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Physical work capacity and tolerance to +Gz stress in
fighter pilots

Dr PK Banerjee, Wyg Cdr H Malik

Yeatitnte of Aeroapace Medicinge

The relationship between aerobic work capa-
ety wnd folrrance 1o (G stress iy contraver-
sial. This paper presents the results of @ study
of phipsical work capuacity (W, predicied
mrexinad feart ratel byoovele erpometre e
1 mlerance by fanian cenerifuge on 42
nermal heealthey friph-porformanee fighter pi-
fots. PWC per kg body weight way found o
frave peasitive  correlations with reloxved Gz
folerance values on pradua! onser rafe (GOR,
F25) and rapid onset rare (ROR, ¢ — 124,
anel a signfficans posivive correlution with
stmecdated weeiod combuat maneuvee (SACM)
diuration (r — 41, p <001 Pl with
PHC = 208 Wikp body welpht had hgher mean
vatiwes aof refaxed GOR, ROR tolerance and
SACM tederance (497 2051 G, 4.50 2 0.44 G
and 19 2578, respectively) than  those
(.63 W61 &, 4.24 L 0.53 G wnd 148 +45 5,
rexpectively) recorded i pilos with
PWC < 2.5 Wekg, Within the observed range of
plrysical work capacity stutus, o higher score
may thuy he cansidered o positive atiribule in
refation (o (G stress larance,

Keywords: Aciobic work capucily: +02 stross

A erobic phyvsical exercise is being incress-

ingly recopnized as the primary method of

imlervention. in the health  promotion  pro-
gramimes. Howewer, In the subpopulation of

high-perfirmance Tighter pilots the role of

gerobic conditioning programme has remained
controversial, primarily duc 1o ite interference
with their perfivrmance in respect of tolerance 1o
+restress, 'wa issues of potential concern re-
lated 1o aerobic fitness imvolve (i) increased
incidences of carding rate and rhythm distur-
hatices during Gz exposure [1, 21 and (1) -
creased susceptibility to motion sickness 1. 3]
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Oin the other hand, the available dam on G
tolerance score. in e Tuem of peak rolerance
on gradual posel rate oc duration of tolerance Lo
similated aeral combat manocavee (SACMY
had neither brousht oul wny inverse relationship
with berobic score in cross-sectional studies [4]
nor indicated any signlticant ceduction follow-
g acrobic vaining [5]. Nevertheless, the ob-
servislions of incidences of dysrhythmin and
motion cickness during centrifupe rup und ru-
duced tolerances o wrthostatic stress by lower-
buody negative pressure n highly traned indi
viduals [6] have certanly created an uncertainey
momplementation of the excreise prescripiiun
as a part of the programme for the fiphrer pilots
[7]. Furthermaore, actual data available on the
phyvaical wark capacity profiles of fighler pilots
and 1ts gssociation with the measures of +0Gz
Wleranee are relarively few 1o comparison with
the number of critical reviews wvailuble in the
subjectiarea.

Al the Institute of Asraspace Medicine, lo-
dian Air Voree, Hghter pilots of high-per-
formance aircraft arg given high-G Lraining in
the human centrifuce. Assessment of varlous
mussures of ~G7 olerance 15.a standard feature
it this programme, Forty-two pilods randomly
selected from these tramees wers assessed-on
cwole ergomeiric exercise tor the evaluation of
physical work capacity stalus, recorded pe the
maximul wattuge corresponding o the predicted
maximal heart rate: This ‘article presenls the
chasrved relationship between work capacity
und ~Ciz tolerance values in them

Material amd methods

Sibjects, Forty-rwn healthy male fighter pilots
randomly selected trom those whi reported for
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bigh-G vrammng  at this Instnute were  the
subjects of the study. They were explained the
experimintal privicol in o detwil wnd had volun-
tarily conserted 1o 1ake part in the stedy

Accelorafion toferaiee test. Subjects were
given produel ensel rule (GOR) and rapid onset
rale (OIS runs to determine thebr relisxed
sieaining  tolerances 1 the microprocessor
comlreslled Trwman centrifluge, using peripheral
light loss (1*1LEy as the end point. The rates of
onset employved for GOR and ROK runs were
0.0 and 10 Gis, respectively, Relaxed GOR and
straining GOR (GOR-5) and relased ROKR runs
were  delermined without G swit  inflation,
stmnlwted acral combsg muimcavering (SACM)
profile consisted of a RO with onset rate of
I Gés tooa peak of 4G for 1355 followed by
another Bild=up st | Ges upowo & g for 100 and
then deceleration at the rate of | (/s to a level
of 4 Giis. This pronle continued il the subjecis
felt fatipued and gave a call to terminate the run
arsustained a PLL or G-LOC Pilots performed
anti=G sueaining maneeuvie (AGSM) while ac
celerating from 4G 10 B G and back w 4 G
Anti-G swit owas  kept nflated  throughour
SACM. SACM wleranee was taken as the totl
duration in seconds from the sart of the ren il
s termination. Further detatle of the test and
features of the human centrifuge have been re-
ported carlier [8]

