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SUMMARY: Grund based model. Conclusion, Literature

One goal of manned space mission was military reconnaissance. When astronauts returned to
earth's gravity, even generals had to accept that the human neurophysiology had adapted to
weightlessness. This was the birth of space neurology. (Figure 1)

Medical space research is concerned with the investigation of biological prerequisites,
physiological adaptation processes, and pathophysiological problems during the preparation

Figure 1.

coming back to the earth both astronauts S
and also generals had to realize that human
organism adaptated to G, circumstances

for and the realisation of manned space flight.
The main objective of space neurology
research is the gaining of new insights into
the physiological function of the nervous
system; not only per se, but also in order to
integrate this knowledge in routine medici-
ne.

GROUND BASED MODEL
==

Only a relatively small percentage of medical
space research must be carried out under
conditions of antigravity. Most of the
expetiments can be done «on the ground»,
in simulated weightlessness. These
investigations, however, require adequately
equipped laboratories.

Within earth gravity real weightlessness
(G,) can be provoked for a few seconds by
parabolic flights. Similar neurophysiological
changes as observed in G, may be provoked
by long period bedrest (BR) with 5° - 6°
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head-down tilt 2 or by the dry water immersion model. The latter is a water filled pool which
is covered with a thin foil; thus a volunteer in supine position cannot sink. Although he caves
in, floating and movements are similar to those under water, but face and anterior parts of the
body are outside. (Figure 2, below)

The healthy human body,
with normal brain and spinal cord
function and undisturbed
peripheral nervous system, is
subjected to the lack of
gravitational influence in space.
Qur sensomotor system is bound
to a constant inflow of
information via the afferent part
of an afferent / efferent neuron
loop system; thus accurate motor
function depends on an
information inflow about the ad
hoc position of joints, muscle tone, pressure distribution etc. Neurophysiologically the afferents
are defined as lemniscal, which mediate information on localisation, time and intensity of
stimuli (proprioceptive) and as extralemniscal, which mediate sensations of deep pressure, touch,
pain, and temperature. Receptors in muscles, tendons, joints and skin mediate information
about muscle tone, tendon stress, joint position (accuracy below 1°) etc. to spinal cord neurons
via the pseudounipolar neurons of the dorsal root (primary afferents).

Proprioceptive input (lemniscal system) project directly to motoneurons (ipsilateral) or via
the ipsilateral posterior funiculus to thalamus nuclei. The input then reaches (thalamocortical
tract) the primary sensomotor cortex.

Extralemniscal information reaches the posterior and intralaminar nuclei thalami (VPL)
via the posterior horn of the spinal cord, the contralateral ventral and lateral spinothalamic
tract. Information also ascends via the spinoreticulothalamic tract to the reticular formation of
the brainstem and then to the intralaminar nuclei thalami (generalized arousal reaction).
Simultaneously this proprioceptive input is mediated to the spinocerebellum, nuclei thalami
and vestibular nuclei (rapid reactions to maintain equilibrium).

Equilibrium as well as all motor functions are thus dependent on a combintion of labyrinthal,
optic as well as lemniscal and extralemniscal input.

Sensomotorical physiology was from the beginning, and continues to be, one of the most
important branches of space neurophysiology. Even before space flights began, scientists
predicted that the condition of weightlessness would lead to the development of serious
disturbances in the function of spatial perception, body image, as well as in the influence of
changes in activity of the mechanoreceptors (otholites and proprioreceptors) on the organization
of motion which are so important for the autoprogramming of movement. These assumptions
were confirmed in practice. In the second space flight, Cosmonaut Titov demonstrated
symptoms of seasickness as a result of anti-gravity®-¥.

Continuing disturbances in coordination and precision of movement were registered after
the return to Earth following long space flights. Most scientists associate this phenomenon
with the adaption process within the sensoric system. This complex of disturbances was defined
as Space Adaption Syndrome, according to the proposal of an American scientist.
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Table 1. Space Adaption Syndrome The deficiencies which appear
» Vestibular disturbances (vertigo, nausea, vegetative in actual weightlessness are
problems) classified in the initial stage as
» Motor disturbances (hypermetria, dysmetria, etc.) Space Adaption Syndrome®-?
> Optomotorical disturbances ' Stimulation and disinhibition of
> Proprioceptive disturbances the vestibular apparatus®? are the
» Body image disturbances main factors. (Table 1)
» Pseudoapraxia

Under longer exposure to
conditions in actual G, the so-

Table 2. Cosmonaut Syndrome called «Cosmonaut Syndrome»
» Proprioceptive disturbances (joint position, vibration became apparent, despite massive
perception, hypo-areflexia, spinal ataxia) conditional training. The

» Preprogrammed motor disturbances (eye-head
coordination)
> Cerebellar ataxia

symptoms of this syndrome are
also observed in simulated

» Body image disturbances weightlessness. (Table 2)
Decrease in vigilance The deficiencies of the
Vegetative disregulation Cosmonaut Syndrome®? include
Polyneuropathy

changes in function of the
peripheral nervous system with symptoms of polyneuropathy, atrophic changes in musculature?,
osteoporosis in bone, and failure of the motor feedback system and of the gravitational receptors,
resulting in disturbances of positional and motor perception as well as motion sequences. The
symptoms correspond to a Pseudo-Tabes Syndrome or a Pseudo-Friedreich Ataxia.

The symptoms of Cosmonaut Illness resemble those of Bedrest Syndrome in many details.
Disturbance in proprioception is the main factor in Bedrest Syndrome, along with primary
muscle atrophy.

