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ABSTRACT 

Many work and environmental factors can affect the health of professional cleaners. 

In many of the work environments where cleaners are found the conditions that 

promote various occupational diseases (e.g., musculoskeletal disorders) are readily 

manageable. Inappropriate and poor working postures, lack of task variation, poor 

ergonomic design of work places, poor design of cleaning tools and work organization 

(e.g., long working hours, low salaries and awkward schedules) are all areas where 

relatively simple interventions can significantly reduce the rate of exposure to 

occupational disease. 

 The primary goal of this research work was to study, existing cleaning work 

processes, cleaning tools, working environment and psychosocial aspects among 

professional cleaners. Seven different studies were carried out these included a 

comprehensive literature review on risk factors in the cleaning occupation, evaluation 

of working environment, redesign of cleaning tools, evaluation of cleaning tools, and 

psychosocial aspects of cleaners. 

 In Study I, a comprehensive literature on risk factors in the cleaning 

occupation was carried out and various aspects of risk factors were examined and 

unresolved issues in the cleaning occupation were pointed out. From the literature 

review no research was found on the redesign of manual floor cleaning tools and not 

much research has been done on the electrically powered cleaning equipments such as 

the buffing machine, vacuum cleaner, etc. No research has been found on the working 

environment and its effect on cleaners working posture. 

In Study II, a participatory ergonomics approach was used to identify the 

problems associated with cleaning jobs and their ergonomic solutions together with 

the involvement of cleaners and the researcher. The cleaners listed all the problems 

that they experienced and out of those listed problems the cleaners voted the problems 

that ranked highest. The cleaners also suggested economical and effective ergonomic 

solutions for the highest ranked problems. 

In Study III, the cleaning problems were identified and evaluation of the effect 

of low-cost improvements on the cleaners working posture was done. Data was 

collected using a participatory ergonomics approach and the OWAS method. The 

results showed that the low-cost improvements eliminated awkward working postures 
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such as sitting on one and/or two bent knees, as well as working with arms raised 

above shoulder height. 

In study IV, participatory ergonomics and the user centered approach were 

taken for the redesigning of a conventional floor cleaning tool for a passenger train 

wagon. The redesign of conventional floor cleaning tool was based on ease of use and 

comfort. Six different prototypes were redesigned in order to be more effective and 

easier to use. One prototype was selected for the evaluation purpose after the cleaners 

participated and tested the tool for each prototype. 

 In Study V, an evaluation of the redesigned floor cleaning tool and 

conventional cleaning tool for a passenger train wagon in terms of oxygen 

consumption, heart rate, postural analysis and perceived exertion was done. The 

results show that floor cleaning in the passenger train wagon is associated with 

moderately high cardiovascular load and a high frequency of awkward working 

posture. The redesigned cleaning tool caused less cardiovascular load and less 

perceived exertion on cleaners than that of the conventional cleaning tool. 

In Study VI, two different types of toilet cleaning brushes were evaluated in 

terms of low back compression force, RULA assessment and attitude assessment. It 

was found that the low back compression force on cleaners while using the long 

handle brush is lower than the short handle brush. Results show that even though the 

low back compression force was less while using the long handled brush, the RULA 

score fell within the same action level i.e., 4.  

In Study VII, the Swedish version of Demand – Decision Latitude – Social 

support model was used.  A total of 40 administrative staff and 40 cleaners 

participated in this study. The demands and decision latitude scores were significantly 

higher in the administrative staff than in the cleaners. There was no statistically 

significant difference between the administrative staffs and cleaners for the social 

support scores.  The possible reason could be that the administrative staff and cleaners 

in this study may be working in a group or team, which allowed them to get support 

from co-workers and supervisor more often 

The overall conclusion of presented studies is this thesis is that the cleaning 

job consists of high cardiovascular, muscular, and postural load. Using a participatory 

ergonomic approach and user-centered design, cleaning problems can be identified 

comprehensively and can be solved ergonomically, and cleaning tools can be 

redesigned considering ergonomic aspects by involving the end user. The strategy of 
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participatory ergonomics in cleaning activities can significantly reduce work injuries, 

absenteeism, and compensation costs while at the same time lead to high quality of 

work and greater job satisfaction among the workforce. 

Key words: Ergonomics, cleaning occupation; cleaners; participatory ergonomics; 

oxygen consumption; heart rate; Borg scale; low back compression force; OWAS; 

RULA
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1. Introduction 
Cleaning can be described as removal of undesired dirt, dust, marks, stains and other 

extraneous materials from locations where they serve no useful purpose. A clean environment 

at workplaces enhances the feeling of wellbeing and it may be conducive to higher 

productivity, quality of work and job satisfaction.  An unclean environment can lead to 

occupational accidents, and there is also a risk of exposure to biological irritants, which may 

contribute to the start of allergic reactions and respiratory ailments. Cleaning should be good 

and effective in order to create a hygienic work environment. Cleaning consists of different 

types of tasks such as dusting, mopping, sweeping, swabbing, vacuuming and buffing. 

Cleaning also consists of handling garbage bags and lifting and moving furniture (Johansson 

and Ljunggren, 1989). 

Professional cleaning is one of the most common occupations worldwide. There are 

about 3 million full or part time cleaners in private, municipal and governmental sectors 

within European countries, (Louhevaara, 1997). This numbers is likely to have gone up in the 

last decade. According to Statistics Sweden (SCB, 2005), the cleaning work force in Sweden 

is comprised of 78,800 workers of which 15,500 are males and 63,300 are females. Moreover 

the World Health Organisation (WHO) (1993) states that an overwhelming majority of 

cleaners (about 95%) are women (WHO, 1993), with a high proportion being ageing women 

of low social status, with little education, low income and social support (De Vito et al., 

2000). Cleaning is carried out at all organizations.  It can be a full or part time work and 

mostly done alone, but sometimes in groups or teams (Hopsu, 1993; World Health 

Organization (WHO), 1993). The cleaning work hours are usually in the early morning, lunch 

times and late evenings in order not to interfere with the activities of workers in the 

organization.  

Many of the cleaning tasks involve heavy manual work and are physically demanding. 

There is a high cardiovascular and musculoskeletal load in many cleaning tasks (Hagner and 

Hagberg, 1989; KrÜger et al., 1997; Kumar et al., 2005b). Many aspects of work and 

environment are not conducive to good health. Therefore, these factors increase the risk of 

occupational diseases (i.e., musculoskeletal disorders). Among these factors are poor working 

postures e.g. reaching and stooping (see figure 1), lack of task variation, poor ergonomic work 

and workplace, poor design of cleaning tools and the task including work organization such as 

long working hours, low salaries and uncomfortable working times. 
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Figure 1: Cleaning posture of a cleaner while cleaning. 

In spite of the foregoing circumstances cleaning has not received ergonomic attention 

completely still cleaning tools, methods, working environments need better design to reduce 

occupational injuries and morbidity among cleaners.  In this thesis an attempt is made to 

identify the problems and develop solutions related to the cleaning processes with special 

emphasis on cleaners, tools, working environment and psychosocial aspects. 

1.1 Relevance of the research 

This research is important, because some MSDs risk factors may be reduced by an ergonomic 

intervention with relatively low cost, others risk factor that are inherent in the tool design, 

working environment, and task itself can be remedied. Any improvement in tool design, task, 

and working environment are considered as common ergonomic interventions for 

musculoskeletal health. Therefore, an improvement in one factor can affect the others and 

ultimately the system output. The importance of this research is to improve knowledge of the 

risk factors in cleaning occupation, as well as to provide recommendations for interventions. 

Such amelioration of work environment can only be achieved through identification of risk 

factors (Krüger et al., 1997). While promoting health and safety in cleaning work the 

evaluation of cleaning methods, tools, and working environment is essential (Krüger et al., 

1997). 

1.2 Rationale behind the research

From the forgoing account it is clear that cleaning is a universal and essential activity for 

everyday life. Due to its menial nature it has been ignored for scientific consideration. Yet 

thousands of workers are employed in this sector and obtain their livelihood from it. 

Additionally there are astounding number of injuries and significant morbidity among 

cleaning workers. Elimination of cleaning is not possible. A systematic enquiry in this sector 

with respect to the work, work tools, work environment and psychosocial determinants, if 
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any, deemed the first essential step to initially understand the scope of the problems and 

eventually remedy them. 
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2 Literature review 
This literature review is based on the general aspects of musculoskeletal disorders (MSDs) 

and a detailed literature review on musculoskeletal risk factors in cleaning occupation is 

presented in Paper I.

2.1 Multi-factorial aspects of MSDs 

Musculoskeletal disorders assigned to work include a group of conditions that involve the 

nerves, tendons, muscles, and supporting structures of the body such as intervertebral discs. 

Since these afflictions are often intensified by the work environment, they are also referred to 

as work-related musculoskeletal disorders (WMSDs) which can cause symptoms such as pain, 

numbness, and tingling, as well as reduced worker productivity, lost time, temporary or 

permanent disability (Lei et al., 2005). These disorders also lead to financial losses associated 

with workers’ compensation or similar forms of social security in place (Lei et al., 2005). 

Several risk factors have been found related to musculoskeletal disorders (Bernard 1997; 

Putz-Anderson et al., 1997; Hagberg et al., 1995). For upper extremity disorders, especially 

repetitive work (Ekberg et al., 1994; Ohlsson et al., 1995), working extreme and static 

postures (Ohlsson et al., 1995; Punnett et al., 2000) and work including forceful arm and hand 

movements (Veiersted, 1994) have been found to be particularly harmful. Low back disorders 

have been found to be associated with heavy lifting and forceful movements (Punnett et al., 

1991), as well as working in a forward bent position (Vingård et al., 2000). A short work 

cycle has been found to increase the risk of hand and wrist injury markedly (Silverstein et al., 

1986). Also psychosocial conditions in general (Linton, 2000), poor social support at work 

(Bongers et al., 1993), lack of opportunity to influence decisions (Theorell et al., 1991), work 

pressure (Sauter et al., 1993) and lack of variety and work satisfaction (Hopkins, 1990) have 

been found to be associated with musculoskeletal disorders. 

2.2 Work-related MSD 

WMSDs are one of the biggest occupational health problems in industrialized countries 

(Hagberg et al., 1995). A number of occupational factors have been identified as being 

associated with musculoskeletal disorders. The main contributing factor for musculoskeletal 

disorders is poor working posture (Burdorf et al., 1991), which can result in minor back 

problems to severe handicap (Åaras et al., 1988). WMSDS are more common in women than 
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in men but as of yet the special needs of female workers are not met (Battenvi et al., 1998; 

Zetterberg and Öfverholm, 1999). 

Epidemiological data concerning work-related musculoskeletal disorders are usually 

available in industrially developed countries, especially in the Nordic countries. According to 

the Swedish Work Environment Authority (SWEA) (2005), any existing disorder, physical or 

non-physical, which employees relate to their work is classified as a work-related disorder. 

According to the report’s preliminary figures on reported occupational accidents about 

118,523 occupational accidents (employed and self-employed) were reported in the year 2004 

(SWEA 2005). The most common occupational accident is due to body movement under 

physical stress, with 17 percent of the cases among men and 27 percent of the cases among 

women. Six out of ten of the reported work-related diseases are attributed to ergonomic 

factors such as monotony, strenuous movements or work postures (SWEA 2005). 

Organizational or social factors are reported to have caused one out of four diseases. 

According to SWEA (2005), stress and mental strain are the most common cause of 

work-related disorders among women and the third most common for men. Among men, the 

most frequent cause of work-related disorders is strenuous working postures, which is the 

second most frequent for women. Heavy manual labour is the third most prevalent cause 

among women and the second most prevalent among men. When combining all 

musculoskeletal disorders, these types of disorders are more common than disorders caused 

by stress or other psychosocial factors. Work-related disorders caused by stress have 

increased significantly for employed women since 1996, although the proportion declined 

from 13.4% of all employed women in 2004 to 12.1% in 2005. For women, work-related 

disorders caused by strenuous working postures reached a level of 10% in 2005 (figure 2). 

Figure 2: Common causes of work-related disorders (adapted from SWEA, 2005) 
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2.3 MSD risk factors in cleaning occupation 

Risk factors associated with physical work were identified by Ilmarinen (1994). These risk 

factors are static muscular work, use of muscle strength, repetitive movements, lifting and 

carrying, bent and twisted work postures.  

The risk factors involved in the physical work of professional cleaning are static 

muscular load and repetitive movements of the arms and hands with a high output of force 

(Hopsu et al., 1994; SØgaard et al., 1996). Cleaning requires both dynamic and static muscular 

work, which is usually done with the use of various types or pieces of manual tool (Hopsu et 

al. 1994). It is considered a physically demanding job, resulting in high cardiovascular load 

(Kumar et al., 2005b; Hagner and Hagberg, 1989); high frequency of awkward postures 

(Wood and Buckle, 2005a; Kumar et al., 2005a, Messing et al., 1992); and as such rated as a 

strenuous job (Kumar et al., 2005b; Hagner and Hagberg, 1989; Johansson and Ljunggren, 

1989).   

2.4 Statistics of cleaning injuries 

In Sweden, the number of reported lost time accidents and work-related diseases among 

cleaners in the year 2004 was 821 and 861 respectively (SCB, 2005). According to an 

insurance organization AFA (2005), the number of reported cases and approved sick-leave for 

cleaners during the year 2001 to 2003 for greater than 31 days was 1242 and for less than 30 

days were 779. During the period 2004-2005, there were around 4500 reported cases of sick-

leave/illness among cleaners (AFA, 2005). Kilbom (1990), found, that in a sample of 62 

cleaners there were 22% who claimed to have trouble with the neck, 33% with shoulder, 33% 

with low back, and 11% with wrist in previous 7 days. In another study with 1,166 Danish 

female cleaners, 63% had neck complaints, 63% shoulder, 36% low back, 27% the elbows 

and 46% had wrist problem in a period of 12 months (Nielsen, 1995). In a German project on 

health promotion in hospital cleaning about 90% of the cleaners described their job as heavy; 

62.4% even complained that they did not have enough time to do their work (Huth et al., 

1996). Later on, the medical findings suggested that a combination of risk factors (i.e., 

monotonous work, work in non-ergonomic postures during floor mopping, carrying and 

lifting heavy weights, adverse work organization and time planning might be responsible for 

the development of disorders (Korf, 1995). In one questionnaire study of 9000, 

Arbetsmiljöverket (Work Environment Authority) and SCB showed that during the period of 

1997-2001 about 51 % of hotel and office cleaners had pain and discomfort in their shoulders 

and hands every week, 46% had pain and discomfort in the upper back, 43 % had pain and 
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discomfort every week in their hip, leg, knee and ankle. 39 % had reported pain in the lower 

back. These musculoskeletal diseases among cleaners are common.
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3 Goal and objectives of the studies
The primary goal of this research work was to study existing cleaning work processes, 

cleaning tools, working environment and psychosocial aspects among professional cleaners. 

 Based on the goal the following specific objectives were chosen for the study: 

1 To present a comprehensive and critical review of musculoskeletal risk factors in 

professional cleaning occupation.  

2 To identify issues and problems associated with cleaning activities and possible 

solutions at a university in Sweden. 

3 To apply participatory ergonomic and an evaluation of a low-cost improvement 

effect on cleaners’ working posture. 

4 To use assessment information in order to redesign floor cleaning tool for a 

passenger train wagon. 

5 To evaluate physiological, subjective and postural loads in passenger train wagon 

cleaning using a conventional and redesigned cleaning tool. 

6 To evaluate low back compression force and RULA assessment on cleaners while 

using two different types of toilet cleaning brushes. 

7 To compare psychosocial factors associated with job stress among administrative 

staff and cleaners. 

3.1 Scope and delimitation 

The scope of this thesis was limited to incidence of physiological, biomechanical load, 

perceived exertion, musculoskeletal disorders and psychosocial stress. It did not investigate 

effect on other physical aspects such as: neck, wrist, shoulder, cleaning methods, and work 

organization factors. In this thesis the investigation was done with respect to manual cleaning 

tools only, it did not investigate the effects of powered equipments, such as buffing, vacuum 

cleaner, polishing machines etc. on cleaners.  

3.2 Assumptions 

This thesis takes into account the following assumptions: 

That the cleaners/administrative staff answered the questionnaires as accurately as 

they can. 

That the cleaners remembered the presence or absence of the symptoms in their body 

during the last twelve months accurately. 
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That the cleaners did not consciously alter their work pace and postures while direct 

measurements and postural observation were made. 
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4 Framework of the research 
The musculoskeletal risk factors in the cleaning occupation are of a multi factorial nature. 

Having identified the risk factors, a multidisciplinary approach seems necessary to look at a 

broad spectrum of outcome measures to assess the effects of these risk factors. To establish a 

healthy work system, it is important to evaluate the working conditions in order to monitor the 

presence of musculoskeletal risk factors that could derive from any change in the work 

system. Job or working conditions presenting multiple risk factors will have high probability 

of causing MSDs at work, therefore the presence of risk factor must be evaluated (Simoneau 

et al., 2003). A framework of this thesis is presented in Figure 3, which shows a multi-

factorial approach.  

Figure 3: A research framework summarizing the studies outline. 

 This thesis made an attempt to apply various ergonomic theories and assessment 

techniques. Different risk factors contributing to MSDs in cleaning occupation were reviewed 

systematically and issues were identified. A conceptual model involving potential risk factors 

Psychosocial and 
Organizational 
environment 

Risk factors in cleaning 
occupation - a literature review 
Study I 

Identifying Cleaning issues and 
assessment of Workstation 
and/or Working environment 
Study II & III

Redesign of cleaning tools and 
evaluation 
Study IV, V & VI 

Assessment of Demand-
Control-Support (psychosocial 
stress) 
Study VII 

Environment 

Cleaners 
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was proposed based on the knowledge and understanding (Study I). Participatory ergonomics 

methods were used to identify the issues and problems related with cleaning job. The possible 

solutions for identified issues and problems were also obtained involving cleaners (Study II 

& III). Participatory ergonomics and the user centered approach were used for the 

redesigning of a conventional cleaning tool Study IV). Physiological load, postural load and 

subjective assessment were evaluated while using redesigned and conventional tool while 

cleaning floor in a passenger train wagon Study V). The low back compression force and 

RULA assessment among cleaners was obtained while using two different types of toilet 

cleaning brushes (Study VI). Psychosocial stress at work based on “Demand-Control- 

Support” model among administrative staff and cleaners were compared (Study VII).
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5      Methodology ( Ergonomic assessment and evaluation methods) 
Several ergonomic methods/techniques have been applied to obtain information about 

musculoskeletal disorders risk factors. Among the widely used ones in ergonomic evaluation 

are observational methods such as Rapid Upper Limb Assessment (RULA); Ovako Working 

Posture Analysis System (OWAS); Quick Exposure Check for work-related musculoskeletal 

risks (QEC); questionnaires such as the Standard Nordic Questionnaire; direct measurement 

such as measurement of oxygen consumption, heart rate, Electromyography (EMG) to 

measure muscular load; subjective assessment such as: Borg’s Rating of Perceived Exertion 

(RPE), Body Pain Discomfort Rating (BPDR), participatory ergonomics and Demand-

Control-Support model to identify the psychosocial stress at work.  

5.1 Participatory ergonomics 

According to Noro and Imada (1991), participatory ergonomics is a method in which end-

users of ergonomics take an active role in the identification and analysis of ergonomics risk 

factors, as well as the design and implementation of ergonomics solutions. Participatory 

ergonomics consists in the workers' active involvement in implementing ergonomic 

knowledge and procedures in their workplace, supported by their supervisors and managers in 

order to improve their working conditions (Nagamachi, 1995). Participatory ergonomics has 

been claimed to add several advantages to the traditional ergonomic intervention, including 

the compilation of a powerful, diverse set of skills and knowledge on which to draw (Launis 

et al., 1996), with the increased likelihood of successful implementation of ergonomic 

solutions (Imada, 1991). Participatory ergonomics interventions have been associated with a 

decrease in the incidence of musculoskeletal symptoms (Halpern and Dawson, 1997; Moore 

and Garg, 1998), a decrease in work absenteeism (Moore and Garg, 1998) and an improved 

psychosocial work environment ( Laitinen et al., 1998). 

According to Noro (1999) the following are the recommended steps for the participatory 

ergonomics approach (table 1).  
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Table 1: Recommended steps for Participatory Ergonomics (adapted from Noro, 1991) 
Step 1: Selecting a theme 

Step 2: Establishing a goal 

Step 3: Understanding the situation and analyzing the factors 

Step 4: Identifying the problems 

Step 5: Developing and improving measures to solve the problems 

Step 6: Confirming the effects of the measures taken 

 Kuorinka and party, (1995) also suggested the following outline for the general process 

of participatory ergonomics: 

1. Clarify the essence of the problem and establish goals. 

2. Generalize and prioritize the measures 

3. Implement the measures 

4. Follow up 

Vink et al., (1995) also recommended a step by step approach for participatory ergonomics: 

1. Prepare (decide the objective and the frame work of the project) 

2. Analyze work and health 

3. Select measures 

4. Implement the measures 

5. Evaluate 

 These steps were taken within the process of Participatory Workshop (PW) in Study II, 

in order to highlight the problems associated with cleaning. 

