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Abstract 

Nursing staff have an elevated risk of developing musculoskeletal disorders, in particular in 

the lower back area. Statistics produced by leading industrial nations show that back 

problems are the world’s number one work-related health problem, and that healthcare 

workers suffer from a greater occurrence of such problems than workers in other 

professions. In this context, many studies have examined manual patient handling activities, 

which was thought to be the main cause of musculoskeletal disorders of the lower back. But 

nurses have many other types of work to perform and several reviews have concluded that 

approaches which only focus on manual patient handling activities do not sufficiently reduce 

back problems in nursing professions. 

Other risk factors for musculoskeletal disorders of the lower back discussed in the literature 

included repeated bending and the high proportion of static trunk postures. The main aim of 

this doctoral thesis was therefore to examine the influence of stressful trunk postures on the 

physical workload of nursing staff in hospitals and nursing homes. It focuses on the type, 

number and extent of stressful postures and on identifying activities that encourage their 

occurrence. We used our findings to derive strategies for reducing stressful postures in 

nursing, and examined whether nursing staff regard such a reduction as actually relieving 

their physical workload.  

A secondary aim was to consider the older people potentially in need of care. The 

background to this is that, due to steadily rising costs, many older people are unable to 

afford care in a nursing home, and additionally that the forecast severe shortage of nursing 

staff in future gives reason to look for solutions that can reduce the demand for nursing 

staff. Among older people who still look after themselves, we therefore examined which 

stressful postures they adopt when carrying out domestic tasks such as cooking and washing 

laundry. From the results, we provided some examples of a better design of the domestic 

environment, which reduces stressful postures, when performing these tasks and helps older 

people to be able to look after themselves in their own homes for longer. 

 

Keywords: nurses, musculoskeletal disorders, trunk posture, perceived exertion, ergonomics 
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1 Introduction 

Nursing staff have a higher risk than other occupational groups of developing 

musculoskeletal disorders (MSD), in particular back disorders, during the course of their 

working life [1-6]. Statistics produced by leading industrial nations show that back problems 

are the world’s number one work-related health problem and the most frequent cause of 

absence; an above-average proportion of those affected are health care and social service 

workers [7-9]. This is confirmed by current analyses carried out by the DAK, one of 

Germany’s largest statutory health insurers, according to which health care workers have 

the highest rate of absence: 4.4% [10]. A separate analysis of nursing staff in inpatient 

facilities [11] also showed that musculoskeletal disorders were primarily responsible for a 

rate of absence due to illness of 25.5% among this group of insured people.  

Noticeable among nursing staff is also the long duration of sick leave due to musculoskeletal 

disorders, which was 19.9 days on average, as against an overall average of 11.5 days for all 

illnesses. Moreover, 73.3% of nursing staff said that they suffered moderate or severe back 

pain. Current studies from other countries show similar prevalence rates of between 59.8% 

and 73.5% for the past twelve months [12-14]. Along with the adverse effect on nurses’ 

health, high rates of occupational absence are also damaging in economic terms. Wenig et 

al. [15] assessed the annual cost of back pain in Germany at around EUR 49 billion, of which 

54% consisted of indirect costs such as sick leave or early retirement. 

The causes of musculoskeletal disorders in nursing are complex and, we now know that a 

single approach to prevention, such as training in ergonomic patient transfers, is not enough 

to reduce these complaints in the long term [16-18]. One possible additional factor in the 

occurrence of back problems are stressful postures, such as frequent bending or working in 

static positions [19-22]. Engels et al. [23,24] found that geriatric nurses spend 25% of their 

working hours adopting stressful postures. They also discovered that in addition to manual 

patient handling activities, nursing staff regarded working in awkward positions and 

frequent bending as very stressful. Yip [25] even sees frequent bending of the trunk while 

working as an independent predictor for the occurrence of new back disorders. 

We suspected that postures of this kind play a major role in the physical strain of nursing 

staff, and that looking after older people who are often physically and cognitively impaired 
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places especially high physical demands. Only a few studies have examined stressful 

postures in nursing staff [21,26,27] and most of those focused on manual patient handling 

activities while paying little attention to other nursing activities. 

The main aim of this doctoral thesis was therefore to quantify stressful postures in nursing 

staff, to identify the causal factors and to derive suitable preventive measures. We also 

investigated whether nursing staff really regard a reduction in stressful postures as a 

reduction in the physical workload. 

A secondary objective of this doctoral thesis was to consider the older people potentially in 

need of care. The background to this is, firstly, the steadily rising financial cost of looking 

after people in need of care, leading to a situation in which many older people are unable to 

afford care in a nursing home. In Germany, the costs of full inpatient care average between 

EUR 2,000 and EUR 3,000 per month, depending on the level of care required [28]. There 

may also be additional costs for extra services. Secondly, the forecast severe shortage of 

nursing staff in future [29,30] gives reason to look for solutions that can reduce the demand 

for nursing staff. In addition, older people usually want to stay in their own homes and to 

look after themselves for as long as possible. However, this becomes more difficult with age. 

Older people aged over 75 years often experience substantial performance declines [31], as 

both cognitive and physical abilities diminish and make it increasingly hard to cope with 

everyday tasks [32]. Important factors for independent living are activities such as shopping, 

cooking, cleaning and tidying up or laundry washing, among which cooking and washing are 

especially important for older people [33,34]. With the help of video recordings, Seidel et al. 

[35] discovered that most difficulties in performing daily tasks were the result of impaired 

mobility, especially when bending. The need to bend was responsible for difficulties when 

cooking (45%), washing (40%), cleaning and tidying up (32%) and shopping (23%). Most of 

the test subjects themselves also said they had difficulty in bending. In this connection, we 

examined the stressful postures that older people assume while cooking and laundry 

washing, and whether the ergonomic design of domestic surroundings can reduce the 

number of stressful postures. 
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2 Background 

2.1 Influence of demographic change on the long-term care rate in Germany 

According to the German Federal Statistical Office [28], at the end of 2011, 2.5 million 

people in Germany were in need of care, or 3.1% of the total population. This is known as 

the long-term care rate. However, the rate of need for care depends very largely on age. 

While around 5% of people in the age group between 70 and 75 were in need of care, the 

rate for 85- to 90-year-olds was 38% and from the age of 90 it was 58%. Only ten years 

previously, the long-term care rate across all age groups was 2.5%, but it rose continuously 

to 3.1% by 2011. Projected demographic trends indicate that the long-term care rate will 

continue to increase. In its 2010 report on demographic change [29], the German Federal 

Statistical Office assumed that by 2050, the proportion of people aged 60 and over in 

Germany will have risen to 40% (Table 1). 

 
 
Table 1.  Projected demographic trend in Germany by 2050 in the age groups with an increased risk  
   of sickness and of needing care 

Age groups in years  Number of people in millions 

  2009 2020 2030 2050 

Total  81.7 79.9 77.4 69.4 

60 – 70  9.2 10.9 12.6 9.5 

70 – 80  7.8 7.6 9.5 8.2 

80 – 90  3.7 5.1 4.9 7.9 

90 and older  0.5 0.9 1.5 2.3 

Source: German Federal Statistical Office, Demographic Change (2010) 

 

As the population ages, the number of people in need of care will continue to grow. Figure 1 

shows the projected development in the number of people in need of care until the year 

2050.  
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According to Federal Statistical Office calculations, the number of people in need of care in 

Germany will rise to 3.4 million by 2030, and to as many as 4.5 million in 2050, equivalent to 

a long-term care rate of 6.5%. 

 

 

Figure 1. Projected development in the total number of people in need of care in Germany, based  
    on the ‘status quo scenario’, numbers in millions. Source: German Federal Statistical Office,  
    Demographic Change (2010) and Care Statistics (2011) 

 

2.2 Care situation in Germany 

At the end of 2011, of a total of 2.5 million people in need of care, 30% (743,000) were being 

looked after as inpatients in 12,400 nursing homes. Around 23% of people in need of care 

were being looked after by mobile home care services, and 47% by family members. In 

recent years, the trend has been towards professional care in nursing homes and by mobile 

home care services. Between 1999 and 2007, the number of people in need of care being 

looked after in nursing homes rose by around 24%, and the number of those looked after by 

mobile home care services by 21%, while care by family members rose only slightly, by 1% 

[29]. Reasons for this are, first of all, the increasing level of care required by individuals, 

primarily through multimorbidity in old age, as a result of which family members often feel 

unable to cope, and secondly, the increasing number of women who go out to work, which 

leads to a decline in family care since such care is mainly provided by women. 

