
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Ergonomic measures in construction work: enhancing evidence-based
implementation

Visser, S.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Visser, S. (2015). Ergonomic measures in construction work: enhancing evidence-based
implementation. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/ergonomic-measures-in-construction-work-enhancing-evidencebased-implementation(499039dd-c558-4125-93c3-4a1e7c759088).html


 CHAPTER 5

GENERAL DISCUSSION



152

CHAPTER 5



153

General discussion

5

The first research question of this thesis was to evaluate ergonomic measures from 
practice for highly demanding construction jobs on reducing physical work demands and 
workload. The second research question was to evaluate two guidance strategies of a 
participatory ergonomic (PE) intervention for the implementation of ergonomic measures 
in physically demanding construction jobs. This chapter describes the main findings by 
answering the research questions as formulated in the general introduction. Furthermore, 
these findings are interpreted, methodological considerations are made, and recommen-
dations for future research and practice are presented.

MAIN FINDINGS

Is a reduction in physical work demands and workload of highly demanding construction jobs 

established by using ergonomic measures?

Overall, mixed findings were found for the reduction of physical work demands and 
workload by using ergonomic measures among floor layers and ironworkers. The findings 
of the observational field studies among floor layers indicated that a different working 
method – anhydrite bound screed floors – and electrical screed levelling machines 
significantly reduced the physical work demands, but not the workload. For ironworkers, 
the observational field study and laboratory study showed that the physical work 
demands were not reduced by allowing 100-kg four-worker lifts instead of 50-kg 
two-worker lifts, however, the biomechanical workload of ironworkers when performing 
100-kg four-worker lifts was significantly reduced compared to the 50-kg two-worker lifts.
 This conclusion is based on the studies on the effect of working methods – installing 
sand-cement bound screed floors and installing anhydrite bound screed floors – (Chapter 2.1) 
and electrical screed levelling machines (Chapter 2.2) on the physical work demands and 
workload of floor layers, and the effect of team lifting (Chapter 3.1 and Chapter 3.2) on 
the physical work demands and workload of ironworkers. Sand-cement bound screed 
floor layers were significantly longer exposed to kneeling and trunk flexion compared 
with anhydrite bound screed floor layers, 94 min and 76 min respectively (Chapter 2.1). 
The time spent by sand-cement bound screed floor layers while working on their knees 
and with trunk flexion exceeded exposure criteria for the development of work-related 
knee and low back disorders by 37 min and 68 min, respectively. No differences in 
perceived and energetic workload between the sand-cement- and anhydrite bound 
screed floor layers were found. The durations of kneeling and trunk flexion were 
significantly lower while working with the manual machine (13 and 14 min, respectively) 
compared to working with the self-propelled machine (25 and 27 min, respectively; 
Chapter 2.2) although both electrical screed levelling machines reduced the exposure 
towards prolonged kneeling and trunk flexion of sand-cement bound screed floor layers. 
As with the comparison between sand-cement- and anhydrite bound screed floor layers,  
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no differences were found in perceived workload between the manual- and self-propelled 
machine. Therefore both ergonomic measures for sand-cement bound screed floor layers 
were only effective to reduce the physical work demands. 
 For ironworkers, allowing lifting 100-kg loads manually by four workers instead of 
50-kg loads by two workers did not reduce the duration and frequency of manual material 
handling and perceived and energetic workload (Chapter 3.1). Lifting 100-kg loads by 
four workers resulted in significantly lower mean and maximum (4770 N and 5156 N, 
respectively) peak lumbar compression forces when compared with 50-kg two-worker 
lifts (5307 N and 5742 N, respectively) (Chapter 3.2). For both manual handling tasks, 
carrying while stepping over an obstacle or on a platform resulted in significantly higher 
mean and maximum peak compression forces when compared with carrying on ground 
level. Therefore, team lifting did not appear to be an effective ergonomic measure to 
reduce physical work demands and workload of ironworkers.
 
Which of two guidance strategies of a participatory ergonomic (PE) intervention influence the 

use of ergonomic measures?

