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POSTURAL LOADING

P. Remes' L. Bognár' J. Hideg, L. Lehoczky and L. Dux
Hungarian People's Army Medical Corps, Hungary

Nature of functional disorders developing as a consequence
of ciranges in blood redÍstrÍbution during space flight an<1
characters of reflextory responses assocÍated vrítir space fIight

. condltions are key-questions of space physiology ill our days.
During perioJs of adaptatlon to weightlessness and post-

f119nt readaPtation to the earth gravíty, working capacit1' of
, space crew nembers often decreases j-n a troublesome extent.
rn an attempt to elíminate unfavourable factors decreasing
working capacity it is necessary to develop complex non-

l invasive methods of investígation which can be usec in the
most different situations for a rlght assessnent of health
condltion of astronauts /1/.

l.laterials and rnethods

our investígalions were performed in 20 healtlry pÍlots
aged 22-34 years.

Inítial values were registered on a tiltíng table during
lo mÍnutes. Then changes in Po, of capillary b1ood were
measrrred by a noninvasÍve tranEcutaneous oxymetry on the skÍn
of forehead. chest and leg in ortlrostatic position duríng 20
minutes according to the críteria of passive orthostatic test
and Ín a Trendelenburg position of 30" during 6 ninutes
according to the"crÍteria of passive antiorthostatic test.
!íeasurements r^'ere performed by 6 Hellige Servomed oxymonitors.
i{iniatsutized Transoxode electrode of the instrument with a
constant heating indicated capillary blood PO.) changes through
tne skin wÍtir normal blood supply. ilelative changes of heating

' caPacity needed for maÍntaíníng a col]stant temPerature gave
also an índÍrect Ínformation about the perfusíon of the skin

l rrrrfaces ínvolved.
To follow cardiovascular reactíons we have recorded and

analysed simultaneousely electrocardiograms in 12 leads,
carotis, femoralis and radialís pressure curves and their
derivatives' phonocardiograms, noninvasive systolÍc and
dÍastollc Pressures, averaged and bÍp to b1P pulse and respi-
ratory rates.
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In order to ascertaln changes in cardiac contractility we
have determíned systolic part-tÍmes and theír 1ndlces corrected
and derívateJ by Blumberger and lrleíssler. A precl-se evaluatlonof iremoilynamlc changes was performe,J by registratÍon of changesin stroke volume and cardiac output using a method developed
by Bremser-Ranke l2-2Ol .

changes in vasoregulatory funct1ons and volume loadíng ln
systemic circulatlon hrere revealed by measurlng pulse vrave ve-locity changes in a myogenic arter1al segrment /left ventrÍcle-radial artery/ and in an arterial segment of elastlc type
/left ventricle - femoral artery/.

In order to clarJ-fy what changes occur 1n the cerebral bio-electr1c activíty in response to the changes of systemiccirculation, we have recorded electroencephalograms in 12 leads
during all the perlod of the experiments. Vestl_bular dísorders
were identtf1ed by electrooculograms ín 2 leads with followinganalysís of nystagmo1d eye movements. lEíg. Ll
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Results and díscussj.on

In orthostat1c posÍtion Po^ measured on the skín of fore_
head has shot'n a minl-mal decreáse in the first lo mínutes.
After 10 minutes it was seen a marked íncrease and then a
repeatecl decrease. In antiorthostatÍc positIon a moderate
Íncrease was recorded.

PO, CHANdEa

Po' determÍned on the
chest Eas shown a minlmal
Íncrease ín the 5th mÍnute,
after whÍch no changes
could be observed.

PO^ measured on the
skin of the leg íncreased
progressively in ortho-
statíc posít1on whíle Ín
antíorthostatlc pos1tÍon
has shown a pronounced
decrease lFíg. 2l .

Rvallable materlals
gíve evidence that Po'
values correlate well-wíth
capillary blood oxygen
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saturation levels l2L,22r 23,24,25l. As in our exPeríments
all subjects were ín símilar conditíons from the po1-nt of víew
of oxygen supply, there are grounds to belíeve that changes
observed are reIated to t'he changed circulatory cottdítons.
Transcutaneous oxymetry prove'í to be a useful method for
measuring cutaneous clrculatÍon dlfferences assoclated with
gravitational changes resulting from different postures.