Overall, the care situation in Germany, especially in nursing homes, is becoming increasingly 

difficult. Along with demographic change, medical advances are resulting in an increasingly 

ageing society and to a situation where it is not only the proportion of people in need of care 

that is rising, but also the level of care needed. On the other hand, the age structure of the 
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nursing profession itself is changing. Federal Statistical Office figures show that in 2006, the 

majority of nursing staff (48.3%) were between 35 and 49 years old. Ten years previously, 

the largest proportion (48.4%) were younger than 35. Likewise, the proportion in the group 

aged 50 and over rose from 12.5% to 16.7% in the same period. Moreover, because of 

greater life expectancy and cost pressure on state pension funds, a gradual increase in the 

retirement age has been planned and partially implemented already. The proportion of older 

nursing staff will increase as a result. The rate of recruitment of young nursing staff is no 

longer sufficient to make up for the natural ageing process [36]. A further difficulty is that 

many nurses leave the occupation prematurely. Hackmann [37] found that hospital nurses 

continued in the profession for 13.7 years on average, and geriatric nurses for just 8.4 years. 

This is due, among other things, to family reasons, but mental and physical stress also plays a 

significant role [38]. In future, therefore, fewer and fewer qualified nursing staff will be 

available to cope with a steadily rising long-term care rate. 

Accordingly, the German Institute for Economic Research [30] calculated that by 2050, the 

need for nursing staff will increase by 129% in the mobile home care sector and by 143% in 

the inpatient care sector (compared with data for the base year 2009). For purely 

demographic reasons there could be a shortage of 670,000 to one million nursing staff by 

the year 2050 unless appropriate countermeasures are taken. This development presents a 

major challenge in terms of promoting and maintaining nurses’ health and working capacity 

so as to enable them to practise their occupation until normal retirement age, even in 

changed conditions. 

 

2.3 Significance of MSD prevention in nursing professions 

An especially important factor in maintaining the health of nursing staff is the prevention of 

musculoskeletal disorders. These are degenerative disorders, meaning that the course of the 

disease is exacerbated with increasing age [39]. Consequently, periods of absence increase 

and grow longer [40]. Figure 2 shows how sharply the proportion of days of sick leave due to 

MSD rises with increasing age. In addition, Camerino et al. [41] confirm that nurses’ working 

capacity declines with increasing age. 
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Figure 2.  Proportions of days of sick leave caused by the main types of illness;  
    Source: Data on absence due to sickness from statutory health insurer DAK (2012) 

 

Musculoskeletal disorders are also among the most frequent causes of long-term sick leave 

[42]. These, in turn, often lead to reduced work capacity or even work disability [43]. In 

Germany, a pension for reduced work capacity can be paid if this happens. Harling et al. [44] 

found that this is particularly frequent among nursing professions, where the proportion is 

between 30.5% and 38.9%, as against only 22.4% for other occupational groups. It was also 

found that diagnosis of a musculoskeletal disorder as the basis for drawing a pension for 

reduced work capacity occurs more frequently in nursing than in other occupational groups. 

To counter this development, it is important to initiate interventions in people with early 

symptoms of an MSD [45,46] and to identify at an early stage those nursing staff at an 

increased risk of having a reduced capacity to work [47,48]. 

Overall, it is clear how important it is to prevent musculoskeletal disorders in nursing, not 

only now but for future generations, especially in view of demographic change. 
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3 Objectives and research questions 

One objective of this doctoral thesis was to quantify stressful postures among nursing staff, 

to identify the factors that cause and encourage them and to derive suitable preventive 

measures. We also aimed to examine the influence of stressful postures on the perceived 

physical workload by nurses. A secondary objective was to quantify stressful postures 

adopted by older people potentially in need of care while cooking and washing laundry, and 

to establish whether a more ergonomic design of the domestic environment can reduce the 

number of stressful postures. We carried out four empirical studies in all, two in hospitals 

and nursing homes during normal working shifts, and two under laboratory conditions. In 

doing so, we examined the following specific research questions: 

Study 1:  

� Is the newly developed CUELA measurement system suitable for use in nursing? 

� Which stressful postures do nurses adopt during the morning shift? 

� Which activities might be responsible for the occurrence of stressful postures? 

Study 2: 

� How long do nurses work per shift at a sagittal inclination greater than 20°? 

� Are there differences between nurses in hospitals and nursing homes in this respect? 

� Which factors encourage the occurrence of sagittal inclinations? 

Study 3 

� What influence do the factors ‘bed height’ and ‘different way of working in the 

bathroom’ have on the proportion of time that nursing staff spend in a sagittal 

inclination? 

� Do nursing staff perceive a larger proportion of time spent in a sagittal inclination as an 

increase in physical strain? 

 Study 4: 

� Which critical postures do older people assume when cooking and washing laundry? 

� Which factors encourage the occurrence of critical postures? 
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4 Methods 

4.1 Project overview 

We performed four empirical studies with a total of 26 hospital nurses, 21 geriatric nurses 

and 27 older people over 75 years. All participants wore a special measurement system for 

detecting posture (see chapter 4.4) and were filmed by a video camera, at the same time. In 

study 1 and 2 the nurses wore the measurement system during their normal working time in 

the hospital or nursing home; study 3 and 4 took place under laboratory conditions.  

Table 2 gives an overview of the study types, the objectives and the time course of the whole 

project. 

 

Table 2: Overview of all studies contributing to this doctoral thesis 

 Study 1 Study 2 Study 3 
 

Study 4 

Time period 2005 – 2007 2007 – 2010 2009 - 2011 2009 – 2010 
Design Field study (Pilot) Field study Laboratory study Laboratory study 
Objectives 
 

1. Test of the new 
measurement 
system;  
2. Quantification 
of awkward 
postures 
 

1. Quantification 
of sagittal 
inclinations; 
2. Comparison 
hospital and 
nursing home; 
3. Investigation of 
factors influencing 
the occurrence of 
inclinations 
 

1. Investigation of 
the impact of 
different working 
methods on the 
occurrence of 
sagittal 
inclinations;  
2. Investigation of 
the link between 
inclinations and 
perceived exertion 

1. Quantification 
of critical body 
postures for older 
people; 
2. Assessment of 
factors promoting 
the occurrence of 
critical postures 

No. of 
participants 

8 27 12 27 

Type of 
participants 
 

8 hospital nurses 18 hospital nurses 
and 9 geriatric 
nurses 

12 geriatric nurses 27 older people 
75+ years 

No. of shifts 
measured 

24 79 - - 

Facilities 2 hospitals 7 hospitals and 
4 nursing homes 

laboratory 
conditions 

laboratory 
conditions 

Convenience 
sample 

yes yes yes yes 

Publications 
(year) 

Paper 1 and  2 
(2007) 

Paper 3 
(2012) 

Paper 4 
2013) 

Paper 5 
(2011) 
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Study 1 (Papers 1 and 2) is a field study in which we examined whether the newly developed 

CUELA (German abbreviation for ‘computer-assisted recording and long-term analysis of 

musculoskeletal loads’) measurement system is suitable for use in nursing and which 

stressful postures occur in the course of hospital nurses’ everyday work. We analysed three 

morning shifts of eight hospital nurses, respectively, from five different departments. The 

results showed that the measurement system is well suited to use in nursing and that 

hospital nurses assume a large number of stressful postures, working very frequently in a 

bent-forward position. We also found initial indications that caring for people who are to a 

great extent in need of help leads to an increase in the number of stressful postures. 

Study 2 (Paper 3) is another field study in which we investigated the length of time in which 

nurses on the morning shift work at a sagittal inclination greater than 20° and the factors 

that encourage this posture. We analysed three morning shifts of 18 hospital nurses and 

nine geriatric nurses, respectively. The results showed that hospital nurses spent an average 

of one hour and geriatric nurses an average of two hours per shift at a sagittal inclination 

greater than 20°. Basic care activities such as washing patients or making beds significantly 

increased the occurrence of sagittal inclinations. 

