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Abstract
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Musculoskeletal disorders are among the most prevalent causes of work-related ill-health, 
consequently risk assessments of hazardous factors related to these disorders are important for 
prevention. Occupational Health Services (OHS) providers are independent experts, supporting 
employers regarding work environment issues and rehabilitation. Ergonomists represents one of 
the professions within OHS, and risk assessment regarding musculoskeletal disorders is within 
the scope of their work tasks.

The overall objective was to explore Swedish ergonomists’ practices and approaches with 
risk assessments, in order to contribute new knowledge about how ergonomists’ work methods 
can be further developed to improve prevention of work-related musculoskeletal disorders.

Paper I explored the process of risk assessment assignments and the ergonomists’ use of 
observation-based risk-assessment tools. The result showed a lack of systematic approaches 
regarding risk assessment assignments and limited use and knowledge of observation-
based risk-assessment tools. In Paper II inter-observer and intra-observer reliability of risk 
assessments, without the use of an explicit observational method were assessed. The results 
showed a non-acceptable reliability. Paper III explored ergonomists experiences of an e-
learning concept for knowledge translation in the OHS context. The e-learning concept was 
considered as feasible. The knowledge translation inspired increased use of risk-assessment 
tools, changes in the risk assessment procedures, e.g. selection of tools, and employing 
a participatory approach. Paper IV described the development of a process model for 
occupational health surveillance for workers exposed to hand-intensive work (HIW-model), 
and the studies that will explore the model. Paper V explored company representatives’ 
experiences of the HIW-model, and factors which facilitated the execution of the model. The 
model contributed to increased risk awareness and understanding of how individual workers’ 
musculoskeletal ill-health relates to exposures in work. Facilitating factors were: a joint start-
up meeting in which the process was planned, clear communication, and clarity regarding the 
ownership of the process.

In conclusion, the findings showed that ergonomists’ expertise is needed in the entire risk 
management process and not only in the risk assessment phase. In this process, the ergonomists 
need to be active and take the expert role (which includes a stocked toolbox) and support 
the employer through the whole risk management process from initiation to evaluation of risk 
controlling measures.
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Preface 

I believe it was my father who aroused my interested in ergonomics, (even 
though none of us knew what ergonomics was). However, when I as a youth 
worked at his food company in the summers he made me aware of that if I 
used ergonomic aids, placed work objects in a certain way based on my phys-
ical preconditions (anthropometry) the work went more smoothly and it was 
less strenuous for the body. 

In my teenage years, my mother said to me; “I think it would suit you to be-
come a physiotherapist”. Of course, I, as a teenager did not agree. When I now 
look in the rearview mirror, (and have become a mother myself) I have real-
ized that mothers are always right… I became a physiotherapist.  

During my physiotherapist training I was introduced to the scientific discipline 
ergonomics. It was interesting! I wanted to work as an ergonomist! In 2008, I 
began working as an ergonomist/registered physiotherapist within an occupa-
tional health service (OHS) company. A fun job, in which I met a lot of people, 
organizations and, of course, a great variety of work environments. My inter-
est in research and development grew as I saw a need for the OHS to develop 
their work methods regarding primary preventive services, especially when it 
came to risk assessments.  

My PhD journey began in 2011, when I had the privilege to become a part-
time “Industrial PhD-student” through a unique collaboration between Sensia 
Occupational Health Services and the Unit of Ergonomics at KTH Royal In-
stitute of Technology. At that time KTH, in collaboration with Karolinska In-
stitutet, Uppsala University and the Swedish Environmental Research Institute 
(IVL), hosted the newly founded research program “Future occupational 
health services – research for continuous evaluation, learning and improve-
ment”. The reason for starting the program was simply that research about 
Swedish OHS was scant. Already in 2003 it was pointed out in an investiga-
tion by the government (SOU, 2004:113) that the OHS did not meet the ex-
pectations as an independent expert with competence to identify and describe 
relationships between the working environment, organization, productivity 
and health. Furthermore, evaluations and research about benefits and effects 
of OHS services were lacking. The overall aim of the program was to support 
the development of an effective and efficient OHS through scientifically based 



 

research for continuous evaluation, learning and improvements. Several re-
search project were part of the program.  

During the time at KTH my (then) supervisor professor Jörgen Eklund intro-
duced me to ergonomics research and by guidance of my, at that time co-su-
pervisor, PhD Teresia Nyman, I became a part in the “OBS-project” led by 
professor Mikael Forsman, who also became my co-supervisor. The OBS-pro-
ject was one of the many projects in the overall research program. This project 
became the starting point for my thesis, as I had the opportunity to explore 
ergonomics risk assessments tools as well as ergonomists’ work with risk as-
sessment closer. My contract with KTH led to a licentiate exam, but of course 
I wanted to go for more.  

My mentor and “armour-bearer” through all these years, Teresia Nyman, 
started working at the Occupational and Environmental Medicine clinic in 
Uppsala. In 2016, the Swedish Work Environment Authority granted her a 
research project regarding occupational health surveillance targeting hand in-
tensive work. This project suited well with my research area and I could get 
on board. Moreover, my supervisor team was expanded as I got two new co-
supervisors; professor Magnus Svartengren and PhD Therese Hellman. The 
project enabled me to go for the final goal of my research education, a PhD 
exam. The project supplemented my research with information from company 
representative’s perspectives regarding collaboration with the OHS and gave 
an opportunity to broaden my research by exploring the other side of the coin.  

Now, finally, I am about to reach the PhD-degree destination. The journey 
began about nine years ago, a journey filled with so much feelings, mostly joy 
but also frustration. I have learned a lot; from supervisors, colleagues, re-
searchers and study participants and I am so grateful for it all. It is important 
to me that I can contribute with new knowledge that can be practically appli-
cable, and promote primary prevention for better and healthier work environ-
ments. I hope this thesis will have some impact on those issues.  

 

Sala, June 2020 

Kristina Eliasson 
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Abbreviations and glossary of terms 

AFS The Swedish Work Environment Authority's 
Statute Book, Abbreviation for Arbetsmiljöver-
kets författningssamling.   

Client company Refers to different companies in various sectors 
that are clients to OHS providers 

HIW-model  Hand-Intensive Work model, refers to a process 
model for occupational health surveillance for 
workers exposed to hand-intensive work 

HTO Human Technology Organization, refers to a 
system perspective of work, in which the human 
activities interacts with the technology and or-
ganization.  

KIM Key Indicator Method, is an observational-
based risk assessment tool. 

NIOSH-LE NIOSH lifting equation, is an observational-
based risk assessment tool. 

OBRATs  Observational-Based Risk Assessment Tools, 
protocols used to guide the observer in the ex-
posure and risk assessment.  

OCRA Occupational Repetitive Actions, is an observa-
tional-based risk assessment tool. 

OHS Occupational Health Service, refers to providers 
of services in the domains of the work environ-
ment, health promotion and rehabilitation. 

OHSM  Occupational Health and Safety Management, 
refers to systematic work environment man-
agement which involve identification, analysis 
and measures for risk controlling. 

OWAS  Ovako Working Posture Assessment System, is 
an observational-based risk assessment tool. 

REBA Rapid Entire Body Assessment, is an observa-
tional-based risk assessment tool. 

RPT  Registered Physiotherapist 
RULA  Rapid Upper-Limb Assessment, is an observa-

tional-based risk assessment tool. 
SWEA   Swedish Work Environment Authority  
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Introduction 

The introduction will begin with a presentation of the author’s description of 
the overall focus of this thesis. In the following sections, the reader will be 
introduced to the burden of musculoskeletal disorders, which constitutes the 
underlying incitement to strive for effective prevention. Furthermore, the legal 
frames and the responsibilities of the different parties are presented.    

The focus of this thesis  
Hence, the sages did not treat those who were already ill; they instructed those 
who were not yet ill. To administer medicines to diseases which have already 
developed and to suppress revolts which have already developed is comparable 
to the behavior of those who begin to dig a well after they have become thirsty, 
and of those who begin to cast weapons after they have already engaged in 
battle. 

The Yellow Emperor of China, Huang Di, 1500-1040 B.C.  

As emphasized in the old statement above, preventive actions have, since mil-
lennia back, been considered as very important. In short, prevention being bet-
ter than curative actions (Elgstrand & Petersson, 2009).  

The core in this thesis is about prevention. About prevention of musculoskel-
etal disorders. About prevention of work-related musculoskeletal disorders. 
Prevention refers to doing different activities in order to impede the develop-
ment of injuries or diseases. Prevention can include a wide range of activities. 
Activities aimed for the individual, for society (health promotion), and/or ac-
tivities for work environments. As this thesis is about the prevention of work-
related musculoskeletal disorders, it is thus focused on activities in the work 
environment that target prevention of musculoskeletal disorders. Such activi-
ties are risk assessments. The risk assessments provide a base for how to target 
risk controlling activities in order to reduce the risk of developing musculo-
skeletal disorders. 

In the endeavor to prevent work-related musculoskeletal disorders, ergonom-
ics professionals are key players. Ergonomists are experts in how exposure in 
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the work environment affects the human body. Risk assessment and the pre-
vention of musculoskeletal disorders are among the main issues of the profes-
sion. This thesis will explore how Swedish ergonomists employed within oc-
cupational health service (OHS) work with exposure and risk assessment.  

The burden of work-related musculoskeletal disorders 
Musculoskeletal disorders are the most prevalent cause of ill-health related to 
the work environment in European union (de Kok et al., 2019). In Sweden, 
musculoskeletal disorders were, in 2018, reported to be the second most com-
mon cause of work related ill-health (Arbetsmiljöverket, 2018). Musculoskel-
etal disorders affect both the individual’s health and work performance. For 
the individual, musculoskeletal disorders can result in sick leave and limita-
tions in carrying out daily life activities. The work is affected, for example, by 
employees having sick leave or working while sick/affected by the musculo-
skeletal disorders (presenteeism), and all of this can cause productivity and 
quality loss (de Kok et al., 2019). The economic burden of musculoskeletal 
disorders is hard to calculate, and several factors need to be considered. The 
costs consist of direct costs, i.e., related to medical care, treatment, rehabilita-
tion, and indirect cost, i.e., costs relating to lost productivity, staff turnover, 
and intangible costs, which include i.e., psychological burden, and economic 
hardship (Bevan, 2015; Hansson & Hansson, 2005; Liwing et al., 2009; 
Strömberg et al., 2017; WHO, 2003). An estimation of the total cost of lost 
productivity attributed to work-related musculoskeletal disorders among peo-
ple of working age in the EU could be as high as 2% of the gross domestic 
product (Bevan, 2015).  
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Musculoskeletal disorders and affecting factors 
Several factors in the work environment are related to musculoskeletal disor-
ders in humans. Several frameworks have been published, describing the re-
lationship between workplace factors (or workplace hazards) and individual 
factors relevant for the development of musculoskeletal disorders (National 
Research Council, 2001; Macdonald, 2012; Westgaard & Winkel, 1996). Fig-
ure 1 is an example of such a framework that describes causative factors for 
the development of musculoskeletal disorders.  

 
Figure 1. A composite model of causation for risk of musculoskeletal disorders by 
Macdonald and Oakman (Macdonald, 2012; Macdonald & Oakman, 2015). Reprinted 
with permissions from the authors. 

Factors related to the individual can be characteristics such as physical condi-
tion, age, height, gender, work technique, etc. Workplace factors are related 
to physical loads (e.g., heavy lifting, repetitive motions, adverse posture); or-
ganizational factors (e.g., workloads, shifts); and the psychosocial context 
(e.g., organizational culture, roles, interpersonal relationships) (Macdonald & 
Evans, 2006). Factors related to the organization and the psychosocial context 
are often referred to together as psychosocial hazards (Oakman et al., 2014). 
It is hard to assess the relative influence on musculoskeletal disorders’ risk 
between psychosocial and physical hazards, but they should all be considered 
(Macdonald & Evans, 2006). Poor match between the workplace factors and 
the individual factors results in internal physiological responses, which can 
result in musculoskeletal disorders. In contrast, if those factors, the load at 
work and the capacity of the working person, are balanced, the individual re-
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sponse is sustained or improved health. As described in the framework, mus-
culoskeletal disorders are derived of the interaction between several factors. 
Consequently, preventive actions of work-related musculoskeletal disorders 
can target the work environment, by adapting the working conditions to the 
worker, or targeting the individual, by developing the capacity of the workers 
through e.g. training, treatment and/or vocational adjustment.  

Workplace factors associated with musculoskeletal disorders 
As described in the previous section, musculoskeletal disorders are multifac-
torial. Exposure of physical load (Fig. 1.) includes manual handling, forceful 
exertions, repetitive actions, static load, adverse postures, and vibrations. 
Manual handling can include work tasks requiring, for example, lifting, pull-
ing, pushing, carrying, and holding. Forceful exertions refer to when the work 
requires muscles to be contracted close to the maximum capabilities of the 
specific body part exerting the force. Manual handling and forceful work are 
related to neck and back pain (da Costa & Vieira, 2010; Palmer & Smedley, 
2007, SBU 2012, 2014), shoulder and elbow disorders (van der Molen et al., 
2017; van Rijn et al., 2009a, 2010, SBU 2012), and carpal tunnel syndrome 
(Palmer et al., 2007; van Rijn et al., 2009b). Repetitive actions refer to re-
peated movements and work cycles. Repetitive work is associated with neck 
pain, shoulder and elbow disorders, and carpal tunnel syndrome (Palmer et al., 
2007; van der Molen et al., 2017; van Rijn et al., 2009a, b, 2010, SBU 2012). 
Static load is when a posture is held continuously during an extended period 
of time, and related musculoskeletal disorders are neck pain and elbow disor-
ders (Palmer & Smedley, 2007; van Rijn et al., 2009a). Adverse postures are 
when the limbs and joints deviate significantly from their neutral position or 
postures that create large forced moments on the joints, e.g., working with 
elevated arms. Related musculoskeletal disorders are neck pain, back pain, 
and shoulder disorders (Ariëns et al., 2001; van der Molen et al., 2017; van 
Rijn et al., 2010). Vibrations are transferred to the body e.g., by the use of 
hand-held vibrating tools or through the seat or one’s feet from vehicles. Ex-
posure to hand-arm vibrations is related to carpal tunnel syndrome as well as 
vascular and neuropathic disorders of the hands and fingers (Nilsson et al., 
2016; Palmer et al., 2007; van Rijn et al., 2009b). Whole-body vibration is 
related to low back pain (Bovenzi, 1996; Bovenzi, 2006; Burström et al., 2014; 
Krajnak, 2018, SBU 2014).  

Exposure of psychosocial hazards includes e.g., role conflict, low job control, 
monotonous work, and lack of support, associated with increased employee 
strain, which in turn are related to musculoskeletal disorders in the wrist/hand, 
shoulders, and lower back (Eatough et al., 2012; Hauke et al., 2011; Lang et 
al., 2012; SBU, 2012, 2014).  
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Prerequisites in the prevention of musculoskeletal 
disorders 
This section will describe the contextual preconditions, which should have an 
impact on the prevention of work-related musculoskeletal disorders. One can 
imagine a “gameboard,” where the work environmental law and authorities 
constitute the board itself and the main players are the employers, in their role 
as responsible for the work environment, and Occupational Health Service, in 
their role as work environmental experts. Safety representatives, representing 
the workers’ rights and needs, are also important players in the game of pre-
vention. 

