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Artificial gravity (AG), produced by centrifugal force on a rotating spacecraft or an on-board centrifuge, is a promising
general countermeasure to the debilitating effects of weightlessness. However, high speed rotation above 180 deg/sec., is
necessary to produce 1-g or more on a short radius (1.5-3m) centrifuge. Any astronaut head movement not parallel to the
plane of rotation can induce strong cross-coupled spatial disorientation, motion sickness, postural disturbance and
non-stabilizing compensatory eye movements. This project addresses the issues of adaptation to Coriolis forces and
cross-coupled accelerations in accordance with the artificial gravity aim of the NSBRI’s Neurovestibular Adaptation
Team. The goal is to develop efficient means of adapting astronauts safely to repeated transitions into and out of AG
without excessive motion sickness. Another goal of this project is to understand the side-effects caused by cross-coupled
stimulation that produce motion sickness and could interfere with cognitive and motor function. Basic understanding of
the roles played by vestibular and other sensors in adaptation to unusual environments, and the associated disorientation
and motion sickness, will contribute to astronaut comfort and safety in flight and after landing. Fundamental studies of
the process of sensory-motor adaptation and practical means of controlling motions sickness and sway during rotation
are combined in our 5 Specific Aims. 1) Acquisition, Generalization and Retention of Adaptation (MIT). 2) Cognitive
Influences on Adaptation, and Effects of AG on Human Performance (JSC and MIT). 3) Spatial Orientation as
Influenced by AG (MIT and Brandeis). 4) Adaptation of Postural Sway during AG (Brandeis). 5) Effectiveness of
Baclofen in Controlling Motion Sickness by Shortening the Vestibulo-Ocular Reflex Time Constant(MSSM). Human
rotators spinning about an earth vertical axis provide the stimuli for each investigation: a rotating bed at MIT, an

on-axis chair at Mt. Sinai, a 3m radius rotating room at Brandeis, and a 1.5m centrifuge at JSC. Measurements are made
of compensatory eye movements, dynamic visual acuity, reading comprehension, illusory body motions, subjective
motion sickness and postural sway.

Head movements in a moving or rotating environment, such as boats, airplanes, and automobiles often provoke
symptoms of motion sickness or other discomfort. The ability to control susceptibility to motion sickness by controlling
the central time constant of the vestibular system is a major advance and has broad application on Earth.

Understanding motor adaptation to Coriolis forces in an artificial gravity environment is relevant for understanding
clinical deficits of complex whole body movement on earth.

Aim 1: To test for the effects that are induced by the protocol 8 subjects have been tested as a control group, not
receiving adaptive stimulation. 24 subjects have been tested as a normative group adapted to right head turns only. 24
subjects have been tested for the left/right head turn experiments. 24 subjects have been adapted to a 3-day incremental
protocol. 24 subjects have been tested for effect of angle by which the head is turned and centrifuge velocity. 7 subjects
have completed the 6-month retest, looking for long term retention of adaptation. Various thesis and papers are
completed.

Aim 2: 24 subjects have been successfully tested, data analysis almost finished, paper in preparation

Aim 3: Preliminary testing of the SVV-device (subjective visual vertical) took place in November, and a first series of
experiments in December 2005. At present we have run 10 subjects and have partially analyzed their data.

Aim 4: The Year 1 sub-aim, which was to compare effects of rotation on quiet stance or voluntary postural oscillations
during 10 rpm rotation in the center of a rotating room, was completed. Rotation initially increased sway during both
tasks. Over 20 quiet stance trials, sway magnitude did not return to baseline, but in voluntary rocking trials the trajectory
of body sway returned to baseline Catch trials showed that adaptation to rocking transferred to quiet stance but there was
no transfer in the reverse direction. We have also conducted the experiment for our Year 2-3 sub-aim, which was to
expose naive subjects simultaneously to the vestibular and motor perturbations of posture during rotation or expose
them sequentially to vestibular then motor perturbations. The data are being analyzed, and it appears motor adaptation
occurs at the same rate in both conditions.

Aim 5: The efficacy of 10, 20 and 30 mg baclofen on reduction of vestibular time constant and the coupling gain to
velocity storage was tested. 6 subjects were tested and the results were published. Ongoing experiments test for the
effect of 20 mg baclofen on resistance to motion sickness. Seven supine subjects performed head roll movements while
spinning at 138%/s were tested with and without baclofen treatment. Preliminary data indicates that subjects made
considerable more head movements with baclofen.
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