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Electromyographic evaluation of anti-gravity muscle function after
6 hr exposure to dry Motation in young Indian army recruits
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Thirteen healthy army recrudts between the ages of 1822 yrs were chosen for the sindy, Surfan

MG from gastrocnemius and tibialis anterlor muscles were recorded during maximum tfululllurlf- '
isomretric and isotonic contractions with the subject supine, Ankle jerk evoled FMOG for dilfere STt
furces of percussion was also recorded from the call muscles. The subjects were exposed to 6 hr'”{dﬂﬁ.
dry flotation in the dey immersion chamber at TAM TAF Post exposure EMG pocameters wer

recorded in the same manner us the pre-exposure recordings. MG data was then analysed usig
integration and power spectrum analysis, The compurutive results are discussed.
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o exposure to muerogravity of space hus

heen well decwmented [ 1.2.3 ] Samular find-
ings have Been reported o ground based simula
tin cxperinents, both 1a human and animal sub-
jects [4.5]) A Jong lerm expisure W0 nacrogravity
results n structural and kiochemical changes in
muscles themseives as well as readjustment of their
neural comtred | 5.6]. Relatvely short term exposures
have not shiown significant structum! and bicchemi-
vl chunges n anti-gravity muscles but their func-
nonal properties have shown alterations in as shart
un exposure 1o hypogravity as 0 s in parabalic (Tight
[7]. Tt has been supgesicd that thess functional al-
terations may beas a result of readjustinent of neu-
ral comtrol of anli-gravily mascles (5] [xact site
and time course of thest readjustments 1s sull de-
bated, 1t 15 possible that changes in néural control
of anti-gravity muscles are a forerunner of Tocal
changes 10 these muscles on long exposyure o
microgravity and may lead W them as a trophic
phenmnenon, If such be the case, naw stratggies n
evolving conmier measures apwinst nedromaoscular
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This study wis undertaken 1o get o better msight
it funcional properties of anti-graviny: muscldd
and therr neural conrral 1 human volunleces ong
fr exposure o hypogravity stmulation by dry floke
tion method. using surface eleclromyography 8
Luseal.

con:

Method

‘Thirteen healthy male army recruils batweean
awe of 14-22 yrs volunteerad for this study. All suls
Jects were within stipulated height anid weight lim
its for thetr age as per the army standards and mains
tained a moderate physical Miness schedule. AR
subjects ware instructed to have adequare sheep
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the mighn previvws to the day ol the experment amd
I avend any unaeenstomed physical actvity for 24
bis prior wean, Uhey were, however, advised o con
v their rontene activities The sabyects repored
s Dy paerravily samulation laharmory ot TAN w D830
hrs om the diy ol the test, A beie! clinicul Distors
wid pbluined wod o clinieunl examination with spe-
il erplass o the examination of neuromuscular
svdtem was pertormed to rule oub aky e exisling
disense o abnwse iy,

The subjects were instrumented for surfuce
electrmyipraphy of call and tbaalis anteror mus-
cles, Bipolar Ag- AgCl electrodes were applied oves
the maximum  bulge of medial licad  of
pustrocnemins muscle with reference elecrrode on
Achilles tendon, 2 em above the ankle joint, and 2-
dcm below tibial wberosity on the belly of thialis
amertor musele with reference elecirode aver the
tendon of the muscle 2 cm above the ankle join
anteriorly, The area chosen wis cleaned thurauphly
psimg avcelone and electrodes fixed usme HOC-2 elec-
frolyie cream (GRRASS, USAY The electrodes wers
gonnected o (wo wide-band AC preamplifiers
(Mode] TP5 GRASS Polyeraph, 115A ) The oot
of preamplifiees was fed to driver amplifiers (7DA
GRASS, USA)L The EMG was recorded on charn
paper using GRASS Y1 pelyeraph 'L he output from
amplifiers was fed to integrators (7P10 GRASS,
USA) FM Tape recorder (TEACT R-61) and dual
trace oscilloseope (HWM-41 2y,

Colibrations: The preamplifier sensiiviey was
sat1o 300 v st input producing 1 volt output at the
driver amplifier outpul, The EMG signal was moni-
tored on the oscilloscope at-a sensitivity of | volt/
cm and a sweep of 10 cmdsec. Chart recorder regis-
tered a 1 cm deflection for 1 valt driver oulput. The
FM tape-recorder was calibratid 1o saturation at 5060
v signal at pre-amphifier input 1.¢. 1 volt signal at
driver output and tape recorder input.

