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PERSONALIZED COUNTERMEASURES FOR VESTIBULAR ADAPTATION DISORDERS:
MINIMIZING SPACE MOTION SICKNESS AND ENHANCING SPATIAL ORIENTATION

Abstract

Space motion sickness (SMS) and vestibular disorientation are common and significant challenges that
astronauts face during spaceflight, impacting their performance and safety. Microgravity disrupts the
vestibular system’s ability to sense gravity and spatial orientation, resulting in symptoms ranging from
dizziness to severe nausea and disorientation. This review examines personalized countermeasures for
vestibular adaptation disorders, focusing on innovative, individualized approaches to mitigate SMS and
enhance spatial orientation in microgravity. Drawing on recent advancements in neuroscience and sensori-
motor adaptation, we explore customized vestibular rehabilitation protocols, virtual reality (VR) training
environments, and pharmaceutical agents tailored to individual susceptibility and vestibular response pro-
files. Furthermore, we discuss novel diagnostic tools, such as portable neuro-vestibular testing systems,
to enable in-mission monitoring and adjustments to countermeasure plans based on real-time vestibular
feedback. This approach aims to develop precise, effective, and adaptable solutions that accommodate
the unique physiological responses of each astronaut. By optimizing vestibular adaptation strategies, this
work contributes to safeguarding astronaut health and enhancing mission success for extended-duration
spaceflight.
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