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Evaluation of Maximal Oxygen Uptake Capacity as a Measure of
Cardiorespiratory Fitness in Indian Air Force Personnel

PK Banerjee, P Bandopadhyay, NS Baboo, EM lyer

Ssventy normal healthy Indlan Alr Force
personnel, 30 of them sircrew snd 40 ground duly
subjects, in the age range of 21-39 years, wore siudied on
bicycle srgometric exercise fo assess thair maximal
oxygen uplake capacity{VOsmux). Their mean sbsolule
Vs max valuos ware found sroupd 2.5 and 2.4 'min In

21-29 and 30-39 years pge group respeclively. VO: mex
per Kg body welght values, viz. 38.6 and 35.2 mimin®&g in
the alrcrew and 40.8 and 355 miminKg In the ground
duty subjects, In the sge group 21-29 and 30-39 yesars
respoctively, sre Indicative ol relatively lower lovels of
cardlorespiratory fitness n them as comparsd to Army
persenne! snd Indusirial worker populalion in India, The
alrerew acorea of VOr max per Kg body welght are found
compareble with those reported on USAF and Canadian
Foroe slrorew. The apecifiolty of serobie fitness in relation
to alrcrew job reguirement and the nesed for an
appropriale conditloning progremme in the subject
population are discusssd.
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1" Ma:rimal oxygen uplake capacily
(VOzmax) is defined as lhe highest oxygen
uptake an individual can attain during dynamic
physical work!. It is considerad as the best index
of work capacity and cardiorespiratory fitness®*®
and that of physical fitness, having accepted the
dafinition of physical fiiness as individual's
capacity for prolonged heavy  work®.
Appropriately, VOzmax is the most commonly
used index in the laboratery assessment of the
functional slate of adaplalion of the oxygen
transport system®.

The individual variations in VOzmax values
are guite large in any general population, mostly
arising of the natural endowmenl factors and the
levels of physical activity or conditioning habit of the
individual. The average VOgmax per unil body
weight has been found lo be remarkably constant in
different ethnic groups once they are malched in
physical activity habits®. Significant improvements
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in  VOzmax through physical exercise
programmes are very well documentad 1578,

The significance of a high level of physical
liiness in military personnel can nol be over
emphasized. The rationale of ensuring litness In
miltary Is historically based on the assumplion
thal the military dulies involve a considerable
amount of hard physical work, This assumption
does not appear to be valid in Air Forces whera
job related requiremanis of heavy physical activily
are lew. In all probability, Air Force personnel in
general fall in the calegory of population where
physical filness has become a parsonal
raspansibility. It is the purpose ol the paper lo
present the VOzamax values determined in a total
number of 70 normal heallhy IAF personnel and
discuss the significance of this measure of
cardiorespiratory fitness in relation to aviation
requirements,

Material and Methods

In all 70 normal healthy male |AF
personnel in the age range of 21 to 39 years
made the subjects of this study. Thirly of them
were the aircrew officers taken [rom the
neighbouring flying units and from those
undergoing  Indoctrinalion  courses &l this
Institute. The remaining 40 were ground duty
personnel taken from the staff and student
members of this Institute.

The maximal exercise test was
conducted on a Lanooy lype Bicycle
Ergometer(Lode), with initial load of 75 walts
and 25 watls increase every 3 min till
subjective exhaustion. The pedalling rate was
kept at 60 rpm. Oxygen upiake wvalues in
STPD were recorded on an on-line
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ergospirometric  system({Oxycon-4, Mijnhardt)
using a low resistance brealhing valve
{Rudolph). Hean rale measuremenlts weare made
trom ECG tracings on an
electrocardiograph(Nihen Kohden) using CMS
lead.

Resulls

Table | shows the mean values wilh
standard dewviation of age and physical
characteristics of the aircrew and the ground duty
subjects separalely presented for lhe two age

ranges viz. 21 to 29 and 30 to 39 years. In both
aircrew and ground duty subjecls, lhe mean body
waeight values weara about 5 Kg higher in 30-39
years compared to 21-29 years age group, the
difterence being statistically signiticant for the
ground duty subjects (p < 0.05) and the combined
group(p < 0.01), bul notl lor lhe aircrew group
considered separately.