Work environmental legislation – the responsibility of the 
employer 
International and national legislations and regulations regarding the work en-
vironment are established to protect workers’ health. Following industrializa-
tion, regulations about both work and work environment have progressed over 
the decades. In Europe, the European Framework Directive (1989/391/EEC) 
established the principles for managing health and safety in workplaces. The 
directive is a framework and constitutes the minimum requirements of the 
work environmental legislation for the member states; however, member 
states might have more stringent legislation. The directive assigns the legal 
responsibility to employers to provide a healthy and safe work environment, 
and to prevent ill-health. Work environmental legislation is important for the 
prevention of work related disorders and accidents. Andersen et al (2019) re-
ported that both general and specific legislation are effective to improve the 
work environment and to reduce fatalities and injuries in general (Andersen et 
al., 2019). However, it is a major research gap regarding the legislation’s ef-
fects in reducing risk for musculoskeletal disorders (Andersen et al., 2019). 

In Sweden, the work environmental act (SFS, 1977:1160), together with pro-
visions (abbreviation for the provisions is AFS), describes and regulates how 
employers shall work with work environmental issues. The legislation is sup-
ported by control and sanctions; however, it is primarily based on the interest 
of those responsible and with participation of workers (Frick, 2014). The pro-
vision AFS 2001:1, describes and regulates the systematic work environment 
management. The employer is obliged to have a system for occupational 
health and safety management (OHSM), which includes to regularly investi-
gate working conditions and assess risk (Arbetsmiljöverket, 2001). If expo-
sures in the work environment are identified as risks for causing ill-health or 
accidents, those risks shall be managed and controlled to achieve a satisfactory 
work environment (Arbetsmiljöverket, 2001). The management and control to 
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prevent risks of ill health due to organizational and social conditions in the 
work environment is handled in AFS 2015:4 (Arbetsmiljöverket, 2015).  

The provision AFS 2012:2, describes and regulates work environmental haz-
ards and risk for musculoskeletal disorders (Arbetsmiljöverket, 2012). This 
provision emphasizes the risk assessment of hazards related to the onset of 
musculoskeletal disorders. Section 4, in the provision, determines that the em-
ployer shall investigate and assess if the physical load, either individually or 
in combination with other factors in the work environment, may entail the risk 
of injuries to the musculoskeletal system (Arbetsmiljöverket, 2012). Accord-
ingly, workloads shall be managed and controlled by reducing the exposure 
levels, in order to prevent ill-health and accidents and to achieve a satisfactory 
work environment (Arbetsmiljöverket, 2001, 2012, 2015).  

Periodic occupational health surveillance is a legislative approach for identi-
fying ill-health related to hazardous exposures at work. Occupational health 
surveillance refers to medical health checks, tailored to specific hazardous ex-
posures. They  are described in the provision AFS 2019:3 (Arbetsmiljöverket, 
2019). Medical health checks mainly serve the purpose of protecting the indi-
vidual worker, by early detection of ill-health, and/or restricting exposure for 
sensitive individuals (e.g. remove the individual from the work task) 
(Arbetsmiljöverket, 2005a, 2019). However, medical health checks can addi-
tionally serve as an indicator of hazardous work environments. They are there-
fore an important part of the OHSM. In Sweden, as in most European coun-
tries, medical health checks have historically targeted chemical or physical 
workplace exposures. Although musculoskeletal disorders are a major cause 
of sick leave and work disability in Sweden as well in Europe 
(Arbetsmiljöverket, 2018, 2018; Bevan et al., 2009; Försäkringskassan, 2011; 
Schneider et al., 2010), implementation of occupational medical health 
checks, which target exposures associated with an increased risk of develop-
ing musculoskeletal disorders, are lacking. However, in 2019, the Swedish 
Work Environment Authority (SWEA) introduced a specific occupational 
health surveillance which targets hand-intensive work (Arbetsmiljöverket, 
2019). 
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Work environmental legislation – the responsibility of 
Occupational Health Service  
An employer who lacks competence within OHSM are required to consult an 
external resource for expert assistance (Arbetsmiljöverket, 2001). This exper-
tise can be an OHS provider (or equivalent).  

The definition and the function of OHS providers, as well as the responsibility 
of the employer, are also described in the Work Environmental Act. The act 
states as follows:  

 
The OHS provider is an independent expert resource in the domains of the 
work environment and rehabilitation. The OHS provider shall in particular 
work for the prevention and elimination of health risks at workplaces, and shall 
have the competence to identify and describe connections between the working 
environment, organization, productivity and health.  

(SFS, 1977:1160, chapter 3, § 2c)  

Occupational Health Service in Sweden – expert resource for the 
employer  
Industrialization contributed to the development of the Swedish OHS. During 
the industrial revolution, new work-related health and safety problems arose. 
This resulted in a need to organize medical care adjacent to workplaces 
(Elgstrand & Petersson, 2009; Josefsson & Kindenberg, 2004). Initially, the 
focus was on health care and treatment.  

The modern OHS is a multi-professional organization. It was consolidated in 
the mid-1960s, when the OHS included both technical and medical expertise. 
Somewhat later, competence within behavior sciences and ergonomics were 
also included, and the OHS began to change focus from health care and treat-
ment to the prevention of work-related ill health.  

The establishment of OHS was based on national collective agreements be-
tween social partners in the labor market (Bohlin et al., 2007). During the 
1980s, the OHS sector in Sweden expanded rapidly, and about 75% of the 
employees had access to OHS. Between the years 1986 and 1992, the govern-
ment provided indirect funding to OHS providers. At the beginning of the 
1990s, the central collective agreement regulating OHS between the employ-
ers and the unions was terminated, and all economic subsidies from the state 
were withdrawn (Bohlin et al., 2007). According to the former collective 
agreement, all employers were obliged to provide OHS; after the termination, 
this was no longer mandatory (Bohlin et al., 2007; Josefsson & Kindenberg, 
2004). This resulted in a decline of the traditional model of Swedish OHS 
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during the late 20th century. Today, the Swedish OHS providers operates on 
the free market and they are among the least regulated OHS in Europe 
(Hämäläinen et al., 2001). Access to OHS varies between industry sectors and 
the size of companies. According to numbers from 2016, approximately 65% 
of Swedish employees have access to OHS through their employer (Sveriges 
Företagshälsor, 2016). This can be compared to France, the Netherlands, Fin-
land, Belgium, and Luxembourg, where 75–100% of the employees have ac-
cess to OHS (Hämäläinen et al., 2001). However, as stated in the Work Envi-
ronmental Act, “the employer shall be responsible for the availability of the 
occupational health services which the working conditions require” (SFS, 
1977:1160, chapter 3, § 2c).  

The “private external OHS” is the most common organizational form of OHS 
providers today having contracts several clients who pay for ordered services 
per hour or alternative per service assignment. A handful of large OHS pro-
viders are large corporations with OHS units nationwide, and are the main 
actors in the Swedish OHS market. The “in-house OHS” is another, much less 
common, organization of OHS.  It is an OHS unit or department that is incor-
porated into a larger company, industry, municipality or county council. In 
total, about 4,000 people are employed in the Swedish OHS sector. The pro-
fessions within OHS include nurses, which comprise about one-third of the 
OHS employees; behavioral scientists; physicians; ergonomists (most often 
with a background as registered physiotherapist); work environment engi-
neers; administrators; and others (Sveriges Företagshälsor, 2016).  

Schmidt el at. (2016) reported that the OHS do not fulfill their function as 
impartial OHSM experts. The employers do not use the OHS as an expert re-
source to prevent occupational health and safety risk. Instead, the services of-
ten focus on individual issues such as rehabilitation, curative services, and 
wellness activities (Schmidt et al., 2016; Schmidt & Sjöström, 2015).  
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Background and theoretical frameworks 

The following chapter presents background knowledge in the research area 
and theoretical concepts relevant for this thesis. 

Ergonomics 
This thesis is positioned within the scientific discipline of ergonomics. Ergo-
nomics is synonymous with human factors, but the term ergonomics is used 
throughout this thesis. Ergonomics is defined by the International Ergonomics 
Association as: 

 
Ergonomics (or human factors) is the scientific discipline concerned with the 
understanding of interactions among humans and other elements of a system, 
and the profession that applies theory, principles, data and methods to design 
in order to optimize human well-being and overall system performance. 

 (IEA, 2020)  

Dul et al. (2012) describe that the fundamental characteristics of ergonomics 
are:  
• systems approach,  
• focus on design, and 
• focus on two outcomes: performance and well-being 

The overarching systems approach in ergonomics refers to systems in which 
humans interact with the environment. Two types of systems are of primary 
interest: the work system, which consists of the human as a worker together 
with the work environment, and the product/service system, which consists of 
the human as a product user or person who receives a service and the environ-
ment in which the product is used or where the service is received (Dul et al., 
2012). The system in this thesis refers to the work system, in which people 
interact with, and are affected by, the surrounding work environment. The pri-
ority, in ergonomics, is to design environments to fit the needs of the human.  
If that not is possible, then training or selection of people to fit the environ-
ment can be considered (Dul et al., 2012). 
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The concept of Human Technology Organization  

The Human, Technology, and Organization concept (HTO) is a framework 
that focuses on the interactions between humans, technology, organizations 
and the environment in a work system. The HTO-concept can both be a phi-
losophy and be used as a way to regard work systems; furthermore, it is a 
methodology for analysis of work activities (Eklund, 2003). The HTO-model 
by Eklund (2003) is illustrated in Figure 2. The core in the model is the human 
work activities and how technology, organization, and environment interact 
and affect human work activities (Eklund, 2003). 

 
Figure 2. The Human-Technology-Organization framework by Eklund (2003). Re-
printed with permissions from the author. 

The HTO-concept, can be useful to ergonomists since it gives a holistic per-
spective of work and provides support for analysis of work activities. The con-
cept can also be regarded as a pedagogical tool since it facilitates communi-
cation with stakeholders (Karltun et al., 2017).  
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Participative ergonomics 
Participative ergonomics means to involve workers in developing and imple-
menting workplace changes that will improve productivity and reduce risks to 
safety and health (Burgess-Limerick, 2018). Interventions developed and ap-
plied by people involved in the work system, will more likely be appropriately 
designed and thus more widely accepted (Wilson et al., 2005). Interventions 
based on participatory approaches can target macro (organizational, systems) 
level as well as micro (individual) level. In the prevention of work-related 
musculoskeletal disorders, participatory approaches are often described as be-
ing successful (Karsh et al., 2001; Rivilis et al., 2008; Silverstein & Clark, 
2004). 

Ergonomics professionals – Ergonomists 
The International Ergonomics Association describes the role of ergonomics 
practitioners as follows:  

Practitioners of ergonomics and ergonomists contribute to the design and eval-
uation of tasks, jobs, products, environments and systems in order to make 
them compatible with the needs, abilities and limitations of people. 

 (IEA, 2020). 

The ergonomics discipline is broad, and there are several domains of special-
ization, such as physical ergonomics, cognitive ergonomics, and organiza-
tional ergonomics. Hence, the professional background of ergonomics profes-
sional or ergonomists can vary widely, from technical, or medical disciplines  
(Piegorsch et al., 2006) to the behavioral sciences. In Sweden, ergonomists 
employed in OHS usually have a background as a registered physiotherapist 
(RPT), with additional education in physical ergonomics.  

In Sweden, the title “ergonomist” is unprotected, meaning that anyone can use 
the title. However, the Swedish Association of Physiotherapists can grant 
RPTs the title “specialist in ergonomics.” The process includes an application 
and special requirements regarding, for example, education, research and 
practical experience in ergonomics (Fysioterpeuterna, 2020). Furthermore, in 
Europe, ergonomists can apply for the protected title “European Registered 
Ergonomist,” for which the minimum requirements include broad education 
in ergonomics at the university level and at least three years of practical expe-
rience and continuous development within the discipline. There is also a fee 
for the application and certification. In Europe, there are 404 “European Reg-
istered Ergonomists,” and in Sweden, 46 ergonomists are registered as Euro-
pean Ergonomists (CREE, 2019). The majority of those ergonomists are not 
employed within OHS providers; they are researchers, ergonomists within an 
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organization, etc. There is no information available on the number of physio-
therapists employed in the OHS, and consequently no information on how 
many who have further education in ergonomics (e-mail conversation with 
Sveriges Företagshälsor, 2020).  

The role of ergonomists within Swedish OHS 

The role of the Swedish OHS ergonomist is often complex, and the work can 
include, for example, treating patients, rehabilitation, health examinations, 
risk assessments, and education (Laring et al., 2007). An ergonomist navigates 
in several work systems, which affect the ergonomist’s role. First, the ergon-
omist is employed by the OHS provider, and his or her role is affected by the 
organization, for example, due to internal strategies and support (Eliasson, 
2017; Eliasson et al., 2015). Secondly, the ergonomist’s role and work are 
affected by the organization and management (the work systems) of the client 
company in which the ergonomist provides services. Figure 3 illustrate the 
ergonomist and his or her relational connections.  

Figure 3. Different relational connections of an ergonomist are illustrated. Those re-
lationships affect the work of the ergonomist. 
Within a client company, the ergonomist has relations at several levels, for 
example, with workers, union representatives, and managers. The ergono-
mist’s expert role within preventive work environmental services, such as 
risk- and exposure assessment and following risk controlling activities (which 
result in workplace changes), entails a variety of skills. Broberg and Hermund 
(2004) describe OHS practitioners as “political reflective navigators,” 
meaning that the OHS practitioner needs competence to pursue a work 
environmental agenda, be able to switch between different roles and different 
types of knowledge, and navigate in complex organizations (Broberg & 
Hermund, 2004). Ergonomists are described as being workplace change 
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agents, as they need to facilitate for changes to happen (Broberg, 2007). 
Williams and Haslam (2011) reported on the skills of ergonomists and 
concluded that ergonomists need to have both practical and theoretical 
knowledge; be able to take a holistic and systematic approach; be observant 
and perceptive; and have good communications skills (Williams & Haslam, 
2011). Berlin et al. (2016) describe that ergonomists need to use a variety of 
tactics to influence workplace changes. They might take on, for example, a 
guiding role, to act as an expert or facilitator to guide the change process, but 
they might also be able to take on a role as a translator between employees 
and managers or engineers (Berlin et al., 2016).  

Risk management process 
As described in the introduction, this thesis focuses on risk assessments for 
musculoskeletal disorders. Risk assessment is a part of an overall risk man-
agement process. The following section describes the phases included in the 
risk management process.  

The risk management process includes identification, assessment, control, and 
evaluation phases, which constitute the foundation in the employer’s OHSM. 
Figure 4 illustrates the overall risk management process in a work system. 

Figure 4. The figure illustrates the different phases included in the risk manage-
ment process. The dotted boxes give examples of methods to be used as support in 
the identification and evaluation phase. (With inspirations from Nunes & Simões-
Marques, (2012)). 
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Risk assessment 
Risk assessment includes the risk identification phase and the risk evaluation 
(analysis) phase. The identification of hazards refers to the collection of infor-
mation about problematic areas in the work environment, in order to get an 
overview (screening) of the work environment. Identification of hazards can 
be done by checklists, interviews, employee surveys, etc. Information from 
different management systems within a company, for example, from deviation 
reporting, safety observations, incident and accident reporting, and from sick-
ness absence reporting systems, can also provide information about work en-
vironmental hazards and which workplace areas that require a deeper identi-
fication and quantification of exposure (Yazdani, 2015). Identification of risk 
is when the information from the hazard identification is condensed; the key 
factors (exposures) of the hazard are highlighted, the exposure is quantified 
and risk level determined (Haslegrave & Corlett, 2005). To quantify risk, dif-
ferent risk assessment tools can be used. The law has determined exposure 
limits for some work environmental exposures, e.g., vibrations 
(Arbetsmiljöverket, 2005b), and there are guidelines suggesting threshold lim-
its of exposure-response relationships for occupational physical exposures re-
garding risk for musculoskeletal disorders in the neck and upper extremities 
(Balogh et al., 2019; Yung et al., 2019).  

