready state of the operator, particularly as it is related to fatigue, tobacco,
alcohol, and a host of minor physical and psychological ailments,

(IV) More complete reporting of near accidents by aircrew personnel.

System DesioN For OpTIMAL CREW SAFETY AND Erncnvzm}!!
For our final consideration we come now to the most important qu;s‘:w:
under consideration, namely how can we design our manned aircr: 1"2
such 2 manner as will minimize the possibulity of operator malfur fo oeal
scape or degree predusposing to accidental destruction. This is the rlhc
pay-off in any h ment conf st
acadent potential out of the system while it is still on the drawin o
In the simplest terms we say, keep the requirements of the system wnthin the kn:
capabilsties of the operator o meet them. .
As the speed and complexity of our manned weapon systems h;ﬂv}f ;‘:r
creased, so has our interest and cfforts in this field of endeavour, thg’ﬁvc
i perform: and safety engineering, Even the pas &
markable advances made by the Air Force, Navy
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industry in this area. The Human Factors Team approach, using a fairly
broad range of scientific and engineering talent, has been used with some
success on the B-47, B-52 and B-$8, the century series of fighters, and
currently is being applied to the nuclear powered aircraft.

The combined and coordinated efforts of the three groups mentioned
above have already yielded results of great value to our basic objective as
indicated by the following examples.

{I) Cockprt conf ions with p design and positi to
provide operator comfort and ease of operation.
Imp: i P grouping and hghting for quick

and accurate visual reference
(I11) Bombing and fire control systems have been extensively studied and
re-worked to provide ease and accuracy 1n both operation and maintenance.
(IV) Operating controls, emergency signals and switches have been
designed and located 1n a fashion which provides immediate identification
by wisual, aural or tactle sense, and, therefore, reduces matenally the
Iikehhood of improper us¢ under normal or emergency operations,

Despite these many sigmficant accomplishments 1n the field of perfor-
mance engineering, there 1s much to be done if we are to materially reduce
major incompatinlities between the operator and his awrcraft.  Examples,
such as the fighter awrcraft with the radio so placed as to require both the
visual attention and the nght hand i order to change channels during a
let-down procedure, still persist to stmulate us to even greater efforts.

There are a number of vahd understandable reasons why, despite our
best efforts, some of these man-machine incompatibilies still exast.

(I) We need much more knowledge of man’s capabibities and hus speaific
tolerance to aver-loading by the system.

(If) We need much more precise information on the requirements of the
svstem for effectsve and safe operation over the complete range of normal
and emergency conditions

(ITT) We need better techniques for analyzing the istics of a
semi-automatic servo-loop system with the human component as the master
computor

(IV) We need much more objective feed-back from the operational use
of our systems,

(V). We need time to find the right answers and prevent the repetition
and carry-over of major errors in design from one system to the next simply
because we cannot prove conclusively its fallibility.

Future Trenps 1N RepuciNe OPERATOR-SYSTEM MALFUNGTION
Any statements made regarding the future trends 1n this area must assuredly
be accepted as reflecting only my personal views, and in no way mdicatng
the policy or plans of the Air Force. In a sense 1t might even be said that
the following prediction of trends is more a reflection of my hopes than
anything else.

(I) The science and practics of and safety engi g
today requires knowledge and skills not contained in any single profession
or trade, The field is far too broad to be covered by a sigle disciphine yet
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ACCIDENT ANALYSIS AND RECONSTRUGTION OF EVENTS
Realizing the great strides made in reconstructing material failures as prime
accident factors, we look first to accident analyses for clues to our question
of “what human errer”, Is 1t possible through reconstruction of events and
post-mortem studies to determine:

(I) What was the “functional ready state” of the operator at the time
the dynamic accident potential of his machine-environment bult up to
certamty.

(II) What was the sequence of demands placed upon him by the system
and environment which eventually exceeded his capabilities for effectve
response.

the acaident, Fort-mortem Studies are periormed Ol Oilly & very slidu ptis
centage of fatalities, and even when done, do not yield all the objective data
we require. In some cases, reduced functional states due to anoxia or carbon
monoxide toxicity can be id d, but the less d ic reductions n the
functional ready state evade detection,

‘We might, therefore, hst the following objectives or trends as being worthy
of consideration 1n attempting to reconstruct the operator malfunction
factor n aircraft accidents.

(I) Imp: of tect for pathologic study of toxicants, and
altered physiologic states, plus much greater usc of post-mortem exam-
inations

(I1) Development of crash-proof instrumentation which would yicld us
more accurate data on the sequence of events as they built up to the inevita«
bility of the acadent. ol

(III) Greater emphasis and study on the problem of the functional
ready state of the operator, particularly as it is related to fatigue, tobacco,
alcohol, and a host of minor physical and psychological ailments.

(IV) More complete reporting of near accidents by aircrew personnel.

SysTEM DEsioN For OpriMar CREw SAFETY AND Epszcﬂvzufus
For our final consideration we come now to the most important_qusﬂ?;
under constderation, namely how can we design our manned aircr: fl
wich % TanaRx 25 wlk minimize the pawibilitg of apecator malfunction o caa]
scope or degree predisposing to accidental Thx‘s 1s the rthe
pay-off in any h L ; desning 1
accident potential out of the system while 1t is still on the drxwmghl A m
In the simplest terms we say, keep the requurements of the system wuthin the kno
capabiltties of the cperator 1o meet them. .

As the speed and complexity of our manned weapon systems ll:av: ;’:r
creased, so has our interest and efforts mn this field of endeavour, whic ,ﬁ

I call and safety engincering, Even the pxtm‘l;

years have scen remarkable advances made by the Air Force, Navy
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industry in this area The Human Factors Team approach, using a fairly
broad range of scientific and engineering talent, has been used with some
success on the B-47, B-52 and B-58, the century seties of fighters, and
currently is being applted to the nuclear powered aircraft,

The combined and coordinated efforts of the three groups mentioned
above have already yielded results of great value to cur basic objective as
mdicated by the following examples

{I) Cockpit with design and positioning to
provide operator comfort and ease of operation.

(II) Improved instrument presentation, grouping and Iighting for quick
and accurate visual reference.,

(I1I) Bombing and fire control systems have been extensively studsed and
re-worked to provide ease and accuracy in both operation and marntenance.

(IV) Operating controls, emergency signals and switches have been
designed and located in a fashion which provides immediate identification
by wisual, aural or tactle sense, and, therefore, reduces materially the
likehihood of smproper use under normal or emergency operations.

Despite these many significant accomphshments in the field of perfor-
mance engineering, there 1s much to be done if we are to materially reduce
major incompatibilities between the operator and hus aircraft. Examples,
such as the fighter aircraft with the radio so placed s to require both the
viswal attention and the mght hand m order to change channels during a
let-down procedure, still persist to sumulate us to even greater efforts.

ere are a number of vahd understandable reasons why, despite our
best efforts, some of these man-machine incompatibilities still exast

(I} We need much more knowledge of man’s capabilities and his specific
tolerance to over-loading by the system.

(I1) We need much more precise mformation on the requirements of the
system for effective and safe operation over the complete range of normal
and emergency conditions.

(IT1) We need better techni for the ch ics of a
semi-automatic servo-loop system with the human component as the master
computor.

{IV) We need much more objective feed-back from the operational use
of our systems,

. We need time to find the right answers and prevent the repetition
and carry-over of major errors 1n design from one system to the next simply
because we cannot prove conclusively its fallibahity.

Future TrENDS 1v REpucing OPERATOR-SYSTEM MALFUNCTION
Any statements made regarding the fusture trends in this area must assuredly
be accepted as reflccting only my personal views, and in no way mdicanng
the policy or plans of the Air Force. In a sense 1t might cven be said that
the following prediction of trends 15 more a reflection of my hopes than
anything else,

(1) The scicnce and practice of and safety
today requires knowledge and skills nat d in any single
or trade. The field is far too broad to be covered by a single duscipline yet
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Dindustrie, les Universités. Nous devons nous affranchir des programmes tétro-
grades et prévowr & long terme. 1 nous faut beaucoup de drspositefs simulatenss,
qui se prétent bien & Danalyse. Enfin, Cest surtout en profitant, & des fins expéric
mentales, du nombre considérable dheures de vol effectudes par I'Arr Force pour
s¢ mantenir toujours préte au combat et en ulilisant des disposityfs &’expénimenta
tion en vol bien adaptés 2 leur but, que nous pouvons espérer trouver une réponse
d toutes ces imporlantes questions.
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“Tius paper presents the philosophy and reasons behiad crashomjury research.
1t also shows that some accidents will oceasionally occur, despite the most
O AN -

i used in the design of these—and other—asreraft,

The paper also stresses the facy that the increased seating capacity of the
Tew fet transports will iacrease the number of persons exposed to death and
injury per accident, and that this may increase the fatabty eate,

Nuted also is the need for accurate and exhaustive invesagauons to find
the specific causes of injunies, and the need for tmicgretion of this data with the
medical data, as well 2y with other information normally obtained durng
the coune of an atreraft accident wvestigation.

In addition, quantitative (staustical) work, as well as qualitative, 1 cited
a3 an important part of this research; this, in tarn brings out the need for
crash injury investigation, on an mtemational seale, of aff survivable type
accidents,

“The need for the “pooling™ of this information——for analysis and presenta.
tion of useful data to olf safety groups and design engineers—ix alse indicated,

As death and taxes are mevitable, so are accidents, Certainly, the asto-
mobile casvalty record in the United States shows that aceidents continue
o occur, despite better d i better better
tyees, brakes and stricter speed regulations. The more than 40,000 persans
fafled and 1,000,000 injured on U.S. highways in 1956 proves this point.
Why do accidents happen? Because man is essentially an unpredictable
quantity, farly under di of ional stresy,

1t is true that civil aviation enjoys a phenomenal safety record m com-
panson with that of the bl beirg app 40 times safer
2 fly on a scheduled aishiner than to travel a hike distance by aute, But this
wide vanation would not enst 1f reasonable consideration had been given
i earlier years to crash-safety design in sutamobiles,

I olf antornobiles were equipped with safety belts, and people wore themn,
adequate door Jocks {to keep the occupants fm:\ cking their skulls
PO Y S A RS 2 4 fane
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CRASH INJURY RESEARCH, A MEANS FOR GREATER SAFETY IN ACCIDENTS

past two decades! On an average, there were 63 killed and 2§ serfously
injured per year.

However, during 1955 alone, there were 9 fatal—domestic—accidents, in
which 156 persons died and 39 were seriously injured. Thus, despite the fact
that the airthne fatal acaident rate trend (per passenger mile) were generally
downward, more people were killed and injured in 1955 than the average for the
preceding 20 year period.

This increase, of course, is partly due to the increased Ppassenger capacity
of our current aircraft—as many as 100 persons in a tourist aircraft—as
compared to the 21 passenger capacity of the old DC-3.

As aircraft seating capacities tnerease, the number of persons exposed to
death and injury, per accident, will also increase. This exposure rate becomes
frightening when one realizes that tourist configurations of some new jet
transports are expected to accommodate 230 persons, or more. It is ebvious
that it would require only a few severe accidents to these aircraft to jump the
death and seriously injured rates drastically.

According to what crash-injury research has taught us in the past few years
about preventing death and mjury in survivable type accidents, it 1s also
obvious that many of the fatal and serous inuries sustarned in awline accidents in
the last 20 years were unnecessary ! In 1955, for example, 22 per cent of the fatal

d nvolved d of crash fc d resulted in 19
per cent of the year's fatalities and 79 per cent of the serious injurics? The
remaimng 78 per cent of these accidents were of a non-survivabls nature, in
which the aircraft struck the steep sides of mountams at crussing speed, or
were otherwise demolished by impact force. .

Something can be done to prevent unnecessary death and injury in sur-
vivable acadents if we accept the premise that some accidents will occur
occasionally, i spite of our best afforts to prevent them. Certamly, our
safety record shows that we have been unable to prevent all accidents,
despite our i d techncal experi and “k how”, This is because
we are dealing with an art that is continually changing, as we fly higher and

faster, and because we are 4 with the psychological cffect of the

thousands of human beings involved in the design, construction, maint:.narl:ce
. - R 0 meat sk mictakes

sort? . cthe

lly, aceident i ion has been, and to be, one o c

greatest de to the i of accid: for once the basic ca;ljr
additional efforts can be made to prevent a suml

of an accudent 15 known,
ive—situation. ~ Likause, aimed at finding the :/gmﬁ:
causes of snjury n accidents can prevent the recurrence of such wjuries in future z'z:z;ilt;lf
pal of,

—by engineering design. This is the reason for, and the basic princi]

crash-injury research and crash-safety design.
"To achieve this goal of safety n survivable accidents, much work x:u'x;lll:
: ' . T - - 1and
' " = air-

r equipment, the extent and type of dalge to
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past two decades.! On an average, there were 63 killed and 28 seriously
injured per year,

However, during 1955 alone, there were 9 fatal —domestic—aceidents, in
which 156 persons died and 39 were seriously injured, Thus, despite the fact
that the airline fatal accident rate trend (per passenger milc) were generally
downward, more people were killed and injured in 1955 than the average for the
preceding 20 year pertod.

This mcrease, of course, 15 partly due to the increased passenger capacity
of our current aircraft—as many as 100 persons in 2 tounst aircraft—as
compared to the 21 passenger capacity of the old DC-3.

As aircraft seating capacities morease, the number of persons exposed to
death and injury, per accident, will also tnerease, This exposure rate becomes
frightening when one realizes that tourist configurations of some new jet
transports are expected to accommodate 230 persons, or mare. It 15 obvious
that it would require only a few severe accidents to these aircraft to jump the
death and seriously injured rates drastcally.

Accordmg to what crash-injury research has taught us in the past fcw years
about preventing death and injury in survivable type accidents, it 1 also
obvious that many of the fatal and serious injuries sustaned in arrline accidenis
the last 20 years were unnecessary! In 1955, for example, 22 per cent of thg fatal

id mvalved bl dtions of crash force—and resulted in 19
per cent of the year’s fatalities and 79 per cent of the serious injuries2 The
remaining 78 per cent of these accidents were of a nan-mrvwvn?h nature, 10
which the aircraft struck the steep sides of mountains at cruising speed, or
were otherwise demolished by impact force. s

Something can be done to prevent unnecessary death and njury m suf-
vivable accidents if we accept the premise that some accidents M:\H occur
occasionally, in spite of our best afforts to prevent them. Ccrtamly, 02’
safety record shows that we have been unable to prevent all accidents,

1 1 a

despite our i d “k how. This is becaust
we are dealing with an art that is continually changing, as we fiy }ughcrf a:;c
faster, and because we are d with the psychol effect o

thousands of human beings involved 1n the design, construction, mamtgn:::
and operation of our aircraft. These humans, unfortunatclyi‘ make mis! e
in dictabl which 1 produce nt: of an
foresc:n nature—is tilem one of us who has never had an accident of some
sort?

