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ABSTRACT

The aim of this study is to design a wearable product for protecting pelvis from falls. In this product, an airbag
cushion system was applied to absorb falling impact energy from falls. Korea became an ‘ageing society’ (defined
as a society of more than 7% of elderly population) in 2000 and is expected to be going into an 'aged society' (more
than 14% of elderly population) in 2018 and a 'super aged' (more than 20% of elderly population) in 2026. Falls can
be occurred in all life-cycle. In particular old people over 65 years have more experiences of falls. The elderly have
various forms of physical and mental degeneration and so they can easily meet a fall by tripping over a stone,
slipping, etc. In fact, fall and slip account for 55.3 percent of all accidents in case of the elderly in Korea. Therefore,
it is necessary to develop a product to prevent the elderly's injury from falls. Wearable airbag cushion system will be
developed in this study and firstly its design was developed. The characteristics of elderly falls were identified from
some previous studies and design requirements considering the characteristics were proposed. Finally, the design of
pelvic airbag cushion system for absorbing falling impact energy was developed.
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INTRODUCTION

Korea became an ‘ageing society’ in 2000 and is expected to be going into an 'aged society' in 2018 and a 'super
aged' in 2026. The increase in the elderly has aroused international and corporate interests and has enabled the study
and development of senior-friendly products. In particular, the degradation of senior citizens' physical and cognitive
abilities has underscored the necessity of ergonomic design in the development of senior-friendly products (Jung et
al., 2010). The elderly stay at home most of the time because they have declined in health, but there are many risk
factors in everyday life. The elderly are often exposed to the danger of accidents. In particular, fall and slip account
for 55.3 percent of all accidents in case of the elderly (Korea Consumer Agency 2007). It means that the possibility
of falls is very high for the elderly. In fact, because 30 to 50 percent of the elderly over 65 have experiences of fall,
five percent of the fallen have trauma such as bone fracture requiring hospitalization and three quarter of people who
die as fall are over 65 year old, fall is important health problem of them (Kim, 1998). A fall is often defined as
“inadvertently coming to rest on the ground, floor or other lower level, excluding intentional change in position to
rest in furniture, wall or other objects” (Stalenhoef et al., 2002). Falls are a common and important health issue for
the elderly. Falls are not only related with physical injuries, but must be very importantly considered for the elderly's
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independent life. Therefore it is necessary to develop a product to prevent injuries from falls for the elderly's
independent life.

ANALYSIS OF ELDERLY FALLS

The characteristics of elderly falls were identified from previous studies and the results were applied in the design of
a wearable product for preventing injuries from falls.

Frequency of Falls

Campbell, Borrie & Spears(1989) stated that more than one-thirds of the elderly had falls in the past year. Tabbitts
(1996) stated that 30 percent of the elderly had experience of fall every year. Cho(1996) stated it was 25.3% and
Yoo and Lee(2009) stated 31.8%. Many researchers have studied for frequency of falls in Korea. Table 1 presents a
summary of studies for falls frequency in Korea. Findings show that 30-50 percent among the elderly over 65 has
experience of fall, each year. The frequency of falls increases with age and frailty level (Kim and Suh, 2010). The
elderly who are living in nursing homes fall more often than those who are living in the community. Approximately
30-50% of people living in long term care institutions fall each year, and 40% of them experienced recurrent falls.
About 10 per cent of falls result in serious injury (eg fractures). Falls are a leading cause of injury-related hospital
admissions and deaths for the elderly. Falls can also lead to the need for residential care (Tinetti, 1987).

Table 1: Percentage of falls in Korea

Researcher Target group Percentage Comment
Mun (2005) N=201, 60+ 51.7 During last 3 yrs
Song et al. (2006) N=299, 65+ 45.5 During last 1 year
Yoo and Lee (2009) | N=129, 65+ 31.8 During last 1 year
Kim and Suh (2010) | N=435, 65+ 48.0 During last 1 year
Distribution