Table Il presents the mean values with
slandard deviation of maximal oxygen uptake of
aircrew and ground duty subjects separately lor
the two age groups. The mean VOzmax values in

Table -1 Age and physical characteristics of the subjects (m + sd)

Subject Age(Yrs) Helght(em) Weight{Kqg)
Age Group : 21-29 Yrs

Aircrew (n = 17) 235+ 279 1734+ 556 64.1L 591
Ground Duty (n = 23) 240+ 277 169.3 + 5.51 61.7+ 7.49
Combined (n = 40) 238+ 276 171.0+ 582 627+ 6.89

Age Group : 30-329 Yrs

Alrcrew (n=13) A85+2.76 173.7+6.37 69.0+7.38
Ground Duty (n = 17) 339+3.63 170.0 £5.85 67.0+B.16 *
Combined (n = 30) 34.6+3.32 1716631 67.9+ 7.77 **

* Significant increase compared 1o younger age group (p <0.05)
** Significant increase compared 1o younger age group (p <0.01)

Table- Il Maximal oxygen uptake and maximal hear rate on bicycle ergometric exercise (misd)

Subject V032 max 2 HAmi
{/min) (mli/min/Kg) (bpm)

Age Group : 21-28 Yrs :

Aircrew (n=17) 247+ 028 3/EFIT 1936+ 62

Ground Duty {n = 23) 251 +050 408+868 193.1+10.1

Combined (n = 40) 2.49+0.42 399+538 1933+ 85

Age Group : 30-33 Yrs '

Aircrew (n = 13) 241 +0.20 352+52* 1901 +11.6

Ground Duty (n = 17) 2354025 355+58* 1859 + 87 ™

Combined (n = 30) 2374025 354+54* 188.1 £10.2 *

*  Significant decrement from younger age group (p < 0.05)
**  Significant decrement from youngar age group (p < 0.01)
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absolule were found comparable in aircrew and
ground duly subjects, both in 21-29 years (2.47
and 2.51 Umin respeclively) and in 30-39
years(2.41 and 2.35 Vmin) age group. In the
higher age group, lthere were .marginal
decrements in the mean VOzmax values in both
aircrew and ground duly subjects. VOzmax per
unit body weight values showed significant age
bound decrements in both groups. In aircrew the
mean VOzmax per Kg body weight was found
reduced front 38.6 ml/min al 21-29 years to 352
mi/min at 30-39 years(p < 0.05). In ground duty
subjecls the respective values wers 40.8 and 35.5
mimin{p < 0.05). For the combined group of
subjects, the age bound decrement was highly
significant: from 39.5 ml/min at 21-29 years o
35.4 mlimin at 30-39 years of age{p < 0.01). In
the younger age group, the ground duty subjects
were found 16 have a relalively highermean value
of VOzmax per Kg body welght compared to the
aircrew, the difference was however not
slatistically significant. The mean maximal hean
rate were found 1o be lower In the older age
groups in both categories, the dillerences being
significant(p < 0.05) in the ground duty subjects.

Discussion

The mean absolute VOzmax values of the
aircrew : 2.47 and 2.41 Umin,and the ground duty
personnei:2.51 and 2.35 Umin, in the age groups
of 21-29 and 30-39 yaars respectively, are found
to compare well with those reported for nonathiete
civil and military pepulation in India. Sengupta st
al’ observed mean VOsmax values of 259 and
249 ¥min in Indian -Army personnel of
comparable age groups. Saha’ reported
VOzmax values around 2.2 Umin in 21-43 years
old Steel Industry workers™ in India. However,
VOgmax per unit body weight values of the
present subjects :38.6 and 35.2 mimirvKg in the
airerew and 40.8 and 35.5 mi/mirnvKg in ground
duty subjects in 21-23 and 30-39 years age grolp
respectively, are indicative of relatively lower
levels of cardiorespiratory fitness in them as
compared lo moderately trained Indian Army
. personnel with reported mean VOzmax values of
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44.3 argu;l 42.1 miimin/Kg in the comparable age

groups” and Indian Steel Industry workers with a
mean VOzmax Va!LETﬂ of 42.6 mlmirnvKg in 21-43
years age group'’. Understandably, VOsmax
values of the present subjects are far less in
companson with the ualu?f: (51-55 ml/min/Kg)

reported on Indian athletas '