5.2 Participatory and user-centered method 

The method or approach for improving ergonomic aspects of hand tool design is to involve 

end users in the design of the new product, and is called participatory ergonomics in hand tool 

design. Participatory ergonomics facilitates or enhances the development of an information 

loop that facilitates ergonomic activities. Figure 4 indicates the difference between 

conventional ergonomics and participatory ergonomics. Using a workplace, as an example, 

the worker becomes an actor in the process and the manager/researcher can either be an agent 

or an actor (Noro 1999). 
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Figure 4: A), Conventional ergonomics; B), Two-way information flow in participatory ergonomics 
(adapted from Noro, 1999). 

Pheasant (1996) has concluded that the objective of ergonomics is to achieve the best 

possible match between the product and its users in the context of the (working) task that is to 

be performed (figure 5).  

Figure 5: User-centered design: interaction between product, task and user (adapted from Pheasant, 1996) 

Pheasant (1996) defined the principle of user-centered design as follows: if an object, 

a system or an environment is intended for human use, then its design should be based upon 

the physical and mental characteristics of its human users. The user-centered design process is 

based on user feedback and user participation (Koivunen 1994). Feedback from users reduces 

misunderstandings and improves the quality of the user interfaces. User involvement is 

important especially at the early stages of design (Koivunen 1994). 

 As defined by Gould and Lewis, (1985), there are four basic steps for user-centered 

design: 

Know your users 

Incorporate the current knowledge of the users in the early information stage of 

design

Confront the user repeatedly with early prototypes for evaluation purpose 

Redesign as often as necessary. 

Worker/end userManager/researcher

Manager/researcher Worker/end user

Product

Task

End user

A

B
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In one study done by Kardborn (1998) for a Swedish hand tool project, participatory 

ergonomics and the user centered approach was basic to the development of hand tools, and it 

was found to be an effective method for the development of hand tool together with the 

participation of the Swedish manufacturer and distributors of the hand tools. 

The above method was implemented in Study IV, to redesign the conventional floor 

cleaning tool for the passenger train wagon. 

5.3 Direct measurements 

Wide ranges of direct measurement method are used, such as, measurement of oxygen 

consumption and heart rate are widely measured to obtain the cardiovascular load 

(Louhevaara et al., 1990; Aminoff et al., 1999).  

5.3.1 Physiological reaction 

The muscular system provides energy for performing mechanical work and the muscles 

transform chemical energy stored in the body into physical activities, these physical activities 

can be of various forms, such as moving loads, lifting, carrying loads etc. (Åstrand and 

Rodahl, 1986). 

 The physical workload or activities involve the musculoskeletal and cardiovascular 

system (heart rate and blood vessels). Muscle forces are necessary to perform physical 

activities. During physical activities muscular activities (muscle contraction and extension) 

require energy. While supplying required energy, a load is created on the cardiovascular 

system and respiratory system. The heart must pump faster to supply the increased oxygen 

demand through blood vessels to the involved muscles. The rate of ventilation (inhalation and 

exhalation) must increase to supply the additional oxygen requirements. These physiological 

responses are directly related to the physical activities. (Åstrand and Rodahl, 1986).  

 Therefore, the oxygen consumption and heart rate were analyzed in order to see the 

intensity of physical workload while cleaning the floor and to compare the physiological cost 

cleaning with different cleaning tools. 

5.3.1.1 Oxygen consumption 

Oxygen consumption (VO2) is a basic variable in work physiology. Oxygen uptake is linearly 

related to the work load (figure 6) (Åstrand and Rodahl, 1986). The greater the demands made 

on the muscle by the physical activities, the more energy or oxygen would be consumed until 

the maximum oxygen consumption (VO2max.) is reached. 
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Figure 6: The comparative relationship between oxygen consumption and work load. 

Equipments and techniques available to measure the volume of expired air from a 

subject and to collect a sample of expired air for gas analysis include the Douglas bag method, 

the Max Planck or Kofranyi-Michaelis (K-M) respirometer, Oxylog and MetaMax II. All 

require use of either a respiratory valve placed in the mouth or a face mask for sample 

collections.  

 The portable metabolic stress test system MetaMax II is a multifunctional metabolic 

measurement system, which can be used as a portable system to measure under field 

conditions or as a stationary system in laboratory. It measures oxygen consumption, carbon 

dioxide output, ventilation, heart rate, ambient temperature and pressure (figure 7). MetaMax 

II has advantages for downloading the measured data to the computer for analysis and also by 

using telemetric device (sending data through wireless). It can be used for measuring data in 

real time as well. The data obtained from MetaMax II can be stored in computer as a file and 

analyzed whenever needed. 

 The MetaMax II, has been tested by many researchers (e.g. Torvik and Helgerund, 

2000; Scott and Christie, 2000) used for different applications, reflecting the diversity of 

metabolic stress testing. Research by Henriksson-Larsén, (2002), found a good reliability and 

validity of the measurement with the MetaMax II system compared to the Douglas bag 

system. 

 In Study V, MetaMax II was used for data collection for oxygen consumption. 

l/m
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Figure 7: MetaMax II method for measuring oxygen consumption. 

5.3.1.2 Heart rate 

Heart rate can be simply estimated by gentle palpation of an artery and counting the number 

of pulses that occur in 1 minute. Convenient superficial arteries for this purpose are the radial 

artery at the wrist or either of the carotid arteries in the neck, this conventional method is not 

useful in field study as subject has to move and it will be quite difficult to measure the heart 

rate. 

An alternative method to estimate heart rate is to use an electronic device to detect the 

electrical activity of heart muscle from electrodes placed on the surface of the skin. The 

electrical activity is amplified due to the resistance of the body and the signal filtered to 

remove any extraneous signals from active skeletal muscle. This principle is used to obtain 

the electrocardiogram (ECG).  By using “Polar Accurex Plus Heart Rate Monitor”, the heart 

rate can also be measured through telemetry and it records up to 66 hours of information with 

unlimited number of files. It records heart rate automatically every 5 or 15 or 60 seconds, and 

it displays maximum and average heart rate of the exercise. With the help of this equipment 

the heart rate can be measured during the exercise and later it can be downloaded to the 

computer in order to analyze the collected data. 

This method was used in Study V in order to obtain the heart rate while using two types 

of floor cleaning tool. 

                                          

5.4 Biomechanical analysis  

The main objective of the biomechanical analyses is to explain application of loads and forces 

on body structures and tissues. The goal of biomechanical model in an ergonomics context is 

MetaMaxII 
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to gain the information about how joints of the body are strained during work (Granata and 

Marras, 1996). Several mathematical models of the lumbar spine have been developed to 

determine the loads on the spine during lifting. These models have been designed to gain the 

knowledge on low back mechanics, improve the ability to determine the cause and risk of 

injury during manual materials handling (Granata and Marras, 1996). 

 In this thesis, computer aided ergonomic tool “Transom Jack” version 5 was used in 

Study VI, in order to analyze the low back compression forces. In Jack, virtual representations 

of human can be created by feeding the anthropometric data such as height and weight (figure 

8). Transom Jack, from Engineering Animation, Inc., is an ergonomics and human factors 

product that allows users to position biomechanically accurate digital models of humans in 

virtual environments, assign them tasks, and analyze their performance. Digitally modeled 

humans can be used to determine positioning and comfort, visibility, ingress and egress, 

reaching and grasping, foot pedal operation, multi-person interaction, user maintenance, and 

strength assessment. Worker’s working postures are captured in a frame of video image or 

photograph. Then Jack provides a mannequin which appears on the computer screen. The 

posture of the mannequin is altered to approximate that of the workers by using a pointer 

device such as mouse. 

Figure 8: Virtual representation of human by feeding anthropometrical data. 

The Low back compression analysis tool is part of Jack’s Task Analysis Toolkit. It helps 

to evaluate the spinal forces acting on a virtual human’s lower back, under any posture and 

loading condition (figure 9) based on complex biomechanical low back model incorporating 

the latest anatomical and physiological data. Gill and Ruddle, (1998) used the Jack in a case 

study and evaluated the performance of the Jack and the capability of the software and its 
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functions. In one study done by, Sundin (2001) the low back compression and static strength 

prediction was analyzed by using Jack software in a company producing buses. 

Figure 9: Lower back analysis on virtual human in Jack. 

 Many of the manual tasks in industry involve significant body movement; it continues 

to be very helpful to evaluate specific exertions within a manual task and performing a static 

biomechanical analysis. Such analysis is normally evaluated by combining the postural 

information (body angles) obtained from a stopped video image or still photo of a worker 

(Chaffin, 1999). The biomechanical models used for individual strength and spinal segment 

force prediction are mathematically very intense, especially in the 3-dimensional form. 

Considering the limitation in computation, a number of faculty, staff and students associated 

with the Center for Ergonomics at the University of Michigan have worked to provide user 

friendly, computer programs for the model, such as the 2-dimensional and 3- dimensional 

Static strength Prediction (Chaffin, 1999). The benefits of using 3-dimensional human 

modeling using computer software that operator has complete control of the dimensions or 

percentile values of each segments of the human model, and can interactively change them in 

a matter of seconds. 

5.5 Observational methods 

Observational methods are posture based techniques with the addition of force and task 

duration in some methods. Observational methods are common techniques that have been 

used widely by researchers since posture is one of the major factors that influence muscular 

strength (Cultip et al., 2000). The most common observational methods are Rapid Upper 

Limb Assessment (RULA) and The Ovako Working Posture Analysis System (OWAS). 
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5.5.1 RULA

RULA is a survey method developed for use in ergonomic investigations for work related 

upper limb disorders (McAtamney and Corlett, 1993). RULA is a screening tool that assesses 

biomechanical and postural loading on the whole body with particular attention to the neck, 

trunk and upper limbs (McAtamney and Corlett, 1993). Reliability studies have been 

conducted using RULA on groups of VDU (visual display unit) users and sewing machine 

operators (McAtamney and Corlett, 1993). A RULA assessment requires little time to 

complete and the scoring generates an action list (table 2) which indicates the level of 

intervention required to reduce the risks of injury due to physical loading on the operator 

(McAtamney and Corlett, 1993). RULA is intended to be used as part of a broader ergonomic 

study.  

Table 2: RULA grand score and Action level 
RULA Score Action level Description 

1-2 1 Posture is acceptable if it is not maintained or repeated for long periods 

3-4 2 Further investigation is needed and changes may be required 

5-6 3 Investigation and changes are required soon 

7 4 Investigation and changes are required immediately 

Figure 10 shows an example of posture combination of RULA grand score which is 

process by using the free online RULA software (RULA, 2006).  

Figure 10: Example of posture combination of RULA score. 

 RULA was used in Study VI, to perform a postural analysis while using two different 

types of toilet brushes. 

5.5.2 OWAS 

OWAS is method for analyzing and controlling awkward working postures in industry (Karhu 

et al., 1977). The principle of OWAS is to provide a system for analyzing and classifying 
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working postures. Subsequent uses of OWAS have included: planning new jobs (Scott and 

Lambe 1996); purchasing equipment that enhances safe postural usage (Scott and Lambe 

1996); job placement for personnel (Louhevaara 1999); and production improvement 

(Carasco et al., 1995).  

  The versatility of its posture coding components provides applicability to most working 

postures. As described in its original forms there are 252 posture combinations, all of which 

were assigned action codes (Olendorf and Drury, 2001). OWAS has shown convergent 

validity when compared to other posture recording techniques such as Rapid Entire Body 

Assessment (REBA) (McAtamney and Hignett 1997). The inter-observer reliability of OWAS 

is excellent, with Karhu et al. (1977) measuring a median reliability of 93%. 

Direct observation and video observation have both been validated for the use of OWAS 

(Long, 1993). Videotaping and posture analysis (OWAS) from a monitor have been validated 

in other studies too (Scott and Lambe, 1996). The advantage of using videotapes is that the 

observer can have a much longer time to look at the observed posture. The videotape can also 

easily and effectively be used in recalling the actual work situations when providing feedback 

from the posture study. 

 The use of computerized OWAS application makes the analysis fast and versatile than 

the traditional pen and paper method. The use of a computerized application is strongly 

recommended (Mattila and Vilkki, 1999). Analysis of posture by using traditional method is 

functional if the OWAS software is not available. The limitation of the OWAS is that it does 

not consider the angle of bent back, for example, the code for the bent back is 2, but it does 

not specify at what angle.  If an individual bend 450 or 600 forward or backwards the OWAS 

postural code will be still the same i.e., 2. In terms of biomechanical analysis, the 

compression force on the lumbosacral region will be different for respective bend angle of the 

back for the same individual, which can produce a different muscular stress in the back 

muscles. 

 For the study purpose in this thesis, software for OWAS analysis (WinOWAS) has been 

used in Study III. This software has been developed by Occupational Safety Engineering 

Tampare University of Technology, Finland. 

5.6 Subjective assessment 

Subjective measurements technique can range in their degree of structure or standardization, 

and can include open ended questioning, more formal sets of questions and/or the use of 

rating scale techniques. Structured techniques have an advantage of being easier to summarize 
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when a number of people are surveyed, but require considerably more effort in development 

than the use of more open-ended techniques. One weakness of subjective measurement 

techniques can be their poor reliability, as it can be difficult to ensure that any questions asked 

are properly understood, and that the respondent has not interpreted questions in ways which 

were unintended by the person asking them. Many different subjective techniques have been 

developed and tested to collect subjective rating of various psychological/physiological 

(psychophysics) attributes of work (Cushman and Rosenberg, 1991; Wilson and Corlett, 

1995).  

5.6.1 Psychophysics 

Psychophysics is a study of how the human body perceives external stimuli. According to the 

Gescheider (1997) psychophysics is a scientific study of the relationship between stimuli and 

sensation. Most scientists and practitioners in the health sciences agree that it is important to 

understand subjective symptoms and how they relate to objective findings (Borg, 1982). Borg 

(1962) has linked ergonomics with psychophysics principles. He developed a scale of RPE 

(rating of perceived exertion), which related subjective assessment of exertion to objective 

physiological loads measured experimentally with a high degree of reliability (Kumar, 1999).  

 There are several psychophysical methods used by ergonomists for subjective 

assessment of pains, aches and discomforts, but Borg’s scale, the Visual Analogue Scale 

(VAS) and the Body Part Discomfort Rating (BPDR) (Corlett and Bishop, 1976) are more 

commonly used. 

5.6.1.1 Rating of Perceived Exertion (RPE) 

According to Borg (1982), RPE is an overall integrated configuration of the signals, 

perceptions, and experiences of the body while enduring physical strain. Borg scale or RPE is 

not a measure of responses for individual body segments, but rather a subjective judgment 

about the task and its effects on the body as a whole (Olendorf and Drury, 2001).The 15 grade 

scale (6 – 20) for RPE (figure 11) was developed by Borg (1970) to increases linearly with the 

exercise intensity. The Borg RPE scale has been widely used to study the perception of 

exertion in laboratory, clinical, and occupational setting (Krawczyk, 1996). In the current 

thesis Borg scale was used in Study IV. 
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Rating Interpretation of rating 

6 No exertion at all 

7

8 Extremely light 

9 Very light 

10

11 Light 

12

13 Somewhat hard 

14

15 Hard (heavy) 

16

17 Very hard 

18

19 Extremely hard 

20 Maximal exertion 

Figure 11: Borg scale for perceived exertion on the scale of 6-20. 

5.7 Standard Nordic Questionnaire 

To define problems and their relationship to work factors, increasing activity has been 

directed in many countries to the development of methods to estimate and record 

musculoskeletal symptoms (Kuorinka et al., 1987). Questionnaires have proven to be most 

obvious means of collecting the necessary data. Standardization is needed in the analysis and 

recording of the musculoskeletal symptoms. Otherwise, it is difficult to compare the results 

from different studies. This consideration was the main motive for a Nordic group to start 

developing standardized questionnaire for musculoskeletal symptoms (Kuorinka et al., 1987). 

 The general questionnaire was designed to answer the following question: “Do 

musculoskeletal troubles occur in a given population, and if so, then in what part of body” 

(Kuorinka et al., 1987).With this question in mind, a questionnaire was developed in which 

the human body is divided into nine anatomical regions (figure 12). 
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Figure 12: Anatomical regions of human body. 

 These regions were selected on the basis of two criteria: regions where symptoms tend 

to accumulate, and regions which are distinguishable from other both by the respondent and 

surveyor. The reliability and validity of the questionnaire has been investigated. Subjects have 

filled and refilled questionnaire and the subject’s responses to the questionnaire have been 

compared with their clinical history. Reliability tests with the test-retest method of 

preliminary version of the general questionnaire (one study on 29 safety engineers, one on 17 

medical secretaries and one on 22 railway maintenance workers) showed that the number of 

non-identical answer varied from 0 to 23% (Kuorinka et al., 1987). Validity tests against 

clinical history (one study on 19 medical secretaries and one on 20 railway maintenance 

workers) showed that the number of non-identical answers varied 0 to 20 %( Kuorinka et. al., 

1987).   

 The general limitations of the questionnaire method also apply to these standardized 

questionnaires. The experiences of the person who fills out the questionnaire may affect the 

results. Recent and more serious musculoskeletal disorders are prone to be remembered better 

than older and less serious one. The environment and filing out situation at the time of the 

questionnaire may also affect the results (Sinclair, 1975). From an epidemiological viewpoint, 

it is evident that this type of the questionnaire is most applicable for cross-sectional studies 

with all the concomitant limitations (Kuorinka et al., 1987). 

 The Standard Nordic Questionnaire was used in Study, V &VI. 
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5.8 Demand-Control-Support Model 

The Demand-Control-Support (DCS) model is a multidimensional model that examines the 

relationship between person and environment with a particular focus on this interaction in 

employment settings (Karasek and Theorell, 1990). The DCS model utilizes three dimensions 

or constructs that focus on explaining the development of stress for the individual at work. 

The individual, the central figure in this model, has his or her perceptions of work experience 

ultimately shaped by these factors. The three factors, also collectively referred to as the model 

for the psychosocial work environment, are: (a) demand, (b) control, and (c) support (Karasek 

and Theorell, 1990).  

 In Study VII, this method was used to assess the demand, control and social support at 

work among administrative staff and cleaners.

5.9 Statistical data analysis 

Data collected consisted of nominal, ordinal and interval data. The statistics software 

packages – SPSS for windows version 10.0/11.0and 13 were used when applying the 

statistical (parametric and non-parametric) techniques. All values expressed as means and 

standard deviations. Paired t-tests were used to determine differences between physiological 

load, postural variables and low back compression force (Paper III & IV). The perceived 

exertion on Borg scale and attitude assessment was analyzed using “Wilcoxon sign t-test” 

(Paper III & VI). The Demand-control-support questionnaire was analyzed using paired t-test 

(Paper V). A probability value of p<0.05 was accepted as being statistically significant. 
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6 Study design 
In order to achieve the objectives of the research study, seven separate studies were designed. 

In the following description the methodology, results and discussion for studies are presented 

as “Study I; Study II; Study III; Study IV; Study V, Study VI and Study VII”. 

6.1 Study I/Paper I (Musculoskeletal risk factors in cleaning occupation – A 

Literature Review) 

Aim of the Study 

The aim of this study was to present a comprehensive and critical review of musculoskeletal 

risk factors in professional cleaning occupation.  

Method 

The literature was searched using the following online databases: Ergonomics Abstract, 

Science Direct website (www.sciencedirect.com). Some other substantive published reports 

were included in the review. The reports summarized in English were incorporated in this 

study. 

Figure 13: Conceptual model for MSD risk factors in cleaning occupations. 

Task(s) 

Load Tissue 
Response

Outcome

Positive 
Adaptation – no injury 

Negative
Maladaption - injury

Physiological & Psychological Elements 

Influencing Factors 
+ Work Procedure(s), Environment(s), Equipment, Tool(s) 
+ Individual Worker Factors & Traits 
+ Organizational and Psychosocial Context(s) 

http://www.sciencedirect.com
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Results and discussion 

The model (figure13) explains the following factors, which contribute to risks in the cleaning 

occupation. A detailed discussion of the factors and references are presented in Paper I. 

1 Work procedure (repetitive work, working posture) 

2 Working equipment/ methods 

3 Working environment 

4 Individual factor (age, anthropometry, physical capacity). 

5 Organizational factors and psychosocial context 
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6.2 Study II (problems associated with cleaning activities) 

Aim of the Study 

To identify issues and problems associated with cleaning activities and possible solutions at a 

university in Sweden. 

Method 

Twenty-three professional cleaners working at a university in Sweden volunteered for a 

Participatory Workshop (PW), which was carried out for 3 hours. The mean age of cleaners 

was 39 years. The cleaner’s age range varied from 24 years up to 54 years. Mean length of 

work experience was 14 years among cleaners. The work experience of cleaners ranged 

between 1 and 30 years.

 The theme “Problems while cleaning” of PW was defined by active discussion of all the 

cleaners. The environmental condition was flexible and informal with access to refreshment 

and materials for visualizing the output of the PW. The head of the cleaners also participated 

as a neutral person to guide the PW. Cleaners were seated in a “U” shaped seat arrangement 

(figure 14). The researcher and his colleague were acting as workshop leaders. 

