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Abstract 

The home should represent safety and security for the person who lives there, and this is an 

important factor for independence and autonomy in very old age. With aging populations, the 

needs for long-term care increase, care provided by spouses and/or from the growing home 

care sector. Injuries among these groups are common. 

In this study, an ergonomics perspective was applied in the analysis of some basic daily 

activities performed by old persons and by home care workers, assisting.  

 The postures and movements of home care staff assisting at toilet visits, and 

transferring persons from wheelchair to toilet, were measured and analysed.  

 Some daily activities related to making food and washing clothes, performed by a 
group of persons between the age of 75 and 100, were measured and analysed.  

 The task of getting up from the floor – on your own and with the help of a walker 
equipped with a lifting device – was analysed with the help of older persons and 
nursing staff. The design was built on the knowledge gained from analysing how older 
people get up from floor. 

 Requirements for access with a four-wheeled walker in the local built environment 

were investigated. 

Observations were made with the help of video recording. Postures were recorded with the 

CUELA measurement system. The VIDAR ergonomics evaluation instrument was used to 

register the participants’ experiences of discomfort and pain during getting up from the floor 

with or without the walker with a lifting device. Structured interviews were used to find out 

about older peoples’ experience of using the four-wheel walker. 

It is concluded that ageing at home requires improved architectural and technical bathroom 

design and improved access in the local built environment.  

 

Key words: Ergonomics, aging, work posture, four-wheeled walker, home care worker, living at 

home, accessibility. 
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Foreword 

I am a physiotherapist who worked for a few years in the profession. I 

loved the opportunity to work with older people in a nursing home and 

also tutor colleagues and assistant nurses in ergonomics in their daily 

work. After a few years as a physiotherapist, I was given the opportunity 

to become the manager of a small hotel. It was a challenge in many ways and from these years, 

among many other things, I brought with me an increased knowledge of the needs for well-

functioning and attractive facilities.  

After this I became a project manager when Probitas, a real estate company owned by the 

Immanuel Church, was building a new facility for older people in the center of Stockholm. 

During these years I read everything I could find about the best environments for elderly 

people. I thought that if I could create an environment which was attractive to older people, 

which means it has to be accessible, easily orientated, safe and beautiful among other things, I 

could create excellent opportunities for the best of care. An environment should be well suited 

for the care worker, which means it has to have well-designed working areas and equipment 

for care, administration, office work and cleaning, etc. The environment should include places 

for social meetings, intellectual stimulation and relaxation for both the older people and the 

care workers.  

During this time I met two professors, Lena Borell and Tore J. Larsson, who tried to talk to 

me about doing research. After some time Tore managed to find a solution for me; I got the 

opportunity to do research and continue to have one foot left in the real world as a doctoral 

student/project manager employed by Micasa, a real estate company mostly focusing on 

homes for older people and people with disabilities. People who know me are well aware that I 

always need and search for new challenges, and this thesis has certainly been a challenge. I 

think the most difficult part for me has been to focus on the small parts of this big puzzle: 

houses for life-long living and care. There are so many areas to target. I have tried to affect this 

area as a politician, a project manager and I have even been to Beijing and tried to tutor 

China’s professors, building designers and care personnel about this subject. But when I wrote 

this thesis, I came to realize that the most important characteristic for a researcher is patience. 

There are so many things which need to be investigated. Every corner of the home needs to be 

evaluated with an ergonomic and injury prevention perspective, focusing on older people and 

home care workers. This could take years, and I am happy to say that I have been taught a 

great deal through my various projects. I hope my research could be more efficient in the 

future, because I would like to continue to contribute in this field. I have come to some 

conclusions in this thesis, i.e., conclusions about small details of the whole picture. I have 

learned the importance for a researcher to have direct access to reality if changes should be 

made. I hope my future research career will combine a deeper knowledge of older peoples’ 

needs with the practical designing of new homes and equipment as well as possibilities to share 
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my knowledge in “real life”. If the future politicians could contribute with interest and financial 

support to me and my colleagues, we could have an opportunity to make these changes.  

January 2014 

Jenny Hjalmarson 
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1 Introduction 

In Sweden there is an expression which says “Away is okay but there is no place like home”. 

Research confirms that this is a feeling which stays with us to old age and that most people 

prefer to live in their own home as long as possible [1, 2]. The older generation is growing all 

over the world. The old can, as WHO points out, be a resource for the world, but there are 

concerns about how to prevent disabilities and how to give the best of care at an affordable 

cost [3]. Many countries work with the concept called “Age-friendly cities” to meet the 

growing older populations’ needs [4]. Many countries also seek to increase and develop their 

home care service, which is considered one important solution [5-10]. With a fast technical 

development and higher living standards, the possibilities to stay at home longer increase. This 

will increase the need for deeper knowledge of older peoples’ living situations and possible 

difficulties in their daily life at home. 

1.1 Demography  
The world’s demographics are changing. Between 2000 and 2050 the proportion of the 

population over 60 years will increase from 605 million to 2 billion people. WHO estimates 

that the need for long-term care will increase, part of it in home care, both provided by 

relatives and by organizations. In a large part of the world the demographical changes grow 

very fast. Countries such as China, Brazil and Thailand are expected to increase the population 

above 65 years from 7% to 14% during a period of about 20 years; Sweden has gone through 

the same changes during a period of about 80 years [3]. See Figure 1 for a description of time 

expected for population changes in the world. 

 
FIGURE 1 THE SPEED OF POPULATIONS AGING TIME REQUIRED OR EXPECTED FOR 

THE PERCENTAGE OF POPULATIONS AGED 65 AND OVER TO RISE FROM 7 TO 14 

PERCENT. (Source: Kinsella K, He W. An aging world: 2008. National Institute on Aging and U.S. Census Bureau) 

Right now 19% of Sweden’s population is above 65 years and 3% above 85 years; the 

prognosis shows that in 30 years the same proportion will be 24% above 65 and 5% above 85 

years [11]. In Figure 2 the prognosis of the Swedish population is described in relation to age 

groups. There are several reasons causing this change, but one is of course that people live 

longer and longer. The life length after 65 has increased from 14 to 18 years among men and 
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from 18 to 21 years among women during the last 30 years in Sweden. Older people could 

become a huge resource in the future. Many people maintain good health up to high ages and, 

if the environment is well suited for the elderly’s needs, their possibilities to contribute in their 

 
FIGURE 2 THE POPULATION PROGNOSIS IN SWEDEN IN RELATION TO AGE GROUPS. 

(SCB Statistic Sweden database 2013) 

community increase. To do so WHO, among others, brings forward several areas; for example, 

the need for community and health service with good knowledge of the old people’s needs [3]. 

The housing situation varies between countries as well the ability to receive care at home [3, 6, 

12].  

1.2 Living situation  
The home means safety and security for the person who lives there [13], and it is an important 

factor of independence and autonomy in very old age [14]. This is of course depending on the 

homes’ characteristics, and if they satisfy the needs of the person living there. In Europe most 

people, 78%, live in housing with a good standard, which means they don’t have  any of the 

four conditions below:  

1. Leaking roof, damp walls/floor/foundation or rot in window frames or floor  

2. No bath or shower in dwelling 

3. No indoor flush toilet for sole use of toilet 

4. Lack of appropriate lighting 

The housing conditions vary between countries; in Sweden 88% live in housing with a good 

standard in comparison with people in Slovenia and Romania where as many as 40% and 52% 

of the people live in housing which at least has one of the difficulties mentioned above. The 

main differences in standard are the availability of a flush toilet and a bath or shower [15]. 

Fifty percent of the male citizens above 80 years in Sweden live in houses and the other 50% in 

apartment buildings. At the same age, 34% of the women live in houses and 66% in apartment 

buildings. The trend of people moving from a house to an apartment building when they are 

becoming older is common in Sweden; see Table 1. [16]  
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The reasons for moving vary of course; social factors, basic needs and barrier reduction are 

important areas [17]. When older people in Sweden move, it is most common to stay in an area 

close to the earlier home. One common time to move is after the husband/wife dies. In the 

group of people above 80 years, 80% of the females and 40% of the men live alone [16]. An 

aging population needs homes which are accessible, but in a Swedish survey from 2002/03 , 

47% of the older people answered that their home had insufficient accessibility [16].  

TABLE 1 HOUSING SITUATION AMONG OLDER PEOPLE 

 

WHO has since 2007 actively worked for what they call “Age-friendly Cities and 

Communities”. They bring forward the need for both a suitable home for the needs and the 

safety for the older population, but also several other areas for the cities to develop in order to 

correspond to old people’s needs. The checklist of essential features is extensive; one example 

is creating a good living environment: outdoor spaces and buildings which are safe and 

accessible. There should be frequent public transportation and a safe traffic. Housing should 

be designed to older people’s needs as well as be affordable, and there should be activities 

provided for social interaction and possibilities to contribute to the cities for older people. [4] 

1.3 Ergonomics at home 
In this thesis the ergonomics perspective is used to analyse most of the tasks. Ergonomics is 

traditionally used as a perspective for analysing work-situations but has also been used when 

analysing the home environment and older people[18]. Ahsan describes the basic principle of 

an ergonomic home: a person´s basic needs are fulfilled and met without many problems in the 

environment [19]. 

The definition of ergonomics is according to the International Ergonomics Association: 

“Ergonomics (or human factors) is the scientific discipline concerned with the understanding 

of the interactions among humans and other elements of a system, and the profession that 

applies theoretical principles, data and methods to design in order to optimize human well-

being and overall system performance.” [20]. 

Ergonomics at home, in this thesis specifically aiming at homes for older people, means that 

inclusive design needs to be a central part of developing the environment or devices for the 

home. Inclusive design is defined according to the British Standards Institute: 

“The design of mainstream products and/or services that are accessible to, and usable by, as 

many people as reasonably possible ... Without the need for special adaptation or specialized 

design.” [21]. 
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There are different models to work with the inclusive design; one is the Waterfall Model which 

helps in understanding the needs and helps to describe the requirements before creating and 

developing a solution [22]. The inclusive design concept is brought forward as a challenge 

assumption to ‘mainstream products’ for ‘fully able’ users or the ‘assistive technology’ products 

for users with disabilities. To be able to do this there is a need to understand the capability 

variation among the population [23]. Working with developing products for lifelong living does 

not necessarily mean that the design is for all, but the first phase of the Waterfall Model aims 

to find the needs. The inclusive design concept brings forward a wide perspective when 

developing the products.  

