Appl. Phoeaol, 1989, o7

VR, Bdgeron. P
el salens Dibres afrer
hysinl. JURKE: 68 J091—

v Hudgson e ol EMG
aen the wun soleus amd
Fovaniom mati gk,
AL I Pierui D), BE,
@ ol weven dave ol L
Lent weight support on
ties Aving, Spave Envi-

el BL Hvion Bakaeva

mitcchondng o ral o
Mght. 1. Appl Pliysiol

e Mo 32 1005

Original Article

A comparative study of L. 1 and Qigong manoeuvres

sSqn Ldr Chakraborty, We Cde G Gomez, Wy Cdr PD Navathe
Depariment of Acceleration Physiology. Institute of Aerospace Medicine, IAF, Bangalore 56611117

The relative efficacy of 1. 1 and Qigong [QG)
manocuvres way studied, 27 alrcrew partici-
pated in thiv stedy, which was conducted
en the human centrifupe at 1AM, uwsing
standard GOR profiles. Mean gain (n G toler-
ance wax 2.9 G [SD L 0.56] for L | manveu-
vee, and 2.5 G [SD % 0.51] for QG manosuvre,
The difference wax statistically  significant
[P <0.05]. Thiv paper describes the mecha-
nismy af the two AGSMy, highlighting their
differencex and giving possible explanations
Jor the same,

Reywords: AGEM, G wlerance, aircrew indoce
irination

here are different anti G straining manoeu

vie (AGSM) methodologies available for

providing protection against G stress, L |
is the universally accepted AGSM. and has been
in use for several decades [1]. It 15 being tauiht
to-airerew during centrifuge raining at the Insti-
e of Aerospace Medicing Indian Airr Force
Bangalore (IAM) [2].

A new AGEM hus been developad at the
Inslitute of Aviation Medicine, Beypng 1o 1987
[3]- Tt s known as the Uizong |(QG] manoeuvre,
hased on the science of Qigong, which incorpo-
rates meditation and breathing exercises [4].

To compare the effcelivencss of the 1wo

tvpes of AGSMs, u swudy was conducied at
IAM, in 1995,

Material and methods

Twenly seven fighter awcrew who reporicd o
TAM for Combined Aircrew  Indoctrination
Course |CAICT, participated m the study. All
the subjects were currently Mying MiG tyvpe of

fud, 0. Avrerpace Med. 32 1905
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atrcraft. Their total flving hours varnied From
360 1w 22840 howrs with a mean of 7293 houwrs
(S0 &£ 41068) The age ul the subjects ranged
from 23 to 35 years with mcan of 26,1 years
(8D +2.42) Thewr herght ranged from 104 w
180 cm with mean of 1729 ¢m (S0 +4 9K
Their weight ranged from 50w BB ke wilh
mean of 66.07 ke (513 4.45)

I'he subjects were wmupht the two types of
AGSMs in the following manner:

L 1 manoeuvre; The subject was asked o sl
on a chair. He then fensed up all the muscles.
Simultaneously he was asked to have o quick
inhatanon followed by stramning agaimnst a closed
glomis for 4 sec, and then forceful exhalation.
[is efforts were coordinated by calling out
Mow- | 2-3-4, over a otal period of 4 sce.

OO munveuvre:; The subject was seared on a
Clhair and instrocted 1o keep his body in readi-
nesy for the excreise o be followed, Uhe subject
wis then wld o rasi his fear on his heels and
raise his inztep first and then treud on the
zround forcetully with the heels, The abdominal
muscles were also contracted voluntarily. At the
same time, breath was held transiently, followed
by forcsful, rapid, shallow thoracic respizalion
at the rate of aboul & min. This was continucd
For ol seu.