Figure 14: Seating arrangement of workshop for cleaners. 

 The cleaners were asked to freely highlight all the problems related to their present work 

situation or conditions, with reference to the PW theme. The cleaners tried to focus only on 

the negative aspects of the PW theme, and possible encumbrances that the cleaners wanted to 

change. Each cleaner described in short, a concrete problem that she/he had experienced 

(appendix 1). The PW leader wrote down verbatim expressions of cleaners on a block of large 

size of paper with a running number (figure 15). 
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Figure 15: PW leader writing down the problems expressed by the cleaners in critique phase. 

 The process continued until cleaners could not come up with any new problem. Each 

cleaner had 7 points to distribute among the problems, two problems which were to receive 3 

points and one problem was to receive 1 point (Jung and Mullert, 1984). After scoring the 

problems, the PW leader calculated the series of the identified problems to determine the 

highest ranking problem (appendix 2).  Subsequently, the cleaners divided into six groups 

containing three to four cleaners in each group. Each of the problems mentioned (appendix 2) 

were taken one by one by the group to develop possible solution. 

Results and discussion 

The group of cleaners came up with solutions (appendix 3) in the context of their 

organization’s constraints with respect to economic, technical, organizational and other 

factors.Immediately, after the end of the PW session, cleaners answered the questionnaire 

(appendix 4), using a five grade Likert rating scale regarding the usefulness of PW as a tool in 

problem identification and its solutions. The scale was scored by assigning weights for 

response alternatives from: 5- strongly agree to 1- strongly disagree. The questionnaire results 

are shown in table 3.
Table 3: Results of questionnaire after PW session. 

Questions Mean 

1 The workshop has been useful tool for the identification of the actual work problems 4.2 

2 The workshop has resulted in problem solutions 3.1 

3 I understood the given instructions for the PW 4.8 

4 The different steps of workshop’s were clear to understand 4.5 

5 It is difficult to speak in front of the group 2.6 

6 The time spent for the workshop was adequate 2.4 

7 This method is suitable for problem solving 4.4 

8 The workshop was positive for me 3.9 



30

 In the PW, the researcher, manager and cleaners worked together for a defined goal. The 

researcher worked as a facilitator and helped the cleaners to contribute actively in the PW. 

The PW can be regarded as an iterative process and learning process (Kourinka and Focier, 

1995). In the PW the cleaners had an opportunity to express their views about their working 

condition or workplaces. PW is a process to bring out the problem and its solutions from the 

people who are involved in daily workplace matters.  

The results in table 4 show that the cleaners liked the PW as a tool to identify the 

problems related to their daily work and its solution by co-operating in it. The time for PW 

was rated as short by the cleaners. Questions (question 6) had a low mean, which indicated 

that cleaners were not in agreement with the time spent on the PW. As mentioned by Denvall 

and Salonens (2000) that conducting a workshop for 2 to 3 days is considered to be adequate 

for large groups. Using 2 to 3 days gives time for cleaners to work through all phases, 

combined with time for their own reflection regarding the PW process. According to Jungk 

and Mullert (1987), for a small group with a clear goal and properly defined task, the variant 

of 4 hours of workshop can be suitable and creative. 

  One stated problem in this study from the cleaners was “paper basket in toilet”. Baskets 

get filled with papers which then spill all over the floor (figure 16). 

Figure 16: Paper spread on the floor. 

 While cleaning, everyday cleaners have to empty the basket and collect papers from the 

floor for which they have to bend. Several suggestied solutions for the above stated problems 

came from the cleaners during the PW session, for example one suggestion was, “new type of 

paper basket, like a letter box”. Later the researcher found another solution for this specific 

problem by designing a hand tool (figure 17). 
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Figure 17:  A new designed hand tool for pressing papers in paper basket. 

 The tool is intended to be used by toilet users who after drying their hands throw the 

paper in the basket and then just need to press the paper in the basket with the hand tool, and 

in result the papers can be pressed down to half of the basket size when the basket is 

completely full with the paper (figure 18). This tool will prevent the paper from falling out 

from the basket if it is used properly.

Figure 18: Papers in basket after the use of tool. 

 The PW in this study was found to be a successful method in order to identify the 

problems and their possible solutions proposed by the cleaners and researcher. Lawler (1991) 

suggested that employee participation is important in any work organization, the reason being 

that the individuals have become more specialized in their work activities, and act 

increasingly as problem-solvers. Participation moves information and knowledge around the 

organization, and allows people to have more control over their work.  
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6.3 Study III/Paper II (evaluation of different working environment) 

Aim of the Study 

To apply participatory ergonomics and an evaluation of a low-cost improvement effect on 

cleaners’ working posture. 

Method 

Ten professional cleaners from a university in Sweden volunteered for this study. Two 

hundred and twenty offices in one of the buildings of the University were observed closely 

and found that up to 65% of the offices were sprawled with electric and computer cables on 

the floor. 

 Out of 220 offices six were selected for the test purpose for 30 minutes with each 

cleaner. Each room took 5 minutes to clean. The cleaners were asked to do their usual 

cleaning task for the selected rooms.  The cleaners cleaned the room with the cables on the 

floor at their normal pace and style. One deciliter of dry sand was scattered over the floor of 

each room so that cleaners could maintain their normal pace. The tests were recorded on 

videotape for the analysis of the cleaning posture using the OWAS method (Hopsu and 

Louhevaara, 1991). 

 For the second test, cables on the floor were collected as tied together and fixed under 

the working table in such a way that they did not fall on the floor or hang in the air. The 

cleaners were asked to clean in same way as they had done previously. 

 After the second test all videotape was analyzed by using “Winowas” computer software 

for analyzing the working posture according to the OWAS method. The random time interval 

for coding the cleaning posture was 10 seconds. The observation for each cleaner was 30 

minutes for each test. Cleaning postures for both tests were coded and were analyzed by 

computerized OWAS application (WinOWAS). 

Results and discussion 

After the task analysis of the cleaning job it was found that the major tasks were floor 

mopping and wet dusting. About 35% of the working time was spent in floor mopping and 

about 22% in dusting.

 The total amount of working posture for floor mopping reduced from 36% to 33% after 

fixing the cables. The proportionate share of postures of different body parts was analyzed 

and categorized into different action categories. After analyzing the posture of test 1(with 

cables on the floor), it was found that only mopping and dusting proportions fell, under 
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category 3 and 4. In the test 2, after fixing the cables from the floor the cleaning posture was 

analyzed and it was found that the posture combination of floor mopping task did not fall into 

the categories 3 and 4. Only one observation for dusting task (2%) fell into category 3. 

 From the results it is clearly shown that cleaners have a better working posture for floor 

mopping in improved working conditions compared to unimproved working condition. 

Research by Kogi et al., (2003) made low-cost improvement for small enterprises in the 

Philippines and many low-cost improvements were shown to reduce work related discomfort 

and musculoskeletal disorders.    
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6.4 Study IV (redesign of a conventional floor cleaning tool) 

Aim of the Study 

To use assessment information in order to redesign floor cleaning tool for a passenger train 

wagon. 

Method 

From literature review it was found that very little research has been initiated into the design 

of cleaning tools. However, no research was found on the design aspects of floor cleaning 

tools and its effect on the cleaners. As per observation it was found that floor cleaning in 

passenger train wagon required extreme awkward working posture. This observation was 

reconfirmed by the management and cleaners. The researcher worked for a week as a cleaner 

to understand the basis of problems associated with floor cleaning. 

 The objective of this study was to analyze an existing floor cleaning tool for the 

passenger train wagon with a view to redesigning the tool in order to meet usability and 

efficiency objective such as: 

- Ease of use  

- Use by great majority of the cleaners for the passenger train wagon as well as general 

population 

- Avoiding the bending of the body, and unnecessary movement of the wrist 

- Fitting for 5th to 95th percentile of the population 

- Avoiding physical injuries 

 While analyzing the existing tool and cleaning process in a passenger train wagon over 

two weeks, it was noted that the cleaners were performing their task in an un-ergonomic way, 

mainly due to poor design of the cleaning tool. The development of an ergonomically 

redesigned tool was based upon the existing problem, cleaning under the berth of wagon. It 

was found that cleaners used to bend almost 900 to see and clean (figure 19). In addition to the 

open observation, interviews were carried out to get the feedback of the working tool. 
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Figure 19: Cleaning posture while floor cleaning. 

The conventional cleaning tool is made up of two straight rods where one rod is 

telescopic and mounted over the other rod in order to make it adjustable (105-190 cm), and a 

mop frame whose width is 8 cm. The length of the telescopic rod is 90 cm and the straight rod 

is 100 cm (figure 20).

Figure 20: Conventional cleaning tool. 

 The starting point of the design process is the identification of need followed by need 

analysis. Initially the empirical approach was applied to bend the conventional tool. The rod 

of the conventional tool was placed under the lower berth of the wagon until the mop frame of 

the tool touched the wall, and then a mark was placed on it where it was already touching the 

end of the berth width and this point was considered as focal point for bending the tool (figure 

21).

8 cm 

90 cm 

100 cm 

Telescopic rod 

Width of mop frame 
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Figure 21:  Redesigning process of conventional cleaning tool. 

  Six different prototypes of different design were made for redesigning the conventional 

tool, for example figure 22. The cleaners participated in the exercise and tested the tool for 

each prototype in terms of comfort and ease of use.  

Figure 22: One of prototype of cleaning tool among six redesigned prototypes. 

Results and discussion 

One prototype was selected as the final redesigned conventional tool (figure 23) after testing 

six different prototypes. The verification of the final redesigned tool was also carried out by 

personal interviews of the cleaners by the researcher judging on ease of use, ease of cleaning, 

and optimum comfort. Two cleaners participated in a pilot study of this research to verify the 

final tool for the test purpose. 
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Figure 23: Final redesigned conventional cleaning tool. 

Table 4 shows the comparison between the conventional and redesigned cleaning tool: 
Table 4: Characteristics of cleaning tools. 

Conventional floor cleaning tool Redesigned floor cleaning tool 

It is straight rod Curved at two points 

Difficult to reach and clean under the berth Easy to reach and clean under the berth 

To rotate mop frame for cleaning floor continuous 

extension and flexion of wrist required 

To rotate mop frame for cleaning floor extension and 

flexion of wrist not required, mop frame can rotate 

by just pushing and pulling with the lower hand and 

by just holding the upper part of frame with the 

upper hand  

Adjustable from 105 to 190 cm Adjustable to 154 to 185 cm. 

Not effective for cleaning furnished places Effective for cleaning furnished places 

To hold upper part extension or flexion of wrist 

needed 

No extension and flexion of the wrist needed for 

holding the upper part, due to the curve of upper 

handle. 

Needs frequent and excessive bending while 

cleaning under lower berth. 

Frequent and excessive bending not required while 

cleaning under lower berth 

No strange feeling while using Gives strange feeling while using due to movably 

which may wear out after some use. 

 The redesign of the tool was based on the problem analysis and participation of the 

cleaners in user-centered design (Koivunen, 1994). Many researchers have emphasized the 

idea of a user-centered approach in designing hand tools (Kardborn, 1998; Eason, 1994; 

Pheasant, 1996). In one “Swedish hand tool project” the user-centered approach was the basis 

for designing 10 non powered hand tools, and it was found that user participation was an 

effective method that provided important information for specification, design and evaluation 

of improved hand tool design (Kardborn, 1998). Some studies suggested that general 
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judgement of the tool/operator situation in design aspect is often needed, and the “cube 

model” (Sperling et al., 1993) and “over exertion model” (Kumar, 1994) also provide a good 

basis for such judgement. 

 Despite the fact that ergonomic principles of hand tool design have existed for several 

decades, applying these principles to industrial tool design still has some limitations 

(Greenberg and Chaffin, 1977; Tichauer and Gage, 1977; Mital, 1991; Putz-Anderson, 1988; 

Mital and Kilbom, 1992). However, many scholars made use of the ergonomic principle “it is 

better to bend the tool and not the wrist” to design bent handle, non-powered hand tools, such 

as knives (Armstrong et al., 1982; Bobjer, 1989), hammers (Schoenmarklin and Marras, 1989 

a, b; Konz, 1986), and pliers (Tichauer, 1978; Lewis and Narayan, 1993) in order to reduce 

the musculoskeletal disorders. However, depending on the nature of task bending the handle 

was many times found to be more stressful e.g., racks and shovels (Kumar and Chang, 1990, 

1991; Kumar, 1995). 
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6.5 Study V/Paper III (ergonomic evaluation of redesigned cleaning tool) 

Aim of the Study 

To evaluate physiological, subjective and postural loads in passenger train wagon cleaning 

using a conventional and redesigned cleaning tool. 

Method 

Thirteen professional cleaners volunteered for the study. Their professional experience ranged 

from 1 to 21 years. Twelve of the cleaners were right-handed and one was left-handed. 

Cleaners were randomly assigned the cleaning tool to be used in each test. The width of mop 

frame and mopping cloth materials were the same for both tools. During the test, oxygen 

consumption was recorded every 10 seconds and heart rate was recorded every 5 seconds 

(Bridger et al., 1997). 

 After the first test, the cleaners had a rest interval of 15-30 minutes during which the 

resting heart rate was obtained (Bridger et al., 1997). The protocol was repeated for the 

second test, but an alternate tool was used. Cleaners rated their perceived exertion on the Borg 

scale just 30 seconds before the end of the test (Borg, 2001). 

 The postural angles (e.g. trunk angle) were assessed using photographs of cleaners 

reaching under the lower berth while cleaning with the two tools (figure 24). The reference 

points were lumbosacral (L 5) and cervical (C 7). 

Figure 24: Trunk angle, (A) trunk angle while cleaning with conventional cleaning tool, (B) trunk angle 
while cleaning with redesigned cleaning tool. 

Results and discussion 

The mean value for oxygen consumption (VO2) was 0.94 (l/min) with the conventional tool 

and 0.84 (l/m) with the redesigned tool. The mean heart rate (HR) mean value was 105 (bpm) 

with the conventional tool and 101 (bpm) with the redesigned tool. These finding are similar 

A B 

C 7 L 5
C 7

L 5
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to a study by Louhevaara et al., (1983), which compared cleaning methods in terms of 

cardiovascular load.   On average (mean) the cleaners used 36% (range 26-50%) of their 

maximum oxygen (VO2 max.) uptake capacity while cleaning with the conventional tool. The 

corresponding percentage for the redesigned tool was 31% (range 21-43%). This finding is 

consistent with Danish research which compared the physiological demands of mopping and 

scrubbing floors (SØgaard et al., 1996). 

The mean perceived exertion while cleaning with the conventional tool was equivalent 

to the scale value 13 (somewhat hard) on the Borg scale and for cleaning with the redesigned 

tool, a scale value 11(light) was obtained (figure 7). Similar finding in real situation for 

perceived exertion (13 RPE) while mopping was found (Woods and Buckel, 2005a).  

For the group of cleaners the work demands 36% of maximal oxygen consumption (VO2

max) using the conventional tool and 31% using the redesigned tool, which is statistically 

significant. The cleaners rated the conventional tool more strenuous on the Borg scale than the 

redesigned tool while cleaning the floor of wagon. Most likely very frequent and excessive 

bending of the upper part of the bodies of the cleaners created greater biomechanical loads on 

the back compared to the redesigned tool, and muscles had to work with higher forces against 

the centre of gravity while bending. This could be the possible reason behind the perceived 

higher exertion compared to the redesigned tool. Similarly, Marut and Hedge (1999), found 

that scrubbing and mopping were the most tiring tasks and deserve the most attention in future 

research. They also mentioned the study done by Knowles, in 1937, showed that general 

cleaning, mopping floors, washing, ironing and carrying water to be the most tiring task in a 

household.  

 The quality of cleaning was observed visually and it was found that no waste was found 

when using the redesigned cleaning tool as compared to the conventional cleaning tool where 

some waste material was left under the lower berth. 
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6.6 Study VI/Paper IV (evaluation of two different types of toilet cleaning brushes) 

Aim of the study: 

Evaluation of low back compression force and RULA assessment on cleaners while using two 

different types of toilet cleaning brushes. 

Method 

Fifteen cleaners from a university in Sweden volunteered for the study. There professional 

experience ranged from 1 year to 32 years. 

 A commercially available short handle toilet brush and a redesigned long handle brush 

were used in this study. The length of the short handle brush was 38 cm and the long handle 

brush was 68 cm. 

 Cleaners were randomly assigned the toilet brushes in each test and asked to clean the 

toilet bowl for two minutes with their normal work pace. During the test still photographs 

were taken of the cleaner's working posture in order to analyze the low back compression 

force or spinal forces acting on a lower back in Newton (N) while using the two brushes. The 

low back compression force was analyzed by computer software "Jack 5”, by creating virtual 

representation of the cleaners (figure 25) and by using the "Task analysis tool" in Jack 5, low 

back compression were obtained for the most strenuous posture (Sundin, 2001; Raschke, 

1994; Raschke et al., 1996). 

Figure 25: Virtual representation of the cleaners by using Jack 5. 

 Postural angles were determined by using still photographs (figure 26) and the reference 

point were lumbosacral (L5) and cervical (C7) (Kumar, et al., 2005b). After finishing both 
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tests, cleaners rated their attitude for subjective assessment of four aspects:  ”weight of 

brush”, “grip of brush”, "feelings in hand and “comfortable to use” while cleaning" on the 

scale of 1 to 5 (1 being very bad and 5 being very good). 

Figure 26: Trunk angle, A) using short handle brush; B) using long handle brush 

 Rapid Upper Limb Assessment (RULA) (McAtamney and Corlett, 1993) was used to 

give a quick and systematic assessment of the cleaners working posture while using both 

brushes. The most extreme or awkward posture from each cleaner was selected and was 

assessed by using RULA software (RULA, 2006). 

Results and discussion  

Table 5 shows the results of the low back compression force, trunk angle and RULA score. 

The mean low back compression force was 1078N while using the short handle toilet brush 

and 845N was using long handle brush. The mean trunk angle of cleaners was 620 while using 

the short handle brush, and mean angle of trunk was 360 while using the long handle brush. 

There was no significance difference in the average RULA score while using both brushes. 

The average RULA score for using short handle brush and long handle brush was 4 and 3.13 

respectively, which falls into same Action level 2.  

A
C 7A B

L 5 

L 5

Ø
Ø

C 7 
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Table 5: Variables measured while cleaning with the short handle brush and the long handle brush (n 
=15). 

Variables Short handle  
Brush

Long handle 
brush

  Mean SD± Mean SD± P value 
Low back compression force (N) 1078 128.37 845* 187.50 0.000 
Trunk angle (degree) 62 6.2 36.53* 11.61 0.000 
RULA Score 4 0 3.13 0.35 ------ 

* Significance difference (p<0.05) 

The low back compression force had a higher mean value (1078 N) while cleaning with 

short handle brush, which was significantly different compared to the long handle brush (845 

N). In a study by Messing et al., (1992) the adjustable toilet cleaning brush was suggested to 

avoid difficult working posture and movements. In another study (Kumar et al., 2005b) it was 

found that using the redesigned tool for floor cleaning the trunk was bent less than with the 

conventional cleaning tool. 

 The average RULA score for the short handle brush was 4 which is a little higher than 

the average RULA score 3.13 for the long handle brush. Even though the length of the brush 

handle made significant change in the low back compression force the RULA score still 

shows the same action level for both brushes. The reason could be that while cleaning toilet 

bowl, cleaners rotates there wrist along with the arm and this movement of the wrist did not 

differ when using either the long handle or the short handle brush.  

 Additionally RULA may not be as a sensitive tool to discern small differences. 

However, it is pointed out that RULA did discriminate in score, but the scale seems to be 

round it off for convenience and ease. Although small differences in infrequent and sporadic 

tasks can be ignored but if the task become repetitive or continuous they add very 

significantly to the cumulative load which potentiates injury (Kumar, 1990; Kumar 2001; 

Kumar and Narayan, 2005). RULA is not designed to consider cumulative load. 
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6.7  Study VII/Paper V (comparison of psychosocial job stress) 

Aim of the study 

To compare psychosocial factors associated with job stress among administrative staff and 

cleaners 

Method 

A Swedish version of Demand-Control-Support questionnaire was used. A total of 150 

questionnaires were distributed among administrative staff and cleaners. Out of 150 

questionnaires 40 were returned from both working group. 

Results and discussion  

There were significant differences between administrative staff and cleaners in terms of 

demands and decision latitude. The means score for psychological demands for administrative 

staff was (15.10) and for cleaners was (13.55). Higher mean score indicated higher 

psychological demands at work. It might be possible that administrative staff worked under 

pressure to avoid mistakes.  The decision latitude has been found significantly different 

between administrative staffs and cleaners. The administrative staffs had higher decision 

latitude than cleaners. The possible reason could be that administrative staffs had adequate 

education, knowledge and information about their work as compared to the cleaners. Social 

support was found similar for both group of administrative staffs and cleaners. There was no 

statistically significant difference between the administrative staffs and cleaners.  The 

possible reason could be that the administrative staff and cleaners in this study may be 

working in a group, which allowed them to interact with their co-worker and supervisor more 

often.
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7 General discussion 
Cleaning, per se, appears as a rather common and even uncomplicated chore to the masses. 

