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Syr.pogivm: Slregs in Aircrow

PHYSIGLUGGY UF STRESS

NS Buboo, PK Buonerjee

,'H)an; Selye waz one  of the first  whe
explained the physislogy of stresz wath  his
theory of ‘General Adsptation Syndrome’ (19)
This theary denotes sn all inclusive three slage
mode of adaptation to stressiful siluation

8. Gégge ofalem, an initial  phage  of
shotk followed by a stage  of counter shock
during  which  the  individual's  defence
rechanizms becorne sclive.

L. S of regisdaroe, a stage of saximum
adaptation which will help to preserve the
horieastasis; but  if  the strasz continues
unabated the  adaptation msy  fa1l and the
individual may pass inta the third stage

. Sigme of exfhaustion; a phase where the
sdaptation collapzes 5z the compensalory
mechamzams fail

Since Selye Tirst postulated this process of
emvironmental stress and the resulling physicsl
sirain,  mueh research has been done in the
field of the phusiclogy of stress.

Stress, Worklaad, Fatigus

Strese iz an ernofive word which conveys
different rmesninos te  different psople. It
makes considerable differsnce  whethsr one
iz.a physziologist, a biochemizt, a clinician or
an engineer. To some, stress jsoulzide the

body - something acting on the organism
fromn  without - perhaps beller -lenoled as
slrezzar To athers, it is the tezullig

effect of the stressor on the orgsiasm, 1.2,
strain, to borrew 3n epgineering term
Slress, Werefore, is 3 fermy which eludec
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simple defimtion. But if we accept the definition
forrmulated &t the 1971 Stockhelm WHO
Symposium on Soolety, Siress and Disease,
"stress is the nonspecific response of the
organism to  any demnand  made  upon it"
(20,21).

In phiystolagical terms, stress represents a
thrreat if not & breakdown in homeostasis which
can wmpatr health if not  rernoved (7)), Three
types of slresses are possible = environmental
stress, acule resclive stress and domestio
stress. It is  very important to note  that
stress 1= an ntrinsic  factor In many
occupations (5). A very pertinent question in
aviation, which 12 a very complex man-machine
inferaction, 15 how hard does the sirarew
work? If thas iz only physical werk, then  a
variety of accurate techniques of study ceuld
be proposed (6] However | there iz a sigmificant
elernent of  non-physical worklosd in Mying
Thiz invalves the neurcendocrinalogical system
of the body, The workload, bolh phyzical and
non-physical acts as the stressor and {nduces
stress in the pilot. Beyond certain limits this
workload may  produce Tatigue which will
adversely affect the tack perforrmance of the
aircrew.  Worklead way  be defined a5 the
bazic demand of the mashine and mission and
fatigue as the weariness that 15 prodused by
prolenged  workload o the  ahzence of
zufficiant rest scheduls

Sources of Stress i Military Aviation

FPilots  wperate in & three-dimensional
dynamis environment often under the pressure
of limnited time . While the major ity has ascepted
this fact, there = no doubt that any pilet whae i
inclined to warry has ample chance to do sa (3),
Therafors, aviation can be considersd as 'he
satree of & wide range of stressers (9,12}
Physiolegical and  environmental stressors
include the physizal waork involved, hest, sold,
rmoise, vibrastion, huposda and acceleration.
Sleplessness and inadequate vesovery fram
fatigue sre other major factors. Paychological
stress factors dnclude infermation overload,
cardipuous vigilanoe and anwisty dus o any
resson. Beshr et 3l 1) have indigated that
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erganisational stressors stemming from role
ambiguity and conflict can  result in  stress
related Mness. Counterphobic  activilies of
present in an  airerew (14) or ‘lestitis’
Cexoessive anwiety about flying checlks) (15)
can be principal sources of stress

Honspecific Stress Response

Covering all types of aircraft, exiziing
literature (3) considers heat, noize and
vibration lo be the most frequent slressors
whereas cold, acceleration, work overload,
fatigue and boredom occur less as frequent,
while hypoxia, fear and isolation have been
reported to  ocour  only oopasionally. Some
af the <stressors are  kKnown to produce
specific stress responses  and in order to
ensure Tlight =afety  and alrerew health,
primary atiention 1= focussed in alleviating the
individually adentified and defined stress
factors. Howewver, swhile desling with the
subject of siress and performance, 1t iz the
nenspecific  stress responses of the bady
that dermands parbicular attention.

