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Biomechanical Analysis of Lower Limbs during Walking under
Simulated Reduced Gravity

YANG Hongrui, LUO Shiyao, SHANG Kun, LIU Dongyue, MA Jialu
( National Key Laboratory of Human Factors Engineering, China Astronauts Research and Training Center,
Beijing 100094, China)

Abstract; Objective To investigate the influence of gravity levels on lower limb motions during human walking.
Methods A suspended microgravity simulation system was designed for the experiment. Kinetic parameters from
lower limb joints of twelve volunteers during walking were measured by the motion capture system and 3D force
plate under simulated Mars gravity (1/3 G), lunar gravity (1/6 G) and earth gravity (1 G). Results Under
simulatedMars and lunar gravity, the ranges of motion ( ROMs) of hip and knee joints in sagittal plane
significantly decreased ( P<0.01) while the ROMs of ankle joints obviously increased ( P<0.05). The ROMs of
hip, knee and ankle joints in sagittal plane under earth gravity were 45.2°, 67.7°, 32.5°, respectively, while the
ROMs of hip, knee and ankle joints under lunar gravity were 25. 1°, 50. 8°, 42.4°, respectively. In addition, the
force and torque of lower limb joints in sagittal plane under lower gravity also decreased significantly ( P<0.01).
Conclusions The results obtained by this study were almost the same as the research findings obtained by using
treadmill. Astronauts can use the treadmill and microgravity simulation system for walking exercises under lunar
gravity on the earth.

Key words: simulated reduced gravity; gait analysis; lower limb joints; kinematics; kinetics
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