However, the occupational field of cleaning comprises a host of elements that are complex 

and intertwined in their relationships. The host of factors includes minimizing workplace 

accidents, reduction of biological irritants etc., while the tasks involved are multitudinous, 

such as dusting, mopping, swabbing, vacuuming, buffing, handling garbage, lifting etc. Each 

of these components on their own offer a wide arena of research and scope for betterment in 

itself. Taken together, the complexity and possibility for improvement in the field are truly 

enormous. 

 Given the scope and breadth of the issues, it is impractical to expect a single research 

endeavour to address all problems associated with the general task of cleaning. This thesis 

attempts to address a few issues from within the wider area to narrow down the scope of the 

research. It is hoped that the findings would pave the way for further exploration and studies 

to be carried out with an aim to continuous improvement in the field. 

 The specific objective of the thesis was to investigate existing gaps within current 

research conducted in the field of cleaning. A comprehensive literature review was carried out 

to find such areas where there may be a lack of information. In this thesis, a comprehensive 

literature review was attempted to explore all aspects of cleaning problems. Subsequently, it 

was found that no substantial research had as of present been conducted on the design aspects 

of manual cleaning tools and its effect on the health of cleaners. It was also found that there 

was a lack of research regarding the effect of building designs and its effect on cleaners’ 

working postures. These two areas were thus selected for further investigation.  

 It is viewed that the strength of the research stems primarily from its literature review. 

This looked at the major publications regarding diverse aspects of cleaning to obtain a holistic 

view of the nature of the problems and to get a thorough understanding of where they are 

originate instead of starting with a narrow vision, and only later focusing on a specific part of 

the problem for the study. It is possible that some studies may not have been included, 

primarily because they were not in English. However, papers with English summaries were 

included. 

 The literature review led to the identification of the lacunae, or the perceived gaps in 

organizational aspects, design of the manual cleaning tools and power driven equipments, 

working methods, and individual factors.  



46

From the beginning, the thrust of the research has been one of a practical or applied 

nature. It was envisaged that any results to be obtained should have a practical implication, 

and one that could be useful in the industry, both for productivity as well as health of the 

related work force. The key areas identified in the thesis are classified as tools, and working 

environments. Within tools, it was found that about 80% of the cleaners rely on manual tools 

for cleaning. It was further found that while there has been a steady stream of improvements 

in the tools used, the industry innovations and research have so far focused on improving the 

quality and cleaning abilities of the tools; but the design aspects of the tools regarding their 

impact on the health of the cleaning force are poorly understood. Furthermore, it was found 

that within working environments, research has not been carried out to determine how work 

environment factors impact performance and health of the cleaning personnel. These two key 

issues, thus, form the crux of the investigation in this thesis. 

Figure 27, illustrates the path charted by this thesis in proceeding from identification of 

specific issues within the realm of the cleaning industry to be focused upon to a 

comprehensive literature review and subsequent proceedings within the thesis. The darkened 

lines proceeding downward indicate the gradual advancement within the thesis and the 

associated research issues that have been investigated. The dotted lines and the associated 

issues within the boxes are deemed relevant yet peripheral issues, which are not within the 

scope of this research. As can be seen from the figure, while the dark line boxes by 

themselves are the focus of independent investigations, they have not yet been embarked upon 

randomly but have been part of a larger research scheme, and brought together to provide 

overall direction for this research.   
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 The direct measurement methods used in this thesis are valid and have a good 

reliability (Louhevaara et al., 1990; Nevela-Puranen and Sorensen, 1997; Aminoff et al., 

1999). However, these methods require direct contact and also have the potential to 

change work methods, and thus, are not feasible for practical use in the industry (Vedder, 

1998). Literature identifies weakness with these kinds of direct measurement methods, in 

that they are not well suited for collection of data in an industrial setting since they 

restrict freedom of movement, are obtrusiveness and cost a lot (Buchholz et al., 1996). 

However, since they are deemed to be the best measures of the problems at hand, they 

were chosen for this study.  

 The present thesis has identified risk factors related with cleaning that can affect the 

cleaners’ health and safety and these factors are: poor design of tools, working 

environment, and job mediated psychosocial stress. The above factors may have a 

cumulative effect on the cleaner’s musculoskeletal injuries.  In Sweden, 1242 cleaners 

reported sick leave of more than 31 days during the year 2001 to 2003 (AFA, 2005). It 

might be possible that poor design of tool/equipment, poor working environment and 

accentuated psychosocial stress were possible reasons for the sick leave. However, their 

relative contribution is not clear. 

  The majority of cleaning tasks are mainly done by using manual tools in which 

most of the time is spent on cleaning floor (Hopsu et al., 2000). No study was identified 

addressing the floor mopping tool. The work load and strain associated with cleaning 

greatly depend on the design features of manual cleaning tools/equipments (Krüger et al., 

1997). Similarly, a  few research studies were found that investigated the effect of 

mopping methods (dry, damp, moist, wet, micro fiber dry, micro fiber damp and oil) in 

terms of cardiorespiratory stress and muscular stress while cleaning the floor 

(Louuhevaara et. al., 2000; Hopsu et al., 2000). These findings for different mopping 

methods have not considered coefficient of friction for different mopping methods on 

different types of floor materials.  

 The findings from this thesis indicate that if ergonomic methods such as 

“Participatory Ergonomics” are used, it can identify the major issues related with 

cleaning problems and thereby provide solutions.  This finding also advocates that these 

methods can be applied to different places by the management in order to identify the 
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cleaning problems and their solutions, which can reduce the work injury among the 

cleaners. The low-cost workplace improvement was implemented by means of bundling 

electrical and computer cables above the floor and the effect of this intervention was 

evaluated. The findings revealed that this low-cost intervention helped the cleaners to 

work in a better working posture. Street et al., (2003), had similar findings, which 

recommended that a participatory ergonomics programme may have a rapid effect on 

improving work posture in a short duration and may be minimally disruptive to the 

normal workplace routine. According to Noro and Imada (1991), the long-term 

implication of using participatory ergonomics is that individuals will be able to exert 

some control over their environment and this would lead to feedback, self-determination, 

and self-regulation, helping the end-users to improve their work environment and 

working conditions.

 In this thesis, the participatory and user–centered methods were used to redesign the 

conventional floor cleaning tool for passenger train wagons. The redesigned tool was the 

result of cleaners’ participation together with the researcher. The final redesigned tool 

was tested by the cleaners for comfort of use and ease concerning cleaning under the 

lower berth. 

 Results showed that the usage of the redesigned floor cleaning tool resulted in lower 

oxygen consumption, lower heart rate, and less perceived exertion than that of a 

conventional cleaning tool. Grandjean (1988) cites the relative energy expenditures 

related to workers’ posture. The energy consumption increases by 50-60% while 

stooping, kneeling by 30-40% and standing by 8-10% (Grandjean, 1988). The long 

handle toilet brush caused less low back compression force compared to the short handle 

toilet brush. The RULA score did not differ between using the long handle brush and 

short handle brush due to the unchanged hand movement.  The long handle brush added 

distance between cleaners and the bowl to minimize splash on cleaners and their clothing. 

The limitations of these studies were that they did not consider mechanical exposure 

(forces and torque) due to the limitation of the time and equipment availability. 

According to mechanical exposure assessment it may be summarised that it cause some 

kind of musculoskeletal disorder will occur sooner or later due to repetitive strain injury 

(RSI) or cumulative trauma disorder (CTD) (Hägg, 2001).
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 From the results of this thesis it was found that psychological demands and decision 

latitude at work were lower for cleaners than the administrative staff. This is positive 

study finding. During the last decade several techniques, tools, and ergonomic 

interventions have been introduced into the cleaning occupation in order to reduce 

injuries. In this study, the sample size of cleaners and administrative staff were small, due 

to the unwillingness in participation due to possible economic reasons. 

 A broad approach to risk reduction that takes account of entire cleaning system 

including physical, biomechanical, environmental as well as work organizational and 

cultural factors is likely to reduce injuries among cleaners (Woods and Buckle, 2005b).  

 The objective of ergonomics is to improve both performance and health and safety 

(Carayon and Smith, 2000). Results from this thesis have shown the improvement of 

cleaners working posture in different situations thereby possibly enhancing work 

efficiency. 
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8 Conclusions and recommendations 
The primary goal of this research work was to study existing cleaning work, cleaning 

tools, working environment and psychosocial aspects of professional cleaners. The 

conclusion of this thesis is that cleaning is associated with moderately high 

cardiovascular load, postural load and a high frequency of poor working postures.

The following specific conclusions can be drawn from this thesis: 

A comprehensive and critical literature reviews on risk factors in the cleaning 

occupation was conducted. This allowed identification of relevant issues and 

formulation of specific questions that needed answering.  

Electric and computer cables lying on floors in the offices were ranked as a most 

severe problem by cleaners in their day-to-day cleaning activities. It is 

demonstrated in this thesis that persons working in the relatively low-skilled 

position of cleaner had no difficulty identifying cleaning issues through the 

participatory ergonomics approach. The results from this study can be 

recommended to the management for cleaning organization in order to identify 

the cleaning related problems and its solutions. 

A minor improvement in a working environment enhanced good working posture. 

Such criteria should be incorporated in building design.

End user participation is an effective method for redesigning the work 

environment and working tools. Such improved design through worker 

participation can significantly reduce the physiological load, the biomechanical 

load, and the perceived exertion of an individual. Such participation will also 

increase the acceptance of changes by the rank and file for a better result. The 

designer and tool manufacturers should also work together with the researcher in 

order to improve design of cleaning tools/equipment.  

The redesigned floor cleaning tool for the passenger train wagon had less 

physiological, postural load and perceived exertion compared to the conventional 

cleaning tool. Therefore it can be concluded that the floor cleaning in the 

passenger train wagon is a heavy and physically demanding task.  The 

introduction of a redesigned cleaning tool to the passenger train wagon can be 
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recommended as a means of reducing workload and awkward working posture 

while cleaning floors.

A long handle brush for cleaning toilets was significantly better than a short 

handle brush. From this study it can be concluded that a better design of toilet 

brushes is needed in order to diminish the wrist rotation and arm movement. 

However, use of the long handle would result in decreased non-neutral back 

posture of the cleaners. 

Cleaners had perceived less psychological demand, and control over work as 

compared to administrative staff. It is suggested that appropriate education or 

training among cleaners may be provided in order to realize the aspects of the job 

and work environment that they can control or even modify. 

 The overall conclusion of this thesis is that ergonomic knowledge or 

implementation can lead to better working postures, better tool design and a better work 

environment that lead to the betterment of individual workers and the organization. 

Results from this strategy can lead to higher productivity, reduced absenteeism, an 

improved quality of work, greater job satisfaction, reduction in injuries, lower 

compensation costs, better worker health and a positive motivation towards the work 

activity (figure 28). 

High quality of cleaning
Job satisfaction

Increases productivity
& efficiency

Reduces accidents &
occupational injuries

Input (resources)
Cleaners

Ergonomic design of
tools

Better working methods
Better working

environment, etc.

Cleaning processes
and activities

Figure 28: A better cleaning model from ergonomic perspective. 
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9 Contribution to knowledge and Science 
Science advances in small steps. Every piece added to knowledge helps to progress the 

understanding of the area bit by bit. This project and the resulting thesis and publications 

have made small contributions to our general understanding of the cleaning occupation, 

which is generally taken for granted though essential to everyone’s life. 

 Though there has been work published in the general area of cleaning; most 

workers, in their publications, of necessity have addressed one or the other issue. These 

publications are scattered far and wide and as the circumstances in which these studies 

were done are as diverse as the researchers themselves. The literature is quite small in 

this area within the time period of 1979 to 2005. None of the publications provided either 

a comprehensive or a critical perspective on this field. Thus the Study I which reviewed 

the majority of literature in this area is a source of comprehensive information on the 

field with critical considerations. 

 In a study, the cleaners participated in problem identification at their workplace and 

it was found that electric and computer cables in the offices were identified as a most 

severe problem. It is obvious that buildings are not designed only for cleaning purpose. 

However, the proper maintenance and cleaning are needed to keep the working 

environment pleasant.  From study I it was found that the effect of building design on the 

health of cleaners is largely overlooked. This thesis resulted in identification of cleaning 

problems and their possible economical solutions suggested by the cleaners. The amount 

of bad working posture was significantly decreased and time for floor mopping was 

decreased by 3% in an improved working environment. This thesis did contribute by 

improving the working environment and better working posture of the cleaners and also 

provided a validated guideline for problem identification and its solution by involving 

cleaners. 

 In another study, the floor cleaning tool was redesigned with the special purpose of 

cleaning floors in passenger train wagons. Not only in Scandinavia but in all of Europe, 

the rail system is a common mode of transportation. This extensive rail system needs 

proper cleaning for customer appeal and satisfaction. The first study revealed an 

enormous problem of musculoskeletal, biomechanical, physiological and psychosocial 

stress in cleaning professionals. This thesis resulted in a tool which reduced the 
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physiological cost by 5%. Thus this thesis did not only contribute by redesigning a tool 

but scientifically validated the extent of positive impact on the cleaners. 

 A similar approach has been taken in another cleaning job that is toilet cleaning. 

Using scientific tools and techniques of Jack biomechanical simulation/modeling and 

RULA another alternate tool was proven to be advantageous in reducing the postural 

load, lumbosacral compression by 21%. This constitutes yet another contribution towards 

reducing injuries and morbidity of cleaners in addition to adding to scientific approaches 

towards practical problem solving. 
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10 Limitations of the study 
The limitations of this thesis are as follows: 

1 In this thesis, only three cleaning service company/organization participated in the 

research and data collection. More participating companies would have led to 

greater external validity. However, time constraints made it impractical.  

2 This thesis mainly focuses on the physiological and biomechanical load, 

perceived exertion and psychosocial job stress of the cleaners. No consideration 

could be given to organizational aspects of cleaning work. 

3 The postural angles were not measured using Goniometer due to unavailability of 

the equipment. 

4 The quality of cleaning was not measured in this thesis due to the unavailability of 

equipment which measures the quality of cleaning after cleaning is performed. 

5 Since the research was conducted within three cleaning services companies in the 

north of Sweden, it is possible that external situations prevalent in other 

geographical areas may produce different findings from those presented. 

6 The sample sizes were small to be able to generalize the results to the whole 

population of the cleaners.
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11 Future research possibility 
There is a large scope for conducting research in cleaning processes and 

equipments/tools. There is an opportunity for the work organization to be reviewed in 

depth. A more comprehensive study can be done by involving large numbers of cleaners 

from different places in order to generalize the psychosocial stress at work among 

cleaners in Sweden. Through participation of more cleaning service organizations in the 

research process, benefits can be obtained by locating new ergonomic problems related to 

cleaning. In future studies, the participation of end user manufacturers, 

wholesalers/dealers of cleaning tools will be desirable. Furthermore, an in-depth analysis 

of the cleaning work through biomechanics such as measurement of friction, 

forces/torque load, muscular activities using electromyography (EMG) and video-based 

methods such as VIDAR can yield yet unknown results.
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Appendix 1 

List of problems identified during PW session. 

1. Sladdar

2. Svårt moppa stengolv. 

3. Tröga handtorksskåp 

4. Problem med reglerbara skrivbord 

5. Svårt dammtorka i kontor 

6. Kontors möblering, papper, kartonger. m.m 

7. Svårt med golvfästa toaletter 

8. Tiden 

9. Bråte i korridorer och kulvert (förråd) 

10. Svåråtkomligt i styrkehallen (Dammsamling vid redskapen) 

11. Cyklar i kontor, entreer, under trappor 

12. Tvålautomater, placering 

13. För mycket möbler i grupprum Beta 

14. Fönsterputsning (svårast på insidan i kontor) 

15. Kaffefläckar på stengolv 

16. Stolar i klassrum 

17. Vissa trappor 

18. Centrum restaurang (golv, bordsben, trångt) 

19. Dammsugning i  (Aula Aurora) 

20. Ventilation melan bänkarna 

21. Få mänskliga kontakter. 

22. Svårt att moppa i A 3017. 

23. Golvet LKAB salen 

24. Tröga tavlor i lärosalar 

25. Lite personal 

26. Hoppesalen, (Tavlar svåråtkomlig) 

27. Golvet i källaren (Akademiska hus) 

28. För lite inflytande i byggfrågor 

29. Sladdar vid datorer 
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30. Produktionsteknik F-huset 

31. Städning vid ombyggnationer, mycket damm 

32. Byte av glödlampor i toaletter 

33. Dammtorka lampor 

34. Bakom element 

35. För små papperskorgar i toaletter 

36. Lås i alphahuset. 

37. Mycket sopor från centumrestaurangen 

38. Svåråtkomligt D 501(gummilister) 

39. Rör för lågt placerat (LKAB salen) 

40. Hyllor i Bibliotek (Högt) 

41. För mycket negativt 

42. Blommor

43. Toalettsitsar 

44. Kaffekokning (lärosalar i C huset) 

45. För små toalettpappers hållare (BETA) 

46. Trasiga toalettstolar 

47. Kaffekokning projekt hall A-hus 

48. Fikaleveranser till maskinelement, ej genomgång till boassin, hiss fungerar sällan 

vagnar låter illa 

49. Tunga stolar  (A-Hus källare) 

50. Svårmöblerat 

51. Vagnar 

52. Trånga soprum 

53. Kritdamm 

54. White board svårtorkade 

55. Tunga tavlor 

56. Dörrar mellan korridorer 

57. Golvfästa toaletter 

58. Sanitetslådor bortagna 

59. Trösklar 

60. (Hissar (små, få) 

61. Fönstren delar sig vid vädring  

62. Papperskorgar 
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63. Bullriga fikavagnar 

64. Fel placerade tvålhållare 

65. Hygienpapper dammar 

66. Gummimattor i entreer 

67. Ljusa klinkergolv 

68. Dåligt underhåll utanför entreer 

69. För hög tavla (F-531, hoppesalen) 

70. Tunga möbler (gelbe-huset) 

71. Trägolv svåra att moppa (kontor) 

72. Dålig planering i byggfrågor (svåråtkomliga ytor) 

73. Ventilation i tentasall även andra utrymmen (suger in damm) 

74. Element 

75. Nya bord med dålig yta 

76. Stökiga kontor 

77. Skräp i korridorer 

78. Omålade golv i källare 

79. Ej inbyggda rör och kabelrännor 

80. Folk lyfter ej fötterna vilket ger svarta streck 

81. Fast möblering i hörsalar 

82. För mycket glaspartier 

83. Tröga lås( skjutdörrar) 
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Appendix 2 

Highest ranked problems after voting by cleaners. 

Problemet (Swedish) Rank Problems (English) 
Sladdar 1 Electric and computer cables 
Tiden 2 Time 
Svårt att moppa stengolv 3 Hard to clean tiles floor 
Vagnar 4 Cleaning wagon 
Lite personal 5 Less cleaning personnel 
Kontors möblering, papper 
kartonger, m.m 

6 Office furniture, papers, cardboard 
(box) etc. 

Papperskporg i toaletter 7 Paper basket in toilet 
Svårt att dammtorka i kontor 8 Hard to dusting in office 
Dörrar mellan korridorer 9 Doors between corridor 
Tröga lås 10 Hard locks 
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Appendix 3 

Solutions suggested by the cleaners for the problems that ranked highest.

Identifierade problem Lösningar
Sladdar Montera ordentliga sladdhållare i alla 

kontor och datasalar    
Tiden Extra personal för golvvård och stor städ 
Svårt att moppa stengolv Mer personal för moppa stengolv 
Vagnar Nya vagnar med stora mjuka hjul 
Lite personal – Anställa mer personal 

– Vikarie pool 
kontor möblering, paper kartonger, m.m – Redskap som är anpassade till möblerna 

och vettig möblering 
– Varje institution ansvarar för att bråte och 
kartonger tas bort 

Paperskporg i toaletter Ny papperskorg, typ “brevlåda” 
svårt att dammtorka i kontor Placering av möbler,  
Dörrar mellan korridorer Dörröppnare (automatiska) 
Tröga lås Kortlås istället för nycklar 
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Appendix 4 

Questionnaire for Participatory Workshop’s participants  

Instruktion: Fyll i passande alternativ för respektive påstående. Se följande exempel: 

Exempel: I dag är det vackert väder.    

