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Introduction 
With aging and frailty, the deterioration of the ability to climb stairs constitutes a major 
source of disability and a factor contributing to the loss of autonomy. The aim of this 
study was to investigate the kinematic characteristics of stair climbing in frail elderly.     
 
Methods 
Fifteen frail elderly subjects and fifteen young adult controls were recruited for this 
experiment. The frailty was defined as ≥3/5 on the Korean version of the FRAIL (K-FRAIL) 
scale. The all subjects underwent three-dimensional motion analysis (VICON MX-T10 
Motion Analysis System) during stair ascent with laboratory three steps staircase. The 
kinematic and the spatiotemporal parameters were compared between groups using the 
independent t-test.    
 
Results 
In the sagittal plane, the frail elderly group presented greater anterior pelvic tilt angles 
than the young adult group during stair climbing (p<0.05). Compared to the young adult 
group, the frail elderly group demonstrated greater hip flexion angle at initial contact, 
less maximal hip extension angle in the stance phase, and greater maximal hip flexion 
angle during swing phase (p<0.05). The frail elderly group also demonstrated smaller 
knee flexion and ankle dorsiflexion angles than the young adult group at initial contact 
(p<0.05). In the coronal plane, the frail elderly group demonstrated less maximal pelvic 
upward obliquity and greater maximal knee varus angles than the young adult group 
during stair climbing (p<0.05). In the transverse plane, the frail elderly group presented 
greater maximal hip internal rotation and external rotation angles than the young adult 
group during stair climbing (p<0.05) (Table 1). Spatiotemporal characteristics of frail 
elderly group showed decreased cadence and velocity, and increased stride time and 
stance time ratio compared to young adult group (p<0.05) (Table 2).     
 
Conclusion 
The Results showed that frail elderly subjects had the different kinematic alterations in 
the pelvis, hip, knee, and ankle compared to young adults during stair climbing. This study 
provides data for use in basic research into safe gait on stairs for frail elderly people.    
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