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Osteoporosis, the progressive loss of bone density and strength that cripples tens of millions on our planet, distinguishes
itself as perhaps the greatest physiologic obstacle to an extended human presence in space. The principal objectives of
this proposal are to establish the efficacy of a unique, mechanical countermeasure to inhibit bone loss - and muscle
strength- in the lower appendicular skeleton of astronauts and payload specialists during International Space Station
missions. Using a ground based model of microgravity, the tail-suspended rat, we have shown that brief exposure (10
minutes) to extremely low magnitude (0.25g, engendering <5 microstrain), high frequency (30-90 Hz) mechanical
signals will inhibit the bone loss which typically parallels disuse, even though 10 minutes of full weightbearing failed to
curb this loss. Longer-term experiments in sheep have shown this stimulus to be strongly anabolic, increasing bone
mineral density, trabecular number and connectivity, and improving bone strength. Preliminary results in
post-menopausal women and children with cerebral palsy indicate that this intervention can inhibit, and perhaps reverse,
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osteoporosis. To determine this intervention's ability to inhibit bone loss - and muscle strength - in people during
prolonged space missions, we will subject astronauts, in single let stance, to brief exposures to the low level stimulus (10
minutes at 30 Hz, 0.3g), allowing the contralateral limb to serve as an intra-subject control. The proposal is structured to
"piggy-back" onto ongoing flight studies, and thus the assays for efficacy will be determined by collaborative decisions
between NASA teams studying the musculoskeletal system. At a minimum, DXA, QCT, and muscle strength
measurements will be made both pre- and post- flight. This work represents a critical step in establishing a
physiologically based, non-pharmacologic, non-invasive treatment for osteoporosis, for use on Earth or in space.

Two clinical studies, evaluating the efficacy of the device, are to be published in the March issue of J. Bone & Mineral
Research. In the first study, the intervention is shown to prevent osteoporosis in a group of post-menopausal women. In
the second study, the intervention is shown to stimulate bone formation in children with cerebral palsy.
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