Study 3 (Article 4) is a laboratory study in which we examined how the factors bed height 

and work method in the bathroom affect the proportion of time that nurses spend in a bent-

forward position. We also examined the correlation between the time spent by nurses in a 

bent-forward position and the perceived exertion. To this end, we analysed twelve geriatric 

nurses who carried out prescribed basic care activities under different conditions at a 

patient’s bedside and in a bathroom and immediately after doing so rated the personal 

perceived exertion on the Borg scale. When the participants adjusted the bed to groin 

height, they spent significantly 28.0 percentage points longer in an upright position than 

when working at a bed that had not been raised. By using a stool in the bathroom, the 

nurses spent 25.7 percentage points longer in an upright position than when working 

standing up. The higher the proportion of time spent in an upright position, the less 

strenuous the nurses rated their work to be. 
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Study 4 (Paper 5) is also a laboratory study in which we examined which critical postures 

older people assume during the course of everyday housework and which factors encourage 

the occurrence of such postures. We observed 27 men and women aged over 75 while they 

were cooking and washing laundry. These activities required the adoption of many different 

postures, and therefore a certain degree of mobility. When cooking, the participants spent 

3.2% of the time in a critical posture, and when washing laundry 10.1% of the time. A more 

ergonomic design of the domestic environment could reduce or eliminate critical postures 

and make it easier for older people to look after themselves in their own homes for longer. 

 

4.2 Experimental design 

4.2.1 Recruitment of facilities, nurses and older people 

Due to the measurement system and the required video recordings, it was very difficult to 

find hospitals and nursing homes that would give their consent to such a study project. Apart 

from the patients and the residents (hereafter referred to as ‘patients’), the nursing staff and 

people responsible for the facilities, such as ward managers, medical and nursing directors, 

and staff representatives, etc. also had to give their consent. We therefore used a 

convenience sample of facilities and nurses. An appeal was made on the internet to recruit 

hospitals and nursing homes for the studies 1 - 3. Those who were interested to participate 

in the study were provided with an information brochure. If the facilities were still interested 

to participate, a detailed information event was held at each facility and interested nurses 

and other staff members had an opportunity to try out the measurement system. This was 

done to help people decide whether they would like to participate in the study. All nurses 

who wanted to participate in the study had to be predominantly free of back pain. That 

means nurses who were not able to carry out certain tasks due to acute back pain were not 

allowed to participate in the study. Additionally, the nurses had to be involved in care 

activities. Thus, the managerial staff members who wanted to take part in the study had to 

perform the same work as a nurse who does not hold a managerial position. In Germany, it 

is usual for managerial staff such as group managers, deputy ward managers, or ward 

managers to be involved in the daily routine of care activities.  
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However, the amount of care activities they perform is lower than that of staff members 

who do not hold a managerial position due to the additional administrative work they have. 

Therefore, for managerial staff members taking part in the study administrative work was 

only to be performed after the measurements had been taken. 

To find older people over 75 years for study 4, an advertisement was placed in a local 

newspaper to target the residential population near the study centre, and senior clubs were 

approached via mail requesting assistance with recruitment in the study. Participants 

received a compensation of 300 Swedish Crowns, and transportation service was provided 

for those who had difficulty travelling to the centre.   

4.2.2 Information process for people involved in the studies 

Due to a smooth performance of the measurements – especially in the field studies – it was 

very important to inform all people involved in the studies, thoroughly. Therefore, we 

created three different information brochures (see appendix B): one for the facilities’ 

managers, one for the participants and one for patients or residents and their visitors in the 

participating wards. As nursing staff sometimes have to leave their ward during the shift, 

some posters describing the project were hung up in the institution, additionally. In this way, 

non-participating staff members and visitors could be informed. 

Participants in study 1 and 2 got their information brochure right after their decision to take 

part. The brochure informed about the study’s objectives, the measurement system used, 

the course of the measurements, the required clothes for attaching the sensors safely and 

what the participants have to pay attention for during the measurement. The brochure for 

patients and their visitors was provided two days before the measurements had been 

started. It condensed the project and asked for the patients’ support. Additionally, the need 

of video recordings was explained and assured that these recordings are only used for 

internal evaluation purposes.  

One day before the measurements had been started, an information session with the 

respective ward manager, the participants and their ward colleagues was performed. The 

specific daily running of the ward was discussed in order to avoid disturbances possibly 

caused by the measurements. Additionally, the participants signed the declarations of 

consent. This was the consent for the video recordings, for the publication of taken photos 
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and the assertion to wear the measurement system by their own choice. Afterwards, an 

information session was performed in each patient’s room in order to answer questions and 

to get the patients’ consent for the video recordings. Besides, the research team members 

who would accompany the participants were introduced to the patients or residents. 

In study 3 and 4, shortly before the start of the measurements, the participants were 

informed about the course of the measurements and signed the declarations of consent. 

Due to the laboratory conditions, no patients or residents had to be informed.  

4.2.3 Plan of measurements 

In study 1 and 2, the day before the measurements had been started, the technical 

equipment was set up in a separate room on the respective ward and the measurement 

system was adapted to the participant’s body shape to avoid delays on the first 

measurement day. Afterwards, the participants filled in the questionnaires “participant” and 

“ward”. On the following day, right after the handover from the night to the morning shift, 

the system was attached to the participant and the functional capability of the sensors was 

tested. Additionally, the video recordings were started. Both, at the beginning and at the 

end of each measurement the participant had to perform special initialization movements; 

these were necessary for the calibration of the sensors and enabled the checking of 

potential sensor failure after the measurements had been taken.  

Thereafter, the participant started with her of his normal work and was accompanied 

continuously – except during the morning break – by a research team member who took the 

video recordings. The measurement of the whole morning shift was divided into two 

sections of two to three hours, respectively (Table 3). For security reasons, after each section 

the collected data were stored on a notebook.  

The measurement of the second section was stopped, as soon as the participant had 

finished taking care of the patients and only documentation work towards the end of the 

shift and the subsequent handover to the midday shift was left. These activities were 

excluded from the measurement as they are normally performed seated and sitting postures 

lead to different strain patterns that were not addressed in this study. Generally, each 

participant wore the system for three consecutive shifts. 
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Table 3. Typical morning shift in participating hospitals and nursing homes and corresponding time 
   flow of the measurements. 

Time Section Included in 
measurement 

  No Yes 

06:00-06:30 a.m. Handover from the night shift to the morning shift x  

06:30-07:00 a.m. Attaching the measurement system to the nurse x  

07:00-10:00 a.m. 1st measurement period  x 

10:00-10:30 a.m. Morning break x  

10:30-01:00 a.m. 2nd measurement period  x 

01:00-01:30 a.m. Handover from the morning shift to the midday shift x  

 

In study 3 and 4 the participants individually came to the laboratory where the 

measurements took place. First, an information session was held and to get additional 

information about the participants, they filled in the questionnaire “participant” (study 3) or 

an interview was performed (study 4). Subsequently, the measurement system was attached 

and the participant familiarised with the laboratory environment, the provided utilities and 

the required activities. And only afterwards, the initialisation movements were performed 

and the measurements were started. 

Each participant performed a predetermined sequence of activities. In study 3 that was: 

providing personal basic care at three different bed heights and providing personal basic 

care in the bathroom in three different working positions. Right after each test, the 

participants had to estimate on the Borg scale, how stressful they perceived the performed 

work to be, under the respective conditions (see chapter 4.8). In study 4 the required 

activities were cooking and laundry washing. Here, an estimation on the Borg scale was not 

performed. 
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4.3 Different data acquisition and evaluation methods for physical workload 

In principle, most methods of recording physical workload during occupational activities can 

be divided into the following five categories:  
 

Analysis of activities using a questionnaire 

Questionnaires are used to ask about the general work routine and to record information 

such as the frequency and duration of postures assumed and loads handled. This method is 

easy to apply almost anywhere and is often the only possibility for recording an occupational 

strain that was experienced a long time ago.  

Its disadvantage is the high level of subjectivity, since the information is usually estimated 

and often overestimated. In Germany, this method is frequently used to investigate whether 

an employee’s sickness can be traced back to occupational exposure. 
 

Analysis of activities by observers 

In this method, specially trained observers accompany the test subjects and record the 

frequencies of certain postures and loads handled at specified intervals. One example of this 

is the OWAS method [49], which is used to classify postures and loads handled and to assess 

the risk they entail. This method has also been used for analysing nursing professions 

[23,26]. Its disadvantages are the very rough division into assessment categories and the 

possible subjectivity of observers. It is also difficult to register all movements fully and 

precisely during a fast sequence of activities. Another method in this category is to use 

mobile data collection devices. For example, an integrated scanner can be used to input 

predefined activities or postures using a barcode list and to assign them to a fixed point in 

time. 
 