On the other hand, VOamax per unil body
weight values of the present subjects, aircrew in
particular, are found lo compare well wilh those
reported on USAF aircrew : 37.6 and 346
mi/min/Kg in_20-29 and 30-39 years age group
respectively’®, and Canadian Air Force Elements:
37.1 and 33.8 mimin/Kg in 25-29 and 30-39
years respectively'™. In this context, It s
worthwhile refterating  the  observation  of
Wyndham et al® that VOzmax per Kg body weight .
values are found similar in different ethnie groups,
once lhe population is matched in their physical
activity habits. The observed similarily in VOzmax
per Kg body weight values in the subjects of the
present study and those of two other Air Forces
are reflective of the rouline occupational physical
aclivity and physical fitness culture that is
normally permitted within the specificity of their
occupational slot. 2

Age bound decrement in aerobic filness
since 20 years of age is a well documented
observation in men. This occurs partly due to a -
decrease in maximal heart rate with age; relative
inaclivity in higher age group is another factor that
reduces the functional range of the oxygen
lransport system™'4. In the present study, the age
bound decremients in maximal heart rate as well
as VOzmax per Kg body weight were more
marked in ground duty subjects.than  in the
aircrew, whereas the aircrew had a relatively
lower mean value of VOzmax per Kg body weight
compared lo ground duly subjects in 21-29 years
age group itself. It is quite likely that the specific
job related physical activity and the scope or
arientation 1o physical conditioning programme in
the aircrew subjects seftle down in 21-29 years
age group itself.

Interpreting the mean VOzmax per Kg data
of the presert subjects as per the rating scale
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proposed by Balke and Ware'?, it is found that
the aircrew subjecls in both age groups and the
ground duly subjects in 30-39 years scored “Fair”
degree of physical work capacity (i.e. VOs:max @
35-40 ml/per/Kg), and the ground duly personnel
in 21-29 years scored a "Good" level of work
capacity (i.e. VOzmax : 40-45 mUmin/Kg).

Specilicity ol a high degree ol aerobic
fithess in relation to aircrew job requirement Is a
conlroversial issue al the momenl. Most of the
earlier lileralure recommended a high degree ol
physical fitness in aircrew emphasizing ils
positive association with preparedness for
suwhrgl situation and tolerance 1o
+ Gz' . Though no research data to date have
been able to lind any significant correlalion ol
increased aerobic capal::i;y .. with  improved
acceleration tolerance' aerobic
conditioning would still be mnskiered beneficial
1mm the cwarail performance standpoint and as

E%mi;! reducing cardiovascular risk
laﬂtor However, the exact amount of
aerobic conditioning 1o be recommended for an
individual aircrew is undelined as yel.

The doubt regarding a possible upper limit
of aercbic slalus for the aircrew has arisen from
some recent observations of cardiac dysrhythmia
on +Gz stress test in a group of highly -::c:—ndi‘tnunad
individuals(VOzmax : 57.5 mlr’rnmfi(g} and of
increased Incidence of molion sickness on
veslibular stimulation test again in highly
conditioned mcﬁmduais{‘\fﬁamax L 631
mlnfmin-'l{g}zz. These sludies are suggeshtive of
the requirement of defining an optimal level of
aerobic conditioning in the cases of aircrew.
Nevertheless, in an occupation with low polential
for heavy physical work manifesting in a relatively
low level of aerobic filness as thal seen in the
aircrew, a moderate intensity of aerohic
conditioning programme would always be
considered beneficial. As such, a condilioning
programme aiming at the maintenance of exisling
fitness level itself demands at least 2 sessions per
week of 20-30 min aerobic exercise al 70-90%
loading of the cardio-respiratory Sj"SIEmE.
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