 Ja, 

absolut  

Håller i 

stort med 

Ingen

åsikt 

Håller

ej med 

Nej, 

absolut 

inte

1. "Workshopen" har varit bra för att identifiera 

arbetsproblem 

     

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

2. Workshopen har resulterat i bra 

problemlösningar 

     

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

3. Jag förstod de instruktioner som gavs      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

4. "Workshopens" olika steg var lätta att följa      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

5. Det är svårt att tala inför gruppen      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

6. Tiden för "workshopen" var för kort      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

7. Jag förstår vad denna metod går ut på      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 

8. "Workshopen" var positiv för mig personligen      

 Ja, absolut Håller i 

stort med 

Ingen åsikt Håller ej 

med 

Nej, absolut 

inte 
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Abstract 

The objective of this paper is to present a systematic review of the literature in the field to 

identify problems, recommended practices, unresolved issues and explore occupational needs 

related to cleaning problems. Selected for review were published and unpublished reports 

dealing with musculoskeletal disorders among cleaners. English language summaries of other 

language articles were also included. The factor mentioned most often is that cleaning is 

associated with high physical and psychosocial workloads. Recommended ergonomic 

interventions were summarized in a model to present a systematic overview, useful for 

research and practical applications. A few studies concern equipment design, working 

environments and factors affecting individual workers. A need to conduct research on 

cleaning tools/equipment, working environments and individual risk factors is apparent.  

Relevance to Industry: Ergonomic strategies and methods are not widely practiced in the 

cleaning profession. If ergonomic principles can be integrated into existing cleaning industry 

tools, methods and work environments then efficiencies can be realized and the risk of 

occupational injuries will be reduced. The work efficiency and injury reduction will reduce 

employer operating costs.  

Keywords: Cleaners; Building cleaners; Ergonomics of cleaning; Musculoskeletal disorders; 

Tool design
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1 Introduction 

The core task of cleaners can be simply described as the removal of dirt, dust, marks, 

strains and other extraneous materials from surfaces. The work of cleaning has an important 

role in general work and public environments as it enhances worker/public feeling of health 

and well-being. Clean work areas also promotes productivity and quality of output.  Unclean 

environments can lead to accidents, and without cleaning there is a greater risk of exposure to 

irritants which can lead to problems such as allergic reactions and respiratory ailments. The 

goal of cleaning can thus be described as contributing to the maintenance of hygienic work 

and public environments. Cleaning consists of tasks such as dusting, mopping, sweeping, 

swabbing, vacuuming and buffing. Cleaning work may also include additional tasks such as 

handling waste materials for the purpose of disposal, and the lifting/moving of 

furniture/equipment (Johansson and Ljunggren, 1989). 

Occupations, where cleaning is the sole or primary work activity, are common throughout 

the world.  There are approximately 3 million full or part time cleaners working in the private 

and public sectors of the European Union (EU), (Louhevaara, 1997). In Sweden 78,800 

persons work as cleaners (Statistiska centralbyrån/Statistics Sweden (SCB), 2005). Of this 

number, 63,300 are females and 15,500 are males. In the United Kingdom there are 

approximately 800,000 persons working as cleaners (Woods and Buckle, 2005b). According 

to U.S. Department of Labor (USDL, 2005), over 4 million persons work in building cleaning 

in the United States.  Cleaners work in office buildings, hospitals, stores, apartment houses, 

hotels, and any other place where people congegrate.  It is full or part time work, mostly 

performed alone but, sometimes as groups or teams (Hopsu, 1993; USDL, 2005; World 

Health Organization (WHO), 1993). The majority of cleaners are older women (WHO, 1993). 

Many of them are of lower social status, with little education, at a low level and without 

significant social support (De Vito et al., 2000). Work hours are often early in the morning, 



3

during lunch periods and late in the evening (to avoid interfering with the activities of others). 

Most cleaners learn skills on the job. Beginners are often paired with an experienced workers 

and carry out the most routine tasks (USDL, 2005). The Dictionary of Occupational Titles 

reports that learning tasks/duties takes no longer than one month; this falls within the 

“unskilled” category of the classification system used (USDL, 1991). 

Wages of cleaners vary widely between labor markets. A report by Carley et al. (2005), 

that is part of the International Labour Organization’s (ILO) Key Indicators of the Labour 

Market, suggests that wages for work such as performed by cleaners is low in comparison to 

most other occupations. More specifically, USDL (2004; 2005) employment statistics on jobs 

in the US show that the median earnings of building cleaners is approximately one-half of the 

median income for all occupations.     

This background information about the occupation of cleaning describes jobs which are 

common, which don’t require specialized education or training, which employ more women 

than men (who are older), which are frequently performed outside of normal working hours, 

which are low in status and which have average wages lower than most other occupations. 

1.1 Risk factors in cleaning occupation and the extent of the problem 

Several studies about cleaning jobs describe typical physical demands of this work 

(Hagner and Hagberg, 1989; Hopsu et al., 1994; Søgaard et al. 1996). All authors found that 

the most significant risk factors associated with the physical work of cleaners are static 

muscle loads (much of which involves bending and twisting of the back) and repetitive 

movements of the arms and hands using a high output of force. These types of prolonged 

static and repetitive muscle activities cause muscle fatigue and may lead to musculoskeletal 

disorders (Krüger et al., 1997, Kumar et al., 2004). Danish and Swedish studies on 

occupational health among female cleaners describe cleaning as having a high risk of 
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musculoskeletal disorders (Ahlstrand and Lidehäll, 1981; Holm et al., 1984; Petersson 1992; 

Nielsen 1995). Other Scandinavian studies have reported that physical strain is high for 

cleaning activities (Hagner and Hagberg., 1989; Louhevaara et. al., 1983; Winkel and Ekbolm 

1979; Winkel et al., 1983).  

Other research has found that the tools and equipment used in cleaning require users to 

engage in both dynamic and static muscule activity (Hopsu et al., 1994). A high 

cardiovascular load when performing cleaning work (Hagner and Hagberg, 1989; Kumar et 

al., 2005b) and frequent use of awkward postures (Kumar et al., 2005a ; Messing et al., 1992; 

Woods and Buckle, 2005b) has also been described. There are other studies that describe 

cleaning activities as strenuous (Hagner and Hagberg, 1989; Johansson and Ljunggren, 1989; 

Kumar et al., 2005). The Dictionary of Occupational Titles (USDL, 1991) describes building 

cleaning work as being heavy in physical demand – that system classifies heavy work as 

requiring occasional exertion of force up to 45 kilograms, frequent exertion of force up to 23 

kilograms and constant exertion of force up to 9 kilograms.   

Incidence of physical problems is also a consideration; a typical cleaner is an older female 

who is more likely to experience physical discomfort performing sustained, heavy work. A 

Danish study of 1,166 female cleaners found that in the past 12 months 63% reported having 

neck discomfort, 63% reported shoulder problems, 36% reported low back pain, 27% reported 

stiffness in their elbows and 46% reported some type of wrist problem (Nielsen, 1995). In a 

Swedish study of a representative sample of 62 cleaners Kilbom (1990) found that in the 

previous 7 days 22% claimed to have trouble with the neck, 33% with the shoulders, 33% 

with the low back and 11% with the wrist. A German project on health promotion among 

hospital cleaners found that approximately 90% their jobs as heavy and 62.4% complained 

that inadequate time was allocated for proper completion of assigned tasks (Huth et al., 1996). 

A joint study of approximately 9000 hotel and office cleaners carried out jointly by 
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Arbetsmiljöverket (The Swedish Work Environment Authority) and statistiska centralbyrån 

(SCB – Statistics Sweden) found that during the period 1997-2001 approximately 51 % had 

pain and discomfort in the shoulders and hands on a weekly basis, 43 % had weekly pain and 

discomfort in the extremities, 46% had pain weekly in the upper back and 39 % had weekly 

pain in the lower back. Other, general descriptions, such as mention of back problems, can be 

found in descriptions of cleaning work such as from the US Department of Labor’s Bureau of 

Labor Statistics (USDL, 2005). 

The 1993 WHO report on Aging and Work Capacity mentions that cleaning is an 

occupation that attracts older, unskilled women. This is a group where many members enter 

the labor market after their children are grown. Any occupational skills acquired earlier are 

dated or proficiencies have been lost so cleaning work is an occupation they can perform. 

However, research (e.g. Ilmarinen, 1994) has found that older workers who engage in 

prolonged static muscular activity, overuse of muscle capacity, repetitive movement, lifting, 

carrying, bending and twisting – common in cleaning work - are the group at highest risk for 

musculoskeletal disorders. 

1.2 State of the art 

A number of researchers have studied cleaning methods and working postures along with 

the physiological, biomechanical and psychosocial aspects of cleaning (Hagner and Hagberg, 

1989; Johansson and Ljunggren, 1989; Kumar et al., 2005b; Louhevaara, 1997; Louhevaara et 

al., 2000; Nordin, 1986; Søgaard et al., 1996). The findings of these studies describe work 

activities where inappropriate and poor working postures are common (e.g. reaching and 

stooping to access out of the way places), work areas not designed to be easily cleaned and 

cleaning tools that require unnecessary levels of force.  Organizational factors such as long 
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hours, low salaries and inconvenient working times were also described, All these factors 

were viewed as likely to increase the risk of musculoskeletal injuries.  

In a study commissioned by the EU, Krüger et al., (1997) reported that cleaning tools are 

not designed to minimize the amount of effort a cleaner must exert to complete a task. This 

pattern has continued; new cleaning tools introduced into the marketplace generally lack any 

sort of thorough ergonomic evaluation. For example, the broom and mop handles used by the 

majority of cleaners continue to be essentially a straight rod with a broom or mop head at one 

end. Descriptions of tool modifications are more frequently of tools modified for individuals 

or single workplaces; sometimes as part of an overall ergonomic intervention (e.g. Beato, 

1998; Hagner and Hagberg, 1989; Halsam and Williams, 1999; Hide et al., 2000; Kumar et 

al., 2005b; Kumar et al. 2005a; Woods and Buckle, 2005a). All these factors paint a picture of 

marginal support on the part of employers and funding sources for ergonomic intervention in 

an occupation where there are large numbers of employees.  

Woods and Buckle’s (2005a) stated that commonly used cleaning tools were not designed 

using ergonomic principles; strenuous working postures, repetitive movements, heavy work 

loads and high force requirements are some of the resulting problems. 

The literature mentioned in this first part contains descriptions that portray cleaning work 

as a physically demanding occupation where there are many jobs that do not require any 

significant training. The combination of physical demand level and health state (older 

workers) of typical cleaners creates a condition where most will experience some temporary 

or permanent musculoskeletal health problem at some point in their careers. In some 

instances, the problem will be severe enough to prevent continuing employment as a cleaner. 

The average cleaner’s lack of occupational skills means that few alternate occupations are 

open to those with permanent musculoskeletal impairments.  
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Work organization, interior designs of buildings and power equipment designs are also 

mentioned in literature about cleaning. Each can have a negative impact upon the health of the 

individuals carrying out cleaning tasks. For example, where cleaning tasks are reorganized to 

speed up and intensify work the amount of sustained physical effort may increase. Building 

interior designs seldom address facilitation of cleaning work. Power equipment may be heavy 

and require continuous physical effort for control and movement.  

1.3 Physical Demands of Cleaning Work 

The scientific literature that concerns cleaning work often includes mention of different 

physical activities carried out by cleaners. However, the focus of the descriptions is on 

elements of cleaning work or the effects of cleaning work rather than on a comprehensive 

description of the occupation. This creates a fragmented description of the physical and 

mental demands of cleaning work. For the purpose of this literature review, the definition 

developed for the US Department of Labor by the The Occupational Information Network is 

referenced (O*NET, 2006). Mentioned here are demands of interest to the issue of 

musculoskeletal injury; other job descriptors such as typical protective equipment worn are 

not included. 

The O*NET (2006) definition of janitor/building cleaner mentions the following physical 

demands (Each demand is followed by a numerical score. The number is out of a possible 

100.  This number is more a guide as to the relative importance of a particular physical 

activity with respect to the ability to work as a cleaner. Descriptors with low numbers, such as 

time spent sitting, have been omitted. ): 

Static Strength – 75 (The ability to exert maximum muscle force to lift, push, 

pull, or carry objects.), 

Stamina - 71 (The ability to be physically active over long periods of time 

without getting winded or out of breath.), 
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Trunk Strength - 71 (The ability to use abdominal and lower back muscles to 

support part of the body repeatedly or continuously over time without giving out 

or fatiguing.), 

Dynamic Strength - 66 (The ability to exert muscle force repeatedly or 

continuously over time. This involves muscular endurance and resistance to 

muscle fatigue.), 

Extent Flexibility - 58 (The ability to bend, stretch, twist, or reach with the body, 

arms, and/or legs.), 

Handling and Moving Objects - 83 (Using hands and arms in handling, 

installing, positioning, and moving materials, and manipulating things.), 

Performing General Physical Activities – 83 (Performing physical activities that 

require considerable use of the arms and legs and moving the whole body, such 

as when climbing, lifting, balancing, walking, stooping, and handling materials.), 

Time Spent Walking and Running – 50, 

Time Spent Bending or Twisting the Body – 50 and  

Time Spent Kneeling, Crouching, Stooping, or Crawling – 50. 

Apparent from this list of descriptors is that the work of a cleaner is physically 

demanding, constant and often requiring the use of many muscle groups. Individuals with any 

significant function limitation may have difficulty performing cleaning tasks in the time 

normally allocated by employers for completion. 

1.4 Initial Assessment and Review Objectives 

The literature discussed in the preceding sub-sections raises several issues of potential 

interest to ergonomists. First, is that for an occupation that makes up a significant percent of 

the world’s workforce, the extent and nature of ergonomic research is disproportionately 
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small when compared with other occupations or occupational groups. Second, is that avenues 

for efficient ergonomic interventions in cleaning work are not well-described. Third is that, 

despite the lack of any major ergonomic interest in the occupation of cleaning, this work 

activity appears to be an ideal candidate for the development of ergonomic strategies that can 

help to create safer and healthier working conditions. 

To better understand the different factors that may impact upon the health of cleaners, a 

literature survey of relevant material was conducted.  The objective of the survey was to carry 

out a systematic review of cleaning literature. By having a clearer understanding of the 

ergonomic factors affecting cleaning work the best points for interventions could be identified 

and articulated.  

The literature study was carried out using, as a starting point, the database Ergonomics 

Abstracts. Ergonomics abstract of published papers and unpublished reports from 1979 to 

2005 were reviewed for inclusion. Copies of articles found through the search were obtained 

and reviewed. Articles not in English were included when abstracts/summaries were 

available. When the literature being reviewed referenced a previously unidentified article then 

a copy of that article was obtained. 

2 Conceptual model of potential factors for musculoskeletal disorders among cleaners  

To better support the literature survey, a conceptual model of factors that can contribute to 

musculoskeletal disorders in cleaners was developed. The model is shown in Figure 1.  

FIGURE 1 HERE 

This model looks at the physical load placed on a worker’s musculoskeletal system 

(Load), the responses of tissues to the loading (Tissue Response) and any subsequent 

adaptation of the worker (positive or negative) from the loading (Outcome). This is a model 
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that incorporates commonly recognized responses to physical demands upon the body such as 

described by Kumar (2001). In addition, the model recognizes that there can be a range of 

influencers (Physiological and Psychological Elements) that may affect the physiological 

response to the same load. The origins of these can vary; irregardless of origin, they cause a 

body’s physiological response to vary from one time to another. The variation may be minor 

or it can be large and mean that the physical capacity of musculoskeletal tissue is exceeded.  

This model recognizes that a worker may adapt to workloads (such as increases in strength, 

fitness, or conditioning) or experience harmful outcomes that may result in permanent/long-

term impairment to a level that prevents performance of essential job functions.  

This model includes the following influencing factors which may contribute to the 

causation of musculoskeletal disorders: 

1) Work procedure(s), Work Environment(s) Equipment, Tool(s)/method(s). 

2) Individual Worker Factors and Traits (e.g. age, health, anthropometry, education). 

3) Organizational and Psychosocial Context(s). 

These influencing factors may or may not be present in a wide range of mixes. In concert 

or individually they influence the load carrying capacity of musculoskeletal tissue. 

Recognition that influencing factors, in addition to load and physical capability, can 

contribute to the causation of musculoskeletal disorders is well established (e.g. Bongers et 

al., 1993). In this model, intervention through alteration of any of the influencing factors will 

reduce the risk of musculoskeletal injury. 

  The following sections review literature about these factors. Emphasis is on literature 

that concerns cleaners and occupational health issues; studies not directly concerning cleaners 

have been included when information is relevant to cleaning work and/or there are few studies 

about cleaning work.  
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3 Work procedure(s), Work Environment(s) Equipment, Tool(s) and Musculoskeletal 

Disorders  

3.1 Task Physical Demands as a Work Procedure  

Literature on the physical demands of different occupations is in general agreement that 

the greater the physical demand the greater the probability of musculoskeletal injury. For 

example, many researchers have identified a relationship between musculoskeletal discomfort 

and frequency of repetitive movements (e.g. Muggleton et al., 1999; Wilson, 1983). 

Repetitive movement has also been described as contributing to musculoskeletal disorders 

(e.g. Chavalitsakulchai and Shahnavaz, 1991; Ekberg et al., 1994; Li et al., 1995; Ohlsson et 

al., 1995). Too, repetitive movement when in an awkward postures has also been described as 

contributing to different musculoskeletal disorders (Piligian, 2000). Researchers have also 

described a relationship between musculoskeletal discomfort and the duration of repetitive 

movement (Muggleton et al, 1999; Wilson, 1983). Kumar’s (2001) discussion of theories of 

musculoskeletal injury causation mentions that loads and repetitive work can result in 

cumulative load and differential fatigue which in turn will affect capacity  

Unnatural and static postures have also been described as contributing to musculoskeletal 

disorders in different occupations (e.g. Monad, 1985; Ohlsson et al., 1995). Forceful arm and 

hand movement is another motion performed during work activity than can lead to 

musculoskeletal disorders (Veiersted, 1994). Low back disorders have been associated with 

working in a forward, bent position (Vingård et al., 2000). In other studies the relationships 

between poorly designed workplaces resulting in poor posture and disorders of the 

musculoskeletal system have been described (Kilbom, 1988; Louhevaara et al., 1990; Ohlsson 

et al., 1989; Strasser et al., 1989). 

Although the physical demands and associated musculoskeletal problems described above 

are based on occupations other than that of a cleaner, the findings and conclusions can be 
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directly related to the work of a cleaner. The descriptions in Part 1.3 of physical activities 

performed by typical cleaners includes those that match closely with descriptions in the two 

preceding paragraphs. This suggests that the findings, although concerning different 

occupations, could be related to the occupation of cleaners as well.    

Studies of physical demands imposed by cleaning work have found that both the frequent 

static muscular work and the repetitive arm/hand movements contribute to the 

musculoskeletal problems being experienced (Hagner and Hagberg, 1989; Hultman et al., 

1984; Lehtinen et al., 1985; Louhevaara et al., 1982). Søgaard (1994) suggested that the 

sustained repetitive motions of mopping with accompanying infrequent pauses in activity may 

exhaust the relatively small numbers of muscle fibers being used and result in muscular 

disorders.  

Static and/or poor work postures of the back and arms are reported in studies on cleaning 

work. Hopsu, 1997; Hopsu et al., 1994; Lehtinen et al., 1985; Louhevaara et al., 1983 

reported that a significant amount of time is spent in a forward bent posture (the time reported 

ranged from 36 up to 56%). The same researchers found that one or both arms were above 

shoulder level from 24 to 43% of the time in cleaning work. Squatting took up from 3-14% of 

work time. Søgaard et al., (1996) reported that during mopping the mean position of subject 

backs was 28 degrees from a normal position and the neck 51 degrees.  Nordin et al, (1986) 

described extensive forward trunk bending in a simulated  floor mopping task.  

3.2 Working environment  

Cleaners usually work in facilities designed for other activities or work processes; how to 

clean an area is an afterthought rather than a part of design planning (Krüger et al., 1997).  As 

a result of the minimal consideration given to ease of cleaning, the interior design of public 

spaces and work areas does not facilitate cleaning processes. Poor postures, awkward 

movements and static work loads may be present because buildings were not designed to be 
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easy to clean. Despite considerable physical effort, design flaws can prevent efforts of 

cleaners to be thorough. 

Research has found that fixtures, furniture and other design elements often require 

cleaners to adopt difficult working postures which cause pain and discomfort (Kumar et al., 

2005a; Woods and Buckle, 2005b). Kumar et al., (2005a) found that cables on floors and 

behind desks forced cleaners to squat and crawl to lift the cables when mopping. Binding and 

attaching the cables to the underside of desks provided an extremely simple but effective 

design solution.  

3.3 Cleaning tools/methods 

About 80% of cleaning work is manual, using non-powered tools and about 30% of this is 

spent mopping (Hopsu et. al., 2000). Wet/dry mopping entails moving a long handled mop in 

a figure eight pattern across a floor while slowly walking backwards. The movement is 

controlled by the wrists and a high muscle force is necessary. Studies comment that this 

combination of force and repetitive movement places workers at risk for musculoskeletal 

problems in the hand/wrist area (Hagner and Hagberg, 1989; Toivanen, 1993; Søgaard et al., 

1996). Specifically, frequent floor mopping seems to lead to a high static load on the upper 

arm and back muscles (Hagner and Hagberg 1989). Structural changes in the carpal tunnel 

region were associated with movements of the lower arms, elbows and wrists when mopping 

(Pierre-Jerome et al., 1996).  In Finland wet mopping is uncommon as it believed that the 

results do not justify the amount of strain placed on cleaners (Krüger et al., 1997). Hopsu et 

al. (2000) and Louhevaara et al. (2000) found that wet mopping causes greater 

cardiorespiratory and muscular loading. Other studies (Lehtinen et al.; 1985; Winkel and 

Ekbolm, 1979) have also reported that wet mopping has a higher cardiorespiratory load than 

does damp/dry mopping. Hagner and Hagberg (1989) reported that the figure eight mopping 

pattern has a higher oxygen consumption level than does mopping by pushing backwards and 
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forwards. A comparison of floor scrubbing and mopping by Søgaard et al. (1996) found that 

both methods had drawbacks. A study by Kumar et al. (2005b) reported that a redesigned 

mop (a bent shaft) can reduce loading and help to avoid awkward postures.  