Avsessment of physical work capacity. The
tezl was condocied on an aulomated ovele er-
gomelric test svstem developed in fhis labora-
tory Tor the assessment of the maximal work
rite cortesponding 1o individual's predicted
maximal heart rate while performing on a
praded test lvading protocol [2]. A Lanooy-type
cvele ergometer (Lode. Halland) was interfaced
with'a PC through 2 lead controller unu (ADIL.
Banzalore), Subjeets” ECG signal on lead CMS

was fed to & PO add-on board (Numap Dala

Systemn, Bangalore) through an  amplifier
(Cardiart 308, BT India) for online-monitoring
of ECLr and registering heart rate (HR) count at
every 15 s of exereise. The test mode of this
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agromated svstem starts with a load of 30 W
with an auboanatic crease by 25 Wevery 3 min
until eompletion of 5 man at 150 W oo reaching
the predicted maximal MR (2240 -ape o ¥yr, on-
tered as subject data), whichever was enrlier,
Physieal work capacity (PWO), s musximal
wattage corresponding to the predicted masimal
HE, wis evaluated froon the regression of work
pate nowakls versis heaet male in bpm (last 15 8)
tor each incremental laad, and maximal Wikp
hody wesght for the subjects’ predicted maxi
mal R were logpwd and displaved on the
LT

Statwtteal analisg. Pearson's product mo
ment correlation st wos cmployed 1o find ous
the correlation coclleients ol aees heipht,
wetght, PWC 1m0 W and in Wik body weiph
with GOR, GOR-S, ROK and SACM values

Hesnlis

Fable | presents the mean valugs with suandrd
deviation and range of age, height, weight,
W i i b vadues and (G tolecince values
of 42 fighter pilots

Correlation cosfficients of -age. height. body
werght and PWE values ol the pilots with their
+Gz tolerance parameters are presenlod  in
Tuble 2, Ape showsd positive correlanans with
all +0iz tolerance measures, the » values being
significant hatween age and GOR. Height
showed pezative carrelations, thoushr not sig-
nificant, with all =Gz tolerance measures. PWC,

Table 1. Age, phvaicel vharncteristios wed physical wark
capagigy values aid He olerance values of fighter pilars
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both in absolute and per kg bods weight, were
found positively associated with +Gz 1olerance
measures.  [lowever, correlation  coefficients
were significant only in respect of SACM toler-
ance (0,336 with PWC and 0.406 with PWC/ke
body weight)

Dividing the total sample of these pilotval-
umteers into twa groups of (i) high PWC and (ii)
fow PWC, with the observed PWC values ahove
ar below 2.5 Wikg body weight, respectively, as
the demarcating criterion. their <Gz tolerance
values are compared in Table 3. The two HTOUDS
were not significantly differenl in respect of
their age, height and body weight. By virtue of
theit grouping on the basis of PWC. the two
proups had hivhby significant differences in
their PWC values, both in absolute and por anit
bidy werght scores. The mean values of GOR,

(NEI]

Llarlik

GOR-5, KOR and SACM lolérance wire tound
e higher in the ligh-Pwo gloup (4,97, 7.86,
PG and 191 s, respectively) as compared o
those in the low-PWC group (405, TA8 4.2 ¢
andd 148 s, respectively)

Discussion

Fhe Best single laboratory mensure of plivsical
titness has been the aerobic work capucity, the
most valid and reliable measure of which is the
muximal oxygen uptake capacily (Vs maxl,
Lo the highest oxypen uptake an individual can
attin during dynamic  physical waek [ 10],
Aerobic wark capacity per ke hody weight i
generally considered as 4 reliable indiculor of
the cardisvascular activity developed su as o
predict the gerobic capacity/physical work ca-
pavity trom the submaximal candivvascular re-
sponses. These tests are based mainly an the
fact that hewrl rate increases lincarly with work
rate during progressive exercise. Decrement i
maxnunal heart rate with advancing age is ab
considerad for such prediction [10], n the priys
enl study, evaluation of the physicul work ca-
pacity was made by way of assessing the
maximal work capacity commensurating with
individual’s predicred maximal heart rate while.
pertorming on an automated progressive step
lvading cycle ergometric exercise protocol.