Video analyses 

This method involves filming either an entire shift or individual periods of activity with a 

video camera. The actual analysis is performed only after the video recording has been 

completed. The advantage of video analysis is that a work situation can be observed as many 

times as required and that even a quick sequence of activities can be recorded fully and 

evaluated. However, even here body angles usually have to be estimated and it is often 

difficult to assess a body angle precisely in a two-dimensional image. 
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Other imaging methods 

One example involves attaching markers to the test person and using fixed infrared cameras 

to record the signals reflected [50]. If the system is precalibrated, computers can be used to 

calculate the absolute spatial position of the markers and their movement. Biomechanical 

models that can be integrated into the analysis software enable the automatic assessment 

of the physical workload.  

Such a system allows for an objective and precise three-dimensional movement analysis, but 

only in a small calibrated area. Therefore, only selected activities can be reconstructed under 

laboratory conditions and examined. A system of this kind is not suitable for analysing an 

entire shift in real conditions, such as in nursing. 
 

Personal measurement systems 

Personal measurement systems analyse movements via sensors attached to the test subjects 

that detect the body angles at the corresponding joints. In order to determine the loads 

handled, the required floor reaction forces can be recorded by means of pressure sensitive 

insoles. Ideally, the measurement data obtained in this way is stored in a battery-powered 

computer unit attached to the test subject. The advantages of this method are the objective, 

detailed recording of data and the possibility of using it in real conditions, since the test 

subject can move completely freely. This method, too, has been used to analysing nursing 

occupations [51,52]. In the present doctoral thesis the CUELA personal measurement system 

was used to collect data and is described in more detail in the next chapter. 
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4.4 CUELA measurement system  

The body postures were measured by using the CUELA measurement system (Figure 3), as 

developed in the Institute for Occupational Safety and Health of the German Social Accident 

Insurance [53]. A combination of different sensors, attached at the thoracic and lumbar 

spine and at the hip and knee joints, provides the necessary information on position and 

angles and enables the kinematic reconstruction of the volunteers’ movements (Table 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The CUELA 
measurement system in 
use. 
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Table 4. Joints and body regions covered by the CUELA system, their degrees of freedom and applied 
   sensors 

Joint/body region Degree of freedom Sensors 

Thoracic spine Sagittal and lateral inclination  
at the level of Th1 

Inclinometers and 
gyroscopes 

Lumbar spine Sagittal and lateral inclination  
at the level of L5 

Inclinometers and 
gyroscopes 

Thoracic and lumbar spine Torsion between thoracic and  
lumbar spine 

Digital angle 
sensor 

Hip joints Flexion/extension Potentiometers 

Knee joints Flexion/extension Potentiometers 

 

 

 
Figure 4. The user interface of the software WIDAAN 2.75 that was used to evaluate the measured 
    data, with an animated computer figure and synchronized video sequence. 
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Additionally the floor reaction forces were measured by special pressure-sensitive insoles in 

order to differentiate between walking, sitting and squatting more precisely. The sensors’ 

sampling rate is 50 Hz, so that even dynamic movements can be realistically mapped. 

The collected data are stored on a memory card with a mini-computer attached at the 

participant‘s back. No connection to external components was necessary, and the 

participants were able to move freely while performing their work. In addition, the 

participants were filmed with a video camera throughout the measurement period.  

After completion of the measurements, the specially developed WIDAAN 2.75 software was 

used to synchronize the data recorded with the CUELA system and the video camera. In this 

way, the participant’s specific situation was shown for each trunk posture selected in the 

angle time diagram (Figure 4). 

 

4.5 Definition of the joint angles 

In this section the joint angles measured by the CUELA system are described. The 

movements of the trunk are divided in two areas, the thoracic spine and the lumbar spine 

area and they are measured in three planes: sagittal inclination, lateral inclination and 

torsion. The movements of the legs are measured in the sagittal plane.  

4.5.1 Sagittal inclination of the trunk 

Figure 5 shows the definition of the trunk angles for the sagittal movement plane. The 

inclination of the thoracic and the lumbar spine is built between the gravity axis (1) and the 

respective trunk axis (2: axis of the thoracic spine or 3: axis of the lumbar spine). The angle 

(a) describes the inclination of the thoracic spine and the angle (b) the inclination of the 

lumbar spine.  

The sagittal trunk inclination is defined as the mean inclination of the whole trunk. For that a 

secant (4) is calculated from the measuring points of the thoracic and lumbar spine; the 

angle between this secant and the gravity axis then yields the sagittal trunk inclination (c). 
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Figure 5:  
Definition of the sagittal inclinations 
 

4.5.2 Lateral inclination of the trunk 

Figure 6 shows the definition of the trunk angles for the lateral movement plane. The lateral 

inclination of the thoracic and the lumbar spine is built between the gravity axis (1) and the 

respective trunk axis (2: axis of the thoracic spine or 3: axis of the lumbar spine).  

The angle (a) describes the lateral inclination of the thoracic spine and the angle (b) the 

lateral inclination of the lumbar spine. The lateral trunk inclination is defined as the mean 

lateral inclination of the whole trunk. For that a secant (4) is calculated from the measuring 

points of the thoracic and lumbar spine; the angle between this secant and the gravity axis 

then yields the lateral trunk inclination (c). 
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4.5.3 Torsional movement of the trunk 

   Figure 7 shows the definition of the torsion of the trunk. This occurs when the spine is 

stronger twisted in the thoracic area than in the lumbar area. The torsion angle (a) is defined 

as the difference between the trunk axis on the thoracic level (1) and the trunk axis on the 

lumbar level (2). A rotation to the right yields a positive torsion angle and a rotation to the 

left yields a negative torsion angle. 

 

 

Figure 6:  
Definition of the lateral inclinations  

 

 

 

 

   Figure 7.  
   Definition of the torsional movements 
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4.5.4 Flexion of the hip and knee joints 

Figure 8 shows the definition of the hip and knee joint angles in the sagittal movement 

plane. The hip joint angles (a) are built between the trunk axis (2) and the thigh axis (3). The 

knee joint angles are built between the thigh axis (3) and the lower leg axis (4). When 

standing upright that yields an angel of 180° for both, the hip joint angle and the knee joint 

angle. However, in the medical description of the neutral position the hip and knee joint 

angles are 0°. Thus, in the WIDAAN software a difference is built between 180° and the 

measured hip and knee joint angle, respectively, to be consistent with the medical 

description. In this doctoral thesis the hip and knee joint angles are only measured to 

identify postures and movements such as going, sitting, squatting and standing. An 

ergonomic evaluation was not performed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  
Definition of the hip and knee joint flexion 
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4.6 Trunk posture evaluation 

4.6.1 Deviation of the joint angles from the neutral position 

For the ergonomic evaluation of the measured trunk postures different angle classes were 

proposed, based on different standards and the current literature [54-56], (Table 5). The 

underlying idea in these classifications is that joint position should be regarded as most 

favourable when it is near the neutral position. The closer a joint angle is to the extreme 

value in the corresponding range of motion, the higher is the resulting risk of injury.  

 

Table 5. Classification of the trunk postures into angle ranges, adapted from standards DIN EN 1005-4  
  and ISO 11226 [54,55]. 

Trunk posture Angle range  

 Acceptable 
(neutral range) 

Conditionally 
acceptable 

Unacceptable 

Sagittal inclination 0° ≤ x ≤ 20° 20° ≤ x ≤ 60° ≥ 60° 

Lateral inclination 0° ≤ x ≤ |20°|a - ≥ |20°|a 

Torsion 0° ≤ x ≤ |20°|a - ≥ |20°|a 
aOriginal limit value used by the standards is |10°|. 

 

According to the ISO 11226  and DIN EN 1005-4 standards [54,55], sagittal inclinations 

between 0° and 20° are defined as acceptable and correspond to an upright trunk position 

(Figure 9). In this position the pressure on the lumbar discs is least and rises with an 

increasing inclination. Here, an inclination was defined as first exceeding and then falling 

below the 20° or 60° limit (Figure 10). Inclinations between 20° and 60° are only acceptable 

under the following conditions: the trunk is supported, the movement is symmetrical (i.e. 

not combined with a lateral movement or torsion) and the movement is performed on 

average less than twice per minute during a shift. Sagittal inclinations over 60° are defined as 

not acceptable. Lateral inclination or torsional movements of over 10° are rated as critical by 

the DIN EN 1005-4 standard [54], which mainly applies to working with machines. But these 

angles can even occur during rapid walking. Thus, the angle classes suggested there were 

adapted to the dynamics of realistic nursing work (Table 5). 
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Figure 9.  
Evaluation of the sagittal inclination;  
 1=acceptable, 2=conditionally acceptable,  
 3=unacceptable 

 

 

 

Figure 10. Recording the sagittal inclination intervals; Int=Interval 
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4.6.2 Static postures outside of the neutral range 

According to standard DIN EN 1005-1 [56], postures are designated as static postures if they 

are held for longer than 4 seconds, at a constant or slightly changing force. Potential damage 

from static postures was mainly thought to be due to muscle exhaustion, changes in 

metabolism, pain sensitivity, and the pattern of movements, which eventually lead to 

excessive stress on the musculoskeletal system [57,58]. Permanent inclination of the trunk 

(without support), as, for example often observed in the basic care of bedridden patients, is 

strictly speaking not a static posture, as the inclination of the trunk can vary during the task. 