Pre-immersion recording: Following instrumen-
tation, the subject was made to he down on the hy
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drwhe platform of the dry flotation tank ar TAM,
IAlLL the detars of which have been deseribed by
earkier workers [9]. Passive supine EMOE waiy ro-
corded for 30 s penod. After thiy, ankle jerks were
eheited using a percussion hammer fitted with o
force transdueer, which was cognectedl eow THC
preamphifier (790, GRASS, USA) and recorded on
chart recorder through driver amplitier (TDA,
GRASSY Tt was calibeated v 0225 kgfrnem, Girady-
ally ingreasing foree of percussion with correspond
mg EMU from calt and tibialis anterior muscles
were recorded. No ‘ranforcement” wis uaed Lo al-

ter the seosdtivity of the rellex reaponse

The subjects were then asked o [':|:un‘.'n'rlux the
ankle with maximum possthle torce. This 1sotonic
actvity was recorded: frou the call and anwerior
talis muscles. Afiera 2 min rest, the subpects were
again asked o plamtartlex ot the ankle joint but ot
this e, resistance was upplicd seainst the sale o
[rovent any movemeant and 1o 2nsure maximum o
metne contraction. EMOG for calf and tibialis ane-
riop muscles wus recorded g In both instances,

recordings were made for |5 5.

Ly ammersion (U8 Vollowing pre-immersion
recordings, the platform was lowered hydraolicully
and the suhject Ooated freely on the surface of the
water, pre-heated 10 32-339C w avold any thermal
discomtort, but physically separated trom the water
by -a pliant. non ancnored plastic sheet, He was
maintained inothis posinon for & broand his food
and worier needs were-gatered for 1o this posture. At
the end of 6 hr thie platform wus ruised again and
st immersion recotdirgs maids

Pase immersion recordings: Passive supie
EMG, T-retlex, max isometric and max 1solonic
EMG were recueded sumilar o preimmersion re-

cordimgs

Analvss of EMG. EMG recorded on FM tape re-
corder wis digitised using PCL-201 AT convertor
al a sampiing mate of 2048 samplesfsec. Thginzed

T




Electromyvogruphic evaluation of anfl-graviiv murcte funetivm

daty was analvsed wsing discrete Fourier Transfurm
power spectral analysis, based on Umiversity of
Texasalgoritim [10]. A 512 pomt data burst was
collected und surpe effects smoothened using
Blackman Window functon [11) which (s detined
e

Win) = 0:42-0.5 ens i TendN) + 0008 cox (AN

Whitre NaMo of aamples per duta hosst

=tk 12,3
sequence and

el position of each dyp powt i the

Win=werghung index for nth dats ponr

Smaonthened data burst was subjeired to power
spectral anolysis waing dwerere Founer Transfopmn
grven by [ 1]

=X
Hiky= 2 B} evman fy 02k 2 N0
A-a
where, H b5 the fourier transform of amplitude
tunetion b for the mh datg poant,

k is the frequency index component, N is the
sarnple size and | = /9

From the transform. wtal EMG power of an ep-
och and as centreid fregueney were caloulated.
Centroid fiequency s defined as the frequency be-
low andd shove which the power distribation is eiqual
It was calculated using the following equanon [11]:

where C=Centruish freguency and Hik)=Fourier
Transliern for kih frequency.

Lateney of T-reflex was caloulited us the inter-
val ‘herween the first deflection of the percussion
hammer tracing amd sppearance of the EMO e
sponse ol the ealf musgles The amplitude of refles
evisked LMG (sensitivity Smvicm) amd force of per
cussiem (sensitivity 2.5 kgfom) were calculated from

iz
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respective tucings aml EMOG amplitude pecundl pd&;l:
cussion M wis derived.

Stnistical analvais: Al the measured and
rived parameters including EMG ol powel
vertrond fregquency, Teretlox latency and T-refl

s 'l|||.|. -’.-,nlrm.'.l ||E+.|I.|Lli\}' WLl 'lrlril.':‘"\ﬁ il .
[rassEve SHPLE . xiun isalanic jnd magimul
Eometre contruetivns before and aher tunesiog

Hesults

Fassive supine EMG wtal power from cull musel:
did ot show a siembweant difterenee herween pa ;
expusure and post-exposure vilues {pre-ei
ST 1225 s, postoexp Y5 156499 mY g
el 30, Similarly, max isotounic (pro-o
24001309 46 mvdsec, post-exp 24360057 mV/ses
Pl 5] and max isamelrie (pro-exp 37877531
mV/sew, pust-cxp 38965 | % mV/see L5 ) ald
did ot sheww sigrmificant differences hetween pr
exposure and post capisure valoes, Centroid
guency values nlso did not show signilicant y
hetween pre-exposure and post caposure values]
passive supioe (pre-exp 12203 Lz, postexp 1184
hz. ps.03), may isotonie (pre-exp 116214 Ha
cxp LIRe® he p=0.05) max isometric (pre-y
=15 Hz, post-gxp 102420 bz, p=0.05) EMG i
calt muscles. Similarly, BMG lor tibialis anterg
Neuscle did not shaw sizmbicant differences lor
lal power and centroid frequencivs hetween pre
postexposure values in passive supine state and
Isotonic and max somettic contractions.