The inclusive design framework is commonly used in areas regarding homes and environments 

for the aging population [24-26]. Argument for this is of course to aim for functionality among 

older people regardless of their abilities, but another reason could be older people’s skepticism 

to technical devices which they avoid if possible [2]. 

When describing ergonomics at home there is need for the definition of two other concepts 

which have to be included: accessibility and usability. I use Iwarsson and Ståhl’s definition 

from 2003 and the difference between them.  

“Accessibility is a relative concept, implying that accessibility problems should be expressed 

as a person-environment relationship. In other words, accessibility is the encounter between 

the person's or group's functional capacity and the design and demands of the physical 

environment. Accessibility refers to compliance with official norms and standards, thus being 

mainly objective in nature.” [27] 

Accessibility is widely used and most often described as an area which highly affects older 

people's experience of their home and surroundings.  

“Usability the concept of usability implies that a person should be able to use, i.e. To move 

around, be in and use, the environment on equal terms with other citizens. Accessibility is a 

necessary precondition for usability, implying that information on the person-environment 

encounter is imperative. However, usability is not only based on compliance with official 

norms and standards; it is mainly subjective in nature, taking into account user evaluations 

and subjective expressions of the degree of usability. Usability is a measure of effectiveness, 

efficiency, and satisfaction. Most important, there is a third component distinguishing 

usability from accessibility, viz. The activity component.” [27] 

Usability at home is described mainly within occupational therapy [27, 28]; it focuses on the 

activity and functionality and how elderly perceive their possibility to perform necessary and 

preferred activities in the home environment [29].  

Most documentation regarding ergonomics and the home includes home care work [30-34], 

which is relevant from a lifelong living perspective, where people will continue to live at home. 

The ergonomics perspective contributes to buildings design and function [19]. 
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1.4 Home care 
WHO writes that new systems for health care must be developed. These systems need to be 

extended beyond the hospital settings because the older population is increasing, and older 

people often have several chronic diseases and disabilities. One area brought forward by WHO 

is home care [3]. Larsson describes factors which could increase the possibilities to continue 

living at home: home care, support to relatives, home modifications and assistive devices[16].  

Sweden has a long tradition of home care; the most common help provided is cleaning, 

shopping, laundry, and support with personal hygiene and dressing [35]. At the moment 12% 

of people over 65 years of age get help from a formal home care provider [36]. When people 

above 80 in Sweden were asked about their needs for help in daily living, most of them 

answered that they needed help with different small things such as making a doctors 

appointment, cleaning, doing the laundry, changing light bulbs, etc. They also describe needs 

for help with going out and participating in different activities [35]. Home care in Europe 

differ between countries and the possibilities to get formal home care vary widely [6]. Many 

countries describe an aim that older people should be supported to continue living at home as 

long as possible [5, 6]. Home care is reported to cost less than institutional care [7] and also 

increases the likelihood for people to continue to live independently [37]. The formal home 

care varies, but it is clear that many older people need help. There is a great deal of informal 

care giving support for older people, which is provided by husband or wife, children, other 

relatives but also friends and neighbours. The informal care occurs alone but also in 

combination with formal care. [8, 38-42]. It is impossible to know exactly how much help that 

is provided by informal care givers, but that this care is a substantial complement to the formal 

care is well known. 

1.5 Work in home care 
The formal home care sector is increasing and is expected to continue to do so in the future 

because of the demographic changes. The education level in the home care sector varies in 

Sweden from assistive nurses to advanced intensive home care doctors. In this thesis, the focus 

is on the assistive nurses’ work situation. The assistive nurse is also the most common person 

to work in home care.  

There are several studies reporting risks of injuries among home care workers; they describe 

overexertion injuries to be the most common [43]. Fifty percent of the home care workers find 

their work physically demanding [32]. The work is described by Dellve et al. as a reason for 

disability pensions among 87% of the home care workers. In their report they describe regular 

lifting, often heavy and in awkward positions, to be a reason for injuries [44]. The 

musculoskeletal disorders that are common among home care workers are in the shoulders, the 

neck and the lumbar back [45, 46]. Most of the home care workers describe their work as 

physically demanding [32], and the most common reason for symptoms from back, neck and 

shoulders are overexertion injuries [46]. According to Brulin et al., the home care workers 

describe their work environment as narrow in width; “The bathrooms are usually very small, 

especially in old apartments” [34]. The patient-handling task which is perceived to be the most 

stressful for the care worker is the transfer from wheelchair to toilet and then the reverse 
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transfer back to the wheelchair [47]. Baptiste reports details about moving care recipients with 

disabilities who are dependent on help to transfer, and points out the importance of learning 

more about specific tasks to understand where the high risks occur [48]. The bathroom is a 

frequently discussed area of work environment for care workers. 

1.6 Bathroom design 
In a recent survey about what reasons make elderly people move from a regular 

apartment/home to a nursing home, one of the main findings was that persons with 

decreasing ability and an increasing need for help, especially in the bathroom, was a common 

group [49]. The bathroom is known to be an area which creates difficulties for people with 

disabilities [50, 51]. Home care workers describe the work environment as cramped and 

narrow in the bathroom [34], and ‘poor posture’ occurs during 50% of the time when they are 

helping someone to and from the toilet. The care workers often felt overexertion carrying out 

the task [30, 52].  

When designing housing for older people, the bathroom is one area which needs specific 

consideration. In a Swedish standard bathroom there is a flush toilet, a basin, a shower and/ or 

a bath tub. The size of the bathroom varies depending on when the house was built. Houses 

built before 1965 have smaller bathrooms which are more difficult to make accessible  [53]. In 

Sweden there are detailed regulations for how a bathroom should be designed spatially to be 

accessible for all. The regulations give two levels of accessibility, one normal, which should be 

accessible for someone who needs no more than a space with 130 cm in diameter to turn and 

one high-level, with a space allowed for turning that is 150 cm in diameter. The high-level 

regulations are concerned with the accessibility for the person in the wheelchair who uses the 

bathroom, and does not describe the space needs of the care worker in the bathroom [54]. In 

Sweden, the Institute for Health Care Planning and Rationalisation (SPRI), in a study from the 

late seventies, defined the need of space in a nursing home bathroom in relation to work area 

and accessibility [55]. The measurement suggestions in the high-level accessible bathroom are 

most often enough to perform the tasks including assistance from a care worker investigated 

by SPRI. 

Kroemer describes how to design for older people; his examples regarding the bathroom are 

simple but clear;  

“Provide ample space for dressing, washing, toileting, especially when less mobile because of 

age or disability; grab bars may be desirable” [56].  

It sounds simple but we need to learn more to be able to develop these bathrooms; what is 

needed in the bathroom, and how to make them accessible, safe and comfortable. When 

people need more care in the home, there is a risk that they lose their home as a private 

territory because it turns into a working place where care workers come and go [57]. The home 

is a complex dynamic system, and it is difficult to evaluate and design it to become a perfect 

work environment without affecting the person’s privacy [58]. 
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1.7 A home to age in 
People would like to stay in their own home as long as possible, and it does not matter if they 

have disabilities or there are barriers in the housing [1, 59]. Most older people feel attached to 

their home and neighbourhood, and they also spend more and more time in their home and in 

the immediate outdoor environment [60, 61].  The home has a central place in the lives of very 

old people: the home means security; the place is familiar; things function; and the memories 

are there. The home also means freedom which includes a place for reflection, a social meeting 

point but also the possibility to come and go as you like [13]. 

But there are also difficulties described in housing for the elderly. Which aspects are of 

importance regarding housing for older people?   

The home design could create barriers for people with disabilities; the bathroom is one critical 

area but depending on the disability many areas might need changing [62]. With age the first 

ability to be affected is the locomotion system, followed by reaching, thinking, hearing, vision 

and dexterity [63]. Things which affect people’s ability to live independently are different 

barriers; level differences, narrow passages, the kitchen design and laundry areas are parts of 

the home which are reported as problematic areas [24, 64]. Fänge and Iwarsson did a survey 

with 131 older people and barriers were found in all of their homes. Controls and taps required 

fully functional hand and finger movements, and there were too high working surfaces for 

persons who need to sit down and work. There were thresholds hindering people to get in and 

out, slippery floors, narrow doors (less than 80 cm), no lifts, etc. [65]. These problems need to 

be considered since they represent reasons for moving [2]. There is a need to make sure there 

are accessible homes to move to. People who live in accessible homes experience their home 

to be more useful and meaningful in relation to their routines and everyday activities [13]. 

Modifying the home environment can minimise disability-related outcomes and affect people’s 

experience of disabilities [66, 67]. In Sweden, there has been a law since 1959 which allows 

people with chronic disabilities to get economical support for housing adaptation.  In 2011, 

72,900 people were provided support and the cost for this was one billion SEK. The most 

common actions in this area were to eliminate thresholds, put grab bars on the wall, install 

ramps and automatic door openers [68]. One’s own home and the possibility to continue to be 

independent is important for older people [2].  

When designing homes for older people you need to consider the increased risk for injury . 

Areas of particular importance are fire security and falls prevention [16].  

1.8 Falling and getting up again 
It is estimated that about one third of all people over 65, and half of all people in the group 

over 80 years, fall once a year [69-71]. Old people mainly fall in their own home on a flat floor; 

most of the time falls are in the living room, bedroom or the hallway [69, 72, 73]. Elderly 

people often experience a fear of falling [74-77]; the fear is also known to increase the risk of 

falling [78, 79]. Earlier studies show that it takes longer time to get up after a fall the older you 

get [80]. 
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The cost of injuries caused by people falling is high and it will increase when the group of 

elderly increases [81]. Injuries can be directly related to the specific fall , but even a seemingly 

minor fall can lead to fatal consequences for the person if he or she is not able to get up soon 

enough [82]. 

If someone needs help to get up there are various techniques for supporting or lifting 

manually. It can be difficult to help someone who has fallen to get up from the floor. In 

Sweden, it’s common to be two persons to support a person getting up from the floor. The 

amount of support needed varies between individuals. But even if the lifting would be safe for 

the staff, if for example a hoist of some kind was used, it is common for home care personnel 

to be in a situation when lifting the person manually is the only way because the hoist or other 

lifting equipment is not available. Earlier research report that home care workers experience 

that an assistive device is heavy to transport and difficult to fit into a person’s home [83]. Most 

of the lifting aids are based on the fact that the individual himself cannot help at all. If the 

individual is injured, a pure lift manually or automatically may be the only way [84, 85]. But if 

the person is only slightly injured or not hurt at all, it is in every way more convenient if the 

getting up can be done with the individual’s participation and in a way that the person may feel 

most comfortable with.  