By gender, elderly female had more experiences for falls than elder male (Park, 2004, Jang 2002, Cho, 1996, Yoo
and Lee, 2009). For the place of the fall, Kim(2004), Mun(2005), Choi & Lee(2010), Kim & Suh (2010) stated that
the elderly had more falls in the outdoor, in particular in a street. On the other hand, Eom(2006) stated that the
elderly had more falls in the indoor from her analysis. This means that the elderly can meet a fall in any place. For
the causes of falls, Mun(2005) stated that slip was 54.8 percent of the whole and Eom(2006) stated trip was 59.9
percent and slip was 22.5 percent. Kim and Suh(2010) stated that the elderly met most frequently a fall while
walking and its percentage was 38.4. The elderly who lives alone had more experiences (51.7%) for falls than the
elderly who lives with the other (26.0%) (Yoo and Lee, 2009). For season that the elderly had a fall, Jang (2002)
stated that the fall occurred in summer most frequently and next spring. Yoo and Lee(2009) stated that the fall
occurred in spring most frequently and next summer. Eom(2006) stated spring(29.6%), summer(26.1%), and Kim
and Suh(2010) stated spring(42.3%), winter(27.9%). For the time of the fall, Eom(2006) stated the elderly had most
of falls in daytime. The areas of the fracture from falls included foot, leg, and pelvis (53.5 percent of the whole)
(Kim and Suh, 2010).

Characteristics of Elderly Falls

From the analysis of elderly falls, some characteristics were identified. (1) Elder female have more experiences for
falls than male. (2) The elderly who lives alone has higher possibility for falls. (3) Falls can be occurred in any
place including the outdoor and the indoor. (4) Old people have falls more frequently in spring and summer. (5)
Falls is frequently occurred in everyday life. (6) Falls is most frequently occurred while walking.
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DESIGN

Wearable Airbag Cushion System

Although there are many types of pelvic cushion system for protecting pelvis, it was not sufficient to protect human
pelvis. To ensure its protection effect, airbag system will be introduced for the development of the product in this
study. This product can disperse the impact of a fall using wearable airbag cushion system and so can substantially
reduce the risk of pelvis fractures in the elderly. This product will be developed as wearable type. This wearable
product consists of sensor module, airbag module, and control unit. Sensor module consists of acceleration sensor,
angle/angular velocity sensor, and terrestrial magnetism sensor. Airbag module consists of inflator, cushion, and
cover. Control unit consists of switches to control the product. Figure 1 is the concept diagram.
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Figure 1. Concept diagram of a wearable product for absorbing falling impact energy (left: before inflation,
right: after inflation)

Design Requirements

Design requirements were drawn considering characteristics identified from the analysis of elderly falls. The design
requirements are aesthetics, wearability, universality, comfort, usability, and functionality. Then, design guides were
proposed considering the design requirements and the elderly’s needs for the design of the product. The elderly’s
needs for the design were investigated through interviewing 5 persons and surveying literatures. Table 2 represents
the results.

Table 2: Design principles and requirements for pelvic airbag cushion system

Characteristics of Elderly Falls Design Requirements Design Guides

Attractive appearance

Aesthetics Sporty, compact, and smart shape

Sense of sports equipment rather than medical aid
Easy to wear and take off

Should not alter the body shape

Elder female have more experiences for
falls than male),

The elderly who lives alone has higher

possibility for falls Wearability Compatible with clothing
Adapted to fit the body
Making the elderly more familiarized with this product
Falls can be occurred in any place . . Should be used in any circumstances
Universality

Anybody can use the product regardless of experience, knowledge,
human scale, etc.

Will transport moisture away from the body
Comfort Will maintain the body temperature

Can be used at high temperatures

Intuitive and easy to handle

Usability Simple maintenance

Can be handled despite weak hands or stiff back
Protects the hip from falling impacts

Functionality Will not hinder body movement (walking, sitting ..)
Will not hinder body functions

including the outdoor and the indoor

Old people have falls more frequently in
spring and summer

Falls is frequently occurred in everyday
life

Falls is most frequently occurred while
walking
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Concept Design

A good impression of the product is crucial and so it is important to consider design requirements and design guides. The
belt was designed to round shape to give wearability and aesthetics. The front part of the belt has a buckle to fasten the belt
and was designed considering aesthetics. The back part of the belt was widely and thickly designed because it has airbag
in the inside. Figure 2 is the concept design. The elderly usually wear this product as a belt round his or her waist.
When the elderly fall down, the airbag of the product will inflate.
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Figure 2. Concept design of a wearable product for absorbing falling impact

CONCLUSIONS

In this study, characteristics of elderly falls in Korea were identified from previous studies and a wearable product
for protecting pelvis from falls was designed considering the characteristics. For the success of product
development, user requirements including ergonomic and emotional characteristics as well as its functional
characteristics must be considered. The elderly’s requirements for the design of the product were not sufficiently
surveyed in this study. In the future, the survey will be carried out for many elderly persons. Some prototypes of the
product will be also developed and then its usability will be evaluated.
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