The total risk assessment is when identified risks and quantified exposures are 
evaluated as acceptable or unacceptable risk. In the total risk assessment, sev-
eral variables are evaluated together and potential consequences of the risks 
are considered. In this phase, quantification of exposure, as well as expert 
knowledge of the risk consequences affecting the human in the system, are 
needed. If the risk is determined as unacceptable, actions shall be taken to 
control the risk. If the risk is acceptable, a new risk assessment shall be done 
if any changes in the work environment are planned.  

Risk control 
Risk controlling measures can target all of the different components (human, 
technology, organization (fig. 2)) in the work system. Controlling measures 
should be done in a hierarchical order. Highest priority is given to actions that 
eliminate or at least reduce the severity of hazards, and lowest priority is given 
to activities with different protection measures (ILO, 2001).  

The International Labour Organization (ILO-OSH, 2001, section 3.10.1.1) 
specifies the hierarchy as: (1) eliminate the hazard/risk; (2) control the haz-
ard/risk at the source, through the use of engineering controls or organizational 
measures; (3) minimize the hazard/risk by the design of safe work systems, 
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which include administrative control measures; and (4) where residual haz-
ards/risks cannot be controlled by collective measures, the employer should 
provide for appropriate personal protective equipment. The hierarchy only 
needs to be followed as far as it is reasonably practicable.  

At the top of the risk controlling hierarchy regarding prevention of musculo-
skeletal disorders are actions for the re-design of work e.g., changing the 
workplace layout, organization of work, and/or technical aids. Information 
and training geared towards workers, to modify behavior are examples of ac-
tions which are at the bottom of the risk controlling hierarchy (Oakman et al., 
2018). 

Risk assessments regarding musculoskeletal disorders 
This section will delve into exposure assessment as a core element in risk as-
sessment and give an overview of how ergonomists work with exposure and 
risk assessments. 

Exposure assessments aim to quantify hazards and form the basis of risk as-
sessment. The dose of the exposure, and its effects on the human, needs to be 
quantified by calculating its: amplitude, repetitiveness, and duration (Winkel 
& Mathiassen, 1994).  A variety of techniques and tools can be used for ex-
posure assessment.  The choice of tools depends on what kind of work de-
mands that are in focus for the assessment. Takala et al. (2010) describe four 
criteria to select a tool: I) the aim of the usage, II) the characteristics of the 
work to be assessed, III) the individual(s) who will use the tool, and IV) the 
available resources for the collection and analysis of data (Takala et al., 2010). 
Use of several techniques and tools might be required to make an accurate 
assessment.  

Tools for exposure and risk assessment 
Assessment can be done by using direct technical measurements tools. Such 
tools include inclinometry, heart rate monitors, accelerometers, dynamome-
ters, and electromyography (David, 2005; Neumann, 2007).  Direct measure-
ments have mostly been used by researchers, as those tools have been expen-
sive to purchase and requires trained technical staff for the data analyses 
(David, 2005). In recent years feasible and efficient direct measurement 
tools for practitioners have been developed rapidly. One example is the 
smartphone application ”ErgoArmMeter”, which is a inclinometer applica-
tion for the assessment of upper arm postures and movements at work 
(Yang et al., 2017). However, assessment can also be done by using observa-
tional-based risk assessment tools (OBRATs) (David, 2005; Neumann, 2007; 
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Takala et al., 2010). Observational-based risk assessment tools are described 
as useful for ergonomics practitioners because they are time-efficient, flexible, 
and considered to be less costly compared with technical measurement tools 
(Chiasson et al., 2012; David, 2005). They can cover multiple factors and pro-
vide risk evaluation in a systematic approach (Lind, 2017). This makes them 
suitable for OHS ergonomists since assignments often have time constraints 
imposed by the client. Observational-based observation tools are often illus-
trative, using a traffic-light (green-yellow-red) system for different risk levels. 
The OBRATs are based on different calculations for the risk level. Calcula-
tions often include the intensity (force), repetition, and duration of the expo-
sure, providing the dose which represents a risk level.  

Ergonomists’ usage of observational-based risk assessment tools 
The use of OBRATs among ergonomists is noted and described in some in-
ternational studies (Dempsey et al., 2018; Dempsey et al., 2005; Diego-Mas 
et al., 2015; Pascual & Naqvi, 2008; Wells et al., 2013). These studies indicate 
that the ergonomists use a variety of OBRATs: OBRATs that target lifting, 
NIOSH-LE (Waters et al., 1993) , and tools targeting posture and manual han-
dling, such as RULA/REBA (Hignett & McAtamney, 2000; McAtamney & 
Corlett, 1993), OWAS (Karhu et al., 1977), and psychophysical manual han-
dling tables developed by Snook and Ciriello  (1991). Information about the 
use of OBRATs among Swedish ergonomists is limited.  A study by Anderson 
et al (2006), which included only 21 respondents, reported that the models 
from the provision on physical ergonomics provision AFS 1998:1 was the 
most commonly used tool (Andersson et al., 2006). Compared with the inter-
national studies, Laring et al. (2007) reported that the Swedish ergonomists 
(with physiotherapist training) work in a more individual or “patient”-focused 
way, and most of their assessments were done with simpler tools, such as AFS 
1998:1 (Arbetsmiljöverket, 1998). In-depth quantification tools were less 
used.  

The professional background, and the context surrounding the ergonomist, 
may affect that ergonomists having different experiences and needs within the 
ergonomics field. The context in this thesis is Swedish OHS employed ergon-
omists, and almost all OHS ergonomists in Sweden have a background in 
medical sciences as registered physiotherapists.  
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The rationale of this thesis 
Worldwide, there are legislations and regulations regarding the work environ-
ment and how risks should be managed. Thanks to etiological and epidemio-
logical studies, there is substantial knowledge on the associations between 
musculoskeletal disorders and different workplace exposure. This has resulted 
in the development of a wide variety of screening and risk assessment tools. 
Approaches for risk assessment have been described and developed (Oakman 
& Macdonald, 2019; Yazdani et al., 2018). Ergonomists within occupational 
health service are experts within the field of musculoskeletal disorders and 
play an important role in the prevention of musculoskeletal disorders. How-
ever, knowledge concerning how OHS ergonomists take on risk assessment 
assignments, use risk assessment tools, and support the client companies in 
the risk management process is lacking. Hopefully, this thesis will contribute 
with new knowledge to fill that gap. 
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Aim 

The overall objective of this thesis is to explore Swedish ergonomists’ practice 
and approaches with risk assessments. The goal is to contribute new 
knowledge about how ergonomists’ work methods can be further developed 
to improve prevention of work-related musculoskeletal disorders. 

The specific aims of the studies included in this thesis were: 

• To explore the process of risk assessment assignments and to identify fac-
tors influencing the use of research-based observation-based risk-assess-
ment tools among Swedish OHS ergonomists.

• To investigate the inter-observer and intra-observer reliability of risk as-
sessments performed by ergonomists, without the use of an explicit ob-
servational method.

• To explore how the ergonomists that participated in a research project,
which included an e-learning program in risk assessment training, experi-
enced the e-learning concept as a tool for knowledge translation in the
OHS-ergonomists context. Furthermore, to explore which, if any, impact
the knowledge translation had regarding the ergonomists’ work with risk
assessments.

• To describe the development of a process model for occupational health
surveillance for workers exposed to hand-intensive work, and to describe
the research project and the studies that will explore the model.

• First, to explore and describe how company representatives experience
the feasibility and values of a newly developed process model which in-
terconnects exposure assessments with medical health checks for workers
exposed to hand-intensive work; second, to explore which factors facili-
tate the execution of the model.
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Methods 

The following chapter presents the research approach in the including papers. 
Descriptions of study design, participants, study settings, data collection 
methods, analysis approaches, and ethical considerations are presented.  

Research approach 
The intention with this thesis is to reach a deeper knowledge about the OHS 
ergonomists’ work with exposure assessments and their role in the company’s 
risk assessment process. Knowledge gained from the research should be used 
to develop ergonomists’ risk assessment processes. In order to meet this goal, 
an overall exploratory research approach was applied. Knowledge regarding 
both the what and how in the ergonomists’ work was explored. An exploratory 
research approach is often used when there is limited knowledge and research 
in an area, and the approach can help to formulate more precise questions or 
develop theories (Patton, 2014). The choice of data collection methods should 
always be decided by the research question. In the studies comprising this the-
sis, a combination of qualitative and quantitative data collection methods in-
cluding questionnaires, interviews, and inter- and intra-observer reliability 
testing were used. Use of multiple methods is a triangulation strategy, which 
can help to achieve a deeper understanding (Patton, 1999; Patton, 2014).  

Paper I explores the ergonomists’ work with exposure assessment assign-
ments, regarding both the prerequisites for assignments as well as the ergon-
omists’ exposure assessment work processes. The study also describes the use 
of observation-based risk-assessment tools (OBRATs) among Swedish OHS 
ergonomists. Followed by the results in Paper I, Paper II evaluates the relia-
bility of risk assessments performed by ergonomists without the use of an ex-
plicit observational method for the risk assessment. The following Paper III 
was designed to explore what happens with ergonomists’ risk assessments 
when ergonomists participate in extensive risk assessment training. Papers II 
and III were sub-studies in a larger research project, which included a relia-
bility study of six OBRATs for risk assessment of repetitive and hand-inten-
sive work (Forsman et al., 2015).  
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In Papers IV–V, the focus shifts from the ergonomists; instead, the focus is on 
outer contextual factors that impact the ergonomists’ work with exposure as-
sessment, such as legislation and client companies.  

Paper IV, which is a study protocol, describes the development of a model for 
occupational health surveillance for workers exposed to hand-intensive work 
(HIW-model). The development was based on an iterative process, with a par-
ticipatory approach involving different stakeholders in order to create a model 
that was suitable and sustainable in different contexts. The development pro-
cess (knowledge creation) and exploration of the model (knowledge applica-
tion), was inspired by “The Knowledge to Action framework” described by 
Graham et al. (2006). Furthermore, Paper IV includes the description of the 
studies designed to explore the HIW-model. One of those studies constitutes 
the study presented in Paper V. That study explores how company represent-
atives experience the HIW-model, and which factors facilitate the execution 
of the model. Exploring client companies’ perspectives, regarding expecta-
tions and experiences of collaboration with ergonomists in risk assessment 
processes, is imperative to gain an understanding of factors that are important 
to consider in the development of ergonomist’ role in a risk assessment pro-
cess.  

Table 1 shows an overview of the research design and methods used in the 
included papers.  
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Table 1. An overview of the included papers. 

Paper I Paper II Paper III Paper IV Paper V 

Design & 
research 

approach 

Cross- 
sectional 

Exploratory  

Inter- and  
intra- 
observer  
reliability 

Exploratory Study  
Protocol 

Description of 
participatory 
development 
process 

Exploratory 

Data  
collection 
methods 

Web-based 
questionnaire 

Semi- 
structured  
interviews 
(individual) 

Test-retest  
of risk  
assessments 

Semi- 
structured 
interviews 
(individual & 
focus groups) 

Interviews  

Workshops 

Semi- 
structured 
interviews 
(individual & 
focus groups) 

Methods of  
analysis 

Qualitative 
content  
analysis 

Descriptive 
statistics 

Inferential  
statistics 

Proportional 
agreement 

Kappa  
calculations 

Intraclass  
correlation 

Qualitative 
content  
analysis 

- Qualitative
content
analysis

Participants 
Purposeful sampling strategy was applied in this thesis. This means that par-
ticipants are selected based on their knowledge/experiences, in accordance 
with the inquiry being investigated in the study (Patton, 2014). The partici-
pants in the studies are mainly ergonomists, employed by an external or in-
house OHS provider. Different company representatives are sampled as par-
ticipants in study V in order to gain understanding and knowledge of com-
pany representatives’ perspectives on collaboration with ergonomists in a 
risk assessment process. An overview of the study participants is presented 
in Table 2.  
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Table 2. Participants’ characteristics 

Paper I Paper II Paper III Paper V 

Web-based 
survey 

Interviews Reliability 
test 

Interviews Interviews 

Type of  
participants 

Ergonomists Ergonomists Ergonomists Ergonomists Company 
representa-

tives 

Number of 
participants 

70 12 21 12 (baseline) 
 8 (follow up) 

36 

Mean age 
(min-max) 

50 
(26-67) 

50 
(36-65) 

51 
(40-64) 

49 
(39–55) 

44 
(27-64) 

Number of 
women/men 

57/13 9/3 20/1 12/0 12/24 

Mean years 
of work  

experience  
(min-max) 

14* 
(2-38) 

15* 
(4-25) 

14* 
(4-26) 

13* 
(4-26) 

10** 
(1-34) 

* Refers to work experience in ergonomics.
**Refers to work experience in current role (Represents work experiences from different types
of managers and safety representatives).

Paper I  
The study resulting in paper I included 70 ergonomists who were members of 
the Ergonomic Section of the Swedish Association of Physiotherapists. The 
total number of members was 598 in 2012. All members were approached to 
participate in the study by answering a web survey. However, only 251 ergon-
omists opened the newsletter and 107 (43%) completed the questionnaire. Af-
ter applying the inclusion criteria, which were that the ergonomists should be 
employed by an OHS provider and have conducted risk assessments ≥1 
time/year, the study group consisted of 70 (28%) ergonomists. In the qualita-
tive interviews, twelve ergonomists, who were not a subsample from the sur-
vey, participated. The twelve interviewed ergonomists were recruited exclu-
sively for the interviews. The inclusion criteria for the questionnaire sample 
were the same, in that the ergonomist should be employed by an OHS provider 
and have experience of risk assessment. The participating ergonomists worked 
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in eight different OHS providers. Three ergonomists were employed by the 
same in-house OHS department. However, they worked in different produc-
tion plants. The remaining nine ergonomists were employed in privately 
owned OHS companies. Those were situated in seven different regions in the 
southern and central parts of Sweden.  

Paper II and Paper III 
The sample in paper II comprised 21 OHS employed ergonomists. All had at 
least one year of experience as an OHS ergonomist and experience of risk 
assessments. They were recruited through contact with different OHS provid-
ers and through social media posts targeting members of the Swedish Ergon-
omist and Human Factors Society. They all represented different OHS provid-
ers. Twelve of the ergonomists recruited for participation in paper II also par-
ticipated in the e-learning program, which is presented in paper III. All twelve 
were contacted to participate in the follow-up four years after the intervention. 
Eight ergonomists participated, while four ergonomists dropped out because 
they no longer worked with risk assessments. 

Paper IV 
Paper IV is a study protocol that describes the development of the HIW-model 
as well as the designs of the sub-studies exploring the model. Participants in-
volved in the development process were ten experienced ergonomists and 16 
different stakeholders, (e.g. experts in work environment and occupational 
health, and representatives from trade organizations and trade unions such as 
the trade and commerce sector, metal industry, and the engineering industry). 
The sampling strategy for Paper V is also described in this paper.  