1ly, accident i ion has been, and i to be, one of $:
greatest to the duphcation of accid: for once the basxc.:’:d o
of an aecident is known, additional efforts can be made to prevent a sl i
—causative—situation, Ltkewnss, investigation awmed at finding ihe ;f;mlt
causes of njury 1n acardents can prevent the recurrence of such injurtes x.nﬁl":;’; o1 of,
—by engineening design. This is the reason for, and the basic prncip!

crash-injury research and crash:safcty design, be
To achieve thts goal of safety in survivable accidents, ’f“_'fh_‘::ffi?‘:; o

- - hand

' - 1c air-

::xaR, seats and other interior equipment, the extent and t
242
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Feg 2, The foor and seat attachments farled elecen of the Puurtrotwo passengers were fatally snpred

Fig 3 The anchoroges on the rearteard facing seals tore jree fiom this omaut floor
mumerons persons dit
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Fig 5 Thas transport struck the ground m escess of 150 mph about 40° nase down. seeen of 8¢
thirtp-erght passengers surtroec



Fig 6 The spear-like tubes 1 the seat-backs were reloted 1o fatal head vjurees of
eleven passengers

Fig 7 The bottom and back of this 40 g seal partrally faled  the prlot suctaned
sertous wnpumies
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Fig 8. The prlots of thts helucopter sustained a munmum sertical decelerotion of 28 G*
both surtrved—newther sustamed sprnal tnyury
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anjuri 2 crash-m'\ury point of view, this accident demonsmtcd
prmupa\ y (!) lhat the rashwor! thmss of the cockpit structure exceed

of t 10]
Fag. 8 shows 2 helicopter. that ‘crashed from 2% n altitude ol' 150 feafter major
ruons of the rotor blades disinte gratcd 17 Both occupants s r\ cived. 4
though the vem:al  force in thas aceident ¥ lhz rangt of 28 10 73 Gy 1 her occuport
sustaned 67 injury to the spine. Crash m_‘ ysis adicated the lh\s htk o
spinal jnjury was proba bly due veral fa ctors: (K) thc seat- p ans were O
a light, shcr.t-mcul consmlcho n W h\ch co\!aps:d mann dm '-hﬂ
nbuted

ine. e 2]

smposed; the weight of the upper tors® was appa:cm\y ‘borne by the thughs

effectively reducing % fompressve Toading of the sping:

The ! survival of these accupants is not conside red unusual, despite the

high G dccc\cr:mon, since previous rescarch® fhas show? that the hma®
tand dec:\crat'\ons of 150G without. Jangerous I:;)nu‘xl;

prowdcd (1) the 1oads d: yributed it casonably unt
over body, and (31) the duration of such 10 ds is shorts ol sect
0°10 se duramon of t Y load ¥ hielicopt cident W2

Q6 se!

The data relating t o this lack of spinal ¥ njury it
hea yertical foree may 210 o be uscful 1o o designers ol'e):cuon sed for
zurcran, exther i relation to thc design O l‘srm -pans, OF ¢ possible lung ©
the seat 50 1hat \he acceleratio —ejection 0ad 38 imposed eansverscy 10

€.

These ar¢ examples of quahtalma crashanjury and crash-suf
can be cxlmclcd from. survival vable a1 ral'\. accidentss ata which ar usf

1n tul U’ i W

bodyt® engineers would not ha¥e known whic’ poxd n of
i i statisth
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28—

45—

66—

91—

120—

153—

4

o
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Severe—but not dangerous.

Survival normally assured. Extensive lacerations wthout
dangerous hemorrhage. Compound or comminuted fractures,
or simple fractures with displacements. Dislocations of the arms,
legs, shoulders or pelvisacral p Fr of the facial
bones. Severe sprains of the cervical spine. Fracture of trans-
verse andfor spinous processes of the spine, without evidence
of spmal cord damage. Simple fractures of vertebral bodies
of the dorsal and/or lumbar spines, without evidence of spinal
cord damage Compression fractures of L-3-4-5. Skull fracture
without evid of ion or other ial injury.
C i id d by loss of i of over §
and up to 30 min, without evidence of other intra-crantal injury

Sertous—dangerous, but survival probable.

Lacerations with dangerous hemorrhage, Simple fractures of
vertebral bodies of the cervical spine, without evidence of spinal
cord damage. Compression fractures of vertebral bodies o‘f

I S e e wwa A a

mtra-abdommal injury. Skull fracture with concussi?n as
d d by loss of. up to 30 min. Concussion 3s
d d by loss of i of over 30 rm to 2 hr, with-
out evidence of other intracranial injury.

Critrical—dangerous, survrval uncertain or doubtful.

(Includes fatal termmations beyond 24 br.) Evidence of

or I injury. Fractures
or dislocations of vertebral bodies of cervical spine with evidence
of cord damage. Compression fractures of vestebral .bodlcs of
dorsal spine, andfor L-1, L-2, with evidence of spinal cord
damage. Skull fracture, with concussion as evidenced by loss of
consciousness, beyond 30 min. Concussion a3 CV,IdCﬂCCd by
loss of consciousness beyond 2 hr. Evidence of critical intra«

cramal mjury.

Fatal—wsthin 24 kr of acardent,
Fatal lesions mn single region of the body,
other njuries to the fourth degree.

with or without

Fatal wnthin 24 hr of accident.
Fatal lesions in single region of the body,
to fifth or sixth degree.

with other injuries

Fatal, i
Fatal lesions in two regions of the body, with or without other

jurtes elsewhere,
250
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LIMITES DES PRONOSTICS FONDES SUR LES TESTS
PSYCHOMOTEURS

C. BoisnouRDIN et A, DE Brisson pf LarocHE
Pans, France

Dans la ive d’une efficaci lable par les résultats des écoles
de pxlutagc Ia sélection psychologique des candidats parvient A une renta-
bilité immédiate indiscutable,

Cependant, fautc d’autre critére profe 1 valable, les méthodes de
sélection qui se référent en termes de probabilités aux résultats des écoles
conférent par 1A méme Ia responsabilité majeure de Iz sélecuon 2 1a doctrine
d'cmmincm:m ct au dcgré d’objectivité de son cuntrdlc Pour csnmcr la

- - N

————ta

[ R,
logique.

La question préalable vise le degré d’accord entre les exigences de diffé-
rentes écoles de pilotage, le probléme est 1ct posé pour les écoles de chasse de
trois pays de POTAN

D'autre part le rythme accélére de ce type d’entrainement he mévitable-
ment 'adaptation des élaves 4 leur formation préalable sans qutl soit possible
de déterminer dans quelle mesure les acqumitions peuvent refléter motiva-
tion ouaptitudes, En fait certain cten
ceux qui nmphq une & hi influent trés sur les
performances aux tests et cela semble une condition majeure de leur valiité,

Cette constatation parait moins énidente pour les tests psychomoteurs qui
pourraient €tre considérés comme reflétant des aptitudes mnnées, cependant
les px h peuvent étre d plus ou moins
lides 4 la formation préalable et la notion de transfert des apprentissages
passés semble mieux rendre compte des faits que ne pourraient le faire
d'hypothétiques aptitudes.

VauDité pes Tests PsvcrOMOTEURS PAR RAPPORT A DIrFfRENTES
COLES DE PILOTAGE
l,f’ tests psychomoteurs étudiés 1c1 sont ceux de la battere américamne,
R LT R A T T S SR

Les emires énudiésacisont 24 is résultats drélves p-loru frangats brevetés
ou €hminés dans les écoles ces ré-
sultats concernent donc des écoles o les conditions dcntmmemmt sont
théoriquement comparables.
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Tus approft es. 1 parait sinsi que Ies ests Jes P i u stade
‘ementaite fennent X oins valides 2 stade chass® ct mvmemml.
Cette & tation €st Pailleurs €O P s d
patteric B d'm atteries. 1a 2 €té Tesrouveé P les con'é\:mons
Jativernent faibles entr® Seeres €t Prov 1es e e
école Tra! qais nt différen du stade gémen-
ire: ‘g1éction for teTi <hsi éte rendue saire.

dée sur c
1o validité maximur de Pensert! mble des testS psychomoxcun st copendant
{a méme POVT les deuxstades {rmul oltip! \e 0 37), mais pour cet gchantiftont elle

peut &tre appro; amatwernent obtenue ¥  troms tests seulement € Jonnant
Jes poids smvants-
Bcole Bimentasr Feola de chasse

TR 0 2

?C: ° 2

ct 2 i

GP. 15 0

ce: 1 [}

Aunw des Jivergences objccuvabm peuvent gtre mises € n éndence entre
1es exigences du stade élémcma'\xc et celles an stade © asse €% en qu' 1a
d vement € c

pays envisagés; o peut considére? comme a3S¢E paive 1> concepuon dune
apuitude 3t pd otage QU P¢ e péftrerat pas 3 o0 cnitére donné
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LIMITES DES PRONOSTICS FONDES SUR LES TESTS PSYCHOMOTEURS

1

donne les ions des tests p et pour plus de
clarté les saturations pratiquement nulles ne sont pas mentionnées.

Un test expérimental, le test de coordination du Médecin-Général
Pracior a été introduit dans cette analyse factorielle et on peut constater
qu'il est trés saturé dans le facteur psychomoteur==c'est le test qui a Ie plus
de communauté avec I'ensemble de la batterie et il scmble ainsi pouvorr
remplacer plusieurs tests,

Cette structure factoriell les candidats an pilotage, une structu
assez voisine a étér avecla population des éléves-pilotes admis en
école élémentaire. Dans ce dernier cas la corrélation entre e facteur psycko-
moteur et le facteur repr. des i 3 mécan-

ques est de: 0-33. Dans cette dernidre étude factoriclle ont été intégrées
des données b hiques groupées selon la méthode des “clefst enes';
parmi ces groupements dont la validité a été éprouvée deux “clefs” reflétant
des intéréts techniques et aéronautiques des sujets ont donné des corréla-
tions trés significatives avec les tests CG, CB et CP; les corrélations sont par
contre nulles avec les tests RT et PC que Pon peut voir dans le Tableau Il

dépendants des P hniq

Une autre méthode permettant d'étudier Iinfluence de fa formation préa-
lable sur les performances psychomotrices a isolé dans la population des
candidats au pilotage un certain nombre de sous-groupes d'axppaner:anot3
duverses dans le domaine de la scolarité, des antécédents p des
activités extraprofessionnelles. )

A titre d’exemple quatre sous-groupes seulement sont cités i
choisis parce qu’tls sont les plus privilégiés et sont les plus repr

ci, als ont ét¢
ésentatifs des

facteurs de réussite. Ces quatre sous-groupes concernent: form::ﬁan s‘uen-
ufique iquée 3 1% i fe i h T
pudue, o rts dlé ire en adro-club, fon scolaire
supérieure.
Tableau 111, Mo Quatre S Prusligts Ecarten Stanina par Ropportd
P Ensemble des Candudats au Plotage
Eléves de ]Candm'au wsus{  Canddals &nduiakdl
Tests Ploole sup | des deoles Nies | apant volé en | & PEcole
datronautique |professionnelles | abro-¢lud Ty
PG 086 +gg§ +053 +l’)f§
TR. 179 + -
& | HE | dE o oBe | I
CB . g
GP. iz 08 +184 +2 44 +044
SRS
. CBet
é Panalyse factorielle, les tests CCy
Ces données confirment celles de Panalyse fa s e techique &V

i i formati
QP favorisentle plgs les Cand'xda".s qui ?_ng regu unc formati rmances 31
' ol

JRN
! int

' ' ! . . jons
. Jhun

Pailleurs priviléges de piut

attorin Drautres sous-grovPes

d’ongin.e. ‘Ces quatre sous-groupes sont d :
stanine dans e facteur psychomoteur de la batterie.
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voisins des 1 et cela indique grossidre~
ment Pinfluence des apprentissages préalables sur les performances psycho-
motrices, avec la réserve que I'on ne peut apprécier le réle de la motivation ou
des aptitudes dans Je choix des activatés citées, Il faut noter cependant que
Jes références biographiques sont trés sous-estimées pursqu’il faudrait consti-
tuer des sous-groupes de sous-groupes pour parvenir 3 une meilleure
apprache des condittons de miheu.

Leffet d’apprentissage peut encore étre étudié en comparant deux pas-
sations des tests & 6 mois d’intervalle. Cet effet d’apprentissage est beaucoup
plus i pour les tests psych que pour les tests écrits et 1l est
intéressant de noter que cest le test le plus psychomoteur de la batterie, Ia
PC, qui donne le plus grand écart, les performances étant presque doublées
4 la deuxiéme passation.

Gaun standard Obtenu & une Denxiéme Passaton des Tests
PC TR 224 CB CP
185 126 160 151 139

Ainsi nous sommes loin des qualités mnées des supposdes aptieudes psycho-
moteices et nous allons montrer que C’est précisément parce que ces tests
refittent des acquisitions qu’ls sont valides.

INTERFRETATION DE 1A Varioieé pes TrsTs EN FoNCTION DE
LeuRr SIGNIFICATION PsycroroGigUe ET pES Exiczwces pes Ecores

L o LB o a feclhant an

facteurs de 1a batterie, mais P'étude n'a pas encore été faite pour le stade
chasse,

Les interprétations concernant la vahdité de chaque test ne pourratent
€tre données & partir des seuls tests psychomoteurs mais ce qu les rend
Possibles ’est Ia concordance avec Jes résultats de nombreux autres tests on
Questionnaires biographiques,

L’hypothése & confirmer est que st les tests psychomoteurs refidtent dans
Une certaine mesure les expériences passées, ccla peut &tre considéré comme
une condition de leur validité, Cette hypothise repose en grande partic sur
I¢ fait que Penteatnement acedlér des écales de pilotage de OTAN opére
Inéngabl une sélection 1 fonction de fa i
Préalable des eldves,

A _'Sx _l‘cn compare les Tableaur I, I1 et 1, i) apparait que lel test (EPJqui

bénéfice des apprentissages préalables s'est attéaué. Cette constatation est
257
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particuliérement valable pour I'entrainement américain et 3 un momdre
degré pour P'entrainement frangais, mais il faut noter quavant le stade
élémentaire sc situe un stage dit de “dégrossissage™ pour lequel ce test
attemnt une forte validité, Ainsi une telle validité n'aurait de signification
rigoureuse que si elle était étabhe sur des populations n’ayant aucune
expérience préalable du vol, mais cela pourrait étre dit aussi de bien d'autres
activités férabl d i é ique. Par ailleurs toute inter.
prétation fondée sur Paspect motivationnel des acqusitions ne pourrat
demeurer que trés al€atoire puisque I'on ne peut envisager de faire un bilan
des conditions de milieu,

En ce qui les exiy relati divergt des stades
élémentaire et chasse des Ecoles frangaises, on pourrait poser Ihypothése
que les diffé des vahdités ob sont dues au fait que Pentraine-

ment sur réacteur exige des aptitudes différentes de celles de I'entrainement
sur avion A hélice Cependant les arguments contre cetse thése sont nom-
breux. Un premuer argument est d’ordre logique, le fait d*étudier ssolément
un stade avancé ot les éléves sont de plus en plus sélectionnés par des
€liminations successives ne permet pas dattendre & partr des mémes
données des pronostes auss: valables que pour le stade &lémentaire, cect 6}
d'ailleurs bien mus en évidence par les valdités américaines citées, celles<l
sont trés abatssées au stade “Jet”, Un autre argument majeur vise les exigen-
ces propres & Iécole francaise de chasse, exigences qui sont trés Ledes au
mveau mtellectuel et scolaire. Au contraire le stade &lémentarre frangus et
beaucoup moins exigeant A cet égard de méme que les écoles américaines ¢t

di Cela ne pond cependant pas & des des spécifiquer
ment aéronautiques et reléve du niveau scolaire du recrutement Ces con~

statations ont été faites A partir de nombreux tests, aspect psychomoteur
o . - . S ¥t mmcandant Tlexemple

