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THE CONSTRUCTION INDUSTRY

In Europe, the construction industry accounts for 10% of the workforce in the non-financial 
business economy,1 and is one of the industries with the highest musculoskeletal disorders 
rates.2,3 With an incidence of 450 per 100,000 employees in 2013, the incidence of reporting 
musculoskeletal disorders as an occupational disease among construction workers is the 
highest of all sectors in the Netherlands.4 This incidence is more than 7 times higher 
compared with the average incidence of all sectors in the Netherlands (74/100,000).4 The 
most frequently affected body regions among construction workers in the Netherlands  
are the back, knee, shoulder and upper arm.5

 Musculoskeletal disorders are associated with leaving the construction industry6 and  
an increased disability pension rate.7,8 These two outcomes are also associated with high 
physical work demands like static work postures and low back loading.7 Another important 
outcome measure – prolonged sick leave – is also associated with high physical work 
demands.9

 Despite the available knowledge of physical work demands and work-related musculo-
skeletal disorders on prolonged sick leave, leaving the construction industry and a high 
disability pension rate, the question remains why this problem has not yet been solved. 
Recent numbers show that four out of ten Dutch construction workers report musculo-
skeletal complaints and around 75% of the construction workers in the Netherlands still 
report exposure to high physical work demands.10 To ultimately reduce these negative 
outcomes for sick leave, leaving the construction industry and disability pension rate, and 
thus improve the sustained employability of construction workers, prevention of work-  
related musculoskeletal disorders is required.

Prevention of musculoskeletal disorders
To improve health outcomes, such as musculoskeletal disorders, three conditions must be 
met.11 These conditions are for the construction industry: 1) the selection of the ergonomic 
measures must be well chosen to address the risk factors identified; 2) the type of 
ergonomic measure must be known to be efficacious for the setting of interest; and 3)  
the ergonomic measures are implemented widely and intensely within the construction 
company and among the construction workers. In figure 1, the three conditions are 
represented in a model, which is also the conceptual framework used in this thesis. This 
conceptual framework is partly based on the framework of van der Molen.12

Selection of ergonomic measures
In the construction industry, there is a wide variety of different occupations, each with its 
own specific work demands. The work demands include the work situation, the working 
method and the body postures, movements and exerted forces. For instance, bricklayers 
are exposed to several biomechanical demands, such as frequent manual material 
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handling of loads of up to 20 kg, bent body postures and highly repetitive movements of 
the upper extremities,13 while plasterboard workers must handle loads of up to 60 kg and 
have unfavourable postures of the arm and neck.14 In addition, drywall workers are 
exposed to overhead arm posture, trunk flexion, and handling of heavy drywall panels.15 
Although the work demands vary between the occupations, it can be said in general that 
construction workers are exposed towards awkward body postures, repetitive movements,  
and manual material handling.16

 To determine whether or not the physical work demands impose an increased risk  
for the development of work-related musculoskeletal disorders, several exposure criteria 
have been established for different body regions.17-22 These exposure criteria are established  
in terms of duration and/or frequency and/or intensity of aspects of physical work 
demands, for instance the required force, repetitive movements of the arms, or duration 
of trunk flexion. When work demands of occupations in the construction industry are 
compared with these exposure criteria, ergonomic measures can be selected to reduce 
the exposure towards these work demands.
 In the construction industry, several types of ergonomic measures are available to 
reduce the physical work demands.e.g.23-27 An estimation of the effectiveness of the ergonomic 
measures can be made based on the hierarchy of controls. At the top of this hierarchy lies 
the elimination of the risk factor, followed by the exposure reduction of the risk factor, 

