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PREFACE

Several members of NATO have commenced the development of new fighter aircraft which are to be introduced into
operational use in the latter part of the 1990s. These future fighter aireraft will be very agile, capable of sustaining +9 Gaz.
and will employ very advanced weapons systems, In order o avoid overloading the single pilot there will be extensive use of
automatic operation of the aircraft systems, the engines aad the weapons, Multi-function coloured displays will be used in the
cockpit together with aural warnings and voice operated devices, The pilot will be provided with an excellent external view
and, although he will employ helmet mounted displays and sights, he will still be required in seuae situations o detect,
identify and attack targets using his unaided vision. In addition, the aircraft may be operated in a chemical warfare
environment when the pilot will be required to wear protective equipment.

The performance of these new fighter aircraft and the manner in wlich they will be operated requires a very high level
of performance from the pitot who will at times be highly stressed both physicallv and mentally. The pilots selected and
trained to operate the future fighter aircraft will require a high standard of medical and perhaps physicat fitness. In addition.
the physiological training given to these pilots should probably difter from that used at present by many NATO air forces.
There was, therefore, a clear need to review the medical selection and physical axd physiological training which should be
used for this group of pilots. Those air forces which are operating the F-15, F-16 and Mirage 2000 aircraft have already had
1o amend their medical selection and physiological training procedures. The Aerospace Medical Panel decided, therefore,
thit it would be appropriate to hold a symposium to review and highlight the meJical seleciion and monitoring proceduses
which should be used for pifots of future fighter aircraft. The symposium also considered the physiological and physical
training which should be provided for future fighter pilots,
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TECHNICAL EFVALUATION REPORT s

-
l

i By :
| Air Commodore J Ernsting OBE z
. RAF Institute of Aviation Medicine, Farnborough, Hants, UK ;

INTRODUCTION

The Aerospace Medical Panel symposium on “Medical Selection and Physiological Training of Future
Fighter Aircrew" was held ut the Zeppeion Exhihition Hall, Athens, Greece on the 25th and 26th April 1985,
Authors from five NATO countries presented twenly-three papers.

THEME

The theme of the symposium was the medical selection and physiological training of aircrew who are to
operate the high performance fighter egircraft which are to be introduced into service in the 1990s and
beyond. The Special Clinical and Physiolegical Problems in Military Aviation Committee of the Aerospace :
Medical Panel recognised in 1983 that the high performance fighter aircraft recently introduced into service '
-and under development within NATO, together with the increasing emphasis on the requirement to maintain air
operations in the presence of chemical and bhiological warfare agents, require A very high standard of
performance from the aircrew in the face of incrcasing environmental stresses. The advent of such siracraft
i which impose more intense and novel aviation stresses and the environment in which they are to opetrate

raised questions with respect to the medical and physical fitness of the airerew who are to fly them. The
Committee alsc recognised that the advent of these new fighter aireraft required a review of the
physiological training which these airerew should undergo. The Committee recommended to the 40th Rusiness
Meeting of the Aerospace Medical Panel, which was held in October 1983, that the Panel should hold a
symposium on the medical selection and physiclogical training of future fighter aircrew, This recemmendation
was accepted by the Panel and Médicin Géneral Inspecteur J Colin (FR) and Air Commcdore J Frnsting (UK)
were appointed Session Orgenisers of the symposium. The call for papers was issued by the AMP Executive in
May 1984, A total of twenty-five abstracts were rececived, of which twenty-one were nccepted. Two
introductory papers on fnture fighter aircraft, one from France and the other from the United States, were

by invitation. The progr.mme for the symposium was finalised by the Scssion Organisers early in October
1984,

PURPOSE AND SCOPE

The purpose of the symposium was to discuss those aspects of the medical selection and physiological
and physical training of aircrew which were considered to be important with respect to the performance
requirc¢ of =aircrew operating new and future fighter ajreraft. Areac of medical selecton which are of
importance here relate to the high sustained accelerations to which the aircrew may be exposed, the need for
very high visual performance in relation to target detection and recognition, and the new forms of visual
displays which they will be required to use., Aspects of physiolopical and physical training which are of
importance relate again to the high sustained aecelerations angd potentinlly disorientating environment the
aircrew will be exposed to in these aircraft and the need for the airerew to receive detailed, systemstic
teaining in how to maintain performance in these environments, and how to use sophisticated visunl

enhancement devices and the corplex personal equipment required to protect against chemical and biological
warfare agents.

The major features of the environment of airerew operating new and future fighter aireraft defined
naturally the scope of the symposium. Thus the need to ensure that airerew are physicaily fit to operate in
the high sustained acecleration environment and to avoid cardiovascular disesse led to consideration of
cardiovsscular  selection  techniques, This feature of the environment also warranted consideration of the
physics. wiamina and special physiological training neccessary to cpable aiterew to operatc high performance
combat alreraft. The continuing emphasis on vision as the primary pathway whereby airerew receive
informmtlon coneerriing  their environment and the ecvclution of new tlechniques for assessing visual function
warranted considerable attention to this special sense, The provision of protection agninst chemical and
biological warfare agents and other hazards such as nuclear flash blindness and the use of visual enhancement
devices led to considerations of the physiological training required by these aircrew. The very high agility
which will be @ feature of future fighter naircraft makes disorientation, whieh is already a serlous problem in
aireraft such as the F-18, an even more prominent potential cause of impaired performance and accidents. A
These considerations led to the need for the methods of physiological training of airerew to be reviewed :
during the symposium. The symposium organisers recognised that experienced already gained with new fighter
airernit reeently introduced into service such as the F-16, the F-18 and the Mirage 2000, provided a firm
basis for the prediction of problems which may arise in future fighter aireraft and the medien) selection and
physinlogical training procedures which will be required to avoid and overcome them. Thus papers detailing
current ecxperience of the medical selection snd physiological training of aircrew for the new generation
fighter alreraft such as the Mirage 2000, the F-16, the F-18 and the Tornado were invitel and ineluded in
the programme.
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The symposium comprlsed seven sessions as follows: -
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The second session, Medical Seleetion : General, enmprised two papers which presented an overview of
present medical sclect)q[\ k\nrocedures with emphasis on those used for fighter aircrew,
.

Fhe -third—sesston, . Medical Selection : Cardiovascular Aspects, covered the detection end prediction of
cardiovescutar disease and the eardiovascular effects of high sustained acceleration. It included & very
valuable presentaiion on thc way ahead with respeet to these aspects of the selection and retention of the
pilots of high performance aireraft.

(i

The fourth sesélun: Medical Selection : Vision Aspects, revicwed important aspects of vision, in
particular target scquisition and use of coloured displays, and the vision standards which are required of pilots
operating high performance fighter aircraft.

i

J

The {ifth session, Medieal Selection : The Spinal Column, considered the hazards to the neek and the
cervical portion of the spinal cerd producec hv the high acceleration environment and discussed methods of
deteetion and avoidy\ce, of cervical vertebral disease.

( s
The  sixth se‘ﬁsgou, Medical Selection and Training : Physical Pitness, dealt with the assessment of
physieal fitness in aircrew and ilts_qrjlation to performanece in flight.
HE; N
Tha —seventh session addressed the Bhysiologica! training whiech should be previded to airerew with
emphasis upon those who are to operate high performance combat aireraft. R

TECHNICAL EVALUATION
It is convenient and probably useful to present a technical evaluation of each of the seven scssions
which comprised the symposium and then lo consider the major factors brought out by the symposium in the
coneluding section of the evaluation.

Session 1 - Performance of Future Fighter Aircraft

The organisers envisaged the two invited papers which comprised this opening session of the symposium
as scene setters. The papers were to highlight those feamtures of the fighter aircraft to be introduced into
sarviee in the 1990s and bevond which will determine the environment in which the pilot will be required to
opcrate and the performance required of him. In view of present fighter aircraft development programmes
within NATOQ one paper was inviied from the United States and the other from a Furopean country involved
in the development of the European Fighter Aircraft (EFA). The US paper (No 28) was contributed by
Licutenant Colone! Krobusek of the USAF Flight Dynamies Laboratory st Wright-Patterson Air Force Base.
The YEuropean" paper was contributed by Frunce and the speaker, because of the considerable differences
which existed st the time of the symposium between the Furopean air forces engaged in the development of a
Staff Target for & Europeen Fighter Alrerafi, confined his presentation to a discussion of the French combat
aireraft for 1995, Athough there are some differences of emphasis in the operational requirements and
technicnl soluticns to those requirements between the French Air Force on the one hand and the German,
Italian, Spanish and British Air Forces on the other, the overall requirements, and particuiarly those of
aeromedical interest, are very similer. It was possibie, therefore, to gain a reassonably balanced picture of
thnse aspeett of the performance and the operational roles of fighter aircraft to be introduced into the
NATO air forces in the 1990s, which affect the pilot and may be affected by his performance.

The paper (No 27) by Colonel Viant, a member of the French Air Staff, deseribed the new combat
aircraft which France intends to introduce into serviee in 1995, This aireraft is to be highly agile with equal
priorities being attached to the air-to-sir (nir superiority fighter) role and the air-to-ground (ground attack)
role. In this respcet the French requirement differs from that of the other FEuropean NATO air forees
involved in the EFA programmr. The latter (GE, IT, SP and UK) plsce primary emphasis on the air-to-air role
with the air-to-ground role being a secondary funection of the aireraft. In the air-to-air role the aircraft is to
be able to intercept and destroy enemy fighters both beyond visual range and in close combat, &nd to destroy
bombers and helicopters. In the air-to-ground role the aircraft is to be able to attack airfields, enemy ground
forces and armour and battlefield interdiction targets. The aircraft must operate effectively under all weather
conditions both by day and by night asnd in the electronic warfare environment which is predicted for the
1990s. Although ideally the performance of these verv demanding tasks requires a crew of two, all the
European air forces involved in the EFA programme have opted for a s:ngle seat aireraft for cost reasons.
The future fighter aiicraft of the USAF is also to have only one crew member. 1t i5 argued that advances in
cockpit and system design will allow a single crew member to carry out all the tasks demanded of him. There
is no doubt that one of the major human factor preblems of these new aireraft is the danger of excessive
workload for the pilot, a subject which has been considered in another symposium held recently by the
Aerospace Medical Panel "Human Factors Considerations in Iligh Performance Aireraft® (AGARD Conference
Proceedings 371, 1984).

in order to outelass futire enemy fighters the new fighter aireraft (EFA and the USAF naircraft) is
required to be lightweight, highly agile, have & high Specific Excess Power, a high sustained tuep rate ond an
alrframe capable of sustaining +9 (iz with full weapons and fuel Joad. It is to be provided with in flight
fueiling and to be capabie of sorties lasting up to 10 hours. Although it is to be extremely agile, the EFA
will be enonventional in that the accelerative forces spplied in the Y axis will be negligible. 1t is very likely,
however, that the USATF future fighcer aireraft will incorporate direet side foree and direet lift, the value of
which has already been demonstrated in the AFTI/P-16 progranine. With this technology the pilot will be
exposed to significant transverse accelerations.

The future fighter aircraft is to be equipped with advaneed radar and air-te-air missile systems which
will permit the simultaneous cngagement of several targets both beyond visual range and in close combat
conducted under direet vision. Meny aireraft and weapons funetiocns which were previously under the direct
control of the pilot are to be automated. Thus the engin.s are to be nwonitored and controlled automatically
as is the performance of many other aiteraft systems and system fajlures are to be dealt with automatically,
the pllot belng Informed of the fallure only when It affcets the performance of the weapons system,
Navigation is also to be antomated with automatic terrain foliowing. ’ c ’
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The cockpit of the future fighter aireraft is to provide excellent al) round vision. It will incorporate
the HOTAS fhends on throttle and stick) concept, multifunction displays, and a wide angle HUD {hend up
displav), Colour coding will be incorpora*ed into the displays. In addition, some formi of helmet mounted
sighting system, probably incorporating limited display of informetion, will be =mploved depending upor the
weapons system to be used. Wight vision gogples and forward looking infea-red sensors will be emploved in
certain scenarios. Serrech will else be used as & means of communication between the pilot and the aireraft

systems with volce contrat using single words.

Both authors recognised the {mportance of providing adeguate protection to the pilot sgainst chemical
wariare agents. They concludecd that considerable improvements in protec’ive ensembles to veduce the
cneumbrance which they impose on  the pilot ete required. The authors also congidered the need for
improvements Ip nrotection against nuclear flash blininess, particularly when considering the use of night vision
goggles. There is a need for the developmeni of aovel methods of providing protection against this hazard.

- The major novel features of physiological and psychological concern associated with the new United
States and Eurcpean Fighter Aircraft as highlighted in the two opening papers and the subsequent discussion
were a5 follows:

(1) The aocceleration environment the new airernit will be capable of sustaining +9 Gz with

very high cates of onset. The pilot, who may wel be wearing a helmet mounted cight/display,
will require good all round vision even at high +Gu levels., The pilot will be exposed repeatedly
during air combat to high G applied vary rapidly. Altaough net to be used in the EFA, a future
~ U8 fighter will almost certainly apply signiticant acceleration in the Gy -axis. All air forces
_ recognise the disadvantages of a fully rectined seat as a means' of improving tolerance of +Gz
acceleration. In particular, the loss of panel spaee within the cockpii and restrieted external
‘viston were emphasised in the USAF paper (No 2b). The French Air Foree intends to use
moderate reclination of the seat (32° angle between seat back and vertical axis) combined with
elevation of the 1lower -'irbs. The other FPFA partness consider that the advantages of a
conventional seat back angle outweigh the snigl' increase in +Gz tolerance provided by an angle
of 32° Other methods of enhancing tolerance of +Gz acceleration under consijeration are
antit.patory infiation of the G trousers and pressurc breathing. The transverse accelerations which
will be experienced in a (future USAF fighter will require, at a minimum, a shoulder pad restraint

system. ' '

(2) Interaction between the pilot an¢ the aircraft - the new awreraft will embody the philasophy
of full sutomation of all routine funetious with the pilots effort being devoted to management of
tactics and decision makiug. This charge is essential in order to &avoid an unacceptable workload
on the pilet. Information on the aircrart and weapons zystemc and that chtained from the aireraft
seasors will be presented through nmwltifune*ion visual display units (VDU), a wide angle HUD and
a nelmet mounted sight/displav, The VDUs will employ colour, Direct vision will be enhanced by
the use of night vision goggles. The cockpit design w1 employ the HOTAS concept and voice
actunted controls. Depending upon the outecme of research at present underway, artificial
intelligence may be incorporated into tle control systems with the aim of further reducing the
"workload on the- nilot, This lype ol change to the man-machine relationship may well not be very

acceptable to present pilots and may well of itself intrnduce strass.

(2) ¥External vision - in spite of -.he advanced sensors and displays o be incorporsted in the
futtre fighter aireraft, (reat emphasis is being placed by the Air Staffs on the value of the
pilot being able to deteet, locate and pttack targets using direct vision. Good all round wision is
considered fo be essential ind yet helmet mounted devices zre to be used and the crew member

will be exposea to high +Gz (and perhaps to tGy) accelerations.

(4) Protection against NBC hazsrds - the pilot will be requircd to operate in a chemical
warfare environment and will almost zertainly be encumbered by personal protective equipment.
Proteciion of vision ageinst flash biindness from the detonation of taetieal nuclear weapons wili
al3o be required in certain seenarios. Provision of protevtion against flash blindness requires

either a helmet inounted device or a cockpit with only a small visual area.

(5) Inereased safety ~ the systems of the new fighter aireraft will have increased redundancy
and reliability. Attention is being given to the possibility of providing automatic recovery of a
stablz flight condition in the event that the pilot loses control due to the eifects of high +G=

acceleration or disorientation.

Session IT - Medical Selection : (eneral Aspects

The two papers (No 29 and 30) comprising this session dealt with the general aspects of the medical
selection of airerew with emphasis on aircrew who vre to operate fighter aircraf{. The pepers drew on the
experience of recent changes in selection proccdures i the Canadian Forces (CF) and in the United States
Air Force. In the relatively small CF air force there is a policy that all pilats must be capable (medically)
of performing all piloting duties, a state of affairs very similar to that which exists in many of the smeller
NATOQ alr forces. The USAF has, since 1981, introduced a ecategorical medieal waiver system which allows
airecrew who are unfit to fly high performanze f{ighter and attack sircraft to continue to operate, provided
that they are fi{t to do 8o, tanker, transport and bomber aircraft, In the longer term the USAF Is consldering

fntroducing special medical selection tests for fighter and attack pliots.

General DeHart’s paper (No 30) highlighted the experience of the Tactical Air Command that human
fuctors variables eontributed to two-thirds of the losses of USAF fighier and sattack alrcraft in 10%4. Spatial
disorientation end G induced 1loss of consciousness are considered to be the most prominer’ causes of
aceidents. The suthor emphasised the importance of adequate medical selection and of physiclogical t(raining in
reducing the incidence of serious uceidents and improving the performance w! the fighter pilot. Improvements
in selectlon procedures and strieter criterla of fitness for fighter pilots were established in the USAF in the
perfod 1977-1979 and several of them were adopted in 1981/82, The medical selection procedures for aircrew

il b g o e

F
3

— iy




in the Canadian  Forees have umdergone major changes in the last few vears. fieutenant (olonel firay
deseribed the new procedures in his papet (No 28) together with selection orocedures which are al present
being cvaluated by the Canadian Central Medical Board. As with the recent achanges in medica) selection
procedures in the USAT, the procedures adopted by the CF are aimed at improving the ability of pilots to
operate high performance fighter aireraft.

i Both the USAF and the CU have instituted procedures designed to reduce the incidence. of coronary

urtery disease in airerew. Major eavdiovascular risk factors are determined although, as pointed out by Colone)
i Hickman in the discussion of these pepers, the only factors likely to be of value in voung men are the blood
lipid concentrations. Fechoeurdingrephy has reeenlly been wntroduced as th> most valuable non-invasive toel for
deteeting structural cerdine abnornralities in elinically normal individuals. The USAF is emploving this teectnique
routinely in the selection of fighter pilots whilst the CF are commnencing a elinical trinl to study its value as
a scereening tool for pilot eandidates.

PO e

The nced for fighter pilots to have a very high standard of vision has led te revision of visual
standards and the search f ¢ improved methods <f measuring visual performsnee, Until 1982 the LSAF - 1
. d operated & waiver nolicy fo reduced visual acuity, candidat~s with 20/80 VA being accepted routirely for .
s . ptlot treining. In 1983, 38% of graduate officers undergns pilot training wore corrective Tlving spaetunles.
' sirce 1982, all pilet canditnates in the USAF %wave hee. e¢auired to have 20/20 VA. Both the USAF and the
CF narce javestigating the wvalue of determining contrast sensitivity using sine wave gratings. The Canadian
Centra) Mledical BRoard has already found the technique to be of value in discovering undetected ocular
. disease. Tre value of measuremenc of ocontrart sensitivity was explored more fully in Session IV of the ! |
; symposium. .

The USAY has also considered the introduction of additional medical selection procecures for fighter
® ) pilots related to the high +Gwv levels to which they arc exposed. In addition to the ecardiovascular system
attention was directed to the musculo-skeletal system - particularly the cervieal spine and the nheck muscles.
The latter reflects the increasing incidence of moderate snd severe neck conditions occurring in fighter pilots,
The USAF is considering, but has rot yet adopted, routine radiograpnv of the cervical spine ir the se'ection
of these pilots. Colnnel Hickms i, in the discussion, highlighted ithe ethical problom which arises in applving a
selection procedyre which has an element risk to a population, a significant proportion of which wij! neyer be
-exposed to the huzard for which the selection procedure is introduced, He highlighted the advantage, of a .
. dual track pilot training system where it is possible to limit the use of medical procedires which have an .
element of risk to those pilots who have beun selzeted for flving in which the hazard xists. The CF have

also introduced pulmonary function testing of all airercw candidates simed at detecting early disease of the

small eirways on the premise that the stability of the small airways nay aeffect a pilot's toletance of
sustained +Gz arceleration. The evidence to support the wddition of this form of test is not strong although
many air forces employ tests of lung function in candidates with a history ol asthma. .
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Session 111 - Medieal Selection @ Cardiovascular Aspects

This session, which wes devoted to the cardiovascular system, comprised four papers, one (No 31) from
the USAF School of .Aerospace Medicine which prass.ited one philasaphy for this asnee? of the seleetion and
retention of fighter pilot: aml three papers (Ko 32, 33 and 34) from the French Air Porce on specific aspects Vv
of the subject, ¢ s : E . - .- -

f [ :

i The USAY paper [No 1) by Colonel Hickman and his colleapmies gave an evcellent perspective of the T

1 . philosophins on cardiovascutar selection and theijr - applieation in the USAT. The unrivalled calicetion of clinjcal )
: deva on airerew which has been bullt up by the USAF School of Aerospace Medicine over the iast 3f vyeurs
] ] : or so orovided the basis for tht development of ghilosophies presented in this paper. The authors present &
'i L well argued case for their view that cardiovasculor selection procedures for the voung fighter phiot should be
Cod hased upon the resting electrocardiogram {(both ambulatory and tresdiniil testing give rise to a lsrpe number of

false positive findin(s), the «choecardiogram to deteet cummon structural defects of the heart and aoruaary

artery oisease risk feetor anslysis {including family history, hypertension and blood lipids), The authors also

cengider the point in flying training at which specialised selection proeedures for the fighter pilot such as

cchocardiography should be ecarried out. They suggest, in a large air force such as the USAF which can

alford tc have a dual track system in which pilols are selected after completion of bnsic flving training for .
advanced training as either fighter/attack/reconnaissance pilots or  tanker/transport/bomber pilots, specialised 1
madical selection procedures should he emploved after the individusl has beet: seleeted for {raiping as »a
fighter/attack pilot. The cconomic and retention of sircrew advantuges of this approach are considerable, ‘They
point out that the dominant fcm of cardiovascular disease which may occur jn fighter pilots once they have
been sclected in this manner {5 silent coronarvy artery diseuse, and advocate recurring risk factor analvsis in
this group. Invasive studies *o determine whether an individual with a clinical or electracardingraphie
abnormality can flyv should be restricted to fully trained nircrew. Furthermore, Invative studies whieh ecarry an
element of risk sho)ld only be used when this s indicated by risk factor analvsis. (olonel Hickman and his
colleagues  estinate 1hat medical sewection for lighter/sttack pilot training at the advanead flving training
stage will eliminate 5% of airerew of whom B80% will be fit for training in the tanker/transpurt/bomber roles. -
This approach to the medical sclecdon and retention of fighter pilots is extremely attructive and many smaller )
-air forees rcould weil adopt jt, albeit in a modified form. SR
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Medicin en Chef Ifle and his colleaguws of the Prench Air Force reported (Paper No 32) the initinl
recults of @ study using echocardiuzraphy in a group of thirty-two fighter pllols and a eonteol group of pilots
operating transport aireraft. The two groups of pilote were we!l metched for age, weight ald brwly dimensions,
The anthors did not, however, have information. on the gmoking hahits. physical activity and physical fitness of
the pilots. Vchocardiography revealed borderline abnormalitics in eleven of the thirty-two fighter pilots and
unsuspected tricuspid insuffieicney in a twelfth Yighter pilot. Four fighter pilotz had slight "ballooning® of the
mitra! valve intu e left atelum, whilst eight had a significant incresse in the size of the right ventricle,
Four nbnormal echoenrdiograms wcere Lound in the control group. Three control pilnts exhibited ‘ou'looning® of
the mitra]l valve whilsl the fourth, who had served as a fighter pilot In the past, had dilatation of the -ight

it a et s e s

ity ventricle. The increase in the dimensiors of the right wveutricle in the {ighter pilots wap highty sipnificant,
| FOR 2 The authors suggest that it may indicate ejther an adaptation to the high G environment or ¢orly mvorardial
Lo E cigease. As wus brought oot in the discussion, the changes In the right ventriele fcund in the fighler pilols
¢ ‘ ~
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could possiblyv be due to the greater physienl fitness of this group as compared with the controls, The
changes, with the exception of the ease of tricuspid insnfficiency, were not considered to he such as tn
preelude o continuing career as a fighter nilot, The study provided verv good evidenee of the potential value
of echocardiography and the authors stiongly supported the USAF view that this techniauwe should be used in
the selection and monitoring of fighter pilots. Dr Ille and his collerpues are to continte a longitudinal study
of these pilots, The results of the continuation of these echoeardiographie studies wiil be of preat interest to
the neromedical comatinity. In the subsequent discussion of the value of echocardiomraphv longitudinal studies
of pilots exposed to high levels of +Gz acceleration Colonel Hiekman advoecated that the AGARD Acrospree
Medical Panel should iniliate an extensive study of this subject involving the NATO air forces so that a large
pool of information on the possible cardiac effects of repeated exposures to 3% ean be collected in a
systematic and controlled manner.

The incidence  of cardire  arrhythmias as recorded by electrocardiography  during  exposnee  to  +(iz
acecleration was reported in a paper (Mo 34) from the Trench Aerospace WMedical Laboratory at Rretignv. Dr
Clere and his collcagues had exemined three hundred and twentv-eight ECGs recorded from one hundred and
forty-six subjects before, during and after exposure to platean 1Gz acceleration lasting 20-60 seconds at levels
from 4 (o 11 C. They were particulary interested in the ineidence and nature of asrhythmiss during the
reecvery phase after the exposure to +(Gz, drawing similarities hetween the state of the cardiovascular system
in this csituation with that on the cessation of physical exercise. The authers found a high ineidence of
archythmirs (59% of traces), virtually all of whieh (94%) were supraventricular. The majoritv of the latter
were sinus  arrhythmia or sinus bradyeardia which oeeurred Juring the recovery phase, None of the FECG
changes was associated with any change in the visual fields or level of consciousness of the subjects and the
occurrences of symptoms or signs of inadequate cerebrsl perfusion under +3z werc not related o abnormalities
in the ECG. These authors did not see and did not discuss the occurrence of vasovagal syncope on exposure
to prolonged +Gz. They concluded that the oeccurrenee of archythmias was of no value in predicting an
individual's tolerance of sustsined +Gz acceleration.

A very interesting study in which the ECG was recorded in flight on a total of thirtv-one nﬂot: was
reported by Méd en Chef Seigneuric and Méd en Chef Leguay (Paper No 33). These authors employed the
standard <linical Holter method to record contipuous ECGs over a 24 hour period from seven pilots operating
Mirage 2000 aircraft {(total 10 flight hours) and a egroup of twentv-four pilots flying Mirage 3 and F1 aircraft
(total 39 flight hours}, Average peak +Gz acceleration in the Mirage 2000 was 6.6 G (maximum 8,5 G) and
4.7 G (maximum 6.5 G} in the flights in the Mirage 3 and Fl. Very few abnormal beats were seen in the
ECGs of either group. The striking finding was the relatively low heart rates recorded during +Gz in flight
(85-150 beats per min) as eompnred with similur exposures in the human centrifuge., Even the exposure tn a
peak acceleration of B.5 G in the Mirage 2000 only raised the heart rate to 105 beats per min. The average
and maximum heart rates were considerably lower in the Mirage 2000 pilots than in those b>perating the
Mirnge 3/F1 who were younger ard who had had considerably less flight experience.

Session IV - Medical Selection : Vision Aspeets

The importance of a high standard of vision in the fighter pilot to ennble him to detect, identifv and
attack targets in adverse as well as favourable environmental conditions and to usé cemplex optical and
electro-optical devices was clearly stated in the presc-*ations on the future fighter aireraft., The session
devoted specifically to the vision aspects of medica' selection comprised five papers. One of these exmmined
all aspeets of vision and proposed cntry standards for future fighter aircrew, whilst the other four addressed
specific areas of importance - colour vision and dynamic acuity.

The opening paper of the session (No 35) by Tr Brennan comprised a comprehensive and well argued
view of the visual standards which should be set for pilots (and navigators) who nre to operate fighter
aircraft. The emphasis in this paper was on the coirventional methods of assessment of visual nerformance.
Pointers to areas where new techniques of measurement may be of value were, however, also considered, Dr
Brennan presented the very strong case for imposing high entry standards so as to reduce to a minimum the
proportion of airerew under the age of 45 years who have to wear corrective lenses in flight, It can be
argued that in an ideal world the standards should be such that .o aircrew less han 45 vears old,
particularly those operating fighter aircraft, shomld require visual correction. Many air forces faced with
shortages of suitable candidates for flying training have not, heowever, insisted on these high standards,
Although over the last 10-15 years contact lenses have been mdvocated as the ideal ineans of correcting
visual deficiencies in aviators, trials conducted in the Royal Air Force have shewn that this is not =0 in the
military environment. Dr Brennan proposed that candidates with any degree of myopia rt all should not be
selected for tralning to fly future fighter aireraft. Colonel Price referred to » study eonoucted in the United
States Army whish confirmed that rejecting sl eandidates with any degree of myopin would reduce the
nronartion requiring visual correction for the flight task to about 1%. In the area of speeialised examination
teehniques Dr Brennan advoeated the measurement of stercopris and improvements in the methods of testing
eolour vision and of determining the ability of candigates to detect low contrast targets. Although the anthor
was not strongly in favour of the measurement of contrast sensitivity using sine wave gratings, other members
of the symposium were of the opinion that this technique has considerable promise. The o.Jtcome of the
assessments of this method now being eonducted by the Canuwoian Forces (Paper No 29) and the United States
Air Force are awaited with great interest,

Colour wision has always beer recogni'«ed as of importance to the aviator. The development of coloured
cuthode ray tube (CRT) displeys for use in aircraft led WMedicin en Chef Santucei and his coliesgues to
investizate improvements ir the methods of determining colour vision. This groun, working at the French
Centre for Aerospace MNediaal Research (CERMA) in Pariz, reported in their paprr (Mo 28) the measurement
of colour contrast sensitivity. They employed a aoleured CRT to display contrast grrtings in red, green and
blue. Gratingt wern displayed to the subject for 2 second periods at six spatiel frequencies and the subject
was reguired soleiy to indicate whether of not he saw the grating. ‘The romplete measurement (six snetial
frequencies i three colours) could be conpleted for one eye in 5 minutes. Myopia, as migat be expected,
reduced the contrest sensitivity for the colour blue at the higher frequencies and t(his, attenuation wa-
rbolished by correcting the myopia. The CERMA group are continuing this study to determine the Jimits of

“rormality and the velwr of the technique as s selection tool. It is lkely that svnh a test, particularle if the

time ihe subject tekes io respond to the visuul presertation i3 alto measured, heg considersble relevance ta
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the viengl teght of the pilot of a future fiphter mireraft.

‘Static fests of vision, whieh is essentially a dyanmie process, have significsnt limitations. Dr Wolfe and
hjs eaPesgues at tiie USAF School of Aerospace Medieine reported {(Paper No 3¥) the use of thrze tests of
the s9ility of individusis to acquire and trae\ targety. These tests aim to measure quantitatively ocnlomotor-
wrsitbular funetion s revealed by elovtr~-oculegraphie vessrdings of eve ‘movements duiing the tracking of a
moving target, and during sinng idal inovements of the body (imposed by a turntable on whieh the sibfect is

“eented; wno by rcecordings of saccadic eyn movements by en infra-red reflectance technique during tracking of

o target moving i diserzte junp. The ambars coneluled thet it is now possible lo describe guantitatively
beth the visual and vestitular eontrol of oculemoior funstion, There is no doubt that such tests are of valne
in monitering in tUn indivicugl the effects, for rrample, of vepeated exposures to bhigh +Gz upon vestibular

tunction. Their plage in selection 4 mnore problemativai as there have heen no formw’  studies relating
~perarmanes et target detevtion and traeking in flight to thesz neasurements of nculometor funetion. .

An impressive atlempt “u cbiain userw! correiations betweenr laboratory tests of visual performance and
the alv-to-air tuarget performunce of aircrew I fligat is baing comlueied by the Maval Aerospace Medical
Laboratory At Ponsseols. Corwrende: Monaco presentcd two papers (Ne 38 and 39) dezeribing this programme,
A battary of vision teste which tacasure central snot detection, nenttai scuity at high and Jow contrast with

_and without glure, apeed of acesmiandetion {fpr to newp) and detevtion of lateral movement of a target were

used. Mean stimulus threshola fogetlar with, in some tes(s, the mean threshold-stressed response time (the
response {ime to & target which the suhject ¢ould "ust see” correctly) were determined. A sophisticated
computerised telemetry systtm 4t the - Tactiesl Air Comtat Tralmrg Svstem renge provided extunsive data on
the flight and cngincering “tyius of obser.e~ end target airersaft during practice  Afr Combat Manoeuvres
(ACM). The suthora employed the dirert distance batween the two aireraft at the instant at which the pilot
iritially detected the target ajrern®t (slant ‘range) as ‘he measurc of his air-to-air target performance. One

 study investigated (he perfomance of ninety-one pitots porforming ACM in F-%, A-4 snd P-14 aircraft. 7t was
found, as would bLe axpected, that envionmental and aircref( conditions such ss sun positian, cloud, speed and
“direction of Night, ard wrget size had 4 greater effect on slovt range then the standard of vision of the

individianl pilet. Significant  wositive correlutions were, however, established hetween siant range performance
and the vision tests, persiedy iy the {nreskold stressed rvesponse times obtaines from tests of acunitv at low
and high contrast, ané w.ik glare. This study and that roported in the subsequent puper (No 39) showed that

“in general, time o raapond v A target which he could just ree (threshold-stressed rerponse time) was #

batten  predictor of visnt' perforioance an the air {ziant cange) thon the stimuitis threshold, The authors

“adveegted forther investizz*ion of e vslue of the easpunse time to a target jost above tha threshold in

predioting  visug! peformaree ir Flignt. These pupers from the Navel Aerospsce Medjeal Research Laehoratory

~well illustrate the great Qiffisult.es which surraund assessment of visuai performance in Zjight, ‘There i= no

doubt, however, that such yolidation of tests of visugl performance must Le eondveted if dreprevements are (o
be mayle in the selection anJ mom‘asring ¢ this important determiaant of pilut performance.

. ) . .
Session_ V- Medieal Seleetion_: e “pinal_Coltmn E T T i

Puperienes with the F-18 rnd ot or oiren ft such =45 the RAF Mgwl hes emphesine  the elfeets of high
+(iz upon the neck museles oo the cerv.eal scine. Two prpors (No 40 and 41) were yresented on medical
seleetion and monitoving proeedures ralated o zhe soinel eolumn. Oniy o fimited number of the NATO afr

forces ai present eorry out routinz ratography o, the spine in the initial macical selectic v of aircrew, The

Trench Air Foree does, however. perforne radicerapiy 07 the complelr spine (cight radiateaphs) to  execlude
tumotrs ete and certawr congenitel and gaquired delecte of the spine, ‘The paper from the French Air Foice
(N6 d40) veviewed their present standards and coacluded that ne olange in faem was required. The cther paper
(No 41) in - thiz saescion reviewed the ewoerience of the PRoyai Netherlsnds Ajr Force whieh introduced spinal
radiography in 1882, Major van Dnlen ciphasised theo wvalue o’ image aatensifieation in this sereening process
as it reduces the radintion exposure “n the enndidate ta 10% to 28% of that produced by comventional
radiography.  Of two hundeed end  twencs-flve  candidste  gtndent  pilats sxamina ! zince 1987, the Reynl
Netherlands  Air Foree has rajected 20% for spinal, mainly vertebral ostcochondritis snd sjondylotysis/ivsthesis,
visusiised by raclogruphy, Gver the same pericd hulf of one. hundred and ninety—zix qualified fighter pilots
were found 1o have spinal disorders on  rudiograpny: 4H0% of the:~ Jdisorders s.ere in the entvieal spine;
eighteen pilots had cerviesl dise diserge  with osteophytes. A very pragmatie approgsh was apphed to these
findings in gualified fiyhter piiots, Only fcur pilots were rejected for flying in the -1 - all of these had
carvical disc disease with osteophyvies and & furihar three rzesived a & resaicion. Al thene pilots ore te he
exumined radiologicaily once a year. The major conaerp s thyt cervieal dise disense and, move importantly,
asteophytes may compress or damege the spinal corc in (he garvieal vertebral eang), This 1s obviously an erea
‘of consideruble concatn, although tne vorrezt selention rcriteris have yet to be established. The importaree of
the strenglh of the spinal muscles and especially those of the neck to the prevention of injury to the spine
1'~as emphasised by the speakers. X '

Session_VI[ - Medical Selecfion and Training : Yhysical Fitness

The relationship between phyiical fitness and performance of the flight task in miitary afreraft hes
been # inulter of debate for mony vears. The advent of alreratc sueh ps the F-I8 in which the pilol is
repeatedly exposnd tn suvtained high +0Oz with the atiepdent need to mapiniein pesture, to tens. musclea to
sugport the cardiovasculyr system and to perform respiratory strainine manocuvies has rekindied interest in this
relntionship. Well desimed studies conducted at the USAF Sehool of Aecoupace kedieina and «onfirmed by
rxperiments eorricti ocut at the Karolingka Iastitnte have shown that gains {n musele strength and endurance
produced hy moderate resistance training  inereases tolarnnee o] s stundard Al Combnt  Manseavre (ACM),
whilst acrol.ic training does not. This session of the symoositm, contaked two papers which addressed the
value of physieal training. Mediein  en Chaf Povnt zad his collcogues reporied (Paper No 42) a stody in
wdich the & toleranee of a prony of riine Mirage 2000 pilots was determined on a human eentrifuge before
wnd after a six month programme of resistance exercise. (limb and ta.nk muzeles) combinet  with moderele
exzrojes. The mear aceeleration tolerance ng defermined by *he UHOR teenniqne () G per szeond) which wag
gireudv Wigh (8.7 G) wes Inereed by 1.37 G Mjlowing the six snorth peciod of phveiesl teaminz, The authors
pointed out that, in the rbes nn of farelliarisution rin3 on the cinteifuge and a cortrol group, it wasx
uneertain v ather the improved toleranee conld be aseribet {o the physica) training vropramme, This study in
to bt reposted ard extended. '
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An amblitious attempt to relate performance fh flight and at flight related tasks to eardiovascular
fitness was presented by Lieutenant Commander Banta and Dr Grissett {Paper No 44), The authors sought, in
three studies using groups of student and quahfied aircrew, correlations between a number of measures of
cardjovascular funetion during maximal exercise on a treadmill and sugceptibility (o motion sickness, laboratory
measures of vision and the heart rate during Air Combat Manoeuvres (ACM) in  flight. Maximum oxygen
consumption measured using the Bruce protocol showed both the student and the qualified aircrew to have @
high aerobic capeeity. An inverse relationship wns found between aerobic capacity and susceptibllity to motion
sickness indu~rd by bocly rotation combined with head mo-ment. The authors suggested that this relationship
was probably due (o conditioning to the motion associated® with physical training. Dynamic visual activity was
also found to corre’ate with aerobic capacity., There wans nlso an inverse relationship hetween the heart rate
at a given phase of flight and aerohie capacity. Although signifirant correlations were found in these studies
it has yet to be demonstrated that an increase in physieal fitness will peaduce an improvement in the
performance of pilots in flight., A carefully designed longitudinal study with appropriate contrals is required to
determi- ~ the value cf physical training and fitness in this context.

Session V11 - Physiological Training

Ajrerew 1qust have & general understanding of the physiological effects of the stresses to which they
may bhe exposed In flight and they must he taught how their ability to perform their flight tasks, both in
normal and emergency situations, can be aflected by these effects. Thus all NATQ air forces have training
schemes whereby airerew are taught the relevant aspects of aviation physiology and psychology and given
practical experience of the effects of the major aviation sirzsses, Although instruction in the two subjects
may be scparated, in practice, training in the purpose, mode of operation and use of life support, escape and
survival equipment iv closely realated to physiologicsl training. In some air forees the tuition of airerew in
aviation physiology and psycholugy is conducted together with the issue, fit nnd instruction in the use of life
support equipment. Tne advantages of this apprcach are considerable,

Three of the papers presented in this session of the symposiurn (No 45, 46 and 49) deacribed jn some
detail the philosophies, practice and experience of the aviation medicine training of aircrew in the Royval Air
Yorce. Psrticular {estures of the traininT conducted by the RAF i3z that it integrates together tuition in
aviation physiology and psyehology, life support equipmeat and airerew NB(? protective equipment and
procedures, that it is centralised at one major training centre, that the training s aireraft type/role specific
and that it is integrated into the flying ecareer of the individual aircrew. This group of papers #lso
emphasised that to be successful an aviation medicine programme must be dynamie, the tuition being modified
to msteh the operstional nceds of the air force. The development and introduction of improved methods of
instructing airerew in orientation and disorientation in flight deseribed in paper No 45 well illuatrates this
important aspect of modern aviation medicine fraining. Another example is evolution of training in usc of
aircrew NBC protective equipment and procedures in the RAF which was well presented in the paper (No 49)
by Dr Maemillan.

Tie principle that physiological and aviation medicine training procedures should present minfinal hezard
to the aircrew being trained snd to the teairers was the basis of the paper (Nn 47) on the use of hypnharie
chembers by Commander Herron of the Naval Aerospacz Medical Institute, Pensacola, Tle was conceened with
the occurrence of decompredsion sickness in hoth trainces and trainers anvociated with exposure to reduced
environmental  pressure  in hypobarie chambers. The ineidences of decompression sickness reported in some
59,000 individual exposures over the period 1981-34 were 0.066% of student exposures and 0.280% of inside
observer exposures. Commander Herron suggested that this Incidence nf decompression sickness should Jead to
ithe abandonment of hypobaric chamber training for sircrew. He wadvoeated the administration of 7.4% oxygen
in nitrogen at ground level as an alternative mecans of providing students with personal experience of hypoxia.
Several spenkers expressed surprise at the high incidence of decompression sickness during hypobarie chamber
treitring reported by thiz suvthor., The Ineidence of significant decompressior sickness during hypobaric chamber
treining conducted by many other nair forces is much lower than that reported in this paper. Discussion
suggested that a  signifirant  proportion of the incidents might well not bhe decompresiion sickness.
Unforiunutely, the author wns unable to give an analysis of the forms of decompression sickness which made
up the repo~ted incidents. Personal experierce of hypoxie can be given satisfactorily at ground level by the
administration of a gas mixture eontaining a2 low concentration of oxygen. Howevar, production of hynoxia by
breathing =air at reducecd environmental pressure which more eloscly simulates the situation for which hypoxia
trianing i~ provided, together with experience of the effecte of exposure to low pressure and tuition in
procedures uwiuch as the Frenzel and Valselva manoenvre., lesds to the concluzion that hypobaric chamber
teaining should not be abandoned, It may be an approprinte time to esrry out a survey of the incidepce of
decornpression  sickness (ineluding svmptoms nnd signs exhibited by each individual case) in hvpobaric chamber
iraining. Views on the value and acceptability of pre-oxygenation of inside chamber attendants could also be
obtained.

The remaining peper in  this session (No d8) deslt with one of the most recent and important
innovations in the physiological training of sircrew - the use of the human centrifuge to train fighter aircrew
in the protective manocuvres to be used to enhance their tolerance of sustained +1z receleration, The
approsch and training technigues pioneered by the USAF Schonl of Acrospace Medicine had been adopted,

" with minnt changes, by the Dutch authors, Colonel van den Biggelaar described the human centrifuge fecitity

at Soesterberg and the training procedures employved for RNLAF and USAFE nilots aperating F-15 end F-15
aireraft (these techniques are alse degerlbed in AGARD Conferenee Proceedings 377, 1985), The paper reported
the resullts of the hizh G eentrifuge training provided to fortv-six F-15 and one hundred and twentv FP-15
pHots during the perlod 1 Aprii 1984 to 1 April 1985. It was found that on the first centrifuge run 70% of
these pilots did not c¢arry out the straining manoeuvre correctly. Only nine of the pilots failed to achieve the
goals set for the training programmes; the majority because of motion sickneas induced by the relatively short
arm of the centelfuge. Therz Is Jittle doubt that the wuse of the human eentrifuge as a training aid combined
with appropriate ctassrotrn  Wstruetion can  significently  enbumce  the sbilily of pilols o withsland {he rapid
onset, high sustuined +(3z accelerations which are u feature of combat monocuvres in the FP-15 and F-16 and
will be of anv futurc fighter alreraft. As deseribed in General DeHart's paper (No 30), the United States Air
Porce has decided to carry out centrifuge training of all pilots on entry to fighter pilot training. Questions
ure now belrg raised as tn the freguensy with whiely centrifuge training should he repeated. Exporience of
the retention by the whole popdetion of other information imparted by practicn]l procciures in physiologieal
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training  would suggest that refresher teaining in the human centrifuge should be repeated once every 2-3
years. Thez advent of future fighter aircraft with the performanre discussed in the apening session of this
symposium could well require the provision of ecentrifuge trairing for fighter pilois in a way analogous to the
introduetijon of hypobaric chamber iraining some 50 years ago.

Conclusion _end Recommendations

The svmposium identified the major features of the fighter afreraft to be introduced into serviee during
the 1590s which will impact on the mcdical seleetion of, and physiological training to be given to, the pilots
who are to operate these aircraft. These features include all weather, night and day capability, extreme
manoeuvreabllity with rapid onset, high sustained +32 nccelerntion (and perhaps :0y), potential for increased
workload alleviated by extensive automation of airereft snd weapons systems, use of helmet mounted sights,
displays and vision enhancement devices, use of colour in eockpit displays, and the need for protection against
chemizal warfare agents and nuclear fiash blindness, In parallel with the development and introduction of
medical standards and methods of assessment which will ensure that pilots with the abpropriate capabilities
will be selected, there is an increasing awarencss of the need to exclude those individuels who have 4
significant likelihood of sudden incapacitation due, for example, to a eardise infarction, There i3 alsa the need
for medical monitoring of pilots operating high performance fighters sueh as the P-15, F-1F and Mirage 2000
as well as future fighter aireruft in order to ensure that the utresses to which they are exposed in flight do
not produce disease or aggravate existing diseases.

1t is most important thst the assessment procedures and standards employed In the medical selection and
monitoring processes are well validated. Frror in the initial medical selection process may well eliminate
individuale who are in fart fit to become fighter pilots, e sjtuntinn which many air forces can il afford,
Alternatively, poor sclection procedures and standards may well allow the entry and retention of mircrew who
are not {ully fit to perform in the high stress environment associated with modern and future fighter aircraft.
The symposium included several examples of the difficulties of validating medical seleetion and assessmwnt
procedures, not least of which is the quantification of the individual pilot's performance in flight. The use of
the facilities nf modern AC* troining ranges, such as those of the USN and USAF, in measuring performsnce

of the fighter pilot's ta: the validaticn of medical nassessment proecedures should, It {8 suggested, be
extended, The value of assassment of clinical conditions in aircrew together with meticulous follow up
and doeumentrtisn  4* reference (s very well illustrated by the work of the Clinical Sciences Division
of the US/ . rospacr  Medicine, This group have an unrivailed bank of data on whjeh to base
advice arn . respec  to the acceplability or otherwise of a large range of diseases in the
ajrcrew popu,... .a¢ cxample 5 . by the USAF School of Aerosnace Medicine should be emulated by the

medien] organisations of cther NATO air forces,

The high G environment to whieh pilots of present and future fighter airereft will be exposed is one of
the two major factors influencing medieal Seleclion procedures. This featurs of the aireraft demands special
attention to the cardiovaseular snd musculo-skeletal svstemns, The medicnl selection and monitoring procedures
reluted to reducing the risk of coronary ar‘ery disense to & minimum must be applicd vigorously to the pilots

" operating fighter aireraft, In sddition, speciai procedures are required to eliminate eardiovascular conditions

which may impeir the abflity of the pilot to perform well in a high i environmment and those which may he
aggravated hy repeated exposure to high G. Trere is no doubt that echocardlography has a vital part to play
in both the routine sclection and monitoring of lighter pilots, Fvidence is accumulntir . that stress testing on
&a treadmill and Holter monitoring of the ECG have little or no place in these processes. Well controlled
longitudinal sturdies of fighter pilots using modern, non invanive techniques, particularly echocardiography, should
be establishcd wherever they arc required to operate at high G levels In order to deterinine whether this
environment has a deleterfous effect upon the nardiovascular asystem, ospecially the right ventricle. 1t s
suggested that the NATQ air forees should establish collaborative studies in this area.

Toe high G environment places considerable stress upon the spinai column, particularly the cervical
spine. The load+ placed upon the necks of the pllots of future fighter nircraft will also be Inereased by the
sights and displays and vision cnhancement devices such as night vision goggles which will be mounted on the
airerew helmet, Whilst clinical examination provides an adequate assessiment of the range of movement of the
spine and the strength of the associated muscle groups, sipnificent pathology may be present in the bones and
intervertebinl dises in the nbsence of symptoms and signs. Concern with the risks of high O exposures
sggravating hone and disc diwease which is already present and the possibility, albeit remote, of damage to
the spinal cord is leading to the use of radiography of the spine In medisal aelection and manitoring of
fighter pilots.  Conslderable further work i6 required to  establish validated aceceptance criterie  for spinal
radiographs. Thus at present the Royal Netherlands Alr Porce is rejeeting 20% of candidate student aircrew
for spinal disease visuailsed by raciography.

The pilots of present and future fighter aircraft rust have a very high standard of vislon. Indeed
several groups of investigators are attempting to develop and validate tests of vision which will allow the
selection of Individuals with above average vision in the context of fighter operations, The tendeney which
has occurred in the past of aeccepting individualy with a degree of mynopls which results in the need for them
to wear correntive lenses (before the natural process of ngeing requires it at about 45 vears) should cense,
particularly with respect to fighter pilots. Now 9 an appropriain time to rajse the vision standards for those
dJestined to operate futyre fighter airernft. Although further validation studles are required, the measurement
of contrast thresholds using sine wave gratings promises to be of value &8 a means of measuring visual
performance, particularly under low contrast conditions, There (s a very strong ¢ase for the intrnduction in
the Immediate future of improved methods of assessing colour vision. A technique employing s coloured CRT
display is most attractive. In the longer teem, mensurement of dynamie visual aculty should probably be
empjoyed In the selection of fighter pilots.

A recurrent aquestion in the evelopment of special medieal selection and monitoring  procedures,
scpecinlly  those whinch involve an cleinent of oisk or sre expensive, 16 when they -hould be applied in the
selection process? Foetors which tiear heavily on the answer to this question inelude the size of the ailr
force, the aceeptabjlity of more than one medienl fitness standard for alrcrew end ethics. The ethieal ‘juestion
relates to the use of procedures with an element of risk, for example radiographic examinatinn which rxpose
the individual to significant radiation, espeeinlly when the individual may not in eny case quallfy for, or
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remain engaged in, the hazardous situation for which the selection procedure is to be used, Since fighter
pilots must have a high standard of medical fitness there are very considerable advantages in a dual standard
or permanent whaiver system in which pilots who do not meet the very high standards required of fighter
pilots can remain operating other military airereft such as bombers, tankers, transports and helicopters. There
are also considerable advantages in a dual track flying training system in which the specialised and expensive
{and perhaps slightly risky) selecticn procedures are only appiied after the student airerew member has heen
selected for training as a fighter pilot.

There is no doubt that, if only on the grounds of general health, rircrew and fighter »ilots in
particular should take physical exercise to maintain n reasonable level of physical fitness. The moderitaly high
level of physical work which is involved in the muscie tensing and straining manosuvres raquired .. protect
against +Gz accelergtion will produce less cardiorespiratory stress in the physieally fit individual. {t is now
clear, however, that intensive serobic training reduces the tolerance of high sustsined +Gz. It is glso apparent

‘that exercises which increase the strength of the limb and trunk muscles enharne (1 toleswnec. The muscles of

the neck should also be strengthened by appropriate exercises to reduee the risk cf smmage to the opecvical
spine by exposure to +Gz. There is a need, therefore, for fighter pilots to carry ouvr speeific physicai training
programmes. This apprnach to the enhancement of physical fitness is more cost effect! and pveeptable than
the use of # measurement of aercbic capacity in the selection of candidate piiots and fig. .er nilots,

The physiologieal training of airerew should be integrated where pessible with fitting them with, and
training them in the use of, their life suppsrt equipment. The major aress in which changes sre required in
physiological training relate tu protection against rapid onset, sustained high *Gz, disorientation and the use
of NBC protective equipment., Extensive instruetion in G protective manoceuvres will be required for the pilots
of future fighter aireraft as indeed it is already required for those operating P-16 and P-15 aireraft, Training
in the straining manoceuvres required at high +Gz iy probably best given using & human ecentrifuge, and this
form of training should be introducrd for pilots operating rapid onset, high nustained G aireraft. Improved
techniques for teaching aircrew the mechanisms and effert of disorientation, such as those employed by the

“Royal Air Force and those being introduced by the United Stetes Air Foree, should be mandatory for the

training of the pilots of future fighter alrcraft. Finally, the issue, fit and training in the use of sirerew NBC
protective assemblies and the associnted ground operating procedures should be centralised and airerew should
regularly wear the NBC assemblies on the ground and in flight.
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AIRCREW ASPECTS OF UNITED STATES FUTURE FIGHTER AIRCRAFT

by

Lt Col Richard D. Krobusek

Flight Dynamice Laboratory

Wright Aeronautical laboratories
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wright-Patterson Air Force Base, Chio

45433
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SUMMARY

The cockpit environment of fighter aircraft for the year 2000 and beyond will
undoubtedly meld aircraft technologies and ptotective devices to meet the ever-growing
enemy challenge. Recent advances in aircraft structures, flight controls, sensors,
multipurpose and touch-sensitive displays, voice recognition ard synthesis, enemy
defenses, and chemical/biological warfare (CBW) technolegies will comhine tg create a
cockplt environment for tuture fighter aircraft vastly different and potentially more
complex than any previously encountered by our aircrews. This integration of equipment
and crewmember will interact such that new gtresses will be created and existing ones
aggravated, For example, current CBW protcctive gark induces significant physiological
stress, reduces tactile sensitivity, and restricts vision. S8ensors, while providing
more =jituvational awarcness, may create gignificant additional psychological stress.
Even today, tactical fighters are capable of more rapid +Gz onset than ever before.
Improved structure, reclined seats and side~-stick controllers will enalbile hoth the pilot
and the aircraft to withstand increased +8z and rore rapid 4Gz onset. Special maneuver
capability through the use of direct side force may provide significant tactical
advantage at the expense of stress due to lateral acceleration forces(iGy). This paper
will identify and briefly ciscuss a few of the current technologies and some of the
driving forces which will affect the cockpit environment of tomorrow's aircraft. These
technologies, as well as others, should receive further study for their effects on the
alrcrew prior to application in future f ghter aircraft. Proper applicetion of the
results of these studies will prevent the unbridled growth of cockpit complexity.

FILIGHT CONTROL

The technology to preduce direct sidefarce and direct 1ift on future fighter aircraft
has already becen Jdemonstrzted. These forces, although not new, are not customary for
today's pllot. He has beern rvepeatedly taught that coordinated flight js essentjal to
smooth control. Only in unusual flight conditions, such as spins, elips, and air combat
maneuvering, does the pilot intentionally induce uncoordinatec flight. With the advent
of direct sideforce and direct 1ift, the pilot can now have the capability to change the
flight path vector without a comparable attitude change. Problems can arisre, however,
since the pilot is not permanently affixed to the interior of the cockpit, but has soive
sideward motion resulting from the effects of gravity along the transverse axis. Such
body motion can affect both stick and rudder inputs to some degiee, &nd therefore, the
pilot's control of the aircraft. If using a head up display, the pilot's major ccncern
is to keep his line of sight within the exit pupl) of the display: his purpose being to
launch a weapon against an adversary or target. Centrifuge test data at 126y indicate
that the addition of a simple shoulder pad restraint system significantly improves
tracking performance on an airborne target at a cost of some side pane) visihility and
interference with flight clotnring. Additional study is certainly required to design a
mor¢ optimum restraint system.(l) At higher traznsverse G levels, the introduction of a
helmet mounted display with the possibility of some restriction of helmet motion way hbe
necessary. )

The introduction of direct side force and direct lift brings with it the additional
problem of what method should be used to contrel these forces. Experiments with the
APTI/F-16 indicate that pointing, flat turn and transiation were very effectively
implenented through decoupled rudder pedals and required minimal training. Contro) of
vertical decoupled motion wus effectively irplemented through the use of a twist
throttle., However, extraneous inputs were encountered during throttle movement. Human-
factors-oriented desiyn studies for suitable manuval task controllers atill need to be
conducted.

HUMAN CEMTRIFUGL EXPERTMENTATION

Greater control authority makes current fighter ajrcraft capable of higher +Gz onset
rates than ever bhefore. Coupled with six deyree of {reedom control, the forces
generated wil) combine to present a very new environment for the fighter pilot of
tomorrow, To hetter prepatre today's [ilot for the repid ongset +Gz environment, US Air
Force tactical fighter pilots are rurrently updergoing training in & newly modjfied
centrifuge at Brooks Air Force Base, Texas.(2) The improved system is now capable of
reaching +9Gz, the typical maximum for current [lghteis, in only 1.3 zeeconds as compared
to elght seconds prevjously.(3) Some testing of pilot reaction to transverse
acceleration up to %£2Gy hae been perfcrmed in the 2ir Force Aerospace Medical Research
laboratory Dynamic Exvironment Simulator. Investication of the simultanecus interaction
of rapid ongset 4Gz and {Gy must sLill be addressed.
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CHEMICAL AND RBRIOLOGICAL WARFARL DEFENSE

In addition to 1Gy and high onset Gz, tomorrow's fighter pilot must be prepared to
encounter the nostile environment of chemical weapons. Although the use of chemical and
hiological weapons has been outlawerl since the 1925 Geneva Protocol, the nations of the
warld continue to argue over the terms of a new, more cuomprehensive ban.(4) The
likalihood that chemical weapons may be used in a future conflict cannot be overlooked,
fuch weapons are specifically intended to incapacitate or rliminate the crewmember,
rather than to directly destroy the system 1tself. Since biological agents are
typically slow acting, they are ill-suited for use against an airborne system.
Considerahle evidence cxists which shows that cur potential adversaries are preparing to
opcrate in a chemical/biological environment. These actions cannot he taken lightly;
since fajlure tc prepare for the possible use of chemical weapons hy our enemies makes
us especially vulnerable. The possibilaty of their use dictates appropriate protection
for the crewmember; for without him, the system cannot accomplish its mission.
Protection for the crewmember becomes hoth a flight-critical and mission-critical
requirement. Because of the nature of moderr cherical weapons, the crewmember must be
completely protected from his external surroundings, presumably within an impermeable
suit or evep a capsule with a suitable environmental control system. The cnvironmental
control system must be capable of detecting and neutralizing rhemical agents or of
providing a safe environment, either self-contained or recycled. Current protective
equipment is bulky, vison restricting, easily damaged, and interferes with tactile
sengitivity while causing signifjicant heat stress. If this equipment must be used in
cockpits in conjunction with touch-sencitive overlays and proyrammahle switches, the
limitations imposed must be considered in the design of the eguipment.