There is nevertheless often an extended period in which the trunk is not erected into the 

neutral position (Figure 10, Interval 3), so that it can be assumed in this case that the risk of 

injury from muscular exhaustion is comparable. 

4.6.3 High frequency of movements 

The DIN EN 1005-4 standard [54] defines a body movement as being frequent if it is 

performed twice or more per minute for an extended period. The movement frequency is 

used as an additional condition for the evaluation of postures which do not correspond to 

the medically neutral position, but which cannot in principle be regarded as representing a 

major risk. One example is the sagittal inclination between 20° and 60°, which, according to 

the standard, lies in a conditionally acceptable angle range. This means that this posture is 

regarded as being acceptable if it is assumed on average less than twice per minute during a 

working shift. However, it is regarded as being unacceptable if it is assumed two or more 

times per minute. 

 

4.7 Factors influencing the extent of sagittal inclinations  

4.7.1 Identification of activities leading to sagittal inclinations 

The daily duties of nurses include a variety of different tasks, such as washing patients, bed 

making or changing dressings. To find out which of these tasks most frequently lead to 

sagittal inclinations we compiled a list with all the tasks that could be found in inpatient 

nursing work. As there was a great many of different tasks, we summarized them to groups,  
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such as ‘bed making’, ‘clearing up/cleaning’, ‘basic care in bed’ or ‘patient mobilization’. 

With the WIDAAN software we selected all sagittal inclinations over 60° and all static 

inclinations over 20° and assigned each of them to the corresponding task group, using the 

video footage.   

4.7.2 Basic care intensity score 

Depending on the extent to which a patient was in need of assistance, the intensity of 

required personal basic care provided by the nurse could vary widely. To assess this, a new 

instrument was developed. We created a group of tasks that were designated as “personal 

basic care” and included the following individual tasks: bed preparation, washing patients or 

residents, dressing and undressing, applying care products, changing nappies or inserts, 

combing hair, and shaving. Additionally, the personal basic care performed by the nurses 

was classified as one of three stages as follows: Stage 1, the nurse only made the bed; other 

personal basic care tasks were not performed (1 point); Stage 2, the nurse made the bed and 

performed less than 50% of the personal basic care tasks (2 points); and Stage 3, the nurse 

made the bed and performed more than 50% of the personal basic care tasks (3 points). The 

number of patients provided with personal basic care by the nurses was determined using 

the video footage. These frequencies were then multiplied by the corresponding stage factor 

(1, 2, or 3 points) and added to obtain a total score for each nurse, which was termed the 

basic care intensity score. 

4.7.3 Different work methods while performing basic care tasks 

To find out whether the work method during basic care activities affect the proportion of 

time that nursing staff work in a forward bending position, we investigated the following two 

factors: firstly, the height of the bed during basic care activities at the bedside and secondly, 

the work method (standing, kneeling, and sitting) during basic care activities in the 

bathroom. Bedside care activities included washing and drying the arms, legs, feet and back 

of the patient, and changing the bed sheet. The bathroom care activities included the 

washing and drying of legs and feet, and putting on pantyhose. All participants learned the 

standardized routine and performed two test runs.  
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Next, each participant performed the care routine three times in succession at three 

different bed heights: with the upper edge of the mattress at knee height, at mid-thigh 

height, and at hip height (Figure 11). Afterwards, the participants performed the 

standardized care routine in the bathroom, with the patient sitting on a chair at the 

washbasin. The participants performed the care activities three times in succession, 

adopting three different work methods: standing, kneeling or squatting, and sitting on a 

stool (Figure 12).  

 

 
Figure 11. Standardized routine of different care activities at three different bed heights: upper edge of  
     mattress at knee height, thigh height, and hip height. 

 

 
Figure 12. Standardized routine of different care activities in the bathroom adopting three different work 
     methods: standing, kneeling or squatting, and sitting on a stool. 
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4.7.4 Non-basic care activities 

Additionally, we investigated the proportion of non-basic care activities, such as distributing 

or collecting food, clearing up, disposal, cleaning, treatment care or pushing/pulling 

wheelchairs or beds, leading to sagittal inclinations. For that, all static inclinations over 20° 

were selected and counted by the software application WIDAAN. With the help of the 

corresponding video sequence a decision for each single static inclination was made, as to 

whether it was a personal basic care or non-basic care task that had led to the static 

inclination. 

4.7.5 Load transfer activities 

We defined load transfer activities as tasks, for which increased compressive forces on 

vertebral disc L5/S1 has been described [59]. This includes tasks in which objects (sacks of 

washing, bed bars or instruments) and patients are moved. According to Theilmeier et al. 

[59] there are 11 manual patient handling activities which pose an increased injury risk for 

the nursing staff (Table 6).  

 

Table 6.  Tasks involving transfer of a load or patient  
    representing a risk to the lumbar spine  
   

No. Activity 

1 Lifting upright in bed, perhaps together with raising the head 

2 Raising from lying to sitting on the edge of the bed, or reverse 

3 From the edge of the bed into a chair, or the reverse, without help from the patient 

4 From sitting to standing, or the reverse 

5 Lifting into or out of the bath 

6 Raising the patient in the bed (possibly two helpers) 

7 Transfer from bed to bed, bed to stretcher etc. 

8 Lifting from floor (two people) 

9 Inserting and removing bedpan 

10 Lifting leg 

11 Carrying patients, possibly with aids 
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In study 1 and 2 all load transfer activities performed were identified on video and were 

counted for each nurse and shift. To find out how much time in total was spent with lifting 

heavy weights, the time for all load transfer activities was added up. However, only the time 

spent by the nursing staff actually lifting an object, a patient or a part of a patient (e.g. trunk 

or leg) was taken into account; this does not include preparation time which is needed 

mostly before and after a patient transfer. 

 

4.8 Determination of perceived exertion 

We assumed that there is a link between the proportion of time nursing staff spent in a 

forward-bending position and the perceived exertion. Therefore, we investigated in study 3 

the impact of different work methods on trunk posture and perceived exertion, while 

performing basic care activities at the bedside and in the bathroom. For the evaluation of 

perceived exertion we used the 15-point Borg’s RPE scale (R=rating, P=perceived, 

E=exertion) [60], (Table 7). This scale measures how strenuous a person perceives a 

particular performance to be. Scale values range from 6 (no exertion at all) to 20 

(exhaustion). Prior to the measurements, the participants were informed how to use the 

Borg scale. 

 

Table 7:  Borg’s RPE scale, a 15-point scale for  
  rating (=R) perceived (=P) exertion (=E) 

Rate of perceived exertion 

6 No exertion at all 
7 

Extremely light 
8 
9 Very light 
10  
11 Light 
12  
13 Somewhat hard 
14  
15 Hard 
16  
17 Very hard 
18  
19 Extremely hard 
20 Maximal exertion 
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4.9 Questionnaires and interviews 

To obtain additional information about the participants and the respective wards, two 

questionnaires were developed for studies 1 to 3. The questionnaire “participant” asks, 

besides demographic data, about job position, working time and shift system etc. The 

questionnaire “ward” asks about the characteristics of the ward, such as type and number of 

beds, provided aids, proportion of registered nurses and nursing assistants per shift and 

predominantly patient age and mobility.   

In study 4, prior to the measurements, interviews were conducted to obtain additional 

information about the older people, acting as participants. A research team member asked, 

besides demographic data, about chronic conditions, such as heart attack, stroke or arthritis. 

Moreover, it was asked for capability limitations, such as vision, cognition and locomotion 

and if there are disabilities affecting everyday housework activities. 

 

4.10 Statistical analyses 

In study 1, for any ward, we calculated the arithmetic mean and the standard deviation 

together with the median and 25th and 75th percentiles for the consecutive shifts measured. 