Messing et al. (1992) recommended redesign of toilet brushes (adjustable handles)  to help 

avoid more difficult postures and movements. A short-handled broom was found to require 

greater force than a long-handled broom at the L5-S1 level in the back; long-handled brooms 

described as being less likely to cause musculoskeletal discomfort/injury at the L5-S1 level 

(Stubbs and Guan, 1996).    

Powered cleaning equipment such as scrubbers, buffers and vacuum cleaners are not 

uncommon. Studies have reported musculoskeletal problems from the use of some models of 

buffing machines. Haslam and Williams (1999) reported the some users of single disc 

cleaning machines reported discomfort in the hands (39%), shoulders (19%), wrists (7%), 

lower back (7%) and arms (6%). A study of single disc machines by Hide et al. (2000) 

reported that high force was required for control. Handle design and height also created 

control problems. Haslam and Williams (1999) and Woods and Buckle (2005a) have 

described buffing machine switch and control design deficiencies such as location and the 

amount of force needed for operation. Vibration and machine size were also seen as 

deficiencies that made control difficult.   

There are few studies on vacuum cleaner design and none of vacuum cleaner users 

(Woods and Buckle, 2005a). In a study of three vacuum cleaner designs Loopik et al. (1994) 

found that subjects had difficulties learning how to use different features. Inappropriate 

gripping, unintentional operation of the mechanical suction feature, understanding how to 

regulate power, adjustment of the power suction feature and difficulty in understanding how 

to change the brush control were the most common problems experienced by the subjects. 

Schopp et al. (1995) reported that users of self-service vacuum cleaners at places such as 
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petrol stations must exert high levels of force for control because of factors such as high hose 

diameters, hose stiffness and nozzle design. Woods and Buckle (2005a) have made vacuum 

cleaners design recommendations. The recommendations do not address all vacuum designs 

nor fully assess cleaner needs.  

4 Individual factors and musculoskeletal disorders 

Age (English et al., 1995; Guo et al., 1995), gender (Hales et al., 1994), anthropometery 

(Heliövaara, 1987; Nathan et al., 1993), smoking (Finkelstein, 1995) and general 

health/physical condition (Gamperiene et al., 2003) have been described as contributing to 

musculoskeletal disorders. 

4.1 Age 

Musculoskeletal disorders are more common among older workers. For example, by the 

age of 35 many people have experienced their first episode of back pain (Guo et al., 1995). 

Buckwalter et al., (1993) found that musculoskeletal disorders were the most common and 

symptomatic health problems in the middle-aged and older population studied. Other studies 

found that age is associated with musculoskeletal disorders (Biering-Sorensen, 1983; English 

et al., 1995; Guo et al., 1995). Ohlsson et al., (1989) found that neck and shoulder pain was 

associated with age among female assemblers. 

Ilmarinen (1992) observed that physical capacity and the ability to recover from 

physically demanding tasks deteriorates with age while the physical demands of jobs do not 

decrease. After age 55 these decreased reserves make it impossible for most to recover from 

heavier jobs. Prevalence and incidence of chronic diseases becomes more common as workers 

age. Loads which are manageable by young, conditioned workers can often exceed the 

capacity of those over 55 (Ilmarinen, 1992). Muscle mass and the commensurate force 



16

generating capacity decreases with age; this process is now being labeled “sarcopenia” (Lanza 

et al., 2003). Others are describing sarcopenia as an age related loss of muscle mass, strength 

and function (Roth et al., 2000; Vandervoort and Symons, 2001; Waters et al., 2000).  

Older cleaners are generally sick more often and more likely to retire early (Louhevarra, 

1993; Nielsen, 1995). 

4.2 Anthropometery

As noted in the part of this article on tools, the size and location of tools/controls can have 

a critical influence on usability. Roebuck (1995) clearly establishes that body, tool and 

equipment dimensions must be compatible for optimal productivity and occupational safety. 

General health is also a consideration when body weight is an anthropometric measurement; 

well-established is the relationship between health and obesity (e.g. Merck, 1999). 

The physical characteristics of female cleaners have been described in studies of relatively 

small populations (Krüger et al., 1997). No studies with anthropometric descriptions of large 

samples of cleaners were found. However, from descriptions in the preceding parts of this 

article it is evident that body dimension can dictate work postures. Cleaners usually stand or 

walk when performing job tasks; body weight affects the total cardiovascular and muscular 

loads – which may increase the risk of musculoskeletal disorders (Krüger et al., 1997). Hopsu 

et al., (2005) found that obese Finnish cleaners were more likely to retire early.  

4.3 Physical Capacity 

The relationship of physical capacity and musculoskeletal disorders is more than cause 

and effect. Excessive activity may lead to injury; however, lack of physical activity will 

reduce capacity - increasing susceptibility to injury. After injury capacity is temporarily or 

permanently limited - lowering the risk threshold.  



17

Hopsu et al., (2005) found that lack of physical fitness is one reason for the early 

retirement of cleaners. Physical conditioning to increase physical capacity has caused cleaners 

to experience less physical discomfort (Anneli, 2000; Hopsu et al., 1997). Also of interest is 

that cleaning work seems to have a higher proportion of workers with a lower than average 

physical capacity (Gamperiene et al., 2003; Hopsu et al., 1994).  

5 The Relationship of Organizational and Psychosocial Factors with Musculoskeletal 

Disorders 

Beginning in the 1960s there has been a trend in Europe and elsewhere for cleaning work 

to be contracted out to specialist private companies (Krüger et al., 1997). These companies 

stress efficiency and may have workers specialize in performing specific cleaning tasks as 

members of teams (e.g. Aguiar, 2001; Krause et al., 2005). In the public sector most cleaners 

work full-time and 80-90% of cleaners working in the private sector are part-time. The 

majority of cleaners are unskilled, low-salaried females (Krüger et al., 1997). A study by 

Woods and Buckle (2000) reported that significant percentage of the population of cleaners 

were expected to work at an intensive, fast pace.  

Psychosocial factors have been described as the combined attributes of a worker and their 

job that then influence perceived psychological demands and thus contribute to job stress 

(Sauter and Swanson, 1996). Interactive effects of physical and psychosocial exposures upon 

musculoskeletal disorders have been observed (Bildt Thorbjörnsson et al., 1999; Fredriksson 

et al., 2001). Davis and Heaney (2000), and Cohen, et al. (1997) noted that factors such as job 

dissatisfaction, monotony of work, limited job control, and lack of social support contribute to 

the causation of musculoskeletal disorders. Hopkins (1990) reported a positive association 

between job dissatisfaction and musculoskeletal symptoms. Low job satisfaction was not 

found to be a predictor for neck and shoulder problems in a study of  Finnish workers 

(Viikari-Juntura et al., 1991). The reasons for the difference between the two, similar 
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problems were not evident from the available information; further research seems necessary. 

In a study of data processors Ryan and Bamptom (1988) found that self-reports of “being 

bored most of the time” were highly associated with neck symptoms. Linton (1990), in a 

study of approximately 22,200 Swedish workers, found that monotonous work was positively 

associated with neck/shoulder pain during the preceding year. 

 Finnish questionnaire studies found that 50% to 70% of cleaners reported overexertion 

because of excessive work rates (Krüger et al., 1997). Other studies have reported that 

cleaning work has psychosocial risk factors such as workload, monotony, time pressure and 

no control over work/rest (Aickin, 1998; Louhevaara, 1997; Woods et al., 1999).  

6 Summary and Relationship to the Proposed Model

As was shown in Figure 1, the basic process shown in the model was: 

Load  Tissue Response  Outcome 

The core concept being illustrated is that the amount of load dictates whether tissues are 

handling a load that is within or not within their capacity. If tissue capacity is not exceeded 

then a healthy, adaptive state is maintained. If tissue capacity is exceeded then a temporary or 

permanent unhealthy state occurs. This is a basic ergonomic concept. Literature reviewed in 

the initial parts of this article restates the principles behind this concept. 

But, are cleaners more likely to experience permanent musculoskeletal problems that 

leave a long-term or permanent functional impairment significant enough to prevent a return 

to work? Table 1 summarizes literature reviewed that addresses health information that 

concerns this question.     
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TABLE 1 HERE 

Apparent from Table 1 is that no single study assesses all possible factors that can 

contribute to musculoskeletal discomfort/disorder. This is true for both general studies and 

those that are concerned with musculoskeletal issues for cleaners. This consideration aside, 

the literature does demonstrate that musculoskeletal disorders can be caused by physical 

motions/movements where load exceeds tissue capacity; as shown in the central part of the 

model depicted in Figure 1. Importantly, the literature indicates that impairment is often 

severe enough to prevent an individual from performing a full range of cleaning tasks  

With respect to the occupation of cleaner, these findings show that the relationship 

between cleaning tools, methods and biomechanical loads should be examined when 

evaluating new equipments/tools, methods and task design/structuring.  In Table 2 the 

literature on these factors is summarized. 

INSERT TABLE 2 HERE

From this summary it is apparent that there is a relationship between work procedure(s), 

work environment(s) equipment, and tool(s) and load, tissue response and outcome. In other 

words any or all of these factors can contribute to the causation of musculoskeletal disorders.  

Also apparent is that there is a need to systematically classify different elements of cleaning 

tasks, their duration and the risk associated with them. This will be an important step in 

addressing the issue of risk reduction for this occupation.  

Research that addresses any association between workload, strain on cleaners and the 

interior design of the buildings, facilities and furniture is minimal. The effect of design on the 

health of cleaners seems to be an area that is largely overlooked. More research in this area 

and its relationship to design is clearly evident. 

A strong need for research into the ergonomic elements of tool and equipment design is 

also apparent. For example, the most commonly used mop has two basic parts; one is the long 
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handle and other is the mop head. The handle is a straight shaft; Kumar et al. (2005b) reported 

that a bent shaft can reduce physical demand in some types of mopping. The different mop 

heads and materials now used (e.g., micro fibber, cotton, and etc.) is another area where 

research that may lead to greater efficiency. For example, research on the friction 

characteristics of different mop materials (wet/damp/dry, on different types of floors) can lead 

to the development of a tool that requires less effort to accomplish the same cleaning. Toilet 

scrubbers and brooms are two other tools where considerable ergonomic investigation 

remains to be accomplished.  While this literature review did find that there has been research 

into tool design, it was also apparent that the amount of research is extremely limited.  

From this information it does appear that among the factors of building/interior design, 

task structuring and tool/equipment design that tool/equipment design will be the most cost 

effective alternative. Tools have a relatively short life cycle; employers can be persuaded that 

trying new designs will not require major investment/restructuring/redesign.  

Individual worker factors and traits (e.g. age, health, anthropometry, education) was the 

second of the three influencing factors shown in the model in Figure 1. Table 3 summarizes 

the influence of these on musculoskeletal disorders. 

INSERT TABLE 3 HERE

The literature summarized in Table 3 concerned general working populations rather than 

cleaners. However the descriptions for general populations can be considered as applicable to 

a population of cleaners as comparisons made are of similar factors/traits. These descriptions 

paint a picture of an older population performing heavy work that causes them to be at a 

higher than average risk of injury (age and health causes slower recovery from loads). In 

earlier descriptions it was noted that cleaning work is almost continuous throughout a work 

period. In other words, cleaners do not have enough time to recover between tasks and are 

thus at a higher risk of injury when performing heavy tasks later in work periods. It does 
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appear that additional research can help to gain a better understanding of the extent of risk 

that cleaners face. This information can be helpful for practical applications where jobs can be 

redesigned and reasonable accommodations can be made.  

The third influencing factor, that of organizational and psychosocial context(s), can have 

different meanings for different occupations. For cleaners, the most relevant research (Aickin, 

1998; Krause et al., 2005; Krüger et al., 1997; Louhevaara, 1997; Woods et al., 1999) points 

towards two key problem areas: monotony and intensity. Information from these studies 

describes a trend among employers to reorganize work so that tasks can be completed quickly 

and more efficiently. For cleaners, this means that they must work faster and that there is less 

of an opportunity to vary task pace to reduce physical stress and monotony. Work such as that 

reported by Karasek and Theorell (1990) has found that factors such as the combination of 

intensity, monotony and lack of control create conditions where workers are more likely to 

have health problems; consistent with the model shown in Figure 1. In this instance, negative 

organization and psychosocial factors contribute to musculoskeletal injury through 

accentuation of load. 

7 Ergonomic interventions in cleaning occupation

Mitigation of musculoskeletal disorders among cleaners through ergonomic interventions 

have been carried out by several groups of researchers (Carrivick et al., 2005, Hopsu et al., 

1997; Hopsu et al., 1994; Hultman et al., 1984). Reduction of the risk of musculoskeletal 

injury was reported in all studies. For example, Hopsu et al., (1994) found that through a 

developmental ergonomic process cleaning methods and tools were improved. Time spent on 

floor cleaning decreased from 30% to 25%, and high risk back postures were reduced. 

Another study by Hopsu et al., (1997) reported that a physical exercise program reduced body 

fat and increased cardiorespiratory and muscular strength of cleaners participating in 
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intervention. The cleaners reported that they were more effective and satisfied with their work 

after the intervention than before the intervention. 

None of these interventions can be described as comprehensive - none attempted to make 

changes or study all of the influencing factors described in the model (Figure 1). This is 

understandable as a global intervention would be resource intensive.  Nevertheless, the weight 

of the evidence does suggest that such a comprehensive intervention could be successful and 

cost-effective. 

However, the reality is that cleaning work is a low paid and replacement workers are 

readily available; the majority of employers have little incentive to consider supporting 

comprehensive interventions. In regions such as the EU and North America the occupational 

health and safety laws make it probable that employers will at some point be obligated to 

consider comprehensive ergonomic interventions. For the time being however, it does appear 

that low-cost ergonomic interventions (e.g. tool design) have the greatest likelihood of 

acceptance.  

8 Conclusions and recommendations 

1)  The current design of buildings, furniture and facilities is not considered from the 

view point of cleaning and maintenance. Work areas and public places can be 

more easily and economically maintained/cleaned when designs include 

cleanability and maintainability. Floors, walls, fixtures and furnishings can be 

designed to use materials and shapes that can be cleaned and maintained more 

easily economically.  No scientific research was found that systematically dealt 

with the relationship between the work load and strain of cleaners and the design 

characteristics of buildings, furniture and facilities. Therefore, a comprehensive 

research is needed in this area. 



23

2) During the past decade, cleaning tools and machines have technologically 

developed and affected the cleaning methods. Nevertheless, research to date 

regarding efficient and ergonomic design of cleaning tools, equipment and 

methods has been disproportionately small in comparison to other occupations.  

Hence, more research is warranted Emphasis on the relationship between cleaning 

tools, equipment methods and their impact on cleaners will likely help to 

significantly alleviate the problem.  

3) Cleaners have little possibility to influence or control their work arrangements, 

work pace, tools/machines, and selecting the partners. They also cannot develop 

their occupational career as it is a terminal job. Therefore, development and 

implementation of both micro and macro ergonomic strategies in cleaning work 

can significantly contribute to the reduction of physical and psychosocial stressors 

which will in turn improve the well-being and health of cleaners and reduce the 

cost to employers. 
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Figure 1 Conceptual model of potential factors for musculoskeletal disorder. 
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+ Individual Worker Factors & Traits 
+ Organizational and Psychosocial Context(s) 
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Table 1 – Factors contributing to musculoskeletal discomfort and/or disorders. The letter “O” 
means that the item referenced was about a population other than cleaners while the letter “X” 
means that the item was about a population of cleaners. 

Factors Contributing to Musculoskeletal Discomfort/disorders  
Repetitive 
Movement 

Posture,  
Repetition 

Repetition, 
Posture, 
Duration 

Repetition, 
Load, 

Fatigue 

Unnatural
Static 

Posture 

Force to 
Arm, Hand 

Posture Static 
Muscle 

Use 
Muggleton et al., 1999 O        
Wilson, 1983 O        
Chavalitsakulchai & 
Shahnavaz, 1991 O        
Ekberg et al., 1994 O        
Li et al., 1995 O        
Ohlsson et al, 1995 O    O    
Piligian, 2000  O       
Muggleton et al., 1999   O      
Wilson, 1983   O      
Kumar, 2001    O     
Monad, 1985     O    
Veiersted, 1994      O   
Vingård et al., 2000       O  
Louhevaara et al., 1990       O  
Strasser et al., 1989       O  
Ohlsson et al., 1989       O  
Kilbom,1988       O  
Hagner & Hagberg, 1989    X    X 
Hultman et al., 1984    X    X 
Lehtinen et al., 1985    X X   X 
Louhevarra et al., 1982    X    X 
Louhevarra et al., 1983     X    
Søgaard, 1994   X      
Hopsu, 1997     X    
Hopsu et al., 1994     X    
Søgaard et al., 1996        X 

Li
te

ra
tu

re
 

Nordin et al., 1986        X 
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Table 2 - Procedure(s), environment(s) and equipment/tool(s) as contributors to 
musculoskeletal discomfort and/or disorders. The letter “X” means that the item referenced 
was about a population of cleaners. 

Procedure(s), Environment(s) and Equipment/Tool(s)  
Design for 
Ease of 
Cleaning  

Design 
Affecting 
Health 

Mopping 
and 
Effort/Load 

Mopping 
and Health 

Tool 
Designs and 
Health 

Equipment 
Design and 
Health 

Machine 
Use and 
Discomfort 

Krüger et al., 1997 X   X    
Kumar et al., 2005  X X  X   
Woods & Buckle, 2005  X    X X 
Hopsu et al., 2000   X X    
Hagner & Hagberg, 1989   X X    
Toivanen, 1993    X    
Søgaard et al., 1996   X X    
Pierre-Jerome et al., 1996    X    
Louhevaara et al., 2000   X     
Lehtinen et al., 1985   X     
Winkel & Ekblom, 1979   X     
Messing et al., 1992     X   
Stubbs & Guan, 1996     X   
Halsam & Williams, 1999       X 
Hide et al., 2000        

Li
te

ra
tu

re
 

Loopik et al., 1994      X  
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Table 3 - Individual worker factors and traits contributing to musculoskeletal discomfort 
and/or disorders. The letter “O” means that the item referenced was about a population other 
than cleaners while the letter “X” means that the item was about a population of cleaners. 

Individual Worker Factors/Traits and Musculoskeletal Disorders 
 Age Gender Anthro-

pometry 
Smok- 

ing 
General 
Health/ 

Condition 

Age 
and 

Back 
Pain 

Age 
of 

Onset 

Age and 
Recovery 

Time 

Age, Sick 
Time, 
Early 

Retirement 

Match 
Size with 

Tools, 
etc. 

Health 
Weight 

English et 
al., 1995 O      O     
Guo et al., 
1995 O     O O     
Hales et al., 
1994  O          
Heliövaara, 
1987   O         
Nathan et 
al., 1993   O         
Finkelstein, 
1995    O        
Gamperiene, 
2003     X       
Buckwalter 
et al., 1993       O     
Biering-
Sorensen, 
1983 

      O     
Ohlsson et 
al.,       O     
Ilmarinen, 
1992        O    
Lanza et al., 
2003 O           
Roth et al., 
2000 O           
Vandervort 
& Symons, 
2001 

O           
Waters et al., 
2000 O           
Louhevarra, 
1993         X   
Nielsen, 
1995         X   
Roebuck, 
1995          O  
Merck, 1999           O 
Krüger et al., 
1997  X X        X 
Hopsu et al., 
2005     X       

Li
te

ra
tu

re

Anneli, 2000     X       
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Abstract

Methods: In this study, cleaning process was studied and analyzed with special reference to cleaning tools. A group of

13 professional cleaners participated in this study. While they performed their normal tasks, their oxygen consumption,

heart rate, rating of perceived exertion and postural data were obtained. The perceived exertion during cleaning task

using the ‘‘redesigned cleaning tool’’ was less than that of the ‘‘conventional cleaning tool’’. The oxygen consumption

when cleaning with the redesigned tool (mean 0.84 l/m, SD70.17) was significantly less (po0:05) compared to the

conventional cleaning tool (mean 0.94 l/m, SD70.18). Heart rate was also found significantly lower using redesigned

cleaning tool (mean 101 bpm, SD711.10) compared to that of conventional cleaning tool (mean 105 bpm, SD712.59)

(po0:05). Using redesigned cleaning tool the trunk postural load was also found significantly less than that of

conventional cleaning tool (po0:05). It is concluded that redesigned cleaning tool allowed cleaners to maintain more

upright posture when cleaning, which reduced biomechanical load.