VISUAL LIMITATIONS

A reclined seatr for jmrproved +Gz tolerance combined with current CBW equipment resul ts
in a considerable portion of the cockpit being ohscured. 1In the fully reclined
position, the pilot's ability to view lower portions of the cockpit front and side
pancls is severely restricted. Significant degradation of the pilot's ahility to "Check
6" occurs in a fully reclined seat., He is not able to make a simple turning of the head
to sce behind the aircraft, and consideration must now be given to providing an
additional display of the area hehind him, or incorporate coverage of this area in the
sitvation display. Berause of these Jimitations, helmet mounted disylays, currently in

their early stages of developrent, will almost surely be essential in the cockpit of
1.OMOLLOW.

SENGORS

Sensor technology improvements over the last several years together with increasing
copputer power, promise refined information tailor-made for the situation. Doppler beam
sharpened, phased array and bi-static array radars offer precision well beyond the
capnhility of provious airberne radars. Terrain Pollowing/Terrcin Avoldance (TF/TA
radars gujde the aircraft through low-level mountajinous terrajn. Threat Aveoidance
computations will goon he added to TF/TA on an integrated situatjon awareness display.
Night-Vision Goggles (NVGs) and Forward Looking Infira-ked (FLIR) sensort enable viewing
of targets under low light conditjons. Radar and Infra-Red warning receivers tell of
hostile action threatenirg the azircraft. Nurarous system sensorp alert or warn of
excessive or inadequate flow rates, pressure. and terperatures. Traditional airborne
sensors for «irapeed, altitude, angle of attack, etc. may soon be foliowed Ly chemjcal
agent detectors. Al of this information has traditionally bheen presented or individuval
dedicated displays for the pilot to assimilate, integrats, evaluate, and take
appropriate actjon, Such a situation threatens to create an excessive workload for the
crewmerber of tomorrow,(5) Computer processing of radar range and azimuth information
enables it to be converted to X and Y coordinetes for display on a4 Cathode Ray Tube
{CRT), eliminating the necd for a dedicated radar display. The potential even exists
thiovgh additional computer proceszing to identify targets by computer, The use of such
computer identification would allow display of the target by symbol rather than raw
dats, which burdens the pilot with the identifivation task. Txperience has shown

however, that the final identificatin of the target must be made hy the pilot prior to
weapon release,

MULTIFUNCTION DISPLAYS

With the advent of more and better sengors, the pilot pow has avalilable to him much more
data than ever hefore. The partial solutjon to this explosion of sensor data is
availahle in the form of the pultifupcition displey (MFD), The MFU is rapidly taking the
place of the dedicoted disploys of yesterday. The introduction of MFDhs has in some
neasure actually encouraged the proliferation of sensors onboard sircraft as panel erea
for dedicated displays becomee increasingly scarce. A few multifunction displayg can he
used to display & myriad of information in a wide variety of formats. Although this is
a valuable capahjlity, the displays sometimes present thejr own unfgue problems of
sunlight Jegibility, canopy reflections, brightness levels for night operations,
compatibiiity with night vision goggles, etc. A word of cavtion it in order at this
point; the proliferation of Jdata hasg typically been allowed to grow upon the current
displays, often witheut consideration of the clutter which ensues.(6) Tt is clrar that
properly designed pictorinl) formits must supplant raw data on wultipurpose displays for
case of pllot understanding.(7]

e it e i

" R i st et el sl dd

Sy ey gl B il et bt b Lo

coman by,

o e i R P s




Lo Rl T PP

" *

Heftmatesip

i

i

Mot -nmwmmw#‘

TOUCH~SENSITIVE OVERLAYS AND PROGRAMMABIE SWITCEES

With the introduction of muitifunction displays into the cockpit, the pilol now has
available to him the option, sometimes even the necessity, of uUsing touch-sensitive
overlays or display perimeter switches to control various subsystems. Additionally,
programmahle switches employing dot matrix displays may even be used in conjunction with
a computer for such zophisticated actions as selecting the best available weapons mix for
attacking a troop convoy, & tank, petroleum storage, etc. The display of a pictorial
symhol of the intended target may be used to relieve the pilot of the detailed selection
of the weapon combination avajlable to do the best job on preplanned targets or, even
better, or targets of opportunity or for self-protection.

AUTOMATION

The growing use of computers in the cockpit of tomorrow promises considerable aid, and
possibly even com,o.t, to the future tactical fighter pilot. Because of the large number
of sensors, systems, weapons, etc,, some form of management and monitoring of all of this
data must be devised. To accomplish this, an electronic crewmember (EC) or pilot's
associate appears to be in order, 7Tt is widely accerted that control devices are
extremely well suited to monitoring tasks; whereas the human is extremely good at
flexibility and intuitive problem solving, but much poorer at monitoring. A human is
also likely to make occasional commissive errors. Current work by the Defense Advanced
Research Projects Agency through the Air Force Wright Aeronautical Laboratories is
investigating the application of artifical intelligence to the fighter aircraft of
tomorrow. The introduction of such a computer or expert system into the cockpit raises
the guestion of "Who's in Charge?" A careful division of the responsibility for the
various flying tasks should reduce pilot wovrkload significantly. These task allocations
must be fully investigated in order to avoid a pilot role resulting in the loss of pilot
ckills from non-use.(8)} Proper task allocation sl.ould reduce the number of pilot errors
which are an additional significant source of worxload and stregs to experienced
pilots.(9) There will also probably be a significant problem of gaining acceptabjlity by
current pilots of the EC’s abjlity to perform some or even many of these functions. Such
reluctance will prohbahly be less pronounced among the pilots of tomorrow hecause of their
carly association with computers at a much younger age.

VOICE INPUT/OUTPUT

Rescarch today is showing considerable promise for the availability of a large vocabulary
connected speech input and output system for aircraft applications. Such capability will
transcend the current application of operating switches and permit the pilot to interact
with the BC employing artifjcial intelligence to assist him. The multiengine pilots of
yesterday regularly referred to the autopilot as "George." The aircraft itself has been
frequently referred to by nicknames, for example, "Babe", "Honey", etc. It is therefore
highly likely that such a name or term will evolve for the EC. If not a standard rname
like "George", then one will likely be selected by erach piiot. Such "friendship” with
the computer system will lead to a more patural interface with the FC. The pilot will be
able to preselect various levels of responsibility for the EC depending upon missjon
segment, For example, for system monitoring the pilot may instruct the EC to alert him
to every system problem, to none, or to une of several levels in between, depending upon
the anticipated pilot werkload during the given mission segment. He may, of coursze,
modity the EC's responsibility level for any mission segment at any time during the
flight.

FLASH BfINDNESS PROTECTION

While we continue to design aircrvaft primarily for operatione in a conventional weapons
war, the possible use of tacti:al nuclear weapons canpot be ruled out. This places yet
arother burden on the crewmenber. Assuming that the aircraft is far enough away from tne
detonation to aveoid life-threatening shock and thermals, the pilot will surely be
subjected to nuclear flash. The single-scat fighter pilot is especially vulnerable. It
it possible to envision a future pilot fiing a Jow-level TF/TA penetration at night
using NVGs and a nuclear blast occurs. Without proper protectinn, the photomultiplier of
the MVGs could be completely destroyed. In such a case, the night adaptation lost by the
pilot by using NVGs could require from one to over four minutes to night adapt.i10) A
rate of recovery this slow can he deadly in ap aircraft at 200 feet altitude and flying
in excevs of 400 knots. 1t may be preferazble to (u) completely enclose the cockpit,

of fering the pilot only sensor informstion for outside reference or, (b) equip the
aircraft with PILZT windows which become copague to nuclear flash, in order to piotect the
crewmember. Either solution will undoubtedly introduce environmental problems nf its
own .

CONCLUSION

Mdvancing technology will provide the pilot of future fighter aircraft with a much more
capable weapon system. The progress of irdividual technologies will undoubtedly
continue, but their introduction into the cockpit must be carefully tempered with
appropriate human factors analysis. The introduction of these new technologies wili
capecially require an open mind on the part of the pilots and considerahble training to
obtain maximum benefit from the inpvestment, .
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DISCUSSION OF SESSION 1 - FUTURE FIGHTER AIRCRAFT
(Papers 27 and B)

AIR CDRE ERNSTING (UK)

Col Krobusek, how does the United States Air Force intend to resolve the conflict whict arises between the
provision of nuclear flash protection hy means of a small window of PLZT in an otherwise black-out canopy
and the need ftor good Al round vision in the air combat situation? Is it that you see the solution to these
two types of operation being in entirely different types of aireraft?

AUTHOR'S REPLY (LT COL KKOBUSEK (US)

This particular problem has not been addressed fully. The two requirements are almost diametrically opposed.
When you solve one for visibility you almost surely iitrodirce problems in the other. My main purpose in the
paper was to pcint out that we probably, and this is my view, cannot meet both requitements in a single
aireraft,

COL VAN DEN BIGGELAAR (NL)

Mr Chairman, | would like to wmake a remark on the excellent paper by Col Viant. He mentioned a
requirement in future aircraft for automatic recovery of the aireraft to level flight in the event of loss of
wonsciousness. 1 would very much support this proposal since recent experience with the F16 has shown that
G induced loss of consciousness and severe disorientation can result in tragic loss of lives and gireraft, A
device which would automatically level an aircraft in an uncontrolled situation would, I believe, prevent many
of the aceidents of the types which have occurred in the lest 2-3 years.

AUTHOR'S REPLY (COL VIANT (FR))

Yes, 1 did rcfer to this problem. 1In air combat situations rapid onset, high G can induce loss of
consejousness. There is as yet no clear technical solution to the requriement for automatic recovery of control
in this situation., One can, however, perhaps envisage a device such as the dead man's pandle which is used in
driving cabs of treins. Thus it is possible to envisage a system which, in the event that the pilot does not
make any inputs through the control column say for 30 seconds, the aircraft computer takes over control and
restores stable flight. We do not yet have the technical solution to this problem., 1 believe that it is an area
where further research is required.

COl. VAN DEN BIGGELAAR (N1)

Yes, 1 believe that it is teebnicallv possible to programme the flight computers so that the aireraft is
brought to stable, level flight in the event of a period of unconsciousness or a period in which the pilot is
so disorientated that be doesn't know where he is. 1 wish to comment on the valus of a dead man's handle,
We fitted a switeh in our centrifuge which the pilot had to depress throughout the G profile. We expected
fim to release the switch if he lost conscionsness. We had one cose, however, in which the pilot did not do
sc; he continued to depress the switch after he lost consciousness, due to spasm of his hand musecies. Thus a
simple dead man's handle will probably not be adeqguate to ccpe with this problem.

BRIG GEN BURCHARD (GE)

1 enjoyed both of these excellent presentations, 1 believe, however, that the human limits are not being
considered sufficiently in the conrepts of the new fighter aircraft of the 1990s. Apparently we are not
willing to accept that we are driving the human being to his utmost limits. 1 suggest that the AMP should
state that the pilot should not be required to operate close to his limits of tolerance of high acceleration. 1!
think we should require more from the weapon systems. 'The authors talked about the nced to be able to fire
in all directions. Why have a high turn rate and high G ouset rate in order to tura the aireraft in order to
direct a medieva) rocket weaport at the target? Future technology should be used in the weapon system to
relieve some of the tasks on the pilot. Cannot artificial inteiligerce be put into the wesyuon system as well
as the aircraft and thus relleve the pilot aud ihe saircraft frofm some of these physiss! siresses which pushes
him to the utmost limit?

AUTHOR'S REPLY (LT COL KROBUSEK (US))

Yes, 1 would agree completely. The comments that I made during the presentation were offered to stimulate
thought. They were only some of the areas which we should consider in future combat aircraft. As was
pointed out by the Chairman, there are some solutions to some problems which may give us problems in other
areas, 1 do not think that there is any singie Solution to ull of the scenarios which we ean develop; the
human mind is just too smart for that.

AUTHOR'S REPLY (COL VIANT (FR))

Yes certainly we should consider the whole system - the aerodynamics of the alreraft, the ajreraft
performance and also the performance of the miasiles with which the aireroft i3 armed. Even in a future
combat ajreraft it will be still nceessary to manoeuvre the afreraft rapidly in order to achieve a hit on the
target. We must also keep in mind the faet that we must build aircraft at a cost which we can afford, Thuz
we canno! always afford the sophistication of the aircraft which we would like. Pinally. the effectiveness of
an naireraft is the summation of the effectiveness of the pilot and the effectiveness of the machine. In these
cireumstances the apirit of combat and the physical capacity of the pllot enhance tne elfecliveness of Lhe
machine. If you have two eircraft each piiot will try to do better than the other. He will go up to the
limits of human tolerance - this is part of the spirit of the fighting man.
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CANADIAN FORCES APPROACH TO AIRCREW MEDICAL SELECTION

i - L/Cel Gary Gray, Head, Central Medical Board
. : Defeuce and Civil Institute of Environmental Medicipe
: 1133 Sheppscd Ave West, Toronto, Untario
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SUMMARY

)
4
‘ With advances in aircraft performance capabilities and in medical screening technology, major changes
in Canadian Forces aircrew medical screening procedures have been proposed and are bziag introduced, In
addirion to the standard battery of tests, additional screening procedures being introduced or evaluated
i include drug screening for cannabinoids, contrast sensitivity function visual assessment, echocardiograms,
i - cardiovascular risk assessment, pulmonary function testing, an aeromedical history questionnaire, and a
psychosocial and clinical review by a Flight Surgeon, Screening electreeccephalograms are being continued.
This data is used to reject candidates who fail to meer selection standards, and to provide a Medical
Suitability Rating for acceptable candidates, 2,8% of candidates screened have had positive tests for
urinary cannabinoids, Contrast sepsitivity norms for the aircrew candidate population are higher than for
other populations studied. Contrast sensitivity may be helpful in agsessing candidates whose vision is
close to standards. We believe this approach to initial medical screening will reduce attrition of - B
experienced aiterew for medical reasons, and will cnhance £light safety over the years to come.
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Hiotorically, the RCAF conducted medical screening of pilot and navigator aircrew candidates at 3
regional Meditval Selection Units, These units were staffed by Flight Surgeons, who conducted the basic F
medical examinations, and by appropriate Specialists who completed ancillary investigations including ; .
5
Z

ophthalmnlogic, otolaryngologic and psychiatric review, With triservice unification (and subsequeat
manpower reduction) in 1968 the Canadian Forces (CF) incorporated aircrew medical selection into the
Central (Aircrew) Medical Board (CMB) at the Defence and Civil institute of Environmental Medicine (DCIEM).
This was staffed by a single Senior Flight Surgeon and appropriate technicians,

RLLT TR,

Basic enro)ment medicals were then done at local Recruiting Centers, usually by civilian physicians
under contract, and the medicals were administratively reviewed by a CF Medical Officer. This medical
p 3 screening included a physical examination, an electrocardiogram, a chest x-ray, an audiogram, an ophthal-
malogic evalustion, and a VDRL and vrinalysis, Subsequently, while the candidates were undergoing aircrew
aptitude screening at the Aircrev Selection Center in Toronto, the medical documents were reviewed by the
CMB Flight Surgeon, and a few addirional screening tests including anthropometrics and electroencephalograms
were prrformed.

e L E

In the intervening years there have heen significant advances in aircraft performance capabilities, .
and in medical screening technology. These advances have prompted major changes in Canadian Forces aircrew v
medical gereening procedures. These changes reflect the CF philosophy that aircrew appiicanty should be
maximally grreened prior to enrclment, 50 that once accepted, trainees can be assigned to any operational
flying role with further screening., Additional screening procedures being introduced or evaluated include
dvug screening for cannabinoids, contrast sensitivity function visual asgessment, echocardiograms, cardio-
vascular risk assessment, pulmonary function testing, an aerowedical history questionnaire, and a Flight
Surgenn review at CMB on each candidate. During this review an abbreviated psychosocial assessment and
limited physical examination is done,

p o

The battery of gcreening tests will be used not only to reject candidates who fail to meet standards,
but also to formulate a Medical Suitability Rating (MSR) for candidates who are nct rejected. This MSR will
be provided to the Director of Recruiting Services to input into an integrated decision as £o0 each candidate's
overall acceptability/desivability.
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This paper outlines our rationale for these particulsr screening procedures, the initial results of
the drug screening and contrast sensitivity r~8ting, and a follow-up of abnormal EEG's.

TABLE I CANADIAN FORCES AIBCREY MEDICAL SCREENING PROCEDURES

At Recruiting Center Level
Enrolment Medical Examination
Ophthalmologic assessment
Audingram
Electrocardiogram
Chest x-ray
Laboratory ~ urinalysis, hemoglobin, blood sugar, cholesterol, VDRL

I R R i

At the Centra) Medical Board

Anthropomecry
Audiogram
Ophthalmclogic Assessment (if Required)
Aeromedical History Questionnaire
Pulmonary Function Tests
*Echocardiogram

*#Contrast Sensitivity Analysis

#*Drug Screening (Cannsbinoids)
Cardiovascular Risk Asscssment

Electroencephalogram * to be initiated in 1985
Flight Surgeon Review *% under evaluation
1 T
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Those screening procedures recently introduced or under evaluation at the Central Medical Board will
be Lriefly discussed,

Aeromedical History Questionnaire

This questionnaire is attached as Appendix A, and is designed to supplement historical data obtained
on the initial enrolment medical (CF 2027), Positive responses guide the Flight Surgeon during the sub=-
sequent intexview to areas of potential pathology.

Pulmonary Function

Screening tests are aimed at detecting individuals with early fixed or revergible small airways disease
who might later develop overt asthma, or be at increased risk of acceleration atelectasis. Current screening
tegts are the most senagitive available for the detection of small airways disease (10), and include maximum
expiratory flow-volume curves on air and helium-oxygen, (repeated after bronchodilator if indicated), and the
single-breath nitrogen washout, Candidates with a history of wheezing, or with abnormal screening tests
undergo a methacholine challenge teat, a measure of airway sensitivity, Candidates with positive challenge
testr are rejected, as are those with significant fixed small airways disease, Those with mild abnormalties
¢.g. cigarette smokers with veduced flows at S0% vital capacity are given a lowered Medical Suitabilicy
Rating (MSR).

Echocardiograms

Of the various non-invasive cardiovascular procedures available to screen for structural cardiac
abnormalities and arrhythmias, in addition to the resting standard ECG, the CF has opted to perform the
M-~mode and 2-D echocardiogram on all pilot candidates,

Exercise stress tests and ambulatory electrocardiographic monitoring of all candidates were rejected
because of excessive manpower requirements, lack of data on what is truly abnormal on ambulatory ECG's, and
the problem of follow=-up of false positive ST segment changes on exercise stress tests. These tests will
only be used to evaluate those candidates who have a history compatible with a potential arrhythmia, or in
whom an arrhythmia is detected or suspected during the clinical examination, the resting electrocardiogram,
or the echocardiogram.

Among the disqualifying structursl lesions that may be detected by echocerdiography are mitral valve
prolapse, mitral regurgitation, aortic insufficiency, and cardiomyopathies including asymmetric septal hyper=~
trophy, all of which potentially can lead to reduced G tolerance or loss of consciousness in the rapid onset
high G enviroument (1),

Contrest Sensitivity Punction

Contrast sensitivity is a measure of visual function which differs from standard acuity tests in that
not only spatial frequency (a measure of Snellen chart letter size), but also contrast is varied. Sine-wave
gratings (repeated sequences of light and dark bars) are presented to subjects on a CRI, the contrast of the
grating being increased from below detectable visibility to threshold level, Gratings of different bar widths
(spatial frequencies) are presented, and a plot of spatial frequency against contrast sensitivity (threshold)
is obtained (Figure I). This plot is analgous to an sudiogram in which sensory threshold is evaluated at
various frequencies. Ginsberg (2) has shown a relationship between target acquisition in the aviation
enviconment and contrast sensitivity function,

Under a Test Program Agreement with the USAF, the CF has been conducting a triul of contrast sensitivity
funciion in airerew candidates since June 1984. The purposes of the trial are to establish population norms
for contrast sensitivity in CF aircrew applicants, and to evaluate the potential application und usefulness
in aircrew gelection.
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f'onpated with published population wmorms {(3) CF aircrew candidates appear to have higher values for
contrast sensitivity (or lower detection thresholds) (Figure I). These initial 100 subjects in the CMB
study had an uncorrected visual acuity of 6/6, 9/9 or better, and were between 17 and 25 years of age,
Ginsberg's (3) subjects were older (mean age about 36), and some wove corrective lenses, altiiough their
corrected visual acuity as a group was normal.

Although the contrast sensitivity test is noct as yet used in the actual selectivn process, poteantial
applicuticn is readily discernable in screening candidates with borderline visuval acuity and/or cycloplepic
refractive errors. Some candidates with borderline acuity or refractive errors have quite normel contrast
sensitivity function while others fall well belcw the norm. Given the possible correlation between target
acquisition sand contrast sensitivity, it scems reasonmable that candidates with borderline visual testing
by classic methods, but clearly reduced contrast sensitivity, should be rejected, or given a lowared Medical
Suitability Rating.

Drug Screening for Cannibinocids

During the period 1982-83, cannabinoids were the largest single drug group found pest-mortem in aircrew
who died in Canadian Forces aircraft accidents.

The CMB Aeromedical Questionmaire (Appendix A) includes two questions (#68, 63) ahbout illicit drug use.
About 25 percent of candidates admit to having tried marijuanz or hashish in the past, but virtually all
disclaim current use. In 1984, CMB initiated a trial study, screening each aircrew candidate's urine for
cannabinoids,

Urines are screened initially by immunocassay (EMIT), and positives are confirmed by gas chromatographic
mass spectrometry (GCMS). The EMIT method is an extremely sensitive assay, detecting total urinary canna-
binoids for up to 10 days after consumption, It is not 100% specific and false posicives do occur. The GCMS
method is less sensitive because it determines one specific THC metabolite, but it is essentially totally
specific,

Over the initial & month period of the trial, 534 candidates were screened. 18 of 534 (3.3%) had
positive responses to the EMIT method, of which 15 were confirmed by gas chromatography. i

No individual selection action was taken based on the results of this trial. CMB now obtains two
separate utine samples from each candidate. Positive specimens confirmed by gas chromatography are sent
to an independent cutside laboratory for further confirmation. The Director of Recruiting and Selection
will be informed of candidates who have two confirmed positive samples, so that this factor can be con-
sidered Jduring nelection proceedings.

Cardiovasculsar Risk Assessment

Cardiovascular risk factors including blood pressure, smoking habits, total cholesterol, family history,
fagting blood sugar and exercise habits are collected on each candidate. HDL cholesterol assays arc being
introduced. Candidates with familial hypercholesterolemia and a positive family history of coromary artery
disease are rejected, as are hypertensive candidates (persistent readings over 140 systolic, 9V diastolic).

In ctherwise acceptable candidates, the MSR ig adjusted dowmwards bhased on the presence of risk factors, i.e.
total cholesterol over 275 mg/d]l (or total/HDL ratic over 6), current use of tobacco products, a coronary
event in a first degree relative before age 50, and borderline hypertensive blood pressure readings.

Electroencephalograms

The application of the electroencephalogram to the aviation medicine environment has undergone cyelic
waves of enthusiasm over the past 45 years. Early attempts to correlate EEG findings with the outcome of
flying training proved unsuccessful (4). The technique was later applied as a screening tool for a seizure
disorder in aircrew candidates. Several follow-up studies (5,6,7) have been reported, and although the
predictive value has been extremely low, most of these reports have recommended continued use of the screening
EEG. Because of the low predictive value in the population being screened, many military aviation agencies
have discontinued using the EEG as a screen in candidates. In a recent cost«benefit analysis, Everetr ond
Jenkins (8) recommended that the USAF perform EEG's on fighter pilot candidates only,

The Canadian Forc.s continuc to perform screening EEC's on all pilot candidates. The EEC's are done
with needle electrodes in the "10-20" placcment system, with both hyperventilation and photostimulation.
All EEG's are read by the same neurologist, and are classified as follows:

a. Type 1 ~ minor or generalized non-specific abnormalities
b. Type II - abnormal - focal non-specific abnoymalities, minor assymetries, or 4~7 Hz waves occuring
spontaneously, during photic stimulation or HV and persisting more than one minute after cessation

of HV

¢. Type III - unacceptable — specific EEG waveform abnormalities including focsl spike discharges or
generalized spike and wave discharges.

Despite the manpower commitments and low predictive value, because of the potential catastrophic nacure

of & seizure during flight, the CF will continue to do EKG's on pilot candidates. Candidates with Type III
EEG's will be rejected from pilot training.
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The percentage of KHEG's read as tyse YI! by the same CMR consultant nevrologist over th- peliod 19746-84

H has averaged 4.4 per cent annuylly, with a rang: of 0.6% te 10Z. Although the CF has been dolng ERG's on i
LiT airerzw candidates for 30 years, the early data hag been lost to follow-up. In 1984, CMD initisted a - etro- i
’ spective study oo type III EEG's obtaiped since 1978. 121 questionnaires were mailed to deteryine whethey ! A

i any of tuese individuals' have subsequently had a seizure or unexpecrted loss of cona\.xousness.‘ To date, 50 R -
. responses have been obtained, none of which report such an occurrence,

\ T t
| ! . K : L b ﬂ
. Fligit Surgeon Examinution aund Psychosocigl In.evview . . . {

~ The CF believes that a careful :.agewsment of each candidate by an experienced Fligrt Surgeon is a
critical part of the medical sereening procress, Racher than reporting a complete physical examination,
the CMB Flignt Surgeon concentrat¢se on a detai’ed cardiuvascular and muscnloskeleta) evaluation, and on
\ clarifying any -potential health priblems suggested on the enrolment medical or Aeromedical Questionuaive,
. During tnis interview, th: Flight Sucgeon asks a series of questions, as suggested by Mills and Jenes (9),
designed to elicit aberrant motivation or psychcpathology in aircrew caudidates, If pathology is suspected,
i a further evaluation by 2 CF aviation criented psychiatrist/Flight Burgeon is requested,

wo b Ay i
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Lt These various procedures have just recently been introouced, or are still in the process of being
evaluated by the Canadian Forces Central Medical Board. It will be some years before the effect of those
chinges car be assessed in terms of medical attrition cof experianced aircrew, and improved flight safety
records, but we believe that the application of state-of-the art medical technology and rcreening technicues
may have a significant impact on both of these areas. Assessment of the efficacy of the newer screening
techniques should be aided by a computorized system for aircrew medxcal renords curvently under development
st CHMB.

References

3. Hickman, J.R., Physical Standards tor Righ Performanze Flying and Cardiac #nd Related Conditions Aggra-
. . vated by High Sustained G. In "Proceedings of the USAF Multidiscipliuary Workshcp on Pilot Selection and
¥ = Flying Physical Standards for the 1980%s", eds. Bonfili, HF and R.M. Dehart, Office of the Surgeon Generai,
F p 184-93, 1979,

2. Ginsberg, A.P. Contrast scrsitivity: relating visual capability to performatwce. USAF Med. Seyvice
Dig., Summer 1983, 15-19, 1983.

& 3., Ginsberg, A.P,, D.W, Evans, M.W. Cannon, C. Owsley, and P, Mulvanny. Large sample nurms for contrast
: sensitivity, Aw. J. Jptom. Physiol. Optiecs. 61: 80-84, 1984,

4. Goodwin, J.E. Electroencephalographic Studies on RCAF Airerew. NRG Report No. 25, 1941,

5, LeTourneau, D.J, and M.D. Merren. Expetrience with electroencephalegraphy in student pavel aviation
personnel, 1961-71: a preliminary report. Aerospace Med 44(11): 1302-1304, 1973,

i o gl AN I A i PR

6. Zivin , L. and C. Marsan. JIncidence and proguostic significance of "epileptiforn" activity in the EEG
uii non=epileplic sublecls, Brain 91: 751-778, 1968.

o

7. Robin, J.J., 4.D. Telen and J.W. Arnold. Ten year experience with abnormal EEG's in asvmptomarxc adult
males. Aviat, Space Environ. Med 49: 732-736, 1978,

8. Everett, W.D, and 5.W. Jenkins, The aerospace screening electroencephalogram: an anslysis of benefits
and costs in the US Air Force. Avial Space Environ. Med. 53¢ 495-501, 1982,

9. Mills, J.G. and D.R. Jones. The adaptability rating for military aeronautice: an historical perspeciive -
of a continuing problem. Aviat. Space Environ. Med, 55: 558-62, 1984, :

10. Cosio, M., . Ghezzo, J.C, Hogg, R. Corbin, M. Loveland, J. Dosman, and P.i, Hacklem. The relations
between structural changes in small airways and pulmonary function tests. New Eug. J, Med 298: 1277-1281,
1977, ) ) :

’

L kit W el . AN TR SRARR ¢




R

-y

Appendix A

CENIRAL MEDICAL BOARD AIRCREW CANIIDATE EVALUATIQN

CH3/ACE
B1OCGRAPHIC DATA
Surname; Given Name, ILuitials: ' DOB:
SIN: Country of Birth: Racial Origin:
Sex: CERC/Unit:

Current Address, telephone:

Nume, address, telephone of next of kin:

PREVIOQUS FL.YING EXPERIENCE
Types of licence(s) held:

Types of aircraft flown and approximate hours on each:

FAMILY HISTORY: Dues your family have a history of;

Yes  No Ye¢s  NRo Comments {fidetail)
1. Allergies/asthna 8. Psychiatric Problems
2. Bleeding discrders/anemia 9. Rheumatism, archritis
3. Diabetes 19, Stomach, bowel disnrder
4. Epilepyy/seizures 11, Chest, lung troublp
5. Heart trouble 12, Turenr/Cancec
6. iligh blood pressuce 13, Alecholism
7. Stroke 14, Suicide
L 15, Kidney stones . ‘
: 16. Sudden death - . ,
PERSONAL HLSTORY HABLTS
1. Number uf yeers tobacce products used: 5. How maay duys a week dec you cxercise
Number of years since stopping smoking: vigorously for at least 15 min: {
2. Average tobactco consumption when smoking 6 Dc you use a seat belt when dtiving
Cigaretteg/day or equivalent 1-10 11-20 20+ Rarely Usually always
3. On the average, how many times a week ' 7. 2o you ure zay medications (including

do you drink any alccholic bheverages:
4. Wheo you drink, how wany drinks do you

have on the average!

“ixth contro’ pill) regularly?:

If so, what;:

.l f2

it il

T e T LT PP I Soklalp bl il

i

" RN o e

NEPSANS —




e Rl

N T29-6 ‘
! B ’
L
; : APPENDIX A
f - 3 - .
! - - O JLCES2 \ AZROMEDLICAL ¢ (STEMS REVIEW  Have "you ever hsd (been) ox a3 you now have
' N
1 1 .
t + L Yo
i —— - NENPRN
1 A racing or rthumping heact 40, Coughed up bluod
' 2. Pain or disconfert in jiur chest 41, Chest/Lung probems dyring
3. Invercigations for heert problems childhood .
, 4., A heart wurmuer 42. Contact with tuberculosis
IS 5. High blood pressura 43, TB or a p.sitive TE test
1 4, i'nusual slottness of breach 44, Lung function tests
H 7. Yainting ov dirgy spells 45, Rheumatic Fever
! + B, T4y cramps with exercise 46, Stomach, liver or bowel
: 1 9. Frequent or severe headachas trouble
o i 10, Migrain 47. Gall bladder trouble or
3 ' 11. A seizure or convulsion galistones
v 1Z. A head irjury 48. Jaundice or hepatitjs
i , 13. ¥Periods of waconsciousness 49, Hemorrhoids or rectai d*m.dse
i 14, Depression or excessive worry 50, TUrequent indigestion or heartburn
Ty 15, Amy mental condition or illrcasn 1. At uleer
! 16. Psychiar.ic heip 52. A stomach or bowel x-ray
L 17. Conisidersd suicide 33, Vomited blood
- o 18, A sleepwalking preblem 54, Colitis
R 19, woss of memory/amnesia 55, Bloody or blach stools .
. | 2¢. Nearing trounle 56, Severe constipation, frejuentc
. 21. Exposure to loud onises diacrhea
, 22, Ear, nmose or throygt trouble 57. Trouble with your back
{ ' 23, Difficulty with your ears or 58. ‘Trouble with bones or joints
\, , sincses during flying or diving 59, X-rays of your back
ol F 24, TFreguent nosebleeds ' 60, A bladdor or kidney infection
% . 17 Sinus preblems or sinusicis 61, A kidney stone
: 5. Unsceauiness or trouble with 62, A venarewct disesase
z balance 6Y., A hernia ¢ rupture
l' 1 27. Parplysis or weakness 64. Thyroid £1 ble
. % ¢, ilujfever er aliergie rhinitis 65 A tendency Lo be overweight
{ %‘ i 29, Allergies to drugs, serun, foods 66, A diet to lose weight
; { . bites or stings 67, A rzcent weight gain or loss
i N Allerzy trosting/desensitizetion €8, Tried marijoanz ov hashish
: 31, VUved wntibistamines or nasal 69, Iried LS, cocaine, PCP
H congestants for zllergies amphatamines or similar drugs
L 32. “frouble with your cyes 70, Used medication for over 3
: 33, Been testind for glasses consecutive months
, ; 24, Gizases or contact lensez 7L, Trouble with skin problems
' ; 35, Any procedure to improve your 72, Trsuble with severe acne
] e vigion 73. A curgical operation
36. Do ¢olds tend £> settle in your 74. & hospital admission for
. chegt medical illness
H 37, wheezing or astnma 75, Been pregnant
38, An ivhaler for your breathing 76, Gynecologic investigation or
. 39, Proleanged couph . treatment
E 77. Painful periods requiriong

tize off szhonl or work

! PUSITIVE DETALLS (#, explanation):

1 heieby declars that 1 have cavefully considerpd all the responses made in Parts a through e, and that
‘to the hedt of my bel.ef, they are complete ani correcc, and kit I have no: witheld any reluvant
information or made any mitlecading statemeunt, : :

'
;
t

Signaluvu hloek

Late: Witnes._

N { - . ' T




O S P

-y

ST Ty P

Chy

i

et TR R N o A L

IR,

BHATAATIAN R EIN S MATLELNLS 3E w5 F Db e s S i e

301

MEDICAL SELECTION AND PHYSIOLOGICAL TRAINING OF FIGHTER PILOTS -
' A 1985 PERSPECTIVE AND CVERVIEW

‘Brigadier Genersl Rufus M., DeHart
Comnand Surgeon
Headquarters Tactical Air Command
Langley Air Force Base, Virginia 23665-5001

INTRODGCTION

Early in World War I analysis of British data revealed 60% of all fatal aircraft
mishaps were directly due to some phyrical defect. This led to the establishment of a
specific medical service for “care of the flyer." 1In two years, total mishaps due to
physical defects fell to 128 - an impregsive achievement. This was the beginning of
‘flight medlcine and the physician called the "flight surgeon.”

Much progress has been made in aviation technology and aerospace medicine during the
ptst 65 years, The USAF is proud that the aircraft mishap rate has been reduced to a
relatively low level - 1.7 mishaps/100,000 flying hours in 1983 and about 1.8 in 1984,
That. is an excellent achievement considering the aggressive and realistic training
scenarios we have today.

Today, in spite of our relatively low rate, we still lose almost a wing of aircraft per
year ~ 57 destroyed in 1984 st 2 cost of about $410 million, Table I.

19y84 USAF AIRCRAFT MISHAP DATA

¢ Total Clams-A Mic haps 62 (57 destroyed)
- ~ Rate/102,000 hrs : 1.8
FTR/ATK* Class-A Mishaps 43
- Rate/lO0,00Q hrs 3.5
Totai Fatals 79
- Pilot Fatals 38
- FTR/ATK Pilot fatals 25

. #ighter and Attarck Aircraft
. 1&biie 1
The decline in tha mishap rate over the last decade is largely due to & reduction in
the "LOC Rate“ (Logistics/Maintenance Factors) -~ 1,6/100,000 in 1975, 0.5 in 1983 and

1984, Trday we have better aircraft systems, and they are better maintained. Good
leadership and supervision bave undoubtedly played a rolg. .

However, as the mighap rate has declined in recent years, the proportion of mishaps
due to human-factor variables has increased - 67% ip the FTR/ATK for 1984. Table II.

FTR/ATKCLASS-A KISHAPS

FTR/NTK Total, ' 43

KFuman Factors 29 (67%)

1OG Factors, other 14 (33%)
Table I1

The high proportion of mishaps due to human factors i3 a dirsct challenge for the
aerospace medicine community., Another important challenge is ensuring that our pllots
are ahble to effectively perform in the high-G, e¢nviromment, We believe we can meat both
of thesa challenges by a strong focnus on the "human element" - the man in the cockpitf.,

THE_CHALLENGE

Ik the past 10 to 15 ymars, we've seen an exponential increase In avia‘ion
technology and filghter aircraft capapjlity. Our new fighters are superb alrcraft, They
.are fast, have an expanded flight envelope and are capable cf rapid onset and high
sustained 5. all of these factors previde ohvious advantages in the combat arcna.

On tbe athec hand, man's capability remains a constant. He must cope with an
inherent get >f physical, (hysiological and psychological limitations, fThe plysiological
rtresser, workload and perceptual demands on the pilot during many miselor cgoznarios are
formidsble, In Eact, for the firct time, man is the potentlal limitimy “actor in
raalizing tl.e full capabillity of a flghter syeten. Yesterduy w«e worried about cver
"G-ing” the ajrcraft; today (particularly in the ¥-16) we worry about wver "G-iug" the
pllot. . . :

_ “Me really jgood fighter pilots I've known in the past have glways hean good
aviators, smart, agg-essive and have hat an inhberent decire to excel - "be the best." 1In
N ' . i
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the future, it will also be important for fighter pilots to be physically healthy, in
ex¢e.lent physical condition and have a sophisticated understanding of aerospace
physiology - particularly high-Gz physiology. Pilots have traditionally had a good
understanding of theii airplane's f£light envelope. Today, arnd in the future, they must
have a thorough understanding of their own personal physiological flight envelope.

FOCUS ON HUMAN FACTORS

The most gignificant human-factor (HF) problem facing the TAF today is spatial
disorientation (SD) followed closely by high-G loss of coasciousness (GLC). Thirty
percent (30%) of all HF mishaps in the F-16 are due to SD. Nineteen percent (19%) of the
HF mishaps in the F-15 and F-4 are due to SD. Other human-factor variables, such as
distraction, channelized attention, lose of situational awareness and visual illusionpn,
are also frequent causes or contributing causes of TAF mishaps today. Accelerative
forces are the basis for most of these HF problems. Table III.

HUMAN-FACTOR PROBLEMS RELATED TO ACCELERATIVE FQRCES

1. GIC on a physiological basis

2. GLC on a basis of preexisting medical problems
{cardiac defects, cardiac arrhythmia)

3. Grey-out/blackout - channelized attention -
"loss of situational awareness”

4. Spatial disprientation - illusions

5. Musculoskeletal pain/injury - distraction

Table 1IIX

An approach to reducing the problems related to high-G; must be muitifaceted:
1. Better medical selection.
2. Better sducation and training.
- Fighter-~specific physiological training
3., Improved life-support equipment,
4. Good physical conditioning.
5. Reszarch and development (R&D)

WHERE WE HAVE BEEN - PAST_ INITIATIVES

1, 1977 was an index year for the USAF medical service, Three things of importance
occurred which sharply focused our attention on the “human element.”

a, During a short period of time inu 1977, there were three fatal mishaps
involving crew members with advanced coronary artery disecase (CAD). One 45-year-old wing
commander experienced a heart attack on final approach and died shortly after landing.
Three young crewmembers, age 24 to 25, were found to have advanced coronary discase at
autopsy following two fatal F-4 mishaps.

These mishaps led to high-level interest in the USAF and direction to develop a
program to identify crewmembers at risk for developing CAD, and direction to develop more
sengitive methods to detect existing coronary disease.

b. Also in 1977, consultants at USAFSAM first expressed concern about the
increased s:resses associated with the new high-performance fightera (F-15/16) which were
entering the inventory. Of particular concern were the high-G forces and the increzased
probability of pilot incapacitation due to unrecognized cardiovascular defects.

puring 1977 we also began to receive official and unofficial reports of a
sudden loss of consciovsness due to high~G forces in these new fighters, The GIC
occurred without the classic preliminary warning provided by “grey-out" and “blackout".
This new phenomenon was studied and documented in the Crew Technology Division of USAFPSAM.
Since then, we have learned that "sudden GLC" occurs in a wide variety of fightar systems
and, until recently, such events have been seriously under-reported. We strongly suspect
that wany fatal mishapa over the past decade signed out as “cause unknown” were due to
GLC.

2. These events in 1977 eventually led to a workshop on "Pilot Selection and Flying
Physical standards for the 1980s8" which was held at Brooks AFB in 1979, About 50 senior
medical consultants and line officers from 20 Air Force agencies participated.

During the workshup, copsultants identified a number of medical conditions which
would be detrimental to a pillut flying fighter aircraft., Our Class T flying physical
standuards were found to or adequate, Must of the conditions were listed in AFR 160-43 as
medically disqualifying for flying trairing. There were three primary concerns:
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a, Many of the medical conditions could not be detected by the Class I flying
examination proredures in use.

b. Some of these conditions, primarily cardiovascular, could result in pilot
incapacitation and a fatal aircraft mishap.

c. Other conditions, musculoskeletal for example, could be aggravated by
repeated exposure to high-G resulting in premature attrition of fighter pilots from the
TAF.

The workshop made a number of important recommendations, including:
' a, Additional examination procedures for fighter pilot selectees.

b, High-G training for fighter pilots,

¢, More ¢onservative visual standards and waiver policy. A 20/20 standard
without glasses for fighter-pilot selectees.

d. A cstegorical waiver system for rated flyers.
3. Considerable progress has been made since the workshop at Brooks APB in 1979:
&, 1In 1981, a categorical medical waiver system replaced the rigid "fly one,
fly all" waiver system. Medical waivers can now be granted in four flying categories,

Table IV,

CATEGORICAL MEDICAIL WAIVERS

Flying Class 17 All aircraft systems

Flying Class IIA Tanker, Transport, Bomber

Flying Class 1IB Tanker, Transport

Flying Class 1IC Other = aircraft system{s) specified
Table IV

b. A Coronary Artery kisk Evaluation (CARE) Pregram wae implemented USAF-wide
in Japuary 1982. Crewmembers receive a CARE wvaluation as a part of every complete
chysical examination. Relative risk for developing coronary disesse is determined on the
basls of age, blood pressure, cholesterol and swmoklag history. Total cholesterol/HDL
cholesteral ratios ars alzo obtained as as additional ald in estimating risk, Those at
high risk are counseled, treated appropriately and followed annually. Consultation with
USAFSAM is obtalined fur those at very high risk.

¢, Since 1975, visual waivers had been gransted routineiy (20/50 DVA, -1,25 RE!}
tc any pilot-training cendidate. USAF Academy candidates received waivers beyond this
limit; one up to 20290 DVA! By 1980, concerus about this lenient waiver policy reached a
high level. That year, about 600 of 1,575 (38%) pilot-training graduates required glasses
to fly. At the USAF Acadamy, only 268 of the class of 1980 (204 students) were gqualified
for pilot training without a waiver, Seventy-three percent (73%) of the medical waivers
ware for visual problems,

In 1982, top Air ¥orce leaders stopped this lenienc

vigual walver policy. Pilot candidates entering the USAF Academy, ROTC and Officer
Trairing School are now required to meet the 20/20 standard without waivers.,

d. bpuring 1983, a working group of cor ;ultants from USAPSAM, the Air Force
surgeon Genstal's office and Lhe Alt Tralning Command Surgeon’s staff met on a number of
occaslions to develen improved medical selectlon procedures for pilot training. Revised
selection standards for familial hypercholecsterolemia and the musculoskeletal! system were
egtaplished. The working group agreed that additional cardiac and spinal examination
procedures were regquired for fighter pilot selectees. It t1as also agreed that the
echocardiogram would be the beat, single cardiac procedure to use, Dr, Hickman will
provide specific rationale for this positicon in his presentation,

e, 1In 1983 gelection rtandards for hyperlipidemias were implemented and we began
choleaterol testing for all candidates for flight training. Those found to have
hyperlipidemia are disgualified for flight training, Pully trained flyers found to have
hyperlipidemia are not disgualified., They are svaluated at their local bases and followed
closely.

f. The 1979 Brooks workshop recommendation for high-G training was ignored by
1aC leaders four geveral years. A number of fatal mishaps due to GIL over the past two
yeara "shocked" and highly sensitized the TAF community to the high-G prouvlem. 1In 1983 an
anonymous survey (Alr Force-wide) accomplished by the Air Force Sufety Center revealed GIC
to be a common occurrence in a wide variety of fighter aircraft, Educational efforts,

including briefings, magazine articles and videotape presentations were intensified in
1983,

Also In 1983, the commander of TAC {(Tactical Air Command) ~ndorsed the need for
high-G (centrifuge) training for fighter pllots, He also agreed tc 4 propcsal to establiah
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a Physiological Training Center (PTC) for the Lead-in Fighter Training (LIFT) course at
Holloman AFB - which would include high-G training,

As an interim measure, high-G training is now being accomplished at USAFSAM.
European-based crews are receiving training in the Dutch centrifuge. Pacific-based crews
will scon begin training in Japan. The centrifuge at BrooksR was upgraded in late 1984 and
is now capablr of an onset rate of 6Gs pex second. Training includes typical high-G
fighter profiles up to 9G; and a "tracking" task. Current training e¢ffurts have been well
received by the fighter community and have revealed that many experienced tighter pilots
are not using the correct technique in performing the "straining® (L-1/M-1) maneuver.

CURRENT AND FUTURE INITIATIVES

1. General Jerome F. O'Malley assumed command of TAC in October 1984 and listed
high-G and G as one of the top problems facing the TAF today. By his direction, a
headquarters TAC working group was formed to study the issue, propose additional actions
and closely monitor on-going initiatives and research efforts.

2, Plans to establish a Physiological Training Center (PTC) at Holloman AFB for tbe
LIFT course are on track. We expect this facllity to open in wid-1986. The PTC will
provide fighter pilot selectees "fighter-specific* physiological craining about one year
after initisl physiological training which they receive early ir pilot training. This
course will emphasize human-factor problems of importance in the fighter environment, such
&g

a, GIC

b. Spatial disorientation

c. V¥isual illusions, distraction, perceptual problems
d, Hypoxia/hyperventilation

e, BSelf-imposed astresses

f. Physical conditioning

The course will include "case dlacusesions" of recent mishaps involving GLC, SD and
other human-factor wariables. Training aids will include & centrifuge, altitude chamber, a
spatial disorientation training device and new training films and videotapes,

3. Recently TAC requasted Air Force Systema Command (AFSC) to revisw all aspects of
high~G tolerance and protectiun and acvecelerate RaD efforts where appropriate. We
gpecifically asked AFSC to focus on the following issues:

a. Does 100w 02 provide any advantages or disadvantages in the nigh-G
envivonment?

b. Are the reported udvantages'tless fatigue) of positive-pressure breathing
significant enough to consider modification of any current fighter aircraft?

c. Status of R&D efforts for a ncw generation G-suit?

d. A better definition of the physiology asscciated with the firat few seconds
{1-10) of rapid onset of high-G forces,

e. A study of pilots with very low resting pulse rates. A number of pllots
recently involved in fatal GLC mishaps were noted to have very low (<50/min) resting pulse
rates in the abgence of a regular exercise history. What is the significance of this
observation?

f. Recent air-to-air GLC fatal mishaps have involved pilots in the neutral or
defensive posture, F=16 pllots generally 4o not use the 300 tilt-back seat when in a
neutral or defensive maneuvering position. 1In what way and to what degree does hending
forward and looking over the shoulder affect the straining maneuver and G-tolerance?

The requirement for initiai high-G training is fully accepted by the fighter
commupity, 18 precurrent high-¢ tralning required, and if so, at what frequency?

Note: A high-flow anti-G valve to replace the atandard valve in the F-16, F~15
and A-10 alrcraft has been approved. Dbelivery and installation of the first valves are
gciieduled for May 19B5. AFSC is continuing research efforts with a high-flow,
ready-pressure (HFRP) valve and two servo-controlled anti-G valves, One, a US
Navy-developed valve which has an accelerometer Lo gense G forces and provide immediate
maximum flow to the G-suit, has promise. The other is an electronically controlled
high-flow servo valve, A G-onset sensor actuates the "press to test” button and provides
full preasure for 2 spconds. Initial evaluation of this valve in the ASD centrifuge by
USAF pilot physicians was also promising.

In 1982, an exercise program appropriate for fighter pilots, involving weight Jlifting
and moderate aerobic exercige, was dafined and provided to vperational unjts. Such a
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program will clearly increase a pllot's tolerance and endurance to high-G, i.e., he can
handle high-G forces for a long2r period bhefore the onset of farigue. Two significant
benefits are obvious. First, the pilot's capability to effectively perform in the modern
fighter environment is enhanced. Secondly, the potential for GIC incidents is reduced. An
analysis of the last five air-to-air GiC mishaps revealed none occurred on the first
Lagyagoment.  One mishap occurred following the secornd engagement, two on the third and one

on the fourth,

One could construct a future air-to-air engagement between two adversaries flying
comparable fighters where the outcome is decided solely on the basis of who is in the best
physical condirion, has the greatest endurance and can "pull" the most "Gs.,"

The value of a conditioning program to increase the strength of neck muscles is
especially important today. WNeck "sprains and strains™ have been a common occupational
hazard for fighter pilots for many vears. 1In the past, most neck injuries have been minor.
Today we are beginning to see some serious neck injuries. One TAC base has had five
serious injuries in the past year. 'Two involved compression fractures (10% and 25%) of
cervical vertebra; two involved herniated cervical disc; and one a serious strain of an
intraspinal cervical ligament, Most of these injuries could have been prevented by a good

conditioning program,

Today the value of a regular exercise program for fighter pilots is recognized and
encouraged by TAF leaders. Compliance has been poor in the absence of a mandated proyram.
Busy flying schedules and work days and the absence of good exercise eqguij.ment which ig
readily available are significant obstacles which T feel we can overcome, We have proposed
a mandatovy physical conditioning program for fighter-pilot trainees whic! should be

approved in the near future.

5. A final issue involves the requirement for additional medical examination
procedures for fighter-pilot selectees, As I mentioned before, ccnsultants at the 1979
Byrooks workshop identifi:cd a number of medical conditions which are detrimental to a pilot
filying fighler aircraft, Some of these conditions could result in pilot incapacitation;
other conditions could be aggravated by repeated exposure to high-G resulting in premature

attrition of pilots from the TAF.

The prevalence of these conditions is known to be about five percent (5%) in a young
pilot-candidate population., Our current examination procedures (Class I flying exam) are
not aderjuate to detect many of these conditions, A review of 28,069 exams accomplished on
USAF Academy applicants revealed we are mlasing about 3.7% of these conditions, Table V.

USAF ACADEMY APPLICANT PHYSICAL EXAMS*
1981-~1982 CYCLE
CONDITIONS AGGRAVATED B8Y HIGH-G FOUND

Cardicvascular 140

Non-cardian 45

Musculoskeletal _175
Total 3604+

% 28,069 exams reviewed.

*% 360 ¢ 28,769 = 1.3% (conditions found)
-~ prevalence = 5 0%
~ 3.7% condltions missed

Table Vv

Most conditions of concern can be detected by the addition of twe examination
procedures—-~an echocardiogram and spine seriea,

As I have mentiored, back and neck pain have been common in fighter pilots for years.
We are beginning to se¢e some serious neck injuries. We really don't know the long-term
effects on the apine of repeated exposure to high-G. A spine series would serve two
purposes., First, to select trainees with normal spines and, second, to establish a
baseline for future coumparison should symptoms develop or injuries occur,

s

IN CONCLUSION

From an aeromedical perupective, we have two major goals for the Tactical Air Force.
The first is to reduce the alreraft mishap rate due to human--factor variables, The second
is to enhance our pilots' capability to perform in the modern flghter environment.

Fighter pilots can perform in the 9G, environment effectively and safely if they are
properly selected, educaled and tralned. Our fighter nilots today, in addition to being
good aviators, smart and aggrassjive, must be physically bealthy and in excellent physical
condition. They nuast have a thorough understanding of high-G physiology and thelr own
perscnal “phymiological flight envelope.® Accomplishing the variety of initiatives
required to realize these goals is an exciting challenge for the aarospace medicine

community.
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DISCUSSION OF SESSION Il - MEDICAL SELECTION: GANERAL ASPECTS
(Papers 2¢ and 30)

QUESTIONER NOT IDENTIFIED

Cel Hickman, could you please give more specifie information on the question of hypercholesterolaemla?

AUTHOR'S REPLY (COL HIiCKMAN (US))

Yes, in fact in .ny own paper which foliows this session, Il discuss a proposed criterion for the rejection of
pilot applicants for hyperlipldacmia. The problem basically j§s attempting to prediet In individuals who are 21
vears old, who is going to have coronary artery disease later in life. We look at premature ecoronary arterv
disease in the family as occurring if there is a first degree relative, a father, mother, brother or sister, with
a coronary cvent under the age of 65. Most of our applicants of 21 years of age do not have family
histories beeause their families are generally not old enough to have met that criterion. Family history has
been of little value. Further, in any regression equation, a yes/no answer, which is a dichotomous variable, if
misidentified causes a inajor perturbation in the equation. Family history has not been very helpful for those
two reasons. Hypertension, by the time we are considering people for pilot training, is et a very very low
rate and has been of minimal value. Smoking; we've not yet disqualified people from flying training because
they smoke. About a decade ago about 20% of the cadets at the Academy smoked; today only about 6% of
the cuadets smoke tobacco. Sc when you come right down fto trying to predict, at a&ge 21, who is going to
develop coronary artery disease late in life you sre pretty much resigned to using lipids. The previous criteria
that we have tried to apply (combining lipid levels with other family history, smoking and blood pressure)
increase the predictive value to such a small extent that by and large we sare looking at the cholesterol and
high density lipoprotein (HDL). We are presently looking at the predictive value of subfractions of HDL. In
our current proposed standard 300 mg percent in an epplicant for pilot training will be considered the cut off
level, Thus, if the cholesterol is 300 mg percent or greater, or the ratio of cholesterol to HDL is 6 or
greater, that individual is counsclled in the effects of diet, body weight and exercise and also the effects of
smoking on HDL, because smoking lowers HDIL. And then a month or perhaps 2 months later a repeat of the
lipid wvalues is obtained. Hyperlipidarmia is diagnosed if the serum cholesterol is 300 or grester or the ratio
of cholesterol to HDL is 6 or greater, An individuel with hyperlipidaemija is not accepted into pilet training.
Obviously he is the worst possible investment,

COlI, VAN DEN BIGGELAAR (NL)

i would like to ask Dr Hickman whether spinal X-rays are being taken in the USAF? If so, o you have a
washout rete of about 5% as you predicted? We have found that our weshout rate using purely radiological
changes in the spinal column is much higher than 5%.

AUTHOR'S REPLY (COL HICKMAN (US))

1 helieve, as s the coase with many criteria which are totally arbitrarv At the beginning, it will he excessive.,
Depending upcn where you set your criteria, the losses to trgining can be sdjusted. What we reelly need, in
order to answer your question, is a dual track training soprosch so that agc matched cohorts of individuals
who enter tanker, bomber and transport training at the same time, at the same age with all matehed
attributes can be Jooked at and compared to fighter pilots, Omly in the long term epidemiologiceal approach
can anyone give an intelligent and reasonable answer to your question. We have not yet started conducting
spinal X-rays. One of the erguments that recurs continually is that most of the opcrators, the line officers,
wont all of the medical selectinn tests performed before the applicant attends the first class in pilot training.
And yet we cannot ethieally imposc the associated radiation exposure on the balf of our sircrew who are
never going to fly in tactical sircraft. We are trying to reach some sort of sgreement with the operators on
this question and have not yet introduced spinal X-rays inte pilot seclection.

COL VAN DEN BIGGELAAR (NL)

The dual track system is practieable for large air forces but I think most of the smaller Furopean air forces
cannet s&fford this luxury. Their aircrew train for onc specific type of aireraft which in most cares is the
fighter alreraft since the smaller nations only have a very small fleet of transports or bombers.

AUTHOR'S REPLY (COI. HICKMAN (US))

You will notice in the following presentation that 1 am go'ng to give, the dusl track system will eliminate
sore  ajrcrew who have already had a small amount of flying training. The branching point inte tanker,
bomber, transport and fighter attack/reconnaissance will occur relatively early. For most air forces | fee] that
rejecting somconre who has had any training is not cost effective bt when we weigh the few individuals who
will e removed at the branching point the expense i8 not nearly as great as the enormous burden which
would be associated with cardiovascular and spinal screening of tiiose individumle on the day they begin pilot
training. For Instanc~, we would have to put a rardiologist at each of our Alr Training Command bases for
orrdiovascular screening and these buses have a predominance of very young subjects so that there js no
otner requirement for a cerdiologist. Qur probleins are very different and | think everyone would agree that
you have to look at your own situation.