Centrifuge runs: All the subjects were first
trained on ground and then given practice Lo
perform the AGSMs during Rupid Onset Runs
(ROR), at G levels ol 4, 5 and & G, Thereafter
the efficacy of the particular AGSM was as
sessed on a Gradwal Onset Bun (GOR), By de-
termining the relaxed and struining loleranee
levels and thereby deducing the protection af-
forded by the AGSM. All the runs wers con
ducted between O8O0 h and 1200 h o preclude
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any  vartalion in tolemnce due o creudian 20 level ofl al
rhythm. 20 e 4 see

_ -0, Gidnee, then
a) ROK profiles Cinsel rale | Lifsec

Peak I G for 15
sec/5 apd 6 G
for 30 sec

Oifset rate 0.5 Gfsec
up o 2 G, level
eof l at 2 G for

A guestionnuire was given Lo cach subjecl
for subjective evaluation of the AGSMs per-
Formed

Statistical analysis

4 sCC then I'he gain. n i tolerance I'H',' |:<'|'I':1r|r1:1r|-'..'r. ol
3,2 Lifsec the ditterent techmigques of  AGEM  wag
b) GOR profile:  Onset raie 0.1 Gis determined and compared, paired  tesi
Peak Q.G for 2 sec wus used [or determinming the statistcal sigmli
Offeer rate —1 Gisec up Lo canee,

Talde 1. 1.1 Manoeuvre

subjeet Helued Toler Straening Taler Fnil Point Gain an Tolee-

Mo wnee | Kel) G whee (S} G Reached s (Ser=Rel) G

1 45 16 ¥ES 3.1

3 4.4 5.0 Y 11

a 1% 60 YES 1.5

4 1.3 7.4 Y kS 3

5 3l 8.0 YES 2.3

0 i3 T4 YES BT

7 42 YES 4.1

= 57 £ TES 2.0

9 5.1 1.9 YR L

il 50 H5.4 YES 1%

il 57 549 YES 3.2

12 5.4 4.0 YES 2a

13 50 32 YES 2.5

4 4.7 FE YES 2.5

I5 4.5 B2 YRS 27

) 45 TR YES 33 ",

17 (3 8.9 YES 24 INEITT
18 4.3 1.3 YES in lnslr_u_:‘l
1% 6.3 &0 YES iy atickn
24 5.3 &7 YL5 1.4

g o 3 ersd o e
22 6.1 (K] no grey aut L, efficien
23 54 R B YED 249 L
24 5.2 Y_{) YES 38 Ts: the
15 51 4.0 YES o AGEM
i} 54 Q.1 ¥E& 1.6 L5k 'I:H.f
7 59 .o no greyout X1 cully
Mean 2.90 :'::;‘;*‘ ;
=50 .56 E
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2 G level off a1
260G e 4 sec
0.2 Givee. then

e e each subject

I the AGSMy per-

v perlormunee o
ol AGSM  was
[, paired t test
= sbiatislical seenili-

bpenie Weg, M} FR0S

Table I, Gain in G wlerance QG manccuvre

LT and Gigang manreuvrey - Chakraborny of al

Subject Mo Relaved Toler

Straining Taler

End Foint Galn in Toleranca

ancelRep) ance{Sir) Reached [Str-Rep)
G LE] Li
1 46 7.4 YES 2.4
2 4.4 [ YES 19
3 1.0 59 YES 9
+ 4.7 it YES 29
b 54 69 YES 1.9
& 14 [ YER 14
T 4.2 1.0 YES 18
b 55 1.9 YES 24
) 4.0 53 YES 1.4
14 49 6.9 YES 2.0
L1 5.5 L] YES 24
12 51 .7 YES (]
13 4.4 b5 YES 2.
14 4l 7:1 YES 24
13 50 2.0 YES 3.0
T 4.4 | YES 2.8
17 fil 44 & T 238
18 4.5 67 YES 2,3
19 5.9 55 YES 20
¥Ii) 5.4 9.0 YEX 3.8
21 -5 9.0 oo grey oul 25
22 8.1 G no grey ool 25
23 6.6 2.9 MY gFRy. dul 2.4
4 6.3 90 nG gICy Ut 2.7
25 54 8.0 o gREY Ol i6
26 55 T4 YES 1.8
27 5.5 20 ng grey oul 25
Mean 1.5}
+ 80 51
Subjective Feed hack
Mg Serial Na Result
Tustruction: Answer the following with *Yes? or "Ne® [pul The gain in G rolerance was obtained by

& tick k) Li 06

Yes N Yes N

Is the particulir AGEM
efficiem?

Is the particular
AGEM fanguing?

