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Mechanical loading is required for maintenance of the musculoskeletal system. Thus, exposure to microgravity induces
marked bone loss in both humans and animals, and is a major concern for astronauts exposed to long-duration
spaceflight, as they may be at increased risk for skeletal fragility and bone fractures. Most prior studies have relied on
dual-energy X-ray absorptiometry (DXA), a 2D technique used to assess bone mass at different skeletal sites, to assess
effects of spaceflight on bone strength and fracture risk. However, DXA-based measurements are limited in several
regards. Newer technologies, including 3D quantitative computed tomography (QCT) are able to overcome the
limitations of DXA. Moreover, QCT images can be used to estimate bone strength using a standard engineering
approach called finite element analysis. Indeed, QCT images have been used successfully to demonstrate negative
effects of spaceflight on hip bone density and strength. However, a similar examination of the effects of spaceflight on
vertebral strength has not been performed. Thus the degree of spinal deconditioning and subsequent risk of vertebral
fracture following long-duration spaceflight remains unknown.

Specific Aims:

1) Determine changes in lumbar vertebral strength in long-duration International Space Station (ISS) astronauts
2) Compute subject-specific load-to-strength ratio to estimate risk of vertebral fracture in long-duration ISS astronauts

3) Perform Biomechanical Computed Tomography (BCT) analysis — aka finite element analysis of QCT scans on spine
scans for up to 18 astronauts at up to visits (pre, post, and 1 Year, for all n=18; one additional visit for n=8), and
analyzing two vertebral levels per subject (total number of BCT analyses = 124)

This research will help us to better understand risk factors for vertebral fracture. Vertebral fractures are the most
common fracture among older adults on Earth, with a prevalence of 30-50% among those over age 50. Improved insight
into the factors that increase risk for vertebral fracture could advance the clinical management of older adults and inform
better approaches to prevent these fractures.

In the first 8 months, we have secured IRB (Institutional Review Board) approval from both Beth Israel Deaconess
Medical Center (BIDMC) in Boston and NASA’s Johnson Space Center in Houston. We have worked with NASA
personnel to clarify what data will be transferred to BIDMC. Transfer of all astronaut CT images and other data should
take place in the near future, and then data analysis can commence.
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