Although both guidance strategies were not delivered as intended, the use of implemented 
ergonomic measures was more – but not statistically significantly – influenced by the 
e-guidance strategy compared with the face-to-face guidance strategy. In addition, using 
ergonomic measures to adjust working height – as an example of one of the measures – 
for companies improved significantly more in the e-guidance strategy than in the 
face-to-face guidance strategy. No differences were found for other clusters of ergonomic 
measures.
 This conclusion was based on the results of Chapter 4.1, Chapter 4.2 and Chapter 
4.3. In Chapter 4.1, the design of the PE intervention and both guidance strategies were 
described. Alongside a randomised trial to evaluate the effect of the guidance strategies, 
a process evaluation was performed and showed that 63% and 42% of the intervention 
was delivered to the steering committees of the construction companies and 44% and 
16% of the intervention was performed by the steering committees for the face-to-face- 
and the e-guidance strategy, respectively (Chapter 4.2). Although the intervention was 
better delivered with the face-of-face guidance strategy compared to the e-guidance 
strategy, the percentage of construction workers using newly implemented ergonomic 
measures was better in the e-guidance strategy (42%) in comparison with the face-to-face 
guidance strategy (23%) (Chapter 4.3). Additionally, the percentage of workers using 
ergonomic measures to adjust their working height increased in the e-guidance group by 
10% after six months in which the intervention was given compared to an increase of 1% 
in the face-to-face guidance group.
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INTERPRETATION OF FINDINGS

To reduce work-related musculoskeletal disorders, this thesis underlines the importance 
of the conditions defined by Wells1 to gain insight into the effect of ergonomic measures 
and of the implementation of the ergonomic measures (figure 1). Based on the findings in 
this thesis, the conceptual framework as shown in Chapter 1 has been adjusted. Before 
implementing the ergonomic measures, their effect must be evaluated so that only 
effective ergonomic measures are implemented. In addition, the assumption that a PE 
intervention improves the use of ergonomic measures might be questioned, mainly 
because the PE interventions were not delivered as intended. Although the assessment of 
work demands that form a risk for the development of musculoskeletal disorderse.g.2-4 is 
necessary for the selection of ergonomic measures,1 this aspect has only been treated for 
the floor layers.

Figure 1   Framework for the relationship between ergonomic measures, 
implementation strategies and the effect on physical work demands, physical 
workload and musculoskeletal disorders.
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Effect of using ergonomic measures
As shown in the main findings, using the suggested ergonomic measures was found to 
have mixed results for reducing the work demands and workload of floor layers and 
ironworkers. In addition, it was also found that due to the ergonomic measures, 
construction workers were exposed to other physical work demands that might introduce 
new risks for work-related musculoskeletal disorders as a result of handling the ergonomic 
measure – for instance pushing and pulling the manual screed levelling machine by the 
floor layers or the length of time spent standing by anhydrite bound screed floor layers – 
or as a result of not applying the correct use of the ergonomic measure – as shown by the 
exceeding of the maximal load mass per person in ironwork when the rebar was lifted by 
two or more workers.
 These findings are in line with other studies of ergonomic measures in the construction 
industry. Ergonomic measures reduced the work demands of hodmen, but shifted their 
work demands towards those of floor layers.5 Using a rebar tying machine was found to 
reduce the physical work demands, but was investigated for one task only.6 Other 
ergonomic measures for gypsum bricklayers did not affect their work demands,7 neither 
did a change in block weight for masonry work.8

 The studies mentioned above and the studies performed in this thesis (Chapter 2.1 
to 3.2) underline the necessity of studying the effect of ergonomic measures before 
implementing them. In addition, these findings underline the importance of both efficacy 
and effectiveness studies of ergonomic measures. Efficacy refers to how well an ergonomic 
measure reduces the work demands and workload under ideal settings, while effectiveness 
is the reduction of work demands and workload in real practice.e.g.9 By assessing both the 
efficacy and effectiveness of ergonomic measures, a total picture of the effect of the 
ergonomic measure on the physical work demands and workload is given. In addition, 
with effectiveness studies, possible barriers for an optimal implementation are revealed.
A good example of the added value of both types of research towards the use of 
ergonomic measures is found in the studies of ironworkers in this thesis (Chapter 3.1 and 
3.2). The efficacy study on the biomechanical load of practice-based simulated 50-kg 
two-worker and 100-kg four-worker lifts showed that the biomechanical load was 
significantly lower for the 100-kg four-worker lifts than the 50-kg two-worker lifts. 
Estimations of the biomechanical load are influenced by a dynamic component of lifting,10 
which is not sufficiently measured through worksite observations.11 Assessing the work 
demands in terms of duration and frequency during simplified tasks in laboratory settings 
however, might lead to inaccurate findings compared to the same tasks in the field.12 In 
the effectiveness study, it was found in Chapter 3.1 that increasing the number of workers 
allowed to lift loads to more than two was not applicable, partly due to the narrow 
carrying routes on worksites.
 The narrow carrying routes on worksites, and the different applicability of the electrical 
screed levelling machines for floor layers, showed that, especially in the construction 
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industry, the use of ergonomic measures is largely determined by contextual factors, such 
as the worksite. Studies on effectiveness take these contextual factors into account when 
assessing the effect of the ergonomic measures. In addition, construction workers get 
experience with the ergonomic measures during their regular work in studies on 
effectiveness, which is important for their attitude towards using ergonomic measures. 

