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Abstract

A IRCREWMEN are currently flying high + Gz
multistress fighter aireraft swhich can exceed their
+Ge rolerance, A spectrum of events from  loss
of consciousness to decreased peripheral vision can
compromise their performance. All eMurts should be
made to find methods which enhance + Gz tolerance
and thereby maintain air saperiority, Certain specilic
types ol physical conditioning wuy prove benehicial
o the fighter pilot, At present there is no evidence
that aerobic or codurance training cnlmneey + Gz
tolersunce, althouph it may  have other  benchicial
eficets, if done in mederation, A complete investi-
gation of the effects of specific 1vpes of exercvise an
+Gy tolerance is needed.  Continued investigation
inter the elinical parameters which affect + Gz (ole-
rance is  npécessary not only 1o fully understand
the physialogic basis of + Gz tolerance bur alsa to ad
the establishment of possible futare high + Gz selec-
tion eriteria. A long-term surveillance program 1o
follow high performance fighter pilots would be ideal
to assure acromedical (occupational ) safery,

Introduction

The new high performance fighter airerait
recently introduced into aviation produce 3 comples
multistress environment with scvere physislogic and
psychologic demands placed on aviators who pilor
them. These aircraftare very costly and the aviators
represent the most valnable manpower on a per capita
hasiz in today's society (4). For these reasans, i is of
critical importance to have stringent selection stan-
dards, continual medical surveillawce, the wrmast in
preventive medicine and maximum protection during
exposure to this high siress envirenment. QF Partici-
lar interest in this regard is protection of pilots during
the high + Gz stress of aerial combat. Much emphiasis
has been placed on physical conditioning 1o maintain
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aircrew hirmess and additionally to enhance their phy
sical + Gz stresy Whether or wmot (e
cun't:m!j.r advocated farms of exercise conditioning
are the best for enhancement af + iz tolerance |
guestionable.  Several rheoretical aspects are o be
considered  before an optimum physical conditianing
program  can be recommended to Gghter  aiceral
combut vrews,

toaleraneo.

Definition of Acrial Combal Siress

The head-ta-foat { +Gz) stress expericnced by
fighter pilots has been as high as +7g for shors
periods.  Advanced fighrer aircraft are capable ol
sustained periods of +7g in addition 1o peaks  of
+89g or higher. [n addition, the rate af onset of
the + G2 force in the newer aircratt is markedly
increazed o as high as 10 gjsec, The major hazard
during this G siress is the possibility of execeding
one’s +Ge wlerance, therehy losing consciousness
(and subszcquent aireraft conteol).  Results of recent
wark revealed that loss of conscipusnes: due o + Gz
stress on a ceplrifuge results in an average (ime of
incapacitation of 15 sec with a range of 9 sec ta 20 see
i14).  Needless 1o say, an uncontrolled aircrafi at
300 knots can travel great distances in this 15 se¢
period ol lime.  Shore of loss of consclousness thera
can be various degrees of greyout (loss of peripheral
vision) through hlackout (complete loss of vision), all
of which impair visual performance. In the aerial
combal urena, vision is all important in larget acquisi-
tion not only for an offensive posture butr also in a
defensive posture,  Any loss of visual acuily may
result in loss of the advantage position. To maintain
visual contact with an adversary during acrial combat
a large amount of head, neck and body movemen;
s necessary while pulling high + Gz, This results in
a tremendous amount of stress on the musculaskeletal
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svstein ol the neck, a stress which is increased with
the weight of the helmet worn by the aviator, Not
ouly is peck move nent difficalt, but movement of the
ncok and arms 15 particularly difTicalt and lutiguing
during -+ Lix stress,

The ctiology ol loss of consciousness and loss of
vision i dae 1o lack of corebral and retinal perlusion
respeetively, resulting from the head-to-fant foree of
+ Gz with a corresponding increased pooling of blood
in the lower extremitics,  With knowledge ol these
physivlogic principles, methods to protect the pilor
have been developed. Tn an effort to decrease the left
ventricular pressure necessary to pamp the hlond to
the head, tili-back seat conligurations were developed
to decrease the effective vertical hearl—to-eve distance
and therefore the driving pressurenecessary to perfuse
the head (1), The F-16 aireraft has o 507 nlt -back
kearwhich increases comfort, however it s questionable
whether or ot it utilizes thisprineiple to enhance + Gz
tlerance,  Another method uwsed to increase the
blood How tothe head is the use of strainiog muaneu-
vers (M-l and L-1) which result in  increased
intrathoracic pressure, and i’ perforined properly can
result in substantially inereased eye level blood pres.
sure {3). Prolonged maintenance of the straining
maneuvers 15 also very fatiguing,  Anti-G suirs bave
long been utilized o enchance +Gz tolerance by
preventing venous pooling in the abdomen and lower
extremities and  therehy  incremsing  venous  re-

turn (2).

