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Background Recently, the number of injuries due to play equipment
consisting of an air-inflated membrane has been rapidly increasing.
For example, a child fractures his femur when he is jumping on the
play equipment and an adult is also jumping around him.

Purpose Research to understand the dynamics of the air-inflated
membrane structures is strongly required.
Methods We developed a child’s femur impactor (figure 1) to
measure the impact force on the femur when the child falls on the
equipment and examined the dynamics of the play equipment.
Results We conducted drop experiments to measure the impact
force applied to the femur when landing on the equipment in
the situation that a single child fall from a high position. The
experimental result indicates that the impact force in the case
of a single fall is proportional to both the collision velocity and
the weight. Second, we studied the characteristics of the play
equipment when two or more people are jumping. The experi-
ment using the impactor revealed the new finding that the
propagation of the membrane tension generated by a jumping
adult can cause a fracture of the femur bone of a child around
the adult. The computer simulation also supports the findings
(figure 2).
Significance This new finding suggests that a new safety standard
for equipment consisting of air-inflated membrane structure is
required especially regarding the weight and the number of adults
playing with children.

Figure 1 Play equipment and femur impactor.
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Figure 2 Computer simulation of propagation of impact.
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