Implementation of ergonomic measures
Construction workers are open-minded about taking suggestions from people who are 
experienced in their trade.13 Therefore, the choice was made for a PE intervention where 
construction workers are involved in the implementation of ergonomic measures. 
Although PE approaches are advised for small- and medium enterprises in industrially 
developing countries rather than the top-down approach for implementation,e.g.14 
conflicting results of PE interventions are found in the literature.e.g.15-19 The research in this 
thesis into the guidance strategies of a PE intervention also found mixed results. Differences 
in the use of one cluster of ergonomic measures were in favour of the e-guidance strategy. 
By contrast, the process evaluation revealed that the intervention was delivered less 
compared to the face-to-face guidance strategy.
 The mixed results might be due to a flaw in the execution of the intervention.20  
Since two of the five companies implemented ergonomic measures without the entire 
guidance, it can be concluded that extensive guidance is not necessary for the implementation  
of ergonomic measures in every situation. A more tailored-based intervention for individual 
companies with elements of the PE intervention might be more beneficial for construction 
companies than a rigid PE intervention, as suggested in Chapter 4.2. The selection of the 
elements necessary is dependent on the needs of the construction company with respect  
to the implementation of ergonomic measures. In addition, which implementation strategy  
– informational, motivational, educational, organisational, facilitive, compulsory, or 
persuasive strategy21 – will be used must also fit the needs of the construction company.
 Another flaw identified by Cole et al.20 might be the intervention concept. As stated in 
the general introduction (Chapter 1), PE interventions take into account the involvement 
of all relevant stakeholders including individual construction workers. However, only rep-
resentatives of the workers in the steering committee were fully involved in the PE 
intervention. In around 80% of the studies into PE interventions, representatives of the 
workers were involved, while involvement of all workers was found in around 20% of the 
studies.22 The participatory nature of PE interventions might therefore be a subject of 
discussion. For the choice of ergonomic measures, the involvement of representatives of 
the workers might be sufficient. Regarding the implementation of ergonomic measures, 
the involvement of all workers seems necessary to at least get acquainted with the new 
ergonomic measures through training and test sessions. 
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METHODOLOGICAL CONSIDERATIONS

Selection of ergonomic measures
The evaluated ergonomic measures were selected from practice. Employers’ organisations 
in consultation with unions chose the ergonomic measures evaluated in this thesis. The 
choice for the ergonomic measures could therefore be based on political or economic 
reasons rather than the intention to reduce physical work demands or musculoskeletal 
complaints of the workers. It is likely that employers select ergonomic measures that will 
increase production. In addition, construction workers themselves use ergonomic 
measures that will cause the work to be done faster.23

 On the other hand, it was found by Jensen and Friche13 that construction workers are 
very sceptical about taking advice from academics. When ergonomic measures are 
advised by ergonomic consultants, researchers or other academics, support of these 
ergonomic measures by construction workers may be low because of the sceptical 
attitude of the workers. In contrast, the selection of ergonomic measures by employers’ 
organisations in consultation with unions can create support among the construction 
workers for the choice and use of the ergonomic measure. Therefore, this approach is seen 
as a strength of this thesis.

Reduction of musculoskeletal disorders
From a health perspective, the ultimate aim of the implementation of ergonomic measures 
in this thesis is the reduction of musculoskeletal complaints among construction workers. 
The question remains whether the implementation and use of ergonomic measures 
results in the reduction of musculoskeletal complaints among construction workers.
 Due to the latency in the development, musculoskeletal disorders were not assessed 
in this thesis, with the exception of the differences in musculoskeletal disorders between 
sand-cement bound screed floor layers and anhydrite bound screed floor layers on a 
cross-sectional level. The relation between work-related musculoskeletal disorders and 
physical work demands have been established in earlier studies.e.g.24 By comparing the 
physical work demands with evidence-based exposure criteria for the development of 
work-related musculoskeletal disorders,e.g.25 an inventory was made concerning which 
physical work demands were an increased risk for the development of work-related mus-
culoskeletal disorders in terms of duration, frequency and/or intensity of the physical work 
demands. We feel it therefore justified to use physical work demands as proxy for the risk 
of developing musculoskeletal disorders.
 To study the real effect of the use of ergonomic measures on the reduction of 
 musculoskeletal disorders, longitudinal research is necessary using larger study samples 
than were used in this thesis. However, the possible effect of ergonomic measures can 
also be assessed using quantitative health impact assessment.e.g.26-28 In health impact 
assessments, the data of observational and experimental studies might be used to predict 
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the potential impact fraction (PIF) of ergonomic measures.27 Based on this formula, using 
the manual electrical screed levelling machine in practice will reduce the prevalence of 
knee complaints among floor layers by 31% in the best scenario, from a prevalence of 20% 
found in Chapter 2.1 to 14%. As shown in the discussion of Chapter 2.2, working in a 
team of floor layers might affect the outcome and reduce the PIF of the manual electrical 
screed levelling machine, resulting in a lower reduction of the prevalence of knee 
complaints. The reduction of the prevalence of low back complaints among floor layers is 
expected to be less since the exposure to trunk flexion exceeded the exposure criteria.