LT COL VAN DEN BOSCH (BF)

1 would like 10 ask Dr Gray for an explanstion as to why the proportions of cendidates rejected by the
medijcal hoard for FFG abnormalities is the mame as that for defective vision? Thix finding s rather surprising
88 we reject less for EEG abnormalities than for vision defects. 1 also have another question. Nr Gray sald
that candidates with hypertension will be rejected. 1 would like to know how irany timer the blood pressure
is measured and how it is done, every week for example? What levels of binod pressure are considered as
disqualifying?
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AUTHON'S REPLY (LT COL GRAY (CA)

The blood pressure criteria which we use are a systolic 2140 mm Hg or a diastolic >30 mm Hg on repeated
determinations - not only at the Central Mediceal Board but before on the initial enrolment medical and then
again efterwsards at further follow-up either by the family doetor ¢r back at th~ Recruiting Centre, So if we
document & sustained, repeated systolic pressure above 140 mm Hg or sustained, repeated diastolic pressure
ahove 90 mm Hg we reject the candidate. Was there another question?

LT COL VAN DEN BOSCH (BE)

Yes vou reject as many candidates for EEG abnormalities as for the vision defeets The experience of other
gir forces including our own is that more rejections are for vigsion than for EEG abnormalities.

AUTHOR'S REPLY (LT COL GRAY {CA))

Right, I understand your question. The rejections are approxiinately equal at Central Medical RBoerd because
th~ eandidates' vision has already been screened at the Recruiting Centre before they c¢ome to Central
Medical Board so that the number of visual rejections at the Board is onlv & small preportion of all those
rejected for visual defects. The electroencephalograhpic refjections which were high in the past are now lower
because we are now reject only those candidates who have type 3 specific abnormnlities. These are then
confirmud on follow-up EEG with sleep deprivation.

DR ALNAES (NO)

A question for Dr Hickman regarding Gen Delart's paper. You said, &s 1 urderstood it, that the waivering
policy for visual criteria was such that the situation in the USAF a few yeurs ago was that 25% of fighter
pilots were spectacle wearers and that enforcement of the new visual waiver policy would decrease this
incidence. How much has the proportion of spectacle wearers decreased over the last few years?

AUTHOR'S REPLY (COL HICKMAN (US))

I'm sorry [ don't know the answer to your question. I doubt that the numbers have changed significantly since
the policy js very new, It was introduced in 1982, I doubt that its been in operation long cnough to make a
difference. | will certainly find the answer to your question for you,

DR ALNAES (NO)

But I do understand you correctly in the sense that the waivering pelicy now in 19B5 is quite different from
the waivering policy of 1982/81?

AUTHOR'S REPLY (COL HICKMAN (US))

Absolutely, from a visual standpoint we are returning to the concept that {f you want to have the best at
age 30 you have to choose the best at age 21, We did that for many many vyears but varjous kinds of
pressure were brought to bear. A grent doal of monoy is oxpended on training an Air Torce Academy cadet
and large numbers of them actually entered pilot training even though thefr vision was sub standard compared
to previous years.
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CARDJOVASCULAR STANDARDS FOR SELECTION AND RETENTICON
OF HIGH PERFORMANCE PILOTS IN THE USAF:
PERSPECTIVES FOR THE NEXT DECADE

Col Jumes R. Hickman, Jr,*
Col (Ret) George M, McGranahan, Jr.*
Col Robert M, Paulle
Col Rufus M. DeHart**

*Ciinical Sciences Division
United States Air Force School of Aerospace Medicine
Brooks Air Force Base, Texas 78235-5000

**Command Surgeon
tHieadguarters, Tactical Air Command
Langley Air Force Base, virginia 23665

SUMMARY

Cardiovascular selection and retention standards for aircrew involved in the op-
eration of high performance aircraft during the next decade must be based upon a number
of considerations which are primarily epidemiolcgical ip nature.

L+ e e 0

SELECTION STANDARDS

ST SN

Standards for the selection of a 21-year-old applicant for high performance flying
(HPF) training must recugnize that very few real cardiovascular abnormalities cxist in
a training age pcpulation. The first question then becomes, which cardiovascular ab-
normalities may be reasonably identified by contemporary diagnostic tools in a training
age population? Then, of those disorders which may be detected in a young population
by current technology, which disorders are aggravated by rapid onset, high sustained
+G, forces? Further, which diagnostic tcols are the most cost effective in screening
for these disorders in a young population?

e

Once selected for training, the focus of cardiovascular standards muat then shift
to those cardiovascular disorders which are most likely to be present in the middle-
aged aviator. 1i careful selection screening has ruled out structural heart defects
orior to training, coronary artery discase represents the cverwhelming mejority of
medical death and disability amung aircrew in the industrialized nations. Coronary
artery disease remains the leading nontraumatic cause of death among United States Air
Force (USAF) aviators. Thus, caxdiovasculal retention criteria for HPF must focus
primarily on coronary disease as the defect most likely to be aggravated by HPF., Fur-
ther, the presence c¢f ¢olronary artery disease in middle age is in large part determined
by the occurrence of clagsical risk factors. To the extent that risgk factors predict
disease probability, coronary risk assessment, particularly lipids, is a selection item
in young trainees. A summary of selection issies follows.

1ssues in Selection of HPF Pilot Trainees by Cardiovascular Tests

1. which diseas=2 processes are present and detectable in a 2l1-year-old appli-
cant?

2. which cardiovascular findings may be declarcd normal variants, but require
excesgive rocurrent medical ecvaluaticns fov later retenmtion?

3. which cardiovascular findings may be declared normal variants, but require
invisive studies to do so?

é. which cardiovascular noninvasive tests may be applied to traiping applicants,
and what do they mean?

In the USAF, the predominant cardiovascular abnormalities in a training age popu-
lation are congenital ard valvular lesions such as mitral valve prolapse, aortic valve
lesions, undetected atrial and ventricular septal defects, and hypertrophic cardio-
myopathies, Beyond these disorders, few cther types of cardiovascular abnormalities
exist with any freguency in a healthy population, Conduction disturbances and some
arrhythmias represent potential cardiovascular disease in a training population. while
one would expect to find virtually no anatomic coronary éisease in a training age popu-~
lation, lipid patterns predictive of a high risk for the later development of obstruc-
tive coronary disease may clearly be detected in 21-year-old applicants, Thus, one
finds the following areas which may be reasonably considered as selection items in a
training age popuiation:

1. conduction defectg and complex arrhythmiaa

2. Congenital heart lesions




3. Vvalvular heart lesions

4, Coronary risk factors

Electrocardiographic Findings

The USAF currently views only a few electrocardiographic (ECG) findings as abso-
i : lutely unacceptable for all flyina rraining. These findings are as [ollows:

il ™

1. wWolff-Parkinson-White ECG finding

Left bundle branch block

3, Complete heart block (not A-V disscciation due to increased vagal tone)

e i
.S
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4. Second degree A-Y “lock, Mobitz 11 §

Fi

| : H
; ¢ S. Supraventricular tachycardia §
b

: 6. Ventricular tachycardia ;

S

However, the screening of HPF applicants (or applicants for any type of pilot training)
with either exercise treadmill or ambulatcry electrocardiography must be approached
with great caution. With regard to the treadmill, what information does one expect to
derive from the use of maximal exercise testing in an applicant population? The
Bayesian distribution of abnormal test results in this population of very low disease
density dictates that virtually all abnurmal ST segment responses will be "false posi-
tives.”" The same Bayesian distribution problem also virtually assures that any aknor-
mal radionuclide study, such as thallium scintigraphy, done in follow-up of this
abnormal ST response, will virtually always be a "false positive" also. Thus, one
detects little structural disease with stress testing in a training age population,
Further, one is assured that the bulk of abnorma) tests will be falsely abpnormal. 1In a
population of very low disease density, large numbers of falsely abnormal tests lead to
further testiny, eventually becoming prohibitive in terms of manpower and materiel ex-
penditures, While the strecs test may be useful quite independently as a means to
precipitate arrhythmias, it must be recognized that no standards exist in a healthy
population for exercige-induced arrhythmias. The USAF School of Aerospace Medicine
{(USAFSAM) studies in exercise-induced arrhythmias have indicated that the true signifi-
cance of stress arrhythmias depends upon the presence or absence of underlying organic
disecase, since complex atrial and ventricular arrhythmias may be frequently seen

in healthy subjects with no structuval lesions. Also, if one finds complex ectopy at
exercise in a young person, one is still obliged to search for the presence or absence
of underlying heart disease, While blood pressure responses to exercise may identify
some persons with hypertensive tendencies, no natural history data exists upen which to
declare a qiven blood pressure response as “normal” or "abnormal."” Lastly, one may
detend the stress test as simply a functional capaclity test. However, this seems a
rather expengive method of determining results largely influenced by aerobic condition-
ing rather than the determination of cardiovascular attributes desirable in HPF.
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. Ambulatory Electrocardiography

4 B If one applies Holter monitoring to a large population of healthy subjects, a wide
C variety of arrhythmias will be seen, most of the arrhythmias occurring in those with ne

organi¢ or structural defect. As in gtress testing, standards for these arrhythmias in i

a healtny population are nonexistent, Not only are remarkable degrees of ectopy found

in heaithy subjecks, the high degree of vagal tone in a population of well-conditioned .

applicants ensures that bradyarrhythmias and A-vV dissociation will occur frequently. ;-

And, having found a potential abnormality on Holter, one must now search for organic Ve

structural lesions.
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The necessit Y Lo pursue furthey evaluyation of nonspecific findings frem the tread-
mills and Holters of an applicant populatiorn has lead the USAF to discard tests as
selecticn tools which are primarily functicnal in nature (treadmill, bicycle, Hoiter).
This decision was made because of the ponr correlation of "abnormalities" to an ana-
tomic subdtrate. No norms cxist for the wide range of essern“ially physionlogical re-
soonses tv such tests, Therefore, the significance of "abnormai” findings depends upen
the presence or absence of organic or structural defects. Findings which appear to . 8
- fall outs.de of the usually recognized "normal limits" for a diagnostic test, but in -
« the absence of any underlying organic disease, are termed “normal variants." Intensive i

e testing is virtually always necessary to accurately label a normal variant, and yet T
. underlying organic disease i3 rarely found in a healthy popuiation. Thus, the USAF ix -
currently considering only the pursuit of stryctural abnormalities in young HPF -

applicants, -

»

-

g
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The Echocardiogram

The echocardiogram is the contemporary noninvagive tool most likely to detect the
common structural defects in a training age population. fThe echocardiogram is nonin-
vasive, gives both anatomic and resting functionai data, and detects the majority of
aeromedicaliy significant structural iv ions such as valvuler leslons, mlsesed congeni-
tal lesions, and cardiomyspathies, Fu: her, the echocardiogram is an excellent base-
line test, for changes in the echocardiogram cver time are almost surely due to
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acquired disease states. The echocardiogram may also form the basis of an epidemio-
logical study of the cardiovascular effects of repetitive HPF. The USAF is considering :
the institution of echocardicgraphic screening (both M-mode and two-dimensjonal stud- 3
ies) on all HPF candidates as the tirst step in the construction of a central long-term
echocazdiographic repository of all HPF pilots, We estimate that the prevalence of
abnormal echocardiograms will be 5% in a training population.

Risk Factors

In addition to screening for hypertension, the USAF has added a lipid selection

criteria for all flying training. These lipid selection criteria may be summarized as
follows:

1. Familial hyperlipidemias are disqualifying for all training.

2. Serum cholesterol of 232 mg/dl necessitates a repeat determination plus HDL
measurement (after l4-hour fast).

3
EH
H
!
i
1

3. As a working definition, familial hyperlipidemia will be defined for aeromed-
ical screening purposes as a continued serum cholesterol of 250 mg/dl plus one or more
of the following:

{a) HDL equal to or less than 15% of total cholesterol.
{(b) Total cholesterol greater than 300 mg/dl.
(c) Xanthelasma or xanthomata

(d) First degiee family history less than 60 years ot age for angina,
infarction, or sudden death. - - e - oo - -

while cigarette smoking i3 considered a major long-term risk for atherosclerotic dis-

ease, obstructive pulmonary disease and cancer, the USAF has not yet restricted flying
training to nonsmokers,

Thus, we arrive at the currently envisioned initial noninvasive screening battery
for HPF applicants:

Treadmill - No

PP

Holter « No

Scalar ECG - Yes
Lipids - Yes Lo
Eche -~ Yes

Related 1ssues

E
1
i
|
t
'

.

The application of specific tests for high performance applicants raises a number
related issues which bear on the timing of specialized cardiovascular tests such as
echocardiography. Should screening by echocardiogram be limited to candidates for high
performance systems (operational systems with rapid onset and high sustained G capabil-
ity?), or, shouid all applicants for any flying training receive such specialized
screening? If one subscribes to the “universally assignabie resource® concept, then
all pilot applicants must be capable of physical qualification for all conceivable

aircraft systems within the organization. Such a selection and training philosophy is ]
depicted in Figure I.

nt

e

A Complete Medical B Universally
2pplicant Pool -————~—3= S5creening ———pm pAsgignable

Applicants ,T

C pilot D "Graduate" E Training in
> Training ? pilots > Specific Aircraft

Figure 1

Alternatjively, if the training program is designed to identify candidates for type
specific weapon systems such as fighter-attack-reconnaissance or tanker-transport-

bomber systems early in the training phase, then such a philosophy is deplcted in Fig-
ure II,
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Medical "Common"
Applicant p Screening For B Trainer Aircraft
——— ——
Pool "Undergraduate" Syste
Training -
c Selection for D “Graduate" Pilots,
—-————= Specific Aircraft ———3= Type Specific
Training
Figure I

tUnder a training appreach as in Figure I, echocardicgraphic studies must be per-
formed at point “A"™ befoie any aviator training occurs. Imnplicit in this approach is
the necessity to declare echocardiog.aphic abnormalities disqualifying for training,
and thereby disgualifying for all types of aircraft, thus preserving the "universally
assignable resource" concept, However, preliminary data from USAFSAM indicates that
the two most common asymptomatic valvular lesions jin the aviator population, mitral
valve prolapse and isolated aortic insufficiency, are compatible with long-~term non-
HPF. Mitral valve prolapse and bicuspid aortic valves represent the majority of the
valvular abnormalities detected with echocardiographic screening. Currently, neitber
of these valvular lesions are waiverable for flying training in the USAF, but both are
waiverable for continued flying duties if discovered in fully trained operational pi-
lots.

Mitral prolapse

Mild, incidentally discovered mitral valve prolapse (MVP) with no significant
mitral regurgitation, chest pain, stress arrhythmias, or autonomic instability appears
to have an excellent prognosis. Of 253 cases of mitral valve prolapse followed
serially at USAFSAM, 178 have been waivered for cortinued flying duties, Of those 75
who were disqualified, the reasons for disqualification are summarized in Table 1.

Causes for Disqualification With
Mitral valve Prolapse (N=75)

Mvp with arrhythmias : 31
MVP with other medical 21
MVP and associated cardiac disease
MVE with conduction defects

MVp with coronary disease

MVP with chest pain

MYP only (flying training subjects)
Other (non-medical)

HMNMNO O]

Table 1

For thcge disqualified due tn MVYP and associated cardjac disease, the causes are
listed in Table 11.

+ MVP and Asscciated Cardiac Disease (N=7)

Significant mitral regurgitation
Portic root disease/Al

Marfan's syndrome

Aortic insufficiency

‘"Rheumatic heart disease

Acrtic root disease/nc Al

e el

Table 11

For thogse disqualified due to arrhythmias, the types of arrhythmias are outlined
in Table 111. :

MVP Arrhythmia Disgualification (N=32)

Ventricular ectopy (Holter)
Stress arrhythmias (treadmill)
Ventricular tachyrardia
Supraventricular tachycardia

Table III
It is important to note that even with rather stringent criteria for continued

flying status, over 7¢% of these MVP cases could be maintained on flying status., Fur-
ther, ‘follow-up of these grounded aviators has revealed a natural history free of moc-

cid events, We believe that the diagrnosis of Mvp is inconsistent with high performance
flying duties because of the pathophysiological relationship of ventricular volume and
' i
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cavity size to leaflet prolapse., However, many training candidates with asymptomatic
prolapse who have no significant mitral requrgitation, no arruythmias on Holter moni-
toring or stress testing, and no associated cardiovascular abnormalities are reason-
able candidates for training into non-high performance systems, Currently, MVP remains
disqualifying for any flying training in the USAF.

Aortic Insufficiency

Mild aortic insufficiency (Al), almost always th: result of a congenitally bicus-
pid valve in otherwise healthy subjects, is compatible with a lengthy flying career.
Current USAF policy prohibits the entry of those with mild AI into pilot training.
However, the lesion is usually waiverable when discovered in fully trained aviators,
Individuals with AI should not be trained in high performance systems because of the
possibility of chronic aggravation of the regurgitant lesion by +G, acceleration.
However, USAFSAM natural history studies have indicated that almost all subjects with
incidentally discovered mild isolated AI could be expected to finish a full career in
tankers-transports-bombers, Currently, AI remains disqualifying for any flying train-
ing in the USAF.

Fortunately, mitral prolapse and mild insignificant Al constitute the bulk of the
5% of subjects expected to have echocardiographic abnormalities in a training popula-
tion. Thus, echocardiographic screening could be expected to reduce the candidate pool
by a full 5% in a screening schema which applies the echocardiographic screen at
point "A" in Figure I,

However, if echocardiography is applied oniy to those entering high performance
training (point “C" in Figure II), and the majority of those with mild structural ab-
normalities are allowed to enter non-high performance training, the total applicant
pool is reduced by only 1% since the other 4% may be retained in non-HPF. While many
cases of proulapse and AI may be suitable for non-high performance training, there are
some structural lesions which we feel should remain unacceptable for all flying train-
‘ngs

1. All cardiomyopathies, with or without obstruction

2, Aortic stenosis of any degree

3. Mitral stenosis of any degree

4. More than trivial mitral regurgitation

5. All unoperated congenital lesions

6. Most operated congenital lesions

These nonwalverable abnormalities comprise the minority of the expected echocardio-
graphic abnormalities in a training population.

Cost Effectiveness of Echocardicgraphic Screening

It is not pussible to assess the cost effectiveness of echocardiographic screening
in a general statement. The efficacy of echocardiographic screening and the timing of
the evaluation are dependent upon factorg unique to each aviation organization, Such
factors as available applicant pool size, size of the aviation force, distribution of
aircraft types, and early branching into specific aircraft types during training will
affect the cost/benefit ratio. One disadvantage of specialized screening at the
“branching point” of a "dual track" training system is that a few subjects may be found
unsuitable for further training after some funds for training have already been ex-
pended. These costs must be weighed against:

1. The costs of removing high performance pilots from the cockpit as fully
trained aviators whon structural abnormalitiecs arc discovered later in the flying ca-
reer. This cost is a recurrent one if no echocardiographic screening is carried out,
as is currently the case in the USAF.

2. The costs of screening all flying training applicants in a "univers:lly
assignable resource" scheme,

Use of Invaxive Studieg in Training Applicants

in the USA¥, invasive procedures have been generally reserved for clarification of
medical abnormalities in those who are already trained tu fly. We feel that the use of
invasive procedures with some degree of risk, such as left heart catheterizations,
angiography, and electrophysiological studies, should be restricted to trained avia-
tora. We feel that the routine application of procedures with some risk cannot he
justified simply to qualify for the opsportunity to pursue a hazardous occupation. Many
potential candidates for such invadive prtocedures have not demonstrated any specific
aptitudes for aviation duties, and indeed many will not successfully complete the
training, Further, many will not pursue military aviation as a career. Under these

- civrcumstances, we continue to feel that invasive procedures should not be cifered as a

result of screening teats in applicants. Current technology is available to poten-
tially elucidate the physiology of Wolff-Parkinaon-White ECG finding, Mobitz II second
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degree A-V block, supraventricular tachycardia, ventricular tuchycardia, and jeft oun-
dle branch block, We feel that invaaive evaluatior of these findings .n pilot appli-
cants should be highly restticted. : '

Specialized Tests for Retention ia High Pexformance Dutias

Onrce qualified for HPF duties, srd having been found Co be (ree of structiral
legiong at 2 traininy age, the drminant futare visk bgeclos gijent corenary arvery
disease., We feel that the une of nuutine 8ire:s Lests in 2n’unstratifier fashion for
the detection of laktent corunary disease shoulg btw veplaced by recurriug risk factor
analysis based upta lipids, aje, blood pressure, lamily history, and smoking hiastory.
Our future goal is to appily a stratified risk pnalysis whigh wili determine a threshold
for sucond order teRts such a8 treadnillu and scintigiepnic stnbies,

: N ' b
SUMMARY . - . o . ‘

Figure III ouctlines a basic -rardiovascular se’wétion sciheme for a "duzl track
training" system. Figure *V wurlines the projected s<lect.on losses. able IV lists
the recummendid tests and freruency of trsting. e
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~éclaird par une dtude comparat.ve (e deux populations homogwes de pilotes, l'ane, témoin, de 34 pilotes
“Ue transport, l'aurve Ze 32 pilati.g d'avions ag combat., Cette Adtudda montre gque l'on trouve dans les deux

T

’ ) i SELECTION ET SURVEILLANCE MENICALES
*JES DILOTES DE MIRAGE %300 : APPORT DE L'ETHOCARDIOGRAPHIE

/

{

o " Médecin an Chef H. ILLE, Médezin en Cbef A. DIDIER /
Médecin Principal N. ALLEGRINI, Médecin Prin~ipal C. MAUREL

- CFH'IRE PR(NCIPAL D'EXFERTISES MEDICALES DU PFRSONNEL NnVIGANT - - ‘
Obeh avenue de la Porte de Sévres

S s F s . - 175996  PARIS ARMRES ot : o
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L'intérét ds 1'dchocardiographie dans la sélection des fguipages dua futurs avions de combat est

i

populiations Jed anomalies du cosdr gauche [prolapsus valvulaire mitral de faible degré, ismolé, méconnu)
mais que des 3nomalies du coeur droxrt ARous forme d une dilatation ventriculaire droite sont particuliéres
aux pilotes d’avinns de ~ombat, Les auteura’cnvlsaqent deux hypothéres : soit une rdaptation <u coeur
dr.it aux accélérstions, soit un stade précoce d'atteinte myocardique secondaire & ces mémes contraintes
aeronautnqunz.

i

OMICTY

Comma les autres avions de combat 4 hautes perfc. mance. le ¥.rage 2000 impose a son pilote des
sczélérations dm joayte intensité (+ 9 Gz} soutenues (plus de 1o secondes) et treés brutdlem(nt installées
(1 3 7 \- par aeconde). N

L'homme eat ainai amené & l'extréme linite de sa tolerance physlologlque et l'on peut redouter
la kurvenue d' incapa(LLéﬁ subites en vol,

\
1
I
1
3
i
i
%

Bien que les effets sur le systeme cardjovasculalre dus accélérations + Gz soutenues, de haute
intensité atent ét4 largement étudiées chez l'animal et chez )'homme volontalre, en centrifugeuse, o7 ne
sait presque rien sur le devenir 4 lony terme des pilotes exposen quotidiennement, pentant des anngcs, &

da tels facteurs Ade charqe.
L

Y AT S,

Toute anomalyr cardiaque, infraclinique, ~onsidéréc comme minime ou négligeable, est la ccuse po-
tentielle d’uvne incapa:ité subite sous L'affet des accdlirations, et elle pout &tre aggravée i long ter.e.
Alnsi, les caracterigoiques nouvelles ¢'un frereur da charge bien connu aménant a 82 poger la gquestion
1'opportunité d'une novvelle détinition dey normes d'aptiiude médicate Jes pilates de licage 2007,

L

Dan3 l'arnée de l'air frangaise, la véglarmntaticn conceriant 2'apt!iuds der pilotes d'avions de
combat est -sirple af -laoureyre,

Inrs de la gé-a-. .- at lora de. visites weu! 2le. o0, wquse annuelles, aucune ansmalis n'est
tolérée, L3 normalité :arLle - %\ JagCu.:' e cat 47ic e wur e, critéres de 1'evamen clinique, élactro-
cardinographique et tadloiog quo. !

o | R a4 Y, 7 4

Lox invistigations plus spécialicies ne tont ptatiqudes qu'ad la damande du médecir examinateur,
1
. . .

En ce qui concerne Jes pilotes désigrés pour volar sut Mirage 2000, i1 a &t d4cidé de ne pas
wodifier la réalementation en vigueur dant soa principe. Mais dana un but Jd'harmonisation, toup ces
pilotes smont axaminés dans un méme centre et tous doivent subir un examin échocardiogragphique,

o

HOIB a¥nfs Tenoncéd A 1a p: atique systdmatique de )'élostrocardaiogiame A'effert, le réservant aux

aujete dérinis comme 3 haut risque de coronarc.uthise, AN

Nour ovons Ggalemer t renoncé b ]'usage pystématique de la cventritugense poar des raisone de falsa~ i R
bilité. Per contre ia pratique d'un élyctrocaydiogramne de Junyue durne compareant 1'enreyistrement durant L ST
un Vo)l opérationnui e été retenu. ‘

i : E

1. BUT DE L'EXAMEN ECHOCA!KDXOGHAPHLQE’_‘. .

Le hu*t de 1'‘ntroduceion de )'échocardiugraphic dats le protocolr d'examen standerd wves piloteu
de Miraga 2060 dtait

~ d'éliminer cesrtains pilotes porteurs d'anomalies cardiajues slnsavres, fnfraclipswes nate
nouree de danger sous facte ra Jda charga

de recueillir des informations objectives, comparaehbles dany ure étude prospective, sur les con-
séquences cardiraques et anculaires duentue)les de 1'exjosition répetée des pilotes aux accélé-
1A

tiunn, & woynn et A long veine

~ d'établir une doctring rationnelle sur 1'opportunité de définic des normes nouvel leg d'uptitude
nédl cale pove les pilotes den avier s de combut de Ya nouvelle gt tuture génération,

2, MALERIEL ¥ METHOAOLOGT Y

1.

2,

IERAREILLAGE
i



oA

- ’i’ -y
! ¥ = ¢ -
i b 2 Z
i 2 2~ =
} CE 322 z
i *
L'examen échocardiographique a été réalisé avec un . pareil sectoriel & balayage wécanique S
i ATL Mark 500 comnort:nt une sonde de 3 MHz, L'étude du coeur eat cor wite selon un prntocole standurdisé 3
H _ (incidence parasternale, coupe grand axe et petit axe, incidence ap ienne, incidence sous costale). Les E
{ : examens en mode T.M. ont été pr/tiquis, & partir de l'examen bidimer. nel pour permettre la meillsure 5

incidence et le choix du faisceau T,M, le plus perpendiculajre aux structures cardiaques. L'imagerie bi-
dimenstonnelle est enregistrée sur bande vidéo, les doruments T.M, sur papier photographiques a sec. L'exa-
nen est complété & la demande par une étude des flux intracardiaques par Doppler pulsé.

2.2.1. 32 PIIQTES DE CHAYSE confirmés suv Mirage III, Mirage Fl que nous appellerons indifférem=
ment “pilotes dAe chasse cu pilot Kirage 2000 " ont subi une échocardioagraphie pendant leur
vigite médicale de qualification sur Mirage 2000, L'examen échocardiographique a &té aussi pratiqué sur

une population t#noin de 34 PILOTES DE TRANSPOFT ou de LIRISON, d'ige équivalent.

‘ I
» i 2.2.2. L'ACQUISITION DES DONNERS (tibleaux I ef 1I en annexe} concerne :
i

2.2,2.1. DES PARAMETRES ANT!/OPMMETRIQUES : ige, poids, taille, surface corpcrelle, expri-

~ e o i A

| mées en unités habituelles auxguelles nous avons ujouté une caractéristique professionnelle : le nombre
: d'heures de vol de chacun des individuw. - - 4 -
N .
i ) . 2,2,2.2, DE& FARBMETRES ECHOGRAPHIQUES EN MODE T,M. par les s
! a) Mesures exprimées en millirdtres des {paisseurs de parois ou des diamétres des cavités '
. cardiaquos prises suivant les modalités décritee antérieurement, 2
i L A
{ 1
A Diamétre de l'oreillette gauche (OG) P
! 3 Diamétre du ventricule droit (VD) ?
Diametre diastnlique (D) du ventricule gauche (VG) 3
Diamétre systolique (Ds) du ventx:icule gauche
Epaisseur en diastole (Ed) du septum (Sep) ;
Fpaigseur en systole (Es} du septum Y
: tpaisseur en diastole de la paroi pustérieure (DPo) 3
Epaisseur en systole 4e la paroi postérieure 3
i 3
; h) Valeurs, exprimées en gourcentage §
H _§ - du raccourcissement systolique 4u diamétre VG (% Racc VG) g';
| E - i iraicsi . , ; . -
} i % de l‘epaississement systolique du septum (\ 2p sep) LB
E - de 1'épaissiusemant systoligue de la paroi postérieura. (v ép PPo) 3 E
. 2.2.2.1. DES ASPECTS MNKPHOLOGIQUES FN FCHOCARDIOGRAPHIE BIDIME. S ICNNELLE at des véuultats W !
- de 1l'examch Doppler pulsé. !
] E
f 3. RESULTATS : Voir takleaux 1 et 2 en annaxes.
i piohiiedda ki) .
. 3 3.1. EN HOD!) T.M, MOYENNEG DES PAFAMETREGS ECHOCARDIOGFAPHIQUES PRECEDEMMENT LEFINIS P '
1 { 3 : H ] 3 B 3 H ] :
{ 06 1 VD 1 VG 1 VG : Sep 1 Sep ?Po FPO ) ;
. [ 1 s ! 2% ] s Ds 2 Ed s Es 3 : Es ) .
v 4 ] 3 3 1 1 1 3 1 } £
{ { TEHOTHS + 32.3%3 ; 13.265 : 48,0500 @ 31,294 . 7.265 : 11.344 : 7.147 : 11.719 !
. { ' : : 1 s : : : ) i
i
{ 1 [ H : B : H : )
( P.CHASSE : 30,813 ¢ 16,750 : 49,219 ¢ 31,250 ¢ 7,428 1 12,094 ¢ 6,928 1 12,000 )
¢ ] [ s 3 3 3 3 ¥ i
I . 1
( : ; - ) ol
! : s Racc. Vi H 4 ep. Sep 1 % ep. Pro )
{ s f : )
{ ] 3 s ) ) i
{ TEMOINS : 35,741 s 60.683 s 70.98% ) ’
(. : 3 s B )
( 3 ' N " ) -
( ¥.CHASSE : 36.211 : 66.705 ‘ 75.698 } -
(. — t : 3 } }
TABLEALU 3
2. EN_BIDTMENS (ONNET,, L'échographin hidlwenglonnelle couplie au Doppler pulsé permet de définiv o
3,2.1, PhIM1 _LEB PIIATES DF CHASSE

= un groupe da 20 sujety ciassds, comre rigourveusement norwAuX
~ un groupe de )2 gnjets présentant uns anomalie.




R0

32-3

1

1

i Dans 4 cas, cette anomalie intéresse l'appareil mitral avec en systole un mouvement vers 1'0G

i B de 1'un ou des deux feuillets mitraux, le point de coaptation des deux feuvillets se situant toujours, sur H
i les diEférentes coupes dans le plan de 1'anneau mitral, Ces aspects correspondent aux plus faibles degrés :
i de prolapsus valvulaire mitral.

[ : Dans 8 cas, l'anomalie porte sur le ventricule droit avec un certain degré de dilatation ventri-
culaire droite.

fi
4
2
i
2

- Le diamétre moyen du VD dans ce groupe (Pilotes anom. ventr. D) est de 22,500 mm. Dans l'une des
! : Opbservations de ce groupe, le Doppler pulsé met en évidence une insuffisance tricuspidicnane,

3.2,2, PARMI LES TEMOINS
2 - un groupe de 30 sujets classés comme normaux ;
) ~ un groupe de 4 sujets présentait une anomalie : 3 sujets avaient les signes d'un faible

degré de prolapsus valvulaire mitral, 1 seul avait une dilatation ventriculaire droite
isolée,

4, TRAITEMENT DES DONNEES

Le traitement des données s'établit a deux niveaux d'analyse :

- homogénéité des populations,
~ caractérisatcion échucardiogrephique des individus,

4.1. I,'HOMOGENEITE DES POPULATIONS EST ETUDIEE A L'AIDE DE 4 TESTS STATISTIQUES SIMPLES

4.1.1, CALCUL DE5S MOYENNES ET DES ECARTS TYPES

- de chacune des populations,
- de l'ensemble des sujets sur chacun des paramétres anthropométriques.

4.1.2, ANALYSE DE VARIANCE A UN CRITERE 3UR CHACUN DES PARAMETRES PRECEDENTS

-—“‘“ '4——-— S ———— . - o m
A AR, Ll e

£n raison du mode de choix des individus les lests seront effectués au niveau le plus haut
de sigaificativité (1 %),

il

4.1.3, UNE ANALYSE EN COMPOSANTES PRINCIPALES SUR L'ENSEMBLE DE LA POPULATION, dans l‘espace deg
variables et 1'espace des individus (nombre de vecteurs de la base = cing).

B b

4.1.4. UNE ANALYSE EN CCMPOSANTES PRINCIPALES DANG L'ESPACE DES VARIABLES ET DES INDIVIDUS DE LA
POPULATION DE PILOTES DE MIRAGE 2000 {nombre de vecteurs de la hase de l'nhyperespace vecta-

riel = c¢ing).

4.2, CARACTERISATION STATISTIQUE ECHOCARDIOGRAPHIDUE

e

La caractérisation statistique échocardiographique des sujets procéde de la méme approche.

. 4.2.1. CALCUL DE5 MOYENNES ET DES FCARTS TYPES DES VARIABLES FCHOGRAPHIQUES FORTANT SUR QUATRE
POPOLATIONS '

- l'ensemble des pilotes Mirage 2000,

- le populatior. témsin,

~ l'ensemble des deux précédentes populations,

- un groupe de 8 sujets (pilotes anom. Ventric, D), qui ne constitue évidemment pas une
population statistique, mais pour lesquels une anomalie qui sera discutée ultérieurement
a &té remarquée, '

Rt LUSTEREINNEN L s L g ] mmmw“m i mmﬁﬁﬁ St s

4.2.2, UNE ANALYSE EN COMPOSANTES PRINCIPALES PORTANT SUR LA POPULATION GLOBALE DAHNS LES DEUX ES-
PACES DES VARIABLZS ET DES INDIVIDUS, NOMBRE DE VECTEURS DE L'ESPACE DES VARTABLES : 11, -

Le calcul des valeurs relatives, exprimémss en pourcentage des variables, nécecsite i‘obten~
4 tion de distances obtenues par des mesures effectuées en systole et en diastole : ces valrurs ont été

3 ajoutées au tableau des donnfes (en annexe) bien gu'elles n'apportent pas de degré de Lit -1té supplémen-

- & tajre, Cependant, bien qu'il n'existe aucune justification mathématique de 1'angmentation de taiile du ta-
bleau des données, 11 nous a semblé utile de vérifier si len deux variables Ed et Es Au Septum sont bien
correlées avant de les u' iliser dana le calcul d'une grandeur ayant éventuellement une valeur diagnostique.

5. RESULTATS STAT{STIQUES

9.1. LES MOYENNES ET LE3Z ECARTS TYPES DES VARIABLES ANTHROPOMETRIQUES SONT DONNES DANS 11, TABLEAU SU1-
VANT
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( : ]
( 1 H )
{ TEMOINS H PILOTES B TOTAL )
( : : )
{ : B : B 2 3 )
{ Moyenne Fcart H Moyenne : Ecart 3 Moyenne Ecart ]
( : type 3 type H B type )
{ 1 3 B H 1 )
( T 3 s s P 1 )
{ AGE s 31.000 3.17% : 30.188 4.112 1 30,606 3.685 )
{ H : T ; 1 H )
{ 3 s H H 3 e )
( PUIDS B 70,471 6,486 H 72.688 7.427 t 71.945 7.058 )
( T B . : : B )
( z o : : : 3 3 )
( TAILLE 1 176,000 : 6.088 H 176.563 5.6613 i 176.273 5.900 )
{ H H H 3 H H )
( 1 3 i ) ) z )
( SURFACE CORPORELLE : 1.872 0,153 H 1.904 0.167 H 1.888 0.161 )
{ 3 1 3 3 4 3 )
{ H : 3 3 H H )
( HFURES DE VOL s 2339.%9 :1610,42 + 184488 = 919,22 s 2092.23 :1334.19 i
( : : t H

TABLEAU 4 : VParamétres statistiguep des variables anthropométriques étud.ées : les paramétres
S témoignent de la dispersion des populations au plan de la qualification profession-

nelle.

5.2. LES ANALYSES DE VARIANCE PRATIQUEES SUR LES DEUX POPULATIONS donnent les résultats suivants pour

la variable F située entre F, ;

mangquantes) .

Age

Poids

Taille
Surface
corporelle
Heures de vol

oo

1

0,787
1,617
0,145

0,641
2,207

63 et Fl ;7 65 (cf. tableaux 1 et 2 en annexe pour les valeurs

Les valeurs critiques de la distribetion de la variable de Fisher pour les niveaux de

1l % sont :

Prob F (1;60)
Preb F (1;70)

> 7,08 =
> 7,01 =

0,01
0,01

5.3, La visualisation de ces résultats est apportée par 1'analyse en composantes principales dans la-
quelle il convient de noter que le “2bleau des valeurs propres accclé au tracé du cercle de corrélation

est le tableau corregponda)t aux <<wposantes principales obte

te8 dans l'espace des individus (graphe

N® ] et N° 2, en arnexe). Pour la ;<pulation des Mirage 2000, le: résultats sont visualisés sur les gra-

phiques N° 3 et N° 4,

5.4. Lec moyennes et écarts-types des variables ECHOCARDIOGRAPHIQUES sont données dans in tableau 5.

5.5, Les analyses de variance pratigquées sur les deux populations donnent les résultats s:ivantsz pour

.

ia variable F ftelle yue Fl 3 65 (i, tablésu @ &t 2 en anns<s pour lss vslours manguantes).

(4 d] - 48,127
vD = 8,265
vGoda - 0,577
VGDs = 0,002
% Hacc = 0,266
Saptum Fd = 0,224
Septum Es = 4,585
3 Epaiss,
septum = 0,866
PPo E4 = 0,38%
PPc Es = 2,568
% Epaise.
Pro = 0,620
Les valeurs critiques de la distribution de la variable de Fisher pour les niveaux de 1 % et de
5 % sont
ProL F {1;0C) > 7,08 = 0,0
Prob F (1;70) » ",C) = 0,01
Prob F (1;60) > 4,20 = 0,05
Probh F (1770) > 3 98 = 0,05
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( TEMOINS H PILOTES s PILOTES H TOTAL )

( B total i anom. ventr., D H )

{ H H H B : 3 H )

{ MOYENNE : ECART : MQOYENNE : ECART : MCYENNE : FECART : MOYENNE : ECART }

( :  type H s type 1 :  type H i type )

( : : 3 3 H H : }
( : r : : s B . : )
(06 : 32,353 ;3,125 ¢ 30,813 : 2,929 . 30,125 : 2,¥1} : 31,606 : 3,125 )
{ : 3 3 : : : H 1 }
( . 3 : y s H 3 : )
{ VD 1 13,265 ¢ 4.157 : 16.750 : S5.480 1 22.500 : 6,330 : 14,955 : 65,151 )
{ 3 : H s 3 1 1 3 )
( P : : B f s 3 s B )
{ VG bd : 48.500 : 3,338 : 49,219 : 4,202 : 51.000 : 3,608 : 48,848 : 3.794 )
{ 1 : : : 3 t : 5 )
{ f} 1 : s 3 f : : )
{ VG Ds : 31,294 ¢ 3,204 : 31,250 : 3,384 : 33,375 : 2.824 : 31,273 : 3,291 )
( 3 H : H 1 H 3 [ }
{ 3 H 3 3 H H H B )
( % Racc : 35.74] ¢ 3,300 : 36.211 : 3,971 1 34,656 : 3,520 : 35,969 : 3,651 )
( : * : : : 3 : : }
( < : I : : : B i )
( sept. Ed : 7.26% ¢ 1,379 : 7,438 : 1,537 : 7.875 + 1,034 ¢ 7,348 1.4%9 )
{ : 3 3 : ‘ : : : }
{ H H : 1 - t : : : H
{ Sept, Bs ;11,344 @ 1,993 : 12,094 : 1,701 : 12.12% + 1,364 : 11,719 : 1.883 )
( : H 1 : ; : : H
( : 3 : 1 : : oz [l }
{ % &p Sep 1 60.683 : 23,0BB : 66.706 : 17.588 : 56.647 : 26,326 1 63,694 : 25.634
( H ! : i t : : 2 )
( : s f B : H : : )
{ PPost Ed + 7,147 : 1,330 : 6.938 : 1,367 : 7.375 s 1.577 : 7.045 : 1.353 )
( 3 : s : : : z : )
( : ' G s ' B 3 3 )
( Prost Eg : 11,719 : 1.0%4 : 12,000 : 1,678 1 12.000 : ,BS7 : 11,659 : 1.421
{ ¢ ¢ : H ; 3 . : )
( R K 1 : ) : ] 3 )
{ A =p PP : 70.985 1 27,075 ¢ 75,698 : 19.456 : 68,075 1 26.098 : 73,341 : 23,687 )
( 1 : 3 3 3 $ 3 [ )

TABLEAU 5

5.6. La visualigation de la projection du nuage de points individus sur le meilleur plan ue dispersion
eat donné par le graphe n® 5 tandis que la projection deg points variables dans le plan du cercle da corré-
lation est dounée par le graphe n® 6, le graphe n* 7 concerne l=s pilotas ayant une anomalie ventriculaire
droite,

6. INTERPRETATION STATISTIQUE

1.'analyse de variance pratigaée sur les donndes ANTHROPOMETRIQUES et le caractére professionnel
ne porner pas de rejeter 1'hypothése nulle ; elle indigue donc que les populations ne sont pas atatisque-
ment différentes pour les caractéres étudisée,

Dans ¢es deux popular cons, poidg, tajlle, et surface corporelle sont parfaitement correlées ;
mais la corrélation entre 8ge et le nombre de vols est nulle, ces deux variablee indiguant que plus un su-
jet est 8gé, plus il £ 1'expérience du pilutage, Ces données Qui ne sont pag novatrices ont 1'avantage de
montrer la validité des calculs. Le graphique n® 2 montre bien 1'homogénéité des populations qui se placent
dans une hyperellipsolde proche d'une hypersphiére ; la population de Mirage 2000 est certainement un peu
mins homogéne en ce qui concerne 1'Age, le poids, le nembre d’'heures de vol.

Les valeurs des principales mesures ECHOCARDIOGRAPHIQUES sont rapportéss au tableau 5, Comparées
aux données habituelles de la littérature (KENRY W.L., GARDIN J.M, ou PEIGENBAUM H,j, lea érarts types de
nos résultats sont meilleurs : il convient de préciser que notre population pour homogéne gu'elle soit,
est une population d'adultes méles par définition en excellente santé. On ne s'étonnera donc pas de trouver
ausgi, des valeurs d'épaisseur des parois du muscle cardiaque supdrieures dans notre population évidemment
plus sportive que la moyenne de la population des deux sexes., En ce qui concerne l'analyse de variance &
un critére portant sur chacun des éléments échographiques, on constate ; -

- qu'il n'existe pas de différence statistiquerent significative entre les populations
"Mirage 000" et les témoins pour les dimensiony du DA et Ds du VG, Ed du Septum, Ed et Es de la PPo,
pourcentage d'aépaississement de la P, Post ;

-~ q1'i] exigte une différence nsignificative (au niveau de 5 %) des dimenslons de l'oreillette
qgauche et de 1l'épaisseur di septum en systole ;

-~ qu'il existe enfin une différence HAUTEMENT SIGNIFICATIVE sur les dimenajons du VD,
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Si l'on se reporte au tableau n? 5. 1l apparait clalrement que cette différence est le fai*
des B personnes pour lesquelles il a été domand® une étude particuliére (Pilotes - anomalles - Ventric.
droite). Leur moycnne VD est en effet égale 4 167 % de la moyenne de la population témoin, avec un écart
type up peu supérieur 4 2 mm. f1 1'0n retire ces 8 individus de la population totale des pilotes de
Mirage 2000, il n'existe plus de différence apparaigsant entre les dnux populations mals la validite du
Lest statistique est e)le-m8me dimiruee d'autant |

I.'examen de la situation des nuages de poants sur le meitlleur plan de projection montra appro-
ximat tvement que sur l'ensemble des variahies #chocardiographiques les 2 populations restent homogénes
{uraphe n° 5) et que les huit sujets gqul sont responsables de la différcnce précédemment citde, sont har-
monleusement i:strinuds par rapport au centre de gravité de la projection des points andivadus, keste le
délicat proklere de | 'snterprétation de la projection des points variables sur 1e cercle dee conclations
11 n'est pas possible d'admettre que les épaissenrs du septum en diastole et en systole aont deux para-
métres correles {i'acgaisition de leurs dimensions pose -au plan putement géométrique- un probléme. En
effet, les mesures sont relevéers sur une projection curvilipéaire (la paror thoracique) d'un élément car-
diaque EN MOUVEMENT et qu: d& plus, a grossierement la forme d'une calotte sphérique). De méme, ne gont

pas correlés les parametres représentés par 1'éparssissement de la parol postérieure aux deux piles du
cycle cardiaque,

Par contre, les dimensions du VG en systale et en diastole sont bien correléees ce qui signifie
ygue 1l exigte une relation commune entre le sens des variations das P ot des Ds du % ez Lous leg ipdi-
vidus, autrement dit les verlables Dd VG et Ps VG sont parfaitement correlees.

7. COMMENTAIRES

1. étude échocardiographique et 1'analyse statistique qul en a été faite font apparaitre les
points suivants :

~ la découverte d'anomalies mineures de la valve mitrale, tout a fait médconnues, auss: hien
dans la population des pirlotes de chassr que dans la population témoin. La détectinn de gas anomalics sus-
ceptibles d'aggravation sous l'influence de facteurs de charge justifient la pratique de )'examen au dcbur

de la formation sur Mirage 200C¢ et la surveallance régulidre mdme si la décision immédiate G'aptitude n'est
pas modifide,

- L'existence d'anomalies ventriculaires droifes significativement plus fréquentes dans la po-
pulation des pllotes de chasse posent le probléme de leur signification. La comparalson avec une population
horcgene de pirlotes d'une autre spéciralité fait envisager pour lep pLlotes de chasie 1'intervention d'un
farteur particulier aux avions de combat a savoir les accélarations. Ces augmentations de dimensions du
ventricule droit peuvent traduire une simple adaptation du coeur droft aux cointraintes aércnautiques, mais
elles peuvent angsi tradulre un stade précoce d'atteinte myocardique. Il est actuellement impossible de
trancher entre ces daux hypothéses. Seule une gurveillance rigoureuse des sujets et une confrontation de
nos résultate & ceur de travaux 5

milairas pOUrTORL AVel Je Lewpn y appuiler Jdes ¢léments ne réponse.

= Parmi les paramétres de surveillance échocardinqraphique, le pourcentage de raccourcigsament
du diamétre 4ul est un bon retlet de la fonction ventriculaire gauche nous parait devolr étre retenu pour
une surveillance 3 lony terme, Nous avons montré sa validité par opprsition & d'autres paramétres étudiés
comme le pourcentage d'épaississement du septum ou de la paroi postérieure,

8, APTITUDE

Tous les pilotes sauf le sujet portenr c'umne inguffisance tricuspidienne ont conservé leur
aptitude : on considére que les anomalies constatées entrent dans la cadre d'une “"pathologie frontiere”
que 1l'on ne sait actuellement gituer avec exactitu!c

CONCLUSION

Le soucl de prégerver la sécurité des vols face 3 des contraintes nouvelles et ia diszponibilité

des techniques actuelles d'investigation non sanglantes aménent a découvrir toujourz plus de can de "patho-
login frontikrs",

Pour éviter de verser dans un excas de prudence aboutissant trés vite a4 l'inefficacité er pour
éviter 4 1'inverse 1'excés d'optimisme, il est nécessaire de procéder & l'analyse critique du risgue encoy-
ru et de la valeur des méthodes de diagnotic ; & cet égard, 1'échocardiographie nous apporte les avantages
de la fiabilité, de la facilité d'exécucion et d'un gurcroft d'information, Nous espérons avoir démontré

!'intérét de son inclusion systématique dans les protocoles de sélection des équipages des futurs avions
de combat.
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: TRACE DU CERCLE DE CORRELATION DANS LE PLAN FRCTORIEL 1-2 LORRESPONDANCE YNDICES-CARACTERES
1 » fAge
2 » Palde
9 = Toille
4 = Syrfooe corperslle
5 » Nbre heures da vol
i
E Graphe r° 1

Fichier : DKO:MIRAS, DAT

——— E—
Vul. Propres|X Inertie] Cuavl
24601 45,78 149.23]

1. 670 88.4% | 8208

0, 867 7.9% ] pS. 9%
CEYR/LLE  (RTONECFNCTOUE 3 r——
N 555 | 96,61 |

. e aL i

TRACE OFS INDIVIDUS DANS LE PLAN FACTORIEL 1-2

CORRESPONDMNCE  COULEURS - INDIVIIKS
Blau : Popul. de reference

Rouge : Piletes MIRAGE 2000

ot R L g B it e

A = DR A aaa A ~diealll - " .

R Fiehior : DKO:HIRAS, DAT
Y *,
. * LISTE CARACTERES ETUDIES
* . + . N
+ P Fyn
. e » Peide
. — ; e Tesile
L { * + Surfeec sarparalle
*oert ¢ Nore heures do val
s
* ”, .
N H
p .
+
1 1
.
L] ’ Graphe n* 2
CHPALLEA (RIEEEIMIRE)
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TRACE [X) CERCLE DE CORRELATION DANS LE PLAN FACTORIEL 1-2

CORRES®ONDANCE INDICES-CARACTERES

= fige
« Paide

s Tatlle

s Surfase gorporeile
s Nbre heures de vol

LeBN -

Graphe ' 3

Fiehier : DKO:MIRRZ. DAT

Val. Propres]® Inertiv] Cusel

2. 484 49, 7% 49. 73

1. 921 98.4% | 68_13

COREALIN (KIOraCRTIR) 0. 353 L 35,13
. 183 =N 98 4%

TRACE DES INDIVIDUS DANS LE PLAN FACTORIEL L-2

CORRESPUNGANCE CUULEURS-INDIVIDUS
Reugs : Pilotes MIRAGE 2000

* \ Fiehtar : DKO:MIRA2. DAT
*
. R * LISTE DES CARACTERES ETUDIES
+
+ b4 ﬂ‘.
+
DA Peida
i . Teslle
+ . Surfaos cerporalle
R ¢ Nbre houres de vel
. +
*
*
+ R
Grapha o° §
OUNAALEA {BIOrEOMUIVE)
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TRACE DES INDIVIDUR DANS LE PLAN FACTORIEL 1-2
s
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CORRESPONDANCE  COULEURS - TNOIVIDUS
Bley : Popul. de refaercnce

Reuga : Piletes HIRAGE 2000

Fiahinr : MIRfW. DAT

LISTE CARACTERES ETUDIEY
Oretllotte gavehe
Vantrisule dreit
V.G. diecstelique
V.G. systoligua
V.G. % recceurcive.
Septuw wpsle. Disat,
Saptus spais. Syst.
Septus % epets.

P. Fant.
P. Feut.
AT

epais. Dige.
epeie. Syet.
% spaia,

Jrapns n® §

.| CORRESPONDANCE INDICES-CARACTERES

CHNALLER (OO

Orwillette gouche
Ventricule dreit
V.G, diasteliquy
V.G. eystelique
V.G. % raccaurcise.
Septus epais. Disst.

[ O B I ]

Septum 1 epatie.
P.Post, epais. Digs,
?.Post. epale. Syut.
‘P.Past. % epatle.

BB LW .MUl &R

wraphé A° &

Fiehior : MINA4, DAT

F

3 a21 'y a2
1,082 "'}"'*9_!51

{Vel. Preprs Ih Inartiv _‘g;-ul ‘
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, : L LNRI"(‘hTRt MENT LONTINUDEL'E 0.6, CREZLES
{ R S PILOTES DE MRACE 2000°
o . o b ST {Comparaison a~ec ks pilotes de Mirage il et F1,

) . .. .
? r : . o S pur
; HEL . . ;- ' 7 ASecigneuric - G.Leguey — LP Burlaion : !

Lot o P » : G Poyot — M Sylvestre . ] H i
‘ . P Haopital d'Instruction des Armée. 3 Larrey
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| e ) Ty Lo 1 vug de mdépendance Américaine . :

i . o . LTRON 3 Versitics, France . Lo
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Un eurvgistrement £.5,G, oumunu Juinwnt 24 heuves a permis de coaparer un échantillcn de
"24 pilotec d'avion de chasze contentiunnel (Mir.gs II7 et F1) aves 7 pilotes de Mirage 2 000, La
.-comparaison des troubles de 1fexoitabilité et de la conductian &u sol et en vol ne montre pan de
-différence notable sntre les 2 grouynea. Ui trouble Ae repolarisation en vol n'a été onregis“ré gue
.. okaz un pillote d'avion haute parforasnae. v, ULif7€rences portent principalement sur les fréyuen~ -
i ' cey oardiequi~ ohservéden on vol, llas aon* netlereut inférivures suv Kirage 2 000 aloro que las
e . Y5, #arcélérations obseivées ont Cté supérieyvess, Ceci peut corraepondss wuy car-otéristiques Alfféren-—
T tes dss 2 populutionn, sur typea de micesons sffeotudsa, On pant égulelvnt horuimr len pro'blbnu
o, ﬂ"sdaptat'sn cudn—vuculaire 4 oe ncuvuu type d'appnroil. ¢ v i o

. ‘v.'l . - E
Ly - : . (!- ! ‘ ' :
{ i ‘ t 0

Y
) [ ¥
t o

e 1 At ™ T
T .

K . ¢ H - )
Les aviors de chaner modarnea, caractérisés par les accélérations intunmes et pralongées
. qu' A1h enn§ cepables d'engendrer, c¢uetitnant certainement un acteur d'agreasion impertant pour
Jem pilotas. Il imports ¢3 ﬁéte&dnor, on partiouliet, l'tntl\unou de telles mocélérations sur le
qsnbuc cc.rdlo-va-cu] &1::“ ) , '
Uns dude @ été effectuys dane or. eens, #n comparent les résultate obtenua aveo oceux qui
provientand d'unv ﬂud-\ .na,oguo quo nous mona effectuée l:r dsn avions de chasse ds typa plus
unr-hn. N
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) y 2 éoha.ntilgonn rat étc 4tudiés 3
- 2@ ;.lou. de Mirage 121 et Hirago P1, dunt 1'Mige muyen eat de 27 sns at aysnt une acw
tivité a‘ronautxque moye:ine da 1 340 heuras ds vol,

© =y pllotes Aw tiirmge 2 000, 4'8ge moyen 30 ans et ayant une moyenne de 2 30D heurex de
cvol., Il s'agiv dono, A l'évidence ae pilotes bsauccup plus confirmés que lea précédents,

c " Matérisl ef méthode. |

Pour 1l epcamdbis Aus 31 pilotes, un enregistrvment E,C.G., coniinu asbuwiatoire de 24 heures
{(E.C,C.C.) s#2on 1x méthode de Holter a 4té réalisé. Do Tagun obligatoirs cet snragistrement lavait
comporter 1 ou plustsvrs miesions au cours psqullu tnie estisation de 1 aoc‘lémtinn muxima enre-
;utréc était obtenue,

o by

L'é'!ude & portd sur 1'évolution de le fréquimnss cardiaqus, len dysryihmies et les anome-
lien ds l1a ropoluiutt;n en distingvent les péniodes do vol, l'avtivitd diurne normsle et la pério- '
de ncokuran, o

‘

" Las appexeils d'-nrc.giltranm utiliués, appareils clansiquos habituelement utilivés en
o\rdiolezio. ont 4té préalablement testds ot centrifugeuse Jusqu'd 10 G pour m'assurer de 1l'asbsence :
de fluctustioms signifioatives de lu courbe de répomss au cours des uocélan':lom goutenuens ot Ae Lt
-.u.nw intenaitd, Les vésultatn ont 6t6 tout & fait satinfaisante,

v

»

La loecture a'est affectude A 100 foia la vitesse d'enrmglatroment avec analyse t-ds pré-
clee dra anopalies rencontrdes grl.c- A un systime do velidation sounie & la oritique pursanente A'un
‘médectn ouuiologuo. '

)

!
N t

. Bésultate, ' ! ,
« , Maopiong snregisirdes,

! Gur Kirege III ot 71, au “ctal 39 heurens de vol ont pu Stre analysées 4s Yagon
tout A fait préoise. ; ! '

Is pic maxima d'ascélération obietiu pour 1l'eisenbla des 24 pllutes u €t4 s
6,5 e Tae BoysnnE effectvée sur l'enmenble dn aocéléretions naxims rappoxtées eut de 4,7 G,

\

# Travuil A4 Bervise de Wédeoine urunmﬂqnn (bontrat IRET) .
HBpital 'w/Inustrnetion des Andu :DOHIJIJ.QUE uum - VHNILLI:B. .
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i % Bur Mirgge 2 000, 10 heurss de vol ont pu Stre anxlyséer correspondient A 14

i ’ . missions dont 9 aveu un plc dtacoélération supdrieur & 6 G, Lv pir maxlawn d'acoélération a été de
s 8,5 G alors gue 1x moyenns des uaxima réalisée s'établis & 6,6 O,

L . Chez 3 pilotes, le facteur ds chargs maizaa s'9st accompugnd ds La aurvesus

dtun voile gris,

o Angsalies 7,C,0, sur les 24 heures,

J Elles sont préciséss sur le tableau suivant,

P , DYSRYTHMIES AU COURE DES 24 HEURES

N Tablesu I
: . i ' ;
i ! Mirage ] Mirege
: , 71 ot 111 ] 2 000
v L
." o 1 - I - S
. ESA'>>10/24 h, 1 29,2 % 1 o/l
' i 1 3 g
1 i g ESV>>10/24 n, 1 4,2 % ' 0o/7
: 1 1
. ' BAV I 1 8,3 % 1 1/1
H] } 1
‘ § BAV 1I 1 o % 1 0/7
S !