Relevance for Industry: There is need to develop ergonomic criteria or recommendation to enable manufacturers of

cleaning equipment to specify and evaluate usability qualities when formulating user requirements for new cleaning

tools.

r 2005 Elsevier B.V. All rights reserved.

Keywords: Ergonomics; Redesigned cleaning tool; Oxygen consumption; Heart rate; Perceived exertion

1. Introduction

It has been repeatedly stated that the stress
experienced on exposure to repetitive work
can give rise to low job-satisfaction, poor job
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performance and impaired well being (Cox, 1980).
Many factors of work and environmental condi-
tions affecting professional cleaners increase the
risk of occupational diseases (i.e., musculoskeletal
disorders). Among them are inappropriate and
poor working postures, lack of task variation,
poor ergonomics design of the work places,
cleaning tools and the task including work
organization. In professional cleaning most of
the work is done by using long-handled equipment
(25–35% of the work hours) (Hopsu et al., 1994).
Cleaning floors with a wet mop is one of the most
time-consuming and physically demanding tasks
among professional cleaners. During wet mopping
a long-handled mop is moved across the floor in
the shape of figure of eight while walking back-
wards slowly. In Finland, wet mopping is not
common, as it has been determined to have a heavy
physical demand on workers from measurement of
heart rate, the evaluation of work postures and
perceived load (Krüger et al., 1997). The cleaners
have also rated it as a strenuous task. Therefore,
most interventions have focused on this task and
during the few last decades many new tools and
techniques have been introduced (Søgaard et al.,
1995). A research study done by Hagner and
Hagberg (1989), among 11 professional female
floor cleaners showed that the ‘‘figure-of-eight’’
method is more strenuous than the ‘‘push’’ method
requiring high oxygen consumption.

In professional cleaning static postural load is
frequent, and particularly, poor work postures are
common for the back and arms. Some of the
studies for different types of cleaning (Louhevaara
(1997), Hopsu (1997) and Hopsu et al. (1994))
have found an average of 36–56% of working
hours spent bent forward and/or with a twisted
back, about 24–43% of working hours with one
arm or both arms above shoulder level, and
cleaners also spend 3–14% of their working hours
in a squatting posture.

A literature review indicates that there has been
no study published on professional cleaners in
passenger train wagons related to the floor-
cleaning tool. Cleaning of passengers train wagons
is different compared to other cleaning jobs.
Performing cleaning activities in passenger train
wagons is very difficult to do, as passenger train

wagons have limited room. To clean and see under
the lower berth requires strenuous activities. As a
result, cleaners have to adopt awkward working
postures (Fig. 1).
Some excellent studies have been done on the

physical aspects of professional cleaning by Hopsu
et al. (1994) and Hagner and Hagberg (1989) and
Søgaard et al. (1996). They indicated that the most
important risk factors involved in the physical
work of professional cleaning are namely, static
muscular work, especially in terms of bent and/or
twisted posture of the back and repetitive move-
ments of the arms and hands with a high output of
force. From an ergonomics point of view existing
tools, task/methods, working environment needed
to be better designed in order to reduce occupa-
tional injuries among cleaners. From the work-
place analysis in the passengers train wagon, it was
found that most of the awkward working postures
among cleaners were due to the workstation and
existing tool. Changing workstation inside the
train wagon was not possible due to lack of
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Fig. 1. Working posture while cleaning the passenger train

wagon with the conventional cleaning tool
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flexibility in design. Changing the tool was an
obvious and cost effective ergonomics strategy.
Consequently, the cleaning tool was redesigned
and compared against the conventional tool for
postural, physiological and subjective load on
cleaners. The specific objectives of the study were
to determine the following:

1. Whether oxygen consumption and heart rate
could be reduced when using redesigned clean-
ing tool in comparison to the conventional
cleaning tool.

2. Whether redesigned cleaning tool reduced the
trunk angle compared to the conventional
cleaning tool.

3. Whether the cleaners perceived less exertion
while using the redesigned cleaning tool in
comparison to the conventional cleaning tool.

2. Method

2.1. Subjects

Thirteen healthy professional cleaners (12 fe-
males and 1 male) participated in the study. Their
professional experience ranged from 1 to 21 years
(Table 1). Twelve of the cleaners were right-
handed and one left-handed. One week prior to
the study, cleaners practiced with both cleaning
tools.

2.2. Cleaning tools

A commercially available long straight handle-
cleaning tool for floor mopping was used as a

conventional cleaning tool. The length of the
tool could be adjusted between 105 and 190 cm.
The redesigned cleaning tool was bent at
three points, upper, middle and lower part of the
tool in such a way that it produced an arc shown in
Fig. 2.
The redesigned cleaning tool allowed neutral

wrist posture while mopping the floor as compared
to the conventional cleaning tool where flexion
and extension of the wrist was needed while
mopping the floor (Fig. 3). The arrow in the figure
shows the movement of the wrist/hand using each
tool.
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Table 1

Characteristics of cleaners sample (n ¼ 13)

Subject characteristics Mean Standard deviation Maximum Minimum

Age (yrs) 38 12.9 55 20

Height (cm) 163 9.6 180 150

Weight (kg) 63.2 11.7 90 50

Employment (yrs) 5.6 6.95 21 1

Maximum oxygen uptake (l/min) 2.60 0.29 3.16 2.04

Maximum oxygen uptake (ml/kg/min) 42 6.06 54.55 27.89

Resting heart rate (bpm) 72 10 90 56

Fig. 2. Cleaning tools: (a) conventional cleaning tool; (b)

redesigned cleaning tool.
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2.3. Procedure

The maximum oxygen uptake of the cleaners
was determined by performing a test on a bicycle
ergometer (Tuntri, 850 ECB PRO, Ergometer).
Cleaners were asked to cycle at a steady rate (60
revolutions per minute) of 50W for 2min with
subsequent increases of 50W every 2min until
exhaustion (Price and Campbell, 1997). The
cleaners were asked to try to maintain a certain
pedal frequency of 60 rpm by using a metronome,
which produced a sound signal (Åstrand and
Rodahl, 1986). The measured values in liters per
minute (l/m) as well as milliliter per minute per
kilogram (ml/m/kg) of gross body weight were
obtained by using a MetaMAx II. The MetaMax
II is a multifunctional metabolic measurement
system, which can be used as a portable system to
measure under real conditions or as a stationary

system in a laboratory. It measured oxygen
consumption, carbon dioxide output, ventilation,
heart rate, ambient temperature and pressure. The
devices were calibrated before each use.
To minimize the effects due to the fatigue from

the bicycle ergometer test, the cleaning tests were
performed after three days (Mackinnon, 1999).
Cleaners were randomly assigned the tool to use

in each test. Cleaners had a rest of 10–15min
before starting the initial test. They cleaned an
area of 52m2 where dry sand and papers were used
as materials to be cleaned during the 15-min test.
The cleaners were required to maintain a fixed
work pace. During the test, oxygen consumption
was recorded every 10 s and heart rate was
recorded every 5 s (Bridger et al., 1997).
After the first test, the cleaners had a rest

interval of 15–30min during which the resting
heart rate was obtained (Bridger et al., 1997). The
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Fig. 3. Direction of wrist/hand movement using: (a) conventional tool; (b) redesigned tool.

R. Kumar et al. / International Journal of Industrial Ergonomics 35 (2005) 931–938934



protocol was repeated for the second test, but the
alternative tool was used at the same pace.
Cleaners were asked to rate their perceived
exertion while performing the test. The Borg’s
scale was used for rating. Just 30 s before the end
of each test, cleaners rated their perceived exertion
on the Borg scale (Borg, 1982, 2001). Each cleaner
received a standardized verbal and written ex-
planation of how to use the Borg scale prior to
the test.

The tests were recorded on videotape in profile
for posture and biomechanical analysis of the
cleaner’s postures during the tests. Postural angles
(maximum trunk bending) were assessed using
photographs in profile of cleaners reaching under
the bed while cleaning with both tools (Fig. 4). The
reference point was lumbosacral (L5/S1) and
cervical (C 7) joining the center of gravity line
(Hagner, 2001).

2.4. Analysis

All values of measured variables are expressed
as means and standard deviation. A paired t-test
was used to determine differences between the
oxygen consumption, heart rate and postural
variable. A Sign test was used to determine the
differences in perceived exertion. Probability
values of po0:05 were accepted as being statisti-
cally significant.

3. Results

Table 2 shows the results of the analysis of
average oxygen consumption in l/m and ml/m/kg
of body weight average heart rate in beats per
minute (bpm), perceived exertion and percent
maximum oxygen uptake required to do the job
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Fig. 4. Trunk angle: (a) using conventional tool; (b) using redesigned cleaning tool.
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using two cleaning tools. Average oxygen con-
sumption and heart rate were found to be
significantly different for the conventional cleaning
tool compared to redesigned cleaning tool
(po0:05).

The mean value for oxygen consumption (VO2)
was 0.94 l/min with the conventional cleaning tool
and 0.84 l/m with the redesigned cleaning tool. The
heart rate (HR) mean value was 105 bpm with the
conventional cleaning tool and 101 bpm with the
redesigned cleaning tool (Table 2).

The cleaners used 36% of their maximal oxygen
(VO2 max.) uptake capacity while cleaning with the
conventional cleaning tool. The corresponding
percentage for the redesigned cleaning tool was
31% (po0:002).

The mean perceived exertion while cleaning with
the conventional cleaning tool was 13 on the 20-
point Borg’s scale and for cleaning with the
redesigned cleaning tool was only 11 (po0:001).
From using the t-test for postural analysis a
significant difference was found for the angle of
the trunk between conventional and redesigned
tool use (po0:05). The mean angle of trunk
bending while using the conventional cleaning
tool was 871 and with the redesigned cleaning tool
was 501 (po0:001) (Fig. 5).

4. Discussion

Work requiring the oxygen uptake from 0.50 to
1.0 l/min is considered as moderate (Åstrand and
Rodahl, 1986). In the present study, the oxygen

consumption (l/m) had a higher mean value (0.94
l/m) while cleaning with the conventional cleaning
tool, which was statistically significantly different
compared to redesigned cleaning tool (0.84 l/m).
Nonetheless, cleaning with both tools can still
be considered as moderate work (Åstrand and
Rodahl, 1986) and not heavy as previously
suspected. The International Labor Organization
(ILO) suggested 33% of the maximal oxygen
consumption (VO2max) as an acceptable load
during 8-h of working day (Vanwonterghem,
1986). From this study, the cleaners used 36%
of their VO2max while using the conventional
cleaning tool and 31% while using the redesigned
cleaning tool, which is statistically significant.
This means that by using redesigned cleaning
tool the cleaners can work 8-h shift within

ARTICLE IN PRESS

Table 2

The effect of cleaning on physiological and subjective variables

Variables Conventional cleaning tool Redesigned cleaning tool p value

Mean S.D. Mean S.D.

Oxygen consumption (l/min) 0.94 0.18 0.84* 0.17 0.001

Oxygen consumption (ml/m/kg) 15.25 2.38 13.25* 2.70 0.001

Average heart rate (bpm) 105 12.59 101* 11.10 0.001

Perceived exertion (Borg scale, CR-20) 13 1.77 11* 1.03 0.001

Maximum oxygen uptake capacity in % 36 6.26 31* 5.94 0.002

*Significant difference between conventional and redesigned cleaning tool (po0.05).

Mean value for HR and VO2
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Fig. 5. Mean values for heart rate (HR) and oxygen consump-

tion (VO2) during floor cleaning using conventional and

redesigned cleaning tool.
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an acceptable working load as recommended by
ILO.

There was significant reduction in heart rate
during cleaning with redesigned tool as compared
to conventional tool, which may be due to postural
factors. The possible reason could be that in
upright cleaning posture, the large group of
muscles of upper part of the body is not engaged
as in the bending posture (Bridger et al., 1997).

Heart rate increases linearly with oxygen con-
sumption in response to increasing workload
(McArdle et al., 1991). Some studies found a
linear relationship between heart rate and oxygen
consumption during non-steady state activities
however tests were limited to progressive incre-
mental exercise (Bernard et al., 1997). Findings
from this study also showed the significant relation
between heart rate and oxygen consumption.

No correlation was found in this study between
heart rate and oxygen consumption and perceived
exertion. In one study Datta et al. (1983), found
high positive correlation between heart rate and
perceived exertion. However, Mital et al. (1993)
investigated workload and fatigue in highly
trained cleaners and found a difference between
ratings of perceived exertion and objective mea-
sures with the cleaners underestimating the actual
workload. In this study it might be possible that
cleaners underestimated the actual workload with
perceived exertion. However, comparative values
show an advantage for the redesigned tool. Borg
(1982) himself stated that the close relationship
between perceived exertion and heart rate was not
intended to be taken literally since the latter is only
one indicator of exercise strain.

The cleaners rated the conventional cleaning
tool more strenuous than the redesigned cleaning
tool while cleaning the wagon’s floor. Cleaning
with conventional cleaning tool was assessed to the
scale value 13 (somewhat hard) compared to
redesigned cleaning tool to the scale value 11
(light) according to the Borg RPE scale. Most
likely very frequent and excessive bending of the
torso of the cleaners created greater biomechanical
loads on the back compared to the redesigned
cleaning tool, and muscles had to work with higher
forces against center of the gravity while bending.
This could be the possible reason that cleaners

perceived higher exertion in using conventional
tool compared to redesigned cleaning tool
(Kumar, 2001).
The study reveals that the cleaners bent less when

they used the redesigned cleaning tool. The
conventional cleaning tool required frequent and
excessive bending in order to clean the lower berth
of the wagon compared to redesigned cleaning tool.
This study focused only on the floor cleaning

task, even though the floor cleaning task does not
represents the entire cleaning task required for the
passenger train wagon, but it was one of the major
tasks. Though, the upper limb stress was not
systematically studied in the present study, how-
ever, it was observed in video recordings and also
reported from the cleaners that excessive extension
and flexion of the wrist/hand required with
conventional cleaning tool were completely elimi-
nated while using redesigned cleaning tool.

5. Conclusions

It can be concluded that floor cleaning in the
train wagons is associated with moderately high
cardiovascular load and high frequency of stressful
working postures. The introduction of the rede-
signed cleaning tool allowed cleaners to maintain
more upright posture while cleaning, which reduce
biomechanical and physiological loads on them.
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Abstract 

In this study, the cleaning process was studied and analyzed with special reference to a toilet 

cleaning brush. A group of fifteen cleaners participated in this study. A low back compression 

force, RULA score and postural angle were obtained while using two different types of toilet 

cleaning brushes. The mean low back compression force for the long handle brush was 845N 

and for the short handle brush was 1078N. The RULA score shows no difference in action 

level, using both brushes the RULA score was 4, which means that further investigation is 

needed. Using the long handle brush and short handle brush the mean postural angle of the 

trunk was 360 and 620 respectively Using the long handle brush the postural angle and low 

back compression force found were significantly less (p<0.05) than that of the short handle 

brush. Based on these results, it was concluded that the long handle brush could be 

recommended as less strenuous than the short handle brush in terms of low back compression 

forces.
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1. INTRODUCTION 

Cleaning is an important activity in day-to-day domestic as well as professional lives. It has 

positive effects on the productivity and quality of life as well as ergonomics and safety at 

work sites [1]. About 80% of the cleaning job is done with manual cleaning tools in the 

offices, schools, and universities, and about 30% of working time is spent on floor mopping 

[2]. Some studies have been published on the physical aspects of professional cleaning which 

indicated that the most important risk factors involved in the physical work of professional 

cleaning are static muscular load, especially in terms of bent and/or twisted posture of the 

back, and repetitive movements of the arms and hands with a high output of force [3, 4, 5]. In 

several studies the relationships between poorly designed work place and poor posture on the 

one hand and disorders of the musculoskeletal system on the other have been demonstrated [6, 

7, 8, 9]. In professional cleaning static and poor work postures are common for the back and 

arms. In some studies it has been found that an average of 36-56% of working time is spent in 

a bent forward position, and/or bent and twisted back position [10, 11, 12, 3]. SØgaard et al. 

[5] found mean back bending during floor mopping to be 280 and mean neck bending to be 

510.  Nordin et al. [13] found extensive forward trunk bending in a simulated janitorial task 

involving floor mopping. Cleaning requires both dynamic and static muscular work, which is 

usually done with the use of various types of manual equipment/tools [3]. It is considered a 

physically demanding job, resulting in high cardiovascular load [14, 4]; high frequency of 

awkward postures [15, 16, 17]; and as such rated as a strenuous job [14, 4, 18].  

 Cleaning jobs consist of different cleaning activities/tasks such as mopping, dusting, 

sweeping, swabbing, vacuuming, buffing, handling garbage and cleaning toilets. Cleaning 

toilet bowls is a major activity in the cleaning process. There has been research done 

regarding the use of cleaning tools/devices e.g., [14] but no research found regarding the 

design of the toilet brush and its effect on cleaners’ working posture.  
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 Cleaning toilet bowl with short handle brushes forces cleaners to adopt poor back 

posture (figure 1). Therefore, the aim of this study is to evaluate the postural workload and 

RULA score on cleaners while using two different types of toilet brushes. 

Figure 1 about here 

2. METHODS 

2.1 Participants 

Fifteen cleaners from a university in Sweden volunteered for the study. Their professional 

experience ranged from 1 year to 32 years (table 1.) 

Table 1 about here 

2.2 Toilet cleaning brushes 

A commercially available short handle toilet brush and a redesigned long handle brush were 

used in study (figure 2). The length of short handle brush was 38cm and 68 cm for the long 

handle brush. 

Figure 2 about here 

2.3 Procedure 

Prior to the test, the Standard Nordic Questionnaire was used for the analysis of the 

prevalence of musculoskeletal problems in different body regions [19]. The Standard Nordic 

Questionnaire was presented to the subjects with few additional questions regarding the 

working condition. 

 Cleaners were randomly assigned the toilet brushes in each test and asked to clean the 

toilet bowl for two minutes at their normal work pace, since from observation it was found 

that cleaning a toilet bowl using a brush takes about 30 to 50seconds. About one decilitre of a 
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liquid colour cleaning agent was spread in the toilet bowl to be cleaned. During the test still 

photographs were taken of the cleaner's working posture in order to analyze the low back 

compression force or spinal forces in Newton (N) acting on the lower back while using the 

brushes. The low back compression force was calculated and analysed by computer software 

Jack, version 5 from UGS. In Jack, virtual representations of cleaners were created by 

inputting the anthropometric data for height and weight for each of the cleaners (figure 3). 

Figure 3 about here 

 The low back compression force (between L4/L5) for the most strenuous posture was 

then calculated by use of the Lower back analysis tool in Jack (figure 4 & 5) [20, 21, 22]. 

Figure 4 about here 

Figure 5 about here 

 Postural angles were determined by using still photographs (figure 6) and the reference 

points were lumbosacral (L5) and cervical (C7) [14]. After finishing both tests, cleaners rated 

their attitude for subjective assessment of four aspects:  “weight of brush”, “grip of brush”, 

"feelings in hand and “comfortable to use” while cleaning" on the scale of 1 to 5 (1 for very 

bad and 5 for very good). 

Figure 6 about here 

 Rapid Upper Limb Assessment (RULA) [23] was used to give a quick and systematic 

assessment of the cleaners working posture while using both brushes. RULA is a screening 

tool that assesses biomechanical and postural loading on the neck, trunk and upper limbs. The 

most extreme or awkward posture from each of the cleaners was selected and was assessed 
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using RULA software [24] and the final score (RULA grand score) and action level were 

obtained (table 2).  

Table 2 about here 

 All values of measured variables are expressed as mean and standard deviation. A paired 

t-test was used to determine the differences between low back compression force and trunk 

angle. Wilcoxon sign test was used to determine the differences in attitude assessment. 

3 RESULTS 

Table 3 shows the results of the low back compression force, trunk angle and RULA score. 

Table 3 about here 

 From the questionnaire it was found that 31% of the cleaners had back pain during the 

past seven days and 53% of cleaners reported frequently working with the back in an 

awkward or fixed position while 37% reported sometimes and 10% reported never. About 

90% of the cleaners frequently use the toilet cleaning brush and long handle tool for floor 

mopping. The mean low back compression force was 1078N while using the short handle 

toilet brush and 845N while using the long handle brush (figure 7). The mean trunk angle of 

cleaners was 620 while using the short handle brush, and mean angle of trunk was 360 while 

using the long handle brush.  

Figure 7 about here 

 In the attitude assessment using sign t-test of two aspects investigated (weight of the 

brush and grip of the brush) no significant differences were found. In the other two aspects of 
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the attitude assessment “feelings in hands” and “comfortable to use” significant differences 

were found (table 4). 

Table 4 about here 

 There was no significance different in the average RULA score while using both 

brushes. The average RULA scores for using the short handle brush and long handle brush 

were 4 and 3.13 respectively, which is the same Action level 2, which means that further 

investigation is needed and changes may be required (figure 8).  