Differences between the wards were tested using the Kruskal–Wallis test. Statistical analyses 

were performed using SPSS 19.0. 

In study 2, frequencies and mean values for categorical and continuous variables, whichever 

appropriate were reported. Where necessary, continuous variables were transformed by 

taking the logarithm. Continuous variables were compared using t-test, categorical variables 

were compared using chi-square test in order to compare inclinations over 20° between 

nursing homes and hospitals. Analysis of covariance (ANCOVA) was performed with respect 

to the individual nurse to compare the duration of inclinations between the facility groups 

with adjustment for gender, basic care intensity score, and number of patient transfers. P 

values < 0.05, two tailed, were considered significant. Statistical analyses were performed 

using SPSS 19.0 and the Statistical Package R version 2.13.2 (R Development Core Team, 

2011). 

In study 3, prior to analysis, distribution of data was graphically checked and, if necessary, 

transformed by taking the logarithm. Categorical data were presented as count 

(percentages), continuous data were expressed as mean with standard deviations. 
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Comparisons of Borg scale data among the different working methods were performed by 

mixed models with nurses as random effects, adjusted for age and sex. Interaction between 

age and sex was checked, but p-values were not significant for all variables investigated. 

Marginal means with 95% confidence limits were reported. P-values were reported without 

correction for multiple testing. P-Values <0.05, two-tailed, were considered statistically 

significant. Statistical analysis was performed using the SPSS statistical software package 20 

(IBM SPSS Statistics Inc, Chicago, IL). 

In study 4 the proportion of time spent in each postural category and the number of ‘static 

postures’ (maintained for more than 4 seconds) were investigated. From the videotapes 

produced, a sub-task breakdown was made to record the frequency of critical postures 

according to specific tasks. Data were summarised by means and standard deviations.  

As a small number of variables showed evidence of non-normality, significance testing was 

consistently based on the Mann–Whitney test with a p-value of <0.01 considered statistically 

significant. Relevant data were extracted and analysed using STATA (College Station, TX, 

USA).  

 

4.11 Ethical issues 

In study 1 and 2 all participants, visitors and caregivers on the participating wards were 

informed about the study objectives, measurement system used, and video recording, prior 

to the measurements being taken. All people who were filmed gave their consent to being 

filmed in advance. Overall, only 12 patients (10 in hospitals and 2 in nursing homes) did not 

consent to being recorded. These patients were cared for by non-participating nursing staff.  

A few situations (11 in hospitals and 5 in nursing homes) occurred where patients did not 

feel comfortable being filmed in a special situation although they had given their consent in 

advance. We then switched off the camera and the nurses’ postures were only recorded by 

the measurement system. The study design was approved by the Ethics Commission of 

Hamburg Medical Council, Germany. In study 4 the ethical approval was obtained from the 

local ethics research committee of the Karolinska Institute, Stockholm, and all participants 

provided informed consent. 
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5 Results 

5.1 Nurses (study 1 – 3) 

All nurses reported that they needed a short time to get used to the measurement system 

when they first wore it. After that, however, there were no problems in wearing it, and they 

hardly felt it when performing their daily work. Overall, it was shown that the new 

measurement system is well suited for use in nursing professions and in this way, it was 

possible to investigate postures and activities of nursing staff under realistic working 

conditions in an objective and detailed manner. 

5.1.1 Trunk postures 

In the pilot phase (study 1) a mean of 1131 sagittal inclinations of over 20° per shift and 

participant were counted; this corresponds to an average frequency of 3.5 inclinations per 

minute and a total duration of 72 minutes nursing staff spent in a forward-bending position 

per shift (Table 8). Static inclinations of over 20° that lasted longer than 4 seconds occurred 

on average 237 times per shift and very pronounced inclinations of over 60° were counted 

175 times. Additionally, it was shown that 19% of all inclinations of over 20° and 29% of over 

60° occurred in combination with a lateral inclination and/or a torsional movement.  

 

Table 8: Number, duration and frequency of sagittal trunk inclinations 

Trunk posturesa Study 1  Study 2 

 Hospital  Hospital Nursing home 

No. of shifts measured 24  52 27 

Measurement time per shift (min) 316 ± 42  308 ± 33 313 ± 21 

No. Inc >20° 1131 ± 377  1160 ± 329 1541 ± 309 

No. Inc > 60° 175 ± 133  117 ± 85 311 ± 191 

No.static inc >20° 237 ± 101  255 ± 97 448 ± 111 

Total dur inc > 20° (min)   72 ± 35  63 ± 26 112 ± 36 

Frequency inc >20° (min-1) 3.5 ± 0.9  3.8 ± 1.1 4.9 ± 0.9 
aValues are means ± standard deviations 
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The results of study 2 confirmed the dimension concerning the sagittal inclinations found in 

study 1. Moreover, we discovered that geriatric nurses performed about one third more 

inclinations of over 20° (1541 vs. 1160; P=0,005) and spent almost twice as long working in a 

bent-forward position (112 vs. 63; P<0,001), compared to hospital nurses. 

5.1.2 Factors promoting the occurrence of trunk inclinations 

Most of the very pronounced inclinations of over 60° were caused by the tasks „bed 

making“, “personal basic care“ and “clearing up/cleaning” (Table 9). The static inclinations of 

over 20°, too, were predominantly caused by these activities (data not shown). In addition, 

we found several other factors that affected the occurrence of sagittal inclinations 

significantly: On the one hand it was the facility (hospital or nursing home) the participant 

was working in and the amount and intensity of performed basic care activities (Table 9); but 

also the adjusted bed height and the work method in the bathroom had an significant 

influence on the total duration of sagittal inclinations. 

The model revealed (Table 10) that working in a nursing home increases the total duration of 

inclinations by 25.3 minutes (95% CI = 2,4 – 48,2; p = 0,032) and an increase of the basic care 

intensity score by one score-point corresponds to an extension of two minutes working in a 

bent-forward position (95% CI = 1,1 – 2,8; p < 0,001). The model was adjusted for the 

number of patient transfers and gender but these variables had no significant effect. 

 

Table 9. Distribution of activities leading to sagittal inclinations > 60° 

Ward Measure-
ment 
[n] 

Activities with inclinations > 60° 
[%] 

  Clearing up, 
cleaning 

Treat-
ment  
care 

Bed  
making 

Basic  
care 

Patient 
mobili- 
sation 

Handling 
bed linen 

GER 3 13.4 ± 11.7 8.5 ± 7.4 39.1 ± 13.2 21,4 ± 1,8 1.3 ± 2.3 9.4 ± 4.9 

CH + INN 12 11.8 ± 8.7 3.1 ± 4.3 17.9± 9.5 20.9 ±23.1 6.9 ± 8.9 9.4 ± 11.8 
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Table 10. Variables associated with the primary outcome variable „total duration of inclination“ 

Variable (study 2) Effect (95% CI) P value 

Working area (hospital or nursing home) 25.3 (2.4-48.2)   0.032 

No. of patient transfers   0.3 (-0.08-2.8)   0.117 

Basic care intensity score (points)   2.0 (1.1-2.8) <0.001 

Gender   6.9 (-12.8-26.7)   0.478 

 

The bedside tests showed that raising the bed for performing basic care activities increased 

the proportion of time in an upright position, decisively (Figure 13). When the bed was at 

knee height, the participants spent 18.5% (±4.6) of the test duration in an upright position 

and 81.5% (±4.6) bending forward at an angle of more than 20°. The proportion of very 

pronounced inclinations of more than 60° was 28.4% (±13.4). When the bed was set at thigh 

height, the proportion of time spent in an upright position increased by 7.9 percentage 

points to 26.4% (±8.7) and the proportion of very pronounced inclinations of more than 60° 

decreased by 22.1 percentage points to 6.3% (±8.7). With the bed at hip height there were 

no longer any inclinations of more than 60° and the participants spent almost half the time 

working in an upright position.  