As known, actÍvíty of barorecePtros perceíving volume
loading ln límb círculatlon surPasses activity of other
receptors le.g. thermoreceptors/ regulatlng cutaneous circula-
tion /26/. thus, from our fíndings it can be drown conclusions
about intensity of l1mb circulatíon. Po" values measured at
Üre rest ín the different parts of the -skÍn were dlfferent.
Thesc variances occur presumably as a result of the dífferent
structure of the skín, of varÍances Ín thíckness ancl fat
content of subcutaneous tíssues and ln proxim1ty of great
velns l27 l . These variances are also responsÍble for the Índl-
vidual dífferences seen in subjects involved. Instability of
values measured on the skin of forehead speaks abouE the
strong vasoregulation of the head whlch might be interpreted
as a signe of redistributing Process aÍmed to maJ_ntain the
crebral blood flow at a constant level l28l . PO. and blood
flow respectively on the opposite body end i.e.ton the leg
fotlow rather passively the distribution dÍfferences induced
by cnanged gravity conditiotls. I^Iíth the use of a new method'
our investigations gave further evícence of regu].atory functíon
of gravity in blood distribution.

A statistical analysis of data obtaíned ín subjects wíth
oPtimal cardÍorespíratory reactivity and hígh tolerance to
overloading }'as performed l29, 3c., 3l/. on tire electrocardío-
grErms of ti"te subjects ilrvolved no defects in excitatÍon and
conduction v'ere observed, normal repolarízation and depola-
rization Processes were seen. FÍg. 3 slrows optimal pulse and
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) respiratory reactlons. In
ortilostatíc posÍtíon we
have found tachycardía
whiIe in antÍorthostatic
position bradycardia.
Resplratory rate shows a
moderate decrease in ortho-
statíc position wh1le an
increase Ín antiorthostatic
position.

Fig. 3.

Pulse pressure values show a d.ecrease of 3Ot in orthostatlc
position. In antÍorthostatic posítion pulse Pressure becomes
normal and then increased lFíg. al.

On the basis of the systolic part-tlmes, adequate contracti-
lity reactLons were noted. In orthostatic positÍon we have
seen lengtirening of PEP and slrortening of LVET while in anti-
ortlrostatic posítion tjrese parameters became normal and then
presented clranges in the oPPosÍte dírection lFLg. 5l.
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Fig. 7.
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AnalysÍs of electroencePhalograms lndlcates changes ln thecerebral bioelectr1c actlvlty result1ng from hemodynámíc
changes. A tendency to desynchronlzatlon can be seén both 1northostat1c and antíorthostatlc pos1tions. Thls tendency ÍsEre pronounced in ant1orthostatíc posÍtíon lrLg. 9l .

PÍ9. 9
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ArytlÍtude analys1s of wave frequencies of 6-13 Hz 1ndÍcatesli.t tbe greatér changes occur durílng the flrst minute of thettltlng lnto orthostatlc posÍtlon /Fig. 1o/.
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F19. 10.

On the basis of the analysls of electooculograms 1t can
be concluded that under antiorthostatic conditions frequency
of macroscoplc bulbar movements íncreases even ln healthy men
w1th optlmal react1vlty and afterwards nystagmoíd eye move-
ments appear. In response to orthostatlc loading no changes
of this type occur. Thls suggests that hemodynamlc changes
lnduced by changes gravlty have an effect of vesttbular
stímulus even ln subjects wÍthout vestlbular supersensí_
tlveness.

Concluslons

L/ our lnvestlgations glve evidence that the noninvasLve
transcutaneous oxymetry offers objectÍve data for estÍmatlon
of changes in oxygen saturatlon level in dlfferent Posture
and contríbutes to a better assessrent of the tolerance.
Relylng uPon our experíence noninvaslve transcutaneous oxy_
metry seems to be an apProPrlate method to follow hemodynamíc
changes occurlng in response to welghtlessness on the board
of a spacecraft and to evaluate effectlveness of nethods for
preventlng unfavourable changes.

2l on the basis of our complex lnvest1gation ít can be
concluded that both orthostatlc and antíorthostatlc loading
induce substanttal changes in the circulation, but from the
poínt of vlew of the functional damage antÍorthostatic
loading represents a more serious adverse factor as lt ls
evldenced by our electroencephalographlc and electrooculo-
graphlc studíes. This suggests that hemodynam1c changes -
in áddítlon to others - play an ímportant role 1n the patho_
mechanísm of vest1bular dl-sorders caused by we1ghtlessness.
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