T-refles larency showed a sigomlicant inc
afterexpostiee o6 hrdry imersion ¢ prri-exp 108,
£51.57 ms, postexp 172.22024.20 ms: pel00]
Torelles EMUO/unu parcussion Torce showed u s
mficant decrease after dey inmersion (pre-exp 4.1
2 mVikg, postexp 236099 mVikg, p<0.01),

fucd £ Aerespace Med 452, 10
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bdeernmvapraphite evalidnion of datbgravity muscle finction

Dseussion

Yarins l'-t]iiﬂ}!f!i- i contractle, structural and o
chemical proprerties ol anti- ity imoscles, o bt
Twrman andl amumal subjects, alter long lerm expos
sure to hypogravity have been reported  These in
clude decreuse o monx somerne wwme force, m
crease 10 bwatehifre s lension eatae 4,12, 131 1o
duction in tvpe | Libres and o relanve imcrease
type 11 fibees [13], loss of myosin protein and
engymsdic bl with incréase o plyeolytic poten-
tial wih o comparative reducnion in oxidative res-
pitatery cupacity | 14]. EMG swudies have 1evealed
winerense 1 buest activity over soleus afler
hypogravity exposure | 13 Such speciral shifrs to-
wards higler frequencies are found i climcal
myupathics | 15,16] while in newroputhic patterns.
the dommant frequency shifts towards the lower
range | 15,16). Thus, muscle changes on long term
lypopravity expuosire e more kin o myvapatlie
disarders rather than nevropathe disarders

In the present study, however, there was no shin
incentroid frequency of callf muscles, indicating that
nat loeal or mutor end phue changes veearred in e
calf muscles i & tus o dry Tlotaton. Symularly. thers
were uo clawres o leta] EMG power during pas-
sive Iving, Sinee this FMO roprosents meter unit
ACUVILY At rest e maintan muscle wne [17], mam-
tined by contrel from reticulo-spinal tracts overt
spinal molo-neurones, clearly this contre! s not
modified m 6 hrs of hypogravity exposure. Maxi-
mum isotonte and isometric contraciions represent
corticekspinal drive of cemoloneurones. causing
MARIMUM moter unil recrmtment [ 17] Since graaer
recruibment of moter umits results pleatel posgr
in measured EMOG [18, 19], wo sipnificant aliera-
Hon-in tetal EMG power during miax isotenic and
isometric contractions of calf muscles afler dryim
mgrsion exposare indivales thial voluntary mcton wiy
regruilmend 15 unalfeeted by 6 hres 737

T-reflex latency showed o significant Jengthen-
ing after DL Also, amplitude of evoked EMGhamg

Tt £ Aeraspeice Med 41 2), 1997
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foree of percussion also showed a reduction This
indicates & suppression of the monosynaptic retlex
Towapr. T-tefles suppression D also been repuotiad
by Kozlovskaya et ai after 7 day exposure o dry
mmersion [8] Cur results mndicate that this sup
pressaon bepins wsovarly as after 6 hes ol eaposare
1 T3 The possabiliny of reduction in the sensitvity
of muscle spindle or the sensory neuronal suppres-
sion bs pegated by the fnding of decreased tuesh
ald of T-reflex afier 4-5 day s of by pogravity expo-
stire by some workers | 2] Since o suppréssion ol
otplith-spingd refléx hos been reported [21] on
hypograviny eaxposure, it s Dikely tlal suppression
ol T oretlex as seen inthis swdy may be due 16 4
partial withdeawal of vestibulo-spanal tacllitaton

ﬂ‘i. CE-TTR MO T U OO s,

Fhe resubs of this stedy idieate that while 6
hrs ot P simulator of hypogravily does not pro-
duce anv stuctural and funcuonal changes at the
level of the ant-gravity muscles themselves and
their cortical and reticular contral, a suppression ot
spand cl-motoncurones projecling 1o tiese muscles
diwew eeur, possibiy doe tewithdrawal of vestibulo-
spanal facdunatory drive
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