The bathroom tests (Figure 14) showed that when the work method adopted was 

“standing”, the participants spent 13.1% (±4.9) of the test duration in an upright position 

and 86.9% (±4.9) bending forward at an angle of more than 20°. The proportion of very 

pronounced inclinations of more than 60° was 72.7% (±10.7). When the participants worked 

in a squatting or kneeling position, the proportion of time spent in an upright position 

increased by 19.6 percentage points to 32.7% (±30.4) and the proportion of inclinations of 

more than 60° fell considerably by 70.2 percentage points to 2.5% (±3.5). When the 

participants worked sitting on a stool, the proportion of time spent in an upright position 

rose by an additional 6.2 percentage points, but the proportion of very pronounced 

inclinations of more than 60° rose by 3.5 percentage points. The subjects’ work method 

varied widely when they used a stool. Some laid the leg of the patient across their own thigh, 

while others just lifted it slightly or left it on the floor. Four participants placed the patient’s 

leg on their thigh and consequently spent two and a half times the percentage of time in an 

upright position than the other participants (62.5% (±22.6) versus 27.1% (±13.8) (data not 

shown). 
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The model (Table 11) revealed that both, the bed height and the work method in the 

bathroom influenced the proportion of time spent in an upright trunk posture. When the 

bed was moved from knee to thigh height, the proportion of time in an upright position 

increased by 8.2 percentage points, but the effect was not significant. Only when the bed 

was moved to hip height was there a significant increase of 19.8 percentage points 

(reference: thigh height) or 28.0 percentage points (reference: knee height). Compared with 

the standing work method, the kneeling and sitting work methods led to a significant 

increase in the proportion of time spent upright, of 19.4 or 25.7 percentage points 

respectively. The model was adjusted for age and gender, but these variables showed no 

effect. 

 
Table 11: Influence of different variables on the primary outcome variable “proportion of time 

Variable (study 3)  Effect (95% CI) P value 

Bed setting    

    Knee heighta Thigh height   8.2 (-4.3-20.7)   0.193 

    Knee heighta Hip height 28.0 (14.7-41.2) <0.001 

    Thigh heighta Hip height 19.8 (7.0-32.5)   0.003 

Bathroom setting    

     Standinga Kneeling 19.4 (6.9-31.8)   0.003 

     Standinga Sitting 25.7 (13.3-38.1) <0.001 

     Kneelinga Sitting   6.4 (-6.0-18.8)   0.308 
aReference variable 

5.1.3 The impact of sagittal inclinations on perceived exertion 

All participants gave the highest Borg rating to work at the lowest bed setting (knee height) 

with a mean of 17 (±1.5), corresponding to the “very hard” rating on the Borg scale (Figure 

15). When the bed was set to thigh level, all participants gave a lower rating than on the 

knee-high setting with a mean of 13 (±2.7). This rating corresponds to the perceived exertion 

“somewhat hard”. The highest bed setting, at hip height, received an average rating of 10 

(±2.0) which corresponds to an exertion between “very light” and “light”.  

In the bathroom, all participants awarded the highest Borg rating to the “standing” work 

method with a mean of 17 (±1.8), (Figure 16). This corresponds to the exertion “very hard” 
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on the Borg scale. All participants awarded a lower rating to the “kneeling” work method, on 

average 11 (±2.1), than to the “standing” work method. This corresponds to the perception 

“light”. On average, the work method “sitting on a stool” was given the lowest Borg rating 

with a mean of 10 (±2.6). This corresponds to an exertion between “very light” and “light”. 

When one compares the participants who placed the patient’s leg on their thigh while sitting 

on the stool with the other participants, the former group gave a mean Borg rating of 8 

(±0,6) and the latter a rating of 11 (±2.6) (data not shown). 

 

 
Figure 15. Perceived exertion during bedside care activities (Borg scale ratings), separated  
      by bed height setting; 6=no exertion at all, 20=maximum exertion 

 

The model showed that a greater proportion of time spent in a forward-bending posture led 

to an increased perception of physical exertion (Table 12): a 10% increase in the duration of 

inclination increased the Borg rating significantly, by 1.1 points (95% CI 0.8–1.6; p<0.001). 

Age also had a significant effect when comparing the youngest (<30 years) and oldest (>45 

years) participant groups. The younger participants rated their perceived exertion at 2.2 

points (95% CI 0.1–4.3; p=0.042) higher on the Borg scale. Adjustment for gender had no 

significant effect. 
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Figure 16. Perceived exertion during bathroom care activities (Borg scale ratings), separated  
      by working method, 6=no exertion at all, 20=maximum exertion 

 

 

Table 12. Influence of different variables on the primary outcome variable “perceived  exertion” 
     (Borg rating) 

Variable (study 3) Effect (95% CI) P value 

Inclination > 20°a 0.11 (0.08-0.16) <0.001 

Measurement time (min) 0.08 (-0.17-0.33)   0.538 

Age (years)    

      <30b 30-45 -1.4 (-3.1-0.3)   0.110 

      <30b >45 -2.2 (-4.3-(-0.076))   0.042 

      30-45b >45 -0.08 (-2.7-1.2)   0.432 

Gender    

     Maleb Female 1.83 (-0.23-3.89)   0.080 
aInclination = proportion of time in a forward bending trunk posture, bReference variable 
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5.1.4 Load Transfer Activities 

Table 13 summarizes the load transfer activities measured in study 1 and 2. The geriatric 

nurses performed a mean of 26.5 patient transfers per shift and per nurse, that is about four 

times more frequent than in hospitals (26.5 versus 6.5). Materials, such as water crates or 

sacks of washing were moved on average 0.5 – 0.7 times per shift and nurse. The high mean 

frequency of 8 material transfers in study 1 is caused by the measurements in the OP; here, 

on average 36 devices were moved by one nurse per shift. In study 2 however, 

measurements were only performed in care units. 

The analysis of the usage of lifting aids during patient transfers showed that geriatric nurses 

only used them for 0.4% of lifting activities, although all nursing home wards were equipped 

with lifting aids. Hospital nurses did not use lifting aids at all. The corresponding time spent 

moving patient or materials was on average half a minute in hospitals and approximately 2 

minutes in nursing homes.  

 

Table 13: Mean frequency and duration of transfers per shift and per participant 

Variablesa Study 1  Study 2 

 Hospital  Hospital Nursing home 
No. of patient transfers (n) 
 

10.7 ± 9.8  6.5 ± 5.1 26.5 ± 11.4 

No. of material transfers (n) 
 

8.3 ± 13.1  0.7 ± 1.5 0.5 ± 1.6 

Total duration of transfers (min) 
 

2.1 ± 1.3  0.5 ± 0.5 1.9 ±0.5 

Ratio of patient transfers with aids (%) not evaluated  0.0 ± 0.0 0.4 ± 0.1 
aValues are means ± standard deviations 

 

5.2 Older people (study 4) 

The cooking activity lasted on average 12 minutes (±4) and the participants spent 25.5% of 

this time in a bent-forward position of over 20° (Table 14) and 3.2% in a critical inclination of 

over 60°; static inclinations of over 20° occurred on average 9.8 times. Critical trunk postures 

occurred while performing the following sub-tasks: retrieving from and putting in lower 

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

other tasks (mainly related to searching for tools and materials).  
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Participants with locomotion difficulties had significantly more critical postures during 

retrieving from and putting in lower cabinets (p  ≤ 0.01) and significantly more critical 

postures during other tasks were observed in men compared to women (p = 0.01). 

 

Table 14. Time spent in postural categories and  
    frequency of static postures 

Categrory Time (%), 
M ± SD 

Frequency of  
static TI (n) 

Cooking   

    TI < 20° 74.5 ± 19.7 19.3 ± 6.9 

    TI 20°-60° 22.3 ± 19.4 8.3 ± 8.7 

    TI > 60° 3.2 ± 1.5 1.5 ± 1.1 

Laundry   

    TI < 20° 57.2 ± 13.4 2.1 ± 2.4 

    TI 20°-60° 32.7 ± 12.5 4.9 ± 1.9 

    TI > 60° 10.1 ± 5.1 1.5 ± 1.2 

TI = trunk inclination 

 

Also washing laundry lasted on average 12 minutes (±3) and the participants spent 42.8% of 

this time in a bent-forward position of over 20° (Table 14) and 10.1% in a critical inclination 

of over 60°; static inclinations of over 20° occurred on average 6.4 times. Critical trunk 

postures occurred during retrieving from and putting in the basket, putting in and retrieving 

from the machine, operating the machine and other tasks (such as: move basket, clean up, 

ensure the machine is empty, pick up from floor, fold laundry and put away). Individuals with 

cognitive difficulties took significantly longer to complete the laundry (p ≤ 0.01). Those using 

the front-loader spent 12% of the time assuming a trunk inclination of ≥ 60°, whereas those 

using the top-loader only 6%. Men had fewer critical postures than women during putting in 

and retrieving from the machine (p ≤ 0.01). 
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6 Discussion 

We found that sagittal trunk inclinations are very frequent in nursing professions. The nurses 

in nursing homes spent on average two hours and in hospitals one hour per morning shift 

working in a bent-forward position – including many static and very pronounced inclinations 

over 60°. In contrast, the time for moving a patient’s weight made up only a few minutes of 

the total working shift. We also showed that the total duration of inclinations was 

significantly related to working in nursing homes with an increase of almost half an hour and 

the duration rose as the patients’ need for personal basic care increased. 