. - ) jalisation

o ant ausi

. . P - ur de 2
batterte, . N

Le test P.C. qui a aussi une relativement forte valdité pour‘{ ";"k‘

frangaise de chasse pose un probléme qui n’a pu encore étre résolir, ;t E‘ui

en effet d’un test factoriellement pur au point de vue psychonz(;;:g; (q)n

& notre connaissance discrimine le morns selon les act,iwtfs Prédai it
Dourrait amsi. au stade de nos connaissances, parler d’aptitude si ce 2 T7

quatre phases dont deux avee “attention diffusée . Les vduuins
quatre phases s’établissent ainsi pour le stade chasse’

“ . P T Ty +
. © rdis:025

. - s rbis:028

v orbis 018

" t dure
Les phases avec “attention diffusée” étant les plus valides pouvared
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Concrusion
P TER S TN . . .. . L.
‘ - . . e e -
Ja mesure ol ils reflétent des app préalables. Cep d aptitudes
aussi bien que motivation sont plus ou moins impliquées dans le choix des
activités passées, mars ces aspects ne peuvent étre isolés et pour avoir un
intérét expénimental ils nécessiteraient des critéres beaucoup plus simples et

dépend des acquisiti hniques qu'tls ne sont en réalité dans le
domaine aéronautique,

La méthode des tests répond surtout aux impératifs économiques d'un
entrainement accéléré, elle permet une approche expérimentale des exigen-
ces du pilotage et tend & un inventarre des acquisitions passées qui corres-
pondent le mieux A ces exigences,

En cherct 1 au les p es aux tests et 1
réussite en écale de pilotage par le contexte biographique nous avons hmité
la portée des p psychologiques & Jongue éché: ¢t nous avons
dévalorisé Paspect ique de la sélection, Nous avons par conire ms
Paccent sur Papprentissage et nous avons ainsi sous-cntendu que dans la

ér le Paspect psychologi essentiel est celui des

persp €x]
méthodes de formation

SuMMARY

Tests tn general and psychomator tests in partcular, stem fo be voltd with regard
to the results of flying trasning sn so far as they reflect previous learning lnked 'u'rlh
conditions of social environment. Does the fact of minimszing thus mdfmdual
charactersstics allow a selection that would still be valid on the Job ertterion?

(I) Vahdity of psychomotor tests with regard to various flying training .’r‘:hzznl.v——
the tests whick are studied here are those of the Amerivan baltery ‘dircrew
Glassification Battery” adapted to the French population. The validstiss of pgycko-
motor lests are given for the flying trainng schools of three NATO countries in
which our students have been trammed: USA, CANADA, FRANCE. The most
? d di between the i of these schools eoncems the
French advanced fighter tratming school tn which intellectual capacities are much
mare valorized than in other schools.

o of psychomotor tests—
been made through:

n R " the psychologieal
the psychological nterpretation of the tests has
the factor analysis of the batlery. -
brographucal wnventories studied with the method of **homogentous LA
these keps having been ntroduced wnto a facior analpsis of the baltery. .
the study of the performance 1n the tests and in each factor of vanous sub
groups, some of which may be shoun to be particularly. priveleged.
the effect of learning at a second testing.
say e e 4 b ogtesies ea thele aeuchological
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{90 Lemats of peychatseizat ... . o !
bkl s . . . - . I

. " eviiees, dg pog Jarour thy
1 v L ORI 10) critemon

Conclusion

TFe precent selection of Soers 15 largely ependent o they brographacat
antecedents, It o poy Posable ty diserimnat, between MOlvalion, aptityd, and
itonment conditions g past activities, pyy the experimentay methods enaly us
8 Sttuale the proptom, of selection oy, 16€21d 10 the econommicey Dot of veery 1
tratning,

By shressing the importance of learming, 1, understood thap methods of training
onstitute the essentraf Peyekological proglm,



LEFT-HANDEDNESS AND LATERALITY IN PILOTS

Rorr GERHARDT
Institute of Military Psychology, Armed Forces, Oslo, Norway

In 1953 as our institution became increasingly involved in the problem of
pn!of errors, we were struck by the idea that the problem of left-handedness
. . i P Hi o r e,

seemed

less p d history of left- and their maladj
to have some connection with their left-handedness. To show the direction
of our findings, we will here report six cases,

Case 1

A fighter pilot, second lieutenant, 24 years old, consulted the physician
because he did not sleep and did not like his kind of service. He began to
drink more hquor *' 21 w3 < oo Cambisamad ¢n ~hean a that this made

him feel relaxed. '
said he always ha . o
formation flying. He began to be afraid, especially during gunnery missions,
- . 1Ttk al g B ed anl 1A nnt eoneentrate o0

- € an

which
to be
chid
- older,
ok for hus weaug 1ing

writing for instance. In the plane the prlot had to lo 3
in order to idenufy left and right when he got instructions over the radio to
bank the aircraft. This delay of reactions seemed to explain why he did not
Jike close formation and why he always Aad to be careful. He had a tendency
to stutter and to mx letters in his writing, symptoms which often follow
handedness problems

This pilot was grounded for 2 months During this period he recovered
from his psychosomatic symptoms and felt happy. He was then :ransfcr{td
to a communication wing where he has adjusted himself’ successfully during

these past 6 months,

Case 2
An 18 year old cadet at the flying school did nat make the desired progress
; A and in the class he seemed to be

He was “below average” as regards flying, he was
absent-minded and careless. His behaviour was 30 peculiar that ; et
regarded as “nuts” by his supervisors. He scemed to be socrally 1solate
lacking initiative m all aspects.
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A certain dullness was reported, however,

This cadet was domunantly lefi-handed, despite writing and drawing with
hisright band He withdrew from flying training at his own request when he
was told that he did not adjust successfully to the traming programme,

Case 3

A captain, leader of a fighter squadron, suffered from muscular fatigue
and pam in the right arm and shoulder and m hys back. In the plant he was
forced to use his left hand on the rudder bar 1n order to relax hus right arm

He was away from duty a month or more at a time and recerved physto-
therapy for several years without any lasting effect. The illness began and
developed during his flying career.

During our interview with him he stated that of all planes he preferred the
twin engined Anson where he in the left seat usually handled the wheel with
his Jeft arm when he could not use both. While i the fighter squadron he
envied the pilots flying the Dakotas, but he never appled for transfer
through fear of being called “yellow”. He has been transferred from fighter
squadron to the High Command because of hus illness. This captam 1s left-
handed but writes and draws with his night hand

Case 4

One fighter pilot, a second lieutenant, 22 years old, was grounded because

of “dangerous tendencies™ 1n the air, He was chatacterized as *“pecuhar” by
[ N

urawing with the left. He has obviously learned to use the right hand n a
Breat many situations,

Case §

A licutenany, 25 years old, fiying as a second pilot n a Dakota, was
grounded because of flymng deficiency. One year before he had been trans-
ferred from a fighter to = transport squadron upon his own request,

Abons ana vaamil. afie Lo oo P e et t
Th . - )

¢
wa
Tmost situations

Case 6
A 23 year old fighter pilot made a crash landing about 2000 ft from the
runway because of “fame out”. It was found that he had run out of fuel
although he had been ilying near the air base for a long time At one tme he
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had rfpmt:d 2 fuel fevel of 500 1b and a few minutes afterwards he ranartaq
137nL - L Tt .

. . - . . L.

- . . - - P P
Sioveeu wnite s ut asLaliSu uIment does not as a rule give readings correspond-
ing to the fuel level indicated by the first ioned i . The pilot
had observed the “fuel pressure warning light” and he checked the fuel level
again but probably on the wrong instrument, and he did not react 2s in
emergency because he thought that the red signal had appeared beeause of
clectrical “snags,”

This pilot had been fairly well adjusted to flying before this accident and
was on the point of being selected as a “deputy fight commander.”

‘The pilot is lefi-handed, writing with his right hand,

Before we had seen those cases, the writee had aleeady for some time had
the impression that the term “left-handedness” was rather inadequate asa
scientific term. It might tend to hide a lot of the phenomena usually accom-
panying lefi-handedness and make our considerati {ruitful i
a topic which might turn out to be vital in an air force where the aircraft iy
to be manimilated invevancmahe anet e b sty S Yt '

that the ve . - . .
had beeno = e . . .o
hand, such capacities and abulities that were of great importance earlier
would now turn out to be P , of even disad

&

We had 1n our minds an impression that left-handedness was very often

fafiowed by a marked slowing up of thought and reaction, and that a rather

short delay would have a much greater effect on the pilot performance to-
day than, say, 10 years ago

In the following we will try to discuss our problem in a little more detail

Taue Concrrr
In the hterature, handedness 1s usually thought of and {mn(ﬂcd as the
primary subject, other phenomena being linked up with itin 2 scri?_nf.az.

sihardinate mannes Pafialone o fn we

We usually get the impression that handedness tells us w'hichlhcn}u}ihﬂ'e
15 the domi one. Left-handednesy means a d right hemisp
Our first doubts regarding this view arose as we observed in the Il!cra::::
that there was also something calied eyedness, and that no certain conn:ck o
could be established hetween eyed ant ded How could lpearf o
sa? If one hemisphere is dominant, that ought to mean that m:hc[ac!
mange in that part should dominate our behaviour, However, there is g
that the process of seeing 1nvolves hoth motor and sensory cump?:rl‘ion -
where the motor companent 13 not only confined to.ocu]o-mo(:t a . .
postural muscles of the neck are also involved. In testing for eye n€5‘l’1 wany -
eliminate muscular action other than the oculo-motor, b‘;‘ ’;‘ i haf of
possibilities remain. Imagine a right dominant hemisphere. b Cl hcc ttmuli -
each retina, then, should be the most “alert” one, that is, to
entering the eye from nght
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However, we don’t Lke stimulation from the side, so we tum our head and
cyes 5o as to get the rays in the fovea, a little temporal in each eye. As a
consequence, in cencral {cone) vision, impulses are transmitted to both
hemispheres, Eyedncss is, howevcr, the habit of using one eye and allowing
the other to remain “inactive”, The posstbility remains then that visual
hemisphere dominance (latcrahty) has nothing to do with eyedness.

As to the oculo-motor innervation, we may say that fixatron of an object
among other things means convergenee of the eyes. The mner muscles con-
tract after innervation from the respective hermspheres. There will be a
nvalry, and the stronger muscle wins, to the effect that the opposite cye 1s
kept macuvc" But there is also anolhcr posublhty’rln order to avoid
a

bining the components in visual and motor habit formation, and that
rescarch on the topic wall have to be cor dingly complex and clal

It seems usual to concewve domma.nce asa unitary mastery of one hems-
sphere, but this 1t can be d, as scen m this q (HioreTR
1949, p. 259)

*“According to ORTON {1937), it is only1n man that this cerebral domin-
ance is shown, and 1n man only in language and more mtricate manual
skills 1n which this spectalization occurs In these activities the two hemi-
spheres can function quite independently of each other Observations of
chmcal cases show that 1n people without estabhshed hand domunance
the language mechamsm s also unlateralized in the cerebrum (CHEsHER,
1936). Actually the only gude to mdu:ate whu:h = the dominant hemi-

sphere 15 the latcrality of the ind d 1 his sided and
dhsturbances of function in aphasia and bran lesion cases. Even this
evidence gives confl results, Complete cortical ds has not

been proved. The left-hemisphere 1n right-handed persons cannot be con-
sidered ‘dominant’ for all nervous functions”.

If we could isolate different functions 1n our laterality research, we could
reach a conclusion about this problem. For instance, one could claim that
different cortical arcas nught as well have a laterahity fixed independently
of the other ones. As a consequence we might come to see a lateralify patiern,
van:mom m which would be one of the reasons for indwidual differences in

and p dencies It would akso be pertinent to the
problem of individual dnﬁerenccs 1n learning certain activities,

Funcrionan Fierps
In order to get a survey of our problems we would Like to distinguish different
functional ficlds. Such fields cannot, of course, be clearcut and unitary.
Qur problem is pnmanly a problem of direction or space” Which direction
is the donunant one? Right or left? Handed: 18 the most i
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aspect in directional behaviour, and has, therefore, been more mentioned
than any other aspect, We will try to consider the different functions to find
out ifand how they show directional or spatial trends. Because of the primary
role of spatial factors in the pilot’s job, our considerations will be 1mportant
in that connection, whatever might be their theoretical implications.

Motor functions: handedness

We usually talk about handedness to state that there exists a preference
to use one hand (and leg) 1n activities where hand (leg) activity is involved,
Dextrality means preference of the right hand, as opposed to sinistrality,
which means preference of the left hand. When no hand is preferred, the
mdwvidual 1s said to be ambid As d previously different
phi are believed to pany left-handed ‘When the individ
15 right-handed those things are thought to be caused by something different
from laterahty (or brain dommance).

The left-handed indwadual 1s exposed to a continual problem of adjusting
his movements to those of the environment. When he is a pilot, he has to
manipulate a stick and a dash board which human engineering has given
the 1deal design—for the right-handed pilot, So he has to do a Iot of motor
learning to manage his job,

Ifthis 1s hus only problem, 1t 1s not detrimental, There are left-handed pilots
who do not experience any trouble And there are a lot of right-handed
pilots who are enormously troubled 1n their attempts to learn to fly. We have,
however, seen that left-handedness 13 frequently ied by a tendency
to reverse movements, speech and thought. This is detrimental, and we
believe that such a tendency to reverse is basic and *mcurable”. A person
may learn to write *g” and *d”, but when he, in fluent use of the two letters,
has a marked tendency to use them 1n an opposite manner, he is also due
to make other movements 1n an opposite manner, He may learn to use the
night letter 1n the right place, 1f he 15 allowed to hesitate a little before form-
ing the letter But when he 1s in a hurry, he will inevitably make the wrong
movement at one tme or another As a pilot, with a stick in his hand instead
of a pencil, he may be apt to make a dive when he intends to climb, and he
may mike a right turn when he ought to make 2 left one. The possible conse-
quences are clear if the aircraft 15 near the ground or in a formation, .
As a consequence of this steady tendency to reverse, (hcrpir:o:li ‘ccir;‘c”e:ﬂ‘e‘

they veach the crucal powmt (for 1astance m finng at the targcr]‘—nlx‘x Ulaes
words as long as they do not know what is coming next. If such is tv; n:ascli
we will be interested in screening out such persons at an carly sta‘ge:. "e :v‘;c

have to look for details in the appl 's behaw @uring
will have to make close ohscrvangm of the pilots in their duty perfonp"anu.
jour in accid and near

and we will have to look for such beh

Sensory functions. nsion

As mentioned, eyedness may be relat e
seeng. It may be a motor habit and as such be subject to mot
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As there is no close connection between handedness and eyedness, the way
to use one’s eyes may have been established through mere chance—a possi-
bility we cannot exclude. That would not be any problem beyond the prob-
Icm of changmg the habit (hmugh tmmmq. But we still have to account for

in ow and spatial relations.
Several persons are peculm in that they ha\c a fixed tendency to reverse or
to be uncertain about nght and left.

