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Estimation of the impact of aging on fall hazards

through a simulator reproducing fall actions
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With the increase in the elderly population, the incidence of fall-related injuries among the elderly is rising. To
address this issue, it is necessary to estimate the risk of injuries caused by falls. In this study, we developed a simulator
that replicates actual falling motions. This allows for the estimation of the impact force on the hands. The simulator is
constructed with a 17-link model, and a spring-damper model is implemented in both hands to calculate the impact
force. It generates scenarios from the onset of a fall to a few seconds after the body lands. The simulation included
scenarios for both young adults and the elderly to measure the maximum impact force on the hands. The results showed
that the elderly experience higher maximum impact forces than young adults. This result indicates that the risk of falling

increases with age.
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Table 2 Gains of each joint

Joints Ankle Knee Hip Lumber
k, 200 200 100 150
Fig.1 Simulator appearance kq 15 15 15 1.5
Table 3 Max. torque, and max. torque change rate for each joint

Ay X g 2 Max. torque Max. torque

: [Nm] change rate

[Nm/10 ms]

Direction | Young | Elderly | Young | Elderly
F,x Ankle | Dorsal 45 35 3.0 2.0
flexion
X Plantar 150 100 10 7.0
' flexion
¢ Pixg? c; Baxg? Knee | Flexion 0 0 13 8.0
Fig.2 Nonlinear two layers three elements Maxwell model Extension 260 180 13 8.0
Hip Flexion 0 0 7.5 4.5
Extension 150 100 7.5 4.5
Table 1 Values of elbow and shoulder stiffness and damping Lumber | Backbend 0 0 15 8.9
Stiffness Damping Forward 300 200 15 8.9
(Nm/rad/kg/m) (Nm*s/rad/kg/m) bend
Joint name Young Elderly Young Elderly
Elbow 1.099 0.625 0.042 0.032 23 FENOFHEE
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Fig.3 The impact force applied to the proximal and distal area
of the hand [5]
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Fig.4 The impact force calculated by the simulator
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Table 4 Parameter values of the spring-damper model

Parameters Values
a; (N/mm?) 0.0523
a; (N/mm?) 0.0642
B (N/mm?) 64.8756
B> (N/mm?) 83.8281
¢; (N/(mm/s)) 0.8890
¢, (N/(mm/s)) 0.8204
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Fig.5 Maximum impact force for free fall, elderly, and young
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Fig.6 Maximum impact forces before and after simulation
(** : p-value < 0.01)
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