Davey et al reports about the impact on informal caregivers to people with Parkinson’s disease 

and describe the difficulties when helping their spouses getting up; it is difficult and the 

informal caregiver is frightened for new falls [86].  

It is important to assist people in getting up from the floor and to avoid immobilisation for 

extended periods, which could cause injuries[82].  

1.9 The four-wheeled walker 
In Sweden, currently about 250,000 people use a four-wheeled walker [87]. Sweden has a long 

tradition of developing walkers for increased stability and safety [88]. One reason for 

prescribing a walker is impaired balance or other walking difficulties [89]. With age the 

locomotion ability decreases [63] which could be a reason for using a walker. Studies show that 

the amount of people using a walker in Sweden is high compared to other countries in Europe 

[90]. Studies have surveyed elderlys’ experiences of using a walker; old people are pleased with 

the walker as an assistive device. They described the walker to be a necessary device to be able 

to be active and mobile [91, 92]. To walk with a walker could increase the ability to be active 

but it also puts requirements on the surrounding environment. Mobility promotes healthy 

ageing and well-being [93], and therefore it is important to work for an accessible environment.  
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2 Aim 

The overall aim of this thesis is to increase the knowledge of the needs for good ergonomics in 

the home environment and the possibilities for lifelong living at home.  

Focus has been mainly on the use of the bathroom as a workplace for home care workers and 

on the four-wheeled walker as a tool for older people. 

2.1 Specific Aims 
The specific aims of each study were: 

I. To analyse the home care workers’ movement patterns and back postures when 

helping an ambulatory care recipient to and from the toilet.  

II.  To find out where exposure to risks for overexertion injuries are the highest in the 

task of helping a care recipient move between a wheelchair and the toilet, and to 

suggest how the bathroom environment or assistive devices could be improved to 

decrease the risk of injury. 

III. To investigate the body postures assumed by older people during cooking and 

doing the laundry. 

IV. To analyse the movement patterns of people over 75 years of age when getting up 

from the floor and to find out what they describe as critical movements in getting 

up.  

V. To investigate if a lifting device on a walker could be used to help old people to get 

up from a kneeling position. 

VI. To analyse whether a walker equipped with a lifting device can facilitate the getting 

up from the floor and how it is perceived by users - patients and care staff. 

VII.  To analyse which environmental difficulties old people over 65 years of age 

experience in their daily life walking with a four-wheeled walker. 
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3 Methods  

There are two main methodologies used in this thesis: one major with a purpose to describe 

performances and experiences in different tasks, and one aiming to develop new inclusive 

design products. Different descriptive methods are used in the studies. In Studies I-V, video 

recording was used for observation and in Studies I-III the video was combined with an 

instrument, CUELA, to measure the postures performed in the tasks. In Studies IV and V, the 

video recording was combined with the VIDAR-evaluation instrument to describe how the 

participants experienced the performance in the different tasks.  

In Studies VI and VII, a questionnaire and structured interviews were the main methods. 

3.1 Participants 
The studies in this thesis include two main groups of participants: care workers and older 

people. Home care workers participated in Studies I and II, and they were recruited from the 

Haninge Council’s home care services. The inclusion criteria were that they agreed to 

participate, had no symptoms of musculoskeletal disorder, and had worked in home care for at 

least one year. The home care workers who offered to participate in the study were scheduled 

by their manager to be able to participate during their regular work hours. In Table 2, the 

home care participants are described further.  

TABLE 2 DESCRIPTION OF PARTICIPANTS IN STUDIES I AND II. 

 

In Studies III-V, the participants were recruited through a newspaper ad and through senior 

citizens’ organizations. Inclusion criteria were that they were positive to participate, were over 

75 years and could come to the laboratory. Because of the task, getting up from the floor in 

Studies IV and V, symptoms of heart disorders were added as an exclusion criterion. In Study 

VI the participants who evaluated the walker with a lifting device were care workers at a 

nursing home. To recruit persons who regularly used a four-wheeled walker to Study VII, we 

chose to put ads in senior housing facilities in the Stockholm area. The inclusion criteria were 

that they should be over 65, use a walker and be positive to participation. In Table 3, the 

background information of the participants in Studies III-VII is presented. 

TABLE 3 DESCRIPTION OF PARTICIPANTS IN STUDIES III-V AND VII. 
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3.2 Study design 
The work in Studies I-V has been done with similar study designs. All included a task for the 

participant to perform. The instructions to the participant were given before the test began. 

But how to solve the task was never described. How to perform the task was a decision made 

by the participant and could be part of the analyses. All study designs are described below and 

a summary of designs is presented in Table 4 at the end of the text in this part. 

3.2.1  Home care during a toilet visit - Studies I and II 
The tasks performed in Studies I and II were to help a care recipient to and from the toilet. In 

Study I, the scenario included help walking to the toilet, help with undressing (pants), help with 

being seated on the toilet, help being raised up from the toilet seat, help with wiping the 

bottom, and help with pulling up the pants. In Study II, the scenario included pushing the 

wheelchair to the bathroom, preparation before moving to the toilet, assisting care recipient in 

moving between the wheelchair and toilet and back, and pushing the chair out from the toilet. 

The care recipient was always an actor that performed getting up and walking with balance 

difficulties. The actor was used as a proxy to control such variables as different statures, 

weight, and abilities. The task is similar in Studies I and II, but the abilities performed by the 

actor vary. In Study I there is Case 1, where the care recipient was walking with the support of 

a walker; and Case 2 where the care recipient has balance difficulties but was walking just with 

support from the participant. In Study II, the care recipient used a wheelchair for 

transportation this is Case 3. See Figure 3 for description of the scenario which was performed 

in Studies I and II. 

 
FIGURE 3 CASES AND DESCRIPTION OF SCENARIO IN STUDIES I AND II. 

3.2.2  Older people preparing food and doing laundry - Study III 
The activities were simulated based on a task analysis [94] and task descriptions from the 

Assessment of Motor and Process Skills [95]. First, the individuals were required to prepare a 

pancake and serve it with a topping. The pancake had to be cooked in a frying pan; the batter 

had to be prepared with dry ingredients, at least one liquid and one egg; and the topping had to 

be put on before serving. Unnecessary items had to be returned to their original storage 

locations, dirty utensils placed in or beside the sink, and waste discarded into a garbage bin.  
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Second, individuals were required to load laundry from a basket into a washing machine, 

measure and add detergent, and set and start the machine. The type of washing machine which 

was used had to be familiar and, therefore, both front- and top-loaders were provided. After 

the washing cycle was finished, the laundry had to be removed from the machine and hung on 

a clothesline to dry. Another basket of laundry was available for folding.  

3.2.3  Developing a walker with a lifting device - Studies IV-VI 
In Study IV, the participants were helped down or asked to lie down on the floor in a supine 

position. After the camera was turned on, they were asked to get up in the way they preferred. 

If they needed help or support, they had to ask for it. The camera was turned off when the 

participant was standing. In Study V the participants had to use the walker which limited 

her/his options in how to perform the task. Otherwise the study design was similar to Study 

IV with one difference; the start was in a kneeling position.  

Study VI was done in a nursing home for people with Parkinson’s disease. The study started 

with the collection of background data during a three-week period. After this period, the 

walker was brought to the nursing home and all the staff was introduced to it as well as 

educated in how to use it. The walker was accessible to use in the nursing home for one 

month, and during this period falls reports were collected and questionnaires about the use of 

the walker were distributed.  

3.2.4  Accessibility with a walker close to home - Study VII 
The tests in Study VII took part at four different addresses in buildings which included senior 

apartments. Times were scheduled in the different facilities and those who wished to come 

were invited to participate. The test started with an interview. In order to be able to estimate 

the area needed for moving with a walker, the last part of the test included an observation of 

the participants when they were performing a given task: turning 360 degrees with the walker. 

The turn took place on an analysis carpet which was designed with six circles with 10 cm 

radius intervals and a range from the smallest circle 100 cm in diameter to the largest 150 cm in 

diameter. See Figure 4. The participants were instructed to do the turn in the smallest way they 

possibly could.  

 
FIGURE 4 TURNING WITH THE WALKER. 
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In Table 4, the different procedures are summarised for each study.  

TABLE 4 DESCRIPTION OF STUDY DESIGN.  
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3.3 Test environment 
In Studies I-V, the participants performed the tasks in a homelike environment, conducted in a 

full-scale laboratory developed at the Centre for Health and Building, KTH. The laboratory 

consists of two apartments, fully furnished and equipped with a bathroom, kitchen, living 

room and 1-2 bedrooms. See Figure 5 for a drawing of one of the laboratory flats.  

 
FIGURE 5 THE DRAWING OF ONE LABORATORY APARTMENT. 

The laboratory has built in flexibility, but each test in the different studies was controlled and 

the heights of toilet seat and kitchen sink, etc. were always according to the Swedish building 

standards. This means the toilet seat was placed at a height of 43 cm and the kitchen sink at a 

level of 90 cm. The laundry in Study VII took part in two different bathrooms; the participants 

performed the task with a front-loaded or top-loaded washing machine depending on what 

they used at home. The machines were placed in different bathrooms, but this was the only 

difference in the test environment. Picture from the bathroom, see Figure 6, and picture from 

the kitchen, see Figure 7. 

 
FIGURE 6 THE BATHROOM IN THE LABORATORY APARTMENT. 
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FIGURE 7 THE KITCHEN IN THE LABORATORY APARTMENT. 

Getting up from the floor in Studies III and IV was made in the living room of one of the 

laboratory apartments.  

The full-scale laboratory is equipped with a closed circuit video-camera system, which can 

record all activities from more than one angle. Before each study, the cameras’ positions were 

adjusted to suit the purpose and to make sure all activities in the task were recorded.  

3.4 Observations 
All observations were made with the help of video recording, except for observation of turning 

in Study VII. The video recording was made with one or more cameras to be able to catch all 

parts of the task. The researcher’s interaction during video recording varied; in Studies I and II, 

an actor performed the role of care recipient. This person was part of the research team and 

her postures and performances were not part of the analysis. In Study III, the video recording 

was made without any participation from the researcher. Studies IV and V included postures 

which could be difficult and strenuous for the participant, and the researcher was therefore 

participating when the task was performed. The interaction included standing close to the 

participant without hindering any movement and providing assistance if the participant asked 

for it.  

