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Task Description:

The rate and extent of musculoskeletal changes during long-duration spaceflight remain uncertain. In particular, a
critical question is whether bone mass and bone strength declines continue at the same rate as seen during the first 6
months of spaceflight or whether the body will adapt to its new environment, and bone loss will slow or stop during
longer duration exposure to microgravity. To address this key gap in knowledge, we propose to conduct 3D computed
tomography (CT) scans prior to launch and after landing in astronauts participating in the One-Year Mission Project.
Using CT-based finite element analysis (CT-FEA), prior work using older imaging technology in 16 astronauts found
average declines in femoral and vertebral bone strength of 1.1 to 2.6% per month during 4 to 6 month International
Space Station (ISS) missions, though some astronauts experienced much higher losses. The declines in estimated bone
strength exceeded the declines in bone mass as assessed by 2D dual-energy X-ray absorptiometry (DXA) scans.
Moreover, the declines in strength were not predicted by the DXA-based bone mass measures, indicating the need to
use 3D CT measures to accurately assess bone changes. Thus, we propose to employ state-of-the-art CT imaging to
assess spaceflight-induced changes in cortical and trabecular bone density and morphology, along with changes in
femoral and vertebral bone strength from Food and Drug Administration (FDA)-approved CT-FEA. In addition, to
assess the risk of fracture, in secondary analyses, we will compare the bone strength values to the estimated loads
applied to the skeleton during flight and on the ground using validated, subject-specific multibody musculoskeletal
models. Finally, we will assess changes in muscle quality via pre- and post-flight analysis of fatty infiltration of the
trunk and lower extremity musculature from the same CT scans. In addition, we will perform in vivo, non-invasive
electrical impedance myography pre- and post-flight to supplement function assessments of muscle being conducted as
part of the standard measures in the integrated One-Year Mission Project. In addition, to understand astronaut variability
in adaptation to spaceflight, we will relate the muscle, bone structure, and bone strength measurements to pre- and
post-flight serum indices of bone and muscle metabolism, as well as dietary patterns and physical activity logs while on
station. Altogether, by examining bone and muscle changes following 2, 6, and 12 months of spaceflight, this work
should provide critical and novel information regarding the temporal pattern of musculoskeletal changes during
spaceflight, including their impact on maintenance of human health and performance and will inform the design of
future long-duration deep space missions. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:
Improved understanding of the time course of musculoskeletal changes in spaceflight will provide new insights for how
to prevent and treat disuse-related osteoporosis and sarcopenia on Earth. 
  

Task Progress:

During the first funding period we have worked with collaborators at Johnson Space Center (JSC) and with other
investigators in the Integrated One Year Mission study to refine our study design and develop skeletal health
questionnaires. We have received JSC-Institutional Review Board (IRB) approval for our protocol, and have submitted
the continuing review. We attended the kick-off meeting for the One Year Mission study, held at JSC. 
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