PWC values of the fighter pilots in the press
ent study are indicative of a nominally healthye
but poorly physically rtrained sample. The ob-
servation of Nunneley et af [11] on 10 pilots of
high-performance awrcraft observed similar it
fiess status that they considered typical of pro-
fessional pilots.

The level of physical work capacity varies
from one individual W unother and is influenced
by several faclors such as age, sex, hody
mensions, environmental faclwrs and acrob
training status of the individual [10),

Aerabic training invelves large mass of thes
skeletal muscle in a rhythmic exercise of relate
vely low resislance so that whole-hody oxpgen
uptake is increased manyfold over the resting
level [10] The training improves the functioni

lud . Merospace Med, 3802) 1000
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sinlus of cardiorespiralury systen, inchuding
incteases m omaximal oxygen uptuke capacily,
strike. volume. cardiac oulpil and  Svstemiv
vagculur  conductunce [12]. Tramning-induced
modulativn ef the autonomic input to the heart
und incresise in skeletal muscle capitlany density
fayour cardine pertormance and oxyeen exlrad

o capacity by the working miuscles, Tespec

teely. An amproved efficiency af the cardiv-
vaseular svstem is reflecied n decrensed hearl
rate wnd increased stroke vohume 10 festing and
cubmaximal exercising states. All the above
changes have distimed gdvantuges i AMProving
e performunce of liph-mtensily work [10]
Further, thure is a strong evidence suggesting
that  perobie cxercise programme  provides
definite benefits in terms of health arad well-
bemg [ 13].

Huwever, within the aeromedienl commits
mity, sume have expresscd concerns regard ing
the cffects of nergbic training on ZUtonON
modulation of the heart and increased vascular
enmpliance in the leg miscles vis-geviy eliec-
ive cardiovaseular adaplation 1o pravitational
stresses [1, 2, 6. 7). The obsenations of Whin-
nery and Parncl] [1] on low =Lz tolerance and
pceurtence of premature ventriculur contrac-
fions in a few cases of uvid endurance runners
ruised the question of a negative role of atrabic
exercise training on ~(iz lwlerance. Also. oliser-
valians of increased incidence of motion Sick-
iess inoa few highly trained runners an
centrifuge runs | 1] and on vestibular stimulation
[2] crearad further controversy on the issue. The
belief of an inverse relation belwesn aeTobic
finess and tolerance to +Gz stress is constdercd
widespread in geromedical community

It is. however, noteworthy that no siudy. ui-
ther cross-sectional or longitudinal, has so far
reporied any adverse association between aero-
bic fitness score or acrobic training with ~{74
solerance measures per se Cooper and Leveret
|14] and Epperson it al. [15] reported no sig-
wificant differences 1n +Gz tolerance with en-
durance running. Klein et al. 4] compared
antraincd and highly trained subjects amd ub-
served no differencas n their orthostalic anid

tnd- - Aerospaci: Med J8{2) 1999
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07 tolerance (GOR) The longituwdinal sty of
Epperson ef of [15] indicaled that sACM tolers
ance of acrobically trained group was nal 518-
nificantly dhlTerent compared to that ol the
contral wroup | 151, Dynamic heart rale [esponse
1o a series of G profiles also has hot showi any
reduced dynumic heart rate response o o G
stross in aerobically trained sample ay compareil
to controls [ 16]

The observed correlation coctficients le
LW ELTY |1hv-_;|c;|l work capacity and Pl tolerange
measures jn the fghter pilits of fhe present
sty are indicative ol positive AssoCIbon
petween them ( Table 2} Though in mast o the
circumstances the eorrelations were low and not
significant, direction ol associalion 15 nole-
worthy As reported In an curlior study [4], toral
body height showed nogative correlations with
«(ie tolerance measures and age sliwed pusi-
tive correianons in the present gpmple. 1 re-
apect  ul SACM  oletance, PWU showed
signifleant positive correlations, hotl in s -
solute and per kg body weight scores

On comparison ol the +Giv measures wl the
o groups made oul of the present sample
ahove and below the PWC score of 2.5 Wikt
bedy weight, the group with higher physical
work capacily scores was tound 1o have higher
mean values ol all +Gz tolerance medsures than
those in the relatively less 0l group of subjects
(GOR: 197 vs. 4.6%, GOR-5 7.86 va 7.48,
ROR: 450 ws: 24 U SACM: 191 va AR s,
respectively), the difference in SACM Lolerance
wore being significantly higher in the high-
B0 group (p<0.01) Whinnery and Parncll
[1] alsp reported higher mean GOz values ina
group of serpbically leained sample [V max
1371 mitkgmin) compared to dati gatherad an
all healthy subjects {no mentivn of Nk max) n
Avmstrong Laboratory (GOR: 481 vs. 483 1,
ROR: 3.40 vs. 3.34 G, respectively)