Table 3. Bedrest syndrome

Polyneuropathy

Primary muscle atrophy with muscular changes and structural lesions
Proprioceptive disturbances (spinal ataxia, deep sensation disturbances.)
Decrease in vigilance

Cognitive disturbances

Body image disturbances

Osteoporosis

VVVY VY YVYY

Particularly in the study of reduced muscle activity and mobility, pioneer research was
made possible through space medicine. Countless experiments, both model and in-flight, were
undertaken by the space researchers, enabling them to describe the unfavorable effects of
deafferentiation influences. This discovery of the mechanisms and resulting development of
effective protective measures was an important contribution..

Accurate motor function, but also body posture are directly connected to the processing of
sensory input, with a leading role of the proprioceptive information (lemniscal) originating
from muscles, tendons, joints etc. This information has to be reprocessed within the central
nervous system, compared with the actual program and adapted to the new environmental
conditions. Since microgravity induces a modification of central interpretation of afferent input
from the vestibular system and from proprioception®”, precise motor activities such as arm
pointing, eye head coordination etc. are altered in microgravity (MONIMIR experiment). Si-
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milar changes are observed in simulated microgravity” and thus underline the role of
proprioceptive input as etiology of the observed pathologies secondary to immobilisation.

Several experiments documented a close relationship of clinical signs between the -
Cosmonaut syndrome and the Bed Rest syndrome. Both are characterized by altered reflex
amplitudes, exteroceptive and proprioceptive afferences (afferent input), reduced muscle tone,
signs of disintegrated cerebellar function as well as frontal signs"*'®. The decrease of reflex
amplitudes is interpreted to represent a change of afferent input, thus influencing the closed
control loop of the motor system.

Long lasting immobilisation, e.g. in coma patients, leads to a diffuse muscle atrophy with an
accentuation of antigravitational muscles, which can be documented by histological or muscle
biochemical findings in these patients""-*. Changes of muscle morphology namely a proportional
increase of II A fast fatigue resistant fibres in antigravitational muscles exposed to real G,
conditions seems to be proven in rats. Similar changes are observed in antigravitational muscles
of hind limb suspended rats, a model*resembling bedrest. A similar neurophysiological
adaptational process was demonstrated by biochemical changes of antigravitational muscles in
volunteers exposed to long period bedrest versus simulated microgravity in dry water immersion.
A countermeasure (Support Unloading Compensator -~ SUC) simulating standing or walking
by stimulating plantar receptors was developed in order to reduce deafferentiation effect. In
several experiments reduced levels of biochemical findings (CK-activity, - mass, Myoglobin,
Myosin Heavy Chain fragments, Insulin like growth factor, Epithelian growth factor, cyclic
Guanosine Monophosphate) documented a less diffuse lesioning of antigravitational muscles
exposed to immobilisation.

CONCLUSION
e e = =]

The problem of adaption of the organism and its various systems to the conditions of antigravity
is one of the central questions in space research. The complex of queries in this direction —
what is adaption, etc. — are without a doubt very meaningful for all branches of medicine.

Figure 3.Mean values of serum ck activity for the stimulated group (blue / below) and the non
stimulated group (red). Pattern of skeletal muscle proteins (creatine kinase enzyme activity)
which were measured in the plasma of healthy volunteers. The concentrations are shown as
percent increase from baseline values. Immobilization in dry water immersion (DWI) lasted for
120 hours followed by a standardized isometric muscle load. In group A standing was simulated
(by SUC) during DWI exposure vs. group B without simulation.

ck activity with/without
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The knowledge gained through medical space research concerning the influence of gravity
and the development of Cosmonaut Syndrome or Bedrest Syndrome can be put to use today in
the early rehabilitation of coma patients, especially in Apallic Syndrome (vegetative state),
with good results. A positive influence on the course of illness of a long-term coma patient,
and the benefits for his residual problems, is without a doubt a result of this research,

A further possibility is the use of this knowledge in Geriatric Medicine, in the avoidance of
Bedrest Syndrome, a result of all illnesses which lead to immobilisation.

The results of research in simulated and actual weightlessness are further of use in the
investigation of possibilities, development, and course of illness in different muscular diseases.
Decisions in early diagnosis and development of new therapy strategies in medication and
training are enhanced. Laboratories for simulated weightlessness can be used in the future for
diagnosis and therapeutic surveillance in psychiatric illnesses such as Fear or Panic Syndrome,
hormonal and vegetative psychological disturbances.

Other consequences for routine medicine will result from the high technology involved in
medical space research. The development of new instruments for the compensation for
interrupted spinal cord function can be expected. Instruments for treatment of muscle atrophy
resulting from various etiologies can be developed out of the experience with the training
apparatus of the cosmonauts.

Stimulators of the lemniscal system are being developed for the purpose of treating
impairments of the peripheral nervous system, disturbances of spinal motor activity, as well as
cerebellar misfunction. '

These instruments could be used in prevention of Bedrest Syndrome in coma patients,
elderly bedridden patients, and trauma patients. Medical space research is a completely new
area which has led to new knowledge and will lead to much more. This knowledge is applicable
in routine medicine, especially in geriatrics and in the treatment of coma patients. In conclusion,
it should be emphasized that Space Medicine is not to be equated with the ,,organisational”
concept of manned space travel. Space medicine represents only a small part of the overall
goals of manned space travel, which is primarily involved with the realisation of industrial
projects. Manned space travel is an indispensible part of the near future and beyond. The
significance of the results of this research for terrestrial medicine cannot be overemphasized.
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