Paper V 
The study included 36 company representatives from ten companies with 
workers exposed to hand-intensive work. The intention was to include a het-
erogeneous group of companies (both in terms of geography and size) from 
different sectors with hand-intensive work. The ten companies were located 
in the northern, middle, and southern regions of Sweden. The following sec-
tors were represented: Assembly (4) (e.g., truck components, technology 
products, automation); Painting (1); Cleaning (1); Food handling (1); Dental 
Technology (1); Foundry (1) (manual material handling, grinding); and Dairy 
(1) (goods handling). The companies were small (n=2, <50 employees), me-
dium (n=4, >50 employees), and large (n=4, >250 employees). Each company
independently formed a project group, consisting of company representatives.
The participants in the project group were self-selected, based on precondi-
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tions and organizations in each included company. Each company could de-
cide on their own which and how many representatives they wanted to involve 
in the project. However, they were informed that at least a manager with re-
sponsibility for the work environment and a safety representative (who repre-
sented the workers), should be participating in the project group. The partici-
pants in these project groups constituted the study participants in paper V. The 
participants were, in total, 36 company representatives. Twenty-six partici-
pants (16 men, 10 women) had a role at the managerial level, and ten (8 men, 
2 women) were safety representatives.  

Study Settings 
A study setting describes the study context and can be seen as to the physical, 
social, and cultural site in which the researcher conducts the study. In qualita-
tive research the researcher often studies the participants in their natural set-
ting, without manipulation. In quantitative research the researcher attempt to 
control the conditions of the study setting, e.g., by use of experimental settings 
and control groups (Given, 2008).  

Paper I – Natural setting 
The participants were studied based on their natural work setting, which 
means the participants answered to the questionnaire and interviews according 
to their own work situation in OHS.  

Paper II – Experimental reliability test of risk assessments 
The participants were studied in an experimental and standardized setting in 
which 21 ergonomists executed risk assessments. The test procedure required 
them to watch video recordings of ten different work tasks. They were given 
complementary information about each work task, such as duration of work 
task during the work day, break schedules, weights of handled goods, other 
physical factors, and ratings of discomfort on Borg’s CR10-scale (Borg, 
1998), work demands, and control. The video-recorded work task covered dif-
ferent types of repetitive work from different job sectors: grocery store work, 
meat cutting, industrial assembly, cleaning, post sorting, and hairdressing. To 
provide as natural an observational view of the worker as possible, each work 
task was recorded with two to four video cameras. The different views were 
synchronized into one video consisting of multiple frames with a close-up on 
the hand and wrist movements.  
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Paper III – E-learning program in risk assessment and 
observational-based risk assessment tools  
The ergonomists in paper III participated in a theoretical and practical e-learn-
ing program. The program was designed as a six-week self-paced course and 
encompassed:  
1. A pre-recorded lecture about the risk assessment process,
2. Pre-recorded instructional videos for six selected OBRATs,
3. Self-supported training using a video library of different work tasks.

The risk assessment lecture included descriptions of the planning and risk as-
sessment phases. The planning phase was presented as a phase that could in-
clude visits to the workplace and meetings with stakeholders to plan the as-
sessment. The presentation of the risk assessment phase included a description 
of how the use of risk assessment tools, such as OBRATs, can be applied to 
describe and quantify exposures, and how to consider the risk level as accepta-
ble or not.  

The six selected OBRATs were described in the pre-recorded instructional 
videos. Each tool was exemplified with a “walk-through” risk assessment, in 
which the OBRAT was applied to various work tasks.  

In the self-supported training, the ergonomists could use a video library with 
film clips (two to six minutes) of different work tasks. Several of the work 
task film clips displayed three synchronized camera angles. Each film was 
accompanied by written information about the work task, e.g., daily exposure 
time with the task, breaks, weights of handled goods, ratings of force exertion, 
discomfort, and work demands. The manuals and the protocols for all six 
OBRATs were available for download on the e-learning platform.  

During an initial self-paced e-learning period of three-weeks, the ergonomists 
trained using three of the OBRATs. Thereafter, they returned for an on-site 
training session, where they conducted risk assessments of ten new video-rec-
orded work tasks, using each of the three OBRATs. The complete procedure 
was repeated for the remaining three tools.  

Paper IV – “Knowledge creation” - Development of a process 
model for occupational health surveillance for workers exposed to 
hand-intensive work 
The development, or knowledge creation, of the process model for occupa-
tional health surveillance for workers exposed to hand-intensive work (HIW-
model) can be considered to constitute the study setting in Paper IV.  
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The development was inspired by principles for knowledge creation. Graham 
and colleagues (2006) have developed a framework called the knowledge-to-
action (KTA) framework (Graham et al., 2006). The KTA framework has two 
components: the Knowledge Creation and the Action Cycle. The knowledge 
creation guides the process for the production of knowledge. In the knowledge 
creation process knowledge is being more distilled and refined throughout the 
process (Graham et al., 2006; Rycroft-Malone & Bucknall, 2010). In collabo-
ration with different experts and stakeholders the HIW-model was developed 
in an iterative process. The aim with the collaboration is to create knowledge 
that results in a product or tool (in this case a process model) that will be useful 
for the end user/stakeholders, in order to close the gaps between research and 
practice (Straus et al., 2009). The HIW-model is illustrated in Figure 5.  

Paper V – “Action” – Test of the HIW-model 
The study setting was to test the HIW-model (Fig. 5) in ten different compa-
nies, in their respective physical, social, and cultural contexts. This was done 
by a project group, consisting of company representatives from each company 
(e.g., first line manager, health-, safety- and environment manager, safety rep-
resentative), and complemented with the ergonomist from the company´s con-
tracted OHS provider. 

The study process began with a start-up meeting for the participating company 
representatives and their ergonomists. In the meeting, the HIW-model (Fig. 5) 
was presented to the participants. They were also given a brief lecture regard-
ing the components in the HIW-model. The components were thoroughly ex-
plained and examples were given regarding how to execute the different 
phases. For example, examples of methods and tools for execution were pre-
sented. 
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The HIW-model 

Figure 5. The model for occupational health surveillance for workers exposed to 
hand-intensive work (HIW-model). 

The HIW-model comprises different components: 

Identification of hand-intensive work is the initial component. The identifica-
tion aims to crudely identify whether the workers at the company are exposed 
to hand-intensive work or not. It is intended to be performed by company rep-
resentatives, for example, a manager together with a safety representative, and 
should render an answer to the question: Are the workers exposed to hand-
intensive work for more than four hours/day? Yes or No. If the identification 
reveals that there are workers exposed to hand-intensive work for more than 
four hours/day, the analysis progresses to the next component in the model. 

The exposure assessment of work: For the execution of this component of the 
model, more in-depth knowledge in ergonomics is required. The assessment 
should take into account the duration, the frequency, and the intensity of the 
exposure. Based on the characteristics of the work/work tasks, suitable meth-
ods for exposure assessment should be used, which may encompass OBRATs, 
and/or direct technical measurements in different combinations. Ultimately, 
the assessment should give an estimation of the dose of the exposure. If the 
results of the assessment disclose that a reduction of exposure is needed, ac-
tions should be initiated as part of the periodical risk management process. 
However, if the exposures cannot be reduced to an acceptable level, then ex-
posed workers should, as a second action, be offered medical health checks. 
The purpose of this medical health check should be early detection of symp-
toms indicating risk for musculoskeletal disorders.  
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The medical health check is intended to reveal additional information as to 
whether the hazardous exposure is associated with any ill health and encom-
passes the following three parts: (1) Screening which first involve an overall 
screening for musculoskeletal symptoms and prior ill-health in exposed work-
ers. Workers with positive findings are offered a clinical examination of 
hands, arms, shoulders, and neck. (2) Assessment of if and how the exposures 
(assessed in the earlier step) are associated with positive findings of musculo-
skeletal symptoms in exposed workers, and (3) feedback to the employer.  

The person executing the exposure assessment and medical health checks shall 
have competence in work environmental issues, exposure assessment, clinical 
examination of the musculoskeletal system, and assessing whether the hand-
intensive work can cause problems in the neck, shoulder, arm, or hand. 

The results of the exposure assessment and the medical health check together 
constitute a comprehensive picture of if and how the exposure to hand-inten-
sive work is related to the workers’ musculoskeletal health. Based on the re-
sults from both the exposure assessment and the medical health checks, expo-
sure reducing actions should be initiated. Thereafter, those actions should be 
controlled and monitored according to the periodical risk management pro-
cess. For those individuals where musculoskeletal symptoms are found, they 
will be referred to further clinical examinations, treatment and/or rehabilita-
tion.  



47

Data collection methods 
The different data collection methods used in the papers comprising this thesis 
are described below. The time of data collection was as follows: Paper I - 
during 2012; Paper II - during 2014–2015; Paper III - during 2018; Paper V - 
collected during 2018–2019.  

Questionnaires  
A web-based questionnaire was used to explore the use of OBRATs among 
Swedish OHS ergonomists. The questions concerned the ergonomists’ 
knowledge about and use of different OBRATs, and the qualities they consid-
ered to be important in the OBRATs. In the introductory section of the ques-
tionnaire, questions about gender, age, and work experience were asked. 
Thereafter followed questions about 17 different OBRATs. The questionnaire 
was inspired by a similar survey by (Dempsey et al., 2005). Ergonomics stu-
dents, several of whom were employed at OHS providers, answered a pilot 
version of the study. After the feedback, the questionnaire was slightly revised 
before distribution. The distribution of the questionnaire went through the 
Swedish Association of Physiotherapists, with a web link to the questionnaire 
being attached in a periodical newsletter.  

Interviews 
Interviews were the primary method for data collection of the papers in this 
thesis. Interviews were used in all papers, except Paper II. Both individual and 
focus group interviews were conducted. Individual interviews were selected 
as a data collection method in order to reach a deeper understanding of the 
ergonomists’ experiences (Dicicco-Bloom & Crabtree, 2006; Kvale & 
Brinkmann, 2009). The focus group interviews were chosen when a wider 
range of perspectives were explored (Dicicco-Bloom & Crabtree, 2006; 
Krueger & Casey, 2009; Kvale & Brinkmann, 2009). The individual inter-
views were often conducted by telephone. The reason for telephone interviews 
was that the participants (ergonomists and company representatives) were 
scattered throughout Sweden. When it was possible to arrange, face-to-face 
interviews were conducted even for the individual interviews. All the focus 
group interviews were conducted face-to-face. All interviews were semi-
structured and followed an interview guide for the specific study and data col-
lection point. 

In Paper I, the interviews aimed to reach a deeper understanding of how er-
gonomists worked with exposure assessment assignments. The participants 
were interviewed once. The first part of the interview explored the ergono-
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mists’ experiences with exposure and risk assessment assignments. In the in-
itial question, the ergonomist was asked to describe a project in which she/he 
had been involved. It was meant to be a broad question in order to induce the 
ergonomists to talk spontaneously and freely. The interview explored further, 
including questions more specifically related to the execution of assignments 
for example, how risk assessment assignments are initiated and which tools 
the ergonomists used for exposure assessment. 

The interview guide was tested in a pilot interview with two ergonomists (not 
included in the study). The pilot test resulted in slight modifications, and more 
questions emphasizing the assignment process were included. The majority of 
the interviews resulting in Paper I were telephone interviews and conducted 
by the author of this thesis. The interviews lasted for 45 to 60 minutes. All 
interviews were digitally recorded and transcribed into approximately 130 
pages of written text. 

Paper III includes both focus group interviews and individual phone inter-
views. Paper III was a sub-study within a larger research project regarding 
reliability tests of six OBRATs (Forsman et al., 2015). The participating er-
gonomists were trained in different OBRATs and gathered in three groups to 
individually conduct risk assessments of pre-recorded work tasks.  Three fo-
cus group interviews, one with each group, were held in connection with the 
last gathering of data collection in the aforementioned project. The ergono-
mists had at that point completed the e-learning program, which included ed-
ucation and training in six different OBRATs. There were 3–5 ergonomists in 
each group, which refers to a “small focus group design,” as usable in studies 
with exploratory design (Tang & Davis, 1995). In the focus group interviews, 
the ergonomists were asked to discuss and reflect upon usability aspects of the 
six OBRATs, which they had been trained in and used. The focus group inter-
views were also used to explore the ergonomists’ experiences in the concept 
of the e-learning program. The participants were encouraged to have a dia-
logue amongst themselves and speak freely about the questions asked by the 
interviewer, which followed a semi-structured interview guide. These focus 
group interviews were approximately 60 to 90 minutes long and were con-
ducted by an interviewer-pair.  All interviews were digitally recorded and tran-
scribed verbatim, and the three interviews resulted in approximately 125 pages 
of text.  

Four years after participating in the e-learning program, semi-structured indi-
vidual telephone interviews were conducted with eight ergonomists. Ques-
tions included in the interview guide were designed to explore whether the e-
learning program and research project resulted in knowledge translation; 
whether that knowledge was practically applicable for the ergonomists; and 
how they now reflected on the selection of exposure assessment tools and the 
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risk assessment process. The interview guide was pilot tested on two ergono-
mists (non-participants). The author of this thesis conducted the interviews 
that lasted 40 to 60 minutes. All interviews were digitally recorded and tran-
scribed verbatim, and resulted in approximately 90 pages of text. 

In Paper V, company representatives’ experiences were explored in two sets 
of interviews; individual interviews were followed by focus groups inter-
views. The individual interview was conducted by telephone. The interview 
explored participants’ experiences of the phases, identification, exposure as-
sessment and medical health checks, in the HIW-model (Fig. 5). The second 
interview was conducted as a face-to-face focus group interview. This inter-
view was more comprehensive. The focus group was held after the ergono-
mists had given feedback to the company representatives (after the exposure 
assessment and medical health checks) and aimed to explore the representa-
tives’ experiences of the model as a whole. Questions about the phases in the 
model and questions about the process, e.g., collaboration between the ergon-
omists and the company´s representatives, as well as facilitators and barriers 
in the process, were asked. Interview guides were constructed for each inter-
view. Drafts of the interview guides were discussed in the overall research 
group until the final version was agreed upon. The interview guide was then 
pilot tested and slightly modified thereafter. The telephone interviews were 
either conducted by the author of this thesis or by a colleague in the research 
team, and these interviews ranged from 15–45 minutes. The focus group in-
terviews were conducted by an interviewer-pair, one interview moderator and 
one observer, who asked supplementary questions (Breen, 2006; Krueger & 
Casey, 2009). The author of this thesis or another researcher (in the research 
group) was always one in the interviewer-pair. They conducted the interviews 
together or were accompanied by one of the other researchers from the re-
search group. The focus group interviews lasted from 30 to 90 minutes and 
resulted in approximately 220 pages of text.  

Inter- and intra-observer reliability test 
In Paper II, the inter- and intra-observer reliability of ergonomic risk assess-
ment based on the ergonomists’ own experience and without the support of 
any standardized risk assessment tool is being evaluated.  

The collected data consisted of the risk assessment protocol, in which the er-
gonomist rated the risk for musculoskeletal disorders in each of ten work 
tasks. Risk was rated using a three-stage scale: high risk (red), moderate risk 
(yellow), and low risk (green), and ratings were made for eight specific body 
regions: neck, lower back, right and left shoulders, arms/elbows, and 
wrists/hands, as well as for the global risk. Nine ergonomists performed the 
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risk assessment procedure a second time, and the protocols from the first and 
second assessments were used for calculation of intra-observer reliability.  

Data analysis 
Statistical methods 
In Paper I, the questionnaire was analyzed using SPPS Statistics 25. The main 
analysis was done using descriptive statistics. The data was presented in num-
bers and percentages. However, in order to explore if differences in frequency 
of risk assessment assignments and use of OBRATs depended on education 
level, inferential statistics were used. The statistics tests applied were Fisher’s 
Exact Test and Mann Whitney U-Test. The analyses were considered stati-
cally significant when p < 0.05. 

In Paper II, inter- and intra-reliability was analyzed. Inter-observer reliability 
is the degree to which different observers are consistent in their ratings. Intra-
observer reliability is the degree to which the same observer is consistent 
within him- or herself between two separate occasions (test-retest). Several 
statistics for reliability were calculated to present as credible a result as possi-
ble and to enable comparisons with other studies. Calculations were per-
formed in MATLAB 8.5 (MathWorks Inc., Natick, MA, U.S.A.). 