Additionally we found that raising the bed to hip height, when performing selected personal 

basic care tasks and using a stool in the bathroom significantly increased the time 

participants worked in an upright posture. The greater the proportion of time the 

participants spent in an upright position, the lower they rated the perceived exertion.  

In a laboratory study, Caboor et al. [27] found that adjustment of the bed height leads to a 

higher proportion of time in a neutral trunk position; however, a significant impact on 

perceived exertion by adjusting the bed height they could not detect. The authors assumed 

that this was due to the fact that most participants hardly changed the bed height and the 

authors concluded that most care staff do not know which bed height is best for them. Our 

field studies point in the same direction, as we observed that none of the nursing personnel 

adjusted the bed to hip height when performing basic care, even though there were height-

adjustable beds in many of the hospital wards and all nursing home wards were completely 

equipped with height-adjustable beds. Furthermore, nursing personnel think that adjusting 

the bed height takes too much time [61]. But this is a misapprehension, as we could show 

that nursing staff would have to invest only a total of 3 to 5 minutes per early shift in 

adjusting bed heights appropriately when performing personal basic care activities. 

Patient transfer activities did not have a significant impact on the total duration of 

inclinations and accounted only for a small period of the measured time, with an average of 

0.5% in nursing homes and an average of 0.1% in hospitals. Here, we summarized only the 

time periods a patient’s weight was moved; preparatory steps before and the steps after the 

patient transfer took up much more time, but did not comprise moving a heavy weight. At 

this point it becomes clear that if only patient transfer activities are taken into account for 
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an exposure analysis, 99% of the working time would be ignored. This may explain why 

preventive measures that have focused only on training techniques for moving patients did 

not result in a substantial change concerning back problems. These measures were only 

effective for a small time period of each shift and disregarded the strain that arose from 

working 2 hours in a bent-forward posture. Also Hodder et al. [21] concluded that in addition 

to patient transfers, other patient care tasks should not be overlooked in their capacity to 

contribute to risk of injury. 

Concerning the study with older people we found that during cooking the participants spent 

25% of the time in a bent-forward position and 3% in critical postures. During laundry they 

spent 43% of the time in a bent-forward position and 10% in critical postures. These figures 

are very similar to Clark et al. [62] who estimated that bending accounts for 7% and 12%, 

respectively. Critical postures occurred primarily during retrieving from and putting in lower 

cabinets, the refrigerator, laundry basket or washing machine as well as disposing into the 

waste bin. During laundry critical postures only occurred when using the front-loader, 

because the placement of the loading door and control panel increased the need for bending 

and close vision. We found more critical postures in older people with locomotion difficulties 

during retrieving from and putting in lower cabinets. This is supported by Brauer et al. [63] 

who found that for balance-impaired elderly individuals it is more demanding to recover 

postural stability. 

In this study, postures were assessed by using the classification from an ISO standard [55], 

but this standard applies to the adult working population and not to older people. For them 

lower threshold values may be more applicable, because muscle endurance, for example, 

generally decreases with age due to structural and biochemical changes [64]. Therefore, it is 

very likely that our results underestimate the amount of critical postures in older people 

during cooking and laundry. To reduce difficulties with cooking the provision of seating could 

support older people while preparing meals. The storage of materials most frequently used 

in locations where they can be easily accessed, could avoid many trunk inclinations, 

especially the critical ones over 60°. And using a top-loader or raising a front-loader to an 

appropriate height appears to be the preferred option for doing laundry. 

What lends strength to our studies is the use of a new measurement system for detecting 

trunk postures that enabled the participants to move freely and unhindered. Previous  
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measurement systems often only allowed investigation of contrived situations in a 

laboratory environment or the participants were connected to external system components 

that hindered them to move freely. Using the special software application, it was possible to 

synchronize the video footage and the measurement data and to analyse the work situation 

for each trunk posture. In this way, for study 1 and study 2 typical shifts were mapped, as 

opposed to mere individual or contrived situations. In addition, we succeeded in finding 

institutions, nursing staff, patients, residents and older people who not only accepted the 

use of the measurement system but also gave their consent to be filmed.  

On the other hand, several limitations should be pointed out: For all studies, institutions and 

participants were not selected at random but as a convenience sample, this could make the 

results less generalizable. Additionally, for the field studies 1 and 2 it is very likely that the 

participating institutions tended to have good or presentable working conditions as the 

filming was the main reason that many interested institutions eventually decided not to 

participate. As a result, the mean values determined for inclinations over 20° could be 

underestimated. Another reason for an underestimation is the assumption that using the 

video camera probably prompted the participants to perform their work ‘especially well’, 

which may mean that they changed the way in which they went about some of their work 

(Hawthorne effect); this may also apply for the participants in the laboratory studies 3 and 4. 

Even the patients may have changed their behaviour because of the presence of the camera. 

Some nurses reported that during the measurements, some patients made an unusual effort 

to cooperate with them.  

Moreover, the proportion of personal basic care tasks in the field studies might have been 

underestimated, too, because the video camera was switched off a few times during 

personal basic care tasks to protect the patient’s privacy; during this time, inclinations 

performed could not be assigned. Further inaccuracy occurred as we did not assign each 

inclination over 20° to the respective activity, only the static inclinations lasting over 4 

seconds were used to keep the analysis feasible; however, with the static inclinations alone, 

a total of 20.000 inclinations still had to be assigned only in study 2. Another limitation of all 

studies was the small number of participants, but measurements using the CUELA system 

required a high logistical input by both the participating institutions and the research team. 

Therefore, a compromise had to be found to make the input feasible for both sides. 
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In study 3, most participants were unaccustomed with some of the working methods tested. 

So these work methods, perceived as unaccustomed, may have had an influence on the 

perceived exertion. Therefore, it is very likely that, after a period of habituation, the 

participants would have rated the new work methods as providing even greater physical 

relief. 

 

7 Conclusions 

Sagittal trunk inclinations are an important factor in the evaluation of physical strain in 

nursing staff. The duration nurses spent in a bent-forward posture during a morning shift 

was significantly dependent on the working area and on the group of patients who were 

being cared for - the higher the proportion of personal basic care tasks performed by the 

nurses, the higher was the number of inclinations. But also the work method during selected 

personal basic care activities - raising the bed to hip height and using a stool in the bathroom 

- had a significant impact on the proportion of time nurses worked in an upright posture; 

and these work methods are perceived as requiring the least exertion. 

Therefore, future preventive measures should focus not only on manual patient handling but 

also on devising a training concept to reduce the huge amount of trunk inclinations. 

Provided that hospitals and nursing homes provide appropriate furniture, such as stools and 

height-adjustable beds, and nurses use these devices effectively, there is a real opportunity 

to reduce the physical strain in everyday nursing work. 

The results from the study with older people suggest that if older people are forced to adopt 

critical postures during cooking and laundry these tasks may become too demanding to 

perform and eventually may lead to required support by other people. Therefore, the 

specific tasks leading to critical postures should be targeted by designers in order to improve 

the activities and to enable older people to live an independent life in familiar surroundings 

as long as possible. 
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8 Future project 

Identifying and quantifying the main activities which contribute towards the occurrence of 

awkward postures in nursing is an important basis for developing future preventive 

concepts. A seminar on the reduction of awkward postures in nursing will therefore be 

developed and evaluated in a further study with the help of the findings from Studies 1 to 3. 

The objective of this seminar is, in the first instance, to create awareness of the physical 

strains that nursing staff hardly notice, even though they occur on a daily basis and very 

frequently during the course of a shift. Secondly, an important component will be the 

introduction of ‘ergonomic aids’, such as the stool used in Study 3 for nursing activities in the 

bathroom.  

In order to evaluate the seminar, we will recruit six new nursing homes. In a baseline 

investigation preceding the seminar, 24 geriatric nurses will wear the CUELA measurement 

system during a morning shift. The seminar will subsequently be run on the participating 

wards and the 24 nursing staff will be measured again after a six-month interval. The goal is 

to prove metrologically that the seminar and the implementation of new work methods 

actually reduce the number and extent of awkward postures. 
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