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Effects of gravitational unloading on
sensory-motor system

L. B. Kozlovskaya; Moskau

In the multicomponent system of motor control microgra-
vity results in several effects which can alter dramatically
characteristics of acitivity of various specific mechanisms and
the systems as a whole. Quantitative studies of changes cau-
sed by short and long-term exposures to real (spaceflight, SF)
and simulated (dry immersion, DI, and antiorthostatic be-
drest, ABR) microgravity in different parts and mechanisms
of the motor systems demonstrated deep alterations in 1) aci-
tivities of different sensory inputs; 2) morphological and phy-
siological characteristics of muscles; 3) functioning of almost
all motor control mechanisms under study.The depth of alte-
rations as well as combinations of changes after exposures of
different durations varied considerable pointing out to diffe-
rent nature of disturbances at varying stages of exposure to
microgravity.

The main features of short-term effects revealed during and
after 7-day DI, 30 day ABR and 7-13 day SF were: 1) different
inputs and reflex mechanisms hypersensitivity which, see-
med, to have non-specific character and was demonstrated

clearly by changes in parameters of a) H- and T-spinal refle-

xes of musculus triceps surae; b) vestibulo-ocular reactions

both voluntary and evoked; c) motor units activity and 2)

sharp drop of extensor muscle tone causing in ist turn a con-
siderable decrease of a) muscle strength (up to 30%), b) mo-
vements precision and c) orthostatic tolerance. After exposure
of longer durations (data of 120 and 370 days ABR and long-
term SF) the reflex hypersensitivity clearly diminished being
suppressed by active inhibitory processes. Muscle atrophic
processes revealed by progressive diminishing of extensor
muscle strength (sometimes flexor muscles too), a decrease of
M-response amplitude and deep changes of motor unit rhyth-
mic activity as well as significant alterations of central motor
control mechanisms activity due partially of adaptations pro-
cesses seemed to contribute mainly to the development of mo-
vements disorders at this stage.

Untersuchungen in der simulierten und
echten Schwerelosigkeit,
Anwendungsmdéglichkeiten in Diagnostik
und Therapie bei neurologischen
Erkrankungen

F. Gerstenbrand, M. Marosi; Innsbruck

Beim Start einer Trigerrakete zum Raumflug und kurz
nach Eintreten in die Schwerelosigkeit kann sich bei einzel-
nen Astronauten und Kosmonauten ein .Space-adaption-
syndrome"” mit den im Vordergrund stehenden Symptomen
der .,motion sickness" einstellen, das sich in vegetativen Sym-
ptomen, Bewegungsstérungen bis zur Ataxie optomotori-
schen Ausfillen, kognitiver Leistungsminderung etc. zeigt.
Nach lingerem Aufenthalt in der Schwerelosigkeit entsteht
das Kosmonautensyndrom mit spinaler Ataxie, zerebelldrer
Ataxie, primdrer Muskelatrophie, Polyneuropathie, vermin-
derter Vigilitit, Stérungen des Kérperschemas und der héhe-
ren sowie der hochsten kortikalen Funktionen, aber auch ve-
getativen Verdnderungen und Osteoporose etc.

Der Zustand der Schwerelosigkeit kann im Schwerefeld der
Erde mittels Parabolfligen dem Bed-Rest Modell sowie dem
Dry-Water-Immersion-Modell partiell simuliert werden. Die
in der simulierten Schwerelosigkeit auftretenden Stérungen
entsprechen weitgehend dem Kosmonautensyndrom und las-
sen sich klinisch als Bed-Rest-Syndrom zusammenfassen.
Als Krankheitsbild tritt das Bed-Rest-Syndrom bei langerer
Bettlagerigkeit wie bei Komazustédnden verschiedener Atiolo-
gie, nach Wirbel- oder Beckenfraktur, kardialer Insuffizienz,
aber auch bei alteren Menschen mit verminderter Bewe-
gungsintention obligatorisch auf.

Durch die Untersuchungen in der echten und in der simu-
lierten Schwerelosigkeit konnten neue Erkenntnisse {iber die
menschliche Motorik, sowie tiber die kognitiven Funktionen
des Menschen, vor allem uber seine psychomotorischen Re-
aktionen, die Kontrolle von Emotionen, ferner tiber die
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Sprachfunktionen, die Raumorientierungsfihigkeit u. a. ge-
wonnen werden.