Requisite For Physical Conditioniog

The possible use of physical conditioning as an
additional means of tnhaocing + Gy tolerance has
Leen studied previously (5, ). Aerobic conditivning
does not correlate with + Gz wwlerance (13) nor has
it been shown to enhance Gz wolerance (3,6, 8, 12),
This dues not mean that it has no nse for fighter pilots,
since acrobic or endurance-type exercise (running) s
konown to promote an overall feeling ol well-being
and fitness. It may or may not additionzlly be of
value in prevention of cardiovascular disease, al:-
hough this remains controversial and is not well
documented.  The point here is, that ir has definirely
not been shown to enhance + Gy tolerance,  There
is the possibility that this running or jogging lype
exercise, which mainly increases lower  extremity
miusele mass; could lead to a rreater wimount of venons
pooling in the lower extremitics with a resultant
decreased + Gz tolerance. Previous investigation
revealed the effectiveness of the blood pressure contral
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system o be reduced by cndurance traiming (12)-
This was thonght to be advantageaus for the integrative
control ol the circulatory system during exercise but
disadvantageous for activity such as | {av  stress.
Specitically the heart rate and blood pressure respon-
ses induced by barorcceptor stimulation were shown
to be reduced in sadurance-trained athletes (8). In
addition, the symputhetic activation was less as
measured by lower norepinephrine blood levels. A
specific theoretical contraindication to an excedss al
endurance acrnhic type training for a lighter pilot
has been reported (150, In this case and one other
similar case (16} seen at the USAF School of Acro-
space Medicine (UISAFSAM) the possibility of an in-
crease in vagal tone with resultant sino-atrial block
(sinus arrest) resulted in a prolonged time ol incapaci-
tation (30 sec.) following loss of consciousness during
 Gustress, Recovery in both cases was accompanied
by a slow junctional rhythm. Increased vagal tono
with ite artendant slow hearr rate is well known in
highly trained athletes, It suppresses all pacemaker
and eonductive tissues in the heart, in some cases it
has been strong cncugh to provoke long sinus pauses
at rest accowpanied by cercbral svmptams, The risk
of the complications of markedly increased vagal tone
wits shown ta bhe confined to pericds ol intensive
endurance training and abolished when the training
intensity was reduced (11}, In addition, highly
trained athletes have been shown to have an increased
incidenee of syncope. Any condition which might
predispose a pilot Lo an increased susceptibility o
unconscivusness should be avoided.

Specificity of training (10) for a particular task is
4 well documented principle in sports medicine.
Simply stated, this means thatif an individual is going
to perform a certain task he must exercise train doing
that task, i.e. if ane is (o be a swimmer he must train
for thiz task by doing smimming exercise and [urther,
other exercise (raining such as running prohably will
nat help improve his swimming capabilities, Apply-
ing this principle of specificity to the fighter pilot,
rupning should not improve +Gz talerance. The
tcometcic muscular tensing nsed in the M 1 or L-1
straining manenver is different tfrom running exercise,
Weight lifting exercise has been advacated in (hiy
respect (mainly upper sxtremiry strengthening) and
has becn preliminarily shown 1o improve + Gz
tolerance on voluntesr centrifuge acceleration panel
members  (6), Gz tolerance may be enhanced if
specific muscle groups are trained and their greater
strength utilized under + Gz louds, thus preventing
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blond pooling in the lower extremitics and allowing
performance of the M-1 or 1.-1 more elliciently.
Static exercise training with improvement in muscular
litness may be more appropriate for thess goals,
instearl  of endurance training which  improves
cardiovascular [itness (B). For these reasons weight
lilting may well sceve as a more iinportant exercise o
enhance + Gz tolerance, To date, no scientific data
exigly to indicate that push-ups or any other form of
exercise besides weight lifting enhunces + G2 tolerance,
Added to this upper extremity development a series
ol neck strenpthening exercises would seemn appro-
priate 1o enbance  the musculur support of the neck
which must rotate from side to side (checking six o
clock) during high + Gz aerial combar.