Figure 1   Conceptual framework for the relationship between ergonomic measures, 
implementation strategies and the effect on physical work demands, workload 
and musculoskeletal disorders (based on van der Molen12).
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engineering controls, and administrative controls. At the bottom, the use of personal 
protective equipment is found. The higher an ergonomic measure is situated in this 
hierarchy, the more effective and protective the ergonomic measure is in reducing the 
physical work demands.28 Alongside the hierarchy of controls lies the type of ergonomic 
measure. Elimination of risk factors is achieved by organisational measures which change 
the working method of construction workers, for instance using pre-fabricated inner walls 
instead of gypsum blocks. Engineering controls are achieved by technical measures, for 
instance transportation of loads using a crane instead of manually handling. For personal 
protective equipment, ergonomic handtools can be used. For this thesis, the ergonomic 
measures will be defined in terms of the above grouping.
 The effect of ergonomic measures on the work demands is dependent on the type 
of ergonomic measure. Ergonomic handtools reduce the exerted forces necessary to perform 
a task,e.g.29 where technical measures reduce work demands, for instance mechanical 
transportation instead of manual transportation.e.g.30 However, not all ergonomic measures  
or workplace interventions have been studied for their effectiveness in reducing physical 
work demands11 before they are implemented.
 Although the ergonomic measures are expected to reduce work demands, the effect 
on musculoskeletal disorders is still under debate. Regular use of ergonomic measures has 
been associated with reduced risks of reporting regular or sustained lower back 
complaints30,31 and shoulder complaints30 among bricklayers, carpenters and pavers, 
although not statistically significant for all ergonomic measures. Additionally, workers that 
had musculoskeletal disorders and received some type of job accommodation, for 
instance ergonomic measures, had a reduced but not statistically significant chance of 
leaving the job due to musculoskeletal disorders.32

 As found by van der Molen et al.,30,31 ergonomic measures must be used on a regular 
basis. However, Jensen and Friche33 found that the majority of construction workers used 
ergonomic measures on an occasional basis rather than a regular basis three months after 
training (36%) and two years after training (43%). The use of ergonomic measures on a 
daily basis remained the same for the two follow-up moments (9%). Similarly, a recent 
study of the use of ergonomic measures in the Netherlands showed that 19 to 24% of the 
Dutch construction workers reported using ergonomic measures almost always, 
compared with a percentage of 12 to 27% who reported hardly ever using ergonomic 
measures.34 These numbers show that the implementation of ergonomic measures needs 
to be improved to increase the use of ergonomic measures on a more frequent basis.

Implementation strategies
Implementation strategies are aimed at incorporating assumed effective ergonomic 
measures in the job, work organisation or industry. According to Hulscher et al.35 and 
Wensing et al.,36 two conceptual frameworks of implementation can be distinguished: a 
rational framework and a participative framework. Applied to the construction industry, 
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the rational framework consists of dissemination from employers or sector to the individual 
construction workers. In this rational framework, the needs and knowledge of the 
construction workers are not taken into account, whereas this is indeed the case with the 
participative framework.37

 Besides the construction workers, other stakeholders such as foremen, planners, and 
directors of construction companies are involved in the selection and implementation of 
ergonomic measures. Since each stakeholder has their own approach to the implementation  
and use of ergonomic measures, each stakeholder may need a different implementation 
strategy to overcome barriers, for instance informational strategies in which stakeholders  
are informed about the ergonomic measures, or motivational strategies to add support to  
the ergonomic measures.38 In total, seven implementation strategies are mentioned by 
the Dutch Organisation for Health Research and Development,38 which are supplemental  
to the informational and motivational strategies: educational – increasing knowledge  
and ability to use ergonomic measures; organisational – removing barriers within the 
construction company; facilitative – for instance having a contact person for the stake- 
holders; compulsory – forcing stakeholders to implement and use ergonomic measure;  
or persuasive strategies – convincing stakeholders to implement and use ergonomic 
measures. Based on a review of van der Molen et al.,39 most studies used a combination of 
informational, educational and facilitative strategies as implementation strategies, which 
is in line with the view of Grol and Wensing37 that different strategies are integrated within  
a framework. However, it was found that few dissemination and implementation studies 
between 1966 and 1998 used a theory for implementation.40