Neue Erkenntnisse ergaben sich tiber den Muskelstoff-
wechsel. Der Forschungsbereich des Flussigkeitstransportes
in der Schwerelosigkeit hat ebenfalls interessante Erkennt-
nisse erbracht und wichtige Voraussetzungen fiar den Aufent-
halt des Menschen im Weltraum geschaffen. Die Erfahrungen
aus der Forschung in der echten und der simulierten Schwe-
relosigkeit sind in die Routinemedizin, und zwar in die Pra-
vention, die Therapie und die Rehabilitation sowohl von neu-
rologischen als auch von anderen Erkrankungen zu tibertra-
gen. So konnten neue Verfahren fur die Behandlung von
Hirnverletzten, Schlaganfallpatienten etc. entwickelt werden.
Mit Hilfe der Untersuchungsmethoden der simulierten
Schwerelosigkeit sind Frithdiagnose und Verlauf des Parkin-
son-Syndroms, sowie zerebelldrer und spastischer Symptome
moglich. Durch die Anwendung der Testbatterie fiir die ko-
gnitiven Funktionen kénnen Friithdiagnose und Verlaufskon-
trollen dementieller Syndrome erfolgen. Die Kognitotherapie
findet bereits bei Frontalhimverletzungen Anwendung.
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Kinematic analysis in evaluation of
movement disorders

M. Berger, S. Mescheriakov, F. Gerstenbrand, I.
Kozlovskaya*, B. Babaev®, A. Sokolov* (Universitéitsklinilk fiir
Neurologie, Innsbruck, and *Institute of Biomedical Problems,
Moscow)

Complex disturbances of coordination of aimed voluntary
movements in microgravity, which are known as a hypogra-
vitational ataxia (I. Kozlovskaya, 1983) and manifested by re-
duced accuracy and altered kinematics of aimed movements,
are suggested to appear due to increased excitability of the
motor control structures including increased activation of an-
tagonists (I. Kozlovskaya 1983, 1993).

We studied single-joint pointing arm movements performed
in real and simulated microgravity under different visual con-
trol conditions in order to detect the influence of the changed
gravity environment on the kinematics of single-joint move-
ments. Results of investigations during five days dry immer-
sion experiment (four subjects) and nine days spaceflight (one
cosmonaut) are presented.

Recording of three-dimensional arm position was conduct-
ed using MONIMIR equipment installed on board of the space
station MIR and using the terrestrial version of the same
equipment in the dry immersion facility of the Institute of
Space Neurology in Innsbruck.

For processing of the data a mathematical model of the co-
ordination of simple preprogrammed arm movements were
used (S. Mescherikov, 1994). The model is based on the as-
sumption that time profiles of the angular acceleration pro-
duced separately by agonist and antagonist muscles could be
approximately described using Gaussian distribution func-
tions and was proposed in order to separately estimate the
angular acceleration produced by agonist and antagonist
muscles (or muscle groups) during simple preprogrammed
arm movements (i.e. one acceleration and one deceleration
phase).

The following parameters of a position-time, velocity-time,
and acceleration-time profiles were analyzed: movement du-
ration (MD), peak velocity (PV), time to peak velocity (AP), time
from peak velocity to the end of the movement (DP), peak ac-
celeration (PA), peak deceleration (PD), time from the move-
ment onset to the peak acceleration (AT), time from the peak
deceleration to the end of movement (DT), time between peak
acceleration and peak deceleration (ST).

A significant increase of the MD and decrease of resultant
PV of the movement was observed in inflight sessions during
the short-term spaceflight. Analysis of the acceleration-time
profile showed that increase of MD was caused mostly by pro-
longation of the ST and covaries with the decrease of PA and
PD values.

In the simulated microgravity experiment the increase of
MD after 24 hours of immersion was observed. This effect was
more pronounced in trials with limited visual control (no vi-
sual feedback of the arm position) and covaried with prolon-
gation of the DP. Comparison of phases of the acceleration-
time profile revealed higher contribution of the ST in the in-
crease of MD. The data presented show that the real and sim-
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