The observations of the video files were done after the tests. An observational protocol, 

including different questions on the participant’s performance, was designed for each task. The 

protocol included questions which described the performance, postures and possible 

difficulties visible for the observer. Every video was gone through at least two times. In 

Appendix 1, an example of the observation protocol is presented from Study II.  

3.5 Recording and analysis of postures 
For recording of postures performed during the task in Studies I-III, the CUELA (computer-

assisted recording and long-term analysis of musculoskeletal loads) measurement system was 

used [96, 97]. In Figure 8, shows a participant wearing the CUELA system. The CUELA 

system includes sensors which were attached to the thoracic and lumbar spine as well as to the 

hip and knee joints. The movements recorded and measured were inclination and rotation of 

the back and flexion in the knee joints. The back movement was recorded from the thoracic 
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and lumbar spine. CUELA could measure movement in the arms, hands and cervical spine, 

but in our tasks the sensors would have affected the participant’s possibility to move freely and 

therefore these were not used. All system components were attached to the individual, allowing 

him or her to move about freely. At the start of the measurement, the individuals had to 

assume a standardised upright position with all body angles set at zero.  

 

FIGURE 8 ONE PARTICIPANT WEARING THE CUELA SYSTEM. 

CUELA has been demonstrated to have good validity and reliability in field studies [96-98].  

The data collected by CUELA measurement system was synchronized with the video file and 

analysed in Widaan V 2.75. This program allowed analysis of range, time and frequencies of 

performed postures and in which part of the task different postures were performed. The 

analyse were complemented with an observational protocol. In Study II the protocol included 

questions about shoulder and arm postures. The International Standard 11226:2000 on 

ergonomics was used as a reference for posture limitations. The standard defines a back 

inclination of <20O as ‘acceptable,’ of 20-60O as ‘conditionally acceptable’, and of ≥60O as 

‘critical.’ Back inclination of ≥60O is critical, independent of the time, which should be limited, 

and it should never be combined with rotation or lateral flexion. A raised-shoulder position 

should be avoided [99]. According to the NIOSH standard, the recommendation for a safe 

weight limit in manual handling is about 15 kilogrammes (35 pounds) [100].  

3.6 Description of the experiences 

3.6.1  Questionnaire 
Study VI sought to evaluate the walker with a lifting device in relation to how the care workers 

experienced the use of the walker. The workers were asked to complete the falls report 

whenever necessary in the same way as they always used to, but supplement the report with a 

questionnaire where the care worker described how the getting up was carried out, which help 

they provided, and how they experienced strain on their own body during the task. A second 
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questionnaire was used when the walker with the lifting beam was accessible in the nursing 

home, and this included the same questions as the first but was complemented with questions 

of experience from using the walker. 

3.6.2  VIDAR 
In Studies IV and V, the VIDAR ergonomics evaluation instrument was used to register the 

participants’ experiences of discomfort and pain during getting up from the floor. VIDAR is 

an acronym for the Swedish expression of ‘Video- and computer-based work analysis’. The 

instrument has been used mostly in evaluation of a person’s experience of discomfort and pain 

during different work tasks [101]. VIDAR was used directly after the participants had 

performed the task. Then the participants watched the video on the computer and used the 

VIDAR program to estimate their experience of load, pain and discomfort on a body sketch. 

They were assisted by the researcher and encouraged to use the comment field provided in the 

VIDAR program to describe their overall experience of each part of the task. In Figure 9, a 

picture from the VIDAR program is presented.  

 

FIGURE 9 A PICTURE FROM THE VIDAR PROGRAM. 

3.6.3  Interview 
In Study VII, structured interviews with the participants were used as a method. Eighteen 

questions were included in a questionnaire, and all interviews were made by the same person. 

The first part of the interview contained questions about why the participant used the walker, 

when they used it, and how they used it. The second part of the interview focused on finding 

out how they experienced their accessibility in their immediate environment.  

The estimation of the experience was made by the participant on an ordinal scale. The 

situations were described by the researcher and some of the questions were complemented 

with pictures to give the participant an example of context for the described situation. The 

participant was asked how he/she experienced the performance of the task related to five 

stages ranging from very easy to impossible. See Figure 10 for an example with questions, 

picture and scale. 
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FIGURE 10 PICTURE FROM INTERVIEW QUESTIONNAIRE. 

The collected data from VIDAR, observations, interviews and questionnaires were 

summarised in frequencies with calculation of average and standard deviations. The 

performance is described according to findings in the observations. Focus has been on how 

the task was performed, which was structured in observation protocols and concluded in 

analyses.  

3.7 Summary methods  

In Table 5, a summary of methods used is presented. 

TABLE 5 METHODOLOGICAL DESCRIPTION 
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3.8 Ethics 
The participants were provided with written and oral information of the aim of the study and 

their part in the project. All participants provided informed consent and were instructed that 

they at any time could end their participation in the project. Ethical approval was obtained 

from the Ethics Research Committee of the Karolinska Institute in Stockholm for the different 

studies.  
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4 Results 

The results describe different difficulties in the performed tasks. To help a care recipient at the 

toilet includes several situations which could contribute to increased injury risk; overexertion 

occurs but not only because of insufficient postures. The results indicate that there are more 

risks to consider. 

Older people assume critical postures several times when they are cooking and doing their 

laundry. Laundry work contains more negative postures. Getting up from the floor could be 

done in several ways, but the results show that many of the participants chose to stand on their 

knees before getting up, which indicates that a device for helping them to get up from kneeling 

could be useful. The walker with a lifting device was developed and tested with positive results. 

The test groups were small in all the studies, but the similarities in their performance and 

experiences provided useful information for the design process. The results of the different 

studies are presented below. 

4.1 Home care during a toilet visit - Studies I and II 
In both Studies I and II, extreme postures occur but among less participants and in fewer 

situations than in Study I.  

4.1.1  An ambulatory care recipient (I) 
In the first and last parts of the task, the participant walks with the care recipient to and from 

the toilet. After following to the toilet, the care recipient needed help with the pants and to sit 

down and get up from the toilet. See Figure 11 for a picture from Cases 1 and 2.  

 
FIGURE 11 PICTURE FROM CASE 1 WITH THE WALKER AND CASE 2. 

When a four-wheeled walker was used in Case 1, the participants chose to work from the side 

of the care recipient. One participant used both sides during the task. In Case 2, most of the 
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participants worked from the side of the care recipient, one participant chose to work from the 

front of the care recipient, and one participant alternated working from the side and from the 

front of the care recipient. A sketch of where the participants stood and moved during the task 

in the bathroom is visualized in Figure 12.  

 
FIGURE 12 A SKETCH OF THE SURFACES USED FOR WORK IN STUDY I. 

4.1.1.1 Postures assumed: 
When the home care worker followed the care recipient to the toilet, no extreme postures 

occurred. For all participants, the average of maximal back inclination was 24° (SD 9) in Case 1  

and 21° (SD 6) in Case 2.   

The maximum back inclination for Case 1 was 98° performed by one person; in Case 2, it was 

74° performed by one person. The average maximum back inclination was 60° (SD 11) in Case 

1 and 57° (SD 11) in Case 2. Minimum back inclination was on average 6° in both cases (SD in 

Case 1 it was 6 and in Case 2 it was 5). Rotation and lateral flexion of the back occurred during 

this task most of the time, but not always in combination with back inclination. These postures 

were related to the times when the participant was helping the care recipient with personal 

hygiene and pulling up or down the pants. In Tables 6 and 7, the data from both cases is 

presented with postures performed in relation to different parts of the task.  

TABLE 6 THE NUMBER OF PARTICIPANTS WHO ASSUMED DIFFERENT WORK POSTURES 

IN SPECIFIC PARTS OF THE TASKS IN CASE 1. 
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Almost everyone performed a back inclination above 20° in all parts of helping a care recipient 

during a visit to the toilet. To pull up or down the pants is difficult without a back inclination 

above 40°. 

The results presented show that back inclination occurs in combination with rotation in those 

parts of the task when the participants help the care recipient with pants and hygiene.  

TABLE 7 THE NUMBER OF PARTICIPANTS WHO ASSUMED DIFFERENT WORK POSTURES 

IN SPECIFIC PARTS OF THE TASKS IN CASE 2. 

 

Earlier research indicates that there are more risk factors which need to be considered. It can 

be assumed that anything unforeseen which happens as a part of the task increases the risk of 

injuries. One factor for causing overexertion injuries is ‘unpredictable’ movements which could 

be a care recipient or care worker who loses her/his balance [47, 102]. The scenario includes 

the risk by its assignment; the home care worker is there to help because the care recipient’s 

strength and balance are reduced for various reasons. The tasks include both exposed working 

postures for the home care worker and tasks affecting the care recipient’s balance. There are 

two times when the risks for unpredictable movement are more obvious. Firstly, in the part 

when they walk in and out of the bathroom and, secondly, when the care recipient is standing 

in front of the toilet and the care worker is assisting with pulling down and putting back the 

pants and assisting with hygiene.  

 
FIGURE 13 HOME CARE WORKER TRIES TO HINDER A FALL FORWARD. 
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In Figure 13, a fictive picture of how this could happen is shown. The risk is the same when 

helping to pull up the pants. If the falling is forward and the home care worker tries to hinder 

the fall, he or she would have to reach out and, because of the initially exposed posture, the 

risk of injury is acute. 

4.1.2  A care recipient using the wheelchair (II) 
In the first part of the task most of the participants (10 of 15) pushed the wheelchair in front 

of them. They passed the toilet before they turned the wheelchair about 225 degrees and 

placed it at an angle of about 45 degrees on the right side of the toilet seat. Five participants 

chose to walk backwards, which meant that they pulled the wheelchair and made a 180-degree 

turn outside the bathroom. Twelve of the participants chose to place the wheelchair at a 45-

degree angle, close to the toilet on the right side. But three chose to place the chair at a 90 -

degree angle. See Figure 14 for a sketch of how the participants moved inside the bathroom 

and placed the wheelchair.  

 
FIGURE 14 A SKETCH OF HOW THE PARTICIPANTS MOVED INSIDE BATHROOM AND 

PLACED THE WHEELCHAIR. 