Ley extrasystoles auriculaires (ESA) n'ont été prises on compte que lcrasque leur nombre
dtait supérieur & 10/24 heures. La mbme rdgle a §té appliquée pour les axtrasystoles ventriculaires
(ESBV), Il a'sgissait toujours d'extrasystoles isolées sane doublets ni sslves,

Les anomslies de conduction A-V sont restées toujours mineures (simple allongement noc-
turne de P=R) et peu fréquentes,

Anomsiies E,C,G, enregistrdes en vol,

Elles sont précisées sur le tableau guivant,

ANOMALIES E.C.G. AU COURS DES VOLS
(chiffre total obtenv)

T e R i Bl 0 RRIRY N Wi AN

e e ) o TR L 90 e e

Tablesu II

Kirage

Mirage
F1 et II1 (39 h)

2 000 (10 h) §
. - . }

)
0 {
o

L Lss totaux obtenus sont trds faib.as on pari.oulier pour s qui oconcerne les EEV dans len i
R 2 échantillona,

ESA totales 12

ES rsotales 2

BAV

0

Bous décalage 8T 0

R N
I R ]
-

“
' & i s e Ly

Il n'y a pes eu de troubles de conduction A-V,

Un pilote de Mirage 2 000 a présenté, A& 1'uvccasion &'une accélération avec fréquince car-
diaqua & 140 par minute, un sous déoalage franc du segment 8T,

L'dtude 495 fréguences cg;ﬁ;.g!nl sn Yol a pérmis la comparaison des moyennes Aes fréguen~
ces maxima on¥ogisiries ainsl qué la moyenie géndrale wur 1'eneomble de gette périoae,

Elle est précisée sur le tableau suivant,

rid D i . R cam.
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Tableau III

]
Mirage 3 Mirege
1 ot 11I 3 2 000

[}

] ]

Fréquence maxins ] t
(moyennc) 1 130,0 [ 116,0

' :

Fréquence moyenne 1 ]
(globale s 93,2 ' 85,4

] 1

I1 eat également intéressant, pour les pilotes de Mirage 2 000 qui seuls ont été victimes
de phénomdnes de voile gris, de préciser les conditions de ces états oritiques,

Elles sont précisées sur le tableau suivant,

PHASES CRITIQUES

Tableau IV
| s 3 ) -
Nombze de GZ Max, 1 Voile gris ] Préquence cardiaque maxime

' ] 3
1 s

8 1 + t 150
1 ’

8 1 * ] 120
] '

6 ] + ] 85
L] ]

8,5 ] - ] 105
s 3

Ltun des pilotas, en particulier, a prémsnté un phénomdne de voile gris pour &6 G seulement
avao une fréquence de 85/an,

11 apparalt nettement qu'il n'y a pas d'augmentation, sur le FKirage 2 000, des snomailiss
renvontrées en période de vol par rapport aux avions de chasse sonventionnels tant en ce qui con-
carne les trcubles de l'exnitabilité que de la conduction, Néanmeinme, il pourrait exiscter une sen-
aibilité plus grande de la rspolarisation ohot ces pilotes, La comparaison ne peut bénéficier, oce-
pendant, d'une approche statistique en raison des effeotifs modestes actuellement revueillis, Cette
étude n'est qu'un préliminaire,

I1 nous paralt particulidrement intéressant de la pourscivre en raison du oaractdre inat-
tendu des frégusnces cardiagues oblenues,

On observe sn effet dew chiffres bien inférieurs ches les pilotes de Mirage 2 000 alors
qutils nnt sudbl des acoélérations nettement plus intenses. On dsit faire intervenir A ce niveau les
différences d'Age et de compétanoce aéronautique oconoernant les 2 populmtions de pilotes s oceux du
Mirege 2 000 &tant pluw Lgés ot ayant davantage d'heures de vol & leur aotif,

I1 faut également faire intervenir ls duréde des sooélérations, qui n'a pas pu btre appré-
ciée, et qui a £té vraisemblablement plus faible ohez les pilotes de Mirsge 2 000,

On romarquera enfin que des signes de maavaise tolérance ont été notés pour des frdquen-
oes cardisques asses faibles, témoignant peut-fire de la rapidiié de mips en osuvre 4'un tel appa=
Teil, 4¢.assant parfois le tempe d'ajaptation de l'organieme,

Toutus ces hypothdwes mériteront d'8tre vérifiédes en multipliant les enregistrements st
an précisant au mieux les oonditione exactes des missions,.

Conolusion.

Low acoélérutions de forte intenwité obtenuew sur la Mirage 2 000 ne wemblent pas modifier
la fréquenca de survenues des troublen de 1'excitabilité et de la conduotion des pilotes loragu'on
lep ocompare A oeux que préuentent les pilotes d'avion de chasue conventionnels.

L'évolution de 1la fréquence oardimque est, par nontre, Aifférante et pourvait traduire ine
oéxtaine diffioulté d'adaptation du systdme cardio-vasoulnire & on type de faoteur de charge.
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LES MODIFPICATIONS ELECTROCARE IOGRAPHIQUES INDUITES
PAR LES ACCELERATIONS, FACTEUR PREDICTIF DE LA TOLERANCE ?

par
J.M. CLERE**, 1, YJEILLEFOND*, . 1, POIRIER***

* - Médecin en Chef, Médecin-Chef du C.E.V. et du LAMAS
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Laboratoire de Médecine Aérospatisle (LAMAS)
Centre d'Fssais en Vol (C.E.V.)
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F 91220 - BRETIGNY-ALR.

RESUME

Les accélérarions + Gz que subissent les pilotes des avions de combalL sout arythmogénes. Sur 328 tracés
d'électrocardiographie recueillis chez 146 sujetes subissant des accelérations de + 4 & + 11 Gz et d'une
durée variant ¢2 20 & 60 sec. nous svons relevé 215 anomalies supraventriculaires sur 181 tracés et 37
anomalies ventriculaires sur 31 tracés.

La fréquence de ces manifestatiors est fonction de l'intensité de 1'accélération, Par contre, il ne
semble pas exister de corrélation ¢ntre lea anomalles électrocardiographiques et les manffestations hémo-
dynamiques responsables des troubles fonctionnels visuels et psychomoteurs. Cc fait enléve & la surveil-
lance électrocardiographique tout intérét prédictif sur la tolérance fonctionnelle aux accéléracions,
L'origine de ces troutles du rythme est vraisemblablement 11ée aux réflexes vagaux provoqués par les ma-
noeuvres de protection au cours de l'accélération et par le brusque retour veimeux 3 1'arrét de la cen-
trifugeuse.

1. INTRODUCTION

Les prem':rs troubles du rythme sous accélération ont été décrits avant la deuxidme guerre mondiale,
VON DIRINGS * (1, GAUER, avaient déjh démontré le caractére arythmogéne des accélérations.

1a plupart des études ont montré des troubles du rythme concomitant de la phase d'accéiération, peu
se sont at<achées & observer la phase post-accélération ou phase de récupération. En fait, comme dans
1'exer. .ce musculafre, cette phase est riche en anomalies éleckrocardiographigues. Il existe une cartaine
aimilitude dans la sémiclogie électrocardiographique entre ces deux situations.

l.a gravité de certaines mnifestations et l'arr{vée de nouveaun avions de combat permettant des accélé-
ratfons £levées et soutenues nous ont amené 3 rechercher un critdre objectif et facile & recuerilir de la
talérance phystologique au facreur de charge.

2

Cetin €inde o puus Lut de chexchear ¥ &pabliv a1 lez treublen de ryw me Ateient en relation avee les ma-
nifescations hémodynamiques d'une part et la tolérence d'auv’.-c part,

2. HETHODOLOGIE

Cette ftude a été réalisée h partir de 328 tracés d'électrocardiographic enregistrés chez 146 sujets gu
cours de lancements en certrifugeuse. Le aujet, équipé d'électrudes est assis sur un sikge Mactin Bsker
MK IV. Les accélérations sont dirigées dany le senps pied-t@te créant une force d’inertie inverse qui
s'exerce selon les axes dea gros valwseaux piurturbant de fegon majeure 1'hémodyramique. Len enregistrements
ont 4té effectués avant, pendant st apris un plateau d'accdlérarion qui va de 20 secondes 3 unc minute.
Les niveayx atteints variaicent de 4 A 11 Gz,

3. RESULTATSE

Une majorirté d'électtocardicgrammen (tableau 1) comporte des modifications pulsque sur un total de 328
électrocardivgrammes, 193 préseritent des anomalies, Les troubles suprsventriculaires sont prédominants
avec JB7 tracéu tandle que lea troubles ventriculaires ne sont obsnrvés que sur 31 tracés, Un cervtain nom=
bre Ae tracfs présentent 4 la fofs des troubles du vythme des deux étages du cocur.

len manifestatious supraventriculatres ue présentent pour le méme tracé, soit sous 1a forme d'un seul
typ: d'anumalie, et ceci est le faft de 151 rracés, solt anusla forme d'une amsocistion d'anomalies, c'est
ce guz 1'on velt our 31 tracés. On comptabilise ainsl Z1% anomulies eupraventriculaires,

De 1s méme fs;on, les monifestations veatriculaires of préeantent sur 25 tracfs sous la forme ¢'un seul
type d'anomalies ¢t sur 6 tracés par une assocfation de différcnten anomalies, cc qul explique qu'on a
comuptabilieé 37 snumnlies ventriculaires, i
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3.1, - Dvarythmies supraventriculaires (Fipure 1)

Les attcintes de la commande sinusale sont trés fréquentes puisque 1'on observe des arythmies
sinusales sur 35 pour cent des tracés et des épisodes de bradycardies relatives sur 11 pour cent des tra-
cés. Plus rarement on obacrve des £chappements nodaux (3,u pour cent des tracés) et des échappements guri-
culaires (1 pour cent), Les extrasystoles supraventriculatres sont présentes sur & pour cent des tracés,

Le plus scuvent, {1 s'agit d'une arythmie respiratoire avec des espaces RR varfant de
240 4 440 msec entre les Jeux phases du cycle respiratoire. Considérées comme physiolegiques, elles ont la
particularité d'€tve induites par les sccélérations chez des sujetr qui n'ort pas d'arythmie respiratoire
au repos, En fait, le plus souvent, il s'agit d'une majoration d'unie arythmie respiratoire préexistante.

3.1.2. - Bradycardiesrelatives
Ces mapifertations sont relevées 2 43 voprises. Y1 s'agit soit de bradycardies modé-

rées & 60, 55 cycles par minute, soft Jde relentissementw francs de 14 fréquence cardiuque par rapport a
1a fréquence habituellr de repos. Cette diminution brutale est alors de 10 A 32 cycles var minute.

A 10 reprises, nous avons observé des diminutions du rytfme cardiaque sur un fond de
tachycardie. Tl s'.git alors dans cc cas de bradycardies relatives, 1'ampleur de cette diminution étant
d'une quarantaine de cycles par winute. Ges bradycardies ont été déclenchdes dans trois cas par une extra-
systoiie supra-vzniriculalre.

L'importance de cette dépression de l'activité sinusale favorise parfois 1'émergence
de complexes d'échappements jonctionnela voiv de lambeaux de rythme jonctionnel ou de rythmes auviculaires
ectopiques.

Deux origines différentes ont été attribuées & ces complexes d'échappement,

- Dans 16 cas, ces complexcs semblent provenir du noeud d'ASCHOFRTAWARA et nous les
qualifierons d'dchappements jonctionnela ou nodaux. Ils sont soit uniques, ou se présentent scus la forme
d'associalinn de 2 A 20 complexes consécutifs.

- 3ur 5 trarés, ces complexes semblent avoir pour origine un foyer ectopique au ni-
veau de 1'auricule, Sur certains tracés, ce foyer est unique : ce sont des échappements auriculaires clas-
siques, Sur d'autres, il est erratique,1’onde P' étant alors de morphologle variable.

Alnsf, dans deux cam on a pu discuter l'existence d'un Wandering Pece Maker. En

effet, chez un méme sujet nous svons observé au courd de quatre lancements différents la répétition du méme
phénoméne : % savoir un rythme auriculaire ectopique de 82 c/mm sur 3 A 15 complexes, Les complexes QRS
sont précédés par une onde I'' variable qui fndigue un axe variable, donc une stimulation d'origiue variable.

Comme nous 1'avons observé dans ce chapitre, ces échnappements et bradycardies sont
paifois déclenchés par des extrasystoles auriculajrer, Ces cxtrasystoles peuvent aussi étrve isolées et
dissociées des bradyarythmies.

3.L.L. - Extrasystoles supraventriculaires
Elles sont toujours pe nombreuses et le plus souven observées sous accélération.

En effet, dans 10 cas {1 s'agit d'extrasystoles fsolées et dans 7 cas d'ur~ suite dc 2 & 4 extrasystoles.
Ces prématurités n'affectent pan la morpholngie du compiexe QRS saut dans & cas oU 1'on peut envisager la
possibilité d'une aberration ventriculaire, étant donné l'élargissement de QRS. Ces extrasyatoles sont tou-
jours accompagnées d'un repos compensateur et il n'y a jamals de passage en arythmie compléte par fibrilla-
tion auriculaire. Mais 1'oreillette n'a pas le privilége des cxtrasystoles et nous €n avons aussi observé
a4 nivesu du ventricule, .

3.2, - Trnublew du rythme ventriculaire (Tahlean 2, Figure 2).

Les extrasystoles repriscntent les seules snomalles ventriculsires observées. Ellen nont le plus
souvent présentes lors de la phase d'accélération. (em extrasyatoles mont uniques sur 14 tracés ou melti-
ples sur 17 tracés,

Dans deux cas 1l y & des €pleodes de ° -'olminisme et dans 3 asutres cas, des dpisuiles de L )aémi-
nisme. Enfin dans 2 ces ler eutrasystoles ventricuiacres sont ¢n salveidans 1'un,c'est une calve de 3 ex-
trasystoles ventcirulaires polymc phes, dans 1'autre,une snlve de 5 extrasystnles ventriculaives. Danz ce
can ausslcette tuchycardi> ventriculaire ast composée d'extracystoles polymorphes. Toute
feataticns vantriculsliras sont moncmorphes, oo T o B o

les

autres mani-

3.3, ~ Btfats des encé.frations sur la fréquence d'apparition des dys ythmien (Tableau 3 , Figure 3)

L'apparition de ceas manifestat{ons paralt 1iée ausni an niveau d'accélération puisque si on

“-parte nos résultats evr un diagramme, dont 1'abscinse représente l'accélération exprimée en ¢ et 1'ordon-
née

1a f{ﬁqucn"a:d'lpgqrition nxprivde an pourcentage des ranifestations
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pour une accélération déterminée, on observe qu'a partir de 7 Gz chaque lancement déclenche des manifesta-
tions dans prés des deux tiers des cas, mais seulement dans moins de la moitié des cas au-dessous de 6 Gz.
A 10 er 11 Gz le fait que tous les électrocardiogrammes présentent des modifications n'a pas valeur sta-
tistique du fait du nombre restreint d'obgervatione. Male aucun des sufetra ayant toléré de tels facteurs

de charge n'a présenté de trouble de 1'électrocardiogramme 3 S ou & 7 C=z.

Ftant donné le nombre restreint d'extracystoles ventriculaires observéas sur nos 328 enre-
gistrements, i1 n'apparait pas de relatlon entre la fréquence d'apparition de ces manifestations et le
niveau d'accélération,

3.4, - Relation entre troubles du rythme et tolérance clinique

Sur le plan elinfque, aucune diminution du champ visuel, tdémoignage de la qualfté de la per=
fusion de 1'ensemble céphalique 2t & fortiori aucune perte de connaitsan:e n'est apparuc pendant ces dys-
rythmies. En particulier, 11 n'a pas été observé d'altérattfon du champ vinuel lors des phases d'extrasys-
tolies. Les manifestations cliniques traduisant une intolérance aux accé€lératione que nous avons observées
ont toujours été dissociées des troudbles du rythme.

4, DISCUSSION

Notre étude met en relief deux types de modifications majeures du rythme cardiaque chez 1'homme soumis
aux accélérations intenses et prolangées,

Les troubles dr .a commende sinusale qui sont évoqués dans notre étude surviennent essentiellement 3
la phage de récupération. Seules, les extrasystoles auriculaires sont observées le plus souvent nendant
la phase d'accélération. Ce type de ralentissement sinusal a été rapporté par SCHUBROOKS (1972). Dans la
publication de cet auteur on note, chez deux sujets, l'installation d'un rythme jonctionnsl. barz le
premier cas, il s'agit d'un rythme auriculo-ventriculaire & BO ¢/mn qui survienc aprés une paure slausale
de plus de 700 ms. La pause apparalt A la 24e seconde d'un test sous fort facteur de charge (+ 3 Uz) et
s'évanouit 3 1'arrét de la cventrifugeuse, Il faut noter que, lors d'un second lanccment, le méme aujet
présentera une nouvelle fois un rythme ectopigue identique, & ceci prés qu'il se poursuivra aprés 1'ar-
ritt du test, &tant alors responsable d'une bradycardie franche 3 50 c¢/mn.

Depuis quelques années, on accorde une plus grande importance aux dysvythmies qui apparaissent non plus
au cours de 1'accélération elle-méme, mais & son décours, voire méme lors de la phase de récupération qui
sult 1'agression. C'est le cas de WHINNFERY (1966) qui insfste sur la fréquence des arythmies sinusales *
aprés des tests en centrifugeuse chez 22 sujets venant de subir des tests 2 4,5 et 7 Gz pendant 15 secon-
des,

Enfin, 3¢ pose le probléme des relatfons entre les manifestations cliniques des effets physiopathelo-
giques des accélérations et en particulier des effets hémodynamiques cérébraux d'une part, et les manifes=
tations électrocardiographiques d'autre part. En d'autres termes, {1 s'agit de savoir s'il existe une re-
lation entre la tolérance aux facteurs de charge et les dysrythmies telles que nous les avons décritea.

11 e¢8t en effet possible que les bradycardies limitent l'efficacité dee réflexes correcteurs d'origine
sino-carotidienne ouaggravent la chute du débit cérébral et parricipent 4 1'étiopathogénie des troubies
visuels ov des pertes de connaissance. KIRKLAND et coll. en 1976 et WHINNERY et coll, en 1979 ont publié
1'observarion d'une perte de vision ou e connaissarce contemporaine d'un troubls du rythme,

En ce qul nous concerne, noius n'avons jamsis vbservé de trouble du rythme asnoclie¢ 4 une manifeatation
clinique. Nous n'avons jamais observé de bradycardie peundant 12 phase d'accélération et tcutes les modiffi-
cations du tracé électrigie, méme majeures, n'ont jamais eu de traduction clinique d'au.ant plus que ces
phénoménes survenalent pendant la phase d'accélération. Dans tous les cas ol déficits visuels ou troubles
de conscience ont amené i interrompre le lancement, le tracé électrocardlographique 'est révélé abaolu-
ment normal. Sans pouvoir répondre définitivement & ls question, le fait que les dysrythmies yue nnusy
avons rapportées ;aussi blen que celles qu'ont décrftrs les auteurs américains,soient d'autant plus impor-
tantes que l'accélération est intense nous parait &tre un solide argument de présomptinn un faveur de
1'action directe du facteur de charge sur le rythme cardfaque,méme si le trouble du rythme n'apparait qu'a
la ceasation de la contrainta et méme si des mécanisnes physiopiathologiquen neurc-hormonanux ou métaboli-
ques intermédiaires sont impliquén,

En ce qul concerne les troubles de l'excitabilité on distinguera ceux de 1’érage supraveutriculalre et
ceux du ventricule, Les troubles de 'excirabilité suriculaire aont peu fréquemment rencontrés lors d'ac-
célération + Gr. Ni TORPHY et co”1, (1966), ni SHUBROOKS (1072) n'observent d'augmentatfon significative
du nombre d'extrasystcles avec ce: axe d'accélération. Ce fait est en parfalt accord avec necs résultats a
t'opoosé de ceux de ZUIDENA Collu(1956)et WHINNERY (1966) qui les observent A la phase de rérupération.

Les troubles de 1'excitabilité ventriculaire sous accélération sont trés fréquemment rapportésHonque
lnur fréquence et leur gravité scient trém variables d'une observotion & 1'autre. TORPHY et coll. (1966)
n'observent pas d'extrasystoles ventriculaires pour des accélérations de haut niveau aui sont 3 1'orfigi-
ne de pertes totslec de ls vision, SHUBROOKS (1972) constate que 93 pour cent des su)ets nu'il scumet
45 secondes & des accélérations de 6,5 3 9 Gz en présentent. Le nombre de ces extrasystoles est plus im-
porrant 3 9 Gz qu'ad 6 Gz. Dans notre étude,1'incidence des accélérations zur 1‘apparition des extrasys-
toles ventriculaires est faible puisqu'elle n'atteint pas 10 pour cent., Par contre, comme nous, WHINNERY
et coll. (1980) décrivent un lambeau de tachycardie ventriculaire & 1'arrét de 1la cuntrifugeuse. lLes
différences notables de fréquence d'apparition de ces troublea du rythme d'une étude 3 1'autre tiennent
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vraisemblablement 3 la multiplicité dea protccoles utiliaés et trds probublement aussi au recrutement des
sujets étudids.

_ L'origine de ces anomaliea électrocardiographiques n'est pas encore clalrement établfe. Csrtains au-
teurs alléguent des troubles de la command¢ extrinsdque du coeur et voient dans les troubles de 1'excita-
bilité vne dystonie neuro-végétative. D'autrea font appel & des modifications de remplisaage des cuavités
cardiaques sous facteur de charge alors que d'autres encore pensent A des troubles ischém{ques myocardi-

1 : ques. Enfin, les changements de position du coeur dans le médiastin provogqués par les forces d'inercie

) seratent fmpliqués dens le processus. L~s trés nombreuses mesures de flux ou du débit coronalre effectuées
{ - chez 1'animal ne permettent pas de démontrer la nature ischémique de ces manifestations, D¢ la méme fagon,
‘ B les dosages sériques des cnzymes témoins de la contract{on myocardique (SELLERS et coll. 1977) n'out jamais
|

| p——

M § i 44

permis de mettre en évidence une souffrance myocsrdique de type hypuxique.

; Ces trouvhles du rythme pourraient &tre )iée i des facteurs hémodynamiques (LEGUAY, 1983) et aux répon-
ges excesnives de régulation (WICHITZ 1975)., En effot, lors des accélérations + Gz, les modifications hémo-
dynamiques entrainent une hyperactivité orthosympathique avec levée du tonus vagsl s'expliquant par une
mise en jeu des barorécepteure sino-carotidiens et aortiques. L'ensemble des effets de cette régulation,
associds aux réactions de stress augmentant le taux de catécholamines circulantes serajent & l'origine des o
troubles de 1'excitabilité myocardique {SHURRUOKS 1972, WICHITZ 1975), .

Les troublee du rithme qui apparaissent 3 l'arrét de la centrifugeuse on dans los premidéres secondes e
qui suivent peuvent s'expiiquer par les réflexew mis en jeu lors du retonr srutal du sang veincux sux zavi-
tis droites, mais auss{ par 1'importance du tonus parasympathique. Ce tonus serait alocs 3 1'origine des
bradycevdies, des blocs sino-auriculaires, des échippements. Les sporiifs, les longilignes, serzient plus
: sujets aux troubles du rythme que le reste de la poyulation, Il ne s'aait pas pour aulant de wanifestations
i d'intolérance, mals le témoignage de la prépondérance du nerf vague dont 1'importance scrait like au ntveau
; d'accélération (LLERE et coll. 1984),

__.‘--
[l 1 1)

5. CONCLUSION

les dysrythmies ohservées lors des lancements en centrifugeune sont pour 1'emsentiel des troubles bé-
anins de la commande sinusale, fidentiques 3 celles que 1'on obgerve dane d’autres circonsrances chez le
sujet sain lora de 1 pratique sportive notammeut. Plusieurs cbservations viennent toutefois renforcer la
notion de 1l'existence de dysrythmies plus graves et aotamment ventriculairea. Malheureusement, ni la signi-
fication physiopathologique, ni wéme le pronostic de ces troubles du rythme ne sont parfaitement établis,

L ot 0 oo

Ces dysrythmtes posent le probléme de la gélestior et du suivi médical dcs pilotes de combat. Des R
tests électrocardiographiques en centrifugeuse dolvent . ils @tre utilisés pour sélectionner et svivce 1'en-
tralnement deg pilotes aux accélérations ? En fait, en 1'état actuel de nos ronnaissances, les anomalies
électrocerdiographiques ne semblent pas présenter un facteur limitant aux accélérations et ne jouent & cot
égard qu'un 1dle de second plan devant les troubles de 1'hémodynamique cérébrale. i

BIBLTOGRAPHIE

4
£
1
E
L
i
i
i

BORREDON P., LISCIA P., HAZIOT A,, QUANDIEU P,

; Expositions répétées aux accélérations -+ Gz Jde haut niveau : conséquence sur le myocarde et le systiwme
! cardiovasculsire,

Méd. Aéro. Spat., 21, 84 1 420423, 1982,

BURTON R.F., LEVERETT S.D. and MICHARLSON E,D,

. Men at high sustained + Gz acceleration, A review.

cor Aerosp. Méd. 45 1 1115 - 1136, 1974, B |
CLERE J.M,, LAUGER P,, PCIRIER J.L., VIEILLEFOMD H.

Anowmalics électriques du coeur {nduftes chez 1'homme par 1'hypergravité,
J. Phyefol. Pavis : 79,3 5 S4 A, 1984,

CLERE J.M., LAUGER P., POIRIER J.L., VIEILLEFOND H.

Facteur de charge et modificationc de 1'électrocardiogramme.
Héd. Aéro. Spat. 23, 92 1 304-306, 1984,

GAUFR 0. )
Luftfahrmed, 11 : 291, 1938, Coa

GILLINGHAM K,K, and (RUMP P,P,

Changes {n clinical cardiolcgic measuremanta associated with high + Gz stress,
Aviat. Space Fpviroa, Med., 47,7 : 226-733, 1976.

. — e e e A A g = < e e+ o
T ' v shlit ie i ~ o .




34-5

i :
JOHANNSON G, and TONSSON L. 3
Myocardial cell damage in the porcine stress syndrom. )
J. Comp. Path., 87 : 67-74, 1977.

3
KIRKLAND J.5. and KENNEALY J.A. ,% .

=
Prolonged visual loss and bradycardia following decceleration from + 6 Gz acceleration : @ case report, % !
Aviat Space invivon, ¥Yod, 47,3 : 1310-311, 1976. =

g

LAUGHLIN M.H.

An analysis of the risk of human cardiac damage during + Gz stress:a review,
Aviat. Space Environ. Med.S53,5 :423-431, 1982, - ¥ -
k4
8
LEGUAY G. H
Tolerance cardio-vasculaire eux accélérations + Gz des avions de combat de haute performance. %
Méd. Arm. 11, 5 & 409-419, 1983, i
| ST
SELLERS P.R., KTRKLAND J.S., KENNEALY J.A. , OLLOF C.M, and VITTORIO N. !
i
Serum myocardiai enzymes after + Gz accelerstion. { -
Aviat. Space Environ, Hed. 48,1 . 1-4, 1977.
SHUBROOX3 §.J,
Changes on cardi ac tythm during sustained high level of positive + Gz accelevation. - — ]
Aviat. Space Environ. Med. 4.,i1:11200-1206, 1972, -
TIMBAL J., ANGIBOUST R.
Mise au point sur lea accélérations + Cz soutenues et de haut niveau.
CRMA n° 1320, 1979. =
TORPHY D,E,, LEVERETT 5.D. and LAMB L.E.
Cardiac arhythmias occuring during acceleration.
Aerosp. Med. 37 1 52~58, 1966, 3
" ] ¥ :
WHINNERY J.E. 3 1
Post-acceleration ~haotic atrial rvthm,
Aviat. Space Environ, Med. 53,4 : 390-3Gc, 19R2. 3
WHINNERY J.E., LAUGHLIN M.H. and HICKMAN J,R.
Concurrent loss of conacioueness and sinn-atrial block during + Gz stress.

Aviat. Space Environ., Med, 50, 6 : 635-638, 1379.

WHINNERY J.E., LAUGHLIN M.H. and UHL G.S.

Coincident loss of vonsciousness and ventricular tachycardia duri{ing + Cz atress.
Aviat, Space Environ. Med. 51,8 s 8£7-831, 1948v.

ot

WICHLITZ g,
Basea physiopathologlques des troubles du rythme.
Reoy. Prat, 25,4 = 3273-3277, 1975,
ZUIDEMA E.D., COMEN §.J,, SJLVERMAN A.J. and RICEY M.B. i
1
- 1

Human tolerance to prolonge:! sccelerarton.
J. Aviar. Med.27,6 1469~481, 1956.

ek ik Lhnm



it
-

oy .

(% £70) IaS ; ,

(% §'0) IRSININIDINL

(% 1) IKSINIWED1R \

(% €) SINILTINN STTOLSAS-VHIXI

-~
"% %) 237051 SETTOLSAS-VYLXT h\ 1

(L 16) "A'S"3 SNVS '9°D°F ]//r

AN

STUIVIAOIYINGS STICLSAS-VYULXE 53U ROILILYVITY

[act (SIS

2
5

LSy

IHIVINOIYINEAVEANS TIOLSAS-VALKE ™ STNIVINDIYIRIAVEdNS

SAITYRONV

%1 IWVIAIIENY  INSHEEAVHOR

SNVS
553

“Y VG0N iNEW3ddvHOd ™

% st
ATVSARIS

_ "

%17 FVWYSNMIS J1A¥YDACVYE

JIHHLAGY

SREIVINIIEINZA YY4NS SIITVHONY §3Q NOILILYVdIY

1 340014

- . P S

1€ * - . V10l

z : . . AL®E US ,

€ : N * saguimyByyg

z H . M sIPuIGIBIIYL

o1 : " : so1d1370K

1 : * : §32108]
903,p FUTRON STTOLSASVIIXY

STYIVINOIYINGA STIOLSAS-VIIXT SILRIYIAAIA

7 NVTIEYL
9 €T 1€ st
$337208%Y sanbruf $IPTI08SY sanbyuy
1€ z8l
SIATEINITIIUIA SI|TEBOUY saite[nojiiusaeidns se}[weouy
€61

$9qinjaad sowmriBorpaed013awiy

|
:X43

$2ume130TPILD0II2ATP, P 18I0 JAQWON

I OVl

i
N




E.]
E““‘"’ - s
¢ — 7
! 34-7 i -
i 1
, TABLEAU 3 1
. H
DIFPERENTS TROUBLES DU RYTHME SUPRAVENTRICULATRE. %
5
=
3
1 v ?E
‘ Accélération (Gz) 4 5 6 7 8 9 10 11 TOTAL ;
]
. ) z -
‘ Arythoies sinusaled 4 31 26 33 28 1 1 0 134 ’ L
v Bradycardies 2 7 5 17 4 4 3 1 43 f - :
: Echappements ?151
nodaux 0 3 1 9 1 2 V] (o] 16 H
Echappements (o] (o] 0 3 2 0 [} 0 S
{—suciculsires
Extra-systoles
auriculaires ° 5 5 4 z _ 0 ! 0 17
K TOTAL 6 46 37 66 37 17 5 1 215
=l
: PIGURE _3 T
REPARTITION DES ANOMALIES SUPRA-VENTRICULAIRZS EN .7
7 A FONCTIOR DU FACTEUR DE CHARGE.
L 100 P
| 100 | 100 |
? | i 1
1
g0 4 I ! -
, i I | .
T 75 ' | { -
| :
- 67 | j !
60 63 ! i ]
1 ] '
I | .
. { i ’
49 |
4 * !
40 6 f } !
e P 39 ' | | .
: e 9; 1 — 1 - ]
. 4 5 6 7 8 9 10 11 ACCELERATION (Gz)
i
; TABLEAU 4 .
EFFET DE L'ACCELERATION SUR LES ELFCTROCARDIOGRAMMES, l . I
Accélération (Gz) 4 5 6 7 8 9 10 11 TOTAL A 4 F
b
Nowbre 13 92 67 87 44 2 3 1
d'enregistremente
Hombre d'dlectrocar-~
diogrammes présentant
des anomalies supra- 6 36 3 33 3 14 4 !
ventriculaires
Nombre d'électrocar- N
diograrmes présentant]
des anonmalles 1 4 3 19 3 0 1 0
ventriculaires
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|- DISCUSSION OF SESSION 1Il - MEDICAL SELECTION: CARDIOVASCULAR ASPECTS
: (Papers 31, 32, 33 and 34)

g COL PSIMENOS (GR)

e

I would like to ask Dr Hickman if you have a standard schem2 for high G resistance physical fitness
programme? Not high G training but a physical fitness programme for the pilots of high performance aircraft?

v AUTHOR'S REPLY (COL HICKMAN (US))

AT N

‘ : Gen DeHart actually had a back up slide to show the USAF pilot physical fitness programme which is well

- - defined. It comprises a rather low level of aerobic exercise and consists in greater part of weight lifting and
¢ o resistive exercises. The programme hes until now been voluntary and because of the heavy schedule of other
' ' activities it has not been followed by all pilots. However, the progremme is now standardised and (ien DeHart
is recommending that it should be made mandatory.
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COL PSIMENOS (GR) -

¥

I 1 weuld like to ask one more question about selestion. Of course we have been discussing medicai seleetion J
: E and { am sure that there is another selection before or after - psychotechmic selection/psychological seiection? -
: E AUTHOR'S REPLY (COL HICKMAN (US) ; .
1 = - - =3
. % Yes, there are multiple selections but the driving force at the branching point in a dual track system is not
{ H medical. If the system .evolves as we hope it will, the rhoices will be made administratively. The best

: candidates to become tanker, bomber and transport pilots (for whatever composite skills makes the best tanker,

3 bomber or transport pflot) will be identified before the fighter attack reconnaissance medical screening is [

i ‘done, Thus the screening will not dictate who becomes a fighter pilot but thc choice of fighter pilots will be

£ based upon attributes of training en performonce. However, a small number of those selected will not be

able to become fighter pilots because of phy:.cal defects. But the equation is not driven by the advanced -
medical screen, administrative selection contes .irst. Actually, if the programme evolves as Gen DeHart has set —
it up, these ajrcrew will actually go to specific fighter attack and reconnaissance bases before the advanced =
medical screening is carried out. This would allow us to perform the advanced medical screening at three o Thy
bases rather than seven. Thus the selection will be made and the aircrew member will go to asnother loestion 2t
before the advanced medjcal screening is done,

LT COL GRAY (CA)

1 have a qiestion for Dr Hickman. The cardiovaseular screening that you recommend is, &s it should be, non- R
invasive in nature but I wonder what you do with the candidate in whom you identify an abnormality. I'm -
thinking for instance of somebddy with a WPW pattern, whom vou reject and who decides on his own to go :
outside and have further invasive testing and electro-physiologic studies. If a candidate does that on his own . ;
would you then be willing to look at him again? .

AUTHOR'S REPLY (COL HICKMAN (US))

Yes, this is an ares in which we have had to set policies. We believe that invasive procedures should be !
restricted to those who are already engaged in & dangerous occupation. We dJdo not believe that procedures

with risk ought to be applied to those who only want the opportunity to learn a dangerous oecupation. Since

at least 25% to 30% of aircrew candidates will not make it for other reasons, there is no guarantee that the i :
individual on whom you perform a cardjac catheterisation in order to determine that he is fit to enter flying : Yis
training has the right compositive psychomotor skills to become a pilot. The overwhelming majority of wuirerew “
leave the Air Force after only 5 years. Thus only a very small number of those requiring investigation wnuld
remair in the Air Force for a full career, and thus we believe that the risk associated with invasive
investigations in untrained aircrew is unaceept: - Now 1 had a list of conditions such as Wolff-
Parkinson-White ECG finding, left bundle braneh biock, exercise induced ventricular tachycardia and s whole
host of abnormalities in which we could, using invesive electro—physiologic studies, clear individuals for flying
training. We recently had a case of an Air Force Academy graduate with Wolff-Parkinson-White who wanted
to go to flying training, We turned him down. He finally found a university professor who was willing to
perforin & 3 day electro-physiologic study. The studv proved conclusively that the officer's by-pass tract would
not conduct anti grade f{aster than 120 beats per minute and that it would not conduct retrograde at all,
This meant that he did not have true ventricular pre exitation but only had a vestigial by-pass tract. For the
university professor this represents one interesting case. Por us, whether one person or 49 persons out of 50
has it, we would still have to carry out the full investigation. 1 think the university professors would grow
very weary if they became a centre for invasive studies in those who had not vet even learnt to fly. We
entere¢ this Air Force Academy graduate into flying training. It would have been unreasonable not to do sv,
This cese has, however, not changed our [feeling about the reservation of dangerous procedures only for those
who are in dangerous occupations. We realise, however, that if we were prepared to carry out invasive
procedures we would clear mary more people for pilot training.

"2 Ul o i -
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MED GEN INSP COLIN (FR)

Dr Dider, you were Kkini -2nough to present the paper (No 33) by Drs Seigneuric and Leguay reporting 24
hour ECG recordings in pilots in flight and on the centrifuge, 1 would like to put & short quastion in
connection with the differences between the results ob!ined on the centrifuge and those which occurred in
ﬂlght.f May they not have been due to the sensory illusions which accompany the deceleration of the
centrifuge? '

AUTHOR'S REPLY (MED CLERE (FR))

Yes, this is one of the main problems that arose when we analysed our results. To my mind, very coften we
tend to think that all these sarrhythmias are linked to the conditions of the trial (ncceleration stress). in
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particular, there is the problem of sensory stimulation. What 1 would like to do is to try to simulate the
sengory stimulus, 1 would choose subjects with marked arrhythmias, put them in a centrifuge with a gondola
which iy tilted graduelly as the G increases. Then, a few days later, | would test them egain with pre-tilting
N of the gondola [n advance so that there is no sensary stimulation. Such a study should show the effect of
: the senory stimulation. Another possible cause of the difference that occurs bhetween a fighter aircraft and

the situation prevailing in a centrifuge is that as the centrifuge slows down the subject is in a passive

racovery phase, he does not speak or move and so there is a sudden return of the blood to the atrium.
i Whilst in the situation of the fighter pilot in the aircraft even when the G ceases the pilot is still exposed
3 to flight stress, and consequentiy the phenomenon will be less important in this situation. There may be other
: combined reasonr, may ba some members of the meeting here could help me find another explanntion?

&
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" COL VAN DEN BIGGELAAR (NL}

Our experience with centrifuge training is that the stress s very large so that You could postulate that the
high heart rates which occur under G on the centrifuge sre due to the effect of adrenalin, and that this
effect is less in the airersft. We have not, however, recorded the ECG in flight. Of course, as you stated,
another factor whieh is introduced by the centrifuge itself, is the high stimulation of the scmicircular canals.
Even if the gondola s pre positioned at a certain bank angle before the centrifuge starts rotating, there is
stimulation of the vertical canals whenever the G changes. This appears to the subject as e tilting of the
whole cabin. It is quite a stress faetor which has to be taken into consideration. 1 am very surpriged at the
low heart rates which you found under G in actual flight. They are much lower than those which we found
- -in the centrifuge. o

ot o MM b 2

AUTHOR'S REPLY (MED CLERE (FR))

L omin T TR PR A 1 s

I agree with you that semicircular eanal stimulation can oceur even with a pre positioned tilt. May be,
however, | did not explain adequately that we recorded heart rates during the onset and during the plateau
acceleration pheses which are quite similar to the results found in other centrifuge studies but that most of
.. the arrhythmias occurred during the recovery phase. Thus during the 15 seconds after the cessation of G some
~ subjects show & sudden slowing of thc heart rate with the heart rate falling from 3140 to 100 or cven lower.
This is what was quite surprising to us. 1 would like to explain also the object of our experiments. In our
1sboratory, for various reasons, we test pilots who have had a problem while flying, such as loss of
consciourness or in whom an arrhythmie has been found. We run them on the centrifuge to determine how
they behave under well defined conditions. Originally we performed tests at up to 5 G but for the last 2 or
'3 years w2 have conducted the tests in two stages. The first stage comprises a rapid onset rate going to 4,
5, B, 7 G with 5 sec plateau at each level. Thirty minutes later the subject is exposed to sustained 7 G. We
have found that arrhythmias are more frequent in these tests than had occurred in the 5 G test., We ask
ourselves the question "What are we going to do with such people?”. Are these people to be refected or is it
really 4 minor sign which should be ignored? This is why we started the study. We concluded from it that
not all arrhythmias are necessarily pathological. 1 remember an experiment conducted 2 years ago with a test
pllot who was exposed to four different runs separated by 30 second intervals. Each run lasted 1 minute and
the maximum acceleration was 8 G. We observed sarrhythmias during this experiment but they were related to
the stress and it wasn't a sign of severe pathology.
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COL YAN DEN BIGGELAAR (NL)
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. We have no sueh elaborate dasta from our centrifuge training. About 20% of the cases that we evaluated had
iselated PV(Cs. Ail the PVYCs occurred at above 6 G which corresponds with your findings. 1f the G is
increased in steps every so many seconds the procedure is extremely fatiguing for the subject. We use a
slightly different ¢ pattern as Il explain in my paper.

COL HICKMAN (US)

b W e

1 certainly admire the willingness of your Prench aviaturs to wear Holter monitors in flight and to be
experimental subjects. Our aviators are very reluctant to be monitored, We cannot grant them a King's pardon
it they have ‘a serious archythmia even though the exposure has been for experimental purposes. What was
your aeromedical disposition of the case with ventricular tachyeardia? Was he an aviator? 3 you waiver this
individual to coniinue flying as a fighter pilot with ventricular tachyeerdia?

o e e st > st W+ AT

AUTHOR'S REPLY (MED CLERE (FR))

The subject was not & pilot so there was no waiver to be awarded. We are quite cautious and wary.

COL HICKMAN (US)

And if a Mirage pilot has a 4 or 5 beat run of ventricular tachycardia on the Holter monitor during flight
what will you do?

AUTHOR'S REPLY (MED CLERE (FR)

This really is a problem hecause the pilots who we use for our experiments know that doctors are testing
them so that they are always anxious with respect to their medical fitness o fly., 1 have to try to plsce
myself in the situation that 1 kave when ' am a consultant examining o patient referred by another physician,
when I would have to report any ubnormality which [ found, There {s a problem here with respect to the
mutual confidence between patient and doctor, It is a rather delivcate situation. In this situation 1 would try
to persuade the pllot that it is a significant finding and that he should make the decision to have it
investigated further. 1 am rot going to make the deeision for him.

MED EN CHEF ILLE (FR)

A similar problem did arise jn connection with ventricular dilatation and tri cuspid insufficiency which we
discovered just by chance. The case was a fully fledged, very able pllot who had started his training on
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Mirage 2000. We found the defeet when we introduced echoeardiography on an experiinentsl basis, The medical o ‘.
decasion that he was not fit to fly the Mirage 2000 was not\ well received either by the pilot o¢ Command. L
Eventually. the prollem was solved as follows: the pilot was interviewed and we explained to him the risks he e
would be uaking in exposing himself to high accelerstions with the proven tri cuspid insufficiency; eventually T
he cecided to abandon his -iraining on the Mirage 2000. This was & very specific und special case. It should !
no! conceul trees’ in the forest. Physicians will have problems cf ethics in such circusnstances. When pilots act, ]
, at experiimental subjects for us tve must acuept that we taay have to make a declision as a medical expert.

COL HICKMAN (US)
The reason that 1 3peeifictily asked about ventricular tachycardia is that, in the US Air Force prior to 1980,
if an av.ator hnd technical ventricular tachyeardir, which {s 3 heats in a row, on any kind of stross test,
whecher it wus treadmill or centeifuge or a bleyele muge, it was permanently disqualifying fiom flyin;- ste’us,
Wwe frYlowed up 45 cviators who ha) been groumled for 3, % ‘or 5 best runs of ventrieular tachycirdia at
peak exercise f» a wean peried of 6 years; the mean’ age was 4y, 20% of this group had an scute dardiac
event, either angina infraction m sudden denth within 6 vears. We could not accept an eveut rate ol i0% in
6 years und vet nothing happened to 4 out of every 5 of those aviiors with ventricular tachycerdia! 'in
order to return un avisxtor jn the U8 Air Force who has had ventricular tackjeardia back to flying =taius' he .
. must undergo a thorough non invasive and invasive eveluation becauce tiie mejor underlying disease i3 ccrofiary L g
artery discese. Of thuse vwho died suddenly the cause was either nrolapse or coronary artery disease. I[1 une )
case it war emrloid. We cannot overlook an episade of ventricular tachycardia although we recogniso - thet
most episodas of corpdl.x ventriculut arrhythinius orcur during peak autonomic outflow. Its interesting tu note
that your incldence of 0.5% of ventricnlar tachycardia iz exaetly identical to o17s, once in every 200, ti.rnes. S
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MFD EN CHEF ILLE (FR). R e e TRV ,',:' oot
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1 fully agree wuh e Hickman that ventricular tachycardia must be tcken seriouslv, The action here appcars o
to b quite logics]l and obvious. It seems to me, hower, ihat a4 problain does arise in relation to'an isolated | L S P
ventricular systolc in s subject of about 35 yearg -af ape. For example, a subject who smokes who has a . . .
cholesterol level of 2.% and who is not abiding by the hygiene anc dietary instructions which ure glven to : t o {
him. Shculd he br  yrohibite? from flying or should we try to impose upon him fyrther r.pr invasive and
invasive examinations, \\'bat iz the atm\-de of the US Axr Force in this metter?
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AUTHOR'S KEPLY (COL HICKMAN. (US) L S

7 ) 1

This opens up a very important, deeply etbieal question. The question, as you pose it, ir whut world we %o !
with individuals who lave high cardiac risk3 but ‘continue {o fly? We do not ground anyone for cardiovaseular .
risk but we have a series of thresholds based uvon a regressk n equation. Based upor thest thresholds they
may be required to have ng1 invasive studies at their own base or, if they go above a certa/n level, they
automatically have to come to USAF SAM {or a cardiac evaluation. We stage our oveluations accordingly
look for asymptomatic disesse. Unfortunately about 30% of coronary artery discase canpot be expisined on the
basis of cardinal risk factors r> when we are presented with n case of ventricular tachyeg~dia in somepne

- with no npparent risk faclors for avlnt'on modical purposes the problem is still no' siniple.

I would like toc make ano;her co.nment, it there is ‘ifhw. It relates to an srea that Dr Didler hcs alrem}y
brought up iegarding 2chocardiographic changes in pilote. W2 could disemsy fcr & long time the different
mechanisms but 1 just want to add wecy quickly a couple of things wiea 1 think that the AGARD
Aeromedics]l Panel shoul> he attentive to. We kave f{or a long time bLeen retuening aviators in the U3 Alr
Force with left b.pdle branch olock to {lying stctus 17 they have a norma, sngiography and a normal bundle

of His. We have seen elevg’p left ventr.cular end diastolic pressurcs, we 17r secing abnocmal thallim scans

in the septum of lef{t bundle oranch bloek cases with no corongry disease. We hegan tn see these patients in t
1969 and 15 to 20 years later a certain proportion that is in excess of 5% are starting to show clinirally :
significant cardiomyopathy. Simlicr findinga are occureing at the {%yo c(linfe in Nor:h West (Orient airline

pilots with left bundle branch block. In ous pitients, with shriormal treadmilis but w'¢ have normal coronery

. arterjogramg, most of the ventriculer prema‘ure beats during exercise (! they have & normal ST segmant

§ response come from the left vent jcle rather than the righ¢ ventricle, Dr Forlin. at USAF SAM a iumeer of

b years ago, saw per¢istent T veetcr changes in the vectorccediogram after human centrifuge studies Whe' 1 amn
getting to is that we are placing prople back on fy,Ing status who are perlectly hegithy, with what e
presume to be mirer disorders, but we do not have n clear idea as to whether or not long term, repctitive,

after load incresnses und perhaps even ischnemic ~henges are .~ccuerf g ir ‘he myocardium, We are now faced

with the question of whether this isx evdi occutung I the nor, ~t vintricle, eten someone who has no sub
clinical problem. We have had great difficulty :n pers,mding the operators ‘o accept tha fact il repetitive,

high sustained G way he u very dangerous lonz term unquantitated envln:ov.mentnl hacard. We are nor hendling

it the way we hendled radietion and other s/milar hacards where we ’‘atroduced dJosimetry and appropriate
preventive measures, 1 really believe that the members of the AGAR) AMP need to poul their data, ‘tiay

need to take a long, herd look at a plan to bhave paullel, ‘age-matchod, one for .one studley so thet' Jhis
question c&n be snswered., Twenty 20 years ‘rom now when the first avicior with a congeastive caréiommy nathy [
that may be tctallv unrelated to flying turns up and says "Do 1 have uongestive cardiomyopathy because of | i
20 years in the F137" Whal will we say? Given the politieal climaty I (hink that the military will get the .
blame whether there is any relationship or not. I believe that cthiesl,y we can't go mugh further withou: -«
having a firm, stroug plan ts {ind the answers to these kndq of problums. This is not a physlea! standards
problem because they pass all of the standards. If we do Act rom. up with a plan end sell it .lr\} arong
ourselves we wil nrot have setved the aviatrrs as well as we mirht. - : -

o s el B i R

-~

. I gt
v

CF
i

S,

v T ,‘ ¥ . i N ‘i‘_ 1
DR ALNAES (NO) ' i ' e v '
1 had a question for Lrr 1lte, Of course the two populations thet were (slig("ly'dilferent in some
echocardiographic paramcters, ventrieular thiekness and right ventriete dilatatfon, were statigiiea'’y matched In
such a way that all mian values were virtually {dentical, Now 1 wondered wheother they were ai<> mitencd in
other parameters llie, for eyample, physleal fitness, aerobls capacity and =0 on? wWe al' know th-t fignter
p'lots and transpin? pllots also lecd very diffeient ilves outside the cockpit, ™ you inv«-stlgate .‘wse atoag
to see whether your findings were just a case of athletic heart for evample?
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Lo .+ - Both populations' were, Qute *ip'%. &3 regards withropometric crifcris. Unfortunately it was impossible o stndy .
v . fomily history in ‘depth, More ade.juate protocols " might have dune' & but we dueided 'that we wpuld launch .
: this exercise wher we were redquested to deeide’ whether the ap‘!tuy"\ or. papucity standg=ds should te ehanged -
¢ for p'lots who are to operate the Mirage I700 so w~. tried to huvs 24 good basis for ecroarison. As you saw,
1 . {'he twa populatisr, were jlentina), the wMAe ngr, *he same g-ze, the sg- » weight. But, as you .=ay qule 4
Lo rightly, 1 fave no idea which perpiz noked or tht extent «f thef~ physieal activiy~s. It is well known that :
! . transport aircraft pilots sJo nuy pravtice spert ac de firhter pilpts or physical exercice as do [ighter pilots N
¢ and also thal .lrensport pilois, ‘vecaury of the long hauly they have "to fly, will smnke more than fightsr
pilots. flo sorw elements weie aot exactls similar ‘( Jon't thiak that these deficiencias were sufficient to s
Lo . explain the echnoardiograpiie Ji('erenres which . we were able to meartae. 1 must -sey  that initiallv (e 3
. ) . discrepeceles cere not struting perause the valurs were just at the upper Nmits of o mality. Thu. if we had I
: h ¢ Pot been particularJr attentive ‘¢’ such data .*hn we xight ‘pve missed it. ' 't war only on the basis of !
a » statictical  Studieg’ - thut  we  wefe 124 to | think  yoat there  wac, - sigpificant  flfferences betweei, the ;
o ecly nardingraphir fintings of, the tdd groups of afrore<. Howcver in tpler .%o your questio., 1 must sy . L
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ENTRY VISUAL STANDARDS AND OCULAR EXAMINATION TECHNIQUES
FOR FUTURE FIGHTER AIRCREW

by
‘pr D,H, Brennan i

Royal Air Foice Institute of Aviation Medicine
Farnborough, Hampshire, United Kingdom

SUMMARY

The vigujil tasks of future fighter asrcrew are likely to increase both in magnitude
and complexity. The increasing adoption of devices for visual enhancement and protection,
even now, poses problems of the integration with spectacles.

The visual standards required for initial selection for training as a pilot or navi-
gator should, if numbers permit, be such that trained aircrew are unlikely to require a
visual aid until presbyopia physiolsgyically demands correction in the latter half of the
fourth decade. : C :

This paper will discuss the visual standards considered apposite for future fighter
aircrew and the rclated ocular examination techniques both conventional and those designed
to test such specialised ocular functions as stereopsis, glare resistance, dark adap-
tation, hue discrimination and modulation transfer function.

INTRCDUCTION

Tae visu2l task of current fighter aircrew is already demanding and it is likely to
increase in future generation aircraft fitted with new weapon systems., Althouch the
pilow's rele is the most visually demanding, the navigator i¢ also increasingly required
to operate comples optical and electro-optical devices. When these are coupled ~ith pro-
tective devires, which in turn may cause a reduction in the field of view, diminish the
lumnous transmittance, introduce optical errors, reflections and haze; the visual load
is comwounded., Any increase /n that load resulting from a decrement in ocular function,
redu~ing the appreciation oF onc or more of the three visual senses of form, light and
colour may well be unacceptzble in combat. The other disadvantages asscciated with
spe-tacles and contact le:rses and thelr integration may also be unacceptakle in that

.

DISADVANTAGES OF SPECTACLES AND CONTACYT LENSES IN FLIGHT

Entry visual standards for aircrcw vacy widely between nations. The pragmatic
approach of tailo: ing visual standards to the availability of recruits is cften the
determining factor. 1t is sometimes assum~é that because spectacles or other visual alids
w!ll restore vision to the level demanded by the task, the disadvantages assoclated with
theic use are relatively unimportant, but this 1s not always true. ’

veiling glare reduces contraest between target and background and causes considerabla
problens, particrlarly, when the cockpit §s in sunlight and the aviator 18 scarcuing an
area in shadow. Under these conditions visual search and collision aveldarce is more
difficult, Clurk (Ref 1). Veiling glare is largely produced by haze ir transparencies
canscd by drt, mist, scratches or inherent materifal haze and is additive when locking
t.arough a varlety of transparencirs such as windscreen, deicing system, head up display

‘combiner, helmet visors and respirator. The addition of a further transparency ¢ither in

sprctacle or Lountact leng form only compeunds the problem. Reflections from and between
transparap~ies may als, prove troublesome, but thesz cah he minimised by anti reflection
coatings. These coatings, hiowever, canpot be auplied to man, transparencies and are both
expeusive ard fragile. ’

Adrcroew using night vision goygles (NVGs), oi other opticel equipment, may b~ pro-
vided with devices incorporating a dioptre adjustment typically in the range -3,00 to
+2.00,D. This will provide a correction for spherical err.rs but will not correct astig-
matism, The optlcal design of some equipment dues not provide the facility or a simple
dioptre adjustment or even permi: it3 incorporation. It is u¢lso very uncommon to find
designs which permit cylindrical Jlenses to be held at the angles pecullac to an astig-

matic aviator. It can, also, be diff{icult t> integrate spectacles with optical equip~
ment by virtue of limited eyr relief, inconpatablility with eye piece shr- * because
of oscillation of spectacles on the: face during vibratlion Jin high speed wvel flight.
Fightcr aircrow using HVOs vequirt: a proteclive sbield weliesn “he eyvs ol 0} WVGs.

The limited eye reiief of some NVGs will not permit both spectaclies and protecuive shiclds
te e worn. Thig problem als) ocours wivh respicrators when the design of the vi3ual area
derands a dndicated spectacle desiyn, Lecses may have to bv: positioned close to the eyes
with the attendant preblems of contamination by tie yreane on luzhes. Some respirators
and protective shields alsp Legaire lenses tn ke set at angles tu the visual axes in

order to fit witlin the limited spatial envelope. This .s unfieeirublie and in higher
povers of lenses may require a modiflcaticn of prescriptions.

Futurc protective and enhancement devices are increasing in thelr complexity and
their integratlon with spectacies is likely to oe even more &iLfficult and expensive.
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Trials have proved the acceptability of contact lenses in the aviation environment,
Brennan (Ref 2) and the problems involved with integrating spectacles with optical
devices are largely overccie by their use. Contact lenses do, however, present problems
of their own, Where aircrew may be compelled to fly intensive operations it would be
necessary to use high water content lenses that could be worn constantly, for pecriods in
excass of 48 hours. Such lenses car be difficult to maintain in a wmilitary environment
and, exceptionally, may result in ocular pathology. Contact lenses are not tolerated by
all and some medical co' ‘itions may temporarily or permanently preclude their use, The
visual acuity achieved can vary and may not match that obtained with spectacles, Foreign
bodies behind the lens could be a flight safety hazard. New lens materials may resolve
many of these problems peculiar to military aviation and result in contact lenses heing
the corrective appliance of choice in the future,

VISION STANDARDS FOR PILOTS AND NAVIGATORS ON INITIAL ENTRY AND EXAMINATION TECHNIQUES

Fori Vision

The appreciation of shape and detail is largely dependent upon the dioptric mecha-
nism producing a sharply focussed image on the retina, particularly at the fovea, of an
object, at any required distance from nzar to infinity. This ability to vroject a sharp
image is dependent not only on the eye being emmetropic but ulso on its accommodative
ability. Ametropes may either consciously or sub-consciously develop technigues to mini-
mise their disability. Myopes whose fay point is nearer than infinity (> 6 metres) may,
briefly, improve distance vision by 'screwing' their eyelids or by rapidly blinking,
thereby decreasing their eftective pupillary aperture and thus increasing their depth of
field. These tricks are only partially effective, particularly under low light condi-
tions, and are fatiguing to maintain. Conversely hypermetropes, whose far point is
beyond infinity, require to aceommodate to see clearly at distancey of 6 metres or
grnater, Thls reduces the availability cf accommodative power to see near objects, parti-
cularly under red lighting. Maintaining constant accommedation is also fatiguing
especially when stressed and the amplitude available decreases with age. Compensation
for astigmatism dependent on type and extent 15 more difficult. :

The Snellen test type is the standard test of vision, in which letters of diminish-
ing size ave presented on a chart illuminated by 500-1000 lux, The letters are black on
a white background and are thus of high contrast. At the normal test distance of 6 metres
the 6/6 (20/20) letter subtends 5 minutes of arc and the /detail within the letter, such
as the gap in a C, subtends ocne minute ot arc. Thisg visual anqgle produces an imayge size
on the retina of z2-3um,which is approximutely the diameter of a macular cone.