Inter-observer reliability was based on the assessments of the 21 observers’ 
first assessments. Proportional agreement (%) was calculated as the number 
of rating pairs in agreement divided by the total number of rating pairs. This 
gave an overall view of the consistency between and within the ergonomists. 
However, to ensure that the agreements were not a result of chance, the pro-
portional agreement shall always be presented together with other statistical 
parameters such as kappa statistics (Cohen, 1960).  

Cohen’s kappa is only applicable between two raters or if test–retest reliability 
is evaluated. A pairwise kappa average for all pairs was therefore calculated 
in a way described by (Davies & Fleiss, 1982). The expected agreement, Pe, 
in Cohen’s kappa formula for each pairwise comparison, k = (Po-Pe) / (1-Pe), 
is replaced by the average Pe of all pairs. However, the risk ratings represent 
ordinal data (low, moderate, and high risk), and Cohen’s unweighted kappa 
does not distinguish minor from major discrepancies in ratings, which resulted 
in a linearly weighted kappa (Cohen, 1968) also being computed and 
averaged; this was done in the same way as the unweighted kappa (Davies & 
Fleiss, 1982; Hallgren, 2012; Sawa & Morikawa, 2007). 
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Intraclass correlation (ICC) was calculated because other similar reliability 
studies (Comper et al., 2012; Paulsen et al., 2015; Stephens et al., 2006) have 
used ICC calculation, according to Shrout & Fleiss (1979). Another calculated 
statistical parameter was the Kendall’s coefficient of concordance (KCC). 
KCC is a non-parametric relative to ICC that is applicable to ordinal data 
(McDowell, 2006). KCC was also used to facilitate a comparison with other 
studies (David et al., 2008).  

Intra-observer reliability was based on the assessment from nine observers 
who repeated their assessments. In addition to proportional agreement, Co-
hen’s kappa was calculated for each of the nine observers, and then the mean 
value of these kappa values was used (Cohen, 1960). Additionally, weighted 
kappa, ICC, and KCC were calculated. 

Qualitative content analysis 
The analysis in this thesis has largely been qualitative (Papers I, III, and V). 
The overall approach was qualitative content analysis. The analyses were in-
spired by (Elo & Kyngaes, 2008; Graneheim & Lundman, 2004). The author 
of this thesis conducted all of the analyses.  

In Paper I, the approach was deductive. Deductive approaches base the anal-
ysis on using a structure or predetermined framework (Burnard et al., 2008). 
A deductive approach can be described as data moving from the general to the 
specific (Elo & Kyngaes, 2008). The analysis in this paper was based on pre-
determined categories. The categories should represent the process of a risk 
assessment assignment. The categories were: the initiation of assignments, the 
assessment of physical exposures, and feedback and evaluation.  

In Paper III, a more inductive approach was applied in the analysis. Hence, 
little or no predetermined theory, structure, or framework is used (Burnard et 
al., 2008). The categories are derived from the data, and data moves from the 
specific to the general (Elo & Kyngaes, 2008). The analysis in Paper V was 
both deductive and inductive. The reason for this was that the aim with the 
study was two-fold. The first aim explored the company representatives’ ex-
perience of the components of the OHS-HIW model. For this part, a deductive 
approach was considered suitable, since the categories represented the differ-
ent components in the model. The second aim was to explore which factors 
facilitated the execution of the model. An inductive approach was considered 
appropriate for this.  

Due to learning, reflections, and personal development in qualitative content 
analysis, the analysis process changed somewhat between the papers.  
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The interviews (except for three) in Paper I were transcribed by the author. 
During transcription, reflections and interpretations of the interviews begin. 
Another person transcribed the interviews in Paper III and VI. The interviews 
were transcribed verbatim to a simple transcript, in which para-verbal and 
non-verbal elements were omitted (Dresing et al., 2015; Kvale & Brinkmann, 
2009). The analyses processes in the papers mainly included the following 
steps, inspired by Elo & Kyngaes (2008) and Graneheim & Lundman (2004): 

Preparation of the data 
1. Listening to the recorded interviews and reading of the transcriptions, with

the aim to get an overall picture of the contents.

Organization of the data 
2. Meaning units, related to the research questions in focus, were high-

lighted. In Paper I, the steps (2–4) were done both on paper and coding
scheme in Word. In Papers III and V, NVivo 12 (QSR International Pty
Ltd, Australia) software was used to organize and manage the data.

3. Meaning units were labelled with a code which described the content.
4. The codes were clustered into different sub-categories.
5. Categories were formulated or in the studies with predetermined catego-

ries (deductive approach), the sub-categories were related to each cate-
gory.
Reporting the data

6. The categories constituted the manifest content of the interviews and are
the basis for the results in the papers. The findings were presented as cat-
egories and sub-categories. Verbatim quotes were used to illustrate the
findings.

Ethical considerations 
Ethical approval was not considered necessary for the study which resulted in 
Paper I (SFS, 2003:460). However, four main principles regarding ethics in 
research described by the Swedish Research Council were taken into consid-
eration (Vetenskapsrådet, 2002). First, the principle of information was ful-
filled given that all interviewed participants and respondents of the survey 
were provided information about the aim of the study and told that participa-
tion was voluntary so that they could withdraw from any part of or the entire 
interview/survey at any time if they wanted. This information was given in 
written format before the interviews, and at the time of the interview they were 
also informed orally. Second, the principle of consent was taken into account. 
The ergonomists gave their consent to participate, either orally or in writing. 
Third, the principle of confidentially was taken into account as the results from 
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the survey and the recorded and transcribed interviews were password pro-
tected, digitally stored, and handled with care. Names in the interviews were 
coded during transcription. Only participants from the project team had access 
to the files. The fourth principle deals with information about individuals only 
being allowed to be used for research, and such individual information was 
not in question for this study.  

The study presented in Papers II and III was part of a comprehensive research 
project. For this project, ethical approval was given by the Regional Ethical 
Review board in Stockholm (Dnr 2013/308-31/3). Ethical approval was given 
for the studies in Paper IV and Paper V by the Regional Ethical Review board 
in Uppsala (Dnr 2017/374). 
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Summary of results 

This section aims to gather the findings in the included papers and present the 
results in relation to the overall aim of the thesis. 

OHS ergonomists’ involvement in risk assessment 
assignments  
The results from Paper I gave insight on the questions regarding the ergono-
mists’ involvement and work with risk assessment assignments and how they 
assess exposure.  

Assignments regarding risk assessment were most often initiated reactively, 
after the identification of musculoskeletal disorders at a workplace. The initi-
ation could either come from a client company making an appointment with 
the ergonomist to visit the workplace when one or more workers reported mus-
culoskeletal disorders, or from the ergonomist/RPT when one or more workers 
from a client company underwent clinical rehabilitation or treatment by the 
ergonomist/RPT. The ergonomist/RPT sometimes contacted the client com-
pany and requested to visit the company for risk assessments. Reactive initia-
tion was also occurred when SWEA had done an inspection in a company and 
issued the company sanctions. According to such a sanction, the company was 
then required to contact an OHS ergonomist for assistance with a risk assess-
ment, and to inform the employer and workers about musculoskeletal disor-
ders and the relation to exposure in the workplace. The interviewed ergono-
mists experienced that assignments initiated with a proactive focus occurred 
to a lesser extent. Three types of proactive assignments were described: peri-
odical screening, periodical exposure assessment, and involvement in the 
planning or design of new work task or workplaces. Those types of involve-
ment were seen in companies with a well-developed OHSM system. Involve-
ment in the planning or design of new work tasks or workplaces was described 
as being an isolated action and not so common.  

When an assessment was executed, the results were reported back to the client 
company in a summarized report. The ergonomists described that they were 
seldom involved in the evaluation of risk controlling activities; one reason for 
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this was that it was not included in the assignment ordered by the client com-
pany. However, ergonomists working in-house or partially in-house expressed 
that they had greater possibilities for evaluating assignments. The in-house 
ergonomists reported that they evaluated eventual changes in exposure by us-
ing the same tools as used in the first assessment.  

OHS ergonomists’ use of observational-based risk 
assessment tools 
According to the interviews (Paper I), exposure assessments were typically 
based on the ergonomist’s own experience and expertise. The knowledge and 
use of different OBRATs were explored by the questionnaire (Paper I). The 
most commonly used tool, used by all, was the provision from SWEA about 
physical load, AFS 1998:1. Thereafter followed, KIM I (51%), KIM II (36%), 
QEC (19%), and VIDAR (19%). Use of and knowledge about several interna-
tionally widespread OBRATs – for instance, NIOSH lifting equation, RULA, 
REBA, and OCRA – were low. Education was the most reported way of hav-
ing gained knowledge of a tool. 

Reliability of risk assessments based on the ergonomists’ 
expert knowledge 
Given the results in Paper I, which reported that ergonomists lacked 
knowledge of several OBRATs and exposure assessments were often based 
on ergonomists’ experience and professional expertise, Paper II explored the 
reliability of experience-based assessments. The results from the inter-ob-
server reliability are displayed in Figure 6.  
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Figure 6. Inter-observer reliability. Assessment of physical load in ten different work 
task. The bars represent the number of observers’ assessment of physical load in dif-
ferent body regions. The right most column represents the global risk for the work 
task. 

For the inter-observer reliability, both high- and low-risk ratings of the global 
risk were present in seven out of the ten work tasks. The average inter-ob-
server proportional agreement of the global risk was 53%. The weighted kappa 
value for inter-observer reliability was between 0.12 and 0.32 for the eight 
body regions, and weighted kappa was 0.32 for the global risk, which repre-
sent a fair agreement according to Landis & Koch (1977), meaning that there 
is a quite large variation among the observers’ assessments.  
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The average intra-observer proportional agreement of the global risk was 
61%. The weighted kappa was between 0.23 and 0.62 for the body regions 
(0.62 for low back) and 0.41 for global risk. The results showed a moderate 
agreement for the global risk.  

The findings show that the results from an assessment can vary greatly, even 
though experts in the field execute the assessments. This was true both be-
tween different ergonomists observing the same work task as well as for ob-
servations of the same ergonomist observing the same work task at different 
observations points.  

OHS ergonomists’ work process after knowledge 
translation 
The previous studies found that ergonomists lacked knowledge about several 
OBRATs, that education was important to gain knowledge about available 
tools (Paper I), and that it is probably more reliable to assess risk for muscu-
loskeletal disorders with a standardized tool for risk assessment compared 
with expert knowledge (Paper II). In the next study, which resulted in Paper 
III, ergonomists were trained in OBRATs by using an e-learning program. 
Four years after participation in the program, the ergonomists were inter-
viewed about risk assessment and use of tools. 

The knowledge translation had contributed to increased self-confidence and 
self-esteem regarding exposure assessment. This resulted in a more elaborate 
process for exposure assessment assignments in which the ergonomist took an 
active role throughout the process. The described process included a planning 
phase in which a start-up meeting with company representatives was arranged. 
The meeting targeted several objectives: to establish contacts; to provide sup-
port for the planning of the assessment; and to exchange information.  The 
ergonomists reported that they now had a deeper understanding of the time 
required for risk assessments. They also reported that they were better at allo-
cating enough time for the assignment and including time for follow-ups. The 
start-up meeting enabled the ergonomist to explore the client’s expectations 
and the company´s possibilities to later engage in different risk controlling 
measures.  

Furthermore, the results showed an increased knowledge of, and interest in, 
exposure assessment tools in general. All ergonomists expanded their 
“toolboxes” with some of the OBRATs they trained on during the e-learning 
program but also with other tools. They described an increased awareness of 
deficiencies in the reliability of the OBRATs. This resulted in judicious 
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choices regarding tools for specific exposures, which also could include the 
combination of different tools in one assessment. To improve the quality in 
the assessment ergonomists also arranged for a team observation (often secur-
ing a second observer), and involved company representatives, such as man-
agers and workers.  

Company representatives’ perspective on collaboration 
with OHS ergonomists in a risk assessment process  
In Paper V, ergonomists’ work process with exposure assessments, medical 
health checks, and feedback were explored through the perspective of com-
pany representatives. The tested work process was structured as it followed 
the HIW-model (Fig. 5), described in Paper IV. In the HIW-model, medical 
health checks are a further component in a risk assessment process, in which 
the exposure assessment, together with the medical health check, provides in-
formation that constitutes a comprehensive risk assessment about how the 
work environment affects the workers’ health.  

The work process started with a joint start-up meeting. The meeting was 
highly appreciated by the company representatives. Moreover, for several of 
them, it was a new experience to prepare and plan together with the ergono-
mist. The company representatives emphasized that the exposure assessment 
was perceived as reliable and comprehensive when it was conducted by an 
expert in ergonomics. They especially valued the exposure assessment phase 
because it was viewed as being the basis for risk controlling actions. Several 
representatives experienced that the ergonomist engaged the workers in the 
exposure assessment, which they believed increased the risk awareness as well 
as workplace learning. Adding the medical health checks to the exposure as-
sessment gave the representatives knowledge of how the work can affect 
workers’ health. They expressed that knowledge of musculoskeletal disorders 
in workers motivated them to implement risk-reducing actions. The company 
representatives valued ergonomists’ feedback focused on the results and pro-
posed risk controlling actions, rather than feedback on the execution of the 
exposure assessment and medical health checks. They emphasized that the 
feedback should include the current exposure levels, the presence of work-
related musculoskeletal disorders among the workers, and action proposals to 
reduce the exposure and prevent musculoskeletal disorders. Some company 
representatives said that the ergonomist should also explain what the expected 
outcomes of the risk controlling action could be. The feedback phase was im-
portant for the dissemination of information to managers as well as to workers. 
Therefore, some expressed the importance of the feedback (both written and 
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oral) being adapted to the audience (e.g., workers, union representatives, 
health and safety committees). 

Factors affecting OHS ergonomists’ work with risk 
assessment  
Several factors affected the ergonomists’ work with risk assessments and were 
explored from the perspective of both the ergonomist as well as the company 
representatives. These factors are revealed in Papers I, III, and V. The factors 
related to the ergonomists’ work, including the context of the OHS providers 
as well as the context in the client companies, but also the relation between 
them. 

Assignments of exposure assessment are often initiated by a client company. 
Results showed that a driving force for the client company to engage ergono-
mists for exposure and risk assessments was pressure from regulations and 
legislation (Papers I and V). Another factor was the maturity and structure of 
the company’s OHSM system (Papers I and V). Factors that facilitated this 
within the company’s context were: committed senior managers, interested 
and engaged first line managers and worker participation (Paper V). 

Competence and skills in exposure assessment and risk assessment, as well as 
knowledge of and access to standardized methods, were found to be important 
factors for the ergonomists work (Papers I and III). The company representa-
tives emphasized the importance of the ergonomist having a collaborative 
competence, for example, being flexible, communicative and supportive (Pa-
per V). Furthermore, the ergonomists as well as the company representatives 
highlighted factors such as: a longstanding relationship between the ergono-
mist/OHS provider and the client-company, and/or ergonomists being special-
ized in specific industries or sectors, being facilitators for engaging OHS er-
gonomists in risk assessments (Papers I and V). 
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Discussion 

In the following chapter, findings from the papers related to the research aim 
of this thesis are discussed. The chapter ends with reflections on the research 
methodology. 