After the wheelchair was put in position, preparations were done for the transfer of the care 

recipient to the toilet. The participants were taking off the leg and armrests which were closest 

to the toilet. The most common way of working was standing or kneeling in front of the care 

recipient. In the laboratory bathroom, a bench was available and most of the participants (11 

of 15) chose to put the arm- and leg rests on the bench. One participant chose to put the leg 

rests on the floor and the armrest on the bench, and three chose to put everything on the 

floor. When the participants helped the care recipient move between the wheelchair and toilet, 

they were always standing in front of the care recipient. 

4.1.2.1 Postures assumed: 
When the home care worker pushed or pulled the care recipient in the wheelchair to the toilet, 

no extreme postures occurred. During the preparation of the wheelchair, the main focus of the 

posture analysis was on knee flexion, back inclination, and rotation of the back, which were 
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found to be the most exposed postures. The weight of the arm- and leg rests which the 

participant moved was less than one kilogramme each. But the knees were exposed to the 

participants’ body weight, which was on average 70 kilograms (SD 11). To take off the arm- 

and leg rests took on average 26 seconds (SD 8), and it took the same time on average to put 

them back on (SD 5). During this part of the task, 11 of the 15 participants performed a 

maximum knee flexion, above a 130-degree angle. The maximum back inclination was 106 

degrees, performed by one participant when she was kneeling and putting a leg rest on the 

floor in front of her. The average maximum back inclination was 63 degrees (SD 13). All 

participants rotated their backs during this part of the task.  

When the participant helped the care recipient to get up and move between the wheelchair and 

the toilet, the most exposed postures were found in the back and shoulders. The weight of the 

care recipient was about 70 kilogrammes. The care recipient took part of the load on her legs, 

but the weight which the participant was exposed to was estimated to be over the 

recommended limit of 15 kilogrammes, which meant that all parts of lifting and moving during 

this task are considered high risk. The transfer between the toilet and the wheelchair was 

divided into different parts in the analysis. See Table 8 for pictures of the different positions 

which occurred when the care recipient moved from the wheelchair to toilet and back.  

TABLE 8 POSTURES PERFORMED IN DIFFERENT POSITIONS IN THE TASK. 

 

During the part when the participant moved the care recipient between the wheelchair and the 

toilet, the participant stood twice in positions with the back in an extreme forward-bent 

position. The first time was when the participant was about to move the care recipient from 

sitting to standing; this is described as Position 1. The second time was when the participant 

helped the care recipient to be seated; this was in Position 3. In the results, we present the back 

inclination in both positions and also present the minimum back inclination that occurs 

between the two maximum postures; this is Position 2. The average maximum back inclination 

in Position 1, moving from the wheelchair to toilet, was 41 degrees (SD 12). In Position 3, 

moving from the wheelchair to toilet, the average maximum back inclination was 38 degrees 

(SD 11). Back inclination data is presented in Table 8. 
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All participants rotated their backs while moving the care recipient. The maximum rotation 

always occurred in Position 1 or 3, and the average maximum rotation was 14 degrees (SD 5) 

moving from the wheelchair to toilet. The average maximum rotation was 12 degrees (SD 4) 

moving from the toilet to the wheelchair.  

The arm and shoulder movements and postures were observed in video analysis. Most of the 

participants (8 of 15) moved their elbow or raised their shoulder (12 of 15) during raising and 

moving the care recipient. Two of the participants did not move their elbows or raise their 

shoulders during transfer of the care recipient between the wheelchair and toilet.  

The parts of the bathroom task in which home care workers are exposed to the highest 

overexertion risks are when they help the care recipient to get up and to be seated. The 

maximum back inclination is on average more than 40 degrees, and this combined with 

rotation of the back and the weight of the care recipient, is well over recommended limits. The 

knees are exposed to a particularly heavy load in the part of the task when the preparation of 

the wheelchair is done, when taking off the leg rests and putting them back on again.  

4.1.3  Needs in equipment or bathroom design for the Home care 

worker 
There are some different aspects which need to be considered in the future designs of the 

bathroom if the goal is lifelong living at home. In many homes for older people, there is a need 

for home care. The care in the bathroom is considered to be a difficult task, and the risk of 

overexertion injuries in this task is high [30, 47, 52]. The first information learned in this study 

was what areas were used by the home care worker in the different tasks in Studies I and II. 

The most important area to work with is the triangle in front of the toilet illustrated in Figure 

15. In this area the home care worker is standing, and in this area equipment to support in 

getting up could be necessary. The risk of injuries is high if the care recipient falls forward and 

the home care worker is standing partly behind the care recipient. 

 
FIGURE 15 A SKETCH OF THE MOST USED AREA BY HOME CARE WORKER IN CASES. 
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For older people, the area in front of the toilet is important; you need space for the walker if 

you use such equipment. If you use a wheelchair you need space to put it close to the toilet to 

be able to move over to the seat by yourself or with help from a care worker. The exact 

measure of the surface that is needed is not investigated in Studies I or II; the sketches are just 

estimations.  

To decrease the risk for overexertion injuries, the inclusively designed bathroom needs to 

include solutions to decrease the risk for ‘unpredictable’ movements. If an older person needs 

help during the toilet visit, most often a support is needed beside the toilet. There is also a 

need for support in front of the care recipient, to hinder a fall forward. Such a support must be 

flexible since it must not hinder movement to and from the toilet. Support could be integrated 

in other equipment in the bathroom to decrease the risk of falling. It could be a towel hanger 

or a shelf which, if it is correctly designed, is easy to hold on to, and well-fixed to the wall, 

which would decrease the risk of injuries if there is an ‘unpredictable movement’.  

One well known solution to decrease overexertion injuries is to shorten the time for exposure 

to extreme postures. In Study I, one of the highest risks is when the home care worker is 

helping the care recipient with their intimate hygiene. The time for this part of the task could 

be shortened. There are already solutions which could decrease the time and effort for the 

home care worker. A toilet seat bidet could be mounted to the toilet with both a cleaning and 

drying function, and the time in a forward-bend position will decrease.  

In Study II, there are two main parts of the task where the home care worker is exposed to 

extreme postures. The first exposure to overexertion risk for the participants occurred when 

they prepare the wheelchair before assisting and moving the care recipient. The participants 

often chose a posture including extreme knee flexion, frequently combined with back 

inclination; they bend forwards not only to reach the leg rest but also to see what they are 

doing. The postures performed when preparing the wheelchair are extreme. The time it takes 

seems short and the wheelchair parts are not heavy. This is a part of task which is described 

with frustration among the participants and should be easy to modify. They reported: “You 

never know how those work”; “Some are easy, some are difficult”; “Some get stuck”; “If 

you’re lucky they come off immediately”, which were some of the comments from the video 

recordings.  

The participants who chose to place the leg rests on the floor performed the greatest back 

inclination. We suggest that bathrooms should be equipped with a place to put the leg rests at a 

height reachable from an upright position. 

Tasks to help a care recipient get up, move and sit down are postures where the care workers 

are exposed to high risks. The back and shoulders are in exposed positions and the weight is 

difficult to calculate because the care recipients’ status and possibilities to participate vary. 

When analysing this task, we calculated the weight handled by the participant as being well 

over 15 kilogrammes at all times, which could bring us to the conclusion that this task should 

be avoided. To decrease the time of exposure, a lifting device could be a solution. There is 

equipment for this on the market, and most of these need to be put in front of the care 
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recipient. In Figure 16 there is an example, but there are more with different designs on the 

market. However, care recipients still need assistance to move and they also need possibilities 

to participate in the task. This participation is for many care recipients an important part of 

keeping their functional status.  

 
FIGURE 16 RE-TURN A SUPPORT FOR GETTING UP (Re-Turn is a product from Handicare) 

To be able to use this kind of equipment, there needs to be space for both the care worker and the 

assistive devices in front of the care recipient.  

4.2 Older people preparing food and doing the laundry - 

Study III 
The results are presented in time and in the number of ‘static-postures’, which are postures 

maintained for more than four seconds. The cooking included making one pancake and 

serving it at the table. The average time for completion of the cooking was 12 min (SD 4).  

TABLE 9 TIME SPENT IN POSTURAL CATEGORIES AND FREQUENCY OF STATIC POSTURES (4+ SECONDS). 

 

Participants spent on average 75% of the time assuming a back inclination of <20 O, 22% 

assuming a back inclination of 20-60O, and 3% assuming a back inclination of >60O. The tasks 

during which critical postures occurred were retrieving from and putting in lower cabinets, 

retrieving from and putting in the refrigerator, disposing into the waste bin and others mainly 

related to searching for tools and materials. The laundry task included loading the washing 
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machine, retrieving the laundry, hanging it on a line and folding the dried laundry. Participants 

took on average 12 min (SD 3) to complete the laundry. They spent most of the time assuming 

a back inclination of <20O on average 57%, followed by back inclination of 20-60O for 33% of 

the time, and on average 10% of the time with a back inclination >60O. A summary of the 

findings is presented in Table 9. 

In this study the participants used a front-loaded or a top-loaded washing machine depending 

on what they were accustomed to use at home. Those using the front-loader spent 12% of the 

time assuming a back inclination >60O, but those using the top-loader spentonly 6% of the 

time in this posture. Static postures were more frequent in the former as compared to the 

latter, which had significantly more critical postures during operating the machine. In Table 10 

the differences in postures between those using a front-loaded or top-loaded washing machine 

are presented. 

TABLE 10 CRITICAL POSTURES DURING LAUNDRY BY TYPE OF MACHINE USED.  

 

The results suggest that the use of relatively stressful postures may decrease efficiency and 

increase fatigue, eventually leading to difficulty with cooking and laundry. In analyses, the 

levels in the ISO Standard were used; this standard is developed for people in their working 

age. With an increasing age the limitations could be much different, and therefore developing a 

standard for the evaluation of working postures specifically for older people would appear 

timely.  

4.2.1  Needs in the kitchen and laundry room for older people 
In the different tasks performed, critical postures occurred; conclusions are that to reach high 

and low are difficulties which should be avoided but also targeted by designers in order to 

improve the activities. Lack of storage is an often brought forward subject when people 

complain about their housing [50], and if you cannot reach up or down the possibilities 

become less. Solutions are available, but this is an area which could be developed with an 

inclusive design perspective[22].  
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The results indicate that a top-loaded washing machine is easier for the older people’s posture. 

The laundry is a task which older people often need help with. There are many aspects of using 

the machine to load and retrieve the laundry, but also to read the instructions, open and close 

the door, and press the start button. In Sweden an accessible washing machine is described as a 

front-loaded machine which is supposed to stand on an elevation which is about 30 cm [103]. 