Stressor affects human performance by
influencing some  common  ntermediate
wariable. This intermediate variable may be the
“arousal’. Thus, it may be proper to assums
that whatever be the stressor, the non-
specific. reaction can be similar. This arousal
reaction s gogompanded by endocrinal,
cardiovasoular and  muscular resctions to
prepare the individual for fight or flight
reaction

An activation of ascending reticular
formation, limbiz systern and hypothalamus
produces stimulation of large portions of
sympathetic nervous system simultaneously
(syrnpathetiv mass discharge). This  in turn
increases the aleriness and motor capability
of the individual till an eptirnz] level is reached
beyond which there ooccurs a decrement in
performance efficiency . These effects are
mediated by the catecholamines. Serme of
the important phusiological manifestations are
as follows

a.increased heart rate and arterisl preéssure,
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b. selective inoreass of blood flow o aclive
tissusz such as muscles and heart,

c. increase in cellular metabolism,

d. increase in blood glucose level,

&, increased glycalysis in muscles,

f. inereased musaole strength,

g inoreased rate of blood ooagulation, and
h.inereased neural sotivity

Measurements  of the  respeative
physiclogical pararmelers appraige the degree
of sympathelic mass discharge and have been
used in assessing the workload and the stress
response of the individual,

Physiological Measures of
Inflight Stress

Infiight  heart rate measurements  and
pastflight changes in urinary  oatecholamines
and ite metabalites have been  found %o be
walid and feasible messures for field studies
and  have  be=en  appropriately used as
rmeasures of inflight workload and stress,

Roman and Lamb (17) measured  heart
rates n flight and observed that it correlated
w2ll with the pilot’s estimate of the difficultiss
in handling their aireraft during any phasza
of fHight. Rosooe (18) observed that  heart
rate responses, when used as comparalive
messures, give good dndications of  the
worklosd generated by particular handling
qualities of the airorart.

Catecholamnine responses to flying stress
have itz potentialities in appreciating
individual's participation in workload and also
hiz  emotional arousal  and  thereby in
interpreting his stress coping behaviour (11).

The original description of epinephrine as a
stress hormone was forwardesd by Cannon (23,
Paclucci and Blunde (16) showed that
post-flight changez in the excretion rate of
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vanillyl mandelic acid (VIMA), a metabolite of
catecholamines, can be used in evaluating the
psyehic load  infHght; an exoessive inorease
in YMA exceretion may  point out to over
arousal due to anxiety stress,

In a recent study, Krahenbuhl et al (10)
observed that VYMA excration rate increases
significantly betwesn low order and medium
order flight ermergencies but shows a  fall
during high order emergsncies.  They also
observed that YMA excretion rate WS
significantly  higher in  student pilats
than in the instructors during mediumn  order
flight emergencies ndicating s higher siress
responze in the sludent pilols

ENizon (4) suggested that the nor-

epinephrine /serotonin - ratio provides the
most useful wndex of excitement. In flight
BINErgency situations, as studied by

Kratenbuhl et al (10), four indices of wrinary
excrelion of  biogenic  amines /metabolites
viz., epinephrine, the surn of epinephrine and
norepinephrine, the ratio of dopamine/nor-
epinephrine and the ratio of norepinephrined
serotonin  were found to show marked and
measurable changes as compared to basal
values. Blood analysis may not be readily
acceptable in field studies but indications are
there that the use of post-flight changes n
bleod sulphydryl group may help in evaluating
the degree of stress and work load in Mlying (2.

Studies 1n Wdentifying physiologioal Indices
of flying stress are not yet oonclisive. The
search for the most appropriate dndex of
the strezs pesponse identiflying  the
individual differences in stress  ooping
bebaviour o that showing the pest
interaction with the degres of =trezs i3 on
At the Institute of Aviabion Medicine, IAF,
studies are at hand in identifying the
differential stress response 0 terms of
postflight <hanges in epinephiing and
nerepinephrine  excrstion rate n different
groups of pilotzs and n flging cadats during
their course of training

Conclusion
The extistence of a high degree of
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psycho-physiological stress in flying 1=
apparent from  the  endodrine stress
response  of the trainee pilots. With training,
pilets  learn to do  away  with  the
exaggerated  emotional arousal and
inoreaszingly divert their participation to
workload.  An appropriste physiclogical data
based prediction  of  the failure of this
mechanizm during flight emergencies o under
excessive life slress would go & long way in
ensuring flight safety.
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