General reflections 
The aim of this thesis was to gain knowledge regarding Swedish OHS ergon-
omists’ practice with risk assessments. Risk assessments, intended to evaluate 
the risk of work-related musculoskeletal disorders. The focus was on the iden-
tification and risk assessment phases in a risk management process. The ra-
tionale behind this focus is that those elements constitute the foundation of a 
risk management process and establish prerequisites for risk controlling activ-
ities. The ultimate goal is to improve the prevention of work-related musculo-
skeletal disorders. To achieve this goal, exposure and risk assessments are re-
quired to understand how to target risk controlling activities. Exposure assess-
ments and risk assessments, however, are only elements in a larger system, a 
piece of the puzzle, and many factors contribute to improve prevention. 

In short, the main findings from the included papers are: OHS ergonomists 
enter the risk assessment process after the identification of musculoskeletal 
disorders, and a systematic approach in risk assessment assignment, in gen-
eral, is lacking. This is especially apparent regarding the use of risk assess-
ments tools (Paper I). This can be regarded as a deficiency in quality, since 
the reliability of the exposure assessment based on expert knowledge was 
shown to be low (Paper II). However, when ergonomists had the opportunity 
to specialize and enhance their toolbox with a variety of tools, they started to 
apply a strategic and systematic approach to ensure quality in the risk assess-
ment process. Strategies included participatory approaches involving the cli-
ent in the process and sometimes arrange for being two experts working to-
gether. Systematic approaches included e.g., arranging for a thorough plan-
ning of the assignment and use of several risk assessment tools (Paper III). 
Company representatives valued that an ergonomist executed the risk assess-
ment and guided the process. The company representatives experienced a bet-
ter risk awareness among both workers and managers (Paper V). Outer and 
inner contextual factors related to ergonomists, OHS providers, and client 
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companies (e.g., the clients OHSM system and committed management) as 
well as the competence and skills of the ergonomist him or herself affected 
the ergonomist’s role and work process (Papers I, III, and V).  

The results from this thesis expand knowledge regarding how ergonomists 
work in the risk management process. Furthermore, the results highlight the 
need to establish the ergonomists’ role in the risk management process to 
make the process flow smother. 

Discussion of Results 
In this section, the results from the five papers are interpreted in light of other 
research and discussed with the risk management process (Fig. 4) in mind.  It 
is important to note that the included papers focused only on the identification 
and risk assessment phases in the process.  

The start of assignments – how are hazards identified?  
The findings in Paper I revealed that when/if an OHS ergonomist gets in-
volved in risk assessment assignments, the most common initiation is after the 
identification of musculoskeletal disorders,  when worker/s already are in need 
of rehabilitation. Another initiation to involve OHS ergonomists is after an 
inspection from the SWEA. Similar findings are presented in other studies 
describing ergonomists being contacted after the identification of musculo-
skeletal disorders or after a workplace inspection by the authority (Laring et 
al., 2007; Whysall et al., 2004). Those findings indicate that companies are 
not interested in/or lack knowledge to prevent the risk for musculoskeletal 
disorders. An explanation can be that risks and outcomes of physical demands 
at work is not as visible as from other health and safety risks, for instance, a 
laceration is immediately obvious whereas a musculoskeletal disorder is not 
(Yazdani et al., 2018). Indicators of physical demands in the work environ-
ment have probably emerged long before the visibility of musculoskeletal dis-
order (e.g., by complaints, absences, maybe also production losses). Hence, 
strategies and knowledge on how to identify musculoskeletal disorder hazards 
seems to be lacking. The latter was illuminated in Paper V, in which the com-
pany representatives described uncertainty regarding the identification of haz-
ards. The identification of workplace hazards for musculoskeletal disorders 
can be done in many ways, for example, by using simple tools such as check-
lists. An identification method should have high sensitivity, meaning that the 
risk of misclassification is inclined toward an overestimation of potential risk. 
Such an example of a screening tool that overestimates the risk for musculo-
skeletal disorders is the Washington State Ergonomic checklist (Winnemuller 
et al., 2004). Since the screening is followed by quantification of exposure 
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assessment, the proper risk level would be estimated in that phase. Hazard 
identification can also be integrated in a company’s management system, such 
as Quality Management Systems, Occupational Health and Safety Manage-
ment Systems, and Environmental Management Systems, which can be used 
to identify musculoskeletal disorders in a systematic and proactive way 
(Yazdani et al., 2018). However, regardless of whether the hazard identifica-
tion is integrated in the management system or not, employers seem to need 
support to identify hazards early, before the occurrence of musculoskeletal 
disorders. As the law states, OHS providers shall have competence to identify 
work environmental hazards (SFS, 1977:1160). Theoretically, OHS providers 
can and should support client companies to identify their hazards by e.g., con-
ducting a needs analysis. However, an obstacle to this, reported by Paulsson 
et al. (2020), is that managers and safety representatives, who have knowledge 
about the work environment and different hazards, seldom are involved in the 
purchasing process of the OHS providers service (Paulsson et al., 2020). 

OHS ergonomists in the exposure and risk assessment 
When hazards have been identified, the next phase is the assessment of the 
exposure to quantify the risk. For this, the use of standardized tools such as 
OBRATs are advisable (Chiasson et al., 2012; David, 2005; Takala et al., 
2010), as many of them quantify the risk.  

The survey in Paper I found that Swedish OHS ergonomists’ use and 
knowledge of OBRATs was limited. The majority of the respondents (both in 
the survey and the interviews) used mainly one ORBAT: the provision for 
physical ergonomics AFS 1998:1 (Arbetsmiljöverket, 1998). The KIM I and 
KIM II (Steinberg, 2012) were the second and third most used OBRATs 
among the respondents of the questionnaire (Paper I). These tools were, at that 
time, available on the SWEA website. Hence, they were easily accessible and 
perceived as being promoted by an authority, leading to high usage (Buckle 
& Li, 1996). The knowledge and usage of international, commonly used 
OBRATs such as NIOSH lifting equation, RULA, REBA, OCRA, and OWAS 
(Dempsey et al., 2018; Dempsey et al., 2005; Diego-Mas et al., 2015; Pascual 
& Naqvi, 2008) were substantially lower among the Swedish OHS ergono-
mists. This suggests that international ergonomists have a more varied supply 
of tools in their toolboxes. However, the context of those ergonomists is inex-
plicit. Factors to consider when reporting on usage of tools among ergono-
mists are the professional background of the ergonomists and the context sur-
rounding the ergonomists. In international studies, ergonomists are referred to 
as ergonomics practitioners, consultants, or certified ergonomists (Dempsey 
et al., 2018; Dempsey et al., 2005; Wells et al., 2013; Whysall et al., 2004). 
Information regarding the professional background of ergonomists is often 
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lacking in studies. For example, in North America the percentage of profes-
sionally certified ergonomists whose primary educational background came 
through training in physiotherapy is, in relation to the Swedish context, much 
lower, relative to those from engineering, psychology, and other health sci-
ence disciplines (personal communication, 27 April 2020).  The ergonomist’s 
background, in medical sciences, engineering, or behavioral sciences, proba-
bly affects how they work. Hence, the reporting of the context is important for 
the transferability of study results (Shenton, 2004).  

The findings in Paper I showed that Swedish OHS ergonomists largely relied 
on their own expertise and experience for the assessment and information re-
garding risk factors for musculoskeletal disorders. The information was often 
gathered through interviews with individual workers and observations (with-
out the support of OBRATs or other standardized tools), combined with pho-
tos/video. A similar approach has been reported in other studies (Laring et al., 
2007; Wells et al., 2013; Whysall et al., 2004). Wells et al. (2013) call this a 
simpler approach. In the risk assessment process, this is more related to the 
hazard identification rather than the risk assessment. Paper II showed that the 
intra- and inter-reliability of risk assessment based only on expert knowledge 
was quite low. Studies comparing expert-based assessments with OBRAT-
based assessments show higher reliability when OBRATs were used (Comper 
et al., 2012; David et al., 2008; Nyman et al., 2016; Paulsen et al., 2015; 
Spielholz et al., 2008). Therefore, it is preferable that ergonomists use system-
atic assessment tools when possible. However, there is no generic tool, suita-
ble in all contexts and for all exposures. Ergonomists should include a variety 
of tools in their toolbox, and should be able to combine methods and tools 
when conducting an exposure assessment (Takala et al., 2010). It is also im-
portant to consider that musculoskeletal disorders are multifactorial as illus-
trated in Figure 1, and many tools focus primarily on the physical hazards 
(David, 2005; Macdonald & Evans, 2006; Takala et al., 2010). There is a ro-
bust evidence that psychosocial hazards can increase the risk for musculoskel-
etal disorders (Eatough et al., 2012; Gerr et al., 2014; Hauke et al., 2011; Lang 
et al., 2012). Hence, risk for musculoskeletal disorders cannot be adequately 
assessed by evaluating each hazard separately (Oakman, 2014; Oakman et al., 
2014). A finding in Paper V was that ergonomists identified work-related psy-
chosocial factors and raised those findings with the management. For the man-
agement, this was something that had not previously been identified as being 
associated with musculoskeletal disorders. Oakman et al. (2019) presents sim-
ilar findings of managers being unaware of work-related psychosocial hazards 
affecting the risk for musculoskeletal disorders (Oakman et al., 2019). In order 
to decide on risk controlling activities, it is important to get as comprehensive 
picture as possible of which work environmental factors influence musculo-
skeletal disorders. To minimize the risk of missing potentially hazardous ele-
ments, additional methods need to be included in the assessment (Takala et 
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al., 2010). Macdonald and Oakman (2015) argue that to improve prevention 
of musculoskeletal disorders, it is a necessary to have a holistic approach and 
to address risks from relevant hazards together (Macdonald & Oakman, 2015). 
To be able to support the employer, such an approach in risk assessment re-
quires a competent ergonomist with an extensive toolbox.  

The findings in Papers I–II showed, roughly expressed, that Swedish OHS 
ergonomists assessed exposure in an unreliable manner, basing their assess-
ments on guesstimates rather than using a systematic work methodology. Pa-
per I revealed that education and training were important factors for the er-
gonomists to obtain knowledge about different risk assessment tools, a finding  
supported in other research (Arezes et al., 2011). The ergonomists in Paper III 
underwent continuing education in OBRATs and the risk assessment process. 
Four years after participation in the study, the ergonomists reported that 
knowledge translation from participating in the project had contributed to an 
extended toolbox, and above all, in changes in their risk assessment process. 
The ergonomists described a systematic work process in which they applied a 
participatory approach, involving workers and stakeholders. The ergonomists 
explained that they took on the role of a process leader and guided the stake-
holder in the risk assessment process. The process started with a start-up meet-
ing in which the ergonomists involved the stakeholders in planning. They de-
scribed that they applied different approaches to enhance the quality of the 
risk assessments, such as employing two observers in all or parts of the risk 
assessment. Another approach was utilizing a participatory approach in the 
analysis in which a team, consisting of the workers, the manager, and the er-
gonomist, assessed the risks together. Those approaches may increase the re-
liability and strengthen the quality aspects of risk assessment. Furthermore, 
engagement of several observers in risk assessment is cost-efficient 
(Mathiassen et al., 2012, 2013). 

Paper III provides an example of the importance of knowledge translation. In 
this study, behavior changes and adoption of innovations (e.g., use of 
OBRATs) among the ergonomists were both observed.  These outcomes  are 
reported to be commonly related to knowledge translation (Van Eerd, 2019). 
It is noteworthy that a relatively simple activity (e-learning) gave rise to 
changes. E-learning can be an effective supplement for knowledge translation 
in an OHS context. It is further important to consider that changes in work 
approaches do not happen automatically, and should be done using active 
knowledge translation strategies. Brämberg et al. (2017) reported that OHS 
practitioners want to use evidence-based methods, but the use is often seen to 
be the responsibility of the individual practitioner and not of the organization 
(Brämberg et al., 2017). However, to achieve changes and support use of evi-
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dence-based/knowledge-based methods, the organization needs to be support-
ive, active, and foster a culture of continuous learning (Greenhalgh et al., 
2004; Weiner et al., 2011).  

Company representatives’ perspective on collaboration with OHS 
ergonomists’ in a risk assessment process  

In Paper V, a similar structure of the risk assessment process as the ergono-
mists described in Paper III was tested and explored. The result showed that 
the company representatives valued the coherence in the risk assessment pro-
cess, in which they were supported and guided in the process by an experi-
enced ergonomist. In this study, a new element in the risk assessment process 
was added by connecting information from the exposure assessment to infor-
mation from medical health checks. This new element was reported to be val-
uable as the company representatives experienced more motivation for risk 
controlling actions when the connection between the work exposure and its 
influence on workers’ ill-health was presented and clarified. The company 
representatives also stressed that a further motivating factor for risk control-
ling actions would have been if the ergonomists explained and put forward the 
tentative outcomes of proposed risk controlling actions. Other researchers pre-
sent similar findings, indicating that employers need to be informed about po-
tential outcomes (e.g., increased productivity, reduced sickness absence, etc.) 
(Whysall et al., 2006; Yazdani & Wells, 2018). Martinsson et al. (2016) re-
ported that knowledge of workers’ health, as well as the capability to evaluate 
relevant outcome measures after a workplace intervention, were incentives to 
take actions at the workplace (Martinsson et al., 2016). 

In short, the company representatives’ experiences of collaboration with the 
OHS ergonomists suggest that they have confidence in the ergonomists as ex-
perts. Hence, the ergonomist needs to take on the role as the expert risk as-
sessment executor as well as a facilitator, guiding the risk assessment process.  

Factors affecting OHS ergonomists’ work with risk assessment  
Contextual factors influencing the ergonomists’ work with risk assessments 
were identified in Papers I, III, and V. The Work Environmental Act seems to 
be the foundation. Factors related to the OHS provider include the type of 
organization (in-house, external) (Paper I). Factors related to the OHS ergon-
omist included education, specialization, and confidence to use and select risk 
assessment tools (Papers I and III). Factors related to the client companies’ 
context included the maturity of the client companies’ OHSM, as well as com-
munication and stakeholder’s commitment (Papers I and V). These factors are 
described in the literature as being related to the prevention of musculoskeletal 
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disorders (Driessen et al., 2010; Whysall et al., 2004; Yazdani & Wells, 2018). 
Schmidt et al. (2012) emphasized that a developed OHSM is a key factor in 
using the OHS provider effectively, because those clients know their needs, 
and the relation with the OHS provider has a more proactive aim (Soares et 
al., 2012). Small enterprises (<50 employees) are a crucial part of the compa-
nies in Sweden. Small enterprises often lack knowledge, resources and oppor-
tunities for OHSM (Gunnarsson et al., 2010; Hasle & Limborg, 2006). Those 
companies need support regarding work environmental issues, OHS providers 
have an important role supporting those companies in work environmental is-
sues (Hasle & Limborg, 2006). 

Figure 7 below is an attempt to expand the illustration of the ergonomists’ role 
(Fig. 3) by including the factors related to each of the members in the model 
which affect the relation between the members.  

Figure 7. Relational connections and affecting factors between ergonomist, OHS pro-
vider, and client company. 
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The relation between the OHS provider and the client company 
The relation between the OHS provider and the client are important for a fruit-
ful cooperation (Halonen et al., 2017). From the perspective of the client com-
panies, it is important to know the competence of OHS practitioners and how 
to use OHS providers’ services (Paulsson et al., 2020). Contracts between the 
company and the OHS provider can be a tool for sustainable relationships. 
Contracts lasting over several years can provide conditions for a close rela-
tionship, specialization in the companies’ sectors, and knowledge of work en-
vironmental demands to be able to pinpoint the support from OHS practition-
ers (Halonen et al., 2017). However, competition for contracts between OHS 
providers, which operate on an open market, challenge sustainable relation-
ships (Bohlin et al., 2007).  