This description is aiming for all elderly people, including people using a wheelchair, but 

according to the results it might be that all people could gain from a top-loaded washing 

machine.  

4.3 Developing the walker with a lifting device - Studies IV-

VI 
We found that older people get up in similar ways and have difficulties in the same part of the 

task; this gave us background information in order to develop a walker with a lifting device 

which was tested with older people.  

4.3.1  Getting up on one’s own (IV) 
Most of the participants (18 of 20) managed to get up by themselves. Two needed help and 

were provided with a chair to support them in getting up. The average time for getting up was 

13 seconds (SD 16). The fastest was five seconds and the slowest was 78 seconds. The most 

common way to get up was to start turning to a lateral position and then moving to a kneeling 

position. In the next step, the participant moved one leg forward and then moved to a standing 

position by pushing with hands and stretching the legs, and finished by stretching the back to 

an upright position. The second common way of getting up was to first sit up before turning to 

a kneeling position, and then continuing as above. Two participants chose to get up without 

kneeling. The different kinds of getting up are presented in Figure 17. 

 
FIGURE 17 THE WAYS OF GETTING UP - THE ARROW THICKNESS VISUALISES THE 

NUMBER OF PARTICIPANTS PERFORMING EACH POSTURE. NUMBERS REPRESENT THE 

NUMBER OF PARTICIPANTS EACH ARROW REPRESENTS. 
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The results show that there were two main techniques used to get up; with or without kneeling 

first.  

4.3.1.1 Experience of getting up 
Most of the participants (18 of 20) experienced some kind of discomfort during getting up. 

The most common symptoms were from the legs, experienced by 14 participants, and it was 

ranked as a pain or discomfort between three and ten expressed in VIDAR. Other symptoms 

described by the participants were from the back by three participants and the arms by two 

participants. It was not always easy for the participants to rank their experience related to 

specific body areas, and 15 participants simply described that they felt difficulties mostly 

related to balance or lack of strength without specifying where. In Figure 18 the number of 

participants who experienced difficulties of any kind in different parts of the task is visualised.  

 

FIGURE 18 THE PARTICIPANTS’ EXPERIENCE OF DIFFICULTIES: THE NUMBER 

REPRESENTS HOW MANY OF THE PARTICIPANTS THAT EXPERIENCED ANY KIND OF 

DIFFICULTIES IN EACH MOVEMENT. THE TOTAL NUMBER OF PARTICIPANTS THAT 

PERFORMED THE MOVEMENT IS REPORTED IN PARENTHESIS. 

Most elderly persons experience difficulties in getting up from the floor. The difficulties are 

mainly described in the legs resulting in discomfort, weakness, and balance issues. Most of the 

participants raised themselves, and most of them preferred a getting up that included kneeling 

before standing up. The most critical part was when the participants lifted one leg forward and 

then stretched the legs after kneeling; 17 of 18 described difficulties in this part.  

When developing an assistive device to help persons who cannot get up themselves, focus 

should be on the part after kneeling, and the main goal should be to reduce load on the legs 

and support balance for the user. 

4.3.2  The walker with a lifting device 
Based on the knowledge from Study IV, a prototype has been developed. The prototype was 

built on the basis of a common walker, the Ono. The elevating construction consists of a seat 

that runs along the vertical supports for the walker’s handles. An electric motor, a battery and a 

control panel have been integrated into the elevation seat. Along the vertical supports for the 

handles, a positive drive belt has been mounted. In this way the elevation seat can run along 



40 
 

 
 

 

the entire length of the support. See Figure 19 for a sketch of the walker and a photograph of 

the prototype. 

 
FIGURE 19 THE ELEVATING CONSTRUCTION AND THEPROTOTYPE OF WALKER WITH A 

LIFTING DEVICE. 

The elevation seat’s construction is lightweight and copes with loads up to 125 kg. It is 

designed to give support for getting up from a kneeling position. 

4.3.3 Getting up with help from the walker with a lifting device (IV) 
The test started with the participant in a kneeling position and the task from kneeling to 

standing was divided into three stages: first, to crawl in and lie across the elevating seat; 

second, to lift up the body with the walker so that the legs are straight in a vertical position; 

and finally the third stage, to raise up the upper body from the elevating seat when elevation is 

completed. In Table 11 the three stages are presented. 

TABLE 11 DESCRIPTIONS OF THE ANALYSED STAGES OF GETTING UP WITH THE 

WALKER. 
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Three participants reported pain in the knees when they crawled into the walker. They 

estimated the pain at between 2 and 8 on a scale of 10. Four commented that they were 

unaccustomed and felt uncertain in this position.In Figure 20 the experience of discomfort 

described by participants in the starting position is presented. 

 
FIGURE 20 EXPERIENSED DISCOMFORT AT THE STARTING POSITION. 

The process of getting up from a kneeling position until the legs are straight takes an average 

of 25 seconds. During this stage thirteen of the participants experienced discomfort in their 

abdomens. The discomfort was on average 2 (SD2) on a scale of 10. The discomfort was most 

of the times described in the start of the lifting. All except one felt secure in the lifting; this 

person experienced anxiety and dizziness during the lifting. In Figure 21 the experience of 

discomfort described by participants during the lifting process is presented. When the lift is 

completed, the only step remaining is to get up the upper body. No participant described any 

discomfort in this stage.  

 
FIGURE 21 EXPERIENCED STRAIN DURING LIFTING. 

After the test the participants were asked which they preferred, and most participants (13 of 

20) preferred to get up by themselves when they compared with being lifted by the walker. The 

two participants who could not get up without support in the first test were both included 

among those seven which preferred being lifted by the walker.  

4.3.4  Care workers’ experience in using the walker with a lifting 

device (VI) 
Before the walker was introduced at the nursing home, a background questionnaire was used 

to collect information about how to get people up was performed after a fall in the nursing 
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home. During a period of three weeks, 19 falls were reported. Most of the time, the care 

recipient needed help from one (4 of 19) or two (12 of 19) persons to be able to get up from 

the floor. Most of the time (11 of 19), no additional equipment was used when the care 

recipient was getting up. When equipment was used, the most common product was a chair 

which was used four times. A mobile lift was used twice. After one of the falls, the care 

recipient managed to get up by herself. 

The care workers described discomfort primarily in the back, arms and shoulders when they 

were helping the care recipient.  

When the walker with a lifting device was available at the nursing home, 17 falls were reported. 

The walker was used four times. A care worker tried to use the walker one more time but 

could not because the care recipients’ difficulties to participate and understand instructions. 

Three times the care recipients managed to get up by themselves. Most of the time when the 

walker with a lifting device was not used (7 of 12), two or more of the care workers 

participated in helping the care recipient get up. Two times the walker was not available. In one 

case the patient was stiff due to Parkinson’s disease, and the mobile floor lift was the only 

option to provide help. 

When the care workers describe their experience of using the walker, they are all positive but 

all of them also describe difficulties in explaining to the care recipient how to participate in 

using the lift. Most difficult is to get into position on the walker and maintain that position 

during the lift. The assumptions in this study are made on a small group of trials and more 

tests need to be made before making conclusions. 

4.3.5  Needs to consider developing the walker with a lifting device 
The walker with a lifting device works, but further development of the design is necessary. 

Areas which need to be taken into consideration are to make the lift more comfortable for the 

user. In the tests we realized that the position chosen by the user was important for the  

experience. One other aspect mentioned by users was the button for starting the lift procedure; 

the older participants mentioned that it was important to be able to manoeuver it themselves. 

The care workers stressed the importance of contact with the care receiver while still 

maintaining a good posture. 

The older participants were positive to the multifunctioning in the walker’s design, as the seat 

could be used not only as a floor lift but also to sit on.  

4.4 Accessibility with the walker close to home - study VII 
All the participants described the ability to walk on a hard ground surface such as asphalt. Only 

three of the participants could walk on loose gravel; all of them had a walker especially 

equipped for outside walking. Eight participants were able to walk on an uneven surface such 

as cobblestones. 

Passing a curb with the walker was possible for most of the participants (31 of 34) but difficult 

for 19 of them. To walk up the stairs and at the same time bring the walker was impossible for 
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most of the participants. The participants were asked to describe their ability to walk on two 

kinds of stairs with the walker; a two-step stairs and a three-step stairs. This assessment was 

only described as possible for seven of the participants in each scenario. In both scenarios, 

there were two participants who did not know their ability to walk in stairs. In Figure 22 we 

present the data from the participants’ description of the ability to pass a curb or stair with the 

walker.  

 
FIGURE 22 THE PARTICIPANTS’ EXPERIENCE OF WALKING ON STAIRS OR PASSING A 

CURB WITH THE WALKER. 

The participants were asked about their ability to walk on a three-step stairs if they had 

assistance from someone with the walker and instead could use a handrail to hold onto. To 

climb the stairs was described to be “difficult” for most of the participants (10 of 34), but it 

was only impossible for five participants. The results from this question are presented in Table 

12. 

TABLE 12 THE PARTICIPANTS’ EXPERIENCE OF WALKING ON STAIRS WITH SUPPORT 

FROM A HANDRAIL. 

 

Most of the participants (24 of 34) think it is “difficult” to pass an entrance door to a building 

with the four-wheeled walker and four describe it as “impossible”. Only five people describe it 

as “not difficult”. The results from this question are presented in Table 13. 
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TABLE 13 THE PARTICIPANTS’ EXPERIENCE OF PASSING AN ENTRANCE DOOR TO A 

BUILDING. 

 

Most of the participants (23 of 34) were able to do a turn with a space requirement of 100 

centimetres in diameter or less. Only two participants needed more than 120 cm in diameter to 

turn and no one needed more than 130 cm. The frequencies of space requirements for turning 

360 degrees are presented in Figure 23.  

 
FIGURE 23 DIAMETER OF TURNING AREA NEEDED FOR THE PARTICIPANTS. 

During observations we found that the need for repair service on the participants’ walkers was 

common. There were brakes which did not function, wheels in need of air, etc. None of the 

participants had taken their walker to any repair service, since they did not know where to go.  

4.4.1  Needs when using the walker close to home  
An environment accessible for all should include automatic door openers on all heavy doors. 

An effort should be made to develop the technology so this product is reliable without being 

too expensive.  

Stairs are barriers for users of a walker. Stairs should be built only when absolutely necessary 

and always supplemented with an alternative route which is accessible for persons using 

wheelchairs or walkers. Other things which could make accessibility better are handrails and 

the possibility to leave the walker outside.  