I5 it difficult to pive BT
cills during  ACSM?
Which AGEM  rech

mygue dis you prefer

Tndd J Avvoapace Med. 39(2) 1965

...h-___

the difference of straining and relaxed toler-
ance. For the L | mangeuvrs the gain in O
toferance ranged from 1.4 1o 4.1 G, with 2 mean
of 2.9 G (SO 4036 . Three subjects did
nit have grey out while performing the AGSM
iTable 1). For QG manceuvre the gain in G
tolerance ranged from 1.6 o 3.6 G, with a mean
of 2.5 G (S13+10.51). Five subjects did naot
have prey out while perflorming the AGSM
(Table 2).
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Tahle X Adrcrew Subjectave Feedback

A) Diverall BiTcawenoy

Yo 2 Q4% 16 SO

M 1 4% Il 1%

B Fatipning

Yo L 144 ' 7%

i ! o L 3

Ch Infhculy: in g

inp BT calls

Yes 1% R5% ]

M 1 L1 ]

L3 Acceptubality 18 13 ) L
Ihe results of the subjective assessmeni

were as Tollows (Table 3);

a1 Ethicency: 26 (96%) subjects found L |
manoeuvre 1o be efficient, while 16.(59%) sub

jeets found QG manoeuvre to he clficient.

by Falipue: 20 (74%) subjects found L 1 ma-
noeuvre tobe fatiguing, while 2 (749
tound OO0 manocuyvre (@ be fatizuing

P subjects

¢y Difficulty level i giving RT callss 23
(R59%) subjects tound difficulty in giving Ri
calls during L 1 manoeuvre, while none of the
subjects found difficulty in giving RT
during (0 manocuvre

calls

d AGEM of chotee: Mujonty of the subjects
1% (67%) found QG manocuvre a3 the AGEM of
choice, only @ (33%) subjects found L 1 ms
nocuvre W be the more accepiahle AGSM

[¥iscussion

Filoks of modern combar airerafl must tolerate
Gz forces of high magnilude for & considerable
peripd of ume. The relused rapid onser rate
(RCR) G twilerance of & fghtér pilot is ahout
4.17 G [5]. Since pilots ure ¢apected to fy high
performance aircraft with @ G capability. G tol-
crunce uf the pilots must be increased. AGEM
has heen found to be an effective method of
mcreasing G toleranoe.

L | manoeuvre has two main components,
vir, muscle straining and vigorous breathing
performed simultaneously. QG manocuvre fol-

Rt

lows a different concepl of swaining and
breathing. In addition, an clement of mental
concentration is required fo coordinate the dif
farent compunents of the manoeuvre, Grow of al
|6 stated thal systolic blood pressure could be
ratsed by 30 mm Hg in o relaxed individual, by

practising Lhgang

Any form of AGSM requires good muscular
strength and coordmation [7]. This s partcu-
larly true for the QG manoeuyre, o this ma
noeuvre, he lower lunb and abdaminal s les
play a crucial role in prevention of ponling of
blood durning 6 stress, The respiratory Sormpi-
pent 15 amportant for maintaining the arterial
pressure at the brain level, This is achieved, 447
there is o sharp fluclualion o intrathoracic |
pressure (ITP) (8] On the ather howd, o L
manicuvee, the vigorous r‘t:h.piruLL:'J'y' prl.jcu..l'-!i.
helps o increasing the LUF during the expird:
tory phase. with subsequent drop in ITF during
imspirarinn. Therefore, 1n QO manogeuyTe, @ 0-
ordmated and elfective lower Limb and abudomi-2
nul muscle contraction is most essential for
providing optimal G protection,

Cun et wl [3] has stated that, the museled
siraining component s more important thans
respiratary component in raising SBI

In the preseni study, an attempt has heen)
mude 1o compare the cffectiveness of L1 and:
Q0 manoeuvres.

The gain in G tolerance us ublained by per-
farmance of L | manoeuvre was Found (o be 2.45
GSD £ 0.56), Three suhjects did not have grey,
out during the assessment of AGSM, The gain
in G tolcrance determined by the present study
was similar o that found by Gomuees & ol 1574
who found the gain in G tolerance in 134 Indian
airerew to he 2.8 G, and Kapur ef al [9], who |
determuined the gain in G tolerance in 28 piluly |
whe ARG ED X051 |

