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With aging, the musculoskeletal system (muscles, ligaments, tendons, etc.) weakens, especially in
the lower limbs, leading to a decline in quality of life (QOL). The decrease in lower limb strength
and bone density contributes to worsened balance during activities like walking and standing,
increasing the risk of falls and fractures. Further declines in musculoskeletal function are a primary|
cause of needing care. The progression of physical and cognitive decline, known as "frailty," is
considered a pre-care stage. When frailty advances, physical activity and outings decrease,
accelerating functional decline; however, early intervention may help maintain or improve motor
function. Thus, early detection of frailty is crucial for promoting elderly health, and many methods
to evaluate lower limb strength have been proposed.

The Five Times Sit-to-Stand Test (FTSTS) is widely used to assess lower limb strength in the elderly
by evaluating the time taken to stand up from a chair five times, reflecting lower limb function. This
test is simple and cost-effective for clinical settings; however, performing it at maximum effort]
increases the risk of falls and may overstrain and damage lower limb joints. Therefore, a test|
allowing patients to perform at their own pace with less physical burden is necessary for safety.
IAdditionally, challenges in measuring multiple individuals simultaneously and the physical burden
on caregivers highlight the need for automated measurement systems. Moreover, FTSTS includes a
frailty criterion, defined as the inability to stand from a chair five times consecutively without using
the upper limbs, making it beneficial to have a quantitative evaluation method for such individuals.

One automated FTSTS measurement approach uses a force plate to capture variables such as time
elements, force values, and force increase rate, which are known to correlate with lower limb
strength and show strong relationships with abilities like standing, walking, and response time.
Poor force plate results are often observed in patients with a history of falls, fear of falling, or
limitations in mobility, indicating its usefulness in detecting frailty. However, most studies focus on
maximum-effort movement, and gentle, self-paced actions remain uncommon. Also, no previous
studies have been reported specifically for frailty, as far as we know. Therefore, this study
implemented FTSTS using gentle movements and proposed a frailty detection method based on the
obtained force plate data. Although effective, the high cost and large size of force plates make them|
unsuitable for elderly care facilities and home visits, posing challenges for practical application.

A promising method for FTSTS automatic measurement is motion sensor-based body acceleration

analysis. Motion sensors are affordable, portable, and easy to use, making them suitable for

widespread clinical use. Studies have shown correlations between acceleration-derived sit-to-stand
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indices and indices from force plates and motion capture. Additionally, research has indicated a link
between sensor-measured acceleration in elderly sit-to-stand movements and center of gravity
movement, supporting the effectiveness of an acceleration-based method for FTSTS automatic
measurement. However, most studies involve maximum-effort tests, and we found no reports on
centle, self-paced measurements. If proven effective, such an acceleration analysis system could
provide a safer, new assessment for lower limb function. Consequently, this study proposed a frailty|
detection method using self-paced, low-burden FTSTS movements. We developed a system that uses
a wearable motion sensor with wireless communication to measure sit-to-stand actions, conducted
clinical trials on elderly subjects, and evaluated frailty based on Japanese Cardiovascular Health
Study (J-CHS) criteria using acceleration data, demonstrating the usefulness of the proposed

method.
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