MODULATING GAIT VARIABILITY TO ENHANCE RESILIENCY TO PERTURBATIONS
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Decades of biomechanical research have established that healthy movement patterns exhibit an optimal structure of variability, which deteriorates with aging and pathology. Recent studies demonstrate that synchronizing movements to a metronome with optimal variability can restore healthy gait patterns, reduce energy expenditure, and increase resilience to trips. Our research investigates whether manipulating gait variability through haptic metronome cueing improves stability and resilience to unforeseen disturbances in both young and older adults. The study will recruit 80 subjects, evenly divided between young (19-35 years) and older adults (65+ years). Participants will first perform a 5-minute baseline walk at self-selected pace on a split-belt treadmill while secured with a harness (zero bodyweight support) to establish individual mean and variance of inter-stride intervals. These values will be used to normalize cueing signals to each participant's natural gait pattern. Subjects will then be randomly assigned to one of four experimental conditions: haptic metronome with white noise variability (unhealthy pattern), pink noise variability (healthy pattern), invariant timing (constant), or a control group walking without metronome guidance. During the 15-minute experimental trial, participants will synchronize their right heel strikes to the wrist-worn haptic metronome according to their assigned variability condition. Between 7-10 minutes into the trial, the treadmill belt under the non-dominant leg will be unexpectedly arrested for 500ms, creating a perturbation that simulates a real-world trip. Recovery time—measured from perturbation onset to re-establishment of normal gait patterns—will serve as the primary dependent variable. Motion capture technology will record full-body kinematics to analyze recovery strategies in detail. This research has direct applications to aerospace environments, as maintaining stability in variable conditions mirrors challenges astronauts face in microgravity. By demonstrating that specific types of gait variability can enhance stability across age groups, we can develop targeted training protocols for NASA personnel to improve performance on the NASA Task Load Index, particularly in temporal demand and performance domains. These protocols could be implemented during pre-flight training, in-flight conditioning, and post-flight rehabilitation, ultimately contributing to mission success and astronaut safety.
