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DIRECTIONS OF ACTIVITY

Laboratory of neurobiology of motor control investigates the mechanisms of con-
trol of posture and movements for more then 25 years. At present time the efforts are
focused at study of system of internal representation and its role in motor control and
at the investigations of reference systems used by brain for organization of motor be-
havior. During last years it was shown that in situations with discrepancy between
real and perceived position of body segments many motor reactions such as vesti-
bulo-motor and neck influences on leg muscles or oculomotor reactions are deter-
mined not by real body configuration but by its description in the system of the inter-
nal representation.

In the activity of laboratory the studies of neural mechanisms of locomotion in cat
traditionally took an important place. Now we begin to study stepping automatisms in
humans. These studies successfully advance.

Manned spacefights open a possibility for studying how the human central nervous
system adapts to the microgravity, to what extent the gravitation is essential for proc-
essing of proprioceptive information and for motor control. A series of joint research
projects with France and other countries was accomplished in this direction during
1982-2002 under conditions of real spaceflights.

MAIN RESULTS

Studies of a role of proprioceptive feedbacks in control of voluntary movements
permitted to formulate theoretically important conclusion that the models of motor co-
ordination can not be constructed only on the basis of analysis of one-joint (labora-
tory) movements, as in this case only a direct control, one feedback and one copy of
a motor command are used. In an example of natural movement (rising when laying
on a back without the help of hands) it is shown, that alongside with muscles realiz-
ing the basic pattern of movement, many more other muscles participate in move-
ment. Their activity can have auxiliary character or to be useless. In realization of
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natural movements the different physiological mechanisms are used simultaneously
and consistently: a direct control, synergies, automatisms and reflexes. Feedbacks
also are of complex character. The coordination provides the compromise of mobility
and stability. It was shown, that the muscles of the trunk actively participate in dy-
namic stabilization of a pose. This dynamic stabilization is combined with fixating ac-
tivity of muscles of a back.

The hypothesis is confirmed that the anticipatory eye movements in response to
axial torsion of a spine are determined by changes in internal representation of body
configuration, instead of direct proprioceptive inputs. Such anticipatory orientation
probably helps in elaboration of stable reference system necessary for programming
and realization of movements. It is interesting also, that these experiments clearly
demonstrate the connection between higher (level of a spatial field) and lower (level
of synergies) levels of motor control system (according N.A. Bernstein classification).

It was shown, that CNS can elaborate the system of coordinates connected to ex-
ternal space and used for perception of body movements, not only on the basis of
visual and vestibular information, but also on the basis of proprioceptive signals. In
this situation the domination of sensation of reciprocating movements or turns is di-
rectly connected to prevalence of signals from receptors of certain muscles.

Within the framework of cooperation with laboratory of motor systems of neuro-
logical of clinic of the Bern university headed by prof. M. Wiesendanger, and labora-
tory of neurophysiology of hearing and motor control of Institute of physiology of
Frieburg university the analysis of the data on coordination of movements of hands
during playing on a violin was carried out. With the help of ELITE system movements
of fingers of the left hand and movements of a bow held in the right hand were re-
corded. The preliminary analysis shows, that the pressing of a string by fingers of the
left hand occurs at the moment of change of a direction of movement of a bow. It was
shown, that the interval between a point of turn of a bow and pressing of a string did
not differ in different subjects, though techniques of execution of a musical phrase
differed considerably.

With the purpose of finding-out, how the accuracy of internal representation of
lengths of body parts varies during maturing of motor system, we measured the ac-
curacy of the indication of characteristic points of a forelimb without the visual control
in adults and children (4-11 years). It was shown that in children, as well as in adults,
the apparent shortening of a limb occur, and the hand is shortened stronger, than
forearm. In children of 4-6 years the length of a limb as a whole also decreased by
40%. It is connected with more expressed underestimation of forearm length in chil-
dren. The dispersion of the data in the children is more pronounced than in adults.
This, apparently, is connected with unequal speed of maturing of the appropriate
brain structures.

The method of transcranial magnetic stimulation permitted to demonstrate the in-
crease of a role of motor cortex in postural regulation after increase of complexity of
the motor task. For study of supraspinal influences we applied transcranial magnetic
stimulation to human motor cortex during standing on a steady or unstable support.
After transition from standing on a firm floor to standing on an rocking platform abso-
lute EMG — response on transcranial magnetic stimulation grew by 2,7 times. The
amplitude of H-response reflecting the reflex excitability of spinal motoneurons, did
not change. Thus, the increase of EMG — responses on transcranial magnetic stimu-
lation is connected not to the increase of reflex excitability of spinal motoneurons, but
with the increased involvement of cortical structures. The postural control on an un-
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stable support represents a more complex task and consequently requires involving
of high-level supraspinal structures in process of sensory-motor integration for main-
tenance of balance.

The studies of vestubular tonus of the man by a method galvanic stimulation of
labyrinth were commenced. The experiments confirm theoretical predictions, accord-
ing to which the level of tonic activity in vestibular nerves determines a difference in
magnitude of postural reactions on unilateral galvanic stimulation of a labyrinth. The
data obtained demonstrate high inter-individual distinctions in the level of vestibular
tonus.

In 2002 two dissertations were defended:

— M. I. Lipshits — for degree of the doctor of biological sciences in biomechanics
"Sensory-motor interaction and system of internal representation of the man (re-
search in ground conditions and in weightlessness)".

— |. A. Solopova — for degree of the candidate of biological sciences in biome-
chanics "Structurally functional features of the system of maintenance of human ver-
tical posture”.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-04-48156): "The investiga-
tion of supraspinal control and adaptive mechanisms mechanisms of equilibrium
maintenance on unstable support" (head Yu. Ilvanenko).

¢ Russian Foundation of Basic Research (No. 02-04-48234): "Proprioceptive
perception and calibration of internal model of a body" (head Yu. S. Levik).

¢ Russian Foundation of Basic Research (No. 02-04-48302): "The study of ves-
tibular tonus in man by a method of galvanic stimulation of labyrinth" (head K. E. Popov).
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