The t2sting ¢f distance and visuval acuity is important and should not be delegated
to untrained personnel. The candidate should be seated 6 metres from the chart in a room,
which is also {1laminated to similar level as the Snellen chart, with all glare sources
shrouded, <he eye not being tested should be #svered and the tested eye observed to
ensurc that the randidate does not 'screw' or rapidly blink. Should he do so, it can be
prrvented by applying upward pressure o the eyebrow, cver the supra-orbital ridge,
ensuring that pressure is not applied tc the globe. The smallest line at whic¢h no errors
are made ls# recorded and that eye is tihen covered by the examiner, Lbefore a new chart is
presented to the other eye, to preclude learning.

The testing of the amplitude of accommodation or near vision should be carried out
in zach uye separately, with and without the normal distance correction, if recessary, and
then binocularly. Useful instruments are the RAF or equivalent Near-Point Rules; these
rest agaiast the patient's face below the infra orbital margins and permit & rotating
carrier of reduced Snellen types to be brought towards thie eyes, Having determined the
nearart distence at which the appropriate type is correctly read it is possible to read
the accomcdative ability in dioptres and Lo compare this with the agz related mean Duane
limits. The visual acul:iy standards required for initial selection for training as a
viiot or navicator should be such that trained aircrew do not reguire to wear convrective
lepaes in ewder to achieve normal wision until the normal reduction of the amplitude of
acrommodatinn, which ugsually brecomes evident in the fourth decade, necessitates the use
of corrective lenses for reading. “hig situation can be achieved by raising the visual
standacds required for entry imto pilot/navigator training.

visusl hceuity Scandards

The uvnaided vigual acuity at 6 metres should not be less chan 6/6 (20/20) in each eye
sepacately.

The accommodaticn in cach eyo snceuld be at least the mean for age, as deftined by
Nuanc. 7Thiz, in conjinction with limits on nypermetropia, will epsure that aircrew are
unlikely to require s preshyopie correction prior to 45 years of asje.

enilssible Refract've Lrrors

The: cef:activi range for each eye should be within the lumits 0 to +1.750" 1 in any
meridian, too astigwatic elenent not exceeding 9.%wm~1, A signilicant family his.ory cf
ryopla warranty gpecial attentfion. A refraction under cyrloplegia 13 at the discrefion
af the examipngr Lut Lf performed should be followed by a post mydriatic rest of vieual
aculty.
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Ocular Muscle Balance

The presence of a manifest strabismus or heterotropla normally precludes aircrew
training. Orthophoria is, however, rare and minor deyrees of latent strabismus or
heteruphorias are acceptable in flight provided that the fusiopal ability of the eyes and
the primary distance cue of stereopsis are not impaired, Heterophorias of large extent
may be well controlled at rest, under stress or fatigue controi may be lost resulting in
symptoms that may include diplopia.

The presaence of heterntropias or heteropherias is best detected by means of the
simple cover vest, This test should be applied at both 0.6m and infinity by requiring
the candidate to fixate, sequentially both near and far lights. Each eye is then <rvered
in turn. Should the uncovereda eye move to take up fixation it denotes a manifest sira-
bismus and the deqgree and direction of movement denotes its magnitude and type. This can
also be detected by observing the position of the reflections of the fixation light on the
corneae, normally these are central. Should a manifest strabismus rot be present, the
movement of the covered eye should be observed both when first covered and thnen when the
cover 1s removed. 1If the eye moves in one direction when covered and in the opposite
direction when removing the cover it denotes the presence of a latent strabismus or hete-
rophoria, the type and magnitude again being dependent on the direction, excursion and
speed of movement.

Heterophorias can be measured asing the standard Maddox Wing or Rod Tests for near
and the Maddox Rod for far. The convergence ability of the eye is best determined using
cnie of the near point rules. Should a candidate be outside the limits for acceptance he
should, at the discretion of the examlner, he subject to an orthoptic review,

The ocular musc. e balance should be within the following limits:

Distance; Ego 6cm/m to Exo 6cm/m; hyperphoria not to exceed 1.0cm/m.
Neas: Es¢ 8cm/m to Exo 8cm/m; hyperphoria not to exceed t1.0cm/m.
Convergence: To be 10 cm or less.

Media and Fundi

‘There should be no evidence ot pathologv which could impair visual performance either
at the time of the examinativn or in the near fature. Any abnormal finding must be
asnessed by an ophthalmologint experlenced in the visual requirements of military
aviation,

Visual Fields

The field of each «ye should be full, The fields to be measurcd preferenftially on a
perimeter or by confrontation,

SPECIALISED EXAMINATION TECHHNIQUES
Contrast Sensitivity with Gratings

The standard Snellen ‘lest type presents a high contrast taryget of black letters on &
white background and is a measure of the resolving anllity of the aye. Vision in flight
involves more thar the detection of high contrast detail, it is hecessary to distinguisih
low contrast objects with indefinite ovutiines against mixed backgrounde., Military alr
vperations are not confined to briaht high contrast sunny days, but frequently take place
under dull misty conditions and involve close air support of ground operations. 1In such
vperations there Ls often a requirement to detect targe«s in which camouflage has becn
used to conceal sharp contoura. An aviator who is able to perform well under such ccn-
ditions Ls at a definite advantage, Ginsburg (Ref 3).

The technique of measuring contrast sensivivity using sine wave gratings has steadily
gailned favour and iu row in clinical use to detect peripheral retinal discase, Arden (Ref
4). 1t is a measure of the modulation transfer function of the cyae, thet is the ability
of the eye to percrive contrast at different spati.l frequencies - usually in the range
0,2 to 25.0 cycles per degree, the higher spatial frequencies being pimilex to the range
investigated by the Sneilen chart. 1In applying the test the sine wave gracings are pro-
duced on a television nonltor screen by a urating generator (Fig 7). 1In short, each
spatial frequency to be munitored is presented at zero contrast and the contrast is
gradually increased until the candidate is just able to detect the grating pattern which
he has previously been ghown at high contrast, The test is repeated at different spatial
frequenciers and a graph piotted of spatial frejuency againet required contrasyr for detec-
tion. A normal plot of gpatial frequency agzinst required contrast is shown in (Fig 2).
A simpler form of the tegt is to use the Arden plates in which the gratings are printed
in book form and vary in contrast from the top tc the bottom of each page.
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Figure 1. Sine wave dgrating display with
B frequancies and contrast swept,
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i Figure 2., A normal plot of ocular |
. modulation transfer function.
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Stercopsis

et i o

Depth perception is judged by koth monccular and binocular cues, The binocular cue

of convergence is of little walue by vir‘ue cf the short base of the ocular rangefinder

. ’ but th: binocular cue of stereopeis is5 congidered to be the single most valuable depth cue

EER avallelle to aviators, It is the third stage of binocular visual perception, the two

previous stages being gimultaneous perception and fuslon. The esscnce of stereopeis is

i that by virtue of the separation of the two eyes dissimilar images, at points which are
ncn correspondirg on the horopter, are present at the two foveae and these images can be
fused to produce a three dimensicnal effect. The different appearance of the target as

; perceived by the right and left eyes is a measure of the instantaneous parallax. The

o critical values for parallax detection have been variously estimated at between 2 to 24

seconds of arc,which is very accurate « »rrespording to a difference of less than the die-

meter of a single retinal foveal cone (!.5-2um). This allows for depth pexception out to

distances of about 300 metres, 'The limiting factur is, again, the small inter ocular

geparation. -
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It iz, therefore, of great value to assess the stereoscopic ability of aviators.
This is routinely evalusted in many, but not all, countries. There are a variety of
suitable tests available such as the Verhceff or Howard Dolman, Stereopsis is not
currently, measured in the RAF, but if adopted, scores of 8 out of 8 or 30 mm or better
respectively, wonld proovably be acceptable.

Glare Resistance and Dark Adaptation

Fighter pilots are confronted by a variety of glare sources, the commonest being the
o : sun. It has always been standard practice in aerial c¢»ombat, to position your atrcraft
4 . relative to your enemy so that he is comprliled to look close to the sun and thus suffer a
logs of visual acuity., Other glare souvces include electrical storms, explczions, strobe
u lighte, ground lights, searcn lights and that most potent glare source - a nuclear fire-
ball. Al) these glare aources can profoundly reduce visual acuity, contrast recognition
and hue discriminaticn, the decrement varying between individuals, in part, being related
to minor ocular pathology or ametropis. Ar the aye sqes, scatter sources in the med!a,
particularly the lens, rmultlply, increasing the degradation of the retinal image from
intra-ocular glare.

Dl T e

It is dessrable to protact avimtors from solar glare by tinted visors and by dynamic
thermal flagh protective devicesa, such ag lead lanthanum zirconate titanate (PLZT), when
exposed to nuclear fireballs. Tests for monitoring aviators glare resistance are not yet
T standardised but, it used, would involve the reading of a test target with an overlying

: glare source of variable antensity, ¥Wolbarsht (Ref 5).
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In medern fighter aircraft where instrument and CRT displays both white and multi-
<aloured must be interpreted correctly, the panel luminance rmust be sufficiently bright
for cones to function accurately (0.3-3.0 cd/m?). Ac this level external vision should
not be degraded to an extent incompatible with recognising terrain features or other air-
~ratft. It seems unecessary, therefcre, to monitor absolute rod thresholds, using adapto-
meters such as the Goldmann Weekers or Friedmann, Under some ~:.rcumstances it may be of
value to determine the recovery time from being flash blinded t¢ upper photopic levels,
to recovery to the cone/raod step junction of the dark adaptation curve,
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Hue Discrimination

It is common practice in many services to monitor colour vision by means of pseudo-
isociromatic plates such as the Ishihara, 1it with the correct illumipant. Shculd the
¢andidate fail to correctly interpret the plates he is given a ‘trade test' which requires
that he correctly name the signal colours of red and green and is also able o correctly
name white after having been shown 'white'. The test is performed using one of many lan-~
terns such as the Farnsworth, Holmes-Wright, Martin or Giles-Archer. The colours are
presented, in a darkened room, at different visual subtenses from a point source upwards.
Although the colours are presented randomly and confusional colours are sometimes added,
errors occur. There have been occasions when, perhaps by incorrect or hurried application
of the tests, personnel have been admitted to flying training who later prove to have an
unsafe colour defect., The tests in general usage only monitor red and green defects, they
do not monitor blue defects, although it must be gtated that tritanomalcus individuals
are uncommun, being only about 1% of colour defectives,
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Fighter aircrew mugst not only be able to distinguish red and green colours, cockpit
arrays, terrain features and ground lights, they must also be able to interpret future
generation cathode ray tube (CRT) displays, These displays use both unsaturated hues and
blue phosphorgs, Fig (3} shows the position on the C.I.E. Chromaticity chart of some of
the colcurs which may be used. The co-ordinates of these ~olours clearly demonstrate the
necessity of monitouring blue discrimination when cyan, lilac, blue and magenta hues must
be correctly differentiated. Although yellow, amber and brown colours are not monltored
by current colour vision tests, these colours are derived, on a CRT, from a combination
of the red and green phosphors. They should therefore be accurately interpreted by indi-
viduals with normal red/yreen discrimination.
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A test which serves to segregate personnel into high and low categories of hue dis-
crimination is the ‘Farnsworth-Munsell 100 Hue Test'. This test requires candidates to
sort coloured caps into their natural sequence to form i colour circle and enables the
candidates to be scored by monitoring the number and magnitude of their =rrors. fThe test
was not designed to separate personnel into those who can interpret CRT displays correctly
and those who cannot. 1t may, however, serve that purpose but trials would be necessary.
1t may be more profitable to design a CRT dexived colour vision test specifically to
monitor the hues in aviation uvsage.
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SENSIBILIYE Al COKTRASTE EN COULEURS
ET SELECTION DU PERSONNEL NAVIGANT
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RESUME

Par une mdthode psychophysique particuliére (fiable, rapirie), la foncticn de sensibilité au contraste
(FSC) en couleurs est testée systématiquement chez des sujets venant ds consyltation ophtalmologique. Aprés
une évaluation de cette FSC chez une population emmétrope, diverses amétropies sonL étudides. La
constitution du visucgramme quantifie pour chacue déficit ies modifications de & FSC, 11 existe une
altération pour les fréquences spatiales &levées (détails {ins) dans la couleur bleu chez les myopes et
dans la couleur rouge chez les hypermétrepes, Cette altération ast prapertignnellp au degré d'amétrapie. A
1'avenir, 1a mesure le la FSC et 1a quantification pur visuogramme peut etre 12 base d'un test de sélection
du personnel navigant (test global de la fonction visueiie). ’ LT T o -

1. IHTRODUCTION -~ POSITION DU PROBLEME

t

En aéronautique, ta détection de cibles met en jeu des contrastes trés variables et faibles entre les
différentes parties d'unc scéne visuelle. Peu de tests de sélection ophtalmologique interrogent ces
contrastes faibles. Quand cn mesure 1'acuité visuella (lettve nofre sur fond blanc), le contraste est
maximum et non variable. Seule la fonction de sensibilité au contraste permet facilement cette mesure.
L'intérét essentiel de ‘a fonction de sensibilité su contraste (FSC) de Juminance est 1'exploration de
détails visuels dont les contrastes sont trés faibles. ia FSC est un examen couramment pratiqué dans les
laboratoires de recherche sur l1a vision, Elle utilise e principe que toute scéne visuelle peut étre
décomposée en ses diverses fréquences spatiales. En utilisant des fréquences spatitles iuont le profil de
luminence est sinusofdal, on peut chez 1'homme par des iéthodes psychophysiques caractériser la FSC en
monochrome. GINSBURG (5) a été un des pionniers de 1'utilisation de la FSC en adronautique. De plus, selon
cet auteur, i1 existe une bonne corrélatior entre la détection de cibles et les caractéristiques de la FSC
monochrome.

En 1982, SEKULER et Coll. {12) mentrent I'intérét d'une telle méthode dans les tests adronautigues, et
i1s notent ley différentes voies de recherches, 11:¢ nroposent cet eaxamen dans la batterie de tests
opntalmologiyues. Parallélement, des outeurs comme HYYARINCN (7), COMERFGRD (3), ARDEN (1), FIORENTINI et
MAFFET {4) ont utilis& la mesure de la FSC dans le dépistage de pathologivs de la voie visuelle. COMERFORD
peut ainsi conclure sur le type de déficit viruel en fonction de 1'attein’e dans les fréquences spatiales
{anomalies de réfraction, névrite rétrobulbaire...). Cependant, excepté un petit nombre d'études dont
celles de KELLY (B), UOURDY et Coll, (2), MENU et SANTUCCI (10}, la couleur n'est pas un paramétre
couramment pris en compte dans 1'&tud: de la sensihilité au contraste.

Or, 1'utilisation de la c¢ouleur en aéronautique est un fait incontestable comme en témoignent les
cockpits des séronefs les plus modernes tant civils que de combat. le; concepteurs de ces systémes
définissent les couleurs en assumant que le pilote présente une vision des couleurs normales. Or,
indépendamment des dyschromatopstes, de nombreuyses anomalies visnelles peuvent avoir un reternvissement sur
1a vision d¢ symboles colorés,

Il faut noter que tous les examens de dépistage d'ancmalies de la vision des couleurs mettent en oeuvre
des tests ou la couleur n'est pas supportée par une forme représentative de celles qui peuvent étre
rencontrées en aéronautique. De plus, les stimulations colurées sur de tels systémes sont des sources
primaires émissives, La plupart des tests de dépistage des anomalies de Ta vision des couleurs sont la
plupart basés sur des sources secondaires pigmentaires. Des tesits dont le support est un tube cachodique
couleurs, sont alors des moyens plus proches des 3ituations couramment rencontrées sur les tableaux de bord
é&lectroniques.

Tous cee faits ont motivé des travaux concernant la FSC en couleurs. L'étape rapportée ici concerne
1'8tahlissement de courbes de ¥SC chez les sujets normoux et 1'effet des petites amétropies sur colles-ci,

Cependant avant d'exposer ces principaux résultats, 41 nous faut avant tout présenter 1les
caractéristiques essentielles d'un test de sélection visuel et 1a méthodologie utilisée pour obtenir la FSC
couleurs des ¢ifférents patients.

2, CARACTERISTIQUES D'UN TEST DE SELECTION VISUEL

Un tast de sélection a comme finalité premiére de vérifier ¢4 le candidat & un travail particulier a
bien Tes aptitudes pour effectuer l1a tache. A un deuriéme degré&, si les candidats sont trop nombreux, i1
doit autoriser le shola dé ceux possédant les meilleures caractéristigues. Le test de sélection doit donc
répodre & ur certain nombre de critéres :

- Tester une fonctinn pertinente pour la tdche considérBe. La function ce sensibilité au contraste
permet d'évaluer les performances du sujel. en matidre de ditection de contrastes de valeurs
différentes, Lr des paramitres de détection d'un avion dans le clel est fondamentalement le
contraste de cette cible sur le ciel. C'sst une tache de type classe 2 dans ‘a classification
6tabl1e par SEKULER (12), )
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- Le test de sélection doit étre fideéle, c'est-d-dire donner les mémes résultats pour des sujets
ayant les mémes caractéristiques physiclogiques ou pour un méme sujet. La corrélation est alors
a faire avec des batteries d'autres examens caractérisant la fonction visyelle,

- 11 doit @tre sensible et autoriser des discriminations trés fines,
- 11 ne doit pas prendre trop: de temps,

- Par ailleurs, en dehors de ces carsctéristiques essentielles, propres & un test quelconque de
dépistage, un test de sélection visuel pour pouvoir 2atteindre une certaine diffusion et par 13
méme une utilisation courante, doit &tre de manipulation aiske par 1'expérimentateur et donner
des résultats facilement utilisables et exploitables pour le médecin,

3. METHODOLOGIE
3.1. PRINCIPE GENERAL

La mesure de la FSC rapportée dans ce travail met en Jjeu des méthodes psychophysiques, Ces
méthades sont le moyen le plus rapide de mesure de la FSC. Les mesures objectives sont en effet diffficiles
4 manipuler, utilisant 1'@léctrophysiologie, et outre le temps d'examen, leur reproductibilité n'est pas
assurée,

Quoiqu'il en soit, quelle que soit la méthode utilisée, le terme fonction de sensibilité au
contraste doit étre expiicité. En effet, sous le méme terme, selon les auteurs et les laboratgires, des
élém its variés de la stimulation visuelle sont étudiés. Les fonctions de sensibilivé au contraste sont
mult.ples, selon les é&léments de la stimulation que 1'on fait varier (couleur, fréquence spatiale,
fréquence temporelle, excentricité dans le champ visuel, stimulation stable ou en mouvement). Airsi bien
que souvent la stimulation &l&mentaire soit une alternance de bandes claires et sombres (les réseaux}, ces
réseaux peuvent étre présentés de maniére stablc ou en mouvement, en couleur ou en monuchrome, en visicn
centrale ou en vision périphérique. Ici sera seule é&tudide la fonctinn de sensibilité au contraste, en
vison centrale, pour des réseaux colorés stables,

3.2. LA STIMILATION

Des réseaux sinusoidaux stationnaires rouges{x = 6.674, y = 0.296), verts{x = 0.375, y = 0.544),
bleus (x = 0.144, y = 0.069) scnt présentés verticalement ou horizontalement sur des tubes cathodiques
couleurs haute résolution dont la fréquence de rafraichissement est de 50 Hz. Doyze fréquences spatiales, 6
verticales et 6 horizontales de 0.01 cycle/degré & 13,5 cycles/degré, ont été testés.

La lyminance moyenne est de 40 ¢d/m2. La valeur du contraste est obtenue & partir de la formule

- .
de MICHELSON Lmirn - Lmax

imin + Lmax

En effet, pour obtenir ce cortraste, on module la luminance de la stimulation entre une
luminance maximum et une luminance minimum de part et d'autre de 'a luminance moyenne,

3.3, MEIHODES PSYCHOPHYSIQUES

Deux méthodes psychophysiques ont été évaluées successivement afin d'#tablir un choix répondant
au mieux aux critéres des tesis définis précédemment.

3.3.1. Méthode d'ajustement automatique

Dérivée de la méthoge d'ajustenent montant classique décrsite, elle avait &té mise au point pour
une étude fondamentale ae Ja FSC (MENU el SARTYCCI (10)), L'accroissement du contraste & pertir de la
valeur 0 est automatique, piloté par le calcilateur. Le pas d'incrément est de 0,0025.

Le sujet répond avec un levier dés qu’il pergait le réseau. 11 donne 1'orientation, verticale ou
horizontale en poussant le levier dans le seny du réseau pergu.

3.3.2. Méthode dichotomique

C'est wune wméthode & choix forcé, Elle est dérivée des méthades de double escalier
psychophysique. Parfaitement adaptée 3 un examen piloté par ordimateur, elle permet en 10 présentations da
contraste différent (figure 1) de définir le scui! pour une fréquance spatiale. A 1'origine, elle fut
retenue pour pouvoir contrdler le temps de présentatinn du test. Par ailleurs, elle permet un examen plus
rapide que la méthode d'ajustement.

3.4.1. Courbes de sensibilité

£ partir des valeurs seull de contraste obtenues pour chanue fréquence spatiale, 1a
représentation dey donndes la plus courante est 13 courbe de sensibilité au contraste exprimée en
coordonnées log-log en fonction des fréquences spatiales. Cela consiste & positionner les valeurs brutes de
seuils.

3.4.2. Les visuogrammes

Une deuxiéme analyse apporte des résultats exploitables plus Facilement pour 1'ophtalmologis e.
Etle permet de plus en plus une quantification des données par rapport & une référence. La différence entre
les seuils des diverses fréquences spetiales, L'attBnuatfon ou le gain par rapport & cette population
normale 25t calculce poueschaque fréquence spstiale selon la formule
G = 10 log oF Cs contraste du sujet
Cr contraste de la populatinn de référence
En accord avec LUNDH et ARLINGER (9), c'est le . isvogramme (figu.es 4 et 5).
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Cette pratique offre 1'avantage d'une quantification immédiate du déficit exprimé soit en
décibels, soit en pourcentage d'atténuation par rapport & la normalité. C'est actuellement cette analyse
qui nous sembie 1a plus intéressante dans le cas d'un test de sélection dépistage.

3.4.3. Expression des résultats

Dans t'expression des résultats, nous mentionnerons respectivement les deux techniques. La
premiére donne des valeurs absolues de seuil ; la seconde des valeurs relatives.

3.5. LA POPULATION ETUDIEE

Tous les sujets examinés ont subi un examen ophtaimologique clinique et les &preuves
fonctionnelles pour la vision des couleurs, vision binoculaire, vision nocturne, eic...

En effet, ce sont des pilotes ou des candidats pilotes. Chaque fois, une skiascopie sous
cycloplégique a été pratiquée pour déterminer la réfraction des sujets. Ainsi, en fonction de ces donnges,
trois populations sont distinguées :

- Les sujets dont la fonction visuelle est normale dans tous ses é1éments. I1s sont emmétropes,

- Les sujets dont ia fonction visueile est normale excepté une amétropie banale,

Les sujets présentant des pathologies diverses.

4. RESULTATS
4.1. COMPARAISON DES DEUX METHODES D'EXAMEN

Cette étude a donné 1ieu 3 une pubiication soumise & aporobation dans Investigative Ophtalmology
and Visual Science. Elle a montré que la méthode pas & pas &tait parfaitement adaptée & la finalité exposée
ici & savoir la sélection, Elle est fid2le chez un méme sujet, des examens r&pétés donnant les mémes
seuils. Elle est plus vraie que la méthode d'ajustement car les sensibilités au contraste observées sont
plus élevées qu'avec la méthode d'ajustement.

E1le est nlus rapide cer les sensibilités au contraste pour un ceil et pour trois couleurs sont
recueillies en 15 minutes.

4.2, COURBES DE SENSIBILITE Ay CONTRASTE

4.2.1. Courbe de référence - population emmétrope

A partir des données recueillies sur 16 sujets emmétropes, on peut tracer une courbe de
sensibilité dite "témoin". Eile est indiquée sur les figwes 2 et 3. Sur res figures, la valeur moyenne du
contraste pour chaque FS est matérialisée ainsi que la dispersion de 1 &cart-type autour de cette valeur
moyenne.

- D'emblée. 11 est intéressant de remarquer que 1'optimum de sensibilité est situé pour les 3
couleurs & 2 cycles/deyré pour les réseaux verticaux,

- La couleur verte est globalement mieux vue que le rouge et le bleu qui sont trés proches 1'une
de 1'autre.

- La dispersion des données est voisine ponr chague fréquence spatiale d'une couleur & 1'autre,
Les résultats de chague sujet, adressé par 1'ophtaimologiste, peuvent étre positionnés sur la
courbe, par rarvort aux valeurs de la population témoin. Cela permet d'avoir une premidre évaluation de la
fonction visuel le et de déficits particuliers s'ils existent,

3.8.2. Courbes de sensibilité des sujeis améiropes

Aprés 1'examen de plus de 100 amétropies diverses, Tes résultats les pius importants et les plus
nets sont les suivants :

- I1 axiste une diminution de 1a F au bleu dans les hautes fréquences spatiales pour des sujets
myopes. La coupure hauce est décalée vers la gauche.

- La FSC au rouge est diminuée dans les hautes fréquences spatiales pour des sufets hypermétropes,

- Des astigmatismes présentent une asymétrie vertical-horizontal hbeaucoup plus margube que la
population “normale”.

- Associé & cette altiration dans les hautes fréquenzes, 1'optimum de sensibilité est abaissé et
décalé dans les fréquences spatiales pius basses (passage de 2 3 1 cycle/degré), En somme,
1'altération ne touche pas uniguement les hautes fréquences mais aussi les fréquences moyennes
dont 1a discrimination du contraste est diminuge,

4.3. GOURBLS D'ATTENUNTLON - VISUOGRAMMES

4.3.9, Visuoyrmmes des ewmbiropes

A partir des résultafs bruts sur les différents sujets emmétropes, 11 a &té possible d'établir
des 1imites d'atténuation en fonction des fréquences spatiales pour chaque orientation et chaque couleur,
Ce sont ces Timites qu! sont indiquées sur les coyrbes d'atténuation des figures 4 et 5,
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La ligne la plus proche de 1'axe ces fréquences spatiales, en trait plein, indique 1a limite des
valeurs d'atténuation pour 1 éecart-type et 2 &carts-types. On pourra donc considérer que toute valeur
inférieure a cetie 2&me zone est hors de la zone de normalité, Plus la valeur d'atténuation sera &loignée
p de cette zone, plus le déficit sera important. Une quantification est possible a& partir de ia valeur méme
: de cette atténuation exprimée en décibels.
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4.3.2. Visuogrammes des amfitropes

. Les figures 4 et 5 indiquent pour les myopes forts (plus de 4 dioptries) et les hypermétropes,
! . ces visuogrammes pour les couleurs bleu et rouge.

- Four les myopies faibles (inférieures & 2 dioptries), le déficit intéresse pour la couleur

bleu exclusivement les fréquences spatiales &levées. Les fréquences moyennes et basses (inférieures & 1

! cycle/degré) re sont pas modifides, Pour les couleurs vert et rouge, cette atténvation des fréquences
; élevées ne dépasse pas la limite de 2 &carts-types.

i - Pour les myopies fortes {supérieures a 2 dioptries) et Ya couleur bleue, seule 1a plus basse
fréquence spatiale n'est pas altérée, L'atténuation est ensuite d'autant plus forte que 1'on augmente les
fréquences spatiales. Une atténuation de plus de 10 db existe méme pour les fréquences les plus &levées,
Les visuogrammes des couleurs vert et bleu sont beaucoup moins perturbds. - -
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- Le visuogramme pour la couleur rouge des sujets hypermdtropes est représenté sur la figure 5,
Pour cette couleur rouge exclusivement, on trouve une atténuation des fréquences spatiales &levées, En-
dessous de 1 cycle/degré, il n'existe pas de modification de la FSC. Pour les couleurs bleu et vert, les
hypermétropes ne présentent pas cette aitération. Cette altération globale moins nette que pour les myopes
peut s'expliquer en partie par le fait que ces hypermétropes tectés présentaient das déficits moins
importants (inférieurs & 2 dioptries). S - B I

N L AT

4.4, RESULTATS SUR DES PATHOLOGIES OPHTALMOLOGIQUES

Bien que présentés en dernier ici, ces résultats ont ét& obtenus en premier. Cent pathologies
ophtalmoiogiques diverses ont eu une mesure de la FSC couleurs par la méthode d'ajustement montant

Wl N

succession des images au sein d'une série expérimentale, avec 1'introduction entre chaque image test cclord
d'une image blanche au méme niveau lumineux, évite 1'épuisement ou 1a siderst’.n du type de photorécepteur
interrogé. lLa gamme des fréquences spatiales ut’ iséec est &tendue, cruvrant un domaine qui n'est pas
toujours exploré au sein d'un méme examen,

L'utilisation de tubes cathodiques couleurs assure une standardisation et une calibration dans
Tes caractéristiques physiques de la stimulation visuelle, ce que les tests papiers comme les planches
d'ARDEN ou VCI CHART ne peuvent assyrer. Le champ du tube couvre 8 degrés et permet d'interroger
globalement toute la vision centrale. Intégré dans un environnement contrdlé, i1 assure une calibration et N
une stabilité de 1a stimulution visuelle, ’ '

Tous ces &léments en font un test tiable, facile & mettre en oeuvre, pour des sujets naifs “tout St
venant" de consultation ophtalmologique. Son temps de passation relativement court n'est pas pénalisant
pour 1'intercaier dans une batterie d'examen dans le cadre d'une s&lection ou d'un dépistage d'anomalies de l;

g automatisée. De par 1‘'existence de pathologies, les déficits de la ©3C sont beaucoup moins systématisés sur -

H une couleur et pour les diverses fréquences spatiales. Cependant, les résultats les plus pertinents E

H concernaient les amétropies associées d une pathologie, Les myopes présentaient un déficit pour le bleu kS o
i £ dans Tes hautes fréguences spatiales alors que c'était pour le rouge chez les hypermétropes. C'est pour ‘3

14 cette raison que lors de la deuxiéme étude, les ambtropies nnt été systématiquement étudiées sur une 3

2 population globale 1a plus homogéne possible.

% 6. DISCUSSION

H Deux niveaux doivent étre distingués : la méthodologie elle-méme et les principaux résultats. ‘

- ]

i 5.1. SUR LA NZTHODOLOGIE f

; 1 Au cours des enregistrements successifs de la FSC couleurs avec les différentes méthodes ,‘

i psychophysiques, la méthode dichotomique pas & pas est celle gui apporte les résultats les plus cohérents, }

i les plus précis et les plus fiables. De plus, elle apporte des résultats facilement exploitables pour un ;

1) temps d’examen court {mains d'une demi-heure pour les 3 coulaurs primaires}. Avec cette méthode, la i

—~trmie

la fonction visuelle.
On peut attribuer cela au fait que la présentation utilisée ne comporte pas qu'une seule coulcur

at que 1'examen Tui-méme dure un temps négligeable. Le sujet ne peut donc pas compenser un petit déficit v
latent pendant toute 1a durée de 1'examen. La méthodologie sensibilise le petit défaut de réfraction. o
La diminution de sensibilité aux hautes fréquences pour le bleu chez les myopes et le rouge pour B

les hypermétropes, est sans doute 1iée en majeure partie 3 1'aberration chromatique de i'oeil. Le bleu
convergeant en avant du plan rétinien sensibilise une myopie latente. L'hypermétrope quant & lui verra
moins bien le rouge puisque ce dernier converge er arridre du plan rétinien,

On peut avec 1a méthode de mesure pas & nas de 1a FSC couleurs, parler véritablement de test de .
sélection du personnel navigant. Les courbes indiquent 1'état fonctionnel de tout le systéme visuel, e
D'aprés la remarque précédente, la couleur est un &lément essentiel puisque 1a FSC en noir et blanc ou en
monochrome vert n'aurait pas pu étre ausst fine et indiquer de petits déficits latents.

Cependant, un grand nombre de sujets différents doit étre passé afin d'établir une véritable
étude epidémiologique des fonctions de sensibilité au contraste. £lle devient alors essentiellement un
probléme intime entre chercheurs et cliniciens, mais aussi un probléme de temps d'examen afin de constituer
les différents groupes de référence.

5.2. SUR {£S PRINCIPAUX RESULTATS

Outre 1'intérét global de 1a FSC déjd montré par afilleurs (GINSBURG, SEKULER), 1'intérét de la
couleur dans 1a mesure de 1a FSC est mis en évidence par certains résultats,
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Méme chez les emmétropes, il existe une meilleure perception pour la couleur verte. 51 la courbe
vt&moin" n'a &té Atablie que sur 16 sujets, celd tient & plusieurs faits, Nous n'avons retenu pour
1'&tablir que des sujets pré&sentant des courbes de semnsibilité parfaites, sans aucun point "aberrant®. Par
ailleurs, certains sujets voyaient parfaitement 1'gcran. Placés 2 1,30 métre de celui-ci, ils pouvaient se
trouver génés par la trame télévision et répondaient plus & cette trame qu'aux réseaux présentés. En
quelque sarte, possédant une acuité visuelle trés &levée, malgré la présentation des différents types de
réseaux avant 1'expérimentation, 115 répondaient & la trame du moniteur et non A ces réseaux, A 1'avenir,
un nouveau compromis distance de vue du lube, angle de vision de ce tube, gamme de fréquences spatiales
devra étre trouvé afin d'éliminer cet effet pour les sujets emmétropes.

Dans certains cas d'amétropies, les courbes de FSC pour le rouge et le bleu ne sont pas
similaires a celles du vert.
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COMPUTER ANALYSIS OF VISUAL AND VESTIBULAR OCULOMOTOR
FUNGTTOM IN THE MFDICAL SELECTION OF FIGHTER
. AIRCREW MEMBERS

Ja.as W. Woife, Ph. D., Edward J, Engelken, M.S., and
“Lennith W, Stevens, B.S., USAF School of Aerospace Medicine,
Neurosciences Function, Brooks AF3, TX 78235~500C, USA

i
'

SUMMARY

This paper reviews methods for evaluating visual and vestibular-oculomotor funetion in aircrew

. m:mbers. Three specific tests are deseribed: (1) pursuit tracking, (2) harmoric angular acceleration,

and (3) saccadic i -aci:ing. In all of these tests, on-line computer analysls is used to quantify and
describe the input/output relatifonshipa. An example of clinical data from pursuit tracking and harmonic
avgular acceieration tests ror a patiert ' 1th known pathology are used to demonstrate changes in test
results. The major point of this paper ls that {t is now practical to evaluate oculomotor function in
pilots and alrcrew members selected for fighter aireraft duty.

1t 15 obvious that vision and visual-vestibular oculomotor control are eritical sensory systems in
air-to-air operations, and that fighter pilots differ i{n the'r abllities to acquire and track targets.
Therefore, it would appear important to determine if oculomotor performance may be a relevant factor in
determining these differences, Furthermore, if a model can be developed that characterizes the
distinguiching features of oculomotor performance for the superfor pilot, it may be possible to train
ali pilots to improve their abllity to proness visual input in a dynamic environment.

Within the paut decade, a number of quantitative tests of oculomotor-vestibular function have been
deveioped (1,2,3,4). Two of these procedures, a teat of pursuit tracking and one using harmonic angulapr
acceleration, have alao become commercially available and are presently being conducted at over 40
medical centers worldwside. A3 a result, a large vbody of norma.ive and clinical data nov exists for
these particular tests. Within the United States military, only Brooke Alr Force Base and Wilford Hall
USAF Medical Center have developed or acquired the capability to perform these tests. Ricently, the
Neurosciences Functicn at USAFSAM has also developed the methodology for totally characterizing the
saccadic (fast) eye movement system. These three tests (pursult tracking, harmonic angular
anceleration, ang saccadic tracking) can be accompilsivd 1o approximat.ly ' ~1.5 hours. The finzl
product. 18 a comprehensive and quantitative description of ind{viduals' visual-vestibular-oculomotor
gyatem.

It is the purpose of this paper to show that if such information were available for all pilots and
aircrew membars selected for fighter alrecraft duty, longitudinal studies could be accomplished and these
varjables correlated with performance, In addition, a standard wculd be avallable to datermine if
clinical pathology {9 develcping related to these systems.

RATIONALE OF OCULOMOTOR EVALUATION

Since visual and vestibular-~oculomotor function use common neurclogical pathways, both 3ystams
require precise quantitative processing of zensory input in order for the individual to acquire and
process visual information. 1I%¢ 18 well known that the visual cculomotor system is a low frequency
system which functions in the range from DC to approximnately .5 Hz, whereas the vest{tular oculomotor
ayatem {8 a high frequency syscem and can provide a stabilized retinal image from .1 - 5 Hz. Therefcre,
if a target moves at a velocity exceeaing 57°/s the average individual wili bs unabls ¢ properly track
the target unleas he generates "catch-up" saccades, If, in addition, he {3 also belng subjected to
either high leve]l angular or linear accelerations, his static and dynamic visval acuity will be
compromised by the interactive effects of veatibular nystagmus and counter-rolling of the eyes. An
extreme case, {s the departure from flight which can occur in swept-wing high performance aircraft. In
the case of the F-15, "fThe alrcraft can transit from intentional, controlled reoll rates in exceas of
180%/8 alnost instantaneously (%)%, 1In thils situstion, 1t would be functionaliy impossible to process
any spatlal visual information. Since nilots are being exposed to acceleration environmentsa which
exceed the dynamic range of the oculouotor system, it would appear imperative to determinc the
parametars of vlsual and vestibular-ooculomctor function in these (ndividuala,

METHODS OF EVALUATING PURSUIT THACLING

Most laboratc¢ '{es generate a visual target by deflecting a cullimated beam of light from a low-powar
laner off a mirror gavanomater. Jn our cape, the target is a spot of red 1ight (032.8 nm) subtending
vi..al angle of 1%' at the cornéa. The spot s reflected onto a rear projection screen and deflected ¢
10¢ in the norizontal plane §in order to chbiain calibration signals for both the tndividual eye and
summated eye position electro-ocuiographic (ENG) sigrnals, Eye movements, in responee trs sinusoidal
targat motion, ara obtalned for tnree viewing conditicnss (1) both eves tracking, (2) left eye iracking
and (3) right eye tracking. Eye movemant signals are than fed to a PDP-11/34 digital compuver [or
cn-1in2 data analysia. Using auto- and c¢ri.3s-power spoeclral Lecrniques, gain, pharne and spactral purity
are calculated for eash eye as well as for the symmateu record for each of the three stiralus
conaitior . This results {n a sel of nlne measures for eazn stimulus cond fon.  Since wag JdLrficuit
to interpréet the data in numerical form, a three-axis piceterial plot was dev. loped to di ,lay the data
in auch a manner that a piot of perfect tracking results in &n eyullater.. triangle, Cai 15 the
auplitude of the eye position sifnal compared Lo the amplitude of the terget displavement, while phasc
is ths time relatfonnnip between eye and Laryet position; trene btwe measvres are falirly easy Lo
understand, However, spactral purity »ppeary to be a more confuping term, An example of & spectrally
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pure stimulus for other sensory modalities would be monochromatic light or a pure-tone stimulus, since
in the frequency domain, all of the stfmulus power is atl a single frequency. The mrasure, spectral
purity, is the ratio of the output power at the stimulus frequency to the total output power. For
example, t{f a target is moving sinusoldally at i Hz and the eyes track exactly at this frequency, then
100% of the respoinse is at the input frequency and the ratio of the output power at the stimulus
frequency to thie total output power would equal one. It follows Lhat cutput power at frequencies other
than the input frequency will lead to a decrease 1in spectral purity. This distortion 1s typically due
to the eyes tracking in a saccadic rather than a smooth manner. Originally we performzd a parametric
study vith 21 normal male subjects using single frequencies from .2 - 1.6 Hz. These stimull had peak
velocities ranging from 12.5 - 100.5%/s and peak accelerations from 15.8 - 1,0119/82, The important
finding was that some subjects could track the target almost perfectly at the h!ghest frequency tested
(3). 1t became clear that all normals could adequately track a2 target moving at .4 Hz and this stimulus
frequency was adcpted as a standard for clinical evaluations. Figure 1 shows the data plots from 21

normal subjects,

MORMALS N=21

RIGHT
SPECTRAL PURITY
I‘
LEFT _,’l,“ &)
9 . 1
PHASE GAIN
SUM

S0TH EYES TRACKING LEF - EYE TRAGKING RIGHT EYE TRACKING

F-4 K

Figure 1. Pletorlal plots of purault tracking data, F = U4 Hz., Shaded area equals 10th and
90th percentiles for 21 normal subjects. (From Reference 2, reprinted by permisaion of Annals
Publ:ishing Co,, 5t. vouls, MD, 1984)

During he past B yoars, we have evuluated over 2000 carefully selected patients referred by board
certif:ad claryr.2lopists, neurologista, a, ° neurn-opnthalmologists from the USA+3AM Aeromedical
Conw jtaticn Service and Wilford Hall USAF Medical Center. Th: majorivy of these patients were referred
f~r «va’uatlon of peripheral pathology related to irner ear function., Fortunately, we were able to test
many of ‘hnse patienta bLefore and after surgiral procedures such as the removal of accustlic neuromas or
endolymphatic shurt proredures; and a f{uw selected patients were evaluated annuully for up to 6 yesrs
postoperatively. Flgur ? shovs Lracking data feom a parfent wnc had a modrrate size (2 - 2 1/2 cm)
porting angle turer. T patiznt had asught medlical :dvice in responae to an apparent dacrement in
heartng {n his rignt ear. Although he nad no veztitular symptoms, caloric testing revealed a 30%
uniila.eral weakness on the -1ght alde; “cwever, rotatlional test renults wers within normal limits. His
pursuit tracking showed a sipnilicant decpement §: speotral purlty and phase relatjionships were 'n error
when tracked with nla right eve. AL the vime of surgery, the tumor was found to be attaciied to the
brain stem juct below the V crania! ~arve and jt wes comgressing tLhe pons. iyhen tested 1 week
post-gurgery, his pursuit *-><! g ~t11 showed a decremert in spuectral purity whern tracking with the
right eya and tnere w - an inrrease in the gain of his eye movements especlally with both eyes tracking.
Howevar, the phaze relatlonships when tracking with tLhe right eye were now within no-mol limlits. Figure
2 shuws he hud almoat pertect tracking u: 1ap ail ¢onditlons when tested S monthas post~surgary., This
~ape clearly shows ti.e Importance of ev: iating pursull traoking monocularly in order to revesdl sither
.-A7enital or pathological asymmetries -’ the oculum.tor systeam. v o v
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RUHT SPECTRAL PURITY
1
NS
s ,
LEFY / ~1
PHASE GAIN
PRE SURGERY
" s {1) POST SURGERY -=-==

{2) POST SURGERY — - —

B0TH EYES TRACKING LEFT EVE TRACKING RIGHT EYE TRACKING

F-4 Wz

Figure 2. Pre and Post surgical tracking data from a patient with a 2 = 2,5 ¢m right acoustic
neuroma. (1) 1 week post surgery; (2) S munths post surgery. (From Reference 2, reprinted by
permission of Annals Publishing Co., St. Louin, MO, 198%4)

METHODS OF EVALUATING SEMICIACU .AR CA! FUNCTION WITH HARMONIC ANGULAR ACGELERAS LON

Although rotational testing (angular acceleration) has been used for many years in atcrempts to
evaluate horizontal semicircular canal function, aduquate techniques were not avallable ¢ uantify the
relationships between the lnput and output., With the introduction of reiiable DC torgue motor driven
turniables and tre application of digital computers tc frequensy domain analysis, it tecame posaible to
apply more sophisticated techniques in the evaluation of semicircular canal fun2iion. As most people
are aware, the function of the semicircular canals i{s to pruvide an {nput ts ths cculomotor system such
that the eyes are driven in a compensatory manner in response Lo ang:lar accelaration of the head,
[deally, eye velocity and hezd veloeity are egual and cpposite (180° cut ot phaze) leadirg tv a
stahilized retinal image., Au previously mentioned, the vestibular svstenm is a high frequency system (.1
-~ 5 Hz) and complements the visual pursult .yslem. However in order to eliminate the influence of
vision on the oculomotor system, vestibulir testing is conducted In the dark.

Slnce the normal semicircular canal - vestibulo-oculomotor system 1s a llnear system, it is
practical to evaluate it with lineuar syatem analysis technigues., As In the case of pursuft tracking,
the same variables of guin, phase and spectral purity are of primary interest. 1In addition, since
sinusoidal arcelrration is symmetrical around zero, it 18 possible to measure the left-right asymmetry
of the veatitlc-ocular reflex (VNDR), Rotational testing as ceveloped at USAFSAH tnvolves Lwo optiong:
either single sinusoids ranging {n frequency from .07 - ,16 Hz or a sun of sinusolds from .01 - .27 Hz
are used as stimuli. 1.1 our earlier studies (6,7,8) +e werz able to show that even with the 1usz of one
labyrtnth, the VOR was within one standard deviation of the normal range at .16 Hz. Yuwever, zt lower
frequencies phase shifts showed a significant deviation from the normal values (see Figure 3). The data
of Figure 3 are frun the same patient discussed under "pursuit track/ng". Since thic patlent was
statfoned at USAFSAM ror over 3 years, it was possihbl: .. ‘epeatedly evaluate him. Furthermore, as
rreviously mentioned, prior to surgery he had no symptoms other than a unlialeral hearing loss; Was
reasonavly young (40 years c1d), in good health, and very active in sports. Prior to surgery, his
tested jhase relationahips were at the normal mean values ahbove .00 Hz and chowed a slight deviation
from the nerinal mean values at .61 and ,02 Hz bul were still within normal atatistical limits. He also
had an arerage directional preponderance of 10% to the left which 13 within one standard deviation for
‘ormal subjects, The sudden loss of one labyrinth due to sectioning of tho VIIIth nerve during tumor
ramoval, laada £0 dramatic ohanges {n the YOR Ip thoae (ndilviduals who =ti1) have considerablc
horizontal canal function prior to surgery. As shown In Figure 3, one week after surgery this patient's
Fase relationships were still normal at .16 liz. However, as the stimulus frequency decrcasad below ,16
Hz his responses deviated over two standard deviatiuns from the nernal means. At Lhis period in time he
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Figure 5. Datu from the sam: patient before and after tumor removal fn response to harmonic
angular acceleration. ({(From Reference B, reprinted by permission of Academic Press, New Ycrk,
NY, 1984)

also had a 50% preponderance to the left. Although his responses to rotation became symmetrical with
time, the phase deficits were permanent. Unfortunately, 1 week prior to his 3-year poat surglecal
evaluation he suffered a sever: retinal detachment {n the rignt eye. As shown in Figure 3, this was
reflected ae an increase Lln deficit of his phase measures at .08 and .16 Hz and a loss of response
symmetry. These results imply that compensation is an active proceas requiring Linccular visual input.
The phase measures show tne least variability botween subjevts and within subjeets, and were repeatable
withli 4 few degrees. Thus, the major advanLage of this type of testing ia the ability to detiraine
changes in the VOR. Although the phase measures are correlated with pathology, they are 1lso normally
distributed; iherefure, if. wouid bn ideal to have a standard test rfor all alrcrew members in ordep to
determina early loss of functisn as reflected in subsequent testing.

EVALUATION OF SACCADIC (FAST) EYE MOVEMENTS

Since tne generation of saccedic sye movements Is under both cortical and reflex control the
movements reveal aspsuts of the oculomutor aystem that are complementary to the alow pursuit andg VOF
systems. Our present test uses bindcular infrared refloctance techniques %9 acquiras the eye mo. meats
and anzlysis of Lhede data is performed on-line by computer. Eya movemenis are regorded binocularty for
three tracking conaitions: left eye tracking, right eye tracking, =nd boih eyes tracking. Target
motion ls in discrete jump< ranging in amplitude r'rom 5° to 40°, and beih the time of the move and its
amplitude are randomized.

Eye velocity 13 caiculated frum the aye position siyra‘a and the resultiiy records are scanned by
the computer to loca%e all aaccadic ese muvement.s made In rezponse to each .arget displacement. Sacoade
amplitude, peak velocity, pesk aresleration, peak develeratlon, duration, aml lJatency are celculated Tor
euch eye riovement. The functicnal dapendu-c2 of Lhese variables on sithor target amplituds (latency ard
oacoadu amplitude) or eye movement amplitude (velocliy, .suelerution, -eszeleration, and duration) are
determined by regreasion analyaie. A nonlinear regression io used tc represent the peak velouity, peak
acceleratior, and peak decsleraticn relationships, pata are an»lyzed for sach eye separately and
further divided {nto abducting and adducting movementa. 7The reasults of these wnalyses ars presunted in
graphic form to aid interpretution (see Figure 4),
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Figure 4, Binocular data from a normal subject in response to nonpredictable, discrete target E
s movements. %
;
%
] DISCUSSION H
{
It is apparent that there are methodn available to adequately describe both visual and vestibular ]
= eontral of oculomator funetlon in normal alrcrew membera. Although sclentists in various countries of
. the world may be using different experimental designs, their goals are the same - to more rigorously ‘
describe and quantify the input/output relationships.
) Since it {s not known if there la a high correlation between oculomotor function and visual
- perception, there 18 still a need for continued bdio!c research, espscially in the area of dynamic visual
S aculty. For example, one individual may be able to track a target at a higher velocity than another yet
o have the same threshold for identifying moving targets. Data from pursuit tracking studies show clearly

o that the use of purely binocular tracking tosts does not reveal asymmetries and differences that exist
. : with monocular inputs. Although all military pilots are presumed to have normal binocular visaal .
B function, targets and visual information often fira'. appear in the perlphery ¢ visual field o’ one eye. -

1o Some pllots qan yuickly acquire alrcraft while others, even with directions, have difficulty in finding
the target. Althcugh this sitiution is confounded by searching technigues and probabilities, the
Question still remains as to whether cculomotor dynamics play an important role ip this ability. o

Ir the case of ventibular-oculomotor function, methods are available to obtaln quantitative and
reliable informaticn relsated to horfzontal canal funetion. Since it 18 not known what the immediate or
long-term effects of sudden onset high g exposure may be on the labyrinth, it is important to have at
least one medical e‘aluation standard related to vestibular function, Since the phase measures uf the
YOR are bignly repealabiie williln subjecls bul normally Sistributcd bétwe.n sudjects, the best situation
would be to have a standard set of test results for each individual. Furthermore, although high
performance pilots may be selected for excellent health, eventually some percentage of them will develop
pathology related to the vestibular apparatus, wWhen that occurs, results from a rotational test
performed prior to any impairment would be sxtremely valuable.
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The use of data from any of these tests to predict performance i{s problematic si{nce there is

, : presently no standardization of techniques between ¢ivilian or military laboratorics, In additien,
H since these tests royuire sophisticated data acquisition and anaiysis systems, the evaluation of alrcreu
H . members would have tn be gentralized by the various secrvices and countues.
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VISUAL CAPAEILITIES RELATED TO FIGHTER AIRCREW FERFORMANCE
IN THE F-14 AND ADVERSARY AIRCRAFT

W. A. MONACO and P. V, HAMILTON

NAVAL ALROSPACE MEDICAL RESEARCH LABORATORY, NAVAL AIR STATION,
PENSACOLA, FLORIDA 32508-5700, USA

SUMMARY

Standards for aviation persoanel should be lased on capacities for performing critical
tasks. The purpose of this study was to determine whether scores un task-relevant visual
tests could be used tq predict air-to~air target detecticn performance of pilots involved
in air combat maneuver (ACM) training. . .

e B )y g

NAMPL has developed a series of avtomated visicn tests in a mobile field laboratory
located at a Tactical Air Combat Training System (TACTS) range, A computerized telemetry
network provides extensive rxeal-time data on observer and target aircraft flight
dynamics, anG environmental parameters. A pilot's performance on each ACM engagement
was measured by the slant range at the instant he zighted a target aircraft. (Slant
range is the distance separating observer and target aiicraft, inclusive of altltude
separation. )

Preliminary analyses show that about 30% of the variance in slant range is
accounted for by flight dynamics, environmental parameters, and vigion data.

(L TSR

INTEODUCTION

Traditional selection and retention standards for Navy aircrew members are based
upon clinical consideration of good health, and functioning of independent «.yan systems.
These standards have been derived from established rigmrous physjiological criteria that
have been used for clinical diugnostic purposes by highly spacialized health care
practitioners. The resulting aviation medical standards are extremely restrictive
without necessarily demonstrating that they optimize the individual's performance on
assigned operational tasks.

pomatrs, T NSNS0, .

This research project attempts to expand the scope and depth of measures of visual
capability, beyond those normally assessed in clinical settings, to include functicns
that may be correlated with performance of specific aviation tasks, The Vision 5ciences
Division at NAMRL is currently assessing visual capabilities of pilots and relating
vision to the pilot's target detection performance during simulated air conbat.

Although modern avionics and weapons systems enable target detection, target
identification, and miaaile launch at distances far beyond normal visual capability,
the current rules of engagement in alr combat require that the target be wisually
identified before weapons are launched. Further, avionics can fail and be¢ "jammed",
as experienced by our alrcrews ¢n vVietnam, thus readering vision the sole means of
target detection. In Vietnam, a’'agignificant number of ki}ls were attributed to the
ability to visually detect an’ frllow enemy aircratt. .

It ie readily apparent that vision continues to play a key role in air combat, and
that it is important to guantify visual capability in a manner thav. will enable c¢linicians
to relate r'liniocil measures to flight performance parameters. 1In an attempt to satisfy
this goal, 91 Navy pilots involved in ACM training were studied. fThe visual capabiliries
of these pilots were extensively evaluated, and compared to their air-to-air target

P -detection performance, The results of this study ave reportc% herein, -

i
METHODS

Subjects. ' . .

Ninety-one malé pilots (age, 25 to 41 years) were studied at the Tactical Alr Combat
- Training System (TACTS) range. at NAS Oceana, VA, Two groups of pilots wera distinguished.
Co Gronp M consisted of 18 wembers cf the adveruary squadron staticn at MAS Oceana.  Thay
! had accumylated an averaga of 1888 riying hours, with 34% of these hours in ACM. Group
' A pilots flew F-5 and R-4 aircraft on most ACM missions; these aircraft were nnt radar
equipped, so these pillots depended excluMively on vision for target detection. Group
B conwnisted of 73 pilots from seven operational squadrons participating in the

+ hours, only 17% of vhich were ACM. Group B pilots flew ﬁ 14 aircraft on all ACM miuuions,
' ~and uued hoth tadar and viaion to detect targets. E
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. Vision Data. Six vision tests, selected on the basis of test reliability (4) and
! relevance to thie target detection task, were administered to all 91 pilots, The six
i ) tests (listed below) are referred to by their code names (in parentheses) hereafter.

H ’ 1. Central Spet Detection, minutes of visual angle (SPOT)
! 2. Central Acuity, high contrast, minutes of visual angle (ACHI) E i

3. Central Acuity, low contrast, minutes of visual angle (ACLO)

4. Central Acuity, low contrast, with glare, minutes of visual angle (GLAR)

5. Accommodative Flexibility. far to near, seconds (FLEX)

6. Lateral Movement Detection, left and right, minutes of visual angle
per second (MOVE)

MBS W40 | g e

e : The test design and data collection procedures were outlined in previous reports
(1-3). A mean stimuius threshold value (T) was obtained for each vision test, based on
10 threshold value determinations., TFor the first five tests listed, the mean threshold-
! stressed response time (SR1) associated with the 10 threshold determinations, was alsc

! : obtained.

1y e Y b

)

i . Target Detection Purformance Data. The TACTS range incorporates a computerized

! : telemetry system which provides real-time flight and engineering data about observer and
* - target aircraft, on euch ACM engagement. The "slant range™ at the instant of the "TALLY
HO" call was used as the measure of a pilot's air-to=-air target detection performance.
“TALLY HO" is the term used by pilots to indicate initial target detection, Slant range
is the actual distance (in kilometers) separs:ing the observer and target aircraft, :
inclusive of altitude separation. : . 3

Ao

Over a one year period, data were obtained for 759 ACM surties (engagemeatg) on the . . t
TACT3 range involving these 91 pilots as observers (mean = 8,34 sorties/pilot; range, 3 -
1 to 30). The following flight dynamics and environmental variabjes were obtained for e X
each sortie at the instant of "TALLY HO": : ' :

1., Visibility (kilometers), cloud coverage (cleAr, scattered, broken, or
overcast), (cosine of) angle of the Bun in the observer's visgual field .
(range from directly in front = +1, to diresctly behin: = -1), s 2 .

L e "

Number of observer and target aircraft involveé. .

3. sSlant range (kilometers), bearing, and angle off-the-tuif of the
target from the observer aircraft. ) \

4. Target angle (degrees) f.m observer aircraft (angle hetw.en cbserver
aircraft's direction and actual line-of-sight to target). ', °

e i sy [ T ERE HI PSR Y
N
R
i et e e

. 5. Observer and target aircraft Mach, indicated ) lrspeed (xnois), heading,
A alritude (meters), angle of attack, G-force, dive/climb angle, rate of

‘ climb (meters per minute/100), pitcls angla, roll angle, crab angle,
gideslip angle.

6. Veriables computed from th» ubove variables: altitude separation, angle'
of target airceaft above or below horizon, projected area (square metcrs} of |
target aircraft {uncludes alrcraft type (size), attitude, and viewing
aspect of observer}, target velocity component (the component of a target
aircraft's ground velocity vector perveniicular to the observer's viewing
aspect, i.e., a measure of how much target movesent occurred in the e !
observer's visual field), and closirg velocity (knots).