In a continued project, we are developing a technical solution for walking with four-wheeled 

walkers in stairs. The goal is to find a design, which is easily fitted on existing stairs, simple to 

manage, and not too expensive. A prototype has been built and will be tested.  
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5 Discussion 

This thesis is a contribution to the knowledge of how to provide a desirable place to live for 

older people. The areas described in this thesis are important for older people being able to 

continue living at home. In several countries, the building regulat ions aim to create an 

accessible environment for everyone. In Sweden the standard contains different levels, where 

the lowest only is acceptable if there is something exceptional: for example, apartments 

specifically designed for students [54]. One area of ergonomics at home brought forward in 

this thesis is the work environment for home care activities. The home care could be provided 

by formal or informal care providers. In the first group, the prevalence of work related injuries 

is high [43, 104, 105] but it is also known that informal care providers are injured, for example, 

when they help their spouses to get up after falling [86]. The design of future homes for 

lifelong living needs to consider both the persons living there but also the care provider. The 

regulations for how to build homes have changed over time but in Sweden many houses still 

struggle with accessibility difficulties. To be able to go outside is one important factor in the 

quality of life for older people [106, 107]. 

The situations described in the study of accessibility for older people with the four-wheeled 

walker are commonly known as barriers in the environment close to home [108-110]. To be 

able to walk through a door was described as difficult by the participants, and their stories 

indicated that this was really frustrating. During the interviews the participants described 

situations where automatic door openers did not work, and they were not able to get inside the 

building. Or they got stuck in the space between two heavy doors. Their stories clearly 

indicated that being able to get through a door was something they expected to manage by 

themselves, if necessary with some kind of assistive technology such as a door opener. Imrie 

describes the need of not only accessible homes for the persons with disabilities but also 

accessibility in the surroundings and in their friends’ and relatives’ homes  [50]. In Sweden it is 

possible to receive economic support for housing adaptation in one’s own home, and one 

common adaptation made is the installing of an automatic door opener [68]. This of course is 

desirable, but our results indicate that this is such a common difficulty so that in an accessible 

environment most heavy doors should be provided with door openers, not only entrance 

doors to homes where people with disabilities live. Independence is important among older 

people and the possibility to go outside the apartment affects the feeling of quality of life [92, 

106].  

Level differences and stairs could be another reason for why older people get stuck in their 

own home, not able to get out. Older people who need the four-wheeled walker think that just 

one step such as a curb is difficult to pass, but they have to deal with it and most of them 

manage it. This is necessary; otherwise they cannot go for a walk outside. Stairs are difficult  to 

pass and in many situations impossible for older people with walking or balance difficulties. 

But the results also show that the four-wheeled walker itself could be the final limitation to 
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pass the stairs. It is impossible to walk on the stairs as well as carry the walker, but if the 

participants got help from someone to carry it, they could use the stairs: still difficult but not 

impossible. One way to create accessibility is to make changes in the environment . According 

to our results, the participants need something to hold on to when they walk on stairs, and this 

means that an improved walker should be able to climb the stairs and still be stable enough for 

the older person to hold on to. During data collection, we noticed that the condition of the 

walkers was insufficient; brakes were often broken, for example. Most of the participants used 

their walker daily, but they had never had any service on their walker. There are difficulties in 

getting it repaired, since people don’t know where to go for service [111].  

The walker with a lifting device was developed according to the difficulties found in the 

analyses of how older people get up from floor. Most people prefer to stand in a kneeling 

position before getting up. And the part after kneeling was the most difficult part of the task. 

There have been studies before analysing getting up from the floor, and the conclusion has 

been that young people prefer getting up from a supine position without kneeling [112]. Many 

of the assistive technical aids for support in getting up are developed to lift the care recipient 

from a supine position. Most of the lifts are designed to take the whole burden with a passive 

care recipient. This is motivated when the person who has fallen is injured, but most of the 

falls are non-fatal [69, 113]. Tinetti [113] reports that many people don’t manage to get up after 

a fall; among people falling regularly 47% indicated that they at least once needed help to get 

up. An injury caused by a falling incidence does not always come from the actual fall but from 

the inability to get up afterwards [82]. The aim for the walker with a lifting device is to be used 

with help from someone else; it could be a formal or informal caregiver who should be able to 

assist in getting up without a big effort. It is a known fact that if a person with Parkinson’s 

disease falls frequently, it worries their spouses, they are frightened of new falls, and they 

require instructions on how to be able to assist [114]. Davey also reports that the informal 

caregivers have injured themselves when they help their spouses getting up; they should ask for 

more support in this specific task [86]. The results from Study V show that the older 

participants think the walker is good, but only two participants need it. Study VI was made in a 

nursing home with patients with Parkinson’s disease as its speciality. The number of times the 

walker was used were few and the results are not strong, but the response after using the 

walker was positive. The idea of the walker with a lifting device started during the data 

collection in Studies I and II. The home care workers who participated talked regularly about  

their experiences of their daily workload. We realised that one common difficulty was to help 

people who had fallen to get up. Most of the time they were two colleagues; sometimes they 

could bring a lift but not always. They asked for better equipment both to place in the care 

receiver’s home and equipment which they could easily carry with them.  

Older people prefer to do things by themselves if possible: to prepare one’s own food and do 

one’s own laundry could be things which contribute to the feeling of independence. Extreme 

postures occur when the participants reach for things in low cabinets, i.e., the refrigerator and a 

front-loaded washing machine. The posture analyses were based on the ISO Standard, which 

ignores the fact that the participants in this study were older and most likely to have age-related 

changes in the physiology of their muscles and intervertebral discs. For example, the holding 
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time for back inclination was established based on endurance data, but muscle endurance 

generally decreases with age [115]. With an increasing group of older people, researchers and 

designers would gain from more knowledge about recommendations of endurance time and 

postures for people over 65 years. 

Participants used critical postures when they operated the front- but not the top-loaded 

washing machine because the placements of the loading door and control panel reduced the 

need for bending and close vision. During cooking, participants assumed a back inclination of 

<20o most of the time. If the older people are provided with a sitting position while they are 

preparing meals, this could have the potential to reduce the difficulties because of extreme 

postures while cooking. But more important is design solutions that reduce the need to bend 

down; this would have a greater impact on the population as a whole [26]. Kitchen tools and 

materials most frequently used by older people should be stored in locations where they can be 

easily accessed.  

The kitchen in Sweden is often described as the heart of the home, but the bathroom area is 

equally important among the very old people (>80). The bathroom is the area where the most 

technical aids are used [116]. Fänge et al. evaluated the results of housing adaptation, and they 

realised that people with disabilities became less dependent after changes were made in the 

bathroom environment [2]. The ability to participate in daily life activities is essential for very 

old people [117], and when designing a bathroom environment it is necessary to consider 

possible future needs from the home care workers. 

Formal home care is provided for many older people in Sweden. In Studies I and II, the focus 

has been on the home care workers’ posture and work environment when they helped a care 

recipient to and from the toilet. Earlier studies indicate that work in the bathroom is one of the 

problem areas when describing the care workers’ environment [34, 47]. In all cases performed, 

the posture included both back inclination and rotation of the back, sometimes in 

combination. With an ambulatory care recipient the time with extreme back postures was 

short, but injury causations are complex. In observations it was easy to understand that there 

are risks for ‘unpredictable movements’. The care recipient could easily fall, and if the home 

care worker reaches forward and tries to hinder a fall he or she could get injured. 

Unpredictable movements are described in assisting tasks and could explain a proportion of 

the overexertion injuries among care workers [47, 102, 118, 119]. The bathroom should be 

designed with places for the care recipient to hold on to and keep one’s balance.  

When the care recipient used a wheelchair and needed help from the home care worker, the 

care worker was exposed to several risk postures. The first time is when the leg rests are taken 

off the wheelchair. The knee is bent in extreme flexion with the load of the care worker’s own 

body weight. Knee injuries are one of the most common problems among care workers [46], 

and it is important to decrease the knees’ exposure to overexertion injuries. To find difficulties 

in all work tasks in a home takes time, the care worker’s schedule is complex, but this area 

needs to be further researched and the work situations need to be developed. The amount of 

variables is massive as well as the stake owners; they are the persons who live at home, who if 
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they need care will see changes in their environment and the private territory changes to a 

place where people come and go [57]. It is also the employer of care workers, who needs 

knowledge to be able to make contributions with education, and equipment to the work 

environment. This thesis points out areas in the part of the tasks which could gain from 

development in products or environmental design to decrease the risk of injuries. This means 

we also need to work with the home owner, real estate companies, and product developers in 

this area. To make changes there is a need for deeper knowledge but also creativity to make the 

solutions which are cost efficient. In the industry this is an approach which has been used for 

many years, and there are several evaluation systems to work with. VIDAR is one example 

[101]; simulation combined with participation from workers and designers is another [120]. In 

many sections of industry, all parts of the processes have been gone through, and solutions to 

decrease the load and the straining postures have been developed. This is much more difficult 

to do when the working task is performed in a variety of environments with many different 

situations to work with, but it needs to be done. There is a need to find both small and large 

difficulties in the home care work to lower the risk for overexertion injuries. 

In these tasks the home care worker is exposed to risks for overexertion injuries. Among the 

home care workers, 25% think their knowledge about how to decrease the risk for injuries is 

limited [30]. Bos et al. presented the difficulties of gaining a good result with an educational 

intervention; the results vary [121]. There are difficulties to educate the care workers about 

risks, but if they are to be efficient [104], the risks need to be described in order to be able to 

be used in an ergonomics education. 

Interventions combining education with the lifting aid are described as efficient according to 

decreasing symptoms from musculoskeletal disorders [47, 122]. In general, we need to learn 

more about the home care workers’ work tasks and work environment in order to provide 

better solutions and to make it possible to provide more and better care in peoples’ homes. 

Kromark [31] concludes that the intensity is less in home care compared to work in nursing 

homes because of a lower number of caring tasks; this is also mentioned by Hasson [30]. This 

would be one of many reasons to provide more home care in the future. But we should 

remember that the prevalence of symptoms, from the neck, shoulder and lower back in this 

group, is a reality for 40-44% of the home care workers [45]. We need to make concerted 

efforts to learn more about this work group and their work environment.  

