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Abstract

Prolonged exposure to microgravity induces musculoskeletal deconditioning, including muscle atrophy
and bone loss. Resistance training with the Advanced Resistive Exercise Device (ARED) is currently
used to mitigate musculoskeletal deconditioning onboard the International Space Station (ISS). Although
resistance training has shown effectiveness in attenuating muscle and bone losses, the joint-level biome-
chanics of ARED exercise in microgravity remain incompletely characterized. Kinetic quantification of
load distribution across the lower-limb joints is essential to optimize countermeasure prescriptions and
understand loading patterns. This study conducted an exploratory quantification of lower-limb biome-
chanics during inflight ARED exercise and compared them with corresponding measurements in terrestrial
gravity (1G). Three male ISS crewmembers (age: 53.7 ± 11.1 years; height: 181.9 ± 0.8 cm; body mass:
78.6±9.5 kg) were assessed preflight (Launch–180 days), inflight (FD15–26), and postflight (Return+45±7
days). During each session, participants performed five repetitions of normal squats with ARED at low,
medium, and high exercise loads determined from a pre-session maximal isometric mid-thigh pull per-
formed on ARED. Bilateral ground reaction forces were recorded via force platforms, and unilateral
three-dimensional lower-limb kinematic data were captured using a four-camera optoelectronic motion
capture system. Flexion-extension joint ranges of motion (ROM) and net internal flexion-extension joint
moments at the hip, knee, and ankle were estimated via inverse dynamics. Hip, knee and ankle ROM
showed inconsistent changes among subjects between preflight and inflight testing. In contrast, all sub-
jects showed reduced hip (–10% to -28%) and knee (-5% to -17%) ROM postflight relative to preflight
measurements. Compared with preflight 1G testing, inflight squats demonstrated reductions in peak knee
(–49% to -73%) and ankle (-35% to -72%) moments across subjects. Peak hip moments showed a different
trend, with one crewmember demonstrating reduced inflight hip moment (–36%) and two, with overall
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higher ARED loads, demonstrating moderate increases (+5% and +18%). Comparable changes were
observed comparing inflight and postflight 1G measurements. Increasing load resulted in increased hip
moment but did not proportionally restore knee and ankle moment to 1G levels. These findings suggest a
distribution of lower-limb joint loading characterized by relatively greater hip contribution compared with
the knee and ankle. This indicates that external load magnitude alone may not ensure Earth-equivalent
joint-level loading during inflight squat exercise and that squat biomechanics differ between 0G and 1G.
While limited by small sample size, this exploratory study provides preliminary inflight evidence that
may inform refinement of resistive countermeasure protocols to preserve musculoskeletal health during
long-duration missions.
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