‘
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RESULTS Co Z o

The average ulan* range at "TALLY HO" for the 759 ACM sortirs was 10.96 Xilometers
(3.4. = 6.1; range, 0.7 to 5..7). The samc moan ranue (10.96 km = 5.92 nautical miles)
was reported for 87 ACM engagements invulving F-14 and F-4 observer aircratt at the Yuma
TACTS range (4}. A mean range of 5.72 km was rapucted for 100 ACM engagements! .nvolving
F-4 observer aircraft at tha Yuma ThC4S range (5). Some of the longsr slant range valurs
1n the preseut data are known to have resulted from sighting of contra'ls or smoke,
rather than the actual aircraft boly. Croup A pilots had an avsrage slant raige vaiue
oy 12,65 km (ntd, dev. = 7.4; n = 347 sorties), while Group B pilots had an average
slapt range .39 km std. dev. = 4.1; n = 412 sorties). Given an average target projected R
area of 23.3 m?, the aversge spot detection threshold (SPOT-T = .46 minutes of visual '
angle} would correcpond to 2 slant range of 40.6 km; the averags low contrast acuity !
thrsshold {ACLO-T = ,80 mva) would correspond to a slant rangs of 23,3 km, o .

1
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Comparison of the angular subtense of the targets (i.e., a ‘circle having the computed

projected area at the slant range distance) reveals that rhis difference ig priwmarily

due to the fact that Group A pilots were sighting F-14's and Group B pilots were sighting
much smaller zircraft (F-5's and A-4's). Group A pilots saw targets at a mean angular
subtende of 2.46 minutes of visual arc, and Group B pilota saw targets at 2.17 minntes

of visual arc. Using these angular subtenge values to correct for the different

aircraft targets sjijhted by the two pilot groups, the computacions can be reversed to

ask what the expected slant ranges would Le for the same sized target, for the two pilot
"groups. For 3 target having the average projected area (23.3 m?), Group A pilots would
have an averaqge vxpected slant range of 7,59 km, and Group B pilots would have an
average expected slant range of 8.61 km. The ability of Group B pilots to visually
detect a standard target 1.0 km farther away than Group A pilots is almost certainly

due to Group B having an operational radar. The radar-aesociated advantage would
probably be greater if both pilozlqr?ups were equally experienced in ACM.

i

Cloud coverage {(a discretz variable) influenced slant range (Figure 1). The
average slant range value was aver 1.8 km g¢greater on overcast days, than on clear days.
Pearson rorrelation coefficients were computed between each continuous TACTS and vision
variable, and slcnt range, for all 759 sorties, and variables significantly ccrrelated
(P < .05) with slant range were identifled. Because certain TACTS variables are related
{e.g., aircraft Mach, Jndicated airspeed, angle of attack}, the rignificant correlations
between ~ome variasles and slant range result from these inter-relationshigs. The
primary TACTS variables significantly correlated wiCh slant range are summerized in
Table 1. The relationship between slant range and observer aircraft G-force is
illustrated in Figure 2. The correlations between vision variables and slant range are

given in Table 2, -

Stepwise nultiple regression analyses were conducted an order to evaluate the value
of TACTS and vision variables in’'predicting air-to-air targe: detection performance, as
measured by slant range. Dumny variables were used to represent the four categories
.2f cloud cover (clear, scatterxed, broken, overcast), and the two groups of pilots (A, B).
r2gardless of whether all variables, or just vision or TACTS variables, were available
for entry into multiple regression models, pilot group was the first variable to enter
(See Table 3). This result reflects the significantly longer slant ranges for Group A
pilots, who were sighting F-14 aircraft. Of all the multiple regression models
generated, the best predictive power (R-squared = ,296) was obtaineda when both vision
and TACTS variables were available, and when Greup A pilots were considered by themselves.

For all pilot groups, TACIS variables ~learly accounted for more of the variance in
slant range, than did vision variables. Target projected area, sun position, visibility
and cloud coverage appearcd to have more influence on slant range for Group A pilots than
Group B pilets, Target argle, cloaing velocity, and observer sideslip angle appeared to
have more influence on slant range for Group B, than Group A pilots. Observer G-force
appeared to infiluence both piiot groups ¢bout equally. '

-For ail pilo. groups, threshold-stressed response time for the low contrast acuity
vigion test tended to have the greatest influence on slart range of any vision variable.
Gther vision terts having a significant influence (P < .05) cn slant range in sore
modele inciuies lateral movement (to the right), spot detection, high contrast acuity,
and Lccommed4tive flexibidlity. ITn general, threshold-stressed respsnse times appeared
to have at least as much value ar thresholds for predicting siant range. .

Th. multipl« regressinn model whicn best predicts slant range from TACTS and vision
variables, for path pilot groups (R-zquared = .27}, 13 given below:

K Slant Rarjc = 29,35 -~4.94 (Group) -.120 (target ~ngle) ~-.013 (closing
verlozity) ~1.467 (obgserver G-force) =,06 {projectied area) +1.178
(ACLO~SI'T) -.976 (cosine of sun position) -.024 (taryet aircraft

rav ¢ o9f c¢limb) oo

.

' - where, group equals O if A, 1 if 8

" whe multiple regression'model which best'predicts slant range from TACTS variables
only, foy hoth pilot aroups (R-squared = ,26), is given below:

S8lan% Runge = 31.5B ~4.33, (Sroup) ~.122 (taryet angle) ~.013 (closing velocity)
~1.461 (ohserver ’-force! +1.(1 (cloud cover) ~,0¢ (projected urea) =-,989
ticosing of eun posi(ion) «.024 (targut aircraf’ rats o7 climy)

. t ‘ l

‘where, qroup equels O if A, 1 if B; cloud cover equals 0 if clear,
“ scatt2red. or kroken, : if ovex|asc '
Y 1 ,,'
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DISCUSSION

The air-to-air visual target detection performance of U. S. Navy pilots training
in ACM was clearly influenced by environmental, flight dynamics, and vision variables.
The significantly longer slant range values associated with overcast sky conditiomns
(Figure 1) are probably due to improved target contrast against the background. Sun
positions in the observer pilot's field of vision resulted in shorter slant range
values, than did sun positions behind the pilot. Because ACM training lasts throughout
the day, and because observer aircraft headings are not consistent for different "TALLY
HO" calls, the average sun position for all ACM sorties was directly overhead. However,
of the 30 "TALLY HO's" called by pilots at slant ranges exceeding 24 km, 29 occurred
when the sun was behind the pilot. The sun's position would influence target detection
performance through its effiect on observer canopy glare, Also, becavse target aircraft
in ACM training are normally located in front of observer ailrcraft, the sun's position
would affect target reflectance or glint.

0f the target aircraft variables measured, indicated airspeed had the strongest
corre.ation with slent range, for all pilot groups. Because the correlations were
greatel between target indicated airspeed and slant range, than between closing velocity
and slant range, the cause of this relationship ought to involve the target aircraft
directly. Slower airspeeds should result in a greater concentration of exhaust smoke
and hence should increase target visibility. The small (yet significant) positive
correlation between slant range and the vector component of the target aircraft's
ground velocity (perpendicnlar to the observer aircraft's viewing aspect) probably
reflects increased detectability associated with increased movement of the target in the
observer's visual field, The positive correlation between target projected area and
slant range presumably results from a larger target being visible at a greater distance.
The fact that this correlation is not higher than .079 may mean that observer pilots are
detecting glint, smoke, or contrailg, rather than the actual aircraft body.

The number of target aircraft (range frum 1 to 6) available for detection was
gignificantly correliated with slant range for Group A pilots only. Because they
depended exclusively on vision, more available targets would increase the probability
of target detection, Group B pilots typically "locked on" to a particular target
aivcraft with radar prior to visual detection, and were primarily concerned with calling
"TALLY HO" for only that particular target.

The relationship of target aircraft sideslip angle and slant range is difficult
to interpret for different groups of pilots. One confounding factor is that the average
sideslip angle of Group B aircraft was over four times greater than the average sideslip
angle of Group A aircraft (4.89% vs 1.12 degrees).

Four of the observer aircraft variables were significantly correlated with slant
range for all pilot groups.

(1) The negative correlation with target angle means that targets
directly in front of the aircraft can be seen at greater distances,
In these fighter aircraft, the windscreen glass directly in front
of the pilot is a planar surface; canopy reinforcing bars zre
positioned at each side of this flat plate, and the adjacent wind-
screens are curved. Thus, poorer slant range values assoclated
with large target angles (i.e., off axis targets) could be caused
by distortion, partial blockage of the visual field, or both.

(2) The correlation between observer aircraft indicated airspeed and
glant range is greater than tne correlation between closing
velocity and slant range. 7This result suggests that the cause of
the observer indicated airspeed vs. slant rance relationship
directly involves the observer ajrcratt. The reason for this
relationship i8 unclear.

(3) The negative relationship between observer G-force and slant range (Figure
2) probably results from reduced visuul function (e.g., loss of peripheral
vision) associated with physiological stresses (6).

(4) The negative relationship between observer aircraft sideslip angle and
slant range probably reflects the fact that high sideslip angles are
agsociated with an aircraft turning. All objects in the visual field
are moving in this situation.

Of the two aircraft relationship variables, closing velocity had the strongest
relationghip with slant range. This could simply reflect the fact that slower closing
velocities allow more time to detect targets at qgreater distances. Alternately,
this relationship could be an indirect one, owing to the direct relationships between
slant range and both target and observer aircraft indicated airspeeds (see above).
Altitude separation was nagatively correlated with slant range for Group A pilots, but
not for Group B pilots. The Group A results could be due to targets being more
visible when they are in line with the horizon, or could reflect a more distorted
ox blocked field of view at angles above or below the observer aircraft's axis.
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The several positive correlations between threshold-stressed response times and
slant range indicate that longer (= slower) response times are associated with longer
slant range values, The response time measures for these vision tests tended to be

negatively correlated with their companion threshold measures. Possible reasons for these

inter-~relationships are discussed elsewhere (7). The fact that ACLO-SRT had the

strongest correlation with slant range may reflect the fact that a target aircraft's
contrasi with its background is deliberately minimized by its color and reflectance.
GLAR-T and MOVR-T were Bignificantly correlated with slant range for Group A pilots,
but not for Group B pilots, whose radar informatiorn told them exactly where to look.

Multiple regression analyses support the importance of ccntrast in visual detection
of an aircraft target. ACLO-SRT entered the model (for both pilot groups) when both
TACTS and vision variables were available; however, when only TACTS variables were
available, ACLO-SRT was replaced by overcast cloud cover, a condition almost certainly
associated with greater target contrast. Most of the differences between models for
Group A and B pilots can be explained by their differing degrees of dependency on vision
for initia) target detection.

Several scenarios can be described to summarize the relationship of these TACTS data
to slant range. With an operational air-to-air radar as a suppliementary aid, a observer
pilot can expect to detect targets visually at a longer distarce if 1) he flies directly
toward the target at a slow airspeed, and if 2) he avoids sharp turns or other actions
that cause apparent movements of objects in the visual field ("swim"), and that produce
abnormal G-forces. An observer pilot lacking an operational radar system (i.e., none in
aircraft, or equipment failure) should do both of the above, plus insure that the sun is
behind him and (if possible) attempt to fly at the same altitude as the target airccraft.
A pilot vho wishes to get as close as possible to an adversary aircraft possessing .
operational radar, before being detected, should fly fast and at a greatly different
altitude than the adversary; for an adversary lacking operational radar, such a pilot
should also fly with the sun at his back.

The multiple xegre551on analyses indicate that slant range is more dependent upon
TACTS variables than vision variables, This might be expected, given the fact that Navy
pilots are a highly select group; these 91 pilots had an average high contrast acuity
threshold (ACHI-T) of 0.39 mianutes of visual angle, which is better than 20/10 Snellen.
The greatest R-squared value (.296) means that 30% of the variance in slant range could
be accounted for by all the variables used. Air-to-air visual target detection is a
very complex behavior, and unmeasurable factors probably influence performance. Future
regearch will test and refine the predictive models for slant range described here, at
the TACTS range at NAS Oceana. The goal of this program is to improve air combat
performance by suggesting more effective methods for selection, retention, and
training of aircrew members.
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% TABLE 1. CORRELATION COEFFICLENTS BETWEEN SELECTED ENVIRONMENTAL AND
L FLIGHT DYNAMICS VARIABLES AND SLANT RANGE, FOR DIFFERENT PILOT GROUPS
[
I PILOT GROUPS
|-
1 A&B A B
VARIABLES (n = 759 sortles) (n = 347 sorties) (n = 412 sorties)
[ ENVIRONMENTAL
skt *
- sun position -.199 ~-.130 .015
. TARGET AIRCRAFT
; % e
H - indicated airspeed -.178 ~-.228 . -.089
z = vector component of «
1 ground velveity 082, .079 .083
S, - sideslip angle - o 171, - - =.071 - -.051
. - projected area .079 ~.095, .012
'R - number of target aircraft .049 147 -.027
} Co OBSERVER AIRCRAFT '
s : * : *% ) **
. ~ target angle -.133:* -.185,, ~ 28 4
i : ) e /.}méicated airspeed —.i;g** -.;gg** -.gég**
M L ~ [.-0TCE ~ & - * - Ak
[ - sideslip angle -.185" -.126 o -.262
?!' ,9 . AT3CUTT RELATIONSHIZS e :
4 *
i I8 - #1titude separation -.067,, =-.132,, .030
P - rlosing velocity ~.130 -.195 .056
,% {, ‘ o e
g /; A =P < .05
et ; Ja% = P <0005
l ¥
H
TABLE 2. CORRELATION COEFFICIENTS METWEEN VISTION VARIABLES
i : AND SLANT RANGE, FOR DIFFERENT PILOT GROUPS
i uy -
{
| PLLOT GROUPS
1
: A&B A B
VARIABLES (n = 759 sorties) (n = 347 scrties) | (n = 412 sorties)
SPOT-T .008, ~.043 -.088,,
ACHI-T ~.098 IR 1 & Hd I -,128
LAkt [020 a0 e
FLEX-T -.008 ' -.078 -.064
HOVAT ‘om C 1% o000
, SPOT-SRT 096, : o ~-.088,,
ACHI-SRT 3004, .008 CoL1z9
GLAR-SRT a5t ohz 007
= . ok, B -
PLEX-SRT 056 069 - 7,056
*# s« P < 05 ) - .7 ) . . ¢ . ] i
#% = P < ,005 . - L
Awx = P <, 0005 ‘ ‘. . - o
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TABLE 3. RESULTS OF STEPWISE MULTIPLE REGRESSIOMS FOR THE DEPENDENT VARIABLE SLANT RANGE, USING

DIFFERENT GROUFS OF PILOTS AND INDEPENDENT VARIABLES.
OF ENTRY INTO MODELS.

VARIABLES ARE LISTED IN THEIR ORDER
(P <.05 FOR ENTRY AND RETENTTON IK MODELS).

GROUPS OF PILOT GROUPS
VARIABLES A&B A B
2 2 2
VISION AND TACTS R™ = ,270 R" = ,296 . RT =211
VARIABLES
1. Group 1. Target Mach 1. Targat angle
2, Target angle 2. Cloud cover 2. Closing velocity
3. Closing velocity 3. Observer G-foree 3. Obsarver G—force
4. Observer G~force 4. Visibiliey 4. ACRI-SRT
5. Projected area 5. ACLO-SPT 5. Observer sideslip
angle
6. ACLO-SRT 6. SPOT-SRT 6. Target altitude

. Sun pousition

7
8. Target rate of climb

7. Target angle

8. Closing velocity
9. Projected area
10. Sun position

11, FLEX-T
2 2 2
VISTON VARIABLES R = ,099 R = 034 R™ = ,046
ONLY
i. Group 1. MOVR-T 1. ACLO-SRT
2. ACLO-SKT 2. ACLD-SRY 2. ACHI-T
3. MOVR-T 3. ACLO-T
2 2 2
TACTS VARIABLES R™ = ,260 R = ,263 R =~ .205
ONLY
1, Group 1. Cloud cover 1. Target angle
2. Target angle 3. Observer G-force 2. Closing velocity
3, Closing velociry 3. Target angle 3. Dbserver G~force
4. Observer G-force 4. Closing velocity 4, Observer sldeslip

5, Cloud cover
6, Projected area

7. Sun positirn

8, Target rat¢ of climb

5. Projected area
Sun poaition

L

5.
6.

angle

Cloud cover
Target angle of
attack
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VISION TEST BATTERY THRESHCLD AND RESPONSE TIME AS PREDICTORS OF
AIR-TO~AIR VISUAL TARGET ACQUISITION 1N F~14 AND ADVERSARY AIRNCRAFT

L]
A, MORRIS, P. V. HAMILTON, W, A. MOREY, AND R. P. BRIGGS

NAVAL AEROSPACE MEDICAL RESEARCH LABCRATORY, NAVAL AIR STATJION
PENSACOLA, FL 32508-5700, USA

*SAFETY SCIENCES DEPARTMENT, UNIVERSITY OF SOQUTHERN CALIFORNIA
1.0S ANGELES, Ch 90089-0021, USA

SUMMARY
! The NAMRL Vision Test Battery provides assessment of various visual functions,
.neluding spot detection, acuity at high and low contrast, glare sensitivity, and
ac~onmodative flexibility., Within thrse tests are measures of threshold, threshold-
strease? response time (for near~threshold stimuli), and unconfoundad response time
{for supra-threshold stimuli).

L L s

The contribution of response time variables no precdicting flight parformance was
rvaluated for 73 fighter pilots. Vision test data were compared to performance in air
cenbat mancuver training. The distance (slant range) between the observer and target
alrceralft at time of initial visual detecticn was used as the performance variable.

RELITRPTN TT

Availability of response time variables enhanced the ability to predigt the
air-to-air v.sual target detection performance of these pilots, TFour vision variables
acaonnted for about 32% of the variance in performance of those pilots who detected
targef. aircraft at slant ranges greater than the group average. Prediction of
rerformance is improved by incorporating other vision data and additional refinement of
the pexformance measurc.

e

RETPREN HETy

INTRCDUCTION i

For several years a major program hos beer in progress at the Naval Acrospace Medical _ l
Research Laboratory to develop and validate a battery of vision tests for assessing those
visual functions which influcnce mission effectiveness in naval aviation, An automated,
optical~me¢hanical testing system has been developed and successfully used to make vision
measurenents such as acuity =t high and low contrast, spot detection, glare sensitivity,
and accommodative flexibility. Recorded in each of these tests ig a meazure of the
response clme. The inverse relationship between response time and ability to detect the
stimuius is well established (1). Kesponse time is an established and useful measuve
of mental processing and coordinated activity.

In the past, alr-to-air visual target detection perforwance has been predicted
orimacily using visual threshold data from the NAMRL Vidion Test Battery (VIB), However,
“Urickson (2) found that laboratory visual search time scores of 22 Navy pilote were not

Although the VTE thr :shold data alone account for some of the variance f{n pilot
performance, the use of response time data instcad of, or in addition to, threshold data
ceould improve predictive power. In this study, che contribution of response time data
in predicting air-to~air taryet detection performance of pilots is examined.
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METHODS 3 .
SUBJECTS

Seventy-three experienced male Navy pilots attached to Fighter Wing One, MNAS,
Oceana, VA, participated in this project. The subjects ranged in agn from 2% to 41 years
(mcan = 30,3), and ranged in fl ing experience (total flying houra) from 400 to 4500
hours (mean = 175%7). All subjects demonstrated excellent visual acuity (at least 20,2
snellen acuity) and possessed the superfor practical visual skills requircd for flying
advanced aircraft. ‘Thereforn, they were a highly select group, both in terms of vigion
tnst scores and auccessaful joh -erformance,

APPLRATUS

The Visinn Trel Battery (VIH) ciuipment and diyital control system have been described
olugwhere in yreatey detail (3,4, The VIMe aoneistes of an optical projection system with
ryndan=access alide projectors, timing sbutters, and a response joystick, all integrated
through a digital contyvoller linkea to a Hewlelt-Packard 9825 computcr via varfoue inter-
taces and multl-programmers, The test targats were a series of precleion Landolt "o
rings and sinygle spots on high-resolution phrtographic emulsion-on-glasa glides (5). 11 . "¢
patterns were oriented with the gap vp, down, right, or left at random., Targats were
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i presented for 3 seconds duration in all tests, except for the accommodative flexibility

: . test where exposure time was the experimental variable. The background screen illum.-

' nation levei was 343 cd/m2 (100 foot Lamberts), and the high intensity qlare condition

. was approximately 3000 c¢d/m2. The high and low contrast targets were 100% and 10%

! target-tn-backyround ratio, respectively. 'The accommodative flexibility test required

. the subject to read targets at a far distancec of 5.5 m, then at a near distance of 0.47 m.
The other automated tests in this study involved a far observing distance of 5.5 m,

\ ‘ ) PROCEDURE

T

, : Five vision tests which included a response time measure were selected from the

: i extensive Visien Test Battery series for this analysis. The five tests are summarized
: in Table 1. The test code names are used in all subsequent tables. The various types

! ) - of tests involve differvent task complexities. The spot detection test (SPOT) is the

L i simplest task (two response choices, one judgment to reply), the acuity tests (ACHI,

| .

ELL

: ACLO, GLAR) are more complex (feur choices, one judgment) and the accommodative
- flexibility test (FLEX) involves the most complex task (four choices, two judgments).

After the presentation of a fixation pattwern, the targat images of Landolt "C"
rings or spots were presented. The subject was required to respond manually with a
) . four-choice lever indicating either gap orientation or yes-no detection of the spot. The
& : subject's response time was measured from the ouset of the stimulus target to his respensc.
5 i For each test, 10 practice trials were given, followed by 40 oi more test trials,

it Bt e S

, A modified staircase (von Bekesy) psychophysical testing procedures with forced~

' cheoice response was employed., The difficulty of Succesgsive test trials was increased

until the subject gave an incorrect response; then difficulty was decreased until a
correct regponse was given (which determined the first threshold); difficulty was then
increased again until the next error, and so forth., 1In the acuity tests, the Landolt

"C" was reduced in size on each trial, as long as the gap orientation response was correct.
In the spoc detection test, the subject reported "yes" or "no" for detection at each

trial while target sizes werc reduced or increased appropriately. For the accommodative
flexibility test, two Landolt "C" targets (gap size = two minutes of arc) displayed
simultaneously, one at far and one at near observation distance. Target prescntation

time wag reduced for each trial, as long as the subject gave correct responses for both
targets, Since subjects had to make two responses, and since the threshold was

determined by the second response, response times were longer in this test than in

other tests., For all five tests, one thrashold valuc was the average ot the target size
(or time) reported Lncorrectly and the size (or time) reported correctly. The mean of

ten such threshold vilues was taken as the test threshold (T) score.

SR
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RESPONSE TIME ANALYSIS

In typical response time studies, analy. . is performed on error-free or correct
response data to an above-threshold stimulus of constant size, intensity, or duration.
Data using the same size target will usually remair relatively stable across trials,
or decrease B8lightly with practice. An incorrect judgme at can be confounded by many
factors, not the least of which is the “guegs" response required in the forced-choice
method when the target is apparently not resolvewn. In cffect, the razsponse time for
such a "guess" is the time it takes to not recognize a target. Since one cannot assess
whether an error wags due to perceptual, cognitive, or motor processes, the factors
contributing to responsac time are difficult to identify.
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Unconfounded Respcnse Time

At the beginning of each vision test, ten practice trials were given with target
stimyli that were easy to discriminate. Target sizes were not repeated. Individual
respons=s in these carly trials were usually correct, so the associated response times
were probably not confounded greatly by changes in target size at this suprathreshold
level, Famjiliarity with the test procedure may have been a confounding variable (i,e.,
vesponse time may have been slow fnr subjects who had neot yet mastered the task).

To obtain unconfounded response time data, three crror-free practice trials were selected
for each test., These trials involved target sizes which every subject received after
some practice, and which werce still well above the eventual threshold level. Since
rgspongs time data anialysis normally requires many more than thrce trials per condition
to obtain accurate means and indices of variability, this procedure can only be rcgarded
as a rough cdtimate of pnconfounded responge time (URT) for each test.

) e et ! & s b A AR S S e

Thrnshold-Stressgerl Response Timz

In tho Btaircase pgychophysical procedure, the tarjyet size (or presentation time) is
decreased until the threshold level is reached and an error response i3 giscn,
is then increased until a rcorrect response is given.  In this ascending scejucence, the
sizeég ol the two targets (J.c., the ore wirh the last wrony vesponse and tne one with
the fir3at correct response) were avereged to glve a threshold value, Therefore, in the

stalrgaso method, error trials are a necessary aspect of the threshold determination
prozess,

The size
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Measures of respoase time ne2ar threshold, obtained using this proredure, are
confounded both by changing target sizes and by the presence cof error trials, As the
visual threshold level is approached, response time usually ifucreases, Resgponse tines
associated with the correct-response trxials involved in computing a subject's threshold
values should provide a more reliable v&sponse rnime measure for c¢owmparison of different
suhjects. For each test, we identified the (incorrect-correct) trial paits used to
establish the subject's thresheld score. The responge time was noted ior the trial
in each pair which had the larger target and corrcct respuonse. 7This was the time it’
took for the subject to respond to & target which he could "just see" correctly. The
mean of these 10 rasponse time wulies wag valculated and called the thresholi-gstressed

reaponse time (SRT).

Reicvant guestions about the response time Jdata addressed in this report include:
D0 URT and SRT vary with test complexity? Are URT and SRT values consistent across teats?
Are URT and SRKT values correlated with one another? How is response time related to
threshold for each test? Do response time variables enhance the ability to predict air-
to~air visual target detection performance? . : : : ’ '

PERFORMANCE MEAEZUJRE

The air-to-air visual target detection performance of the 73 pilots was determined
from data obtained at the Tactical Air Combat Training System (TACTS) range it NAS Oceana,

‘'VA. The pilots were from seven operational sguadrons undergoing air combat maneuver

{(ACM) training at the TACTS range. During ACM, a pilut called "TALLY HO" over his radio
at the instant he sighted an adversary (target) aircraft., Telemetry data indicated the
"slant range" at this iastant. Zlant vrange is the distance (in kilometers) separating

the obgerver and target alvcraft, inclusive of any altitude separation. 1n this study, a
pilot's average slant range score, based on up to 30 "TALLY HO" calls during ACHM, was
used as the measure of nia air-to~air visual target detection performance,

RESULTS

The 73 pilocrs sighted target aircraft at an averzge slant range distance of 8.78
km (std, dev, = 2,45; range = 3.5 to 14.1). Two piiot suboroups were distinguished,
bazed on the whole group's average slant range score of 8,78 km., Thc "above-average”
subgroup of piluts saw varget aircraft at an average distance greaterxr than 8.78 km,
and the "below-average" subgroup of pilots saw target aircraft at an average distance
less than B.78 km

Threshold means and standard deviations for visuwal acuity tests increased with
decreased contrast difference and with the addition ¢f glare (Bee Table 2). The mean
value of .402 minutes visual angle (mva) (better than 20,10 Snellen} for the high
contrast aculty test demonstrates the excellent vision of these subjects, 1In all five
vision tests, the mean unconfoundad response time (URT) was less than the mean threshold-
stressed response time (SRT) across all pilots, and for both pilot subgroups. This
difference is basically attributable to differences in target rnize. The URT‘u increaged
(became slower) as task complexity increased (see Tables 1 and ?). “The shortest mean
URT was for the spot detection test (two choices, one judgment), and the longest m2an
URT was for Lhe accommodative flexibiiity test (four choices, two judgments). A similar
trend held for the SHT's. For all five tests, the mean thresheold (T) for the "above-
avarage® eubgroup 1% slightly better (smaller) than for thy “pelow-average® subgroup.
Iudividual t~-tests parformed on all threshold (T), unconfounded response time (URY),
and thrzochold-stressed responge time (SRT) vacrlables indicated no significant differcgnces
(P >.05%) between the "above-average" and "below-iverage" pilots,

knalysls of respoimwe time inter-correlatircas permite determination of the
congistency of response time varjables acrosg subjects and across tests (Tables 3 and
4). Of 25 poasible inter-covrelations between unconfounded (URYT) and threshold-stregseqd
(SRT) rospcnse times, only five (20%) were significant (P < ,05); four of the five
correlations were for URT and SRT values {rom the same vision test. Thus, 19 of the
26 crosg~test URT~SRT correlations were not significent, indicating poor cross-test
congistency between these varisbles. While unconfounded response time (URT) showed better
crogs-test consistency (60% «f the URT-URT inter-correlations were significant, at P <,05),
threshoin-stressed regponse time (SRT) showed the greatest consistency among tests (B0%
of the SRT=5RT inter-correlations were significant, all at P -.¢0%). The two non-
significant SRT-SRT inter-conirelations both involved the accommouctive flexibility test,
which presented subjectp with the most complex task. This analysis sugyests that
~hreshcld~stressed vesponuce time (ERT) has the greatest cross~test consistency, and
hence that SKI' might be the more useful response time measure for predicting pilot
performance.

Fur all 72 pilots, the threshold and threshold-stressed response time for the high
contrast acalty test (ACHI-7, ACHI-SET) wore the only variables gagnificantly correlated
(P «,05%) with ajir-to-al, visual target detection performance, as measured by slant range
(Tables 4 and 5). ACHI-T was negatively correlated (r = -,250! with slant range {i.e.,
lower threshold, longer slant range Jdistance), and ACHI-SRT was positively correlated
{r = ,226) with slart range {(i.e., lonyer responsa time, longer alant range Aistance).
Interestingly, ali five vision test thresholds {1's) wera negatively correlated with their
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companion threshoid-stressed response times (SRT's}), with four of *the five correlations
being significant at (P < .0%) or better. (The FLEX-T versus FLEX-SRT correlation was
not significant.) Thus, pilots with better (= lower) visual threshold scores had
slower (= longer} responsc times.

Four of the five vision test thresholds (T's) and ACHI-SRT, were significantly cor-
related (P <.05) with pilot age, and all but one of these variables were correlated
significantly with flying experience (Table 5). Older pilots had higher thresholds
on all five vision tests. However, neither age nor flying experience were significantly
correlated with air-to-air visual target detection performanc:, as measured by raw slant
range data. Also, the poorest high-contrast acuity value for any pilot was .72 mva
(better than 20/15 Snellen), which indicates that all pilots had excellent vision,
regardless of age.

Stepwise multiple regression analysis (Table 6) revealed that response time variables
improved the ability to predict air-to-air vigual target detection performance, as
measured by slant range. RegardleSs of whether all.pilots or the performance-defined
pilot subgroups were considered, a higher adjusted R-squared value was obtained when
response time variables were made available for entry into the model, than when thsy
were not. (The adjusted R-squared value compensates for inflation in R-squared associated
with the proportion of variables entering the model, to the number of vbservations). The
ability to predict performance of alli pilots was rather low (Adj. R-squared = .12).
However, about 32% of the variance (Adj. R-squared = .32) in performance of "above-
average" pilots could be accounted for when response time variables were available for
entry into the model. Furthermore, for "below-average" pilots, response time variahbles
by themselves accounted for mnre of the variance in performance (Adj. R-squared = ,20)
than did threshold variables by themselves (Adj. R~squared = ,06).

DISCUSSION

In all tests, threshold-stressed response time (SRT) was slower than unconfounda
response time (URT) due to the difficulty of seeing the critical target characteristics
near visual threshold (See Table 2). Threshold-ztressed response times showed hetter
cross-test consistency than unconfounded response times. The lower cross-test consistency
of URT values could be due to greater variation in this measure resulting from its being
a mean of only three response time values for each subject. Also, because different
subjects had different visual threshold levels, the degree of difficulty involved in
seeing the three target sizes used t2 obtain URT values varied among subjects. Tre
factors responsible for the significant positive correlation between slant range aud
ACHI-SRT (i.e., pilots with slow2r response time scores see target aircraft at longer
distances) are unclear. All five SRT variables were positively correlated with the
subject's slant range, and negatively correlated with their companion threshold (T)
variable. Thus the positive correlation between ACHI-SRT and slant range may indicate
only an indirect relationship, whose existence is due to a direct negative relationship
between ACHI~T and slant range (lower threshold, longer slant range). It is difficult
to imagine how ACHI-SRT could have a direct positive relationship with slant range.

This analysis shows that inclusion of response time variables along wil} threshold
variables increases the ability to predict air-to-air visual target detection performance.
The predictive power for "above-~average' pilots is greater than for "below-average"
pilots, but it is not clear why this is so. "Above-average" pilots may be responding
closer to their neurosensory limits than "below-average" pilots,

When all 73 pilots are considered, the ability to predict pertormance from these
vision test results alone is rather low, but may bhe improved in several ways. rirst,
average Slant range is a crude measure of performance. Target visibility i3 known to
be influenced by many jactors, such as target angular size, angular velocity, contrast,
cloud ¢ondliions, ote. & more refined performance measure incorporating additional
information collected at each sighting should yield & clearer relationship between
performance and vision test results. Analyses are ncw being conpleted of telemetry data
on 56 target and observer aircraft parameters for 759 ACM engagements jlavolving Navy
pilots, Second, incorporation of data from other types of vision tests should provide
measures of task-relevant aspects of visual skil]l not treated in this report. The VIB
series alsc included tegts of lateral movement detection, contrast sensitivity, dynamic
visual acuity, and dark focus. More of the variance in slant range is accounted for
when data from these vigion teste are available for entry into a maltiple regression
model, Ffinally, introducing a more accurate measure ¢f a pilot's unconfounded respanse
time (URT) may improve the ability tu predict perfnrmancs,

It seems clear that a more systemati< examination of response time as a predictor
of air-to-air visual target detection performance is warranted,

i

i

W

LIS O T e

|

M.




- T ———

REFERENCES

1. Welford., A. T., Reaction Times, New York, N,Y., Academic Yress Inc., 1980,

i

2, Erickson, Ronald 2., Visual Search Experiment: Noise Persistence, Acuity,
Response Time. J. Opt. Soc. Am. 56, 4, 1966, pp. 491-493.

:ﬁw‘v«w—-ﬁ-vg""
o
<
n
Vg
~

w
.

=
Rt SN

) Morris, A., and Jawes E. Goodson, A Description of the Naval Aerospace Medical
: Research Laboratory Vision Test Battery, Preprints Aerospace Med, Assoc.
1923 Ann. 5ci. Mtg., 1983, pp.40-41.

“

4 4, Melina, Efrain, A., Digital Controller To Administer Tests of the Vision

Test Battery, Preprints of the Aerospace Med. Assoc, 1%53 Ann, Sci. Mtg., i
1983, pp. 42-43. :

b
: ; . Morris, Ailene, and James E. Goodson, Naval Aerospace Medical Reseavch Laboratory, ’

' Pensacola, FL., The Development of a Precision Series of Landolt Ring Acuity : -
! L 51ides, 1983, NAMRL Report 1303, 18 p. -

2 1
| }4 i
3 i
. i :
2 é | ‘
. i 3 ‘
: i
X :- 3 )
o ; E !
¥ ! i E !
£
! [
I R
i 1 '
' % 1 \
F {
¢ i !
1 : !
) L T

i s T

e Cham s m—

e

T Y

O Seitas R



e A s sttt e

—— ot

| g+ Sibon s ¢

Y

PR

39-6

TABLE 1, SUMMARY OF VISION TEST CONDITIONS.
Test Code Target Response Number of
Name Choices Judgments
spot Detection, high
contragt *SPOT" Spot Yes, No 1
Acuity, high contrast “"ACHI" IL.andolt "C" Up, Down, Right,
ring Left 1
Acuity, low contrast “ACLO" Landolt "C" Up, Down, Right,
ring Left 1
hcuity, }ow contrast, "GI.AR" Landolt "C" Up, Down, Right,
with glare ring Left 1
Accommodative Flexibil- "FLEX" Landolt "C" Up, Down, Right,
ity, high contrast, far- ring (at far Left
to-near distance and near) 2
TABLE 2. SUMMARY STATISTICS FOR THRESHOLD AND RESPON3E TIME DATA
FOR 73 NAVY PILOTS AND TWO PERFORMANCE=-DEFTNED 3UBGROUPS
ALL PILOTS (N = 73) ABOVE~AVERAGE BELOW AVERAGE
PILOTS (N = 135) PILOTS (N = 38)
VARIAEBLE MEAN STD. DEV. MCAN STD. DEV. MEAN STD. DEV,
SPOT - T . 446 .077 431 077 . 460 .076
- URT .496 164 . 497 L163 .494 .166
- SRT 1.068 .277 1,094 .290 1.044 .266
ACHI ~ T .402 .073 .388 . 054 .416 .080
- URT .884 . 241 . 898 .263 .871 L2211
= SRT 1.400 .388 1,449 .357 1.355 415
ACIC - T .763 . 151 .757 «133 . 769 .168
- URT .933 . 315 . 940 .323 . 926 .311
- SRT 1.672 .533 1.734 .539 1.615 .528
GLAR - T 98¢ . 244 ~965 .228 . 997 .260
- URT .842 .282 .835 .289 . 848 .278
~ SRT 1.74¢ .557 1.753 .453 1.740 -644
FLEX - T .280 .094 .265 .047 .294 .121
- URT 1.191 .276 1,175 .246 1.206 .303
- SR7T 1.499 . 427 1.502 .371 1.496 .477

All response¢ times (I'RT, SRT) and FLEX~T in seconds.
All other thresholds (SPOT-T, ACHI-T, ACLO-T, GLAR~T) in minutes of wvisual angle.
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! TABLE 3, CORRELATION MATRIX FOR RESPONSE TIME VARIABLES AND AIR-TO-AIR TARGET |
‘ DETECTION PERFORMANCE (SLANT RANGE) FOR 73 NAVY PILOTS ‘
‘ — i A :
I VARIABLE SPOT SpOT ACEY ACHI ACLO ACLO GLAR GLAR FLEX FLEX SLANT : !
! URT SRT URT SRT URT SRT URT SRT URT SRT RANGE N «
1 H
! * * * ok ;, :
SPOT-URT - .279 .241 .223 .248 .211 .331 . 211 .161 .087 ~,J28 e i
xw Tk * W !
= SPOT~SRT - - .132 . 333 -.013 .473 .036 .409 .108 .161 .129
< * % * * .
B ACHI-URT - - - .408 .428 ,276 .102 .087 -.011 .002 .076 : .
[ *x ' * i
s ACHI~SRT - - - - .205 .684 -,039  .361 =-,021 182 ,226
T :
> T * LEd 3 !
‘ : ACLO-URT - - - - - .247 .336 ~.060 .048 -,022 .029 ! ‘
* = '
ACLO=SRT - - - - - - .124 4637 7,109 .354 17
*k
GLAR-URT - - - - - - - .101  .333 .043 .020 :
GLAR--SRT - - - - - - - - .200 392 . 015
FLEX~URT - - - - - - - - - .479 .083
! 1
i FLEX~SRT - - - - - - - - - - .128 i
; SLANT RANGE - - - - - - - - - - - i :
| P
: * =P <.05
: Ak = p o<, ,005 )
A i
i i
P |
‘ TABLE 4. SUMMARY OF RESPONSE TIME INTER-CORRELATIONS IN TABLE 3. !
l! I . ‘
2- TYPES OV RESE’ONSE TIME VARIABLES COMPARED ‘
; URT~URT URT-SKT SRT~-SRT ’ !
; Nunder of Correlations Not ;
o Significant, P >.05 4 20 2 , !
: . {
3 Number of Correlations :
’ Significant, P <,05 6 5 8 J
. —_— - —_— F: !
VE Total Number of Correlations 10 25 16
£
Percent of Correlaticons
Significant, P <,05 60% 20% 280%
“"




, TABLE 5. CORRELATION MATRIX FOR THRESHOLD AND THRESHOLD-STRESSED RESPONSE TIME VARUABLES,
i PERFORMANCE (SLANT RANGE), AGE, AND EXPERIZNCE (TOTAL FLYING HOURS) :
: FOR 73 NAVY PILOTS .

i VARIABLE SPOT SPOT  ACHL  ACHI ACLO  ACLO GLAR  GLAR FLEX  FLEX  SLANT  AGE EXPERI-
.

: T SRT T SRT SRT T SRT T SRT RANGE ENCE N {
; : * Xk i x* K * ,;
' SPOT-T - -.225 ,423 -.077 .596 ~-.013 .509 ~.110 L 140 -,031 -.177 .275 L1194
‘ A x4 *k )
1 SPOT-SRT - - -.022 333 .021 473 -,143 409 -.088 .161 129 =137 -.126 -
. *% *k *k * *
; ACHT~T - - - ~.398 .670 -.124 ,387 -.083 L2477 -,189 -,259 .210 .22 N
H Kk *K * " * * * * : .
H ACHI-SRT - - - - -,335 .684 -,233 361 ~.247 .182 L2260 -.295 -,307 =z
L E * e * * H
. ¥ ACLO-T - - - - - -.241 .706 -.217 .117 ~.195 -.0186 .291 277
' L1 *% =
ACLO-SRY - - - - - - -.076 463,156 . 354 Jd71 ~.144 -~,189
* sk *k
E . GLAR-T - - - - - - - -.319 174 -.155 043 .383 L334 H
' * K —-
. : GLAR~SRT - - - - - - - - 021 .392 015 -.128 -,098 E
§ *n * z
FLEX-T -~ - - - - - - - - -.032 -,074 449 311 j
FLEX-SKT =~ ~ - - - - - - - - - .128  -.025  .025 ;
SLANT ;
RANGE - - - - - - - - - - - 058 .037
*A B
AGE - - - - - - - - - - - - .819 z
A EXPERI- 2
ENCE - - - - - - - - - - - - - 2
T N ::
* = F <.05 .
*k = P < 005 i

E TABLE 6. VISION TEST VARIABLES ENTERING PREDICTIVE MODEL OF PERFORMANCE (SLANT
: RANGE) , FOR DIFFERENT COMBINATIONS OF SUBJECTS AND VARIABLES.

TYPES OF VISION VARIABLES AVAILABLE FOR ENTRY

SUBJECT GROUP THRESHOLDS ONLY THRESHOLDS AND RESPONSE
RESPONSE TIMES TIMES ONLY
: S
i All pPilots ACHT-T ACHI-T ACHI=-SRT ;o
! (n = 73) ACLO-T ACLO-T 2 :
i 2 ACLO-SRT Adj. R"=.04 i
i Adj. R"=,08 SPOT~T .
- H ;
{ - - Adj. R%=.12 i
o Above-Average FLEX-T ACHI-SRT ACHI-SRT f*
g Pilots GLAR-T GLAR-T GLAR-SRT
(n = 35%) ACHI-T FLEX-T 2
i 2 SPOT-T Adj. R* =.13 K
Adj. R%=,17 2
Adj. R%=.32
)

Below-Average FLEX-T PLEX-URT CLEX-URT
Pilots 2 5POT-URT $90T-URT
(n = 38) Adj. R“=.06 ) 2
Adj. R°=.20 Adj. R°=.20

P <.15 for entry and retention in the model.
Variableg are listed in order of entry for each model,
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, NDISCUSSTION OF SESSION 1V - MEDICAL SELECTION: VISION ASPECTS
! (Papers 35, 36, 37, 38 and 39) j
’ DR ZWICK (US) '
! 1 have a question for Dr Santucei. When Ginsburg did his contrast sensitivity tests he also ran some tlests 7 "
correlating contrast sensitivity with performanee in fighter aireraft. Have v~y run similar tests/ecrrelations?
i AUTHOR'S REPLY (MED EN CHEF SANTUCCI {FR))
No, we have not undertaken tests of the kind which Dr Ginshberg periormed. )
DR SALLAVANTI (US) ;
’ - I'm from the Gentex Corporation, US. ] have a question for Dr Brennan. You showed a slide of a hazed
visor and in earlier remarks you indieated that yvou had seen or been aware of small cracks or fissure like
deficienries which you felt were associnted with ballistic fractures in visors. Would you care to comment on
that please?
) AUTHOR'S REPLY (DR BRENNAN (UK)) ' :
Yos, our visors arce currently uncoated hecause of this problem. When they are hard coated, bresks can E
propagate from small fractures. I'd be very interest~d to hear your views on what sort of coating should ba =
used or if its possible to change the polycarbonate substrate in any way to prevent this propagation. :
]
DR SALLAVANTI (US) H
It bas heen known for some time that coating polyearbonate (which is not a compound but a mixture, and .
being polymerie can bhe compounded in a number of wavs) affeets its ultimate ballistie properties, When one
coats polycarbonate with a sjlicone coating, an acrylic coating or a urethanc coating that is either thermaliv,
ultra violet or electron beain cured vou cause alterations that exacerbate some of the stresses that are due =
tu injection moulding. I1 is often along these Jines that ballistic (ractures occur. I would suggest that vou z
should look at some of the newer coatings which are not silicone derivatives. These coatings are more E
flexible, they lend abrasinn resistance to the polyesrbonate, and they do not cause the degradation associated B
with silicone coats, The degradation in ballistic preperties with hard silicene ceatings ean be as much as 15%
or 20% whieh still places Lhe ecoated polycarbonate well above optical resins such as (CR39. However, A more .
flexible ceating produces virtually no degradation in ballistic properties. B
AUTFOR'S REPLY (DR BRENNAN (UK)) i'
I take the point but does the more flexible coating you are suggesting provide goos resistance against P
| abrasion and ean you assure one thau it has no effect, for example, on the amouat <i inherent haze in the ! ‘
" material? And thirdly, using another approach, can you in anv way change the substrate to prevent fracturing ! I
H oceurring with the harder coats?
' § DR SALLAVANTL (US)
| 7
! H Well, to answer the second part first, Yes one can change the substrate within polvearbonate. There is a .
£ number of commercially available high performance resins that ensure optimal bsllistie performance in  the ;
f coated state. In terms of the softer coating, we have not experienced any haze problems over a 2 vear
£ perind  of use -~ the US MIL spee stendards arc adeoguately met, Our tests for abrasfon tend to he i
f quantitative in terms of judging what the haze after a test is done. Some of these tests are passed by the ;
‘gi' more flexible contings and seme are not; the more rigorous nnes will not be met. i '
i LT COL GRAY (CA) % :
1 have a question for Dr Brennan. ] was intrigued by vour suggestion thet we climinate pilot candidates with : i
any degree of mynpia whatsoever and only allow people who are ametropic or slightlv hypermetropie into pilot 4 ;
training. I wonder if you have any idea what percentage of RAF candidates that might climinate? [ know in Z N
our system in people who have already been sercened at a hasie recruiting centre level we would still - i
probably find 25-30% who are slightly mvopie. The ecorollary to that question is I wonder what evidepnee von . i
would he able to put forth to justify eliminating sl myepies? One of the problems we eneoutnter now, and I'm ] i
nct sure what other countries are having the same problem, is justifving our present standards in the face of
our new human rights legisiation. Candidates nare asking more and more what ovidence we have to justifv any |
sort of standards, ineluding our visual standards. i j
1
1
AUTHOR'S REPLY (DR BRENNAN (UK)) B ;
In response to vonr first question, 1 eannot give you figures on the proportion of eandidates who would be i
excluded, 1 imagine these figures coutd pe ohtamed but 1 cannot give them to vou at the moment. [ ean tell ) i
you, however, that currently 15% of our ajrerew wesr spectacles - mind yoin a fair percentage of that 15%
are presbyopes. So I'm not sure of the proportion who are myopes but it wonld not be that large. In answer
to your second question, the reason I would wish to exelude myopes is that vopin can be, in voung men,
progressive. 1f we admit somebody with a guarter of a dioptre of myopia which produces minimal visnal
degradation it may well be that within 2 or 3 years time, when he has been throngh pilot training at vast

expense, he will have to wear speciacles. As 1 pointed out in myv paper, it is then yel one more
embarcassment to the pilot. His wisual task is difficult enough without asking him to wear spectacles as well.
As regards human rights, 1 won't make any comments!




D4-2 ) !
Ol PRICE (US) ;

Just to confitm what Dr Brennan said. We did a survey where we looked at the ametropes who came into .

Army aviation to sce what happened to them over a 10 year period. Scven percent of the physiologically \
ametropes developed myopia requicing correction. [ think that finding is pretty consistent with other studies .
which have been done, Qur study showed that if you cut off selection at mbsolutelv no myopia, or insisted on . .
a small amount of hyperopia you conld reduce the proportion requiring spectacles to abe.i. 1%, or 1-2%, If on - }
the other hand you accept people who are a quarter dioptre myopes but physiologically don't require - ‘?'
correction, they are most likely to go on to develop mynpia requiring correction. '

DR LANDOLT (CA) |

Dr Wolfe, to what extent are vou using otolithic function tasts in vonr protocol because this is becoming
important not just for the high G effects but also becnusc of the direet deconpling manoeuvring modes?

AUTHOR'S REPLY (DR WOLFE (U8))

Yes, 1 agree that otolith function testing is important. We are not doi-c “.y posturegraphy. Dr Lou Naster
on the West Coast has developed looking at the phasc gain parameter.- ¥ a person stending in both a visual f-. -
environment and non visual environment. They seem to be very sensitive tests of otolith function. We hate
not employed these tests at USAF SAM mainly because of lack of effori. We have been generating and
developing rotational tests and tracking tests, We should consider I supggest how many of these tests can you
meaningfully do on a noemal individual. Fariy in the astronaut programme the candidates uncerwent weeks and
. weeks of testing. The Aercspace Medical Panel, which has the appropriate experts, could set up a programme |
- to look at the testing of canal and otolith function. Postureography is & valuable technique which 1 believe is X
not being used elinically in any the military hospital or Iaboratory. On the other hand the rotational testing . . .
and tracking testing which we have developed at the Schoel have been implementea in about 40 medical !
centres  around the world. Rrooks Air Farce Bnse and Wilford Iall Tlospital eare the only two military
installations in the whole world that are evaluating their patients using these tests. It¢ the contrast
sensitivity/Snellen Chart kind of problem. The cold time otolaryngologist thinks that there is nothing better
than a good ecaloric. As we fnow you can have normal calories and abnormal rotational tests and vou can i
have normnl rotational tests and an abnormal ealorie test. So idcally you should perform both of these rests 2
but it wauld require 4-6 hours to evaluate onc patient. I think that if you had to do one test, vour poiut is
well taken. With high performance pilots vou shodd perform sophisticated otolith testing., My raain point would
be "Is there a correlation Letween the overall cculomotor function and performance in a combat ervironment
situation - Is vour ability to perceive the HUD and all these other things that are going on related to both
your canals and the oculomotor system?" In the case of the otolith test T think you nre looking more at
. damage and what is the sudden G dojng. Twenty years ago we did a study on the centrifupe. We found that
! ) with only 3 G exposure, some of the subjects had positional rnystagmus for a week following the exposure.
Y This supgested that exposure to (i may well be doing some damage. T think a eritical auestion in the casc of
aircrew is, at what point is the flght environment inducing sorne patholopy in these people who are
frequently disorientated. Now how mueh of that is due to end-organ dysfunction? 1 agree with vou, T think
otolith tests should be looked at.
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AIR CDRE BRNSTING (UK)
]

Has the United States Air Feorec introduced eontrast sensitivity testirg.into its aircrew selection procedires?

R e e

COL GIBBONS (US)

Aerospace Medicine to determine if it should be inchided.

q

1

\

|

At present it isn't 8 stondard test, Tt is being evatuatea by the ophthalinology branch at the Sehonl of : 1
1

COL PRICE (US) i

Has nnyone introJjuced eontrast sensitivity for, or at the time of, selection even for mainteining a daty base?

Al E S TN e

LT COL GRAY ({A) .
We are in the midst of evaluating contrast sensitivity in termsz of » dats hase. We are, however, not using it
for selection. We want to build up a data base of normals, We certainly intend to introduaee it later. te
have used it Jjn the few examples I showed this morning for detecting indjvidunls who otherwise wonld have
slipped through the system - the young chap wha had opthe nenritis and the other chap who hnd bheen ‘resind
by orthokarotology. In these (wo cases it was used for selection but cmly because it underecoternd ap
underlying condition. '

R S

DR FARR (US)

] A question for Ty Gray following up the conversation this moraing. Yo stopped short of identifving n
i ariterion that might be used for coutrast sensitivity standards, From vour stides 1 inferred that the eriterion
might be something like the 10%/96% lirits of normal standards. Is that what vou had in mind apd, if so,
what kind of data stppuet that criterion? : '

] LT COL GRAY {CA)

At this point those limitar are certainly not intended to be our selection aritorin, They were only to indieste
the range of scatter of the duta we have colleeted so far. Before those ldnd of limit are introduced s n
screening or selectiont criterion they will hwve to Oe correlated with other varinbies such gs target deteelinn
or sguccest in pilot training. Certainly from our humen rights point of view we would not br able ta thrduc-p
an arbitrary test without any sort of correlation with performanas data,

'
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Pt BRENNAN (UR)

Su really you are considering constrast sensitivity testing as n net to catch pathology which might ostherwise
have escaped deteotion?

LT COL GRAY (CA)

Weil at this point that's now it has been useful to us. What we are really deing is building up a dats hase
of normal aitercw  ecandidates who are eoming threugh the Central Medical Roard. We will compare our data
hase with the few ather nopulation studies that have been donc, With the intention, after we have performed
studios corpnlating 10 witn performan~e variables, of introducing it as & screening test. Right now the value it
has been to us is as a net to catch those few candiuates who had undiscovered eye pathology.

DR BRENNAN (UX)

.

Are vou postulating that in the future thet you will wish to use it to deterinire those airerew who couid
anly perform well under high contrast conditions? Wouldd you use it to selcet aircrew on that basis? Is that

- wour ultimate intuntion?

LT COL GRAY (CA)

Yos it is. We are cortainly intending to use it that way and alko to help sort out candidates who are
borderline. A: you know, the errer in performing a oycloplegic refraction to deteet somebody who is ametropic
is at ieast a quarter of a dioptre, Suppose we have n candidate who has been examined by two different
ophthalmologists who huve found a quarter and one half dioptre ametropia respectively, If we have a standard
of o quarlier dinptre do we necept or rejec, him? Another way of looking at his visuas! funetinn such ax
contreot sensitivity might give s another facter in the cquation to deciae whether he is acceptable or not.

DR BRENNAN (UR)

I rathor doubt whether it wonld! 1 would think the faet whether he has a quarter of a dioptre or a half of

4 dioptre  smpetropia  might affect the highest soatial trequencies of the constrast sensitivity test which s

monitoring precisely whst the Bnellen dofs.
LT COL GRAY (CA)

Well, we have Joc'ced a' the correlation between otir eycloplegiz refractor and the contrast sensitivities at all
the soatia! frequencies from 1 te 24 eveles per degree. There wes no correlation between spherical cquivalent
and cyveloplagic refrasctor in the pilot eandidates who are all fnirlv normal sighted and who have only a small
error beecause those with larger errors have slready been screencd out. In individuals with refractive errors
hetwween plus onr dioptre and minus half a dioptre there was no correlation even at 24 cvelex per degrec
between the cortrast sensitivity and theii refractive state.

OR BREUNAN (UK)

Do you peform cyeloplegic rrfractions as & routine? Do ~au think fhis test on what is essentially an abnormal
oye, As the shape of the leas is changed under eyeloplugziv and the qupil is dilated vou are getting spherical
errory  from the lens periphery? You have got to do ~ post my'riatic test even if vou do a cycloplegic
reantion. Do vou res)ly think it worthwhile?

L1 COL GRAY (CA)

Well, 'm vot an ophthelmologist, I an internist. AN I can say is that ver we werform aycloplegic refraciion
on evervone. 1 ihink almost evarvbody cdoes. Our standards are minus a quarter dioptre of mvopia or spheriea
cquivalent. 1 think its something that yau have to do but trat it is a mistake to use it as lhe only standard.
1t is one part of the overall examination,

DR BUENIaH
1 don't know what other countries deo but we <erteinly don't use it!
NR ALNAES (NO)

A guestion to Tor Sretuceis T ounderstand the Snaellen chart 45 in n way the same as the hiph frequency, high
contrast purt of the rontrnst sereen. The fret that myopes do not resolve the blue colour as ametropes do -
was this even in the corrected myepie eye? Is it something that persists even after spectarle correction?

AUTHOR'S REPTY (M}".D EN CHEF SANTUCCT (FR

The nttermation in the high spatinl frequencies does disepprat whor the mynpia is correeted, Mention is made
of cont,ast sensitivity, 1 consider thoc contrast sensitivity should be studied under dycamie conditions as w:ll
as statie conditions before it is adopted ne a new test. In our rescarch propramme we are collecting a bank
of datn wihich will allaw us to estpdlish the rontrast sepoitivity curve under dwnamie eonditionm with the
grating  being  shifted over to tha rvight or te the feft at different veloeitier. Obviouslv this test wiil
complieate  the examination bt of course the task of the pilot is t4 detect targets in motion and nnt in
stnlie conditions. Conteret sensitivity proper is very interesting but before it is adopted s & test we should
rxplore this technigus further. Tark of sensitivity to contrast durin; motion of th: werpet is also of interest.

PP BRENNAN (UK)

A.e you intending then to nss drifting gratings with them drifting ot different speeds?

:
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. AUTHOR'S REPLY (MEY EN CHYF SANTUECI (FR)

Absolutely. We dc intend to use these type of gratings.
COlL PRICE (US)

Iir Monaco, | was wondering about the lateral movement which was correlated with, I believe, « faster
response time in eae group of your pilots, Would you explain just what you: mean by lateral movement and
how you think that particular function is helping the pilot? 1 belicve you said lateral movement to the right
% you presented it but when U read this 1 believe it said to the left.