Theyhaveatendencytoread *“d” instead of “'b”, *“14” instead of “41”, ete.
The problem 15 to determine where n the process the reversal is made. In the
above mentioned examples we will see that “d” and “b™ are reversed—
mirrored—pictures which cannot be due to mirrored movement i the
speech organ Therefore 1t would be appropriate to ascribe it to the visual
centre, The other example, however, 11 a figure consisting of two parts, “1”
and “4”, whose sequence has been changed and 15, then, a less revealing
symptorn A piot who has a tendency to sce things backwards is likely to
act i an opposite manner. 1f that 1s hus only deficiency, i ¢ af he has not the
habit to reverse movements at the same time, he will react directly on an
opposte figure, IT he also tends to revert movement, his reaction will be
more uncertamn about the direction. In copying a number, for instance 23,
he may always be uncertain about the result because he does not know what
he has done. He may read 1t correctly and write it backwards. He may read
1t backwards and write 1t backwards (result correct), ete. If we ask the
person to say the number before writing 1t, we get the following possibrlities

Read  Spok Wk

23 23 23
23 23 32
23 32 23
23 32 32
32 23 23
32 23 32
32 32 23
32 32 32

That means statistically about 50 per cent chance of deing 1t wrong, A
telephone number with 6 ciphers 15 almost an impossibality unless the number
1s read and reproduced digit by digit.

Practically it will be important to single out the indrviduals with such ten-
dencies because of the demand that they shall read instruments correctly.

Perceplory functions form and space

According to an analysis made by Gmso~ (1950, p, 53) a typical rennal
1mage contains “two fundamental types of sttmulus vanation, one jn the
character of the focused Light at any point and another in the relation of
these hght-points to one another”. This image 13 a projected arrangement
of hght, not a “picture”, and may be said to be a basic correlate of visual
perception Yor our purposes the percept may be said to have formal and
spatial qualitics,

At a. o
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thc rtdfm, will all yeduce visusd acuity, Stereoscopic acuity {in binocular
vision) is assumed to be of averwhelming importance to the pilot's ahility
to operate iu the air. That is a belief which can be questioned, for several
reasons, as mentioned by Gmson (1950, p. 108):

* .. . persons having vision in only one eye, or temporarily limited to use
of one eye, see the visual world in depth just about as much 23 the
rest of us do and get about in it without conspieuous loss in efficiency.
There have even been one-eyed fliers, of whom Wiley Post was the most
notable.”

Can perception of form be impaired by lateralit? Probably yes. Spatial

prehension is a very imp: aspect, and is conspicuous in art

comprehension, as mentioned by Garrros (1956, p. 329) in the following
statement:

“A prevalent role of visnal space perception might explain why the
glance-curve is confined to the culture of the Western world, beginning
with the Greek_ Its jon with brain domi would explain why
it is not found 1n young children. Furthermore, according to this theory, 2
left-handed person with a cormpletely teversed brain dominance (which is
an exception, and not the rufe as is generally believed) should have 2

! - e e T Y he world as a minor-

- . of art is farnished by

' . but also most of his

pictures, have 10 be reversed in order to show the composition which best
fits the subject matter from the point of view of the spectator. (With the
T of the di of hght {d ined by the actual position of

the window) the mirror-image of the famous last Supper furpishes a
incing example, especially for laymen who are not too well scquainted
with the original). The problem of reversal is most important in the
graphic arts, smce prints are the miror-images of the drawings on the

ot S

plates,”
(“What is sinuster about sinistrality” ? Wive (1932, p. 44) asks. He men-

tions a lot of prejudices as regards Jeft-handed But may be the answer
is to be found in the normal individual’s reaction to the strange way i1
which the lefi-handed see and do things),

An important statement has to be made in this matter, The p‘hcno‘mc_na
bt emad chmeim Looa e = meaane e o R L]

to meet, the intentions of other individuals, He would perceive a square, 3
house, a tree and the like with the same ease 21 others. But when these cle-
ments are part of artficial constructs reflecting the mental processes of others,
he may be afflicted. My comprehension of a pm"t‘i:ct is facifitated lﬁ?z ?l‘f“_
a JRPCIORICRIRNE AP . e tasamion fantiy

268



ROLF GERHARDT

may conclude, then, that a pilot may be proficient in spatial behaviour per

e . - . M .
=" . . s . Ny - I L .
perception. It deserves special mention. Gorpstens (1948, p. 99) in treating
brain wnjucies mentions how he uses tachustoscoptc examination

“For a quick survey of mental P
15 of great value, Sometimes the main defects will be revealed in one
examination, OF course each defect revealed in this way should be studied
in detal, However, results obtained with the tachistoscope will prove a
very useful guide 1n our p Tach i should be
a part of the routine mvestigation The principle of this examination 1s to
expose some figures and other objects for a short ime (1/5 or 1/10 sec) and
have a subject report what he has seen

an b which are not d d in the ordinary exammna.
non come to hght when the perception time 1 shortened i this way.”

One might believe that differences between normal indwiduals will be
discovered much cather 1 this way, and that we have the possibility to
wfferentiate in 2 more minute manner than is vsusl in paper and peneil
tests. This will be an important field of investigation when we want to take
m account factors mfluencing prlot proficiency.

Pryoeplory funclions  ideatron

Some years ago the writer read a composition where the two words
“exogen” and “endogen” were used conustently in the opposite meaning,
The author'shand T by many and oms

Yea est aaaa ot .

. P PR . . .

“Tapf™.

In German “Topf™ 1s, then, the same as “pot” 1m English, Another ex-
ample 1s found in the words “boat’™ and “wb”, which have much the
wdenncal meaning, the “tub” being, however, a "'notso-good-boat™. (We
do not know exactly sf *“tb™ 13 a reversal of “boat”, but it seems reasonable,
a3 the vowels are of minior importance in the word structure, and has ofters
been omitted in ancient languages.) Another case is seen in the Latin
words. “AlLtitudo™ and “LAtitudo™, which we have only noticed as a
peculiarity.

1t 1 interesting to note that some persons have a constant tendency to
distort words 1n this way, especially at the firt occurrence of the word. By
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the second saying it may be corrected, sometim i

n ted, es even during the first say.
g, The foll g series of obser this, They w:rcgall observed g’n
a gir], npw 5 years o)d:

Age  Pronounced Correct
word word Notes
16  pike kipe
16 kos sokk
16 pusse suppe ~
16 floyse sloyfe
3-7  lusemort muselort
37  fotthass flosshatt
37 dankedusen  danse dukken  Discovered the fault while saying it,
37 parsiman marsipan Did not discover the fault herself,
Now corrected.
310 gormamsse organisme
311 jaunakke nattjakke
3:11 Doland Donald Persistent  Not corrected as yet.
46 regle nensene  rense neglene
4.7 magasjebukse pamasjcbukse
49  Chkayan Chinasjakk

Jente huletreet Hente juletreet Discovered while saying it,

>
)

This grrl shows a fanly good verbal fluency most of the time. But some-
times she stops at a word, repeatimg 1t several times because she does not
know which word to use next. She cannot reproduce it. She ako has a
tendency to put the words m a rather complex sequence which equals the
German syntax, She may for instance say “Yesterday I have been in town,
and I have bought a doll.” Another peculiarity is the tendency to answer
“No"” when she ought to say “Yes”, and vice versa. It seems to be a matter
of which entity she chooses to react upon.

Example *“Shan’t we go in the shop?” Answer “No”—which means: “I
don’t agree in that statement, because I wish to go with you mn the shop.”
As far as we know the same type of answers is usually found in Chinese.

The girl is not left-handed, but she had a comparatively long period before
ber right-handedness became fixed. (Unfortunately the time has nat been
recorded.)

1t will be understood that such tendencies to reverse or change 1deas must
be of some importance. However, they are difficult to study because they are
10 a great extent ehminated from speech through Jearning, and we are unable
o observe the rudimentary tendency We cannot exclude the possibility that
a reversed 1deation may oceur in a never-hefore-experienced situation, which
1s a dangerous event in flying. Case 6 seems to concern this type of cause.
The pilot ought to recognize that fucl volume is reduced during fight
Maybe this case can be compared with an example mentioned by Herdan
(1955, p. 125). R

“If 2 word-blind person reads the words “egn” (region) and “eng (x‘r‘u:a-
dow), he seems to be rather helpless if he, after a long perrod, says that “the
word ‘eng’ is written twice, but 1s spelled differently each time”.
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analyses 1n order to find the weak point (or points) in the chain. Some

phenomena will probably occur together more often than others. Handed-

ness is not a very vare phenomenon but we would rather stress the importance
of direction Left-handed i i h i

withoutd i docs not create

the sort of problem we have treated. Directional aberrations without left-

handedness have a greater chance to be neglected.

SOMMAIRE
Phimisphire drott, et s'accompagne de déficences secondasres dans la lecture, le
langage, la coordination motrice, etc.. Mais ce concept dort étre rénsé,
Pourgua, par exemple, chez les gauchers, Voel directeut Restal pas soumis & la
prédomunance droste, qu'tl S'agisse de fixation ou de convergence (musculature
extrinsique of wnirnséque) ? En réaluté, les localisations permettant d'affirmer la
prédominance d’un hémusphere ne se trouvent que dans Paphasie et certarnes lésions
cérdbrales. La prédominance corticale compléte n'a jamars & prouvée, Chez les
drotteers, Dhémisphere gauche ne peut &tre considbré comme “domanant™ pour
toutes les fonctions nerveuses, On dost penser que seules certatnes fonctions sont
latéralsstes, en vasson de différences sndiduclles de comportement et de perception
En ce qus concerne le priote, on dott consdérer surtout

Les fonctions motnces (drovtters, gauchers, ambrdectres)—Les commandes
dtant Hablies pour le drottier, le gaucher dowt farre Uapprentissage de sa motrierté
Certans y parviennent trés buen Mais la gauchens s accompagne souvent d’une
tendance & nverser les mourements, le langage et la pensée. Celte tendance est
essentielle et incurable Compatible avec la vie courante, elle est inadmussible chez
le prlate appelé & exécuter des mouvements raprdes et préas. Certans de ces prlotes
deviennent d’une prudence et d’une lenteur excessies

Les fonctions sensorselles tison—Il n'y a pas de rapport entre la gauchemic et
Poerl directeur celutecs dépend de tendances directionnelles dans la perception des
relations cindtiques et spatiales, et quelques supets ont une tendance permanente a
tnverser, & lire par exemple d au licw de b, 14 au leeu de 4), ete, . .. Un prlote qur
a tendance & rorr & Penvers est également exposd & agir & Pemvers

Les fonctions perceptives forme et espace—Un prlote dort avorr une rision netle

Saloal T . !

ment dans certanes directions, de prendre sa place dans une formation, etz.
c'esl-d-dire 14 o2 wnterrient la rapidité de la perception. L'examen tachystoscopique
est alors de grande caleur {obserzations 1 et 6).

amn




LEFT-HANDEDNESS AND LATERALITY IN PILOTS

the cerand catine it mav ha rnvractad peoeatooe oo oo 3 oo~
Age  Promounced Correct
word word Notes
1:6  pike kape
16  koss sokk
16 pusse suppe ~
146 floyse sloyfe
37 Iusemort muselort
37 flotthass flosshatt
37 darkedusen  dansedukken  Discovered the fault while saying it,
37 parsiman marsipan Did not discover the fault herself.
Now corrected.
0 gormanisse organisme
<11 jattnakke nattjakke
1 Doland Donald Persistent. Not corrected as yet.

31
31
31
46 regle nensene  rense neglene
47 magasjebukse gamasjebukse
49

S Chikasjan Chinasjakk
49 Jente huletreet Hente juletreet Discovered while saymng it

This girl shows a fairly good verbal fluency most of the time But some-
times she stops at a word, repeating 1t several times because she does not
know which word to use next. She cannot reproduce 1t. She also has a
tendency to put the words 1m a rather complex sequence which equals the
German syntax. She may for instance say - “Yesterday I have been in town,
and I have bought a doll.” Another peculiarity is the tendency to answer
“Na" when she ought to say “Yes”, and vice versa. It seems to be a matter
of which entity she chooses to react upon.

Example: “Shan’t we go in the shop?” Answer: “No”—which means: “I
don’t agree 1n that statement, because I wish to go with you in the shop.”
<o . a. P ST P S Y e R

recorded.)

It will be understood that such tendencies to reverse or change ideas must
be of some importance. However, they are difficult to study because they are
to a great extent ehmnated from speech through learning, and we a:e' unablc

gre = . e wr, e 1 AT o BTty
The pilot ought to recognize that fuel volume is reduced dunng thght.
Maybe this case can be compared with an example mentioned by HerMaN
(1955, p. 125).

“If a word-blind person reads the words “egn’” (region) and “eng” (mea-
dow), he scems to be rather helpless if he, after a long period, says that “the
word ‘eng’ is written twice, but is spelled differently each tume”.
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Concrusion

It will be seen from the above treatment that tendencies of reversing or un-
certainty in directional behaviour may be of great interest when we want to
know hing about flying profi We will have to make thorough
analyses in order to find the weak point (or points) in the cham. Some
phenomena will probably occur together more often than others. Handed-
ness is not & very rare phenomenon but we would rather stress the importance
of direction. Left-handedness without ional ab does not create
the sort of problem we have treated. Directional aberrations without left~
handedness have a greater chance to be neglected.

SOMMAIRE
Lauteur rapporte six observations de prlotes dont I'inadaptation au evigences du
tol semble avorr été en rapport aves le fart qu'sls étavent gauchers.

On admet généralement que la * gaucherse™ correspond @ une prédomnance de
Phé drost, et §° de déficrences datres dans la lecture, le
langage, la coordinatron motnice, etc. . .. Mars ce concept dont ére vémsé
Pourquor, par exemple, chez les gauchers, Porl directeur Westtl pas sourns & la
prédomunance droite, qu'l Sagisse de fivation ou dr convergence (musculature

i tque)? En réalité, les locals d’affirmer la
prédomimance d’un hémasphere ne se trouvent que dans Paphasie et certaines lsions
cérébrales La prédomnance corticale compléte n'e jamais été prouvée Chez les
drottiers, Phémasphere gauche ne peut étre consediré comme “dominant” pour
toutes les fonctions nerveuses. On dort penser que seules certarnes fonctions sont
latérahsées, en yarson de dyfférences sndvnduelles de comportement et de perception
En ce qut concerne le pulate, on dott considérer surtout

Les fonctions motrices (drovtiers, gauchers, ambidevires)—Les commandes
étant éablies pour le dyostier, le gaucher dont fare Papprentissage de sa motriceté
Certans y parviennent tris bien. Mass la gauchene s'accompagne souvent d’une
tendance & wnwerser les mouvements, le langage et la penséz, Celte tendance est
essentrelle et 1ncurable. Compatible aver la vre courante, elle est inadmussible chez
le prlate appelf & exécuter des mouvements vapudes et préces. Certarns de ces pilotes
devsennent d'une prudence et dunc lenteur excosstves

Les fonctions sensorielles: msion~—I1 'y @ pas de rapport entre la gaucherse et
Pousl directeur celurcs dépend de tendances directionnelles dans la perceplion des
relations ainétiques et spatrales, et quelques supets ont une tendance permanente &
snwerser, & lire par exemple A au hew de b, 14 au lew de 41, ete. . Un pulote qui
a tendance & vorr & Denvers est dgalement exposé & ager & Denvers.