I'robably mest important is the [requent per-
formance ol these techniques during actual werial
combat tactics, Most pilots {eel they need to have
frequent exposures 0 +Ge o maintain a high level
ol nerial combat proficiency.  Maintenance of (lyinyg
proficiency is imporiant, therefore, not only for the
technical and mechanicul aspects of fving but also
for maintenunce of + Gz tolerance,

An addirienal unmeasurable factor that influcnees
+ Gz tolerance is the psychologic desire to he able o
be superior in an acrial combat engagement, The
determination to dn what has o be done o maintain
air saperiority is a trait which undeubtedly enchances
natural +Ga lolerance. This trait can be promoted
hy sclf confidenee, motivation and a desire o survive,
It would be hoped thal the undergraduare pilot train-
ing selection and training programs strive 1o achiove
theze gaals,

Future Directions

Since new lighter aircraft have indeed beguu to
exceed human tolecance limits, even witli the use af
protective devices, all metheds which can cnhance
+ Gz tolerance must De utilized. I certain tvpes of
physical conditicning can  indeed enbance =+ G
telerance, then these exercises should be more widaly
advocated by local flight surgeons o their aircrews.
A specific rescarch program  designed to evaluate the
effects of different types of exercise on + Gz tolerance
would be advantageous.

Previguy preliminary work on USAL aircréwmen
undergoing acromedical evaluation has revesled that
certain clinically measurable parameters are related
o + Lz wlerance (13).  Associated with a high +G#
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tolerance were such paramerers as older age, a short
heavier stature, higher cholesterol and triglveerides, a
higher blood pressure and more expericnce flying
fighter aircraft,  Aerobie capacity based on maximal
treadmill resting was nor associated with inereased
+ Gz tolerance. It would be advantageous to know
what purameters are associated with + (iz tolerance
il specific seleclion criteria for high + Gz fighter pilars
are ta be developed, It is apparent that the above
parameiers are not necessarily the optimum parame-
ters for pilot sclection on the: basis of cardiovisenlar
risk fuctors. There are definite physiclagic veasony
lor the above clinical poarameters being dssociated
with increased + Gz tolerance.  Whether or nor these
lindings wall continue to be associated with inereased
+ Gz tolerance when larger numbers of subjects are
nvestigated will be imporrant to fullow, This cor-
relation of + Gz tolerance with clinical paranelens i
currently Ffacilitated  with the muainenance of a
centeilugs acceleration repository (13}, In addition,
those clinical parameters associated with decreased
+Gi tolerance ace conversely inoortant not anly for
possible  selection eriteria but alse o more fully
understand the physiology of + Gz telerance.

A final aspeet of our alecrewmen moving intg
a new higher stress environment is the passibility
of these individuals being exposed toa retentially
hazardous enviromment,  Although previous work
in the miniature swine revealed the presence of
subendacardial hemorrhage and myofibullar myocyLe
damage (3), no evidence to date has revealed this
type of pathology to exist in humans (7). Al of
the work to date has been of a short term nature,
The real proof of whether or not the high + Gz
environment 5 a benign stross should resulr from
tollowing the high performance fighter aircralt
pilor over an active (lying lifetime. This iz a
relatively short lifetime since few pilots remain as
an active fishter pilot longer than 10 1o 15 years,
Initial, periodic, and final clinical parameters should
be followed s long as these aircrewmen are routinely
sspostd to high + G stress.  These parameters
mighr ideally include wewer noninvasive puelear
medicine cardiovascular stodies, such as  cardiae
output and segmental wall motion Only in this
way can aircrewmen be assured thar no long-term
cilects due to high + Gz stress are presenl.  Specific
attention to animal model studies (3} regarding
high +Gz stress should be carcfolly followed and
the resulty correlated o the human surveillance
program.  These studies may lead the way in
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determining which areas (rardiovascular or ather-
wise) may be muost sensitive to any pathologic effects
of + (37 and which areas must thereflore be followed
more closely,
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