AUTHOR'S REPLY (CDR MONACO (US)

Our lateral movement test involvesd the movement of a, fixed size spot, the angular subtend of that spot at 6
meire  distence is  approximately equivelent to a 20/40 letter. The way we measure lateral movement is the
subjecot’s response to the movement of that =not. He has to determine whether the spot is moving to the left
or o the right. So he has a choice cf erther direction, 7Thus in this test we measure the threshold sensitivity
to lateral movement to the left or right of ¢ spot target both in the left and right direction sinultaneously.
The issue of sensitivity of movement of a target to the left or right ern go in either dicection. We can
ustify a2 perso, being more sensitive to a tacget that appears to move in & left to right directionr because
most of us, at least in the Uniterd Stetes, are used to reading from left tn right, An srgument against that,
or if the target moves from right to left, would be that herause we are used to szeing objects move irom
left to right when something moves from wight to left we notice it more readily, That is tre way that the
duts (sll out; sometimes it goes left to right sometimes it goas right to left. We are introdueing modlflcahons
in our second serics of tests which we hope wnl provide us with an answer to this question,

COL GISBONS {US)

When you reviewed the variables vou indicateg that target image size and low contrast acuity werc varables

thut coateibuted to detection. Both of these rrfleot, if you use Snelien acvity to moeasure them, the vicual
anygle or resolving power of the eye. 1T this is the csse then when w2 Jooh at contrast sensitivity curver
could we not be getting the sume thing if we use 4 contrast testing technique with a Snellen acuity iarget.
as opposed to the conptrast sensitivity .echnique with the grading bars that they use?

AUTHOR'S REPLY (CDR MONACO (USH

Y=3, | think that that is true. We can relate that same ides 1o measurem:nts of drmamie visual aeuitv for
ccarple- It has been suggested that instead of using Landolt Cs aor tambling Es thut bars of varving spatial
frequency ean be used to do the sam? thing, | think that the unique shnracter of c¢ar targets §s whai has
gllowed us to ferret out the diztincticn between low c¢ontrast acnity snd high contrast weuity. I don't think
that we would have been 30 successful {f we didn't have finely engincered projection targats and the verv
high quality control of those targets. but yes 1 think jte very possible to relatz contrart sepsjtivity in terms
of spat{al frequnncles to varyiig widths of the gap on Landnlt s, J& is something that w: hooe we will he
able Lo coreeiate with ocr contrast sepsitivity data when we have an odequate sample size. The test that we

. are using is very simiiar to the one that Dr Gray deseribed in his paper.

' i

WED EN CHEF SANTUCCI (ZR) ’ ) , . K ‘

First of all' 1 wish to congratulate Dr #onaco for this encellent work. In particular § think that the re donse
time is an impnrtant meascre because vau can  characterise the pilot with that test. This study « the
neginning, of what wec can call an infegraterd test, taking accotat of and categonsiag not on v the
perfornance of the viseal sensor but also the duts processing and the decision taking processes. 1 5 you
envisago creating new tests with different catergories of colour simulation? In that case would you envisage
measuring  either the marual cespense or the verbal cesponse, “sing the vocal asmmand, of course, whic s 18
going to be used imore and more in combat aireraft. ' ' B :

AUTHOR'S REPLY (CDR MONACO (Ua)) L ' o

(Initial portion of reply not recorded) .
I think that the benefit of being in the oparetional envirorment and (estina these pegple wn site is thal you
havo the opportunity to learn mure ghout what they do which T think is shsolutelv csrent.pl. You have o be
abie to talk their language anf' you pave to be ahlo tn transiate what they are soving irto mesningful
relatior ships that they car raderaend and use, : . "

'
1

DR ALNAES (NO) . . o -

Dr Monscn, 1T wnay interested in the very high visupl acuity means that these people (Ad, Ton't vou have anv
suby population of spentacle wearers? Somebed, furttier down on the range that you could cest and cuypgpare
with these people who fly so magnificently? ‘

AUTHOR'S REPLY (DR MONACO ‘UG) :

Yer we do have data feom spectacle wearers but nos 1 the stuuy U reported in v paper, In order 1o get
the tezt battery rendy for use at the rane we had to test large groups of people. We havo data from
nearly 200 subjects  who  varied not only jh vie:al acuity capabilities but slso in terms of asmplitude of
accommodation. The populstion of peopds that we used in our laborstory teat had ages ranging from 20 tn, 1
think, soproximately 70 venrs of age, Sq yes wa 2 have that data.

' ey
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| COLONNE VERTEBRALE ¢ SELECTION mT APTATUNE DES

Lo © . . PILOTES -D'AVIUN DE COMBAT LU PUTOR

e ' P.J. METGES*, J. PLAGVEAT#*, R, AUFFRET###, R,P, uELAHAYEW*##

B 7 A, VIEILLEFOND'

' * Prnfesseur & 1' Eccle d'ipplication du Service de Santé pour
' ltdiemée de 1'Alr, Chaf du Service de nadiolugie de 11! HSpitel - - -
d'Inatruction des Armées BruIN, 69 Avenue de Parsis-94160 SALNT MANUE- B

‘ . FRANCE. ' : i
{ - - . Tows glectroradiologiste dep HSpitaux dus Armées, alme adrssase
3 a4 Médaoln Général, Directeur du Sexvioe as Santu de la 3° Régicn Aé;ienne

. . 33998 BORDEAUX AnHLES -
. } “#x# Médecin Général inapecteur. Directeur dL Service de Santé de la
| : : ' . 1* Région Aérienns et de lua Furce Adrienns Tactiqus- METZ - . ] )
’ '; . . . ‘e Professeur & i' Ecole Aa'Application du Service de Santé pour 1'Armée | R
; " : = ; 'de 1'Air, Médecin Chef, du LAMAY, Centre d'Essal en Vol ~ BaxWICKY - - -
- - ’ i
[ i . B : - ' -

.

REEUME 5 uen nouvoLlev qénéra:fons d'avions de combat so ‘caractéricent du puint de vue vertébral

| ‘par 1a powsibilitd i'atteindre des acchiérations, forton, invtantandes A% dursables,

' . “Pour donner aur pilotwva des possibilitéa optimales d'information vieuelle, Je rachis
curvice) oonserve ia mobilité at devieat wulnérable dans certaines circonstances, Des

S e= - lésione ovgariques peuvant survenir en vol muc ce co;ucnt. Leur prév-ntion pour ageurer

i T ' 1a sécurlité sdrienns vet en jeu 3 $léments

' 2 " = A& wéleution rigourecuse b.qu entre autre en France sur l'axplotmtlon radiociirique

k du rachis et l’application & )'admisrion du sisndatd d'aptituds des pilotes d'aviona de

oombat niec deus aaeptations :inimes,

~ les progrds techniques portant par exsmpls sur l'slligement du cwmeque

=~ lteatrainoment physique inpéyetif comme une bonne hygidne de vie, Cot entxainsusent

dott 8try huormonieax, yaisonnuble et non inutilsment po*roctioani-te pouy 8tre régulis.
vamcnt a:ivi.

i
!

Lepuis de nonbreyses années, las candidats au personnel navigent de 1! Armés da 1'Air frangaire
subjssent une sxploravion ralicolinique de 1l colorne vertéhrals lors de 1'exyertise d'simission,

. Qutre son aspeot médico-1égal, son principal intérét est d'éliminer les candidats porteurs d'ano-
zaZie oo de 1ésion susceptible A'8trs agravée par le vol et ou de netire en ocauss la ebourité des
vola, L1 conzient ae fourrir si comyandemsn: des candidate-pilotes qui aient le maximym d¢ ohance
s conserver leur aytitude durant la durés de leur carridre,

. yop standardas d'sptitude pont aduptds aux exfgsnves du pilc fage den principeux types d'adroneis : !
et on partionlier sux aviods 4v comdat, LA mise en servioce en sranct d'uns nouve)le génération ' i
d'evicons de combat cumma le¢ MIHAGE 2000, doit-elle s'socompagne: d'una profonds modification des . ;
oritires Atartituds qui connexcent 1le rachis 7 EKet-il n&ocsmnlro e prﬂvolr pour oss pilotcn un
entrainement physique partisuliex 7
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\ LIXEAMEA RATI0 CLINIQUR DU RACHIS LORS DK L'EXPERTISE D'ADMISSION,

Hous counaissons scn bui, exasinons ses modalitéa.
. LIEXAMEN CIINIQUE apprécie entre autrs 1la stetinue daus ses doux plans, le nuuou]ltnro,
Cat l'nlpxitudo, 1a govplesse ot 1'indolence des mouvenents du yaohis, .

Ao T R

a0 GPEXAMES HADYULOZIQUE ocmprend i
art ol L ~ soit des olichép dtungendle face ei profil en pnlitjoL deboud
- 4 . = soif dss olichéa du segment cexvical, doreal, lombc-macrd de face vt Qe profil en position

dbout, c'ent A Cire 6 clichém av total avec 1’incidence localisée L 1s oharnidre oarvioo-oocipi-
tale ot Joabo=tmcrén,

AR

LIS PPINCI¥ES DI PRISK DE DECISION PAR L'EXVEAT,
Lormeqr.'2l dévou™ra una muomalie statique, fonoticnnells, morphulogique pu nxgenique, 11 dott
ge pomer plnaicurt questionw

~ Cottwv sncmalle met-elle so stuse ia résistense 3a rcohlu aux sgrussions ua vol en partiou-
ller lorm de ]*éjuation ?

- Peutcelle #an décomponser du falt de 1l'activité oéronautiqno ot constituer par ses effets
aegondaires up facteur 2iminuant 1c aéoarité des vols ?

La réponne 2 oes quantions n'est pae trujours faoile, En cas d¢ Joute, il vaut mieux 8ire risvu-
roux & 1l'eduissfion,

TS TR e DT

LES CAUEEE D!INAPTITUDE.
I1 axiste des oanmes d'in<ptitude commane A tous les emplois de pilote. Ce sant los uffections
évolutives de type tumorsl, {nfestisux, inflaumetcire et leur adquelle, La quani toislitf des g
séquelles post iraumatiquss et les unomalies congénitalas oomplexes mont élininetoiren,
I1 faul vigaaler des caumar d'Jraptitude spdcifigue au pllotage des avions de oombat. :
Lan étudsu climfques et physiopsthologiques mottrwot qu'il existe un seguent rachidi~-n oritiguse !

psrtioulies avx pllotes d'avions de combet, 11 efaglt du raochiy dorsal et de 1la Jounotion dorso~
loabaire ( 6j.otiun) O

TLes troublec de lr statique pouvent fsvoris.r Jew lénions b 1"Jaotlon. Iy tableay aulr.nf
véawne 1rm dbaislona,
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¢ ! CONSTATATION ' pEcisioR !
1 3 1 '
! Scolicse dorso- : Angle de soclioses {nférieur ou ! :
1 lombaire ) égale b 15° . APrE :
1 s dngle de moolione mupdrieur & 15° ; INAPTE 1
[ ] 1 ]
1 3 1 1
: Cyphose dorsale : Angle de cyphose inféyieur A 35° : APTE :
! : Angle de cyphose compries entra TAPTE oa ;
' ; 35° et 50° (tenir compte de l'lllo% INAPTE selon
¢ oiation & dea séquolles A'épiphy- 1a9 afgocia~ '
: : soms) ;tiona :
f} s Angle ds cyphose supérieuyr A 50° 1 INAPYE [}
1 3 3 t

\

THOUBLES DS LA BTATYQUE VERTEBEALE

Len séynelles 4'épiphviose de 2sroissance cont classées en degré,

~ cugré ftailble 1 on vots is présence de pewtites irrdgularités et un feuildletage dep plutasux
wartéhraus aven encoche de ACHYMORL aany modification de 1s morphologle générale dens vortdhres
et 4o la statigne- .

-~ dogré moyap 1t 1) wxlste une déforeation cunéiforme sntérieure d'une vertdtre isclée ou
sgso0clde SUT sutsba signes vlug paArticulidrement avmo des smcnohes locsliséem deq platemur ot
un pincwment d'espacs Latexvaridbral,

- degré furt 1 ls déformation ountiforme antérienre intéresse plus d'une vertdbre associde
aux sutree signes 2t & nwn rotentissement suy lo statique vertébrale,

Nie tublasn sulvent rdoume lws décioions prises,

: i CONSYATATION ! DECISION |
' g6quslles : Degré faiblo ! APTE :
: Atépiphyeone de ' !
g 3
. orglusance : Dexré moyen ggrnul .y INAPTE .
1 ' loabuire 3 APTE ]
N ] 1 A ) ]
s 1 Degré for s IRLPTE s
1 ’ ] ]
1 } 3 s

SEQUELLEG D'EPIPEYSOSR DME CROISHANCE

La 1yie fathaigae 4'une vartebre loabairo busase s'acosnpagnent d'un spondyloliethésio supérieur
4 1 cm par repport & la vwertdhre sous Jjacente, entraine 7 'inaptiiude,

EST-1L BECRSCATHE DE MODIFIEK 1E SBTANDARD D'APTITUDE DES PILOTEE D!'AVIOES DE COMBAT?

Les danndes dv prodlime,

% les ountraintes du ponmte de travai) : les avions do combat de la nouvelle génération e4
an paTtivuliur le MiTage 20C0 re caractéricant enire autre per leur aptitnds & " virer " ccuct,
Ils scumettent le pllote A des acoélérations de 8 5 9 G pendant plusieurs disaines do 2econdes
Aven dess 4emps d'inntallation de celles-ci de 1'crdre de la aeconde, Lea acrnvéquences sur la
rachis sop! Q1fférentes selon que i'con cenwiddre lu regaor$ doreal et 18 Junotion 4ureo lombaire
ou le sagment cervioal,

Le¢ zachia doreo lombaire ctert & Alre 19 tronc blen sangl/ et bien ssutenu par le doseler du nidgs
£s33tabls st i mouuYs 46 GUGPITLST 06 aC0sléFAlione, Lé eegimnt (osrrédi et is jonciion dorso
Lombalre &, srurent oritiques lurs ¢'uns éventuelle djectiion,

Le rachis cerviosl ne bénéficie pre d'appui cunstant pour conewrver A 1a t8te uns mobilitd néces-
asirs A la prise des informatione visuelles, Ceo segaont devient critique, '

* Anatomie du Tsohie cerviocsl 1 i1 s'agit d'un aspilement ds seguents osmaux unitaixez e
patitev tai)le, moblles law uny Ypar rappsrt aux avtres, Les vertidbres cartioalss sont artioulbes
ontre elloa et law £lémento atjscerts aniérimurs et pontérieurs mont respeotivemunt réumis entre
aur par dua &idmects fibroligementoires qul cusurent un freinage pasei{ & dea couvemstts nsuplexes
qui peavent dive de grande uaplitude { flexfon, #xiensin, [lurion latérale, rotation at leure
sembinuisons powsibles), La destraction 4es [2#ohns wat on danger 1a piplilitd Ge oo megwant rachi-
fien et per consénuent fe podli¢ et Les nexfs yvachidiens de 1L'étage cervical,

La suocession das artioulations diveo auvmatiques antériajires peut 8Sire aseimilés & une onlonne
purteura wlors que leu artioulsxtiuns interapsphycaives poviinisuresn pntites ot fragiles peuvent
Strc emsinilAdun B Aue cvclonettss Uireotricas,

‘Ls musculsture du oou, systéme de hauubanago actlf,assure 1o aobi)ité de 22 tlite, le waintlen des

. attituden, e varroulilags du ocou et do la t8%e en ponition G ntabilivé,

En somme, 1A mobilitd 8¢ e ot lonne cerviesln permet liobliceterrs pries d'informetion visuclle
Au pilcte afavien de combay, Be fiagilité ont ia rangsn 4o su malflatd,

# La oharge ds trevail en v¥ol 1 4oy faotrurs A'sgreasions 1454 somtan, set accilirationn

. Oz intenssy de longue duréde ot brutalemwnt [ueiailieyg ajautent yn 416ment orxiginad.
" e pllote qui s'atten? & subir ure de cem foina wLcilérations, contrasta lén wui7ley Y anu,

i

versouille se t8#4e en position atable ot 1'on na colntate paa de nouvemeni Anogasur sous Rc0élé-

rilone’
Aa contxairs, ol ia tBte est guTprise pav une forte agcdiération en dehors da ip posinicn e
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verrounillagy, son poids apparent dépamse raupldemnnt le& possibilitée de rattrspmsge do la muscula-
ture 3 la thte se mobiliae on fonction @6 1'inverse du sens dlappiifcation de 1'acoélération j
le mouvement v4 s¢ poursulvre jusqo'd son freines par les formatioas anatomiques. Ceci est facile
A comprapnire sl on satime gromsidrement ls poide de la thte ot du cou jJusga'd C6-C7 &k 4 Kg o%
1téquipemint de t8te A 1,5 Kg,1'wnaemble phee ssnasiblemant & Xg, Le poids apparent est de ¢

30 kg & 5 G

48 Xg A B G

fO Xgd 104
La pulesance dea guscles du ocou eat rapidement dépansde, La mcuvement non an’irisé d» la téte
sous sccélération pait Atre violent et responeshle A'un ftraumatiuss cr@sien contrs une parni
de 1thabitacls. Ls rachis cerviocal peut #tre 1éxf 1nl mime en partioulier lorsque la téte ot
surprise dane uno position couplexs comme 1'extsansion xuvtetion pour une priss d'information visuel-
le latérale st heute, Ainsi des ¢ntorses, des fractures de co segment rackidien mont survenues
en vol au ocours 4'accélérationd bruteles, Ls survenue d‘hernie discale est possible également, &
méme que le surmenage cerrical ¢f & la répétition dee apoélérations iaportantes, est svecaptidble
d'4volusr & 18 longue vera uus décompensation arthrasique,

' L'EVOLOTION DU GTANDARD D'APTITUDE LES PILOTES D'AVIONS DE COMDAT A L'ADKISSION.

I'appliocatior du standazd sctuel est suffisant sous deux conditions. I1 est tlapiratif d¢
blen dissvcier les aritdrss propres su pilote de combat et ceux propres au pllote d'hélicopth-se
ot tu pilote de Srausport ot de lisisen, Il faut sjouter au segment oritique classigue oonstitud
per le raochis dorsel ot 14 jonotion dorec losbalre, le rachis cervioal, A oe propos, il faut $ive
pa~tionlisroment vigilsat quand il existe des antéoédents de traumstisme cervical, la maiadye adquel-
le clinfque, fonoctionrelle, morphologique doit faire prononcer 1'inaptitude, Par ailleurs, 1le dé-
couverts d'un bloe oongénitel entxe 2 vertdbres comprises entre C3 et U7 doit amsner & pratigusr
des dpreuves statodyramiques pour juger du retentissesent dventusl suxr la etatique cervicale ot
1lanplitude des apuvemwnts, ai oelui-ci est appréuiables, 1l'inaptitude eat proposde,

LES LLEMERTS DE PREVINTION DES INCIDENYTE CERVICAUX.

Ile soat Se 3 typso, 1la séleotion, les améliorations technijques, 1'entrainement physique,

. La aélestion M l'sdmigsion doit #tre rigoureuse comme ncus l'avons vu précédemment,

« Las aséliorations techniquea s 1a plus aimple ports sur l'alldgensnt du ocasque ports équipement,
I: ent possible d'imaginer deu systdmeu oapatles de lajeser une certaine mobllité A 1s t8te tout
ap asgurant en oas 4 'sccélération dbrutale nne contention suffisante A lfansemble t8ts-cou. Leur
réalisation est probablement complexe pour qu'un tel systdne moit confortable, dono non dangerwux
pour le pilots.

. L'entrainesent des pilotes 1 on psut Stre tenté de renforcer par des exercices particuliers
1a musoulature du cou, Ce sersit une erreur, les eXxe=cioces doivent Intéresser 1'ensenble de¢ la
sustulature vertéhrsle ot du trono sous peine d'un retentissement sur les auires cegaenta rachidiens
Le maintien d'une excellents ocndition physique est nécessairejpour celd, le respsot d'une hygidue
de vie ot 1lun pratiqua 4'up entrainement physique sont des obligations pour les pilotes, Pour qu'un
sntrainement physique qui intéresss l'appareil locomoteur et le rachis, le systdme cardio respirs-
toire, 1'smélioration des rérflexes, roit régulidrement suivi, 11 est nécemsaire qu'l soit raisonna-
ble et suffiranment attrayant, Des erfforts dans oe sens sont faits.

CONCLUSION.

Le prise 4'information visuelle est plus que jamais nécessaire dans le combat aérien aveo
les nouvelles généretions d'avions 4e comdat, Elle eeat possidle grice b 1la mobilité Adu rachis
cervioal, ss rangon o'est uie certaine fragilité. Ce seguent rachidien devisnt critique,
L'exploration radiocolinique et le standard d'aptitudeo & l'admissicn des futurs pilotes d'avions de
combat eat adapté en ae qui noncerns le rachis A une sélection qui doit Stre rigoursuse peur $tre
efficmce.
Les progrés techniques comme 1'alldgement du oasque, la mise su point du systdoe de oontention,
peuvent apéliorer la réeistence & ces contraintes nouvelies,
Urie hygidne dn vie ot un entrainement physiqus harmonieux ¢t non inutilemeni perfectionniste
doivant dtpa conuiddrés comme un Ag¥oiT pour 166 pilotes d'avions de combat au futuy,

respien, & 3 VRIS MemTTm T D) TadrTIl
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SYSTEMATIC RADIOCRAPHIC EXAMINATION OF THk SPINE FOR SELECTTOH OF ¥-16 PITNTS:
A PRELIMINARY REPORT
Albart van Tmlen, Mal RNLAF, FS radiolorist, -
Miiltary Hospital, P,2, Box 90,000, 3509 AA, Utrecht, Wetharlands, ?
i ' {

Yorry H.M. Yun Den Bigegclaar, Col HEILAF, OFS,
Diveztor Aviatlon Medicine Division, P.0O. Box 153
370G 7K Socutlericry, Fetierlands,

ABSTRACT,

Witl the introduction of the lhigh performunce aireraft F-16 in the Royel Hetherlande

Mr Force an inerense in spinnl column disorders was anticlipated, Thercefore, a aytematiend
radiographic whole spine examination of Cundidate Student Pilots (CSP's) and Qu-lifiecd
Pllots ‘QP's) deslonnted Lo fly F-id hna teen performed sinece docermibor 198, . To reduse
rudiation exponure radiopraphn were nade u~ing o nodern 14 inel intensitier. ofar,

225 CS5P's and 196 QP'a have been cramined, )

Striet applicalion of the medical ceriteris leads to u rejection of 20 % of the CSP'a
beenuse of apinal disordars visunlised on X-ray,

Far F-1/4 pilote, the mujor region of intercst seems Lo Lo the cervical apine.

The rejention rate could be redured by readjustment of the wedical eriteris and scpsrste
dclection of heldcopter and fipghterpllots,
Syatenatie exannation of QP's who had no or incomplete preovious examinations uneovers a
high rate of opinul diaosrders.
Tn our servias QF'a without aymploms wepe only rejected bLecause of cervieal diccapathy
vith osteophyte formation on bLiic backside of the vertebrne und resulting narrowing of
Lthe 2pinad aanuel. '

INTROLUCTION

P e e L

Ardnnl ralumpg Adanpdove 4t Cant a siond Mlaunt aoamont o8 e ninfarns rilate nrd o a4
T Tomn Al eorderre a clendPlceent 2opment o tne alrtorce wilots ord ore a2t

-

oue Slme or anobher o pajor caure of pain, weuskn and impuired cndursnere (6).

Vith the dntroduction of tne Liyh perforunnce ajreraft F-10 fn the Royal Hatherlands

Lir Foree (HNTAF) a conciderable dnerease of opine aymptons wves expected by the raodics)
nuthorjtien, Therefore, Lo need roy o systhenatic radiorraphic exsmination of the whole
Gplue of both Candidate Student Pilobvs (CSF'S) and Quelifiod Pil Ao @ifta) desiynaicd o
fly ¥=16 wno ctrengly felt, This examinstion hus been performed pince november 1982,

METHGL, RADTATINN LAZAKDD AN MATRERIALG.

e ) o oy

An adeguato roadiopraphie cranination of Lho whole spine includes w conaidernble numbor
of photearuphs, Thin repulbtn in o sabalantds) vadiation cxponsure Lo the cxsminee,
Tn thi«a study Lhe stundard exurminatjon fneludes the following 1o radioprapha.

XPTIN

4 Lumbosarral splnes Poateroeanterior, lateral sand two o ligue projeatjons
4 Thornein apine ToANLoro-ponLer)or gnd jateral
3 Cerviesl aptye : Postero-gnterior, latera]l at rest and ih flexion and extension,

Thin exnmination purformed with conventionni Xerny equipnert gilves » ruolstion oyjneupe
of abont 650 m rop to the boane marreuy (4). Thia orean dose §9 five Limeg the nvernge
vesrly doze of nstural radiation of 130 mrem (2ca level). Accordlinyg to the datu of tho In-
torpntionel Committ ~ of Fadintiop Protection (1), Lhis deze of 650 mrom moy lnpd

Lo o tumour induct. .n frequeney of 0013 00U with a istent porioed of 5 to 20 years,
Statdsticenlly tida carnot be peusured becsuse of the tact that the spontancous tumour
fnejdence froqueney in obout 24 %,

Full-apine radioupraphy (Lhe whole rpine on ~ne photopraph iu AP projection and ene 1n
Juteral projection) san reduce the vadintion caposure to 1145 meenm (5). Tn onr apinion
however, thic metlhod 48 cxcellent for messurvapont of ascolioscs bub inndequate Lo trace

s yarjety of aplunl disorders,

Substiantinl redustlon of rodintjion car nloo be sendeved by uning a modere 14 dnech Imege
intennifier Lo make the rudloprapha, Cowpsred with conventiooal radiogpraphy this xeothod
allows u 4 to 1¢ times reduction of eyposure, depending on the more or lase use of
fluorcscopy for positioning of Lhe orxaminee,

The vesulilng small alze oletures (10 x 10 cr) ere of pond gunlily an sufficisnt for tny
rmdiologiral Interpreiation oycecpt @ very sccurate mossurcmend, of the angle of u ceoliorin,
in our axperjence newever, thia restrietion nover posed v problom,

The radiographs were dnterproted by on raddolopgdst, when in doubt an orthopedic purpron
wng congulted 4o mive a Ysecond! cpindon. Avrowadlen] dispoaftion ard waliver suthorily
were the rogpponsibility of the Director Avintion Medielne Division,
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i f Since, november 1982 al)l CSP's are subjectod to the previously described examingtion at

: : the end of the selection proccdure.

' : A1 accepted C5P's will be reexamined after six yesarg. The CEP's who were rejected during

H : ithe training period will also be reexamined as far as posaible and will functicn as

zontrol group. Furthermores all QP's designated to fly F-16 nre exsnined.
i - This examination will also Le repeaied sfter uyly years unless disorders are fuund which
i - require a wore frequent follow-up obrervation.

N Resd T far ok skl $rdbdinl 2

- RERULTS.

Up to 1-1-1985 225 Csr's were radiographical.y examined. Strict aPplicaticn of the

Fiight Medicel Standacd (FMS) of thne RNLAF led to rejection of L5 candldates, The ressous
for rejectlon are iisied in table 1. Candidates with signs of Seheuermann's disesse were
rejacted whep ithere were more than two obvious Schmorl's nodules. Alav a unilsveral
apondylelyais or a spina biridu cceulta with two or more vertebrae involved war reason

for rejeciion,

- —o— e

e ——————— ) i S

!
Lo 4 Tahle 1,
B -
\ 1 § H = 225 100 £ iluaver of CSP's examined, T
E . : 45 0% Hejontud for spinal disorders visualised by radiocgraphy. %
[ s 22 10 §  vertebral ostsochondritis {Scheuermunn's disessc) : 3 -
t B o 13 6% Vspondylolyais/lyathuniu k
I 5 2 % congenital snomalies
g : 3 1 4 discopathnieg
¥ g 2 4 other diccrders :
{
' i g So far, 196 qualified fiphter pileota underwent the whole spine examipztion before they
b i B wore allwed to be certirised for the F«16. In the past, only some individuals of this 2 )
' £ group had been rediopraphically examined. . N
‘ E— The results are Jioted in the {following table. S o .=
E Table 2, :
r
! _z o= 195 100 %  number of quelified pilots examined
. ;i 937 49 £ no or very slight disorders
) 1 } 99 51 % one or more disorders, lioted below
i ! 6s. 33 § _thorvcolunbar disordzrs: %
| = i T o £
' 4 21 11 ¢ Sebeuermenn'y disease: 12 s5light 4
1 9 moderatve %
+ Ed
i 2
,,é 19 10 £ lyeis / lysthesis lumbar 3
,”i 12 6 % lumbar discopathy, 1 status aftsr laminectomy g
'I 2 1%  stutus after modorate compresslon fracture Th 12 / L 1
i 3 4 % congenital anomalies, 6 of these trensitlonel vertebra
%,i 3 29 osteo~arthritis thoraco-lumbar, rather advanced.
48 24 % _cervicul disorders:
16 8 § abnormal allgnment, uncomplicated
] 5 % cervical discopathy, uncomplicated
18 9 % cervical discopathy with osteophytes
5 3% cervical ostno-arthitls, uncomplicated
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DISCUSSIGHN.

In our serics, 20 % of the C3P's wera rejeched because of radisgiuphically visualised
apinal disorders whether they had sywpioms or not, In the period prior to our study

(1980 and 1981), only 'full suine' radiographco were made which led to rejection of 7.5 %
of the C:iP's, Thjs marked inrrerce is pertly due to the more detailed radiographic in-
fermatlon obtainoy by ouyr maeithod, However, il also resulted fro- the readjustment of the
RNLAF FMG to the more atrict criterie for b igh performance alrcraf{t pilots as recommended
by Xazarian (6).

Another resson for the high rejection rate is the fact that in the RNLAF the CSP's hevye
to be medically qualifled for fightsr rilot as welli as helicopter pilot. For various
reasonsg aircraft chol¢e is wade later on.

Delahaye (2) advises tc reject helicopter CSP's wh: ohow tvensitional lumboesacral
anomalies associated with asymmetry, msrkoed disengagemen® of the plvat vertebrs, or
transversosacial new joint formatjon, In our geries, tnis anomaly by jitself was no reason
for disqualificetion. Otherwise, the rejection rate would even heve Leen higher,
Operational experience with the F-16 sugpert that in comperison with their pravious
aircraft (F-1C4 and NF-5), F-16 pilots have less lumbar spine symptoms byt complain far
more zbout cervical pain and discomforw, ’

In a linited study, Aghina (1) found that F-16é pilots had & timee mere cervidal

symptoms than F-10; ypilsta. At one itime or anotner, 67 % of the 7-16 pilots had experienced
cervical asymprors during the otasrvation nericd of half a year. Similar ohuervations

were repoerted by other RNLAY flipht furgeons. This is partially due to the extreme
G-aceceleration poesibilitles of the F-206 alrcraft, Tt ius also velated te the different °
body peaitien ipr the F-16 where the thoracolumbar spine lewns backward at aa angie of 307,
requiring a correctionnl flevior of the cervi«al spine,

Bocause of the swarvness of the cxtreme strain or the cervicel spine, apecisl attention
waz piven te th)z part of tre examination., However, disorders of thae cervical =zpine were
resson for rejzction of only 4 CEP's (2 1), Moderate disalipgnment with normal flexion and
extension wase in our series no reason for disqualiflcention.

In coatrast, for belicopter pilots the lumbav apine 1s known te  be the mos’ vulnerable
part, Tharefore, the inteoduction of high perf{cermance sircreuft will prebably lcead to an
inereaging dircre v belween the mediesl quslificaticn ¢riterin for fighter and heli-
copter pllote, To particular after a porcible veadjustment of the FMS, this ahould bhe
renson for separats selecticon even in smaly oirforces, in erder Lu reauec the rejection
rale,

In this respsct, the recommendatinono of Yelahaye {2) about differcnt critevis for heli-
copter and firhlLer pilotes and hiz cpinion aboul spina bifidu nsccultn as zp inapocent
anomaly huve to be mentioped,

The radiographic examination of 190 Qb's ahowed In 70 eaces apdnas diccrders which
aacnrd]ng ta the HNLAY FMS shoujd he pogfon tor disqualitleation, Without, daoubt, the
resulting rejection rate o€ 30 % of tre (P's waa inacceptable in cur opinicen,

Dizcussion betwaen flipnt surgcong, voadiologists and orthoveidls surgeons led to the
conclurinn that qualified fightor pilots with no sympltoms restricting cperational
enplaynent should be rofected only when an uncceptable inevensed risk to thelr physical
hezlth, or sn obvious incressed risk for flight sarery could be assumed.

With ihis point of view 58 the puideline, lumbar an thoracic spilne disorders were in

no case of our reries raasson ror rejection.

One F-14 1 lot who received a walver for & spondylelysthesic, thive wonth 1ater ax-
parienced an inflight ejectdion fcdlcwed by a reugh paracpute Jeanding, On X-ray o sliphbt
compresaion fracture of L-1 was shown, [fn spite of this, the jysthenis of L«% waa com-
pletely unchanped in comparison with previour radicpryphs. The stablility of a lysthesis
fecns te be adeguate Lo resiyt severe traanc jnomeost e 2 {3).

Reuron for rerjueidy c¢oncern were lonpg exinting discopathiez of the cerviecal spine with
ozteophyte forwution, in particular when oateophyted were Jocated c¢n the back =jide of the
vertebrae, This causes n narroulng of the cnrvical canel and mny lead to coupression of
the mycium, .

In clindenl medicine o rinimpal diametor of the vervieal conal of 14 wm (83 measured on

n ctandard latersl radiograph) $a ascumed to e sufficlent For the r/selum. However, tlore
i# much uncertainty about the possible risk ol a sudden Craclure of an osteophyte duviugp
the extreme G-strain which cuy be pohileved dn the ¥=14, When the osteophyte 13 located
on tke back side of the cervical cansl an acute compression of the myelum with Tesulting
puralysls could be sxpzeted in case of & fraciure.

In our series of 18 cervicel diacopathics with outeophyte formntion, four pilots wers
definitely rejected for Fe16 and Lhree pliots receoived a f-restriction.

A1l pilots with cervical dizcopnthy who hud been granted a waiver fer the F=146 wore de-
glppated for w yeurly radiographie [ollow-up cxemination,

.
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| ; CONCLUSICNS.

; L 1. Syatematiz radlographic examinatlon of the whole spine lecads to a high rejection
E ) rate of CSP's. .

v e 2. Radingraphic examination of QP's with no or incomplete previous examinations
uncovers 2 high rate of spinel disovders.

\

3. Tn QP's designated to fly F-1&, the cervical spine ig the major region of
interest. In our opinion, tracing of disorders on this level will substantially
attribute to flight safety. .

L. The introduction of high performance aiveraft as F-iA will probably lead to an in-
creasing diserepancy between the desirable criteria for fitness as a fighter or
helicopter pilot, as far as the spine is concerned. Jn our opinion the cervical spine
ig the moat vulnerable part in F-16 pilots as for helicopter pilots it is the low buck,
Hewover, readjustment of the RNLAKF FM5 will depend on further investigations.

i —— e —

o Together with separate selcetion of fighter and hellcopter pilcts this could reduce
b the reluctlion rate of CSEP*s.
§ % . 5, Finally, performance of the examinaticn by use of image inteusifier radiography
Lo can markedly reduce radiation exposure.
D
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: DISCUSSION OF SESSION V - MEDICAL SELECTION: THE SPINAL COLUMN B
| (Papers 40 and 41) %
‘ “ IR ALNAES (NO) 3
EY
i Mej Van Delen, what is your protocol far follow up radiography of F-16 pilots that you now have ba-c line %
- X-rays on? When is the next time that you have a lock at those cervical spines? ;
i
\ ! }
i AUTHOR'S REPLY (MAJ VAN DALEN (NL) i
F We plan for the opllots to return for another X-ray examination after & years unless anomalies or disorders g T

are found that require an earlier follow up. All the pilots with cervical dise pathology and osteophyte
formation come beck every year for 2 picture of the cervical spine to see if the osteophvtes have increased B
in size. I think that when the increase in osteophvtes has narccwed the spinal eanal to 14 mm we should
reject the individual for flying the F-16, There is, however, little in the literature about this subjent and we
are still a little unsure. We are conducting biomechanical studies in Holland to sec where the weak places
are on the cervical level. We hope to be able to answer the serious question - can high G steain produce an
acute avalsion fracture of an osteophyte on the rear surface of a vertebral body? TIs that possible or not? Tz

|
i
d |
I

DR DURAS (FR)

Regarding cervical disc disense, it is well established that plain X-ray findings do not correlate well with
clinical problems and | wonder how valid is this straight X-ray examination?

AUTHOR'S REPLY (MAJ VAN DALEN (NL)

It Is indeed true that you ean pave severe cervical disorders like dise pathology with ostecphyte formation
without any symptoms. We have many pilots with very g&dvanced disorders who have no sympioms. We don't
know where the disc pathologv has broken out - fs it on the lateral side of the vertebra or on the posterior
suface where the nerves are? However, although the spinal cord cen adapt to some AP narrowing of the
=pinal canal without spparent interference with function, a sudden gross reduction in the wicth of the canal
will produee compression nf the cord with severs neurological svmptoms. The problem with which we are faced
is the possibility that during flight when an F-16 oflot is exposed to very high G the cervical eord may he
suddenly compressed.

COL VAN DEN BIGGELAAR (NI}

I would like to comment on Dr Van Dalen's remarks. Fighter pilots flying in the rear seats of dual contro)
aircraft report that when the pilot in the front seat applies G, even only 4-5 G, without warning he may
suffer & sudden deflection of the hemed so that the pilot really strains his neek. Now if this is the neck of a
pllot without any eclinical complaints but with a very narrow spinal canal, damAge to the cord could well
ocenr. We know that 60% of our P-16 population regularly have neck problems for whieh they see a flight H
surgeon. This is a very critical area and we are very worricd for the future,

m———— L LT R L L T

smix_erai; capesemp rsrape s . - =




- ——— an o

J——

RO YT R

et st e

N

e e by o e s L0 T B

ENTRAINEMENT PHYSIQUE DES PILOTES DE MIRAGE 2000

Méderin en Chef G, PUYOT - Médecin J.M, CLERE - Mcdecin Principal J, LEMOT - Capitaine J.P, DELATIRE -
Médecin en Chef M. GOUARS

LABORATOIRE D'ETUDES
MED1CO-PHYSIOLOGIQUES
57/118

C.E,A.M. et Basc Aérienne 118
40490 MONT de MARSAN "Air®

RESUME

Neuf pilotes de combat ont suivi un eptrainement physique specifique
a base de musculation en vue d'améliorer leur tolérance aux fortes
accélérations. La validation de cet entraipement a dété recherchée
par des tests en centritugeuse. Lo gain de tolérance objective
peut. étre attribué respectivement ou conjointement & ['entrainement,
a 1'adaptation a ia centrifugense et b une meillenre officacité des
manoeuvres Lype Mi.,

INTRODUCTION :

Volant sur les avions de combat de la nouvelle génération (type
MIRAGE 2000), les pilotes sont soumis lors de certaines phases duo vol 4 des acceclépa-
tions soutenues, de haut niveauw, variant rapidement e¢n sens et en intensite, Dans
ces  copditions, les seuils classiques d'apparition des troubles visuels (voiles)
sont rapidement atteints voire méme dépassés ;3 des pertes de connaissance brutales
sans sigunes précurseurs peuvent survenir, des pétéchies, des troubles du rythme cardia-
que et des cervicalgios ont ph 8tre observés,

Pour améliorer la  toltérance des pilotes A cette ceontrainte, on
a cherché 4 améliorer les moyens de protection classigues @ pantalon anti-g, sitge
incliné, manoenvres d'anticipation volantaires, manoeuvres respiratires ete,.. Tous
ces moyens ont. une effijcacité certaine et prouvée, mais il apparait que Je mainticn
d'une bonne condition physique ¢t un entrainement spéeifique constituent des atouts
indispensables, Ce type dientrainement a été défini et mis au point ; on a cherché
a le valider par une expérimentat ion.

PRINCIPES DE L'ENTRAINEMENT

Inspiré des travaux d'EPPERSON, cet entrainement a pour principe
diassucier a une préparation physique géndrale des exercices spécifiques oL une gymnas-
tigue vertébrale.

visant o oméliorer Ies qualités d'endurance :  1'organisme travaille en aérohiose
v sontenant des efforts d'intengite faible pendant des temps asscz longs. Daps cette
optique, plusicurs variantes peavent Stre proposées @ footing, ski de fond, patation
etc... Qrlle gue koit ta mudalité choisie, cette préparation doit se faire en dehors
de tout esprit de compétition,

1 - Prépsration physique générale : c'ost une préparation de baue

2 - Préparation physique spécifique : elle o poar bat d'améliorer
len qualités de r_égjsbam.:e musculaire 4 des efforts soutenus d'intensité forte, 1'orga-
nisme travaillant en anaérobiose. Ces cexercices intéressent la plupart des grands
groupes musculaires pouvant  amélivrer 1'cfficacité des manoeuvres respiratoives du
type Ml et assurer w. meilleur haubanage de la ¢olonne vertébrale.

3 - Gysnastique vertébrale : son but c¢wt rde développer Ja muscula~
ture paravortébrale afin de minimiser les rachialgies notamment. cervicales,

EXPERIMENTATION

Mis au point avec 1la collaboration der quelques pilotes et d'un
mopiteur des sports, ce programme d'enktralpement a fait 1'objet d'une expérimentation
pour en valider 1'efficacité.

| - 3u'jut,s H Neut pil .ea ant participé a& l'expérimentation. Tous
volontaires et trés molivés, ces pilotes cadres poniteurs d'une unité d'entrainement
au combat, avaient en moyenne 1800 lLieures de vol et dtaient agés de 36 anwm.

2 - Enirninement H sauivant les principes éaoncés précédemment,
il comportait : '
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1¢/ un footing cardiovasculairve hebdomadaire : effectué
en décontraction, & petits pas rythmés par la respiration sur une distance de 5 km
environ.

2°/ des exercices musculaires exécutés dans une salle spécia-
lement aménagée a raiscon de deux séances par semaine. Chague séance comporte la répéti-
tion de 11U exercices, chacun conxistant en trois séries de 10 mouvements, effectuds
selon une chronologie bien codifide. L'appellation de ces exercices est la sui-
vante

TRACTIORS CES BRAS DEBOUT

FLEXTORS BRAS/AVANT-BRAS

DEVYELOPPE COUCHE 7. EXTENSIONS BRAS/AVARV-BRAS
REMYOES AUX BRAS PLIES 6. EXVENSIONS JAMBE/CUISSE
TRACTIONS DES B8RAS PERCHE 9. EXTENSIONS CORPLETES JANBE/CUISSE

TRACTIONS ARRIERE ASSIS 10. ADDORINAUX -

Pour chagque exercice un poids maximum de charge additionnelle (PM)
est dérini. Cette charge fonction du poids du sujet, est atteinte progressivement
en 10 semaines en respectant un tablean de marche précis. L'initiation a cette muscula-
tion et le suivi deltentrainement sont confiés & un moniteur spécialisé.

3°/ une gymnastique vertébrale consistant en quelques movve-
meats  d'assouplissement classiques exdcutés guotidiennement. Le tableau ci-dessous
récapitole les caractéristiques de cct entrainement :

. TYPE BUT RECOMMANDATIONS 7 FREQUENCE
ENTRAINEMENT RECHERCHE DUREE

FOOTiIME ENDURANCE ALLURE MODEREE 1 3 2 FOLIS [/ SENAINE
I HEURE

2 FOIS/SENAINE/Y ROJS

BUSCULATION RESISTANCE PROGRESSIVITE PUIS ) FOTS/SERAINE
PUTSSANCE REGULARITE 1 HEURE 15 / SEANCE
CYANASTIQUE HAUBANAGE REGULARITE 15 RISUTES / JOUR
VERTEBRALE YERTEBRAL
3 - Critéres d'appréciation : pour objectiver 1lefficacité de

1'entrainement sur Ja toléprance aux accélérations

1°/ tests  en centrifugeuse ;1 denx Lests ont aLeé effectués
au Laboratoipre de Médecine Adrospatiale T1 et T2 avant ot aprées 10 semaines d'entraine-
ment. specifique. Les pilotes Ataient porteurs de pantalon anti-g et le siége pacelle
était dinclinéd a4 18°, 0On a utilisé la techoigue du "SOK* o accélérations  de
0,1 g/scconde. la fin de 1'Jpreuve était décidée soit par Jo sujet Tui-méme lorsqu'il
pensait aveir atteint la limite de tolérance volontair. maxima, soit par llexpérimenta-
teur lorsqgu'une  amputation de 50 % du champ viswei périphérigue était constatde
on a l'apparition éventuelle de troubles du rythme cardiaque.

La veille de  chagque test, les sujets ctaient. familiarisés avee
Ta rentrifugense par deux lancements coffectués sans pantalon anti-g, avec une acceéléra-
tion dr 0,3 g/scconde jusqu'd une mise en platcau d'une minute 2 3 et § g,

2/ Paramietres physiclogiques : Au cours des différents
tests oun a suivi 1'évolution de
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- la fréquence cardiaque. 1
? - la pression artérielle systolique et diastolique, \
i
‘. - la saturation artérjielle en 02, .
i ~ le champ visuel périphérique. . ?
! .
t 4 - Résultats : H |
! 1°/ Tests en centrifugeuse H dans le tablewu ci-dessous ;
on a mentionné pour chacun des sujets les niveanx (en g) d'acedlération atteints K
lors des deux tests @ Tl et T2. Dans la grande majorité des cas la fin de 1'épreuve ,
i a ¢tLé déterminée par le sujet Jui-méme. ; '
B i u
! '
H N i
: ; |
1 H H
g SUJETS 'l, 12
It
1 9,5 9.4 :
\ : 2 6,2 9,8 !
{ ! N 7,7 8,8 ‘
4 8.8 16,8 3
E S
7 5 9,3 11,3 3
6 8,5 9,3
7 9,2 10,8 ;
] 8,8 10,8 .
9 8,0 9.8
__________________________________ p E :
m 8,73 | 10,08 5 )
‘o . 0,59 + 0,85 i
Pour tous les sujets, sauf le premier, on obsepve une augmentation t
nette de la tolérance aux accélératiouns @ le gain moyen entre TZ et T! = 1,33 g :
(t = 5,31 - 5.01).
M 1
; T 2°/ Paramétres physiolgiques @ on a enregistreé leur évolution Z !

en fonction des niveaux d'aceelération atteints, : i !

moyenne + écart type. ‘;
i ! ‘
6 T 12 t s i ,
REPOS 77,4 + 10,5 82 + 8,1 1,236 ns 4
2 98,2 + 15,3 125,7 + 20,6 L6548 6.1 ; » !
3 115,46 + 16,2 130,4 + 17,8 YY) 0.1 : e
: — ;- !
s 123,8 + 19,5 138.6 + 20,0 (108 0.1 CT
3 127,8 4 20,4 |
s 137.3 + 18,9
7 140 s 18,3
) 183 . 18,8
9 151
10
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On  observe dans les deux situations une accélératioa classique de
la fCréquence cardiaque. Bien que partant d'une valeur de repos plus élevée, cette
augmentation de rythme parait. plus importante lors de T2 et une différence significavive
est mise en évidence pour a peu prés tous les niveaux d'accélération,

1e
les

% Pression  artérielle

calvu) nlayant pas mis eon dévidence de
résultats ne sont pas détaillés., On retiendra seulement :

- en ce qui concerpe la pression systolique clle évolue on moyenne
aiosi

T1 : repas : 12,4 cm Hg 4+ 0,63.... 8 g : 19,1 co Hg « 0.96.
T2 . repos : 12,0 cm Hg + 1,63.... 8 g : 18,8 cm Hg + 1,22,

Pour tous les niveaux d'accélération, les valeurs de la PA systolique
A T2 sont toujours légérement inférieures & celles de T1,

- en cs& qni cotwerne la pression diastoligue, soa évoluticn moyeane
est. comparable :

T 1 : repos : 7,4 cm Hgt0,74‘...8g i 13,3 cm Hg + 1,89,

T2 : repos : 7,22 cm Hg + 0,67... 8 g : 11,8 cm Hg

I+

2,25.

On observe one avgmentation progressive de la PA  diastolique et
les valeurs de T2 sont tounjours légerement inférieures i celle de TI,

%* Saturation artérielle 02 B il n'existe aucune différen-

ce sigaificative entre Tl et T2, "0On retiendra que la saturation artérielle en 02
bhaisse progressivement en fonction du niveaw d'accélération

Tt : repos : 97,4 % + 1,33.... 10g : 80,25% + 8,54.

T2 : repos : 99,7 % + 1,16.... 10 g : 85,8 % + 5,9.

& champ_visuel_ H on a suivi 1'évolution cu retrécisse-
ment  du champ visuel périphérique, En 1'absence de différence significative entre
T ¢t T2 wo reliendra que

T 1 : 1le champ visuel reste inchangé (1%50°) jusqu'a 4 g ; use amputation
commence a4 se dessiner par la suite et le champ se réduit a 164%,4 + 21,5 a partir
de 7 g,

T2 : llintégrité du champ visuel e¢si conservée jusqu'a 6 g ; par
la suite on observe un retrécissement progressif, le champ couvre encore 171°,1 + 14,5 &

9 g

5 - Discussion : Ces  résulvats appellent  les commentaires
sulvants

- en ce gui concerne les tests en contritfugeuse, on prut ¢tre surpris
dr constater que, au départ, (T') tous les sujets ont une tolérance élevée aux acedléra-
tions., 1! faut rappeler que ces sojets, tous volontaicea e tris motivés, taisaient
part ive d'ape unidét spécialisée a4 r'entraionement au combaf. et Staient des "professionnels
du g". Malgré ce niveay de référence élevée, on constate, tors de T2, unce amélioration
sensible ot significative de la telérance aux acedlérations (1,33 g en moyenne).

~ en e guio concerne  les paramitres physiologiques, 1'étude  de
Jeur cvolutioa montre gu'il existe une différcace entre T1 ¢t T2 mais cette différence
n'est jamais significative sauf pour la fréquence cardiaque,

Dans ces conditions on peut formalep . apalement. denx hypothéses
pout expliquer 1'améiioration de la tolérapce en centrituv - 11 peut s'agiv

. soit dlupe  adaptation physiclogique réelle mais les paramétres
onregistris ue permettent pas de vérifier cette édventual ité,

« soit d'unr adaptation des sujels a la techonique trés particulicre
de la centaifugeonse @ habituation ou apprentissage.

Pans les deux ¢as, il st permis d'cévoguer une efficacitd accrve
dans 1'exdention des manveuvees respitatoires pouvant &tre doe apssi bien 4 Y'entraine-
ment specitique qu'a vne accontumance a la centrifugeuse,
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COUCLUSIONS

Aprés un ent ratnemoent spécitigue associant un footing, des exercices
de mouseculation et unc gymnaslique vertébrale, ies o pilotes ont améliordé sopsiblement
Teur tolérance  anx  accélérations. Lesg enregistrements  physiologiques effectues o
tdguence cardiagie, pression artérielle systoligne et diastolique ne semblent

pas
en  taveeur d'une  adaptation cardiovasculuire pouvant &tre a Ttorigine de

ce  gain,

Par  contre, une simple adaptation a l1a centritfugeuse ne  poert
étre éliminée toul au moins comme cause favorisante. Une cxpérimentalion complémen -
taire avec un groupe témoin of i possib.e 1'emvegistrement des pressjions intprathora-
cigies opermetipa de justitier pleinement l'efficacite éventuclle de 1'entrainement
spiécifigue proposé.
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SPIROEHIOHETRIE SUR TAPLS ROULANT DANS LA SELEMTTON ET I SURVEILIANCE
DES lfIIDTES D:AVIONS A l(,\U'II'Eb PERFURHANCES Vb LA FURCE .AERHNNE BELGE

{ . ‘

par deu Cdt 4. rlR{Q’lh‘(, ifed Cat J, VASTESAEGLx, ied LtCol P. VANDENBUSCH

Centre Hecdical de la Fowce Aérionne Belge, Rue de 1a Fuzée 70, 1130 BR'XELLES (BE)
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Tous les pilotes d~ la Force Aérisnna Belg , désignis pour leur conversion sur les avions F=16, sont

i ' coumiB A des exwmens cardiovegeu.alres et resplrato.ces ! 1'un d'entre-eux ect le test d'effort mpximal sur
tupis roulant.
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Dars une premidre étude, rReUE avons ressemblé les risultuwng de ce 6c--2ening et ceux d'wne série de
teste e fectués chez wn groupe de jeunes cendicats éléves-pilotes et avons pu airsi résliger une évaluation
de in cavacit( aérobigue (V0 MAX) de notre prpulation belge. L'échantillon teacé est constitug de 156 peredanea
. ‘ A'ages différe-t6 et de degre g;entzginecan‘, varisbles. Chez chaque individu, la $O_HAX mlkg™ min et la rente . Cor
z - d'accroissenent de la UN, mlkg oin ~ ont ¢ti mesurées pendant llexercice : ce sont des valeurs observées. : v
: Dans une seconde étude, 20Uy avons abservé l'effot favorable de l'eatrainement physigue régulie. sur
.les résultats de la apirpergoméirin sur tapis roulsnt chez un groupe (N = 20) dr pilotes F-16, qui avalt enre-
gistré, iorm d'w. pr-misr test, wn résultat pou ileve de 002:-1.\'.;.

FATEIJEL E1 hAIHODES o . : - i
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Le mutériol txchpnique utilipé comprend :
‘ "+ = une colonne de spiroergompirie SIRECNOST FD 855 (S1EAENS)' wrmposée d'un spirométre flectronique a4 pnewno-
tachogruphe et drun snslyeeur d'anhydride carbonique . rayons it7, S
- w analyseur oG, BECKMAN Q111 3 systeéme de mepurc ¢lectrg-aimique,
~ un ¢lectrocsrdiogrephe & 5 canaux ELEMA-BCHCHANDEK, riiGOGRAY! Ui, cionienté 3 un électrocardipscope a 4
cansux de la méme marque, :
~ un tapis roulant QUIHTON 18-St dunt la vitesse varie de C & 10 kn/h £t 1a vente de U & 25 &.
Les appaveils précédents sont reliis su moyen dYiw convertisseur snalogique-digitel (A-L) & un ¢olculateur
prograsmable TEKTRUIX 31, En effet, ces sppsreils d'enregistrerent deg puramétires indinpgenspbles & ls spirc-
ergoni-trie émrttent dec signsux enslogigues vere le convertisscur A-Dy qui les trancforme en gorties digitales
{outiuts) cn vie de leur introduction dans le ealculnteur.
Le programme de spircergomérrie & &té mis au point por le nédecin Colonel J. CLIxeNT (BL).
Ly enlibretion du convertisscur A=D st deg appareils d'cnvegictrement est effectuée seon les jrincipes eui=-
vuntg ¢ ler vnleuss des sor.ies digitales (outputs) constituent due fo.etions vlus ou moins lindaires meis ‘n-
capnues des prendeurs NCourénc, Ced«d. @ vitesse de déronlement ot pente & tayls, vollue wxpiratnive minute,
copcentrations d- OL, et d'i_ dane 1'air cxpires Lo forme de chanue fonction eut d'abord Gtoblie empiriquerent
4 1'side do grapdeurs coanucs i vitesses et pentes du tapls préichoisies, mélenges go-cux détamminig 410, ol de
Cu,, volume expi-» torte sirnulé a4 1'side d'une pempe d'itslonnage. Ensuite elle est * adaite en équation” nlpi-
brique sutvent une méthole do ostutistigus connue sour le nem de régression polynomi: e. Cethe méthode foarnit
ues coéfficients d' étwiwnnege, quy introduits dans le progroame d'exgonftrie; permettent de retrouver une grene-
Geur d'2ntice inconnue & partir a'up signal digital "observé! par la culculateurs Blle permet or outre de corri-
ger efficacenent leps diverpes sonrcen de nor-linéarité duns les riponces des mppareils d'enregicirement et de
troaomission. La veliditi des coéfficinnto d'étalonnags cst régulidrement virifide, pur réftérgtion du progromme
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' de virificstion de la eallbretion ("2). Lu calibration des wnolys:urs de gnz s'effectue au moyen de mélanges de
paz étnlons do grande ;»rf':cision : milz gonH°2d'ALR LIGUILE sontensot ¢ (:?, CUZ' H.‘c La concentration de ceg gaz
I ne peut varier gue de ~ 1 ¢7, :
, ) .'f Lo mithode splroergomctrigue utiliode ent c4lle de R.A. BRUCE (4) avec effort marimul sur tapis you- H
, 1 lants Le sujet testé et présélectionni por un examen clipicue complebt : KX du thorax, XCU au repors o\ des
} l épreuves dr lo fonction respirztoire incluant la mesure du volume réuiduel. Dendant le tast, le gujet respire
£ e¢n cireuit ouvert au moyen dUn rusaue spplique hermétiguement sal Lo Visage.
; Lot goz expivén pont récoltio dans le bac c.élengeur du SIMEGHUST. La charge imposéie ew sujet <ot artrue toutes

ler trois minutee, sens intsrrupiion de ls courne, cuivant le protocole do R.A. BRUCE. Lo progressiviti choi-
; ' . e1e permat dloblenir un a¢oroiseensnt quasi=lincsire de ls consommation dloxygéne (§U.). Ltéipretve est arrétie

o : ) lorsque ls capscité adrobique marimale (Q0_MAX) est atteinte. Dot critéres physiologioues : la friquence car-
. " diaque et 1o quolient respiratolte) (QR) permettent dlapprécier si la VO KAX est atteinte. Touteo les minutes
! ' de 1'émreuve, los veramitoes slt'jlvanm sont affichés par le o lculateus,l: 1a, charge on watts ; 1o wulume ux;(iz'v': )
par minute (VM) en litres min ML’PD_* la 00 en litvee min ot mlkg min~ STPL @ 1o $CO. en ditres min™
STPV ; le friquence reopiratoire min o (RE) § le quotient rompiratoire (NQR) § 1'équivalent®respiratoire {§£) ;
1lu friquencr cardingue (FC; et le goule doyygéne en ml. '

It4tude ntutistique imitinle ert réalioie our un ¢chuntillon de 156 individus de co¢ze mesculin, com=
prenant susai bien des sujete physinuement rutraindée que d'sutres n'execgan' un sport qu'a -~itre o¢Cusicnnol”
sinsi gue quelgues cédantairea. Environ lo meitié de set 4Gchentillon est constituée per deo caendidats (lévesw
pilotes et L'outre moitié psr des cundidats pilotes Fal6. '
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-bens notre Emmiélq_i_'z«_tude {(1¥) consacrée & 1'établiguemont d¢ normes au moyen d'un échartillon de 156

H jyerpcnnes U'aven dlffgre-ntn et de degea dleptryinament vorishlesy Wlie vl vbareve les résuctals nvivents
| dout 7o moyenznca (X 5 91 des paramétrey ergométyigues eu Liométriques wont rassemblis dons e Toblecu I.