Les fonctions perceptives forme et espace—Un prlote dott avorr une viston nette
qut dépend ron seulement de son accommodation, mas d’autres condations intermes
et externes (léswns de la région ocapitale, des vores optiques, de la réting) Lacuité
stéréoscoprque est essentiellz, mars non sndispensable (cas des prlotes borgnes). Un
plote peut avorr une viston corvecte de Pespace “‘en sor™, maus étre déficient quand 1l
¢ trouve en face d’intentions d”autres indindus, comme Uordre d'evécuter un mouve-
ment dans certanes directions, de prendre sa place dans une formation, ele, . .
Cest-dedire 13 o sntervrent la rapudté de la perception, L'examen tachystoscopique
est alors de grande valeur (observatsons 1 et 6).
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?hc sccond saylng 1t may be corrected, somerimes even during the first say-
ing. The following senes of observations shows this, They were all observedin
a girl, now 5 years old:

dAge  Pronounced Correct
word word Notes
1-6  pike kipe
16 koss sokk
16 pusse suppe -
1-6  floyse sloyfe
37  lusemort muselort
37 flotthass flosshate
37  dankedusen  danse dukken  Discovered the fault while saying it.
37 parsiman marsipan Did not duscover the fault herself.
Now carrected.
310  gormanisse organisme
311 jatnakke natyjakke
311 Doland Donald Pensistent. Not corrected as yet.

46  regle nensene  rense neglene

47  magasjebukse  gamasjebukse

49 Chkasjan Chinasjakk

49  Jente huletreet Hente juletreet Discovered while saying it.

Thus pirl shows a fairly good verbal fluency most of the time. But some-
times she stops at a word, repeating 1t several times hecause she daes not
know which word to use next. She cannot reproduce it She also has a
tendency to put the words 1n a rather complex sequence which equals the
German synta. She may for instance say: “Yesterday 1 have been 1n town,
and 1 have bought a doll”” Another peculiarity is the tendency to answer
“No” when she ought to say "“Yes”, and vice versa, It seems to be a matter
of which entity she chooses to react upon.

Lxample: “Shan’t we go in the shop?* Answer- “No"—~which means: "'X
1 % = aa e 4l cs bmamma—s Taea W X v - DT

recorded.)

It will be understood that such tendencies to reverse ar change ideas must
be of some importance. However, they are difficult to study because they are
to a great extent eliminated from speech through learning, and we are unable

to observe the rudimentary tendency. We cannot exclude the possibility that
befe i d situation, which

areversed ideation may occurin a
Sas e e e i s £ aran n mmcpe shIe sma af rause,
- . . . . - ht
e . - o - . AN
(1955, p. 125). g (mea-

“If a word-blind person reads the words “egn” (mgion) and mes
Qow), he seems to be rather helpless if he, after a Jong pmofi, s2ys that “the
word “eng’ 1s written twice, but is spelled differently cach time”.
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TRAINING PERFORMANCE AS A SELECTION DEVICE

Wise B. Wezrs

Bureau of Mcdncme and Surgery, Deparcmcm of the Navy,
Washington, D G, US.A

THIs 15 a report on our efforts in *‘secondary screening” which is becoming a
vital part of our present selection programme. Our researchers at Pensacola,
of course, continue therr efforts toward sharpcmng our present selection
devices; which include of the ck of aviation
traiming, continuous cross-validation of cur current tests, the trial of new
aptitude tests, and developmental work n the area of motivational testing.
More recently, however, we have placed increased emphasis in the area of
“secondary screenmg”.

By secondary we mean the ion of the of
our sefection procedures beyond the mma.l a(ammanon and screening stage.
That js, the use of as di of

-SRI A S NP SR

with a limtted manpower pool
‘We interpret these rather unpleasant facts to mean that the improvement
of selection predictors cannot come about by increasing our screenmg
ehimnatron rate It must come about by some additional measures. We fur-
ther felt that 1n our current state of knowledge the addition of more aptitude
or motivattonal tests was not the answer. To escape from this dilemma we
fell back on an old selection adage Extcnswc on-the-Job measures are typi-
cally good pred of future
The first step was to turn to the pre-| ﬂxght pcnod of the Naval Air Trainmg
Programme, This 1s a 16-week period 1n which the cadets are indoctrinated,
given physical and mulstary tramning, and course work 1n navigation, aero-
logy, engines and principles of fight. Very simply the measures of perfor-
ance 1n these areas were combined into a correlation matnix with our
selecnnn tests, and va.hdated against two cnterta success—failure and over-
the Muluple
were derved for the two entena. A compromise wcxghtmg of the scores was
developed and the four best measures were placed in a formula, The pre-
flight progress grade was the consequence In detall we found that the
Mechanical Comprehension Test from our selection battery, navigation
scores from the academic side of pre-flight, physical training grades, and
Oﬂicer-llke Quality grades were the most useful scores,
an of this grade bly accurate
prcdu:uom were possible 1n regard to progress n the primary stages of
flight training vahdity coefficients of around 0-5 were consistently obtained,
The next step was to implement the use of thus score. We recogmzed that
although we had improved our predictions we were still not completely
273




LEFT-HANDEDNESS AND LATERALITY IN PILOTS

Idéation—La tendence & inverser ou & changer les idées, qui s'observe aussi bien
cheg certains drovtiers, peut se manifester dans une situation nouvelle et tnattendue
(observation 6).

En conclusion, la tendance & nverser ou Pincertitude dans le comportement
durectionnel pewvent présenter beaucoup d'intérét quand nous voulons dtudier Papis-
tude au prlotage. Nous devrons faire des analyses complétes pour trouver le ot les
points faibles dz la chatne. Certans phéy se produi bable o
simultanément plus souvent que d’autres. La gauchene w'est pas un phénoméne
trés rare mass 1l faut souligner surtout Pimportance de la direction. La gauchene
sans aberrations de direction ne pose pas le genre de probléme qui a 8¢ trarté icr,
Les aberrations de direction sans gauchenie risquent davantage de passer inapergues.
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TRAINING PERFORMANCE A3 A SELECTION DEVICE

lieu de leur faire continuer Uentrafnement. Cette procédure permet de conserver des
sujets pour lesquels la sélection initiale 5'est révélle inexacte, de pousser les sujels
vraiment capables, et de juger les insuffisants de fagon plus approfondie.

Le succés de celte procédure a 81é tel g elle sera incessamment étendue aux stades
ultérieurs de Pinstruckion (advanced training).
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THE SIGNIFICANCE OF THE ABNORMAL
ELECTROENCEPHALOGRAM IN AIRCREW

V. H Tompkins

Group Captorn, R AF, Centra) Medscal Establutiaeat
Mimstry, London

THERE are two main types of abnormality to be seen i the EEG, the consti-
tutional or 1nborn, and the acquired The acquired abnormalittes occur
under ¢ircumstances ranging from the distinctive lestons of injury, infection
and tumour to those assouatcd with general biochemucal disorders and with

1 levels of It 15 not the present purpose to discuss
these latter

The constitutionally abnormal EEG does not mean that a subject has
already shown symptoms of abnormal behaviour but that, if he has not done
30 he is exther more likely to do so than one of his fellows, or he may transmit
the tendency to hus offspring

he i I ab: may be (I} pecific, such as may be
found 10 epileptics, psychoties, psychopaths and other subjects of behaviour
disorder or 1n their relatives, and (II) specifically epileptic.

A speaifically epileptic disturbance, 1 ¢, a larval atiack, may appear 1n an
otherwise normal record or in an abnormal record, but mn at least a quarter
of all abnormal records of epileptics larval attacks are not seen. This 1s
because of the lumted tume spent m recording, since every classical fit is
accompanied by characteristic change in the EEG and this must eventually
be seen. Constituuonal abuormalities are usually fixed, but may alter and
even disappear with maturauon and agcmg The acquired abnm—malmcs
are transient  but )} here
changes may be expected to have occun-ed they may have permanent
abnormal sequelae

Although there 15 2 wide range of EEG patterns found 1n people who scem
to be normal, we are slowly learning that some of the deviations from the
average w}uch azc seen have 2 reﬂemon on the ndvdual’s respansc to

cent of a sample of 309 aircrew candidates wath an average age of 20}
showed records which they recognized as immature but which by applying
stnict adult standards would have been charactenzed as abnormal. It s
mportant also to remember, as Pond has shown, that maturation does not
take place in a smooth curve but shows steps and is subject to delay and
unequal progress

In the RAF chnic as in most other major ones this factor has been realized

tente e . e e
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SIGNIFICANCE OF ABNORMAL ELECTROENCEPHALOGRAM IN AIRCREW

In spite of many studies of the normal population, there is Lttle evidence
that the meamng of abnormal features found in the EEG of normal people
has been closely exammed. We know, however, that the abnormalities can be
related to munor physical and psychological disturk disturt
which become more apparent under the physical and psychological stresses
of high performance flying.

Some of the conclusions we can draw will be discussed in relation to the
problem of the use of the EEG in selection, and our findings in relation to
episodes of unconsciousness in the air will be briefly mentioned.

1 shall not here discuss the results of special methods of activation such
as Fhcker, Sleep and Metrazol. I personally have found these only of
mimmal use 1 clinical medicine and then only in selected cases, a view
which 1s supported by Munoy-Castie (1953) who finds only about 3 per
cent of abrormal response 1n a control population, and by Scrwawms ¢ al.
{1956) of the U.S Army who find by controlled experiment that the results

of metrazol actwvation are not in a normal population, But my
main reason for rejecting them for routine use is that they make high demand
on skilled p 1 for their 1 and P ion and therefore

are primarily of research use. Any procedure which is normally of use for
nulitary selectzon must be able to be apphed rapidly and to make very small
demands on high trained staff, In the RAF, for mnstant, at the peak of the
war we had 150,000 aircrew and no highly specialized exammnation could
have been applied to them,

PossiLe Uses oF THe ABNORMAL EEG IN AIRGREW witH REGARD

70 SELECTION AND PERFORMANCE
It 13 important at the outset to take a balanced view. The generally accepted
figure for EEG at Iittes in a contral popul: 1s 10-15 per cent.
Training losses are usually quoted at from 30~50 per cent so that even if all
possessors of abnormal records were unsuccessful for aircrew duties (and we
know they are not) the EEG would only reject 2 mnor proportion of failures
and under existing techmques we are without individual information in 9
out of 10 persons examned.

Reviewing what information we have' PICARD et al. (1955) state that
controlled experiments have shown that the best pilots are those who have
the most normal trace. On the other hand Grey WALTER (1955) has sug-
gestive evidence, which he hopes to confirm, that certain specific mild
abnormalties are uniformly found i successful Fleet Air Arm pilots.

On a more positive level WiLLiams (1941) has shown that whereas there
were 10 per cent of abnormal records  a sample military population, only
5 per cent of awrcrew at the conclusion of tranmg had an abnormal EEG.
The samples, however, were small and the difference between the two
groups 15 not 1) i 2 < 2}, although his findings may
nevertheless be true and might be shown to be so if carried out on a larger
scale.

More recently BucHTHAL and Lenmox (1953) have investigated a popula-
tion of awrcrew candidates They divided their findings into several grades
of abnormality and on these gradings considercd that nearly 20 per cent of
the records taken under standard conditions were not normal. They found
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to be of any statistical value i selecting those who can learn to fly on an
aptitude basis. I say this not to decry the use of the normal EEG but to
suggest that much more work needs to be done to see whether our chnteal
Judgment 1s, in fact, correct.

It 15 possible of course that such temperamental defects as we know are
assoczated with abnormal EEG’s are 1n the main not those connected with
PR . - <R Fa ..

In more specialized connexion we can say that of a general population it

11n 40, or twice that of any unselected person at birth,

Fifteen per 1000 aircrew per year are referred to the psychratrist. Rook
(1947) working with WiLLIAwms, found that 13 per cent of neurotic arrcrews
showed abnormal records so that the chance of arrcrew having an abnormal
EEG and of developing @ neuross 1n any one year 1 about I m 500,

To therefore our k dge of the 1 routine EEG we
can forecast that if all aircrew with abnormal records were rejected, the
EEG has no defimte chance of rejecting failures to learn to fly and a 1 in 50
chance of rejecting neurotics at a 10 per cent sejection level, and a 1 1n 40
chance of rejecting epileptics at a 2 per cent rejection level. All of wiich are,
1 my view quite uneconommecal and 1gnore the part already played by other
means of selection

There 15, however, another side to the abnormal EEG to be considered,
and that 15 the quality of performance of its possessors We know from the
work of REm and Russerr Dawvis that the anxiety prone mcividual 15 less
efficient as an awcrew member than the average. Rem (1947) assessed by a
standard form of RAF psyc}uamc mtcrvxcw the pcrsonnel of bomber

T s et

used by Remo  He showed that whereas 1 1a 18 5 normal reactors to his tests
failed to learn to fly, 1 1n 7 of the abnormals so failed and that the fatal
accident rate was ! n 38 normals while 1:1n 6 abnormals were kitled., A small
sample of the tested was followed to operations where an even more sugges-
tave result was found, OF 53 prlots who reached operatronal squadrons only
3 of the 41 normal reactors became casualues against 5 of the 12 anxiety
prone Verv recently RoxsurcH et al. (1956) have shown that anxety
proneness has arelationship to collapse under conditions of pressure breathing,
19 279
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Work by Urerr ¢t al. (1953) has indicated that the resting EEG has some
correlation with anxiety as I d hological and
psychiatric testers, For instance, records clinically judged to be moderately
abnormal occur n the non-anxious in a ratio of 1 o 3-5 in anxiety prone, If
the possessor of these records could be shown to correlate with Russerr
Davss® tests a very strong case for EEG rejection would be made out,

Further to this, in a recent investigation KENNARD et al. (1955) have
brought forward evidence that the use of 2 frequency analyser brings out a
correlation between fast thythms in the EEG pattern and anxiety proneness.
Thus is a most helpful article because, although technically it can be ad-
versely cniticized on both el physiological and psychological grounds,
it leads the way to modifications which may be much more fruitful than our
present all or none situation which depends so Jargely on indiidual judge-
ment.

Tue AeNormar EEG anp Heap InNjury

For some years all cases of head injury in aircrew, however trivial, have
been referred to the neurologist and in the course of clinical investigation
an EEG has heen carried out. In all cases where the record has been ab-
normal it has been followed until it has reached a final stage of three record-
gs which have been consistent. I may say that in the absence of symptoms,
clinical history or abnormal neurological signs, however abnormal the
record, we are continuing to fly the persons concerned and we have at least
a dozen people with paroxysmal records who have flown for a period up
to 5 years under observation without any symptoms being shown.

In view of the 1 between d and anxiety
proneness and of anxiety proneness and the EEG it seemed interesting to
i i ion between ab 1 EEG’s and accidents. A

any
limited survey was carried out and the results are submitted in abbreviated

form,
A total of 200 consecutive cases of closed head injury were considered

(an additional 14 who developed epilepsy were rejected).

Table I
Post traumatic amnesia | EEG abuormal | EEG normat
Under 1 hr (shght) 20 75
1-12 br (moderate) 20 19
Over 24 hr (severe) [ 7 { 29
Total ‘ 47 l 153

The population was only selected by employment since it is the RAF
proccdu‘;cpthat all aircrew sustaining head injuries in the United Kingdom
are referred to the Central Medical Establishment for review before return
to flying dutses, There was no age discrepancy in the two groups. No attempt
was made to take account of focal manifestation in the EEG because, as
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tutjonal basis for many of them.

