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Asymmetry of The Reaction Forces on Thighs and
Feet During Sit-to-Stand Movement in Normal Subjects
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Abstract: The purpose of this study was to analyze the asymmetry of the reaction forces on lower limbs between
dominant and nondominant sides during sit-to-stand movement in normal subjects. Fourteen normal subjects
(22.6 + 2.3 yrs, all men) participated in this study. To measure the reaction forces during sit-to-stand movement, two
force plates were mounted on the ground and one dual top force plate was mounted on a chair. Five events(movement
onset, max thigh reaction force, transition, max hip angle, seat off) were determined from the reaction force and joint
angle trajectories. For each of thigh, foot, and total reaction forces, two-way ANOVA was performed with the events
and sides as factors. Also investigated was the leg asymmetry expressed as the ratio of the reaction forces of dom-
inant and nondominant sides. The significance of asymmetry was investigated and two-way ANOVA was performed
with the events and body parts(foot, thigh and total) as factors. Thigh reaction force and total reaction force showed
interaction of events and leg sides(p < 0.01). Post-hoc comparisons showed they were different between sides at the
latter stage(transition, max hip angle, and seat off events) (p < 0.01). Asymmetry was also significant at the latter
stage(transition, max hip angle, and seat off events) (p < 0.01). Interaction of events and body parts on asymmetry
was significant(p < 0.01) and asymmetry was greater in thigh reaction forces than total and foot reaction forces at
the events of the latter stage(p < 0.01). The results suggest that asymmetry exist in normal subject and should be
fully considered when investigating sit-to-stand strategy of patients.
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Characteristics mean + SD (N = 14)
Age [year] 22.3+2.4
Weight [kg] 63.4+6.1
Body mass index [kg/m?] 21.4+ 2.0
Body fat ratio [%] 16.2+ 3.5
Height [cm] 172.2+ 4.6
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Fig. 2. Starting position of the sit-to-stand movement
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Table 2. Two-way ANOVA of reaction force on feet
F Sig.
Side 1.189 0.278
Event 209.035 0.000**
Side x Event 0.164 0.956
(**p < 0.001)
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