The mean gam in G tolerance of 27 subjects,)
while performing QG manocuvre was found 10
be 25 O (SD 051} Five subjects did nal
have grey out during ussessment of AGEM.
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Zhang et al [10] found the gamn in ROK sirain-
ing tolerance with (30 manoeuvre and without
Anti G suit in 18 subjects as 2.82 G (SD£0.7),
and with Anut O suit as 3,95 G (sD 4 0.60)
ROR wlerance utilising QG manoeuvre was not
determined n the present study, Therelore, the
results could not he compared  with that of
Zhang et al. Thue to paseny of any other work
done on L0 manoguvre, no companson of the
results obtained could be made

The difference in the gain in G wlerance, ax
obtained hy the performance of L 1 and QG
MaAnoelYres tound 16 be Sigmibicant
(p< 0,05), There ure lwe reasons for the differ-
ence. Firstly the subjects had o prester cxposurc
10 1. | manoeuvre, while completing the curricu-
lum of the ceéntrifuge traiming cowrse, and &
large number of centriluge runs were dedicared
1o perfécting this AGSM technique. In the case
of QU manoeuvre, the subjects practised the
manpeuvie on ground, and were given only a
lew cxposures pn the centnfupe. Seccondly, the
training imparted (o the subjects in the present
study might not be as efficient as that followed
in the study conducted by Lhang er al “This was
due 1o lack of experience of the authors and
subjects in the science of Qigong. The Chinese
subjecls  were given coaching
OQigong, which included meditation; in o samitar-
tum for o duration of two weeks by experienced
utors. In the present study, meditutive techs
niques were not imparted, Emphasis was given
only on the performance of QU manceuvra: n
which the subjects were taught seguential mus
¢le tensing and breathing manceuvres over a
period vl 3 days. Since meditalion forms a very
mnporlant compunent of QG manoeuvre, there is
a seope for further inereasing the gain i G Lol-
eranee by proper trsinmmg o the science of
Oigong.

A number of subjects did not have grey
oul during the assessment of AGSM. Three of
them did not have grey out during L 1 and five
during (M manoeuvre. If the limitation on the
contrifuge run was removed. the gam m GOR
tolerance would have been much greater, and the

Wik

exlensive
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true gain 0 G olerance could then be assessed,
This would have led 10 a more proper companson
in the gains, obtained by the rwo AGSMs

The subjects gave their unbiased opinion on
factors of efficiency, latigue during perform
ance, difficulty level in giving RT calls, and
pverall preference of AGSM technigque,

Efficicncy: L | manocuvre was considered
by the majority of subjects (96%) to be most
effcrent while (599 found the QG manocuyee
to he efficient. As the suhjective assessment of
the AGSMs tor etficiency was hkely to be de-
pendent on the individual perlormance n the
centrifuge using a particular AGSM, L
considered 1w be the most efficient as this is the
muin AGSM wught during the course.

| was

Fatigue: L 1 manoeuvre was found o be
more fatiguing by majorty of the subjects
(74% ). However ooly 7% found the Q0 ma-
noewvre 1o be fatipoing. This (inding wus simi-
lar to that obrained by Zhang ot al [R].

R callsr 84% of the subjecis felt thar T. 1
manoeuvre led to difbieulty 1n verbal communt-
cation, while none ofb the subjects felt any dulfi
culty in verbal communication during perform
grice of Q0 manceoavre. This fact beats Lnper-
ol comnelutions, as BT commmunication 15 done
guite frequently during combut, An AGSM
technique which does not interfere with RT
communication 15 therefore Righly desirable.

Acceprability: Ut of the two AGSMs, QG
was the more preferred AGSM {(687% ). The
greater praference for QG could bhe explamed
by the fact thar QG is less tiring, and there is no
mberferenee in commuenication on the RT. Zhang
ef af sluted thatl te simple and ocderly fashion of
crecution ol OO muanoeuvre made it the AGSM
of choice of pilpts of Chinese Air foree [10]

Conclusion

In the present study, comparison ol L] and QG
manveuvres was carried out T | was Found 1o
provide  significantty higher G tolerance as
compared to QO manosuvre. However, the true

27
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gamnoan G tolerance could not be determined in
some subjects, as the end point could not be
reached due o limitations set on the centrifupe
profile. Subjectively, QG was preferred 1w 1. |
manccuvre, in spile of the lesser protection
provided. Tt 1w suppested that further studies
need to be carried ool Tor the evaluation of QG
manoeuvre, alter proper waining of subjects in
the science of Qugong.
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