Table I shows there is no great difference in the relative proportion of
normal and abnormal records, irrespective of the duration of post-traumatic
amnesia, Tn fact, when the x? test 1s appled to the figures the difference
in the obscrved distrbution between slight and severe cases and between
slight and all other cases is not sigmificant,

Itis :uggcsted, therefore, on these findings that in this sample of closed
head injuries (from whom known post- ~traumatic epileptics were excluded)
the fact that the duration of unconsciousness and therefore, presumably, the

severity of the head injury, 1s not i related to the abi
of the EEG, indicated that !he abnormalines obscrved after head mjury
may largely be 3 1 and not d. This is in.

line with our experience that few closed head injunes have residual neuro~
logical signs, however long the post-traumatic amnesia.

Table I also shows that of the total accident victims 47 out of 200, or 1 in 4,
had abnormal records as compared with 5 per 100 of Wulhams normal

RELATIONSHIP OF AR AsNORMAL EEG To Erisones or
UNCONSCIOUSNESS IN AIRGREW

For the present discussion a senes of 123 cases of loss of cansciousness in
arcrew which have been d has been reviewed. Excluded
are cases of organic neurological disorder, including sequelae open head
injuries or cases considered to be of psychoneurotc ongin, and cases proven
10 have a consistent low g threshold. The majority of cases have been re.
viewed in consultation with Dr, D. J. Wilhams

‘Twenty-nine of the cases were considered to be syncapal in nature and 1
' S oae L e e [P P

e | Yy
alitade (3 cases at over 30,000 8 or alcoholism and” extreme v
acceleration w: not. rccordcd The impmsmn gamed way thag » some
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. Table 1f
EEG abnormal |  EEG normal Total

Epilepsy—ground 27 13 40

ar 1 3 14

Total 38 16 54
Loss of consctousness—

Wihous comvation i g i

Total 24 16 4
Syncope 3 26 29

. ’Most of these cases have been reviewed by the RAF Institute of Aviation
. - Hhiia . o aryest

Loy o .
3t is possible to suggest that the high correlation of unexplained loss of
consciousness with abnormality of the EEG, as opposed to the rarity of the
abnormal EEG in syncope, supports the clmical impression that this re-
action is not syncopal in type and, since the distribution of abnormality
approaches that in epilepsy, supports a spontancous central basis for the
episodes.

During the war studies of a simlar nature were carried out by Rook 1n
sssociation with Witiiams (1947). Under Air Mimstry instructions all
cases of loss of consciousness m awrcrew were referred to one centre. A total
of 500 consecutive cases were reviewed and it was considered that 208 were
primarily emotional m onigin, 134 card lar and 120 genic, of
whom 89 were epileptic. The immediate point of interest in this study is
that of the 89 cases of epilepsy only 14 had attacks 1n the air, whle of the
134 cardio-vascular cases only 14 had attacks in the air which were un-

explained
The relevant EEG findings are not m a form which allow of' ‘comparison

being made, but the small number of the cases of unexplaned loss of con-
sciousness in the air, and the failure to recogmse any central features in them
gives strong support to the view that under modern flying conditions we

are seeing a new reaction type.

ConcLyusioNs
hat the abnormal EEG may have some con~

slure in military flying. There is
~nTninn either asto

. oportion

() There is some evidence tl
nection with accident liability and with fa

brormal

record of the paroxysmal type at rest 1s so closely Liiked witlt puysical of
hological breakd that did: with such records should not be

psy 2
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accepted for training. However, our follow up of experienced pilots with
such abnormal records suggests that any related symptoms are likely to have
been revealed before completion of training,

{II1) There 15 accumulatmg evnidence which should be pursued that
certain factors in an EEG which 15 climeally within normal himits may be
related to anxiety reactions of the type which interfere with efficient per-
formance of flying duties This should be pursued in the hope that the EEG
may prove an effective method of grading reaction to auviety-provoking
situations,

SOMMAIRE
Les anomahes de Idlectroencéphalogramme peuvent Etre constitutionnelles ou

nerveur, laguelle peut s*'étendre au-deld de la 20° année Les techmques ' activa-
ton, telles que le sentillement, le métrazol, dotvent yusqw’d noutel ordre Hre
Limitées aux recherches de laboratore, car elles demandent trop de temps et de
bersonnel spéeralisé pour dire utilisées en pratique courante

Jusqu'd présent, fes ftudes de contrfle sur PEEG anormal sant trop pew
nombreuses pour avoir une valeur statistique Les anomalies constatées chez 10 &
20 pour cent de la populaton nous renseignent sur une farble part de Uensemble du
Personnel Navigant, et 1l est éondent que les examens chmques ¢t psychiatniques
décélent une grande proportion de ces anomalies Il est possible que les troubles
caracténels s'accompagnant souvent d*EEG anormal ne sowent pas acom-
patsbles avec le vol. Il faut souligner toutefors Umportance de ces facteurs et
splaglement dz Panwiété- vl semble hien qvor un yopport entre PEEG ot la
tendance & Panxrétd

L>analyse d’une sérte de sujets atteints de lesions fermées de la téte montre qu'ily
@ une velgtian entre la tendance aux acodents e Panomalie dlectroenréphalo-
graphique, Elle fait penser que Uimportance du facteur traumatique dans les
séquelles de ces sions a étf surestimée.

Enfin ol y a une velation entre PEEG anormal et les réponsts physiologiques
anormales & Phyperventilation, & Phypoxte, aux accélérations Dans les incrdents
mevpligués avee perle de connarssance en Uaw, on wa pas trouvé de rapports
spéciaux avec de tels facteurs, mats on a Pumpression qu'sls sont d’onginz cérébrate
plutlt que cordio-vasadare.
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ELECTROENCEPHALOGRAPHIC EVALUATION
OF NAVAL AVIATION CANDIDATES

R. E. Lueurs

Cdr USN, Burean of Medicine & Surgery, Department of the Navy,
Washington 25, DG, USA

THe research department of the U.S. Naval School of Aviation Medicine at
Pensacola, Florida has made another attcmpt to adapt electroencephalo-
graphy to the seleetion processes currently applied to candidates for traimng
1n aviation, The wmitial work in this field for the Navy was accomplished by
Foraes and Davist at Pensacola 1n 1940-41, and it was felt that resumption
of this investigation should be undertaken because of the nch dividends
accmmg with a satisfactory objective method for selecting out abnormal
reactors and p Is who would feasbly be riper material for

arrcraft ide than_individuals not fficted.?. In additon, the
possibility of determining supenor flying ahility, anmety proneness,
and potential “war neuroses” types by means of EEG, stirs hopeful specu-
lation, 34,8

Despite enthusiastic reports to the contrary® and in keeping with the
experience of the majonty of workers in this field, no technique or means of
analysis of EEG’s on aviation candidates has been without sigmficant
equvocation §

"The follawing are among those factors which plague the careful observer
who attempts to discriminate by means of electroencephalography among
apphicants for flying training

(1) Population

The individuals who apply for aviation tramung in the U.S. Navy are
young healthy males between the ages of 18 and 25 years who, hustorically,
gwe no personal or familial evidence of convulsive scizures, fainung spells
or behaviour which can be construed to reflect potential abnormal cerebral
physiology.

() Teckmque of testing

Assurmung a sausfactory technical method, 1n order to investigate a large,
everchanging population, time becomes critical A short period of time is
allotted for the physical and psychological examination of subjects prior ta
the commencement of trawning. The value of 2 30 min testing period 1n the
hfetime of an individual 13 questionable.

(m) Premm of false posstive reactors

It has been pointed out by many invesugators that about 10 to 15 per
cent of so-called “normals™ will exhibit EEG records compatble with a
dragnosis of altered cerebral physiology.
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(IV) Vahdity of analytic methods

Among disease processes which have many methods of treatment, it usually
follows that there is no single “best™ method, The similar lack of accord
among authorities as to diagnosis of cerebral pathology contributes to the
confusion surrounding validity in EEG analysis.

(V) Evaluation of performance of tested candidates and controls

(a) Correlation of EEG results with pilot performance and abilities on a
prolonged basis 1 fundamental to a study of this sort if the vahdity of
this means of selection 1s to be d d, Grading of naval aviation
candidates on a psychological basis and on a performance basis during
the traming period has been demonstrated to be excellent. Following the
traiming periad, however, no good accepted method for evaluation 1s
evident,

(b) Loss of subject material because of (i) selecting out of those individuals
deemed potential reactors, (1) loss due to attrition from the program for
a vartety of causes, and (iii) loss due to death of individuals in aircraft acci-
dents in which altered cercbral functioning could or need not have been
inchcted as the etiological factor wall account for further difficulty n rational
analysis

(¢) Lack of exposure of pilots to conditions which could feasibly “trigger-
oft™ psychomotor aberrations serve also to confuse the over-all evaluation
of this method of testing.

(Vi) Artyfact
Machine- and patient-induced arnfact can contribute heavily to the
difficulty in arriving at truthful, conclusions concerning subjects.

PROCEDURE

The present program at this facility consists of examning 30 min electro-
encephalographic tracings of many or all flight candidates, Hyperventila-
tion and photte dnving are employed during the course of the exammation
to provoke altered wave patterns m susceptible subjects.? 8+ 810 The use of
an electronic “bram wave analyzer” has been incorporated into the pro-
cedure The analyzer consists of 2 series of resonator-integrator umits which
alternately store on condenser plates and discharge to a write-out pen, the
energies 1n each of 22 frequencies between 3 and 33 /s The analyzer write-
out 15 superimpased on the corresponding EEG tracing, The exhubited
energy in each frequency can be read off directly from the scale of a trans-
parent template placed over the record. The advantage of such a system
can be readily envisioned.

Two additional testing means are bemg considered. The stipple test of
voN Pavrur!l 12 33 being introduced 1nto this l'xxv'cstxgat'ion.m‘ srtlpply adc}n—
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Discussion
istically signifi data on Lj ination of military a\nanon
training by means of el hal hy have not app

as of this date, The efforts of the best workers in this field have yet to reveal
techniques and analyses apphcable to large groups of candidates, otherwise
suitable for aviation traming,

The primary good which has resulted from the work of EEG laboratories all

over the world, Les in the select: t of obvious epilep reactors, The
parameters of the bmad band of margma! psychomomr reactors have not
yet been clearly d d, nor has of g of

individuals within this band been made to EEG traungs.

The method outlined above, 1n which electronic ana.lysu of EEG tracings
has been sct forth leaves large arcas for doubt concerning its efficacy. Xt has
been i il d that no h 1 analysis of spectrum
frequencies is possible because of many reasons The harmonics of the
domnant frequencies constitute one of the most important nsolubles, It
has not been shown that empirical analysss of records by such means can be
correlated with training grades and other pertinent performance information.
A search in this direction continues, however. A 10 year follow up and evalua-
tion of subjects has been written into the experimental design. To paraphrase
a vemark by Dr. Robert Cohn of Bethesda, Maryland, “The analysis of
30,000 ples of doubt and eq can lead only to equivocation
as a result”.

In spate of the vaganes inherent 1n any hunt for evidence of disease by
means of electrocncephalography there remains a hope that a technique can
be found, vahidated and put to usc as a component part of the selection
battery of tests grven to fight traimng candidates. To this end, the research
acuv:ty of dus dep:\runent has uuhzed acccpted techmqucs and ethods of

found Enthusnasm has not attended our results The greater the progress,
the less is known concerning the cotrelation between behaviour and the
EEG of a subject.

SUMMARY
The methods currently employed by the Research Laboratory of the U.S,
School of Aviation Mcdmn: 1 Pensacola, Flonda to obtain, evaluate and
correlate data the amon;
candudates for flight tratning are depicted and commented on, At this time
Ro means have becn established to provide vald selection eritena.

SOMMAIRE
L laboratotre de recherches de U Ecole de médecine aéronautigue de la Marine &
Pensacola a essayé, depurs 1940, d*adapler I'électroencéphalographee é la sélection
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des canddats @ Paviation, Les résultats, @ Pheure actuelle, sont décevants, et cela
pour plusieurs rasons:

Les candidats représentent une population jeuns ef saine chez laquelle les
symptémes d’anomahe cérébrale sont exceptionnels, Un examen dz 30 min, méme
auec ung technigue parfaite, ne représente qu'une période beaucoup trop courte de la
sie d'un individe. 10 & 15 pour cent des supels dits “normaut” domnent des
tracés EEG qus p ient élre rprétés comme pathologi 1l persiste
1, S Tl cw el m L serA

s¢ heurte & de grandes dyfficultés,

Llexamen consiste en un tracé de 30 mun, avee stomulation lumineuse et hyper-
ventalation, et lecture par un “analyseur dlectronique d’ondes cérébrales”. Des
épreuves complémentares sont dventuellement effectudes avec le test de pointillage
de V. WULFFTEN PALTHE, ¢ Iz V hale hie est e
dudrée.

En dehors des supels dpileptiques dvidents, on n’a pas encore réussi & délymuier
nettement les paramiires dz la vaste bande marginale des sujets ayant une 16~
action suscepible d'élre snterprétée comme anormale. L'analyse dlectromque des
trgcés laisse persister des doutes sur sa propre efficacsté,

En difimitwe, PEEG 1'a pas fourns, jusqu'a ce four, de critéres valables de
sélection. Les recherches continuent pour trouver une méthode digne d'élre intégrée
dans les batterses dr tests, mais plus elles progressent, moins on sait de choses sur
la corrélation entre le comportement d’un suyjet et son électroenciphalogramme.

The opinions or assertions contained herein are the private ones of the
writer and are not official and do not reflect the views of the U.S. Navy
Department or the Naval service at large
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THE SIGNIFICANGE OF NYSTAGMUS OBSERVED
IN ROUTINE OTOLOGIC EXAMINATION OF FLIGHT
PERSONNEL

F. Kiorsor
Tramng Command, R D A F., .S N, Vacrlese, Denmark

Smvae November 1952 when I became attached to the Danish Royal Air
Force as otolaryngologic adviser, I have undertaken the otologic examina-
tions of all student pilots who presented themselves before the Medical
Examunation Board of the Air Force, The number of candidates examined
aggregates 1338 “‘normal” persons

In addition to the otologic ination proper,
e AP L I P R A ey

test ad modum HALLPIKE.

The examination method wsmg Frenzel glasses is the one most fre-
quently applied by ear clinics in Denmark where it has been systematized
by S. H. Myemnn,

Among the candidates examined in the course of these 3 years, 27—ie.
2 per cent of the total—were found to have spontaneous or posttional
nystagmus. This percentage is m accord with the percentage found by
Myomno and by Kware, These two exammers having found respectrvely
1 out of 81 and 7 out of 725 “normal” persons with spontaneous or positionat
nystagmus,

In cases where abnormal condittons were found to exist, examinations
were repeated several times with intervals of a few days. If the nystagmus
persisted and a reasonable cause could not be pointed out, the candidate
was rejected on the assumption, also accepted by Krauss, that a constant
p or positional must always be taken to be a patho-
logical phenomenon. In this connection T would state that we define nystag-
wmus as the ibular organ’s iologic reaction to a physiolt
stimulus, That is to say that we invariably regard a case of nystagmus which
repeated examinations have shown to remain unchanged as an indication
of a pathological condition in the ism of the person ined 5
In addition to the examnations of the student pilots I have during this
period undertaken examinations every second year of all Danish military
pilots. Among the latter several cases with spontaneous nystagmus and

positional nystagmus were found i
With regard to etiology these cases fall into the following categories:

Intoxication . .03
Infection . . 5
Surmenage (stress) .10

2%
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Post-traumatic . . 1
Labyrinthosis P |
Menitre’s disease . 3
Dissernated sclerosis . 1
Cause unknown .2

In accordance with Jonckees we divide vertigo and nystagmus into the
following three groups
(1) vertigo and nystagmus due to disease n the vestibular organ
proper,
[¢19) vcrugo and nystagmus due to disorder m the vestibular function
d by systenmc diseases,
(I v:rngo and nystagmus due to non-vestibular causes,

Regarding the three cases of intoxication, the cause was directly traceable
to poisoning with cellulose varnish, tobacco and alcohol.