 In addition to the integration of different strategies in one implementation strategy, 
van der Molen et al.39 found that most studies used a participatory ergonomics intervention 
and/or an education or training programme with the direct involvement of workers to 
change the behaviour of the workers towards ergonomic measures. Although a universal 
definition of participatory ergonomic (PE) is hard to find, all definitions include the 
involvement of different and relevant stakeholders with the process. The PE intervention 
can intervene in all phases of behavioural change of the stakeholders by assessing 
obstacles to change of the stakeholders and linking interventions to these obstacles. 
Obstacles might be the costs of the ergonomic measures,e.g.41 or the applicability of the 
ergonomic measures on the different worksitese.g.42 in the construction industry. It is 
thought that fulfilling the process of behavioural change will lead to an increase in use of 
ergonomic measures and a reduction of musculoskeletal disorders. 
 Whether or not a PE intervention is effective in increasing the use of ergonomic 
measures or improving health outcomes, such as a decrease of musculoskeletal disorders, 
or reducing injuries and lost days from work or sickness absences, is dependent on the 
implementation process.43 The implementation process of the intervention refers to the 
degree to which the intervention is given at the companies, the manner in which the 
intervention is given, the parties involved in the intervention, etc. Having a systematic 
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guidance strategy of the PE intervention and the involvement of a PE specialist, for 
instance an ergonomic consultant, were two aspects of the implementation process that 
were mentioned as facilitators.43 The ergonomic specialist could act as a guide for the PE 
intervention, but also as an expert on ergonomic matters, or be available for consultation 
when requested.
 In earlier research into the effectiveness of PE intervention, the guidance or 
consultation of the PE specialist was given through face-to-face contacts.e.g.39,44,45 However, 
more and more interventions have been given via the Internet in the last decade,46 with the 
main argument that Internet intervention reduces the costs of face-to-face interventions.47  
Up till now, no study has been performed to establish whether it is feasible to guide a PE 
intervention to improve the use of ergonomic measures in order to reduce physical work 
demands in the construction industry.

OBJECTIVE OF THIS THESIS

Prevention of musculoskeletal complaints of construction workers can be achieved by 
optimising the physical work demands of the construction workers through implementing 
effective ergonomic measures by means of an evidence-based implementation strategy. 
The first aim of this thesis is to evaluate the effect of ergonomic measures as suggested 
from stakeholders in practice on work demands and workload of highly demanding 
construction jobs. The second aim is to evaluate two guidance strategies – a face-to-face 
guidance strategy and an e-guidance strategy – of a PE intervention to implement 
ergonomic measures for reducing the exposure to physical work demands and workload 
in highly demanding construction jobs.
The research questions of this thesis are:

i)  Is a reduction in physical work demands and workload of highly demanding construction 
jobs established by using ergonomic measures?

ii)  Which of two guidance strategies of a participatory ergonomic intervention influence 
the use of ergonomic measures?

OUTLINE OF THIS THESIS

The first part of the thesis, containing the first two chapters, assesses the relationship 
between using ergonomic measures and the reduction of physical work demands and 
workload by answering the first research question of this thesis. The physical work 
demands and workload when using organisational and technical ergonomic measures 
were assessed for two construction occupations: screed floor layers and ironworkers. 



16

CHAPTER 1

Chapter 2.1 presents an evaluation of a traditional working technique among screed 
floor layers and a more upright one on the physical work demands and workload. Chapter 2.2 
describes the effect of two ergonomic measures, specifically developed to reduce the 
physical work demands of screed floor layers, on the physical work demands and workload 
of screed floor layers. Chapter 3.1 presents the physical work demands of ironworkers 
during two ways of manual material handling. The effect of these two ways of manual 
material handling on the peak biomechanical load is described in Chapter 3.2. The 
second research question, concerning implementation strategies to improve the use of 
ergonomic measures, is answered in the second part of this thesis. This part contains the 
development of two guidance strategies of a PE implementation strategy Chapter 4.1. 
The process evaluation of the two guidance strategies is presented in Chapter 4.2 and 
the effectiveness of these two guidance strategies is presented in Chapter 4.3. Chapter 5 
contains the conclusions and a general discussion on the research questions of this thesis  
and its applicability in practice. 
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