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Introduction: Space flight poses numerous challenges for human physiology leading to various physical impairments, much of which stem from the effects of prolonged exposure to microgravity. Chronic exposure to microgravity is known to impair endothelial dysfunction, contributing to muscle atrophy, loss of bone density, orthostatic intolerances, and cardiac deconditioning typical in astronauts following space flight. On earth, these conditions are commonly associated with physical inactivity and are therefore counteracted by increasing physical activity. This is often done through various exercise regimens designed to initiate stress on the musculoskeletal system that induce positive adaptations. Unfortunately, mitigating these effects during space flight is often met with significant challenges. Aboard the international space station (ISS), astronauts are required to spend two hours performing physical exercise using equipment modified to simulate the effects of gravitational strain. While such exercise regimens may be effective to alleviate some of the physiological abnormalities associated with space flight, it is likely that the small exercise period may not be sufficient enough to attenuate the profound effects imposed on the body by chronic microgravity. This presents a critical need to develop alternative approaches designed to elicit consistent skeletal muscle stimulation outside of the required during space flight. Purpose: Therefore, the purpose of this project was to develop a custom knee orthosis device that is capable of generating consistent low-intensity resistances to flexion and extension of the leg. Methods and Results: A prototype of the knee orthosis was developed using readily available CAD software and 3D printed on a Bambu Labs Carbon X1 printer. The hinge joint serves as the focal point of the knee orthosis, using a combination of adjustable compression and rotational frictional forces designed to provide steady resistance through motion. Conclusion: The deleterious effects of microgravity on physiological function during prolong space flight pose as a significant limitation to space exploration. Traditional approaches to mitigate these effects involve various exercise regimens and protocols to be performed while in space. However, this is still not enough to overcome the chronic loss of gravitational forces exerted on the body. This custom knee orthosis stands to serve as a steppingstone to preserving the health and wellbeing of astronauts while in space by imposing mild resistances to non-exercise movements that stimulate low levels of skeletal muscle activity which may increase endothelial function, delay muscle atrophy, preserve bone density, and protect against cardiac deconditioning.