Participatory ergonomic interventions
It is questionable whether PE interventions are as participatory as they appear to be since  
the involvement of individual construction workers was low in this thesis. Compared to 
other industries, the construction industry is complex. The complexity is found for 
instance in that construction workers frequently change their work locations and that a lot 
of companies and trades are involved during various building phases.23 As a result of this 
complexity, each of the worksites has its own contextual factors affecting the applicability 
of the ergonomic measures. Examples of contextual factors are time pressure due to 
delays in earlier building phases, and obstacles on carrying routes due to the diversity of 
trades working at the same time.
 It is difficult for stakeholders in the steering committees of the construction companies  
to change contextual factors. Suggestions from construction workers were to change the 
planning and organisation of the work, such as deliveries of materials should be planned 
at an early stage in the building phase.23 More specifically for the studies done in this 
thesis, residences should be free of inner walls so that the electrical screed levelling 
machines can be fully used, and carrying routes should be free of obstacles and wide 
enough to allow carrying to be performed by four persons. Collaboration with persons 
outside the companies is necessary to diminish these factors. Most of the time, such an 
collaboration was found to be a barrier for the implementation.29 When the persons 
responsible for planning the building phases are involved in the PE intervention to link the 
planning with the reduction of physical work demands,e.g.30 better results of the PE 
intervention might be expected due to the better applicability of ergonomic measures.
 However, it is also the question whether the PE intervention in itself is effective. Two 
companies successfully implemented ergonomic measures without the guidance of the 
ergonomic consultant, and therefore without the intervention itself. It was found that 
these companies made plans for implementing the ergonomic measures before the 
intervention started (Chapter 4.3), which is found to be a facilitator for the implementation 
of ergonomic measures.29

 The decision to implement ergonomic measures was made because the Dutch 
Labour Inspectorate has obligated the National Board of Employers in the Finishing Sector 
to reduce the physical work demands of sand-cement bound screed floor layers. Not 
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doing so would result in laying sand-cement bound screed floors being prohibited. Such 
an approach is in line with a compulsory strategy21 for the implementation of ergonomic 
measures. A compulsory approach from the Dutch Labour Inspectorate seemed to 
improve the implementation of ergonomic measures in refuse collecting.31

 Another strategy might be an educative one, with the focus on training experienced 
construction workers to use ergonomic measures.32 These experienced construction 
workers can than give training to other construction workers, and therefore improve the 
participatory part of a participatory ergonomic intervention. For the all implementation 
strategies, the physical work demands of trades in the construction industry must be 
assessed first to identify physical work demands posing a risk for the development of 
musculoskeletal disorders. 

RECOMMENDATIONS

Based on this thesis, the following recommendations for research and practice can be 
made:

For research
- Observational field studies and laboratory studies among trades in the construction 

industry remain necessary to gain insight into the efficacy and effectiveness of 
ergonomic measures before these ergonomic measures are implemented.

- To enable the communication of expected benefits on the reduction of musculoskeletal 
complaints, and perhaps therefore a reduction in costs due to sick leave, these studies 
must have at least a pre-post design to perform a health impact assessment of the 
ergonomic measures.

- Other implementation strategies such as a compulsory strategy could be beneficial for 
the implementation of ergonomic measures in the construction industry. The effect of 
these strategies needs to be studied.

- When performing a participative ergonomic intervention, the needs and expectations 
of different stakeholders concerning the use and implementation of ergonomic measures 
must be assessed in qualitative designs to produce tailored-based implementation 
programmes and guidance strategies.

For practice
- The suggested ergonomic measures on sector level must be evaluated on its effect and 

applicability before the implementation starts.
- Ergonomic consultants helping construction companies with the implementation of 

ergonomic measures are advised to first assess the needs and expectations of the 
construction companies regarding the implementation of ergonomic measures and 
then to select the proper elements of an appropriate implementation strategy.
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