Yoo e . X e e oL

Out of the ten cases of stress nine were found to be due to acute over-
exertion incurred by journeys, participation i socal activities, etc, some
few hours prior to the examunation. One case was extremely obstnate,
nystagmus, fatigue and slight attacks of vertigo being shown to have existed
for approximately 18 months Afier all conceivable possibihines had been
thoroughly explored, the cause was found to be that the pilot concerned
had been transferred to office work (as part of his officer’s traming). This
made him feel overworked and burdened with numerous problems which he
could not manage to dispose of 1n ime. He had worked up a daslike for hus
duties as a clerical officer and m this way reduced the resisting power of hus
entire organism His ailments vanished completely 1n the course of two
months after he was returned to flymg duty. None of the previous symptoms
have reappeared Thus Jatter case must be referred to Jonekees® third group
due to non-vestibular causes.

The one case of nystagmus, shown after a cranial trauma, dwappeared
spontaneously in the course of about 6 weeks and must be characterized as
commotio labyrinthu (S. H Myomp) or affection of cerebral centres or
pathways

Coming under the category of direct labyrinth causation (JoNckees’
group No. 2) was one case of labyrinthosis By this we mean a case with
nystagmus and shight vertigo, without hearing being affected This case, like
the three genwine cases of Ménitre's disease found among those examined,
showed intermittent symptoms, but has now over a pertod of more than
6 months been completely symptomless.

One of the three cases of Mémidre's discase was found in a younger
been h he has been I 1 fornneyearandhas
carried out his duties as a pilot without any mconvenience or mishap
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The two other cases of Mémare’s disease were both found in officers, a
hitle advanced in years, who do not serve as pilots-in-control. The condution
of both these cases is intermittent with periodic attacks of vertigo, nystagmus
and reduction of hearing acuity.

In one case a posttional nystagmus was shown, the cause of which could
not be determined by otologic examination methods. The subscquent

logi revealed indications of an organic nervous ailment
in the form of disseminated sclerosis.

‘We have still to consider two cases of nystagmus of undetermined cause.
I shall now describe these two cases in detail, as they are the reason for our
request to AGARD for a discussion of the subject of Nystagmus in flight
personnel.

In order not to make tedious repetitions, I shall only state that all the

cases previousl ioned were g ded during the periods when their
nystagmus was mamfest. As soon as their symptoms vanished and they were
found to be normal after repeated examinations, they received permission
to fly.
‘The only pathelogical feature found was the sign of nystagmus which was
not accompanied by any form of subjective indisposition. There was, thus,
no vertigo, no nausea, no vomting, no affectron of hearing and, upon the
whole, no appearance of illness of any kind whatever,

Case I: E. @., born on 6 October 1932,
Formerly clerical worker, now flight lieutenant,
The first time I saw him after he had completed his pilot’s training was
on 18 October 1954, at the Air Force otologic clinic of the Military Hospital
et amtae. T JERe

1 mtmomems meresnorerUS
- nd
- me

positton. Nor was there any spontaneous nystagmaus. Caloric test, e c

ad modum HaLLPIKE appled to right ear showed a lateral-rotatory nystagmus

from right to left lasting for 127 sec and in respect of the left car a lateral-
. o alna e

Vo £t VAN _pn Tha A Tavanra fs e

exarmmnations, melusive of EEG, cranial roentgenogram, etc. were carried
out with negative results. Only once, on 23 November 1955, !l;e nillxﬁﬁ'
out T T Y L L ar it ana achilles

as co-pilot.
Case II: H. A. P., born on 21 May 1931
This case was examined for the first time at ¢
on 3 February 1953, after his return from U.S.A.
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SIGNIFICANCE OF NYSTAGMUS OBSERVED IN ROUTINE OTOLOGIC EXAMINATION

The question is now whether or not a pilot who has been found to have 2
kat i should be allowed

to fly as pilot-in-control, N

1 shall now sum up our conclusions:

A constant nystagmus is, as already defined, a normal physiologic vesti-
bular reaction to a non-physiologic stimulus, which means that a constant
gy:itagmus 15 always brought about by some abnormal conditions in the

ody.

In the majonty of cases where nystagmus has been discovered, we have
been able both to point out the cause and to remove it. To a certain degree,
through p gy, We are inted with the ailment. We have
realized that the pilots affected had to be removed from flight service as
long as their nystagmus was mamfest, but that they should be permitted
to fly as soon as the condition, after an adequate control period, was found
to have disappeared.

In the said cases 1t has only been possible to detect one objective finding
but no ive p so, diag; Ily, we are pletely at sea—
an experience so often met with n the ordinary oto-reurologic chinic.

HALLPIXE maintains that a positional must be regarded as a
serious symptom, when occurring without latent pertods and without
vertigo and is constantly present whenever and as long as the person ex-
amined 1s lymng in a certain position, and, above all, when it is not directed
towards the disordered side of the body.

BArAny and CRABBE in that the p ofa p
1s manly an indication of central lesions

FLETCHER states that a positional nystagmus is often the pre- or post-stage
of a constant nystagmus. This is also maintained by NyLeN and SEIFERTH
and 1s in accordance with our experences.

Muskens mamtamns that lack of dination between
dewviations (Romberg, walk test, pointing test, nystagmus and verttgo) 1s an
1ndication of a central disturbance.

Ausry, HenscHEL, ROMER, CRANMEER and several others point to the
fact that lateral, spontaneous nystagmus primarily occurs owing to processes
mn the hind brain.

In several cases we have detected a sp or a posil 1 g
as the first and only sign of i jal disease (di d sclerosis or
cerebral tumor). The possibility that the nystagmus detected in the fire
cases cited may be the initial symptom of organic nervous disease should not
be 1gnored

On this basis our decision was to recommend these persons not to be
allowed to fly as ptlots-in-control .

However, as our experience in this special field is extremely Itmited I
have pted to ) my {ge and expeniences by talks
with flight surgeons m U.S.A | the United Kingdom and the !\Icthcrlands.
Thus far I have found no one familiar with the importance of this problem.

Professor JoNGKEES from Amsterdam cxpressed the opinion that cupulo-
metric exammmations of the persons in question might perhaps prove valuable,
but as we tn the Danish Air Force do not have the necessary apparatus at

our disposal, we have been unable to obtain such measurements and have

294

tonal




F. KIORBOE

with avadity seized the opportunity of having the problem brought to light
through AGARD.

SOMMAIRE
En trots ans, sur 1338 sujels “normaux” candidats & Pavation, 27 présentarent
un nystagmus spontané ou de positson, & Dépreuve des verres de Frenzel complitée
dans les cas douteux par Uéprenve calorique selon HALLPIKE,

Le nystagmus constitue une réachion physiologique de Uorgane vestibularre &
un stimulus non physiologigue Quand 1l est permanent 1l correspond & un dtat
pathologique de Porgamsme et le candidat dowt étre refusé

En outre, Pauteur a examind des pilotes mulitavres dans leur dewadme année

PR P [

e
bhorde) ; un traumatisme crdmen, un cas de labyrinthose (nystagmus avec lger
vertige) sans atlernte de Poule; trors maladies de Mémére; une sclérose en plagues,
et dix cas de surmenage. Dans deu cas, la cause vesta sgnorée Lauteur déenit ces
deux cas en détarl pour avoir Popimon des confréres éirangers, Il en a dgalement
obseroé trous chez, des prlotes ciunls.

D'une fagon générale, tous les sujets attents ont 6 nierdets de vol tant que dura
leur nystagmus, Aprds disparttion de celur-cr & plusieurs examens répétés, s re-

Cetle expérience, en somme limtée, serart utslement complétde par les observa-
fions qus auraient pu étre fartes & Péiranger
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SIGNIFICANCE OF NYSTAGMUS OBSERVED IN ROUTINE OTOLOGIC EXAMINATION

The question. is now whether or not a pilot who has been found to have 2
kabl should be allowed

to fly as pilot-in-control. 3 =

1 shall now sum up our conclusions

A constant nystagmus is, as already defined, a normal physiologic vesti-
bular reaction to a non-physiologic stimulus, which means that a constant
Ey;tagmus is always brought about by some abnormal conditions in the

ody.

In the majority of cases where nystagmus has been discovered, we have
been able both to point out the cause and to remove it. To a certam degree,
through T logy, we are acquainted with the ailment, We have
realized that the pilots affected had to be remaved from flight service as
long as their nystagmus was manifest, but that they should be permitted
to fly as soon as the condttion, after an adequate control period, was found
to have disappeared.

In the said cases 1t has only been possible to detect one objective finding

but no subjective symptoms so, d; , We are pletely at sea—
an experience so often met with in the ordinary oto-neurologic clinic.
Harrpke maintains that a | must be ded 2s 2

serious symptom, when occurring without latent periods and without
vertigo and 1s constantly present whenever and as long as the person ex-
amined is lying in a certamn position, and, above all, when it is not directed
towards the disordered side of the body.

BArANY and CrABBE mail that the p ofa
1s mamnly an mndication of central lesions.

FLETCHER states that a positional nystagmus is often the pre- or post-stage
of a constant ‘This is also maintained by NyLEN and SEIFERTH
and 1s in accordance with our expenences.

Muskens mamntamns that lack of between
deviations (Romberg, walk test, pointing test, nystagmus and vertigo) is an
indication of a central disturbance

Ausry, HensceEL, RoMER, CRANMEER and several others pomt to the
fact that lateral, spontaneous nystagmus primarily occurs owing to processes
in the hind brain. . ,

e

as
cer
cases cited may
be ignored
On this basis our decision was to recommend these persons not to be
allowed to fly as prlots-in-control .
However, as our experience n this special field is extremcly lmited 1
have pted to ) my k ledge and experiences by ta
with flight surgeons m U.8.A , the United Kingdom and the Netherlands.
Thus far 1 have found no one familiar with the importance of this problem.

"be the initial symptom of organic nervous disease should not
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with andity seized the opportunity of having the problem brought to hght
through AGARD.

SOMMAIRE
En trows ans, sur 1338 supets “normaux® candidats & Paviation, 37 présentarent
un nysiagmus spontand ou de postiion, & Pépreuve des verves de Frenzel complétée
dans les cas doutenx par Déprewve calorique selon HALLPIKE,

Le nystagmus constrtue une réaction physiologique de Porgane cestbulare &
un stimulus non phystologique. Quand il est permanent 1l correspond & un élat
bathologrque de Dorganisme et le candidat dot étre refusé.

En outre, Pauteur @ examné des prlotes militaires dans leur dewiéme année
Phorde), un traumatisme erdmen; un cas de labyrinthose (nystagmus avec liger
vertige) sans atteinte de Pouie; trois maladies de Mémére; une sclérose en plagues,
et dux cas de surmenage, Dans deux cas, la cause yesta sgnorée. L auteur décnk ces
deus cas en détasl pour avorr Popumon des confréres étrangers. Il en @ également
obsercé trous chez des pilotes wnls,

Dune fagon générale, tous les supets atteints ont dté wnterdits de vol tant que dura
leur nystagmus, Aprés dispariton de celui-ct & plusteurs examens vépétés, als re-
brirent leur actwité aérienne. Mazs 8'il exisie une rarson de penser que le nystagmus
constitue le symptéme 1mbsal dune affection neurologigue orgamgue, 1l est recom-
mandé d¢ ne pas laisser voler ces supets comme premuer prlote,

Celte expénence, en somme hmutte, serait utilement complétée par les observa-
tons qui auraient pu étre ftes & Pétranger.
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The question is now whether or not a pilot who has been found to have a
kabl should be allowed

to fly as pilot-in-control. B

I shall now sum up our conclusions:

A constant nystagmus is, as already defined, a normal Pphysiologic vesti-
bular reaction to a non-physiologic stimulus, which means that a constant
gyfitagmus is always brought about by some abnormal conditions in the

ody.

In the majonty of cases where nystagmus has been discovered, we have
been able both to pont out the cause and to remove it. To 2 certain degree,
through ye logy, we are acquainted with the ailment. We have
realized that the pilots affected had to be removed from flight service as
long as their nystagmus was manifest, but that they should be permitted
to fly as soon as the condition, after an adequate control period, was found
to have disappeared.

In the said cases it has only been possible to detect one objective finding
but no subjective symptoms so, diagnostically, we are completely at sea—
an experience so often met with in the ordinary oto-neurologic clinie.

HALLPIKE ins that a p 1 ny must be regarded as a
serzous symptom, when occurring without latent periods and without
vertigo and is constantly present whenever and as long as the person ex-
amined is lying 1n a certain position, and, above all, when it is not directed
towards the disordered side of the body.

BARANY and CRABBE mai that the p ofa
15 marmly an indication of central lesions.

FLETCHER states that a positional nystagmus is often the pre- or post-stage
of a constant This is also maintained by NyLEN and SerFeRTH
and 15 n accordance with our experiences.

Muskens mantains that lack of between
devations {Romberg, walk test, pomnting test, nystagmus and vertigo) 1s an
indication of a central disturk

Ausry, Henscurer, Rouer, CRANMEER and several others point to the
fact that lateral, spontaneous nystagmus primarily occurs owing to processes
m the hind brain.
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cases cited may be the mitial symptom of organic nervous drsease should not

be 1gnored.

On this basis our decision was to recommend these persons not to be
allowed to fly as pilots-mn-control. -

However, as our experience m this special field is extremely limited I
have attempted to supplement my knowledge and experiences by talks
with flight surgeons 1n U.S A,, the United Kingdom and the }\Icthcrlands‘
“Thus far I have found no one familiar with the importance o.k' this problem.

Professor JONGREES from Amsterdam expressed the opinion that cupulo-
metnc examinations of the persons in question might perhaps prove valuable,
but as we i the Danish Air Force do not have the necessary apparatus ?t
our disposal, we have been unable to obtain such measurements and have
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with avidity seized the opportunity of having the problem brought to light
through AGARD,

SOMMAIRE

En trois ans, sur 1338 sujets “normaux" candidats & Pamation, 27 présentaient
un nystagmus spontand ou de position, & U'épreuve des verres de Frenzel complétée
dans les cas douteux par Pépreuve calonique selon HALvpixe.

