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Musculoskeletal complications, i.e., osteoporosis, induced by microgravity during extended space mission and
age-related disorders represent a key health problem. Osteoporosis will diminish both the structure and strength of bone,
each considered critical in defining the ability of the bone to resist fracture. Early diagnosis of such progressive bone
loss would allow prompt treatment, and thus inherently reduce the risk of fracture. Bone mineral density (BMD)
measurement is a well-accepted, standard assessment used for the diagnosis of osteopenia and osteoporosis, using
dual-energy X-ray Absorptiometry (DXA) in the clinic. However, it is limited to a BMD index and insensitive to bone's
physical properties. Advents in quantitative ultrasound (QUS) techniques can characterize both BMD and the material
properties. Using a newly developed noninvasive Scanning Confocal Acoustic Diagnostic (SCAD) technology, strong
correlations between SCAD determined data and bone's structural and strength parameters were observed. Ultrasound
has also been shown therapeutic potentials to accelerate fracture healing. The objectives of this study are to develop a
combined diagnostic and treatment ultrasound technology for early prediction of bone disorder and guided acceleration
of fracture healing, using SCAD imaging and low-intensity pulse ultrasound. The technology will target to the critical
skeletal sites, where may be significantly affected by disuse osteopenia and potentially at the risk of fracture, i.e., hip,
long bone and wrist regions. We will evaluate bone;s quality in clinical human subjects, and at the JSC/UTMB bedrest
facility. Animal models and cadaver will be used for testing feasibility of identifying bone loss, fracture, and
longitudinally treatment and monitoring. A noninvasive diagnostic and treatment technology using ultrasound will have
significant potentials to prevent and treat bone fracture, and will address critical questions in the Bioastronautics
Roadmap related to bone loss monitoring, prevention and recovery.

A noninvasive diagnostic and treatment technology using ultrasound will have significant potentials to prevent and treat

bone fracture.
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