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Task Description:

Prolonged periods of near weightlessness can cause damage to astronauts’ musculoskeletal system. This damage can
increase the risk of skeletal tissue failure (e.g., fractures, tears) when experiencing forceful, dynamic loads. Fractures of
the spine during dynamic conditions such as launch or landing could cause a mission to fail. This study will measure
this degradation of astronauts’ vertebrae and spinal muscles during missions aboard the International Space Station
(ISS). We will then determine the extent of vertebral weakening of crewmembers during long-duration missions. 
Changes in pre- and post-flight vertebral geometry, volume, cortex thickness, and bone mineral density will be
measured from existing lumbar quantitative computed tomography (qCT) scans, as well as from planned qCT scans of
the cervical, thoracic, and lumbar spine from six ISS crewmembers. Likewise, the pre- and post-flight spinal muscle
volumes will be analyzed using both existing magnetic resonance imaging (MRI) scans and planned MRI scans from six
ISS crewmembers. The qCT and MRI scans will be analyzed to determine structural and material changes in the
cervical, thoracic, and lumbar vertebrae and the spinal muscles that indicate damage which could weaken these tissues. 

Our unique engineering approach will measure the loss of vertebral strength during spaceflight conditions and predict
the risk of failure during traumatic, dynamic loading conditions such as launch or landing. Vertebral strength and risk
for vertebral fracture and injury will be quantified in 900 dynamic simulations using a full human body model that is
constructed using structural and material data gathered from the pre- and post-flight medical images for each astronaut. 

This study has significance in quantifying and addressing risks of long-duration spaceflight, including vertebral injury
from dynamic loads, vertebral fracture, early onset vertebral osteoporosis due to spaceflight, and impaired performance
due to reduced spinal muscle mass, strength, and endurance. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:   

Task Progress: New project for FY2017. 
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