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Study on Coordination and Variability During Loaded Stair Walking Based on Vector
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Abstract. Objective To quantify lower limb coordination and variability during loaded stair walking using vector coding technique.
Methods Kinematic data were collected from 16 male participants during stair walking under normal and loaded conditions using a
three—dimensional motion capture system and force plates. Inter—joint coupling angles and their standard deviations were calculated us-
ing the vector coding method. Results Compared to the control group, the loaded group exhibited different coordination patterns in the
frontal plane: during late swing phase in hip—knee coupling, hand—carried load showed distal coordination, while the control group
demonstrated anti—phase coordination; in knee—ankle coupling, hand/shoulder—carried loads primarily exhibited anti—phase coordina-
tion, whereas chest—held load displayed proximal coordination; during weight acceptance phase in hip—knee coupling, shoulder—car-
ried load presented proximal coordination, in contrast to the in—phase coordination of the control group. The loaded group also demon-
strated higher hip—knee coupling variability in the sagittal plane during early swing phase, and significantly increased variability in
hip—knee and knee—ankle coupling in the frontal plane during both early swing and weight acceptance phases. Conclusion The vector
coding technique effectively identifies changes in lower—limb coordination during loaded stair descent. Different loading modes elicit
specific coordination patterns that may increase the risk of knee injury, while the overall increase in coordination variability reflects
adaptive changes in motor control, potentially compromising gait stability.
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