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Ⅰ. Introduction
According to the statistics of the elderly in 2020 released by the National Statistical Office, Korea is expected to
enter a super-aged society, as the population aged 65 and over accounted for 15.7% of the total population in 2020
and will increase to 20.3% by 2025 due to rapid aging. In addition, the number of disabled registered by the Ministry
of Health and Welfare in Korea (as of the end of December 2019) was about 2.61 million, or about 5% of the total
population. Among them, the physically challenged person was surveyed the most with approximately 1.22 million
(Statics Korea, 2020).
In old age, bodily functions deteriorate to general weakness such as muscle strength weakness, decreased sensory
function, balance and gait ability due to geriatric disease and degenerative disease, etc (Baker et al., 2005). As a result
of this deterioration of physical function, there is a limitation in the sit-to-stand transfer, which is the most basic movement of daily life.
The sit-to-stand transfer is one of the most performed movements in daily life and is very important in terms of
activity-based functionalities (Smith & Baer, 1999). Although sit-to-stand transfer requires muscle strength and balance
ability of the lower extremity, the frail elderly and disabled have difficulty performing sit-to-stand transfer due to the
significant decrease in this ability (Lomaglio & Eng, 2005). And then it on affects increasing the risk of falls (Connell
et al., 1997).
Because degenerative diseases and physical function limitations of the frail elderly and disabled require long-term
rehabilitation treatment, most of them are cared for by a caregiver (Jumisko et al., 2005). Care involves of several activities that use the body excessively, such as lifting, standing, transfer, position change, and waist bending, while directly
in contact with the participant (Connell et al., 1997). As a result, it often places a burden on the musculoskeletal system,
which increases the risk of work-related musculoskeletal disease (Kwon & Yang, 2013). The prevalence of musculoskeletal injury among caregivers working in long-term care hospitals was quite high, and 90.8% of the caregivers responded that they felt pain while nursing care (Ryu, 2012).
Therefore, interest in devices to assist the sit-to-stand transfer for the frail elderly and disabled has begun to increase.
Several devices have been developed to assist with the sit-to-stand transfer (Kim et al., 2009; Kim et al., 2015; Ahrary
et al., 2018). Such devices should be easily and conveniently used by the frail elderly and the disabled who have difficulty in the sit-to-stand transfer due to lower extremity problems. It should also help prevent musculoskeletal diseases
caused by excessive activities of caregivers.
For this purpose, a device was developed to assist the sit-to-stand transfer, and the feasibility of the device was briefly
investigated in this study.

Ⅱ. Methods and results
1. Development of sit-to-stand transfer assistive device
1) Device structure
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The sit-to-stand transfer assistive device consists of a movable part, a support stand, and a connective part connecting
the two (Figure 1).

Figure 1. Concept of sit-to-stand transfer assistive device

The movable part has four wheels so that it can be moved after standing up, and the support stand has a structure
of two columns so that the user can hold it with his or her arms when standing up. The connective part is adapted
to fix the support stand with the movable part or to change the angle of the support stand. (Figure 2).

Figure 2. Sit-to-stand transfer assistive device

2) Device Operational algorithms
First, the device is positioned where the user sits, and the user's knee is supported by a knee protective plate of
a support stand. When the user stands up actively, the angle of the support stand is fixed to the caregiver's side, and
the user directly grabs the handle of the support stand and pulls the weight with the pulling force. By moving forward
and upward, the user can stand up stably with little force. When the user stands up passively, the angle of the support
stand is fixed to the user's side so that the user holds and maintains the handle of the support stand. And then the
caregiver changes the angle of the support stand back to the caregiver's side and moves the user's weight upwards and
forwards as well so that the user gets up easily from a sitting position.
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2. Feasibility test
1) Participants and methods
In this study, a feasibility test of the sit-to-stand transfer assistive device was conducted on 10 healthy adults. After
having the participants use the developed sit-to-stand transfer assistive device, a short interview was conducted to investigate the device's feasibility (Figure 3). The subjects were asked what was inconvenient about the device when using
the sit-to-stand transfer assistive device.