The relation between the client company and the OHS ergonomist 

Several of the company representatives were not used to collaborating with 
the ergonomist in a risk assessment process (Paper V). Studies report that 
company managers associate ergonomics mainly with health issues, and there 
is a lack of knowledge among stakeholders about ergonomists’ competence 
(Berlin et al., 2014; Shtivelband & Rosecrance, 2011; Whysall et al., 2006). 
Awareness of ergonomists’ competence and the field of ergonomics facilitates 
the prioritization of ergonomics at client companies (Berlin et al., 2014). 
Shtivelband and Rosecrance (2010) identified that establishing credibility by 
knowing the organization and the key stakeholders and aligning the proposed 
intervention with business objectives were important principles for ergono-
mists to gain trust with clients. The importance of establishing contacts and 
getting to know the stakeholders was described by the ergonomists in Paper 
III. Important factors in the relation between the company and the ergonomist, 
emphasized by the company representatives, were, for example, collaboration 
and communication. The Human, Technology, and Organization (HTO) con-
cept can support communication of ergonomics (Eklund, 2003). The HTO-
concept can be used to illustrate the relation between the elements and how 
the work affects the worker within. Furthermore, it can facilitate 
communication of outcomes regarding how the work system can be designed 
to better support health, workers, and the system’s performance (Karltun et 
al., 2017) as risk controlling actions can target all of these components in the 
system. 

Several researchers report that skills such as communication and problem-
solving skills, willingness to develop collaborative approaches, and ability to 
build alliances with stakeholders are important in order to put ergonomics is-
sues on the agenda and to make changes happen that will improve  workplace 
ergonomics and prevent musculoskeletal disorders (Piegorsch et al., 2006; 
Theberge & Neumann, 2010; Whysall et al., 2004). 
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The relation between the OHS provider and the OHS ergonomist 
The relation between the OHS provider organization and the OHS ergonomist 
is also important to consider, as it is in this context that the work is planned 
and organized (Querelle & Thibault, 2007). The management and 
organization of the OHS provider affects employed OHS professionals 
(Brämberg et al., 2017). Little is known about how the strategies within the 
OHS provider’s organization affects the ergonomists’ work; however, this 
was not an objective in this thesis. Nonetheless, in Papers I and III, some 
strategies was revealed. Internal support and routines regarding a straegic use 
of research-based tools, and the possibility of internal knowledge sharing e.g., 
by supporting that experienced ergonomists serve as a coach or mentor to 
other OHS ergonomists within one’s own organization. This strategy, which 
enables knowledge sharing, is an approach for internal knowledge translation 
(Greenhalgh et al., 2008).  
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Methodological Considerations  
The following section presents the concept of trustworthiness. It includes re-
flections regarding methodological strategies and the author’s preconceptions. 
This is done in order to provide the reader with information to judge the trust-
worthiness of this thesis. 

The concept of trustworthiness in research 
Trustworthiness is the qualitative concept for validity and reliability. Guba 
(1981) and Lincoln & Guba (1985) has presented four somewhat overlapping 
constructs, which constitute the trustworthiness concept (Guba, 1981; Lincoln 
& Guba, 1985).  

Credibility – refers to the internal validity and deals with the question of how 
the findings are congruent with reality. Credibility is one of the most important 
factors in establishing trustworthiness. This construct includes the techniques 
used in the research, such as design of studies, sampling strategies, data col-
lection and analysis, and use of triangulation methods. Furthermore, infor-
mation regarding the researcher’s background also belongs in this construct.  

Transferability – refers to the external validity, how the findings can be ap-
plied and transferred to a wider population. Therefore, it is the responsibility 
of the researcher to describe the characteristics and context. 

Dependability – is about the repeatability in the research, whether the results 
would be similar if the work was to be repeated. To address this issue, the 
research should include an in-depth methodological description. 

Confirmability – is associated with objectivity, to show that the findings re-
spond to the participants’ experiences and are not preferences of the re-
searcher. Strategies used for confirmability include triangulating data analysis 
to reduce researcher bias and illustrating findings by use of quotations. 

Consideration of methodological strategies in this thesis 
Inclusion of a study protocol  
A study protocol, Paper IV, was included as a part of this thesis. Study proto-
cols are papers most commonly published for clinical research. A study pro-
tocol should provide detailed information regarding the rationale, planning, 
and methodology of a research project (Rosenthal et al., 2014). Lately, it has 
become more common to publish study protocols describing the theoretical 
framework, planning, and methodology for qualitative research projects.   
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The included study protocol itself does not add to the aim of the thesis. How-
ever, it is included because it presents the development process of the HIW-
model and includes descriptions of the studies, aiming to explore the model. 
Paper V is one of those studies. In scientific papers, the use of words are re-
stricted, which means that the description of the methods is delimited in scope. 
Description of the design and methodology in a separate study protocol brings 
transparency to the research, reduces publication bias, and improves reproduc-
ibility. 

Inclusion of participants 
Five different samples were used in this thesis. Participants in the three first 
papers included OHS employed ergonomists. They were located at different 
OHS providers, and represented both in-house and external OHS providers. 
The ergonomists differed in terms of age, gender, experience (Table 2), or-
ganizational context, and perspectives. The minimum requirements were at 
least one year of experience as an OHS ergonomist and experience of ergo-
nomic risk assessment. The gender distribution was 85% women (15% men), 
which is close to that of Swedish ergonomists in general (81% women), mem-
bers of the Ergonomics Section within the Swedish Association of Physiother-
apists, (communicated in an e-mail to the author in April 2020). 

The response rate of the online survey was 43%. Nulty (2008) presents a com-
parison between the response rate of paper-based and online surveys, showing 
an overall response rate of 56% for paper-based surveys and 33% for online 
surveys. Therefore, the response rate in Paper I can be considered as accepta-
ble. However, Draugalis et al. (2008) noted that there is a general consensus 
that at least 50% of a sample should complete a survey. The questionnaire was 
attached in a periodical newsletter to all members in the Ergonomics Section. 
Consequently, the questionnaire ought to reach a majority of the ergonomists 
employed by the Swedish OHS. A limitation, however, was that the subject 
line of the newsletter did not mention the web-based questionnaire and only 
those who opened the e-mail received information about the survey (n = 251). 
This might have contributed to a lower response rate. However, it is not likely 
that the answers would have differed if another strategy was used to reach 
ergonomists. It is possible that the respondents had a special interest in risk 
assessments compared to those that did not respond to the questionnaire. If so, 
the use of OBRATs may be even lower than reported. 

Twenty-four ergonomists were interviewed and shared their unique experi-
ences regarding risk assessments (12 in Paper I and 12 respective 8 in Paper 
III). One could ask if this sample was large enough. The aim with purposeful 
sampling is to seek information-rich cases, and there are no specific rules for 
sample sizes in qualitative studies (Patton, 2014, s 311). The sample size de-
pends on the aim, which in this thesis was to explore Swedish ergonomists’ 
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practice and approaches with exposure and risk assessments. The ergonomists 
described similar experiences. If a larger variety was shown, it would have 
been appropriate to seek more information from more ergonomists.  

The included companies in Paper V were selected based on their willingness 
to participate. Those companies are biased because they probably have a spe-
cial interest for work environmental issues and the health of their workers.  
However, irrespective of the general work environmental interest of the in-
cluded companies, the different company representatives were nuanced and 
information-rich regarding their experiences of the HIW-model and collabo-
ration with their respective ergonomist. The heterogeneity between the com-
panies can be regarded as a strength, which increases transferability 
(Graneheim et al., 2017; Lincoln & Guba, 1985; Shenton, 2004).  

Methods for data collection 
In Paper I, both questionnaire and semi-structured interviews were used. The 
questionnaire focused only on the use of OBRATs and did not cover other 
tools such as observations without any specific tool, technical measurements, 
interviews, or video camera. Other studies about tool use have had a somewhat 
wider perspective when they have explored ergonomists’ “toolkit” (Dempsey 
et al., 2018; Dempsey et al., 2005; Wells et al., 2013). However, in this study, 
the focus was explicitly on OBRAT use in exposure/risk assessment. It was 
possible for the ergonomists to add other tools they used, and only two 
OBRATs that are not available publicly were reported. Hence, it seemed that 
the included OBRATs, largely, covered the most commonly used tools among 
this population. The semi-structured interviews added information about the 
risk-assessment process. The data-collection used in this study can be consid-
ered as a triangulation of quantitative and qualitative methods, which strength-
ens the credibility of the findings (Patton, 2014).  

The individual semi-structured interviews in Papers I and III were only con-
ducted once, which can be regarded as a limitation because of lack of follow-
up. A combination with field-observations or document analysis would have 
given more richness to the data (Patton, 2014). However, those methods for 
data collection are hard to apply in the ergonomists’ context because of prac-
tical and ethical issues. For example, risk assessment assignments are quite 
rare (Eliasson et al., 2019) and if a researcher were to observe the ergonomist 
doing risk assessment it would certainly affect the ergonomist in some aspects. 
Furthermore, ergonomists are not willing/or allowed to share reports ad-
dressed to companies with information about the assignment. 

In Paper V, focus group and individual interviews were combined. This is a 
method to enrich and triangulate the data (Lambert & Loiselle, 2008). The 
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focus groups consisted of 2–5 participants. Small focus groups are appropriate 
in exploratory studies (Tang & Davis, 1995).  

In Paper II, the experimental and standardized setting was addressed by sup-
plying the ergonomist with written information on the different work tasks. 
Several sources for variability were taken into consideration. The factor of 
variability related to the worker performing the work task was resolved by all 
ergonomists observing the same videos of the same workers, and the time fac-
tor was minimized because all observers assessed the same video sequence. 
Despite this attention to the problem of variability, differences in reliability 
might be related to the observer itself. The ergonomists might have focused 
on different sequences of the work tasks, and the workers’ movements and 
postures might have varied within this time. The ergonomists also probably 
have different perceptions concerning how to evaluate the movements and 
postures and how to relate their evaluations to risk estimates without the guid-
ance of a protocol.  

Methods for analysis 
Several strategies were used to ensure trustworthiness in the analysis in the 
included studies. For example, the transcribed meaning units and codes were 
kept close to the interview data, and the analysis process went back and forth 
between the codes and the interviews in several steps and were discussed be-
tween the researchers (Graneheim & Lundman, 2004; Krefting, 1991; 
Shenton, 2004).  

Regarding the analysis in Paper II, a number of different statistical parameters 
were calculated. ICC (2.1), mostly applicable for continuous data, was in-
cluded because it has been used in other reliability studies on ordinal data 
(Paulsen et al., 2015). Interpretations of Kappa and ICC (2.1) were based on 
commonly accepted models (Landis & Koch, 1977; Stephens et al., 2006). 

Transferability of the findings  
One should be cautious when generalizing the findings from qualitative stud-
ies, as those aim to gain understanding of a phenomenon which is dependent 
on the context (Patton, 2014). The term transferability is used in qualitative 
research and it is the responsibility of the researcher to ensure that sufficient 
contextual information is provided to enable the reader to justify whether the 
findings might be applied to similar context (Shenton, 2004). The overarching 
context in the included papers is Swedish legislation and ergonomists em-
ployed by the OHS who, for the most part, have a background in medical sci-
ences as physiotherapists.  Thus, the findings in the studies need to be inter-
preted within this context. The findings in this thesis should contribute with 
knowledge about how ergonomists´ work methods can develop to improve 
prevention of work-related musculoskeletal disorders. 
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Preconceptions of the author 
It is always important to consider the preconceptions of a researcher.  
Malterud (2001) describes, “A researcher’s background and position will af-
fect what they choose to investigate, the angle of investigation, the methods 
judged most adequate for this purpose, the findings considered most appropri-
ate, and the framing and communication of conclusions” (Malterud, 2001). 
My own background as an OHS ergonomist has influenced my research area. 
After my one-year master’s studies in ergonomics, I was excited to start work-
ing in the OHS, with a focus on the prevention of work-related musculoskel-
etal disorders. However, I experienced that OHS ergonomists were most often 
assigned to individual rehabilitation (secondary or tertiary prevention) and 
that the primary preventive services at organizational level, such as exposure 
assessments, were not the focus. In my first research project, I had the oppor-
tunity to explore the OHS ergonomists’ practice in the field of exposure as-
sessment; in the following studies, I trained ergonomists and tested a risk as-
sessment process. My position has been and still is that OHS providers should 
have a clear position and role as an expert in the field of preventive work en-
vironment.  

My preconception of the work of the ergonomists may have influenced the 
interviews I conducted since I was familiar with the topic and could quite eas-
ily understand the situations that the ergonomists described. However, during 
the projects, I have constantly tried to be aware of my own values and experi-
ences, and my ambition was to create a position outside of my professional 
knowledge and experience as an OHS ergonomist. In addition, several co-
writers have been involved in the analyses of data; this is a strategy to ensure 
trustworthiness in qualitative studies (Shenton, 2004).  
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Conclusion 

This chapter presents the most important findings summarized as a conclu-
sion.  

This research started with a belief that increased use of exposure and risk as-
sessment tools among OHS ergonomists would be enough to improve risk as-
sessments and thereby provide a base to more quality assured ergonomics in-
terventions in the pursuit of preventing work-related musculoskeletal disor-
ders. However, during the explorative research process, with input and learn-
ing from ergonomists, company representatives, and other researchers in the 
field, this view expanded. 

The findings show that the OHS ergonomist, who usually entered a risk as-
sessment process after the identification of musculoskeletal disorders, was not 
involved in the entire process. Furthermore, the OHS ergonomists lacked strat-
egies and research-based tools to anchor the risk assessment, which resulted 
in questionable reliability. The findings also show that company representa-
tives find it hard to identify musculoskeletal hazards and consequently harder 
to assess risk for musculoskeletal disorders. Company representatives appre-
ciate and find it beneficial when an ergonomics expert executes the risk as-
sessment and guides the process. Additionally, findings showed that after 
knowledge translation, the ergonomists had increased their knowledge regard-
ing the risk assessment process, use of risk assessment tools and reliability 
deficiencies in risk assessment tools, and they took the role of process leader 
throughout the whole risk assessment process. They also applied strategic and 
systematic approaches to ensure quality in the risk assessment process (e.g., 
by choosing tools judiciously, being two observers, and having a participatory 
approach). 

In sum, all these findings resulted in the conclusion that the entire risk man-
agement process (from initiation to risk controlling evaluation) should be in 
the focus of OHS ergonomists in the prevention of musculoskeletal disorders. 
In this process, the ergonomists need to be active and take the role as an expert 
(which includes a stocked toolbox) and guide and support the employer 
through the risk management process from initiation to evaluation of risk con-
trolling measures. In short, the OHS ergonomists need to move from guessti-
mates to strategic approaches.  
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To support ergonomists in their professional development, several approaches 
need to be considered. First, the organization of the OHS provider needs to 
promote a learning environment. Secondly, easy-to-access continuing educa-
tion needs to be developed by universities and other educational establish-
ments. Finally, researchers need to continue to explore efficient ways to de-
velop and support implementation of new work methods and tools for the OHS 
ergonomists.  
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Practical implications and future work 

In this chapter, the findings from this thesis are consolidated into some prac-
tical implications addressed to OSH ergonomists, OHS providers as well as 
educational organizers of ergonomics training.  

Practical Implications 
One of the aims of this thesis was to contribute with knowledge about how 
ergonomists’ work methods can be further developed to improve prevention 
of work-related musculoskeletal disorders. As presented in the thesis, many 
factors affect ergonomists’ work with risk assessments. Some practical guid-
ance to address those factors are considered below.  