5.1 Methodological consideration 
The research has had a descriptive approach. The number of participants has varied between 

15-34 persons in the different studies. The main method has been video observation combined 

with different measurement methods: CUELA and VIDAR and sometimes complemented or 

substituted with interview or an questionnaire.  

The research was made in a laboratory, which makes it possible to repeat and to compare the 

postures in an exact way. If the tests had been done in real life, in older peoples’ homes, 

differences in variables related to different housing designs would have made the data more 

complex to analyse and make conclusions. In the laboratory variables related to the design of 
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the bathroom environment were always the same, which made it possible to compare the 

participants’ performance. To be able to study the relationship between activities and postures, 

there is a need for combining the video recording with a measurement system. For a system to 

be practical, it should be easy to learn and use. It should be reliable and interfaced with a 

computer for data analyses [123]. There are several systems available but they are complex 

[124]; they only record single body angles [125] or limit the ability to move freely [126]. 

Learning and using the CUELA system required an intensive training session. Besides , 

mounting and aligning it was sometimes difficult. Apart from this, the CUELA turned out to 

be a practical measurement system for investigating the body postures assumed by home care 

workers and older people. We received feedback from the participants, which indicated that 

they became accustomed to the system quickly and hardly felt wearing it. The CUELA system 

has been demonstrated to have good validity and reliability in field studies [98]. There are other 

methods used earlier to analyse postures in care work; one is OWAS [104] which is an 

instrument used when a trained professional observes the person in action. OWAS could have 

been used in the studies, but the CUELA system was easier to work with and this system was 

chosen. 

An actor was used as a care recipient in Studies I and II. The reason for such a solution was to 

limit the variables to analyse. We assumed that the care recipient’s ability would affect the 

performance, and by using an actor the level of abilities were the same in each trial and the 

possibilities to compare the participants increased. This has been done before, e.g., Daynard 

[127], who used volunteers in his study. In Study II, the laboratory analysis was made with one 

home care worker who performed the lifting part of the task. The task should in reality have 

been done by two home care workers, but the task was described as if the home care worker 

had help from a co-worker who assisted her with the undressing part and the intimate hygiene 

of the care recipient when our participant held the care recipient in an upright position. Our 

participants confirmed that this was how they usually perform this task. Czuba describes the 

lack of assistance for many home care workers as a problem, which causes injuries [128]. This 

knowledge is underlined according to the results; the load and exposure to risk when the home 

care worker moves the care recipient between the wheelchair and toilet is high. It should not 

be recommended to anyone to complete this task without support from a colleague.  

The alternative to do the laboratory tests with an actor performing the task would have been to 

do the tests in peoples’ homes. The reasons not to do tests in real life were more than 

standardising the variables. To bring video equipment into peoples’ homes needs ethical 

consideration, the task which was analysed is one of the most private, and this was another 

reason not to do the tests in real life.  

In the methodological consideration there is need for questioning the effect of using 

‘standardised’ variables and how they could affect the result. First, the actor: it is impossible to 

perform each task in exactly the same way every time. Most difficult is how heavy the 

transfer/seating/getting up is supposed to be for the participant. Because of this, no 

calculations were made on the load on the participants. Second, the environment, bathroom 

designs: it was a relatively big bathroom which made it possible to move freely in the room. 
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But the design of the room did affect the performance of the task; for example, the result 

shows that all participants placed the wheelchair on the right side of the toilet seat, probably 

because that side has the most space. When using the four-wheeled walker in the bathroom, 

most participants stayed on the left side of the participant. It was narrow in front of the toilet 

when the walker was used which made it difficult to pass. Several participants used the bench 

to put the arm- and leg rests on when it was time to prepare the wheelchair. About the 

position according to which side of the toilet the participants chose to work, it is just reported 

in the result and not further analysed. The bench is brought forward in the results because of 

its positive effect and commonly used possibility in the bathroom design. But when designing a 

place for putting things above floor level, there could be other solutions.  

The estimation of the work strain in Studies IV and V was done in VIDAR. The program was 

used by the participants, but they needed help to enter the data which could affect their 

estimation. The estimation in VIDAR was compared to what was visual in the v ideo recording. 

It was not possible to observe how much effort or pain a person experienced, but in 

observations visual symptoms of effort or discomfort were compared with estimations made in 

VIDAR and the conclusion made was that visual situations were reported. Balance difficulties 

were noticed in the observation protocol more than they were reported in VIDAR. This could 

have been because balance is not a specific target in VIDAR; those who mentioned balance 

difficulties added it as an extra comment.  

Study VI has more characteristics of a pilot study and has to be complemented with many 

more trials before conclusions could be made; the test design is difficult and needs to be 

reconsidered. To be able to evaluate the walker with a lifting device, there is a need for two 

groups of participants: users who really need the help and also care workers which could be 

both formal and informal.  

In the last Study VII, an interview method was used. This made it possible to meet several 

people during a short time. The estimation of the difficulties of an activity which might have 

been performed a long time ago could lead to both over- and underestimation of one’s 

functional capability. But it was clear the participants tried their best to make correct 

estimations. There were times when they turned to friends and asked for advice; for example, 

“You know I can go to ICA and back; how far is it?” We chose not to use a questionnaire in 

this study because we believed that an interview gave us the possibility to confirm that the 

participant understood all the questions. 

5.2 Conclusions and Implications 
When developing and building new bathrooms, there is a need to apply the research found in 

the knowledge of risks. Efforts need to be made to prevent falls when the care workers are 

helping a care recipient to and from the toilet. The support provided in the bathroom 

environment should be designed to give support and prevent care recipients from falling when 

they move in the bathroom and use the toilet alone or with help from someone else. The parts 

of the bathroom task in which home care workers are exposed to the highest overexertion 

risks are when they help the care recipient to transfer between the wheelchair and the toilet. 
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The maximum back inclination is on average more than 40 degrees, combined with the 

rotation of the back and the weight of the care recipient, is well over recommended limits. 

Lifting aid solutions should be developed and used. The aim of the equipment should be to 

increase the possibilities for the care recipient to participate and bear much of the load, instead 

of the care worker doing so. The knees are exposed to a particularly heavy load in the part of 

the task when the preparation of the wheelchair is done, taking off the leg rests. Efforts should 

be made to develop the arm- and leg rests to be easier to manoeuver for both the user and 

his/her assistant. When someone designs for older people, fall prevention should always be in 

focus, but also to prevent injuries if or when older people fall. Most elderly persons experience 

difficulties in getting up from the floor. The difficulties are mainly described in the legs, related 

to discomfort, weakness, and balance issues. Older people are afraid of falling and to be able to 

get up afterwards is security. The results show that most of the participants performed getting 

up with a position including kneeling. And most of them described experiences of difficulties 

at the last part of getting up after the kneeling. An assistive device designed to give support to 

spouses or home care workers should be easy to use. Because most of the falls are non-fatal, it 

could be designed to support the older person’s body which is heavy. The four-wheeled walker 

with a lifting device is one example. Another important area is accessibility. This thesis includes 

some conclusions: An environment accessible for all should include automatic door openers 

on every heavy door. Efforts should be made to develop the technology so this product is 

reliable without being too expensive. Stairs are barriers for users of a walker. Stairs should be 

built only when absolutely necessary and always supplemented with an alternative route, which 

is accessible for persons using wheelchairs or walkers. When designing the kitchen for older 

people, efforts should be made to put tools for food preparation in reachable areas to increase 

the endurance in muscles and decrease the time in strenuous postures.  In many homes the 

washing machine is placed in the bathroom; to use a top-loaded washing machine means less 

exposure to straining postures if you work in a standing position.  

There is a need for more knowledge among people who can design and build future homes for 

older people.  It is a fact that there are many description of how to build accessible homes, but 

the knowledge is not disseminated widely enough [129]. We agree with Ahsan’s conclusion that 

there is a need to learn more of the older people’s needs in the home and use that knowledge 

in the design of new houses. 

“Often builders do not know all the factors to be considered that can 

maintain a safe, hygienic and healthy environment. It is believed that 

when housing is ergonomically furnished, then a maximum benefit will 

be achieved. To meet with an individual’s specific needs, an analysis of 

user’s requirements is the most important factor to be considered in the 

design of special houses”. [19] 

The aims of this thesis were to describe the need for solutions to decrease the exposure to 

risks of musculoskeletal injuries among home care workers, the strain in older peoples’ bodies, 

and the risk of older people not being able to get up after a fall in the living and work 

environments. The results point to many things that need to be done in designing new 
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bathrooms, homes, equipment, and surroundings. The knowledge needs to increase in the 

small things, the details affecting the whole. And maybe the most important thing is that the 

knowledge should not stay within research; it needs to be spread to building designers, real 

estate owners, and politicians. 
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Appendix 1. Analysis protocol Study II 

The protocol has been used in a Swedish version. 

Date    
Casenumber 3 

Participant  
Length  

Weight  

Other 

Convert the CUELA file  

Convert the AVI file  
Synchronises Widaan and videofile  

Workposition Left  Right  

Comment  

Mark test phases in Widaan 1 2 3 

Observe the walk in Time    
Walk backwards?  

Observations 

Back movements Inclin >40 Inclin>20 Lat flex Rotation 

    

Observe positioning of wheelchair Time  

Observations 

Back movements Inclin >40 Inclin >20 Lat flex Rotation 

    

Observe preparation of wheelchair Time  
 

Where do they put arm- and leg rest? 
 
Other observations? 

Back movements Inclin >40 Inclin >20 Lat flex Rotation 

    

Max    

Knee movements Left flex Right flex  

Min 
 

Max Min Max 

Observe transfer to WC Time  
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Observation 

Elbow movement  Comment 

Shoulder 
movement 

 Comment 

Back movement Inclin >40 Inclin >20 Lat flex Rotation 

    

Max    

Knee movement Left flex Right flex 

Min Max Min Max 
 

Observe transfer from WC Time  

Observation 
 

Elbow movement  Comment 

Shoulder 
movement 

 Comment 

Back movement Inclin >40 Inclin >20 Lat flex Rotation 

    

Max     

Knee movement Left flex Right flex 

Min Max Min Max 
 

Observe preparation of wheelchair II Time  

Comments 
 

Back movements Inclin >40 Inclin >20 Lat flex Rotation 

    

Max    

Knee movementr Left flex Right flex 

Min Max Min Max 
 

Observe walk out Time  

Walk backwards? 
 
Comments 

Back movements Inclin >40 Inclin >20 Lat flex Rotation 

    

 

Signature:_____________________________________________ 


