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Sit-to-Stand (STS) is a movement frequently performed in daily life. Yet, it requires sufficient lower
limb muscle strength and a sense of balance, making it a highly challenging movement for people
with reduced physical function, including the elderly. Therefore, it is necessary to provide an
environment that assists in STS. However, few current furniture designs consider STS. In addition,
although previous studies have investigated the relationship between the height and angle of the
seat surface and STS, few studies have focused on the properties of the seat surface material.
Therefore, this study aimed to elucidate the effects of differences in the mechanical properties of
seat materials on STS.

Three types of soft polyurethane foam (flexible/low resilience, flexible/high resilience, and rigid/high
resilience) were used as the seat material, and two multi-layer construction conditions were added,
combining different materials in the upper and lower layers, for a total of five conditions for
comparison. Twelve healthy students participated in the experiment, and their STS were measured
under each condition using a 3D motion capture system and two force plates.

The maximum moment applied to the knee joint and hip joint was calculated for each condition,
with the flexible, low-resilience single-layer cushion condition having the highest value in each
case. The lowest values were found in the rigid, high-resilience single-layer cushion condition, and
there was a significant difference between the two conditions.

A comparison of the maximum knee joint moment values showed that the load on the knee joint
increased in the low-resilience seating condition. The knee joint moment was also higher in the
multi-layer cushion condition, where the upper layer consisted of low resilience and the lower layer
consisted of hard and high resilience. These results suggest that the low resilience of the upper
layer of the seat surface may contribute to the increased load on the knee joint. On the other hand,
focusing on the maximum value of the hip joint moment, high values were observed even in the
flexible and highly resilient single-layer cushion condition. Therefore, it is considered that the soft
seat material promoted excessive body center of gravity shift during STS, resulting in an increased
load on the hip joint.
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Sit-to-Stand (STS) is a movement frequently performed in daily life. Yet, it requires sufficient lower limb,
muscle strength and a sense of balance, making it a highly challenging movement for people with reduced
physical function, including the elderly. Therefore, it is necessary to provide an environment that assists in STS.
However, few current furniture designs consider STS. In addition, although previous studies have investigated
the relationship between the height and angle of the seat surface and STS, few studies have focused on the
properties of the seat surface material. Therefore, this study aimed to elucidate the effects of differences in the
mechanical properties of seat materials on STS.

Three types of soft polyurethane foam (flexible/low resilience, flexible/high resilience, and rigid/high
resilience) were used as the seat material, and two multi-layer construction conditions were added, combining
different materials in the upper and lower layers, for a total of five conditions for comparison. Twelve healthy|
students participated in the experiment, and their STS were measured under each condition using a 3D motion
capture system and two force plates.

The maximum moment applied to the knee joint and hip joint was calculated for each condition, with the
flexible, low-resilience single-layer cushion condition having the highest value in each case. The lowest values
were found in the rigid, high-resilience single-layer cushion condition, and there was a significant difference
between the two conditions.

A comparison of the maximum knee joint moment values showed that the load on the knee joint increased in
the low-resilience seating condition. The knee joint moment was also higher in the multi-layer cushion
condition, where the upper layer consisted of low resilience and the lower layer consisted of hard and high
resilience. These results suggest that the low resilience of the upper layer of the seat surface may contribute to
the increased load on the knee joint. On the other hand, focusing on the maximum value of the hip joint
moment, high values were observed even in the flexible and highly resilient single-layer cushion condition.
Therefore, it is considered that the soft seat material promoted excessive body center of gravity shift during
STS, resulting in an increased load on the hip joint.
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