Practical implications targeting OHS providers and ergonomists 
As a systematic approach for risk assessment assignments is lacking, and since 
client companies might find it difficult to identify hazards and risks related to 
musculoskeletal disorders, it is suggested that OHS ergonomists and OHS pro-
viders should:  

 
- Develop analysis of the clients’ work environmental needs, e.g., to-

gether with the client explore how information from their different 
management systems can be used for hazard identification.  

- Develop a structure of how to take on risk assessment assignments. 
- Develop skills and approaches on how to support and guide the client 

throughout the risk assessment process.  
o Consider the ergonomist’s role throughout the different phases 

in the risk management process – from identification to risk 
controlling actions and further evaluation/monitoring.  

o Consider the use of various tools and approaches in those 
phases.  

o Consider how to cooperate (multidisciplinary).  
o Consider how to integrate a system perspective in the assess-

ment as well as in the risk controlling proposals.   
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- To enable more developed approaches and work methods in risk as-
sessment assignments, OHS providers should encourage OHS ergon-
omists to specialize in specific sectors (Strive to have some experts 
specialized compared to having many who are generalists). 

Practical implications targeting organizers of ergonomics 
education 
Organizers of ergonomists education have an important role to develop and 
strengthen the OHS-ergonomists role in the risk management process.  

It is suggested that education for ergonomists should include:  
 

o Training in different exposure and risk assessment tools but 
also in the risk management process.  

o Understanding of different management system so the ergon-
omists can support clients in integrating the risk management 
process of musculoskeletal disorders into management sys-
tem. 

o Education in project management and implementation tech-
niques to support implementation of risk controlling activities 
and evaluation.  
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Future work 
This thesis focused only on the risk assessment phase of the risk management 
process. To further expand the knowledge within the area of OHS ergono-
mists’ role and work in this process, the ergonomist’s practical work with risk 
controlling activities should also be further explored. For example, what sort 
of interventions come out of risk assessment assignments and how do the in-
terventions affect exposure levels, work environment in general, and workers’ 
health.  

There is a need for studies that explore knowledge translation/implementation 
of structured, research-based work methods in OHS providers’ settings with a 
focus on both internal learning within the OHS organization, and evaluation 
of outcomes in client organizations, such as work environment improvements, 
workers’ health, productivity, quality, and economy.  
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Sammanfattning 

Bakgrund 

Arbetsrelaterade belastningsbesvär utgör en hög andel av den arbetsrelaterade 
sjukfrånvaron i Sverige och internationellt. Belastningsbesvär medför konse-
kvenser för drabbade individer, arbetsgivare och samhälle i form av bland an-
nat personligt lidande, produktionsbortfall och hälso- och sjukvårdskostnader. 
Arbetsmiljölagen beskriver att arbetsgivare ska arbeta systematiskt med att 
bedöma, kontrollera och följa upp sin arbetsmiljö, så kallat systematiskt ar-
betsmiljöarbete. Syftet med det systematiska arbetsmiljöarbetet är att för-
bygga arbetsrelaterad ohälsa. Grunden i det systematiska arbetsmiljöarbetet är 
riskbedömning. Riskbedömningen görs genom att mäta olika exponeringar 
(faktorer i arbetsmiljön) och bedöma om dessa medför risk för ohälsa för ar-
betstagarna.  Om arbetsgivare inte har tillräcklig kompetens för det systema-
tiska arbetsmiljöarbetet ska de anlita företagshälsan (eller liknande aktör). En-
ligt arbetsmiljölagen är företagshälsans uppdrag bland annat att: ”… särskilt 
arbeta för att förebygga och undanröja hälsorisker på arbetsplatser samt ha kompetens 
att identifiera och beskriva sambanden mellan arbetsmiljö, organisation, produktivitet 
och hälsa” (SFS, 1977:1160 3 kap, 2c§).  

När det gäller belastningsrelaterade besvär så är ergonomer den profession 
inom företagshälsan som har kompetens att genomföra riskbedömningar för 
att utvärdera om arbetsmiljön är relaterad till eventuella belastningsbesvär. 
Ergonomer inom svensk företagshälsovård har oftast en grundkompetens som 
legitimerad sjukgymnast/fysioterapeut, med vidareutbildning inom ämnet er-
gonomi. Ergonomi definieras enligt följande:  

 
Ergonomi är ett tvärvetenskapligt forsknings- och tillämpningsområde som i 
ett helhetsperspektiv behandlar samspelet människa-teknik-organisation i syfte 
att optimera hälsa och välbefinnande samt prestanda vid utformning av pro-
dukter och arbetssystem. (Svenska ergonomi- och Humanfaktorsällskapet)  

Belastningsergonomiska riskbedömningar utförs för att värdera om belast-
ningsergonomiska exponeringar t.ex. arbetsställningar, arbetsrörelser, manu-
ell hantering och repetitivt arbete kan vara hälsofarliga. Riskbedömningen ut-
gör ett underlag till vad som behöver prioriteras och åtgärdas på arbetsplatsen 
för att förebygga att belastningsrelaterad ohälsa uppstår. Åtgärder kan vara på 
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individ-, grupp- eller organisationsnivå, de kan vara riktade mot människan, 
tekniken och/eller organisationen.  

Det finns flera olika metoder och riskbedömningsverktyg för att på ett syste-
matiskt och strukturerat sätt mäta den exponering, vars risk man vill värdera. 
Riskbedömningsverktyg kan vara tekniska mätmetoder, till exempel inklino-
metri som registrerar kroppsställningar eller EMG (elektromyografi) som re-
gistrerar muskelaktivitet. På grund av att tekniska mätmetoder är relativt dyra 
i inköp och att datat kan vara svårt att analysera så används dessa metoder 
främst i forskningssammanhang. På senare år har dock fler enkla, billiga och 
användarvänliga tekniska mätmetoder utvecklats. Ett exempel är ”ErgoArm-
Meter”, som är en inklinometer applikation för mobiltelefoner som mäter arm-
rörelser. Dock är så kallade observationsmetoder de riskbedömningsverktyg 
som anses var mest användbara för praktiker, eftersom dessa är relativt enkla 
och tidseffektiva att använda. Det finns många olika observationsmetoder 
framtagna för belastningsergonomisk riskbedömning av olika riskfaktorer. 
Genom att använda någon observationsmetod får bedömaren guidning och 
struktur i genomförandet av riskbedömningen. I riskbedömningen värderar 
bedömaren de olika faktorerna som påverkar risken för belastningsskador. 
Faktorerna kan vara till exempel: arbetsställningar, arbetsrörelser, lyft, repe-
titivitet och vibrationer. Men även psykosociala faktorer, så som stress och 
krav i arbetet. Slutligen görs en uppskattning av exponeringsdosen, det vill 
säga hur ofta, hur mycket och hur länge som exponeringen påverkar arbetsta-
garna. Genom den slutgiltiga dosberäkningen värderas om arbetsmiljöfak-
torerna utgör en risk för ohälsa. 

Ett fåtal internationella studier beskriver ergonomers arbete med riskbedöm-
ning och användning av olika riskbedömningsverktyg. Ergonomers verksam-
het är kontextberoende och skiljer sig något mellan länder, bland annat ef-
tersom nationell arbetsmiljölagstiftning påverkar ergonomers arbetsområden. 
För att förbättra det förebyggande arbetsmiljöarbetet avseende risk för belast-
ningsbesvär så finns det flera kunskapsluckor att fylla. För det första: att ut-
forska hur ergonomer, som befinner sig inom företagshälsovårdens kontext, 
arbetar med belastningsergonomisk riskbedömning. Vilka metoder som an-
vänds och vilka förutsättningar som ergonomer har att genomföra riskbedöm-
ningar. För det andra: arbetsgivarnas perspektiv måste beaktas, hur ser de på 
samarbete med ergonomer gällande riskbedömningar och vilka faktorer un-
derlättar samarbete? 

Syftet med denna avhandling är att utforska och beskriva svenska ergonomers 
arbetssätt och förutsättningar med belastningsergonomiska riskbedömningar. 
Målet är att bidra med kunskap om hur ergonomers arbetsmetoder kan vida-
reutvecklas för att förbättra förebyggandet av arbetsrelaterade belastningsbe-
svär. 
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Avhandlingen bygger på fem artiklar, deras innehåll och syften samt vilka da-
tainsamlingsmetoder som använts, presenteras nedan: 

Artikel I. I artikeln utforskas processen och förutsättningar för belastnings-
ergonomiska riskbedömningsuppdrag, vilka observationsmetoder som an-
vänds av ergonomer och vilka faktorer som påverkar valet av metod. Datain-
samling har skett genom intervjuer med tolv ergonomer och en web-baserad 
enkät som 70 ergonomer svarade på.  

Artikel II: I artikeln undersöks överensstämmelsen av riskbedömningar på 
tio arbetsmoment som är gjorda av 21 ergonomer när de inte använder någon 
specifik observationsmetod, utan baserar bedömningen på sin erfarenhet och 
expertkunskap. Artikeln undersöker interbedömarreliabiliteten, vilket är över-
ensstämmelsen av riskbedömningar mellan olika ergonomer, samt intrabedö-
marreliabiliteten, vilket är överensstämmelsen av riskbedömningar som är 
gjorda av samma ergonom men vid två olika tillfällen. Studiens data utgjordes 
av ergonomernas riskbedömningar som jämfördes med varandra.  

Artikel III: I studien som denna artikel bygger på, deltar tolv ergonomer i ett 
forskningsprojekt som innefattade utbildning i riskbedömning och i sex olika 
riskbedömningsmetoder. Riskbedömningsmetoderna använder de för riskbe-
dömning av 10 olika arbetsmoment. Utbildningen skedde genom ett internet-
baserat utbildningsprogram (e-learning). Artikeln utforskar hur ergonomerna 
upplevde:  

1) Hur e-learning-konceptet fungerade som ett fortbildningsverktyg för ergo-
nomer inom företagshälsan.  

2) Om kunskapsöverföringen från deltagandet i projektet influerade ergo-
nomernas arbete med riskbedömningar. 

Datainsamlingen skedde genom intervjuer. 

Artikel IV är ett så kallat studieprotokoll. I artikeln beskrivs utvecklingen av 
en processmodell för medicinska kontroller för handintensivt arbete. Vidare 
beskrivs designen av de studier som ska genomföras för att utforska använd-
ningen och effekter av modellen. En av dessa delstudier är artikel V. 

Artikel V: Denna studie utforskar hur företagsrepresentanter upplever de 
olika delarna i processmodellen för medicinska kontroller vid handintensivt 
arbete. Artikeln utforskar också vilka faktorer som underlättar eller försvårar 
genomförandet av modellen. Datainsamling skedde genom intervjuer med fö-
retagsrepresentanter från tio olika företag. 
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De viktigaste resultaten 

Den första studien (Artikel I) visade att användningen av systematiska meto-
der för ergonomisk riskbedömning var relativt låg hos svenska ergonomer, 
belastningsergonomisk exponering bedömdes till stor del utifrån ergonomens 
expertkompetens. Den andra studien (Artikel II), undersökte tillförlitligheten 
(inter- och intrabedömarreliabiliteten) av riskbedömningar som baserades på 
expertkompetens, och fann att tillförlitligheten var låg. Detta fynd stöder an-
tagandet om att riskbedömningsverktyg bör ge en ökad tillförlitlighet vid be-
lastningsergonomisk riskbedömning. I efterföljande studie (Artikel III) utbil-
dades och tränades ett antal ergonomer i riskbedömningsverktyg och studien 
utforskade bland annat om ergonomernas praxis gällande riskbedömningar 
förändrats. Resultaten visade att användningen av riskbedömningsverktyg 
ökade generellt men framförallt så förändrades ergonomernas arbetsprocess 
med riskbedömningar. Ergonomerna beskrev att de intog en guidande roll i 
riskbedömningsprocessen. De involverade företaget i riskbedömningen ge-
nom att bland annat ha gemensam planering och att ge i uppdrag till företaget 
att själva ta fram underlag för några av de faktorer som skulle inkluderas i den 
totala riskbedömningen. Ergonomerna beskrev att de blivit mer medvetna om 
riskbedömningsmetoders osäkerhet och därför försökte de, i vissa riskbedöm-
ningsuppdrag, ordna så att de kunde vara två ergonomer som gjorde riskbe-
dömningen. 

I artikel IV beskrivs utvecklingsprocessen av ”HIW-modellen”, som är en pro-
cessmodell för medicinska kontroller vid handintensivt arbete. Modellen föl-
jer en riskbedömningsprocess, i det första steget ska arbetsgivaren identifiera 
om de har handintensivt arbete i sin verksamhet. Om det förkommer ska ex-
poneringen bedömas av ergonom, om resultatet av exponeringsbedömningen 
visar att risken för belastningsskada föreligger ska arbetsgivare först och 
främst försöka minska exponeringen. Är detta inte möjligt ska de exponerade 
arbetstagarna erbjudas en medicinsk kontroll. Den medicinska kontrollen in-
nefattar frågor om belastningsrelaterade besvär och om arbetstagaren har be-
svär görs en klinisk undersökning av nacke, axlar, armar och händer för att 
identifiera typ av besvär. Därefter gör ergonomen en bedömning om eventu-
ella besvär hos arbetstagarna kan relateras till den exponering som har upp-
mätts. Denna sammanfattande riskbedömning, som inkluderar både bedöm-
ning av arbetsmiljöexponeringen och bedömning av arbetstagarnas belast-
ningsrelaterade besvär, återrapporteras till arbetsgivaren. Denna helhetsrisk-
bedömning utgör underlag för fortsatta åtgärder. 

Företagsrepresentanter i studie V upplevde att HIW-modellen bidrog till ökad 
riskmedvetenhet och förståelse för hur arbetstagares belastningsbesvär kunde 
relateras till faktorer arbetet. De uppskattade att exponeringsbedömningarna 
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gjordes av en extern ergonomsexpert, i vissa fall upptäcktes tidigare oidenti-
fierade risker. Företagsrepresentanterna beskrev sig bli mer motiverade att ge-
nomföra åtgärder för att förbättra arbetsmiljön, när de fick kännedom om vil-
ken påverkan exponeringen hade på arbetstagarna. Detta resultat indikerar att 
när exponeringsbedömningar kompletteras med annan information, i detta fall 
information från medicinska kontroller, så blir riskbedömningen mer komplett 
och utgör ett bättre underlag till förebyggande insatser. 

Företagsrepresentanterna beskrev att underlättande faktorer för genomföran-
det av HIW-modellen var att ha ett gemensamt startmöte där processen plane-
rades och förbereddes, att kommunikationen mellan berörda parter var tydlig 
och att det var viktigt att bestämma vem (inom företaget) som äger processen. 
Omgivningsfaktorer som underlättade genomförandet var lagstiftning och 
stödjande företagsledning. 

 
Slutsatser 

För att förbättra det förebyggande arbetsmiljöarbete avseende belastnings-
ergonomiska risker bör fokus vara på hela riskhanteringsprocessen. Det är vik-
tigt att det är ett väl fungerande samarbete mellan ergonom och nyckelperso-
ner inom kundföretagen. Själva riskbedömningen och användandet av riskbe-
dömningsverktyg är viktiga bitar i processen, liksom ergonomens expertroll. 
I den rollen ingår att ha kunskap och kunna använda flertalet olika riskbedöm-
ningsverktyg, inta en roll som processledare som guidar och stöder arbetsgi-
varen genom riskhanteringsprocessen, från identifiering och initiering av risk-
bedömning till åtgärder för att minska exponering. Det är med andra ord vär-
defullt att ergonomers riskbedömningar utvecklas från expertbaserade bedöm-
ningar till mer strategiska arbetssätt där ergonomen tar ett helhetsgrepp för 
hela riskhanteringsprocessen. 
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