Figure 3. Feasibility test of sit-to-stand transfer assistive device

2) results
As a result of the feasibility test, overall was satisfied with the assistance degree of the sit-to-stand transfer assistive
device when standing up from a sitting position. However, there were opinions that the sit-to-stand transfer assistive
device needed a function to control the height of the knee protective plate in a sitting position according to the user's
physical characteristics. Because the lock device for fixing the position and adjusting the inclination of the support stand
was in the lower connective part, it was difficult to operate it, and there was the inconvenience of having to operate
both sides at the same time. For this reason, there was an opinion that it needed to be improved to a locking device
that could be easily manipulated. There were opinions that it would be better to reduce the size of the device as it
would be inconvenient to move and store it because it was too large.

Ⅲ. Discussion
Due to natural aging or disease, the frail elderly and disbled with lower extremity muscle weakness have different
sit-to-stand transactions from healthy adults (Park et al., 2003; Bernardi et al., 2004; Cheng et al., 2004). Stability during
sit-to-stand transfer shows the individuality of movement according to the characteristics of an individual's physical disease (Bernardi et al., 2004; Ramsey et al., 2004; Roy et al., 2006). The sit-to-stand transfer is essential for the independent performance of basic activities of daily living. In the case of the frail elderly with weakened muscle strength
and postural instability, the performance of sitting and standing motions is not independent and increases the risk of
falls (Guralnik et al., 1994; Hirvensalo et al., 2000).
Several forms of sit-to-stand transfer devices have been developed for the frail elderly or disabled who have difficulty
in sitting-to-stand transfer (Kim et al., 2009; Kim et al., 2015; Ahrary et al., 2018). In most cases, the sit-to-stand transfer devices are performed by adjusting the angle of the seat plate that supports the hips in the sitting position. Because
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they have only a slightly assistive function, it is difficult for the frail elderly and the disable to sit-to-stand transfer
due to a severe decrease in the muscle strength of the lower extremity, and then they have limitations in use. In addition,
since there is no function to support or assist other parts of the body such as an arm, there may be a risk that a fall
may occur during the sit-to-stand transfer. In this study, we developed the sit-to-stand transfer device that enabled users
to sit-to-stand transfer as easily and reliably as possible by holding the handle of a fixed support stand and moving
the weight forward and upward.
In this study, the feasibility of the developed sit-to-stand transfer assistive device was investigated with a simple interview with healthy adults. As a result, they were generally satisfied with the device's sit-to-stand transfer assist. The
frail elderly are difficult to sit-to-stand transfer because degradation of neuromuscular factors is combined with sensor-motor systems due to aging, etc (Kuh et al., 2006). Their difficulty in sitting-to-stand transfer increases the risk
of falls (Orr et al., 2006). These falls can lead to serious injuries, and the fear of falling may limit the ability to perform
activities in daily life (Hornyak et al., 2013). Stable performance of sit-to-stand transfer is important to prevent falls
and improve quality of life.
As a result of the feasibility test, the participants were generally satisfied with the function of assisting the device's
sit-to-stand transfer. Therefore, the frail elderly with reduced muscle strength and balance can use this device to
sit-to-stand transfer, prevent falls, and expect a higher quality of life. In addition, it will also reduce the incidence of
musculoskeletal disease in caregivers because caregivers can assist in sit-to-stand transfers of the frail elderly or disabled.
However, it is necessary to add a function for manipulating the height of the knee protective plate in a sitting position
according to the user's physical characteristics. Since a locking device for fixing the position and adjusting the inclination of the support stand is located on the lower connective part, it is difficult to operate, and it is inconvenient
to operate both sides at the same time. There were opinions that it needs to be improved into a locking device that
can be easily manipulated and it would be better to reduce the size because the device is too large to move and store.
In addition to supplementing this point in the future, the feasibility test will also need to be conducted on elderly or
disabled users to clearly verify the feasibility of this device using quantitative methods.
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