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Task Description:

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,
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. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

The intervention represents the basis for a non-pharmacologic interevention for the prevention and/or reversal of bone
loss (osteoporosis) here on earth. Three clinical studies have been completed (post-menopausal women, children with
cerebral palsy, young women w/ osteoporosis), each which supports the hypothesis that low-level mechanical signals
can benefit the mass and morphology of the musculoskeletal system. 
  

Task Progress:

The osteoporosis which develops in microgravity is one of the greatest hurdles to an extended human presence in space.
Earth-based animal and human studies have demonstrated that extremely low magnitude mechanical loading, if imposed
at a high frequency, is strongly anabolic to the skeleton, and can serve to inhibit the bone loss, which typically parallels
disuse. This experiment is designed to evaluate the efficacy of this unique biomechanical countermeasure to inhibit the
microgravity induced osteoporosis. To achieve this in a non-invasive, non-pharmacologic means would have tremendous
impact not only in space, but would also address the bone loss which plagues over 20 million people world wide each
year on earth. 
During extended missions ISS crewmembers will receive ten-minute daily doses of high frequency (30Hz), low
magnitude (0.3g, or 3m•s-2) mechanical accelerations. The subject will be secured to an oscillating plate by a shoulder
harness, at 60% of their pre-launch body mass thus imparting sufficient force to allow the vibration of the platform to
induce 0.3g accelerations to the lower appendicular and axial skeleton. The experimental equipment is designed such
that it will not transmit vibration to the vehicular structure. 

Following flight durations of at least three months, the bone quantity and quality will be evaluated by comparing
post-flight DEXA, QCT and ultrasound measurements to baseline (pre-flight measurements). The principal areas of
interest will be R&L femora, tibia, calcaneus, the spine (L1-4), and non-dominant radius. Assays will evaluate bone
density, trabecular and cortical bone density, cortical thickness, apparent bone quality, and bone mineral density.
Muscle strength and postural stability will also be evaluated, again comparing pre and post-launch data. 

Differences from the baseline will be examined in terms of the ability of extremely low-level mechanical stimulation to
inhibit the loss of bone quality and quantity. The preservation of muscle strength and postural stability, as based on
these mechanical signals will provide a key to the regulatory stimulus in the maintenance of the musculoskeletal system. 

Efficacy will be determined as based on the ability of the signal to inhibit bone loss, prevent loss of muscle power and
loss of postural stability. Given the ground-based evidence, we anticipate that treated crewmembers will retain bone
density and muscle strength regardless of the deleterious consequences of the absence of gravity. Further, it is
anticipated that bone loss in the axial skeleton (spine) will be reduced through exposure to the low-level mechanical
signal. The experimental system is referred to as VIBE: Vibrational Inhibition of Bone Erosion. 

The experimental protocol and device hardware have been evaluated by a number of NASA committees, and the
progress of the experiment continues on a path to flight. 
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