Le nystagmus conststue une réaction physologsque de organe vestibulawe &
un shmulus non phystologique. Quand il est permanent il corvespond & un éat
pathologique de Corganisme et le candidat doit étre vefusé,

En outre, Pauteur @ examiné des pilotes mililarres dans leur dewxiime année

. . S iy -

Bhode); un traumatisme crdnien, un cas de labyrinthose (nystagmus avec lger
wertige} sans atleinte de Douie; trois maladies de Ménsére; une sclérose en plaques,
et dre cag de surmenage. Dans deux cas, la cause resta sgnorée, L'autenr déent ces
deux cas en délasl pour avoir Popinion des confrires éirangers. Il en a également
abservé trous cheg des pulotes croils.

Dune fagon géndrale, tous les sujets atternts ont étd interdsts de vol tant que dura
leur nystagmus Aprds dispanstion de celui-c & plusieurs examens répetés, s ve-
prent leur activntd aérenne. Mars il existe une raison de penser que le nystagmus
constytue le symptéme smtial dune affection neurologique orgamgue, 1l est recom-
mandé de ne pas larsser voler ces sujels comme premuer prlote.

Celte expinence, en somme limtée, serart utilement complétée por les observa-
ttons gui auraient pu étre fustes & Pétranger.



THE SIGNIFICANCE OF NYSTAGMUS IN
AVIATION MEDICINE

AsHTON GRAYBIEL

Durector of Research, U.S, Naval School of Aviation Medicine,
Naval Aur Station, Pensacola, Florida, US A

Tue fi of T in aviation medicine centers around its use
as a physical sign and the fact that it may influence visual perception In
this report we will consider, first, the mmportance of nystagmus as a sign of
disease or disorder, second, the value of nystagmus tests as indicators of
aptitude or fitness for flying and, third, the importance of nystagmus m
vx:l.xall ‘Pc‘rccption during flight. It should be emphasized that the remarks

1

subject matter.l: 2.3, 4,5

PR A S ——

CLINICAL ASPECTS

e LR o PR

From a practical pomnt of view the problem is two-fold. One aspect con-
cerns the observations which might be made at the time the flyer is inducted
into the service and at the time of his subsequent periodic physical examina-
tions. The second aspect 15 concerned with how much the flight surgeon
should be expected to know about nystagmus in connection with the medical
care of flying personnel.

The initial examination eather in the case of the prospective flight student
or pilot is valuable not only in disclosing defects which are disqualifying
but also in providing baseline data for purposes of future comparison. In
other words, this examination should include every item which is likely to
come up in the future. The possibilies with regard to nystagmus fall into
three jes. First, sp this would not require
special and the interp ion is usually cl t, at Jeast as to
whether or not sf has hological signifi
Second, positional nystagmus® 7; ths requires not only a knowledge of the
procedure but also requires derable clinical experi in evaluatin
the findings, although a posttve test may be regarded as having pathological
significance. Third, induced nystagmus; here we must consider the type of
test or tests to carry out, the quantitive measurements to be made, and the

experiences needed for proper evaluation. Relatively simple tests would
include the ination of the thresholds of sensitwity, the Biriny chair
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or Kobrak minimal irrigation test.5 More ive tests including cupulo-
metry8 could hardly be justified from the purely chinical viewpoint.

Historically, it is worth noting that interest in nystagmus, at first high,9- 10
has fallen to the pomt where the word does not appear on the aviation
medical examnation form now used by the US. Navy and Air Force.
Todel3 sl ot it e L

1 the direction where disorders of the labyrinth have assumed new or
greater importance ?
In the Light of past expenence and with due regard to the changing aspects

of aviation med the keen petition for the trme and
interest of the flight surgeon, 1t 13 my opmnion that the only item to nclude
in the original medical i 15 the ob ion of

nystagmus is present, There 15 room here for the discussion of viewpoints
dufferent than my own,

The pertodic ar yearly examination of faght personnel should not mclude
addutional items with regard to nystagmus tests, This opinion would hold
unless 1t could be shown that ageing tended to increase, to an important
gcg'ree, the hikelihood of disease or disorder which tests of nystagmus might

isclose.

‘The other question still remaining is whether flight surgeons should be
taught special tests for nystagmus 1n the hope that these would prove uscful
in the care of the flyer. In answening this questron 1 am indebted to Dr.
Joseph B. Dominey who has had extensive experience, as a specialist in
otolaryngology, in caring for U.S. naval aviators. His opinion 1s that vesti-
bular discase is encountered so rarely 1n pilots that he would not recommend
that flight surgeons be taught the special nystagmus tests. In this opanion I
fully concur.

In summarizing this section on the clinical aspects of nystagmus, we
conclude that a look for spontaneous nystagmus is the only 1tem required
and that the teaching or the carrying out of special tests of nystagmus is
ot Justified except on an exploratory or research basis

Nvstaomus Tesrs anp FLIGHT APTITUDE
Nystagmus is induced readily in healthy persons and there ate important
individual dafferences in respunse. We must consider now the importance of
such testing in aviation medicine This will be discussed briefly under two
headings, namely, optoki ocular and vestibul.

Optokinetic nystagmus
Twa types of optokineti re have been ibed, active and
Dpassive.5- 31 The former is called forth when a person fixates a moving object
in an otherwise stationary visual field. The passive form doesy not require
fixation because all objects in the visual field move. These forms of nystagmus
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depend on a reflex center in the visual cortex but the active form may be
influenced by corrections for error probably arising clsewhere. Although
these forms of nystagmus have received considerable attention, they have
not been exploited fully m aviation medicme. Lubvion and his associates
working at the U.S. Naval School of Aviation Medicine have been carrying
out routine tests of dynamic vision on students entering flight training.1?
Although these mvesti, are i d in ding 3: y eye
movements, on the basis of these tests the best indicator seems to be m the
ability of the subject to identify a revolving target. The results indicate that
a group of healthy young men with 20/20 vision or better show considerable
indwvidual vanation in score when tested with a moving target 13 The test 1s
rehable and 1s now being validated, Lookmng ahead to the visual requirements
of the pilot in the future, we find that tests of compensatory eye movements
hold imereasingly greater promise. .

Vestsbular nystagmus
The semicircular canals and otolith organs are still regarded as a single
apparatus not only by some practising physicians but also by those engaged
in research studies 1n this field. However, a better working concept 1s that
the non-acoustic portion of the labyrinth consists of two functionally inde-
pendent organs. The otolith organs respond to the force of gravity and tend
to orient us in the direction of the lines of force. They respond to rectilinear
1 i h as these are equivalent to itational force, but
stimulation of this organ does not give rise to nystagmus, hence is outside
the subject matter of this report. .
The semicircular canals respond to angular acceleration which gives rise
to sensations of rotation and certain reflex effects, including nystagmus of
the eyes, 14 I5. 16 Although angular acceleration is the physiological stimulus,
the receptors in the canals may also be stimulated by other means, notably
syringing with warm or cold water. Galvame stimulation produces nyLsﬂ'g-
mus; but the cupula is not displaced, and direct stimulation of the
o T e

OLn mar Vife s mammbmamn saner ha nhenrverd

others indirect. In a few medical centers rather elaborate procedures have
been employed, two of which will be described breefly. . .
Investigators of the Utrech School® 16 have devised a rotating roont in
which the subject is exposed to “small regulable slxmu}x"’. A'cceleratulm
occurs slowly till the desired velocity is reached, then rotation is suddcnh}'
stopped; the duration of after-nystagmus 1s timed by means of a stqun;lccd-
The response to graded stimuls s plotted, and the resulting curve is ca p
a cupulogram. Expenience has defined normal patterns and ranges. ‘o
practice, however, it has been found that the sensation cupulograms, 1¢-
duration of after-sensations of rotation, are more sigmficant than nystagmus
. I AR R
. - 1ration
) Y shen a

o
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T LU IR

cupulogram. \

There is no doubt but that nystagmus tests bave added to our knowledge
of the physiolagy of the semicircular canals and to the role they play in the
human economy. Also, there 1s na doubt but that these tests reveal differences
among healthy persons and that there 15 some relationstup between tast
scores and susceptibility to motion sickness, The Dutch investigators use
the nystagmus test as one of a test battery which has good validuty in their
expensence.?? In our small expenence using the otulogyral »ilusion cupulo~
gram in studying aviators complammung of motion sickness, the curves
ndicate that some have average and others high “sensitrvity”. 1521 This
may prove to be significant 1n evaluating the relative importance of the

dind

canals as an etiol 1 factor m { cases.
In summarizing this section, it 15 my opinion that nystagmus tests ars of
great value in the elucid of the p p logy of the semicis

canals and their jmportance m aviauon medicine. Nystagmus tests are
valuable in determning suscepubility to motion sickness but the validity 15
00 low to warrant their use a3 a selecuon device, Further experierice may
enhiance thew value particularly as one test in a battery.

Nvysraguys anp Visuat Perererion
Although the diseussion in this section will be concerned with vestibular
Bystagmus, it 35 necessary to mention ocular nystagmus and point out how
it mav be related to vestibular nystagmus. As ponted out earlier, ocular
is a p Yy eye in motion of the
:’ctina.l image, It is an effect of visual perception, thc( while affecting it

ate usually referred to under other names.
VAN Disssorek et ald9 have called 1nto question the asumption that

oculogyral sftusion is a perceptual resultant of angular acceleration which 1
at least assaciated with nystagmus

F R i

S e e masmvene- dg

Se o tuney e
* Visual factors, however, may influence cotstion systagmus
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diagram in Fig. I. This depicts the ampullated end of a canal
with crista and cupula. The cupula forms a water-tight partition and when
to angular acceleration, it behaves as a eritically damped torsion
Pen@ulum. When the ampulla is accelerated in a clockwise direction, the
inertia of the endolymph causes it to flow counterclockwise. This displaces
Shghcupula fror_n its neutral position (N) toward the left (L), and so long as it
is displaced a signal is g . If clockwi leration is followed guickly
bY.om: of opposite sign, the two tend to cancel out and the cupula is restored
quickly to its neutral position. This is the situation if a person turns the
head; of opp sign are iated with the onset and cessa~
tion of the single movement, The sional prnavatad syith fha peeat Fe o %
extinguished on completion ¢ L ‘
sign follow cach other ver * - * - - '
with displacement of the cupula to the left is not followed by an acceleration
of opposite sign, the cupula returns to jts neutral position very slowly by

omEren o
£RURIAP P
N

Fig. 1, Diagram of eross section of Ampulls.

virtue of its elastiarty, and the signal is of long duration. This situation is
encountered if a person is rotated passively at constant speed, The accelera-
tion accompanying the onset of rotation disappears when constant velocity
is reached. However, the cffects of this acceleration mediated by the cupula
will persist into the period of constant rotation until the eupula assumes its
neutral position. In this situation, rotation at constant velocity and the
cupula in its resting position, a person cannot escape a prolonged cupular
signal on stopping. The panying deceleration displaces the cupula,
and it is not followed by an aceeleration of opposite sign. Hence the cupula
is slow to return to its resting position.

Reference may be made to various reports describing the oculagy'{a!
xllu“"“ L R e B R T I A -

cra o .

1 . . B - - - -
only in the horizontal plane, A boom attached to the trainer supports
box with perforated cdges and lighted from within, A biting board is sup-
ported by an jron stanchion, and the entire apparatus is housed in a room
which ean be darkened.

1f a subject, who has lost the function of his semicircular canals, fixates
the target while the experimenter moves the Link trainer backward and
forward through an arc of only forty degrees, he reports that the target
does not move. However, 2 healthy subject under the same conditions
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Fig 2 Lsnk tramer modified 1o cotate only 1n horizontal plane
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reports that the target moves backward and forward. We have not attempted
to measure the latent period between the onset of real movement and the
subject’s perception of movement, but the two occur almost stmultaneously,
as can be judged by fecling the jerk and the L 1
as there is no relative motion between subject and target, the patient with
canals destroyed sees no movement, while the healthy subject perceives an
apparent H , this app t so well
with reality that the unsophisticated subject does not realize 1t 13 an illusion,
Anyone may observe this same phenomenon while seated in a plane which

" B 2 .o P . Lo o

R again to the lak y, we can readily that the
patient with canals destroyed does not perceave any movement of the target
even though rotated at high velocities. However, the healthy subject, if
rotated at a velocity of 25 rev/min for 3 mun, perceives striking Wustons of

s wmams TATAl sl i fanins o il sncmas mmmacy $n At

. s
within a period of 3 sec. On stopping, deceleration may take place in 2 sec
but the apparent movement persists for 30 sec or longer.

This “unnatural” sequence of angular acceleration, constant rotation
and angular deceleration is encountered in greater or lesser degrees m
fhght maneuvers. Inside the cabin an observer would experience the same
sequence of apparent movements as the observer does 1n the Link tramer.
The illusions are usually less striking because the accelerations are smaller
and the visual field more complex, If the flyer 1s subjected to this pattern
of angular accelerations while viewing obyects outside the plane, he may
observe apparent movement of these objects, cspcc'lflly at mght.

¢ 1

It s necessary to mention the possibility that during
fight may be due to factors other than angular accelerations. We have
examined the y that linear may Jate the semu-

ciraular canals, but it appears that linear accelerations of small magnitude
donot® It is concervable that large G forces might cause nystagntus, but
Bere the presence of nystagmus would be an wmmportant part of the total
Tesponse. Hyperventitation has been observed to cause nystagmus, an}d this

stresses in causing n):stzgr;xus.

SummArY )
The significance of nystagmus in aviation medicine has been discussed
briefly from three viewpotnts, namely, the chnical aspects, the use of nystag-
T0US 8 a test of fitness or aptitude for flying, and the effect of nystagmus oft
visual perception during fiight. Tt was concluded that the employment of
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nystagrmus tests 33 of great importance in the hands of medical speciabists
but that the low incidence of labyrinthine disease in pilots does not justify
at this time thewr regular use 1n the aviation examining room. Nystagmus
tests disclose important individual differences among healthy persons but
are of limited value in the selection of flyers. However, they are of great
importance in elucidating the role of the semicircular canals not only in
aviation but also in the total human economy. Nystagmus influences visual
perception during flight but more investigation is needed to determine its
full significance. Some of these influences are bencficial while others are
ulusory and hence potentially harmful.

SomMmaIRE
La sigmfication du nystagmus en médecine aéronauligue est esposée bridvement
sous trois pornts de vue:

—ses aspects clinaques,

—Lemplos du nystagmus provoqué comme lest d’aptitude & ['aviation,

~~et les effets du nystagmus sur la perception visuelle au cours du vol.

g t, seule la d'un spontané présente
quelque intérét et dort élre signalde dans le protocole d’examen. Il 'y a pas liew
dwntrodurre des tests spéciaux dans les examens de routine, Etant donnée la vareté
des affections labyninthiques chez Pamatear, les épreuves spéciales doivent étre
laissées aux spécialistes.

(I} En tant que tests daptsiude au vol, les épreuves nystagmiques montrent
des differénces sndivnduelles imporlantes chez les sujels sains. Le nystagmus
aplocinetique, en tant que test des mouvements oculaires compensateurs, aura son
intérét dans Uavenir. Le ibulatre renseigne sur la
psychophysiologie des canaux semi-circularres et la sensibilitd au mal de Pair.
Mais les tests n'ont pas le degré de validisd nécessaire pour étre adoptés comme
moyen de sélection. .

(III) Le nystagmus snflue sur la perception visuelle au cours du vol, mais des
vecherches sont encore ires pour en d Pentitre signifi ’Cﬂ‘qlﬂlf
de ces snfluences sont béndfiques, tandis que d’aulres sont génératrices d'sllusions,
done éventuellement dangereuses.
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