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Effects of Exercise Countermeasures on Multisystem Function in Long Duration Spaceflight Astronauts
(2023) evaluated the effectiveness of exercise countermeasures in preventing multisystem deconditioning
in astronauts during long-duration spaceflights. While astronauts performed approximately 600 minutes
of combined aerobic and resistance exercise per week, the study found that this exercise regimen did not
fully protect against deconditioning. Furthermore, the response to exercise varied significantly among
individuals (ranging from -30% to +5% change from pre- to post-flight), suggesting that up to 17% of
astronauts could experience performance-limiting deconditioning under the current exercise protocols.
The findings highlight the need for improved countermeasures, additional interventions, and/or more
stringent pre-flight physical requirements to safeguard astronaut health and performance on future lunar
and deep space missions.

The Effects of Spaceflight Microgravity on the Musculoskeletal System of Humans and Animals, with an
Emphasis on Exercise as a Countermeasure: A Systematic Scoping Review (2021) examined the impact of
microgravity on the musculoskeletal system (both bones and muscles) in humans and animals. It also
investigated the effectiveness of exercise as a countermeasure, focusing on human studies. The review
analyzed 84 publications (40 animal studies and 44 human studies) identified through a search of PubMed,
Embase, Scopus, and Web of Science. Due to variations in study designs, a meta-analysis was not possible.
Instead, the review provides a narrative synthesis of findings across five key areas: muscle response to
microgravity in humans and animals, bone response to microgravity in humans and animals, and the
effectiveness of exercise countermeasures on the human musculoskeletal system in microgravity. The
study followed established guidelines for scoping reviews and systematic reviews.

Neck Muscle Changes Following Long-Duration Spaceflight (2019) documents the investigation of the
impact of long-duration spaceflight on neck muscle size and fat content in astronauts using MRI before
and after missions with advanced resistive exercise. Results showed that while most neck muscles
maintained their size, the trapezius, semispinalis capitis, sternocleidomastoid, and rhomboid minor
muscles significantly increased in size after spaceflight, suggesting that the cervical muscles may not be as
susceptible to the degradative effects of microgravity as other muscles in the body. There were no
significant changes in muscle fat infiltration observed.

Following a six-month mission on the International Space Station (2017), a 38-year-old European Space
Agency astronaut experienced postflight physical performance impairments despite adhering to a rigorous
daily in-flight exercise program. Assessments of muscle strength, power, core endurance, and hip
flexibility revealed deficits at six days post-landing, with most parameters recovering by day 21, except for
muscular power demonstrated in jump tests. A 21-day postflight reconditioning program, focused on
motor control and functional training delivered by European Space Agency specialists, facilitated the
recovery. The study highlights the persistent negative effects of microgravity, even with intensive
countermeasures, suggesting that complex, power-based tasks require more time to return to preflight
levels and underscoring the need for further research to optimize both in-flight and post-flight exercise
programs for faster astronaut reconditioning.



https://www.nature.com/articles/s41526-023-00256-5
https://pmc.ncbi.nlm.nih.gov/articles/PMC8820585/pdf/pr70_119.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8820585/pdf/pr70_119.pdf
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01115/full
https://linkinghub.elsevier.com/retrieve/pii/S2468-7812(16)30008-X
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