Eram the observatiuns of the present iy, @
hizher scars of physical work capacily appears
to be i positive attribute towards FGz telerance,
Though the present sarnple did nol represent ul
include a highly aerobically trattied  wroup, it
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ceems hkely that the observed level and distri-
butivn ol physical fitness status is representa
live oof the fighter pilot population (somewhat
similar levels being guoted clsewhere [11])
Observations: of the present study call for an
unreserved encouragement of the aerobic train-
Img programme i the sample population

The specificiy of sirength fratming exercises
imomprovimg sustamed high- G tolerance is well
established [15] and the programmes based on
cpliasis on strength framing workouls as 1eg
ommended by many [ 17, 18] need effective
miplementation, Nevertheless, the benefit of the
aerobic form ol esereise, which rapidly be
caminge the primary method of intervention i
comprehensive  health  promolion programme
and is also mare popular s most of the popula-
ton, mcludimg the fighter pllos, necd not b
demed to the high-pecformance pilots on the
busis of a nor-so well-founded suspicion that
it may anterfere witlh their flight pecformunce
in terms of tolerance (o +(Ge siress, 8 conirn-
versy thal has ull the pessibility of impeding the
personal pursiuit of exercise conditioning in
them

Keferences

I Whinnery TE. Panell M) The clfects of 1
acrobic conditipning on 7 tolerance  Avigd Sooes
Eerviropg Mec 198788 199-204

o Burton: RR. SACM toletance and physical condi-
livning, Avigr Space Environ Med 1986:57:712-
714

3. Baniy GR, Ridley WC, Mellugh 1, o af Aerbic
fitness and susceptibility W molion  stokness. Avigr
Space fmvren Med 1987-5R8:10% |08

Fa

118

4=

L4

Elern EF Druner FEofevsy 1Y = af livlhoenoe ol skl
wie and phywcal Dingdss on B table and acceleeationn
taletance -f--.l.---._."..'- 0 Mot |-.,||,||__|||;In.u F) J
Cireenleaf 1B Brack P Scewcaffs TY Blloet il pls
cal vraanimg in hat amd conl envirgimoms oo 10k o
coleration taleeance in women  dvews S Bneeron
MWed |WE5. 56015

cmann J. Busheel A, Thock T3 Inflaence ol Firngas

v Bloedd prossure control systom 0 man. eeagpic
Wead 197 454505

Halldim UL Fhveosnl traveming snd 0 eolerapce. dvhat
spnge Bevpeon Wed 198G 55000 ] -2

Siahk 11 l‘.'.li"lll k I:‘.‘lll|f||;_l_|.- leonnnng, Tor b ggew,
e Medd 1991 353049

Foanerpes PR Linn PE Mk 8% Development ol i
PICT IRELCraAChIve chymamis exercise avsitem o arorew
widie Draoing. AFMEL Progeot Beporl Moo [H21
AN Nanpgaloes, 1991

Sabiand PO, Modahl K Vexr Hoek of Work Hivanl
S wdn Mew York Mothaw-Hall, 986
Munfetey 54 Tikelstean S Taft 100 Lengitudinal

frdd J aléros

dueky on plifacal pertormuance ol ten puots over o en
; rud Aeraspace Moo 1972 43034 | 5444

Blomgvist OO Ralon B Carduiovascular sdapistions
ba physical tromng  Amr Hev Phovgiod 1983 45:160
| R4 i

Covper WH. The derobicy Program for Total Weli-
bagrg: Toronto Rantam Rooks, 982

Looper hH, Liverett 5, Physical conditioning vs +Ge
tolerance Aerpapirce Ao 1900 37:462 3465
Epperson WL, Burton RE, Benaver BM The influ-
ence of differential physical conditioning on SAUM
tolerance  Aviad, Spuce Enveron Mol [982.53:7109)
197

Forster EM, Whinnery JE. Edvmamie cardiovascular
response o +0e 5ess o serobically trained ndi-
viduwls, Aviar Enviran Space Med 406 13303306,
lezzen X Physical traming and O telerance  NATO,
VOIARD Reporl Mo, CR-277, LUE3

Crisman RF, Burton BR, Grissent 10, & of Physical
Itipess progromme o enhanee Aarercw O toleranse,
Report Mo [ISAFSAM-5R-85-|, NAMERL- 1334, No-

¥&l Alr-Sin. Pensacola

I Aveagpace Med 38021 |90

4

P
pre
S
12
LiE
il
che
T,
S
per
i

el
Ay
al I
the

proe
aree
jetel
the
prox

base
boar
proj
plex
dida
pilol
take;
assu;
lest
task
Wil
motc

Ind.