Hous pyune compard ook resultats aves ceux de K.A, VBHIGE (VSA) et de B/NG TEL HO (TAIWAN, utilisanc su méme
nétrode do BRUTE et compte teau des diffirenses dlége et de poids entre les tecis échuntillons, le sorreppone
dence wat prvez Yiaane. Un autre compare.con cntre nowy réasultate ot ocux de WYLED V.0, et TUFD 3. (15) utj-
Jieant le tant nen Laterrompy de PAYLOR pt ceustue PATIUN S,7.. VUOEL J.As et HELO IGLYP, (96) whilitunt le tent
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! interfonpn de TAYLOR-MI'MCHELL & été réalisée. Ici égmloment, compte tenu dea myennea ds l'&ge et du poids
i - des crhantillons exeminéa; la correapondance st bonhe ! voir le Tablean 11,
: : '
i : _ B Y
I : PINTR | VX | Vo uAX FEoummi] re n ' '
; AVGE | TAILL.L | JOIDS ,( % " 2 mm& e DUREE | CHARGE o4
; - -1 in” : :
: ann om kg nlkg’gmd it ain 1 Lloin min 1 min | watts
| . : 1 .
25,02 | 1ysyihi g2 42,630 3,75 | 32,1 1 411 sk Yy 15,5 | 3046 ' ; co
; Te] 25.usl Lo [Souasllongr ]t | LAy L2, (2 2 56,6 . C
. TABLEAU 1 ¢ SITROERIGMETRIE SUR TAPLS ROULANT A LA B.A.F. : PARAMETRS ERGONECRIQUES
i : T BIocHL\uquzs onszavza flsp (=53, ‘ o
' i ‘ .
’ L [
N ; ’ - , JANG LEE HO T T
auTERs | BrUcE R.A (&snl C NED FAE(BE) J(A!}“ftwm) KYLES (UK) !PATTON (USA) ;
. - . . _——, e e T L
v - r j ’ : AYLOR- ' '
: I3 : 5
: ! METHODES BRUCE BRUCE | BRUCE TAY1OR UITSHELL g 7 3
’ ' AGE : aunbos | 35,0 % 70| 25,82 2677 W30 s [ 254 B2 L agt . 5
, S D PR s R o i P 4
- ¥0IDS : ke 79,5 = 4| 72 =Gy | o= 88 U2 & 191,92 24 2
VAT T T P
o “ﬁi; 49,7 T o7 4 52, = 20| 40,5t 6,9 fea, 7l 6,0 Lzl as 2
| . P . . v es — .o
1 : . R T < P . N
] : FC ou fréiquensf 44, ¥ 10—“‘1 sl k42,5 [163,1 L 12,0 - lnw T2 . R
; fcardiaque min L i ' %
} 3 SRS WO — U § . 3
% ; UUREE en min | 12,5 % 2,6 { 5,5 2 17 L 2 - - B
{ I = nembre da]  qm 8 T T T e o B ) 3
1 H & 3 1 (X3 vy 9 . ] 19 €, o 7
] : sujets 3 155 e x 3= 72 3 J 19 i 7
: B - ——— o . }‘—
1 TAEIEAY I1 II : COMPARAISON D:. 5 ETULES Ux Si’l&)bﬂ(“ai ETRIE .:pP TAPLS ROGULANT GELON DIY,R.‘;E.G - }
X HETHOLLS 5 S ; o .
! o ' ) B O M M
g ‘ , :
: kar un progrosme d¢ ragression rm;t:g]e. Hous uvuns councald que seuls los reramdtrep prads et &po
étaieat lesmieux cc.r1$4:-_; vee lu VO MAX mlkg win~ @ of que rﬂul 12 paramétre B e était bien corrllé avec 1u )
' penre de la ¥O_ mlkg ain . Lea équiitions dL rigéoroion {4 ot (b prmettenc do calculer les valeur, pri- :
ditgs (nonnea; de motre schentillon (K = i59) : woar Le I‘qm_uu ilt. :
N g T A ) ., L4 ; . -
R A PRl mllg min~ = 70,294,125, (1olds Lg)=0,350. (8gs ans)~ 6,375 (i) (a) .
- - e ; .‘;
1 2 . " . -
PRNTE U, biEL sk’ minT = 3,20170,02435. (Age ana) T G,40L2 (USK) (b) {
SRR —————— ———— i 4. ol Z
i TAMLEAU TII ; YELT DB BUGZ A LA BoAlJF. 5 FOKIULES M6 FRGDEGTIGH (NOIGES).
i T o ;
e T , . . S A i
- i Ler déviati-io slandards wioidvelleo (LGR) cout respectivenent @ 0,375 mlkg min | pouy la PO MAX et 42 14
H mlkg min  rour la pente. Ges jquations (&) et (b gruvent Ttre utilinier comoe nomtes: leuri % valoure Prha s
: ditee de VWOMAX p” et de penteal, Y5 X D& peavene @tre adopties comme sewalp intéricurs do la normalité ;:-
A {p o DW5)% : ' . - : 2
. R sur lec m3me échuntillor, nous avons caleuls les corrélations enire ley veleurc de VUJJ\X kg~ ob-
N servaes et les valeurs prédites port a4 l'side de notre formule (a) suit 4 ltaide-te 18 formuie“de nrédiction
) corregpondante do H.A. BHUCE. Leg rémiltots. respectifr sont @ coéfficfunis de corrilution ¥ = 0,435 peur nous 7
ot Rw G407 pour BRUCL. Cormpte trnu de 1'importencs de Lotie échanti,lon, ces corrélaticns sont hinutemant s
sipgnificatives : renpectivement @ p< O,00000001 ot 3 < U, WA0001.
Vans won _ueeonde _ftude, nour 8vene obpervi lleffet ve 1'entrainemcut »iysique régulier sur les ripule B
tete de 1o spirowrgordtrie sur tupis poulant (17). leus avous on effet constati yve chez les gd wlpc F=16,
vhysigquement 3194 moing sntralnis las douy porcandirem ;1,qr1pﬁy1 e la cpitoergoniteie dafiniesant La mievx,
1taptitude cardio-zesw raloiva, & nevois le VU(r:K rlhg in | 2t 1le pente r'sccroiszement (e lx V(J mikg
min o, ocredent getemend rafiévieves 4 ceus selesin whew les piloter Feldh bien entreindg.
Dene 1o but de dimotrar 2'2ffet fovorable de X'entprainoment phynique, un groups de &0 pllutey Folb non ene 0
dracsdu o 4td Gtudif do monisire viug rppredondie (D). Ce groupe quis lure Jdu premier tosnt, uveit enregistré ' B
dot: rinvltats aidiocren de spircergomblrie; 5 &40 $nvitéd L sulvrea 2 sntrainawent phynicue peadont au woing
#i2 Wy 5. APIRS CESLO DEZIOAL, \Jzh phintes 0L Ats w0alt 9 't Bocoid Leet de apiroer romélriv AU s pie roue Sﬂ
lart. Des giiférsrcees erpniticatives oat 6t8 abryervhes culre lea pasuliats du primber et du secund Lest et 5y
sont censignées dasre Lep Tublemix IV gt ¥ e im figuve 1. (7). '
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e Tablaau IV indiyue les différetices, exprimées en ISR, eptre ies moyennes des écarts cqnatu és
ertre les valeurs obaervées et prédites des paramdtres VO_MAX mlkg  min” ot pente de la YO_ alkg min™" avant
(1er test) et ayréds entrainement (2éme test). Les valeurs predites des paramétres apiroergométriques ont été
calculées & ltside des fcywulas de pradiction (m) et (b). Le_simple comparaison des valeurs obaervéos dana le
Tableau IV montre un mccroissement de 8 % pour la voemx kg et de 13,8 % pour la pente de la 90..

Den équations de régresaion de la V0, en fofiction du temps t suivant le modéle V0, = a.% + b et in-
corsorant les valeurs moyennes de coéfiicient de pente a et d'ordonnée & l'origine ou intercept b ont été éta~-
blies avant (ter test} ct apris sntrainement (28me test) : voir le graphique de la figure 1, L'influencs posi-
tive de l'entrainct.ent piysioue su. los principuux paramétres de la spiroergométrie est ici bien illustrée.

Le Tableau V est une crmparuison, avent et aprés entrainement, d'une dizaine de puramétres physiques
et physivlogiquen susceptibles de s'sméliorer avec l'excrcice (2). 1a comperaison des moyennes de ces paramé-
trea, avant et sprés entii _nement, par le teat atatistique "t" et ss Table permet d'égﬁhlir un Hiage_z1parmi ces
varsmétres et de recommander las plua uisui{iuﬁ fa soit : la DU_MAX observée en lmip = ot mlkg min .

(* ou p -« 3,05) et la pente de la VOa mlkg amin  (*** ou p= 0,001).

'GONCLUSI(&_

lorsque 1'on dispose de 1'squipement approprié et que le groupe de pujets & exeminer L'zt pas trop
irportant le tust alirvergométrique c¢'effcst maximal sur tapis roulant demeure la méthode de chgix.
Les deux ;arsmatecs imporisnta pour éa(slu:‘x; 1taptitude cardio-respiratoire sont la VOZMAX mlk,g- miz” et la
rente Ataccroissement de 1s YO, mikg min .
Kous #yons ohAaervé une bonne céncordance entre nos résultatp de la Vc»gux belon le protocole de Bruce et les
autres tects similaires (Tableau 11).

Lans wne ctude complémentuire, nous avons cbgervé gue ltentrainement physique regiulier a amélioré les

"rérultatu du test spiroergomitrique sur tapis roulan:c d'un greupe de vingt pilotes Fe-16 non entrainés ai de~

part. Cetlte umélioration peut 8tre due & un accroiesement de la capacité aérobique dans les muscles, ras5ul-
tant d'une augmentrtion de la perfusion sanguine avs¢ une plus grande différence artério-veineuse en oxygéne,
et & un débit cardiaque sccru. (&)

le tewt opirvergombtrique sur tapig rouldant, qul détermine avec une bopne pricimion le pouvoir agro-
bique, permet en outre : chez les mijets & pouvolr aércbique médiocre { < X -1 LSR) d'eméliorer le degré
d'entrainement physique et chez lep sujetz i pouvoir aérobique exceptionnel (> X + 1 DSR) de restreindre leur
entroinement physique surtout aérobique. En effnt, chei ces derniers, des étudee ricentes (14) oni montré que
les oujetn hyperuntrainés ont un risque accru de perte de connaissance lorsqu'ils sont svumis & dem aeciléra-
tions fortes et prolongies en centrifugcucess

Vu 1'enrapisirement électrocerdioscopique continu, c¢ test nous permet en outre de Buivre et de déce-
1rr des troubles du rythme ainsi que des sltérations du segment 5T qul pourrsient démontrer une muladie coro-
narjenne latente.
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RELATIONSHIP OF CARDIOPULMONARY FITNESS TO FLIGHT PERFORMANCE IN TACTICAL AVIATION
G. R. BANTA, LCDR MSC USN and J. D. GRISSETT, Ph,.D.
NAVAL AEROSPACE MEDJCAL RESEARCH LABORATORY

NAVAL AIR STATION
PENSACOLA, FLORIDA 32503-5780 USA

SUMMARY

This paper describes current endeavors to identify whether cardiopuimonary fitness
can positively influence flight performance in a tactical fighter community. Population
analyses of experienced and student Naval aviators present evidence that the U, 5.

Naval aviation pilet community is in an above average state of physical fitness with
less than aversge coronary heart disease potential. correlations found in this study
between cardiopulmonary fitness and psychophysiological responses that cccur during

* simulated and/or actual fiight operations present strong evidence that flight
performance could be favorably affected.

[UEEREREEL. L

INTRODICTION

Numerous studies have shown a direct relationship ot cardiopulmonary (aerchbic) fitness
to work performance (1). One with good cardiopulmonary fitness uses z lower percent of
his aevobic power for any given workload. Cardiopulmonary fitness has also been shown
to improve cardiovascular function, reduce overall physical/mental fatigue, and enhance
cognitive function (2, 3, 4, 5). Additicnally, the onset of cardiovascular discase
gecms to pe less in a population of physically fit individuals. The incidence of
coronary heart diwesase (CHD) and its impact on the U. S. Navy and Naval Aviation is a
growing coucern (6, 7). Discussion of risk factors such as hypertension, body fat,
amoking, rholestercl levels, and lach ui exercise are ever ingreasing in the literature.
Sudden incapacitation due to cardiopulmonary disorder is a Serious, but rare, event
among aviators. Cardiopulmonary disease, however, to include coronary disease, hyper-
tension, arrhythmias, and chronic obstructive/restrictive diseases produces a significant
i loss of highly skilled and expensive aviators usually at the mid-point of their flying
carcer (8, 9).

g 105 AR I RN R ke

i Two ¢oncerns have now been prepented: (1) What is the cardiopulmonary makeup of

1 the young incoming aviators currently being trained who in the future will be flying

our Navy high performance aircraft (HPA)? How do they relate to the general population?
(2) what is the cardiopulmonary makeup of our experienced, yet older, aviators presently
flying HPA in the fleet? How do they compare to the incoming students?

Assessing cardiopulmonary capacity or fitness in a clinical/laboratory settiny is
not new. Assessing, however, any relationship of aerobic fitness to flight performance
in airerew flying simulated or actual HPA expozed tc frequent and repeated environmental/
cperationsl tasks {siuch as excessive t+ G loading, high pulmonary demands, disorientat.ion,
, extreme visuyal tracking reguirements, multiple cognitive function demands, etc.), is rot
well known. It has been known for years that various operational exposures, especially
acceleration and disorientation, may affect some physiological responses (10, 11).

1 Monitoring of these physiological responses, principally, heart rate, temperature, and
muscle tension during fiight have alan been common place for years (i2, 13, 14, 15). what

im not common place or common knowlirdye and is the purpose of this study; is to determine

whether cardiopulmonary fitness (aerobic fitness) haa any influence on those physio-

logical responses and what that may mean In regards to flight performance (eimulated or

R actual) in naval aviation fighter communities.

METHODS

To date, 111 male student and designated Naval aviators in the age range of 21-40
have been evaluated. Eighty-four of the subjects were student Naval aviators going
through various stagea of training at the Naval Air Station, rensacola, Florida. Twenty-~
seven were HPA designated Naval aviators assigned ¢o fighter alrgraft sguad:uhe Waval
Air station Dceana, Virginia. Test protocols were devised to assess cavdiopulmonary
offirjency in both laboratory and field (squadron spaces) ¢nvironments. The test
batteries cons.sted of: (a) pulmonary function testing to assess lung capacity and rule
out obstructive/restrictive disease, (b) cardiovascular, pulmonary, and metabolic response
during maximum treadmill exercise {(Bruce protocol) to assess aerobic fitness, (¢) blood
chemistries pre- and post-exercise to assess coronary risk factors, and (d) body
composition to assess ary relationship betwamen percent body fat and work performance.
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Following comparison analyses between groupgs, correlation apalyses were conducted
between cardiopulmonary fitness and additional psychophysiological variables identified
to be significantly associated with flight performance:

Comparison of Cardiopulmonary Fitness and Motion Sickness Susceptibility:
Twenty-aine student Naval aviators participated as subjects. Motion
gickness susceptibilivy was determined by using a Stille-Werner Rotator
during a modified Brief{ Vestibular Disorientation Test (1é6). The test
congisted of a constant clockwise rotation at 18 rpm with eyes cioaed
and head tilta against the direction of rcotation every 30 seconds for

a total of ten minutes or until the subject requested to abort due

to symptoms of motion sickne%s. Spin time, heart rate, respiratory

rate, and skin tomperature responses were then asinalyzed in relation

to levels of cardiopulmonary fitness,

Comparison of Cardiopulmonary Fitness and Visual Acuity: Thirty-four
student Naval aviators were used as subjects., An automated vision
test battery war nged tu assess central and peripheral (static)
acuity and peripheral movement detection, A Dynamic Visual Acuity
testing device designed by Burg in the 19608 (17) and modified with
Landolt C targets was used to assess decrement in visual &cuity

with increaging targets movement velocities. Analysis of relation-
ship with cardiopulmonary fitnees were conducted with emphasis

plac=d on tlose dynamic visual enve%Opes detgtmined t¢ be gresent
during operational rliyht, i.e., 20 /sec, 50 /sec, and 110 /sec.

Comparison of Cardiopulmonary Fitness and Heart Kate Regponte During
Air Tombat Maneuvers (ACM) Trajning Flights: Eleven highly experi-
enced Naval aviators flying 23 ACM training flights on a Tactical
Air Combhat Training System (TACTS) Range were used as subjects.

Fach aviator was a member of an Adversary sguadron designated to

fly ACM on the TACTS range during teaining of fleet squadrons.
Aixrcraft flown were the A-4, F-5, and the T-38. The training flights
monitored in this gtudy were classified as high speed with low to
moderate G loodiny. Using a three lead electrocardiogram, heart
rate resnonge was collected with an in-flight solid state recording
device ("Vitalog") every 2.5 seconds from pre-flight to post-flight.
G loading for cach ACM event {(fight) was continuously moniteored

and rocorded using TACTS. Corrglations amd differences of heart
rate response wvere assessed for: pre-flight (includes time for
dregs and walk to the aircraft), take off, transit, ACM, landing,
and post-flight (includes return to squadron spaces and removing
flight gear).

RESULTS AND DISCUSSION

Mean excercise histories, Naval physical fitness test results, treadmill duraticn,

and recovery time (Table 1} placed the student Naval aviator p.pulation in the "outstanding"

category of overall fitness., .Metabolic efficiency during progressive absolute working
including max oxygen uptake (Vo, max), relative aerobic capacity per absolute work ratio,
anaerobic threshold, and functiBnal aerobic impairment (FAI) (18) demmonstyated an above
average group based on other population studies. Pulmonary function revealed average
efficicncy and lack of any obetruclive ur restrictive disease, Body composition,
including grip strength, revealed average strength, yet lower than national average
percent body fat [19). Coronary risk factors utilizing the USAF Coronary Artery Risk
Evaluation (CARE) (20) demonstrated a relative risk of 1.4 times for developing coronary
heart disease as compared to a population of equal age with baseline values. This value
is gubstantially less than that found in the general population with a relative risk of
3.0.

For a population close t» 10 years older, the desiynated aviator group was not
drastically different in overall fitness from the student aviators. Mean exercise
histories, NHaval physical fitners test results, metabolic efficiency, trecadmill duration,
and recovery time placed the designated Naval aviator population in the "good to excellent”
category of overall fitness. The most prominent differcnces were found in coronary
risk factors (principally smoking history and age) which expressed evidence of a greater
trend toward future coronary heart disease. The Coronary Rigk Factor (CRF) of the
designated aviators of this study could not be determined due to the blood samples
being destroycd in transit to the main laboratory.

*

CARE asgesses the risk factors of age, smoking history, systolic blood pressure, and
total cholesterol in comparison to a similar population with no risk factors, Any
number greater than 1.0 represents » degree of risk which potentially could be reduced.
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Motion Sicknegs Susceptibilitvy.

Resiilts of the BVDT demonstrated that there is an inverse relationship hetween spin
abort time and cardiopulmonary fitness, r = -.506, p <0,(1 (Figure 1). Analysis of
heart rate, respiratory rate, and skin temperature differences, however, revealed
limited differences. Motion sickness symptoms, i.¢., nausea, pallor, sweating, and
sometimes vomiting are assoclated with impulses ajising within the chemoreceptor
trigger zone (CTZ) of the brain and by indirect stimulation (stomach) (11, 21). 1If a
physiological basis is to be identified as causative factor for these findings vagal
tone enhancement might be a likely candidate, It is well accepted that aerobic fitness
training enhances vagal tone. The sensitivity, however, we are seeing in cardiopulmonary
fit subjects may be due rather to neurophysiological conditioning than cardiopulmonary
fitness. During the course of physical fitness training, an individual is ccnditioned
to expect certain relationships among motion sensory inputs: vestibular, vision,
proprioceptive. The sudden unexpected change in these relationships would thereby
accent motion sickness impulses. Experience seems to allow for motion sickness desensi-~
tization; however, very susceptible subjects may not be able to progress far enough in
their training program to acquire thit necegsary experience. If neurophysiological
conditioning through fitneass training is a causative agent, the simplest approach may
be a descnsitization program directed at learning new motion patterns, i.e., new sensory
association patterns to successfully prepare or return sugceptible crewmen to flight
without motion sickness.

Visual Acuity.

statistical review of the relationships of cardiopulmonary fitness with static
visual acuity parameters did not reveal any significant correlations in the student
Naval aviator Aq¢ range population., Mean Dynamic Visual Acuity threshold values
(minutes of arc; increased from 1.69 + .50 at 20°/sec to 2.94 + 1.80 at lloo/sec
representing an equiva%ent visual aculty of 20/30 - 20/80. Dynamic Visual Acuity at
angular velocity of 20 /sec was not found to be correlated with fitress; however,
dynamic visual acuity at 50°/sec and 110°/sec erpressed a cardiopulmonary fitness
inflyence (r = -0.40 and -0,58 respectively, ¢ <0.0l) (Figure 2}.

visual acuity has been shown to deteriorate as the angular velocity of an object
increcases (22). The variation in ability to discriminate detail in moving objects
initially seems of little concern except, in the conditions of high speed, low level
fljght, air-to-air combat, and potential mid-air collisions, Practice on dynamic visual
acuity at higner anqular velocities has shown substantial improvement (23), Considering
that cardiopulmonary fitness may 23ls¢ influence dynamic visual acuity enhancement
certainly warrants further study in this area.

Heart Rate Response During Alxy Combat Maneuvers (ACM) training flights.

Many reports of heart rate increases during take off, flight, and landing have
been found in the literature that date back as early as the 19308 when heart rate,
systolic blood pressure, and respiratory rate data were collected on aviators durirng
aerial acrobatics (12). Table 2 and Figure 3 describe similar heart rate increases
of the desjignated naval aviaturs of this study during monitored ACM training flights.
As a,population, heart rate was found to significantly increase from starting heart
rate , during pre~flight, take off, transit flight, ACM, landing, and post-flight
(P =0.05). Each flight usually had two ACM events while on the TACTS range. The mean
G loading during these events never e¢xceeded 2.0 G. A heart rate lag was uBnally
seen following the G loading, which was found to he correlated with mean G. This lag
wag most significant {P <0,01) tha first 60 seconds following each ACM fligiat. A
sympathetic responsge tC incrsise vascular tone to maintain cerebral blood flow following
the rapid G onse:t iB most likely the causative agent. Centrifuge studies have
identified similar findings (24).

smith, in his study of heart rate response during takeoffs and landings {25)
observed that heart rate response appeared to be similar in magnitude., These results
prompted the conclusion that "for the same amount of stress, the percerntage increase in
heart rate ig independent of subject variability." In our study, flight experience was
common and typs of ACM flights and environmental conditions were similar. Therefore, we
could assume a gimilar amount of stress was present, We found, however, that the amount
of neart rate response was extremely variable among the aviators in all phases of flight.
We also identified a physiological variable that was different among the group and that
it appeared to be producing a significant influence on the heart rate response, The
variable identified was cardiopulmunary fitness as defined by maximum oxygen uptake

'y max). We found that heart rate response was inversely correlated with cardio-
pulaonary fitness (Figure 4). Thig was true for pre-flight; r = ~.595, take off;
ry = -,616, transit to th: ACM range; r = -_.60), ACM; r = -,565, return transit to base;

r = -,604, landing; r = ~.559, and post flight; r = -,601 (all P <0.05). The amount of
heart rate lag responsc to ACM though, was not found to be correlated with ardiopulmonary
[ilness,

*
starting heart rate is defined as the heart rate at time of activation of the
monitoring device during flight gear doning.
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It is difficult to determine whether a relationship between keart rate response
and cardiopulmonary fitness means anythino in regards to aircraft performance. In other
words, can we say that an increase in cardiopulmonary fitness will help an aviator fly
better? Some inveatigators qu2sticn whether cardiopulmonary fitness is of any signif-
icance at all to actual flight of the aircraft. Heart rate response in flight has often
been used as an index of both physical workload and mental stress (26, 27, 28), If we
were to ignors mental stress we could feasibly compare heart rate response during each
phase of flight with a similar heart rate responge occurring during treadmill stress
testing (l). The purpose would be to convert the recorded heart rate into corresponding
estimated oxygen uptake thereby allowing prediction of the ralative aercbic work
(energy cost) of performing the absolute {(physical) work occurring during flight.
Attempting this approach in our astudy, however, we were unable to demonstrate the same
relation with cardiopulmonary fitness as we did with just the recorded heart rate. This
would suggest then, that the "mental" component of the workload would have at least &n
equal if not greater weight than the physical component in producing the significant
relationship found between heart rate response and csardiopulmonary fitness. Jf enhanced
performance capability in flight is demonstrated, it may be actually a sense of well
being or self confidence derived from individual fitness. It is interesting to note
that self confidence and/or well being have been identified as prominent rcsults of
fitness training and have shown to be positive factors in enhanced work productivity (2).

Unfortunately, we have not been able to gselect a means ot accurately rating pilot
performance for each flight of the experienced aviztors in this study. 1In view of
their data stress test, exercise history, family history of coronary disease, and
heart rate responses in flight), however, it is hypothesjzed that their overall
productivity (flight as well as non-flight) would show a positive relationship with
their cardiopulmonary fitness,

CONCLUSION

1t is apparen. from tne results acquired in this study that the fitness profile
(cardiopulmonary and coronary risk) of our incoming student Naval aviators is of high
caliber, Although mainterance of a similar level of fitness is somewhat less in the
designated aviators 10 years older, the importance and consxstency of maxntaznlng a
"good" fitness level appears to otill be prasent.

Comparison analyses of cardiopulmonary fitnesa with other psychophysiocloagical
responses during simulated and actual flight present a strong evidence of a favorable
cardiopulmonary fitness influence. This influence would thereby also suggest cnhanced
performance during flight, Expans.cn of this project has now resulted in the following
additional analyses of the relationship of rardiopulmonary fitness to flight performance
in tactical aviation: (1) a cumparison analysis of cardiopulmonary fitness and
cognitive function is being conducted using student Naval aviators ag subjects. Each
subject, after having their cardiopulmonary fitness identified take a variety of
psychorotor tests including: comprehension, analytical tasking, target identification,
short term memory, and reaction time analyses., (2) additional field studies are
being conducted that include in-flight physiological monitoriny of HPA pilots during
carrier laurch, recovery, and multiple flight operations, and (3) G-tolerance of those
HPA pilots evaluated for cardiopulmonary fitness will be identafied by centrifuge testing.
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TABLE 1, POPULATION COMPARISONS

! ~ — |
i : Student Designared GENERAL POPULATION '
3 | Naval Naval )
1 Aviators Aviators *
! Resting Heart Rate (BPM) 63.3 + 11,5 63.5 + 11.7 72,0 (21) |
‘. Restiny Blood Preasure (mm Hg} 19.1 + 9.9 121.1 + 6.3 120/80 (21) ;
| 76.1+ 1.7 73.4 + 5.7 .
' - AGE (Years) 23.9 + 5.6 3.7 + 3.6 20 - 44 (31) x ‘
Lo HEIGHT (cm) 179.9 + 6.9 181.7 + 6.5 176.8 (31) |
B WEIGHT (kg) 7.1+ 8.5 81.2 + 9.1 78.6  (31) ‘
‘ BODY FAT (%) 12.0 + 4.7 12,8 4+ 4.4 15.0 (19) )
v “EXERCISE HISTORY 73% 54% NOT AVAILABLE ,
o CORONARY HEART DISEASE “
(CHD) HTSTORY 0.2% 11% NOT AVALLABLE \
: GRIF STRENGTH (kg) 50.7 + 6.8 53.1 + 7.8 49.0 (31) |
; SMOKING HISTORY 0.08% 162 35% (34) i
' FVC (L) 5.9+ 0.8 6.0 + 1.0 5.57 (29) ;
£ FEV, (1) 4.7+ 0.6 6,5 + 0.7 4.49 (29) ;
k § FEV (25-75) (L/SEC) 4.8+ 1.1 4.5 + 1.7 4.87 (29)
%. TOTAL CHOLESTEROL (mg/dl) 180.9 + 48.9 NOT AVAILARLE 220 (34) ‘
“ HDL CHOLESTEROL {mg/dl) 48.8 + 11,8 NOT AVAILABLE 44,0 (30
TC/HDL RATIN 4.0+ 1.4 NOT AVAILABLE 5.0 ‘
l 3 TRIGLYCERIDES (mg/dl) 81.2 + 38,0 NOT AVAILABLE 104.0  (30) ‘}
1 {i. CORONARY RISX FAGTOR (CRF) 1.4+ 1,2 NOT AVAILABLE 3.0 (20) 1
! F 1.5 MILE RUN (MIN) 9.5+ 1.0 10.2 + 1.2 11.0 (32) :
SITUPS 76.5 + 13,6 75.0 + 23,6 NOT AVATLABLE ’ ‘
] ; SIT AND REACH (IN.) 4.6 + 2,5 2.5+ 1.1 NOT AVAILABLE
: ""“z MAX (m1 kg limgn 1, 53,71 6.5 48.7 + 744 45.4 (18} ' j
; TREADMILL TIME (MIN) 15.9 + 1.7 14.6 + 1.4 1.8 (18) ; l
. ANAEROBIC THRESHOLD (%) 61.7 + 9.8 62,7 + 5.8 NOT AVAILABLE } |
. RECOVERY TIME (MIN) 30.3 + 12,9 32.2 + 13.3 NOT AVAILABLE 3 4'
**RELATIVE AEROBIC CAPACLTY 0.65 + 0.7 0.77 + 0.08 NOT AVALLABLE i }
***FUNCT (ONAL AEROBIC 1MPAIRMENT " !
(PAT) (%) 8.0+ 7.7 7.1+ 9.5 NOT AVALLABLE [ ]
— - i

%
Exerciege history described as routine exercise 2-3 times per weet for 20 .- 30 minutes each.

LE] N
Relative Aerobic Capacity 1is the percent of maximal oxygen uptake (\Ic/2 max) utili-ed at Stage 4 of
the treadmill stress test,

fk

*Punctional Aerobic Tmpairment (FAl) is defined as the percent deviation between the obgerved and
2

predicted values tor Vo, max.
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TABLE 2. MEAN HEART RATE AND FLIGHT PROFILE DURING AIR COMBAT MANEUVER TRAINING FLIGHIS

—

PRE FLT TAKE OFF 2 ’l‘RI‘.NS‘)I’l'2 LAND POST FLT

HR (BFM) 78.5 4 94.9 + 100.5 + 91.
22

8.5
9.3 11.4 26.2
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. HYPOBARIC TRAINING OF FLIGHT PERSONNEL Wi7HOUT COMPROMISING QUALITY OF LIFE
b

Gon Montelle Herron, Commander, MSC, USN

. . Head, Aviation Physiglogy Department

g : tlaval Aercspace Medical Institute H
; . Naval Air Station <

; ) Pensacola, Florida 32508-5600 =

T e
[
~
3
a0 1 i gyt v lm.u.‘

[ j ' SUMMARY

' . The increased incidence in decompression sickness during physiology training among
' y ' H, S. Navy alrcrew personnel and medical attendantse requires a search for alternative
' ’ reans of perwitting reccgnition and corrective action of hypoxia. The requirement for
- o individua) hypoxia training 1s considered valid not just by Navy regulatfons but by

T ~aerpmedical practitioners thraughoutl the world. A proposal 1s made to utilize a gas
Lt mixture cunsisting of 7.4% uxygnn ang 92.6% nitrogen to induce hypoxia at ground level.
¢ i . This would permit ground leve'! nypoxia training with similar symptoms of hypoxia as
I preser::y demonstrated at 25,000 feet in a decompression chamber but would alleviate the
wrimary cause ef deconpre,sion sickness. A1l other U. S. Navy training objectives for
tne chamber exposvre would be safely met and more €fficiently demonstrated.
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The 1initial financial burden in modifying the existing decompression training
chambers would bte moderate when considering development and manufacturing of a new
training device. - :

PP RS

The uttimate gain exists in decreased human sufferiny and the necessary return of

¢creditility {o the aeromed\cal tra‘ning commynity. This is a must ¥ we are to profess
to "RO NO HARH. o .

{
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HISTORY ,

The invention of the air pump by von Guaricke fn 1650 allowed the first simulation
of altitude. A koaitied version of this pump was made for the renowned Robert Boyle for
studyivg Jliving thinys, Boyle‘s "The Spring of the Al=," published in 7660 contains
Accounts of a multitude of =ctudizs on anfmaly, Later in 1670, be described 1he now
famous ". . . bubible moving to and fro in the waterish humour of one of it6 woyes,” when
he decompressed & viper in his "Exhausted Peceiver” (1). N0 attempt seems to have beuen
made to subject man to the "turtures" of the "exhausted recejver," although Boyle wrote
of his ambltion to have a chamber of appropriate dimensions.
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One hundred and sixty-three years passed before man was the subject in an experiment
using Boyle's copper sphere with an fntermediate cylindrical cection large enough for his
subject (1). However, it took the genfus of Paul Bert in 1874 to unravel the confused
storfas of balloonists <¢nd mountaineers to reveal the role of "oxygen therapy” in

decompression to subatmospheric pressure.

S

[,

It was in that same year, 1874, that Gaston Tlc:awdier sgught the advice of Paul Beru
and together with his colleagues, Sivel and Croce, experienced the effactiveness of
oxygen in combatling the disorder of 2ltitude induced hypoxia (1,2). At the insistence oy
Paul Bart, the ba.loon was equipped with bags of oxygen {2), He hdd 2l1so0 trained the
baitloorfsts in the use of their crude oxygen equipment ia his decompression chamber.
. Yhus we have the first documented instance of aerpmedical trafning of alrcrew personnel

' pricr to the {aitiation of an altitude exposure. Unfortunately, only one year after that
- tealning, on April 15, 1875, we also find doucumented the first two fatalitfes from acute
o alvitude hypoxia. This cccurred when this same threesome piloted the bellioon Zenith to a

Y terminal altitude of 28,820 feei and failed to utilize Lheir precious oxygen until they
had passed their useful conscious time (2).

P
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Gver two hundred :nd seventy years had passed fron the expuriments of yon Guericke
and Pobert Boyle until, in 1941, the decompression chamber became an integral part of the
aeromedical trafaiang program of flight personnel in the United States Navy., Today, the
Nevy maintafrs fou-teen decompression chambers for the express puvppse of aeromedical
tndoctrination and vefresher training of candidates and designated aircrew personnel,
The training objectfves for the chamber are: (2) demonstrate and experfence tha
oblective and subjective symptoms of hypobaric hypoxfa; (b) experience the effects of
jfrcreased g¢gas volume on the cavities of the baody; (¢) esperfence and demonstrate
cammynicating and ferced breathing against positive pressure; and (d}) practice using
personal and afrcraft mounted o.:iygen and communication 1ife support equipment,

The standard chamher training profile {ncludes: (a) thirty wminutes of

denitragenation for medical attendants; i) yround level positive aressare

. pbreathing/communication demoastration by trafnees; (c) ascent to 25,000 feet at 5,000

fert per minute; (d) one-half of <tudents do hvpoxfia demuvnstrations and then the other

half take thefr turr while no one rematns off supplemental oxyyen more than four minutes:

{0) descent to 18,000 feet at 5,000 feet per minute; and - {(f) slow the descent from 18,000
feet to ground 1eve! et 2 rate of 2, bOO feet per minute,

Ihe first accumulacion of data on the number of persornel tratned in the chambers
occurred in 1959 (3), Chamber training data has been collevted from thgt tine to the
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pra,ent (with the exception of 1969, 1970, 1971, and from 1 January 1978 through 30

Septémber 1978). Since January 1, 1959 until September 30, 1984, 445,879 trainees have

experienced the decompression chamber, Each chamber flight requires that a minimum of

two medical attendants (either physiologists or hospital corpsmen) remain inside tn help

alleviate dysbaric discomfort, Data showed 100,318 medical attendant exposures in the
. chambers over this same time period. The total exposures within the chambers for
! : trainees and medical atiendants were 546,197,

—
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Disorders resulting from decompression chamber exposure are generally grouped finto
sither (rapped or evolved gas disorders. Trapped gas difficylties are minor 1 nature

' i - OECOMPRESSICY SICKNESS
i
| and are generally resolved by using techniques to equalize the pressures, Evolved gas

! s disorders are potentially more injurious to healthk and range to certain forms that may
i Z : result in death, The most recognized naeme for evolved gas disorders 1s decompression
} A : sickness or DCS. It is believed that DCS results from supersaturation of body tissues
i " ! with nitrcgen as ambient pressure decreases, a situation which 1leads to bubbles
i Bo-% deve'sping 1a the blood and tissues. This supersaturation is due to the relatively poor
I | . solubility of nitrogen in tne blood so that the rate of decrease of the partial pressure
! i £ of nitrogen in the tissues on ascent to altitude lags behind that of the ambient pressure

B : (4}, The U. S. Navy considers DCS as the most dangerous element of decompression chamber

! i training. Accordingly, precautions have been established to eliminate or at least
minimize the potential for DCS. Specifically: (a) denying chamber exposure to trainees
who do not meet demanding medical screening requirements; (b) requiring thirty minutes of
preoxygenation for the medical attendants to assist in denitrogenation; {(c) requiring
100% oxy .en usage throughout the chamber ascent and descent; (d) decreasing the terminal
altitude achieved during any chamber profile; and (e) decreasing the smarimum ¢time
permitted at the terminal altitude. Additionally, excessive physical erercise “s
discouraged prior to and after chamher exposure, and aircraft flights are not authorized
for twelve hours post-decompression chamber training to an altfitude in excess ef 30,010

g
2
|
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; feet (5), However, these precautions have not eliminated nor significantly reduced the &
3 incidence of hypobaric induced DCS, 4
R F
b ; g TABLE I. COMPARATIVE INCIDENCE OF DECOMPRESSION ; :
; SICKNESS IN NAVY LOW PRESSURE CHAMBERS %
4 E FROM 1 JANUARY 1959 TO 30 SEPTEMBER 1984 b
I ? g .
i Total No. Cases i
? — Exposure of DCS Incidence (%) ;
o FURRY (1 JAN 59-31 DEC 68) i e
, ‘ T Students 252,564 266 0.100 b
i Inside Observers 60,000 35 0.060 1
1 : Total 312,564 301 0,096 :
] BASON (1 JAN 72-31 DEC 75) %
(. Students 65,736 20 0.030 i
L Inside Observers 13,345 16 0.340 4
t Total 79,081 66 0,078 H
FURR (1 JAN 76-31 DEC 77) !
(Unpublished) )
Students 31,645 10 0.030 .
Inside Observers 6,470 ’ 20 0.310
Total 38,115 30 0.078
BASON (1 OCT 78-30 SEP B81]) .
(Unpublished) B
Students 47,380 39 0.082 A
Inside Observers 10,020 48 0.479 B
Total 57,400 87 0.152
HERRON () 0CT 81-30 SEP 84)
(Unpublished)
Students 48,554 22 0.066 e
Inside Observers 0,483 30 0.285 Ty 2
Total 59,037 62 0.105 -
GRAND TOTAL 546,197 546 0.099
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Investigations by Furry (3), Bason (6,8), and Furr (7) reoorted the incidence of DC$S
i among chamber trainees and medical attendants, Their combined data tracks the number of
i DCS cases cornared to the total number of c¢hamber exposures from January 1, 1959 until
i September 30, 1981, This writer has collected the remaining data from QOctober 1, 1981
! through September 30, 1984, thereby making available similar data for a period of 22
years. All this data (Table I) was derdved from the V. %, Navy Aerospace Physiological
i Training Quarterly Reports, NAVMEDFORM 5410/3 (9).

As previously stated, there were a total of 445,879 trainees exposed to altitude in
Navy decompression chambers for this sample period of 22 years, A total of 367 trainees
experienced some form of DCS during this period. This calculated incidence for the
trainees is 0.08X, More simply stated, one trainee in every 1,215 develnned the cigns
and symptoms of hypobaric induced DCS. With an average of 1,689 trainees per month being
exposed to Navy chambers, approximately one DCS cas= per month results from our existing
training procedures.

P
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Ouring the same time period, 100,298 chamber exposures were accumuylated by the
medical attendants, with 179 attendants having been subjccted to hyperbaric chamber
treatment to resolve the classic effects of DCS. Calculations show that OCS incidents of
0.18% have ocrurred in the medical attendant population. This has resulted in one
attendant experiencing DCS out of every 560 who participate in chamber training.

o ntoncb e i s 11

b

The combination of trainees and medical attendants who havo suffered from OCS
results in 546 cases out of 546,197 exposures, An incidence of 0.099% occurs; i.e.,
approximately one hypobaric induced OCS out of every 1,000 people participating fn
A : decompression chamber training.

(TSI

T

The statistics collected from the various investigators through the years 1959 to

1984, demonstrate a trend toward increased incidents of ODCS. fFurry's data (3) from

: 1959-1968 reported anr overall incidence of D(S of .096X. Bason's research (6) fTrom

i 1972-1975 showed an fincidence of .078% while Furr's data (7) for the next two years,

H 1976-1977, showed the same incidence of .078%, However, Bason's second work (3) from

{ 1978-1931 showed a marked ing¢rease in incidence of .15% with the major impact resulting

within the medical attendant community. The remaining years from 1981-1984 show a

continual rise in DOCS over the years from 1959-16877, but a slight decrease over the
three-year perfiod from 1978-1981.

T A

HYPOXTA THRAINING

L LR R

The apparent increase in the incidence of DCS among medical attendants rajses an
inevitable question in the minds of the aerospace medical researchers. Is ft really
necessary to expose any member of the physiology training community or afrcrew trainees
to altitudes in excess of the normal operational flight altitudes, {inasmuch as such
ambient exposures are rare (8)7 The incidence of DCS reported here suggests that present
uecompression chamber flight profiles are in need of reexamination, unless DCS is to be
dismissed as either a necessary risk or a mere "quality of I[ife" judgment. Bason (6)
clearly reflected concern for the hazard of DCS when he reported "Altitude chamber flight
profiles beyond minimum levels acceptable for teaching the effects of acute hypoxia
cannot be defended as long as less dangerous avenues are available." The question to be
answered ts, “ls the risk of hypcbaric induced OCS worth the trafnina achieved by
decompression chamber exposure to inducc hypoxfar”

"

-
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Other military armed forces are beginning to weligh the risk of decompression chamber
training. As reported by Cramer (10), "Since 1965 the United States Alr Force has
treatvd 586 cases of 0CS. four hundred and sixty-seven were altitude induced and most
occurred in training chamber situvations.” An exceptionally high ratio of United States
Air Force DCS vases appear to be resulting from training scenarios, A five-year study
ending in 1981 by Crowell (11), reported 69 cases of OCS occurred out of 21,423 training
exposures (0,32%) for the Canadian forces. These statistics would certainly drive doubt
= into the mind of the most Tiberal of chamber operators.

L R

) s Making a correct diagnosis of DCS depends greatly on the history the patient
b presents; therefore, 1t is imperative that an accurate patient history be taken prior to
trafning. Another reason to decrease the opportunity for altftude induced DCS fs —
presented by Murphy (12) when he and his co-authors reported on several factitious cases )
; of DCS, In one case at least a dozen hyperbaric physicians were involved by patient
{ examination or phone consultation. All were fonled by a "classic presentation” of UCS.
| Due to tre potential severity of DCS, the experienced physician will treat first and ask
: questians later. Harding and Mills (4) commenting on the predictabilifty of DCS, report
that "Finally, and as of yet unexplained, true tndividual susceptibility of DCS does seem
to occur,” However, consistent and repeatable prediction of susceptibility of D[S has
not beer defiped by way of a clear-cul process whereby hypobaric trafning activities can
employ this practice, Couple these universal statistics surrounding the 1increasing
fnctdence of DCS with the apparent change in training philosophy as to the usage of the
hypobaric ¢hamber, an {investigator must consider an alternati/e to demonstrating hypox{ia ‘
to aircrew personnel without decreesing their qualfty of life, -
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DISCUSSION

Leaders in the aerospace physiology community contend that there s adequate
Justification to train aircrew to recognize and correct for hypobaric hypoxia, Har 'ing
and Mitls (i3) state that "The fall in total atmospheric pressure and the consequent
! . reduction in the partial pressure of oxygen (POy) poses the greates: single threat to
t anyone who flies, hypoxia." The United States Afr Fovce contends that training students

the pilots recognized their symptoms and followed established procedures leading to an B
+neventful landing which may be attributed to effective aeromedical training."

: “ to recognize their hypoxia symptoms is an important phase of the aerospace physiological 4

. training program. ' 4
H E

} : Charles Lindbergh (14) once wrote that training to recognize and avoid hypoxia works. E

‘ : He stated that, "It saves lives," E

i ' Brooks (15) in reporting incidents occuring from Jloss of cabin pressurization, ?

u supported hypoxia Lraining when he wrote, “There were three cases of hypoxia, 1n which 4

1

i

|

i

Ernsting in May of 1984 (16), declared that "The most important single hazard of fo--
flight at high altitude is hypoxfa."™ He conlinues, "All aircrew should receive inftial
: : and refresher training in the effects of hypoxia. It {s highly desirable, and indeed in :
most Air Forces it is mandatory, that this training includes personal experience of .
hypoxia in a hypobaric chamber.”

[
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However, the sgerious nature of the threat of hypoxia and the probability of
occurrence of this threat continue to be the pivoet-point around which all other aerospace
physfological disorders revolve. Ernsting (18) vreminds us not to overliock the large
individua! variations in the effrcts of hypoxia and the modifying effects such as mode of
exposure, rate of ascent, physical exercise, temperature, etc. Inducing hypoxia by way
of decreasing barometric pressure results 1in a varfety of changes 1in respiration,
circulation, and blood chemistry that can't avoid masking or complicating the actua)
individual effects of hypobaric hypoxia, Harding and Mills (13) report that in moderate
hypoxia, such as breathing air at 25,000 feet, cardiac output and heart rate are
increased while the overall, peripheral resistance is reduced, Rahn and Otis {17),
compering different altitudes, reported that the higher the altitude the greater is the
ventilation, the larger is the initial rise in the alvealar respiratory quotient, and the
lower does the alveolar PCO2 fall. Bason {(6) reports that changes 1in hemostatic
systems have been discovered fullowing decompression from both normobaric and hyperbaric
environments in the absence of overt signs and symptoms of O0OCS. “hese &lteratians
include loss of circulating platelets, increased serum fibrinogen, and an 1increase fin
certain serum enzymes.

3
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We have reviewed the seriousness and 1ife threatening dangers associated with DCS
while confirming the requirement for findividual experience with hypoxia. Accordingly,
hypoxia demonstrations at a safe altitude such as ground level would appear to alleyiate
many of the major and minor maladies resulting from altitude induced hypoxia. Ground t
leve) trafning world alleviate the aerodontalgia, vasovagal syncope due to abdominal gas -
expansion, aerosfnusitis, and barotitis media, Ground level training would neutralize
the complications associated with Boyle's 1law, Henry's law, and Charles' 1law, The
guestion may be asked as tc the best way to train students in mechanically relieving the
build up of trapped gas in the ears and sinuses, In response, the prevalence of ear
blocks clusters into two communities: (a) those individuals with respiratory ailments
who should have been medically screened and placed in a grounded status; and (b) those
B inexperienced individuals who have not mastered the technique of valsalva., Ground level
-1 training will permit valsalva practice in a conirolled manner without the presence of

e bt s oW AP A o e 1

pain resuiting from a pressure differential between the middle ear and the chamber
environment,

New all that reaains is to develop a means to safely induce ground level hypoxia to
aircrew personnel which would allow for individual characteristics of hypoxia similar to
those experfenced fn an actual afrcraft hypoxic incident,

MIXED GASES

The actual composition of dry atmospheric air does not change from sea level to
70,000 feet, The air ic composed of 20.94% oxygen, 75.02% nitrogen, .04% carbon dfoside,
and a small percent of rare gases. Any dectrease in the percent of inspired oxygen will
result in some degree of hypoxfa. The questfons to be answered are, "What 1s the
correct percent of oxygen to use and what should comprise the remaining gas?* Through
personal communications, Dr., Christian Lambertsen reported inducing hypoxie to divers
training with self-contained breathing systems 1in order to demonstrate the risk of
improperly preparing the gases making up their air supply. A great deal of work has been
done with mixed gases uting pulmonary functfon and gas transportation systems. These
usually dealt with 6% to gt oxygen systems at ground level., West (18) carried out
measurements of maximal exercise to thraw 11ght on the way 1in which the mountain
climbers, Massner and Habeler, were able to reach the summit of Everest without
supplementary nxygen. He used a bicycle ergometer at Camp II (2C,700 feet) and gave the
climbers inspired mixtures containing low oxygen concentrations, In this way, it was
poisible to measure maximal oxygen uptake with the fnspired P02 of 43 mmHg which fs the
same as on the Everest summit (29,028 feet).
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Most mixed gases research has finvolved oxygen and nitrggen. The impact on
respiratory quotient, hycerventilation, and conflicting symptoms with hypoxia have
steered researchers away from including carbon dioxide as one of the mixed gases. For
those reasons, the mixed gases tov be used to induce hypoxis at a safe altitude should be
oxygen and nitrogen, What remains to be decided is the "quantity of each gas" to be

utilized to satisfy the training objectives.

Much research has heen accomplished to determine the partial pressure of oxygen at
the alveoli at practically any given altitude. Since the Navy has a fixed requirement to
demonstrate hypoxia to its aircrew personnel at an altitude of 25,000 feet, the logical
conclusion would be to mix the geses in pressures that would impact the body as if it
were at 25,000 feet. Most researchers agree with only slight variation as to the
alvesiar P07 at 25,000 feet, Harding and Mills (13) report that most physiolagical
changes occur within three to five wminutes of sudden exposure to an altitude of 25,000
feet by which time the alveolar PQOp 15 30 mmHg. This is consistent with the trend of
decreasing alvepnlar POy with increasing altitude. Rahn and Otis (17) report alveolar
POz to be 33.4 mmHg at 22,000 feet. West (18) reported an alveolar POp of 35 mmHg at
an altitude of 21,300 feet. - - T

The resultant alveolar P02 at 25,000 feet is primarily dependent on the inspired
P0p at that altitude. The gas eguation {(Figure 1) can be utilized to calculate the
inspired oxygen in mmHg and/or percent of oxyger available at 25,000 feet. Once this
factor is known, the same equation can be used to discover the ground level requirement
in percent of oxygen that wili provide the 25,000 feet equivalent in mmHg of oxygen. At
25,000 veet the barometric pressure is 287 mmhg. Subiracting the constant pressure faor
water vapor of 47 mmHg results in 235 mmHg of remaining gases. Multiplying the 235 mmHg
by the percent of oxygen available at 25,000 feet, 20.94% will pr.vide the mmHg of oxygen
available in the inspired air at 25,000 fe~nt. Accordingly, 49.2) mmHg of oxygen fis
available in the inspired air to each ‘trafnee during a 25,000 feet  hypoxfa
demonstration,

FIGURE 1. GAS EQUATION SHOWING DETERMINATION OF GROUND LEVEL
AND 25,000 FEET INSPIRED OXYGEN EQUIVALENCE

Ground Level 25,000 Feet

76U mmHg 282 mmHy
=47 mmHg H,0 =47 mmHg H20
772 mmHg 735 mmhg
X.069 % of 07 X.2094 % of 0
¥9.70 mmHg of Inspired 02 49,77 mmHg 0; Inspired 0;

Ustng the same formula but using the ground level barometric pressure of 760 mmHg,
one can calculate the percent of oxygen required to provide the same inspired partial
pressure of oxygen at ground level that exists at 25,000 feet. This is 6.9% which
translates into an fnspired partial pressure of oxygen of 49,20 mmig.

Presumably, if the inspired partial pressure cf oxygen is equal at both altitudes,
then the alveglar partial pressure of oxygen will be equal. Enough physiological
equality will exfst to result In similar experfences under hypoxic conditions.

However, the proposed ground level gas mixture contains an increase in nitrogen from
78.074 to 93.1%. In 1946, Fenn, Rahn, and Otis (19) reported that when there is an
increase fin partial pressure of nitrogen, then the alveolar partial pressure of oxygen
will be affected, With an fncrease in nitrogen of 15,0¢% there {s & rchange in partial
pressure of oxygen of 2-3 mmHg. Tiis 1s equivalent to a 0,5% requirement for
modification to the delivered partial pressure of oxygen., Accordingly, it is expected
tnat by fincreasing oxygen to approximately 7.4%, the resultant rise in alveolar PO
will bring about the equivalence sought after,

Another concern that mutt b: noted when increasing inspired nitrogen 1is the
potenttal for OCS. Additional precautions are not considered necessary for the
prevention of DCS for environmental exposures as minor as proposed here. The proposed
procedure for post-hypoxic exposure, that of switching to 1C0%¥ oxygen and positive
pressure breathing, will greatly assist in tissue denftrogenation, A possible advantage
to ground level induced hypoxta followed by danitrogenation is that the physiological
training sites will not be required to aeronautically ground the trainees for a specified
period of time.

TRAINING EQUIPMENT

The existing Navy zircrew personnel training quotas dictate the time allotted for
physiological trafining. Accordingly, mass hypoxiaz demonstrations will remain a time
efficient necessity. After rather simple modifications, lhe existing decompression
chambers can effactively and safely satisfy the nroposed training procedere, Al) Navy
chambers have primary and secondar, oxsgen sys.ems. Compietely 1soclating these systems
1s required, One system will continue tio deliver 100X oxygen while the other system will
deliver 7.4% onygen and 92.6% nitrogen, The additien of a mixed gas delivery mantifoid
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s-stem will be required from the bottled source to each trainee console, A traince
console myst be manufactured to resemble the face and operating mechanism of the oxygen
regulator. This will provide operational realism yet allcw the delivery to the trainee
of either gas system at the discretion of the chamber operator. in this way, the same
sfze training classes can be accommpdated as presently exist at the physicloginal
training sites. Additicnally, due to the time saved by not preoxygenating and by not
having to ascend and descend the chamber, training quotas could be increased, thus
bringing greater efficiency to the training site and thereby returning the aircrew
personnel back to their squadrons and into their aircraft more quickly.

RECOMMENDATIONS

A new training scenario is recommended to conduct hypoxia demonstrations on afrcrew
rersonne! inp a manner that will satisfy training objectives while alleviating all
potential for DCS. The scenario is as follows: (a) conduct a classroom presentation on
aeromedical factors threatening to the aircrew personnel in flight; (b) provide a
classroom briefing on chamber training, hypoxfa demonstrations, and emergency procedures
(e.qg., fire, etc.); (c) enter decompression chamber and don communication helmet ang
oronasal mask delivering air at ground level pressure; (d) check trainees for ease of
communicating and breathing; (e) chamber operator will initiate flow of mixed gases (7,4%
oxygen and 92,.6% nitrogen at ground level pressure) to one-half of the trainees and start
the stopwatuh for the hypoxic period; (f) one-half of the trainees will begin performing
their preassigned, mission oriented hypnxia demonstrations; (g) when the trainees feel
the signs and symptoms of hypoxia, they are instructed to turn their individual oxygen
regulator from the nnormal (ambient) oxvgen position to the 100% oxygen posttion; (h) by
four minutes, medical attendants wil) ensure all trainees are switched to '00% oxygen ard
fully recovered from hypoxia symptoms; (i) the other half of the trainees now perform
their hypoxia demonstrations exactly as performed by the first group; (j) trainees
individually report their awn symptoms of hypoxia; (k) chamber operator will instruct the
trainees on breathing and communicating against positive pressure breathi-g: (1) under
the watchful eye of the medicai attendants, each trainee will demonstrate the valsalva
technique to practice clearing the ears ang sinuses; (m) trainees will remove helmets and
nroirasal mask and return to the classroom for a chamber training debrief and continue
their training evolution.

The advantage in dividing the trainees' hypoxia demonstration into two groups is to
permit objective as well as subjrctive symptoms te be iawed and cxpericnced.

The trainees will denitrogenate for approximately six minutes durfng the recovery and
hypoxia symptoms reporting periods. Ten minutes of additional denitrogenation will occur
during the positive pressure brea:hing demonstratinn and valsalva practice session. The
first group to demonstrate hypoxia will receive another four Lo five minutes of breathing
100% oxygen while the secord group experiences hypoxfa. Accordingly, trainees will
denitrogenate from 16 to 21 minutes after their ground level hypoxia experience.

CONCLUSIONS

The increased 1incidence in decompression sickness during physiology training among
. S. Nevy aircrew personnel and medical attendants requires a search for ailternative
means of permitting recognition and corrective action of hypoxia. The regulirement for
individual hypoxia training i¢ concidered valid not jJust by Nevy veguiations bul by
aeromedical praectitioners throughout the world. A propusal fs made to utilize a gas
mixture consisting of 7.4% oxygern and 92.6% nitrogen to induce hypoxia at ground level.
This would permit ground level hypoxia training with simtlar symptoms of hypoxia as
presently demonstrated at 25,700 feet in a decompression chamber but would alleviate the
primary cause of decompression sickness. Al} other U. S. Navy trainfng objectives for
the chamber exposure would be safely met and more efficiently demanstrated.

The 1initial financiel burden 1in modifying the existiny decompressiorn training
chambars would be moderate when considering development and manufacturing of a new
training device.

The ultimate gain exists {n decreased human suffering and the necessary return of
credibility tu the aergmedical training community, This 1s a must §f we are to profess
to “D0 NO HARM,*"
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