Figure 8 about here 

4 DISCUSSION 

The low back compression force had a higher mean value (1078 N) while cleaning with the 

short handle brush, which was significantly different compared to the long handle tool (845 

N). The excessive bending of the upper part of the body creates greater biomechanical loads 

on the low back and muscles have to work with higher forces against the centre of gravity 

while bending [25]. Low back disorders have been found to be associated with work in a bent 

forward position [26]. Professional cleaners are known to experience considerable 

musculoskeletal problems due to the static muscular work that has to be maintained 

throughout their working period as well as due to highly repetitive movements of the arms 

and hands [11, 4]. SØgaard [27] suggests that the sustained repetitive motions with infrequent 

pauses in activity may exhaust the relatively small numbers of muscle fibres involved and 

result in muscular disorders. It was observed that the low back compression force while using 

both toilet brushes was below the National Institute for Occupational Safety and Health Back 

Compression (NIOSH) action limit of 3400N but that using the long handle brush can be a 

more effective means for reducing low back load on the cleaners. Cleaning consists of various 
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activities and tasks which involve forceful movements, poor working postures and repetitive 

tasks; any minor improvement in cleaning activities or equipment can reduce the cumulative 

load on the cleaners and thus can reduce the effect of cumulative fatigue. Load due to 

repetitive work may also result in cumulative fatigue by reducing the stress bearing capacity 

[25]. Cumulative fatigue results in mechanical degradation of biological tissues with repeated 

and prolonged usage [25]. Cleaning toilet bowl is a very important task which is done every 

day. One study suggested the adjustable toilet cleaning brushes to avoid difficult working 

postures and movements [18]. In another study it was found that using a redesigned floor 

cleaning tool the trunk was bent less than with use that of the conventional cleaning tool [14]. 

 The average RULA score for the short handle brush was 4 which is a little higher than 

the average RULA score 3.13 for the long handle brush. Even though the length of the brush 

handle made a significant change in the low back compression force but the RULA score fell 

into the same action level for both brushes. The reason could be that while cleaning toilet 

bowl cleaners rotates there wrist along with the arm and this movement of the wrist did not 

differ using either the long handle brush or the short handle.  

 This indicated that there were no changes in wrist movement while using the two 

brushes, and the RULA score obtained was similar for both brushes. However, it was 

observed that two cleaners had a RULA score equal to 4 while using the short handle and long 

handle brush, the reason was that these two cleaners held the middle part of the long handle 

brush at a height similar to that of the short handle brush and the angle of the back bent was 

therefore also similar while using both brushes.  

 In this study, RULA was used for a quick and systematic objective evaluation of the 

cleaners’ posture, as RULA is a survey method which is developed for use in ergonomics 

investigations of workplaces where work related upper limb disorders are reported [23]. 

RULA may not be as a sensitive tool to discern small differences. However, it is pointed out 
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that RULA did discriminate in score, but the scale seems to be round it off for convenience 

and ease. Whereas small differences in infrequent and sporadic tasks can be ignored but if the 

task become repetitive or continuous they add very significantly to the cumulative load which 

potentiates injury [28, 25, 29]. RULA is designed not to consider cumulative load. 

 In the attitude assessment (feelings in hand and comfortable to use) cleaners found the 

long handle brush significantly better than the short handle brush. It is likely that cleaners’ 

experience postural load often and when they used the long handle they found better back 

posture which reduces the load on them. It was observed and mentioned by the cleaners that 

the toilet bowl can be cleaned with the longer handle without bending as much and the extra 

distance prevents splash back. 

5 CONCLUSION   

The results suggest that the introduction of the long handle brush reduces the load on the back 

during toilet bowl cleaning. Whereas, the instantaneous load, cumulative load and differential 

fatigue of the back can be reduced by a long handle brush, a follow-up design study to reduce 

demands on upper extremity is still needed. The weakness of the study lies in not evaluating 

the posture in terms of muscular activities of hands using Electromyography (EMG). 
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Figure 1. Back posture while cleaning toilet bowl with short handle brush 
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Figure2 A) Short handle toilet cleaning brush; B) long handle toilet cleaning brush 
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Figure 3. Virtual representation of cleaner by feeding anthropometrical data.
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Figure4. Low back compression force while using short handle brush 
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Figure5. Low back compression force while using long handle brush 
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Figure 6. Trunk angle, A) using short handle brush; B) using long handle brush 

C7 

L 5 

L 5

C7

Ø

Ø

A B



Evaluation of low back compression and RULA and toilet cleaning brushes 

19

Lower back compression force

0

200

400

600

800

1000

1200

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Cleaners

C
om

pr
es

si
on

 fo
rc

e 
(N

)

S. handle
L. handle

Figure 7. Mean value low back compression force while using traditional broom and long handle tool.  



Evaluation of low back compression and RULA and toilet cleaning brushes 

20

RULA 

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Cleaners

R
U

LA
 s

co
re

s

S.handle
L. handle

Figure8.  RULA scores for cleaners using short handle brush and long handle brush 



Evaluation of low back compression and RULA and toilet cleaning brushes 

21

Table 1. Characteristics of the cleaners. 

Cleaners characteristics Mean SD± Maximum Minimum
Age (yrs) 38 13.95 58 18 
Height (cm) 162 3.5 168 155 
Weight (kg) 63 6.5 74 53 
Job experience (yrs) 12 9.36 32 1 
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Table 2. RULA Score and Action level 

RULA Score Action level Description 

1-2 1 Posture is acceptable if it is not maintained or repeated for long 
periods 

3-4 2 Further investigation is needed and changes may be required 

5-6 3 Investigation and changes are required soon 

7 4 Investigation and changes are required immediately 
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Table 3. Variables measured while cleaning with short handle brush ad long handle brush 

Variables Short handle  
brush

Long handle 
brush

  Mean SD± Mean SD± P value 
Low back compression force (N) 1078 45 845 105 0.000* 
Trunk angle (degree) 62 6.2 36.53 11.61 0.000* 
RULA Score 4 0 3.13 0.35 ------ 

* Significant difference (p<0.05)  
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Table 4. Subjective measures for attitude response while using short handle and long handle brush.

Variables Short handle  
brush

Long handle 
brush

  Mean SD± Mean SD± P value 
Weight of the toilet brush 3 0.65 3.4 1 0.272 
Grip of the toilet brush 3.2 0.77 3.53 0.91 0.260 
Feelings in hand while using 3 0.70 3.66 0.48 0.029* 
Comfortable to use 2.9 1 4.2 0.77 0.010* 

Significant difference (p<0.05)
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Summary

In this study the Swedish version of the Demand – Decision Latitude – Social support model 

was used.  A total of 40 administrative staff and 40 cleaners participated. Demands and 

decision latitude scores were significantly higher in the administrative staff than in the 

cleaners. Social support scores were not significantly different between the administrative 

group and the group of cleaners. Psychological demands and skill discretion differed between 

the two working groups. The administrative staff’s perception of higher work demand and 

better decision latitude may be based on their belief that they possess appropriate education, 

general knowledge and detailed information about their work. Both groups had similar social 

support scores; it may be that members of both groups felt that they work as a group or team 

where their proximity fostered this perception of group social support.  

Key words 

Psychological stress; administrative staff; cleaners; Demand-Control-Support model
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Introduction 

Stress can be defined as the mobilization of energy in situations where an increased level of 

energy is needed. It can provide both positive and negative benefits to individuals (Quick, 

Murphy, & Hurrell, 1992). Gruen et al. (1988) states that, ‘the conviction that psychological 

stress is a causal factor in mental and physical illness underlies much current theory and 

research in the biological and behavioral sciences’. Job stress can be defined as the harmful 

physical and emotional response that occurs when the requirements of a job do not match the 

capabilities, resources, or needs of a worker. According to Karasek (1979), job stress occurs 

because the `demands' of employment exceed the ability of an individual to exert control in 

their work environment.

The Job Demand-Control (D-C) Model (Karasek, 1979), and its expanded version, the Job 

Demand-Control-Support (D-C-S) Model (Johnson, et al., 1989; Karasek & Theorell, 1990) 

have heavily influenced research on work stress for over 20 years. According to the D-C 

model, job strain results from the interaction of two main dimensions of a work environment: 

psychological demands and control. Over time, the way in which demands in the model are 

understood has evolved. At the beginning, they were operationalised mainly as quantitative 

demands and demands stemming from role conflict (Karasek, 1979). Later, additional 

elements were included, such as interpersonal conflicts (Spector, 1987), cognitive demands 

(Karasek et al., 1998), qualitative demands and emotional demands. According to the D-C 

model the highest strain arises when demands are high and control is low (Karasek, 1979). 

The Demand-Control-Support (D-C-S) model assumes that job strain is a result of the 

interaction of two job dimensions: demands and control. When social support is added, the 

most adverse condition is defined as a situation with high demands, low control and poor 

support (Figure 1). Social support has been defined as ‘the overall level of helpful social 
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interaction available on the job from both co-workers and supervisors’ (Karasek & Theorell, 

1990). If the demands placed on a person at work are higher than the perceptions of control, 

job strain will occur (Mesler & Capobianco, 2001).  

The Karasek `Demand-Control Job Strain Model' has highlighted two key workplace 

conditions that increase hypertension: high psychological demands combined with little 

control in being able to manage those demands. Employees who believe that they have little 

control over their work describe themselves as lacking the ability and/or authority to make 

decisions or have any impact upon their job. There are several studies which have attempted 

to apply the D-C-S models to nursing work (Landsbergis, 1988; de Jonge et al., 1996; Fox et 

al., 1993). It was found that job strain among nurses was associated with depression, low job 

satisfaction and some symptoms of burnout (Landsbergis, 1988; de Jonge et al., 1996) as well 

as elevated blood pressure and cortisol levels (Fox et al., 1993). 

Figure 1. The Psychological stress model  of Karasek & Theorell (1990). 

Several studies have shown that various sources of job stress, for example high work 

demands, lack of control over work and fear of job loss, are related to work-related upper 

extremity symptoms and disorders (Sauter & Swanson, 1996; Smith & Carayon, 1996). 

Faucett and Rempel (1994) described ergonomic factors such as awkward posture, workload 
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and job stress (i.e., decision latitude and social support) that contributed to hand/wrist and 

neck/shoulder symptoms. From a review of 59 studies, Bongers et al. (1993) concluded that 

monotonous work, high perceived workload, time pressure, low control on the job, lack of 

social support from co-workers and stress symptoms were related to musculoskeletal 

problems.  Sauter et al. (1991; National Institute for Occupational Safety and Health 

(NIOSH), 1993, 1994) have noted that a significant percentage of office workers experience 

discomfort at work. Cleaning work also has psychosocial risk factors such as workload, 

monotonous work, time pressure, and lack of control over work and rest (Louhevaara, 1997; 

Woods et al., 1999; Aickin, 1998).  

The aim of the present study is to compare the levels of perceived work demands, decision 

latitude and social support among a group of cleaners with a group of administrative staff 

working at a Swedish university.  

Method 

A group of cleaners and a group of administrative staff completed a questionnaire. The 

cleaners work for a cleaning services company and the administrative staff are employed by a 

Swedish university. The Swedish short version of the D-C-S questionnaire was the 

questionnaire used for this study (Theorell et al., 1988; Bernin and Theorell, 2001). The D-C-

S questionnaire consists of three indexs: i) psychological demand; ii) decision latitude; and iii) 

social support. 

The psychological demand index consists of five questions which describe perceived 

quantitative and qualitative demands. The decision latitude index consists of six questions. 

The decision latitude questions have two components. The first component is skill discretion 

which has four questions and is used to describe perceived potential to exert control through 
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job skills and, by virtue of this, posess the ability to take control in unexpected situations. The 

second component is authority over decision-making which consists of two questions and is 

used to assess perceived ability to exert influence work decisions (Bernin and Theorell, 2001). 

Psychological demand and decision latitude have four possible responses that are based on 

frequency (how often). The social support index is measured by six questions which focus on 

workplace working environment. The social support index also consists of four responses 

which describe intensity (how strongly).  The reliability and validity of the DCS questionnaire 

has been demonstrated in a number of studies (Bernin and Theorell, 2001).  

A four point Likert scale was used for simple scoring summation (Heslop et al., 2001). 

Study design 

This study is a cross sectional study and data from a DCS questionnaire completed by 

cleaners and administrative staff was used for the analysis. 

Procedure 

A total of 150 DCS questionnaires were given to cleaners and 100 to administrative staff. For 

the cleaners, the questionnaires were given to the supervisor who then informed the cleaners 

about the study and asked them cleaners to voluntarily complete the questionnaire. An 

identical distribution technique was used for administrative staff. Out of 150, a total of 40 

cleaners returned a completed questionnaire. Among the 100 administrative staff given the 

questionnaire, 40 returned completed copies (another 10, which were not completed, were not 

included). Among cleaners only one respondent was male and among administrative staff four 

were male.  The average age was 43 for administrative staff (range 24-58) and 44 for cleaners 

(range 21-63) (Table 1). From the administrative staff about 58% had at least their first 
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university degree and 42% had completed their upper secondary education. Among the 

cleaners, 52% had completed their lower secondary education, 45% had completed their 

upper secondary education and one cleaner had a university degree. 

Table 1. Characteristics of the respondents.

Administrative staff (N = 40) Cleaners (N = 40) 
 Mean SD± Max. Min. Mean SD± Max. Min. 
Age (yrs) 43 8.90 58 24 44 11.06 63 21 
Job experience (yrs) 6.9 6.78 30 1 12.17 9.270 21 1 

Statistical analysis 
The data was computed - coded and then analysed using statistical software (SPSS version 

11.0). The analysis included descriptive statistics. A paired t-test was used to determine the 

differences between administrative staff and cleaners for psychological demand, decision 

latitude and social support. A probability value of p<.05 was accepted as being statistically 

significant. 

Results 
Table 2 shows the results of the analysis of differences between administrative staff and 

cleaners (Figure 2). 

Table 2. Mean score for demand-control-support between administrative staff and cleaners (n=40). 
Variables Administrative Staff Cleaners P value 
 Mean SD± Mean SD±  
Psychological demand 15.10 2.42 13.55 2.28 0.007* 
Decision latitude or Control 18.02 2.40 16.35 2.44 0.006* 

Skill discretion 12.35 1.62 9.88 1.78 0.000* 
Authority over decision 5.75 1.31 6.4 1.21 0.023* 

Social support 20.43 2.20 19.90 3.07 0.353 
*Significance difference at P< .05

A significant difference was found between the cleaners and administrative staff for the 

psychological demands values. The administrative staff reported higher demands at work 

(mean 15.10) than the cleaners (mean 13.55). Higher scores indicate higher psychological 

demands at work.  
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Decision latitude has two components: skill discretion and authority over decision-making.  

The decision latitude among administrative staff was higher (mean 18.02) than among the 

cleaners (mean 16.35). The difference was statistically significant.  

For skill discretion, the mean value (12.35) for the administrative staff was shown to be much 

higher than for the cleaners (9.88). The difference was statistically significant.  

Good authority over decision-making is associated with higher means. The mean for the 

administrative staff (5.75) was shown to be lower than for the cleaners (6.40). 

Good social support is evidenced by high mean values. There was no significant difference 

between the two means. 

DCS Model
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Figure 2. Demand-Control-Support score between administrative staff and cleaners. 
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Discussion 
Psychological demand 

In the study described here there was a significant difference between administrative staff and 

cleaners which suggests that the administrative staff group perceived a higher demand level 

(15.10) at work than did the cleaners (13.55). The nature of the work of administrative staff 

and cleaners is recognized as being quite different. The work demands of cleaners is more 

physical (e.g. mopping, dusting, vacuuming and similar physically demanding work) than that 

of the administrative staff (e.g. computing work, financial work and other analytical 

activities). Theorell et al., (1991) found similar patterns among more physically active jobs; 

for example, the mean score for psychological demand among female waiters was 14.1. It 

may be that the work of cleaners and waiters is more physically demanding with less 

discretionary task variation. In a study by Lottridge (2004), found that Uddevalla Volovo 

plant workers had high psychological demand s because of a complex assembly task set and 

additional responsibility at work. 

In administrative work there is always the risk that mistakes made when preparing or 

finalising reports can result in considerable financial loss. In contrast, mistakes made while 

cleaning almost never result in any significant financial loss. If cleaners neglect to clean an 

area one day, it can be cleaned the next day. In contrast, the higher psychological demand 

scores of administrative staff may be an indicator that they felt that they work under pressure 

to not make mistakes. The number of students has increased in recent years without a 

commensurate increase in staff. This may have increased the administrative staff’s workload. 

In contrast, the level of workload for cleaners has remained essentially the same. Over slightly 

more than the past decade, there have been ergonomics interventions for cleaners that sought 

to reduce physical and mental loads (e.g. Hopsu et al., 2005; Hopsu et al., 1997; Hopsu et al., 

1994). Hopsu et al. (1994) found that with a developmental ergonomic process, cleaning 



9

methods and tools were improved plus time spent on floor cleaning decreased from 30% to 

25% of total work time.  It could be that for the group of cleaners studied there was some 

improvement in cleaning tools and/or methods which reduced work demands. 

Skill discretion 

The difference in skill discretion between administrative staff and cleaners was shown to be 

significant. There was a higher mean score for the administrative staff (12.35) compared to 

the cleaners (9.88).  This means that administrative staff reported a higher perceived level of 

skill discretion. The reason could be that administrative staff may have better education and 

knowledge about their present work which enhanced their ability to exercise skill discretion. 

One study reported that cleaners are more likely to be women, of a lower social status, with 

less education, at a lower income level and less able to obtain social support (De Vito et al., 

2000). This study found that the majority (about 52%) of the cleaners had a lower seconday 

education. In contrast, among administrative staff 58% were educated at the university level. 

This could be one reason why the cleaners in this study reported experiencing a lower skill 

discretion level at work. Theorell et al., (1991) also found that the mean score for waitresses 

was 8.7. This similarity in scores between waitresses and cleaners could be an indicator that 

both jobs are viewed as ones where advanced education is not necessary for successful 

completion of job tasks.  

Authority over decision-making  

Perceived authority over decision-making differed between administrative staff (mean 5.75) 

and cleaners (mean 6.4). The difference is significant.  It may be that cleaners had some 

freedom to decide when to do what and how to perform any particular cleaning activity. In 

contrary, the work patterns for administrative staff might be predefined and thus not allow 
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them the freedom to decide what and how to perform a task. They must follow an exact 

sequence and procedure. 

Decision latitude/control 

The overall mean score for perceived decision latitude was significantly higher among 

administrative staff than among cleaners. It may that administrative staff had better training, 

education, knowledge and information about work when compared to cleaners. As cleaning 

work is often described as a low status job requiring little education, it could be that the group 

of cleaners surveyed lacked the necessary education, knowledge, training and information 

about their work to enable them to exercise decision latitude opportunities. In a similar study 

done by Lottridge (2004) found high decision latitude among workers at Dadeville Volvo 

plant  due to usage of a wide skill set, self-management and self pacing.  

According to Toivanen et al., (1993) cleaning is considered to be at a low level in 

occupational hierarchies; which creates strain at work. 

Social support 

Social support scores were similar for both groups. There was no statistically significant 

difference in social support scores between the administrative staff and cleaners.  The possible 

reason for this could be that the administrative staff and cleaners in this study may have been 

working as cooperative groups able to frequently interact with co-workers. Cleaning is usually 

a full or part time job mostly carried out alone but sometimes as a group or team (Hopsu, 

1993). In this study, the cleaners worked in groups or teams and interacted with their co-

workers and supervisors often. They thusly rated their social support as high. Many studies 

(e.g., De Vito et al., 2000) found that cleaners often have limited support from their 
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supervisors. Eisenberg et al., (1997) found that employees in various branches with high-

discretion job conditions reported better organizational support when compared to employees 

in low-discretion jobs. In this study, cleaning tasks were performed in groups and thus 

motivated the cleaners to work cooperatively in order to complete cleaning tasks in effective 

and efficient ways. This then acted to increase perceptions of morale support. It may be also 

the case that cleaners divided tasks within a group; enhancing understanding within the group 

through cooperation. 

Conclusions 

In this study it was found that mean scores for psychological demands and decision latitude 

were higher among administrative staff when compared to the scores of the cleaners. 

However, the results can not be generalised to larger populations of administrative staff or 

cleaners due to the small sample size and the relatively low response rate. Another 

consideration that may have influenced scores is the absence of direct contact with subjects 

when questionnaires were distributed. Supervisors may have made comments that 

discouraged completion or not accurately represented study goals; both may have influenced 

subject behaviours. Despite these weaknesses, it still seems reasonable to conclude that 

differences between the two groups is likely due to perceptions of work environments and the 

perceived ability to exert influence upon undesired work environment conditions to cause 

desired change. 

The results of this study raise issues concerning perceptions of working conditions and how 

these factors directly or indirectly affect worker health; particularly among cleaners – a group 

of marginalised workers. Additional research is needed to more precisely identify 

psychosocial factors operating on cleaners when compared to other worker groupings. The 
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results reported here can be useful in the design and administration of the additional research 

being recommended. What appears to be important at this point is the recognition that a 

variety of factors plays upon worker attitudes and have an effect upon health and job 

satisfaction.  
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