




Musculoskeletal disorders 
in the aluminium industry 

Tone Morken 
2003 

Section for Occupational Medicine 
Department of Public Health and Primary Health Care 

University of Bergen 
Norway 



CONTENTS 
Acknowledgements 4 
Abstract 5 
List of articles 7 

1. Introduction 
1.1 Background 8 
1.2 Definition and prevalence of musculoskeletal disorders 9 
1.3 Musculoskeletal disorders at work 11 
1.4 Risk factors for musculoskeletal disorders 12 
1.5 Risk factors in the aluminium industry 16 
1.6 The job demands-control-support model 17 
1.7 Coping behaviour 18 
1.8 Health-related quality of life 19 
1.9 Sickness absence 20 
1.10 Intervention in musculoskeletal disorders at work 22 

2. Aims 24 

3. Material and methods 
3.1 Study area and population 25 
3.2 Design, study population and measures of each study 27 
3.3 Data collection and variables 28 
3.4 Intervention 31 
3.5 Ethics 34 
3.6 Data processing and statistical analysis 34 

4. Results 
4.1 Article I 35 
4.2 Article II 36 
4.3 Article Ill 37 
4.4 Article IV 38 
4.5 Conclusions on the specific research aims 39 

5. Discussion 
5.1 Methodological considerations 40 
5.2 Musculoskeletal disorders -

prevalence in the aluminium industry 42 

2 



5.3 
5.4 
5.5 
5.6 
5.7 
5.8 

Musculoskeletal disorders -relationship with work 
Severity of musculoskeletal disorders 
Intervention in musculoskeletal disorders 
Sickness absence from musculoskeletal disorders 
Practical implications and suggestions 
Recommendations for future research 

References 

Articles I-IV 

Appendices 
Questionnaire 
Letter to the employees 
Written consent form 

3 

44 
44 
46 
48 
49 
49 

51 



ACKNOWLEDGEMENTS 

The work presented in this dissertation was carried out at the Section for 
Occupational Medicine, University of Bergen. 

I want to thank all my colleagues and friends at the section for creating such an 
inspiring, supporting and nice place to work. Special thanks to my supervisors 
Bente Elisabeth Moen and Trond Riise, for sharing their knowledge, for 
constant support, and for inspiring discussions. 

Thanks to all my collaborators in the aluminium industry, especially the 
members of the project group. Without their efforts with the distribution and 
collection of the questionnaires, their enthusiasm in planning and performing 
the intervention, this project would have been practically impossible. 

Thanks to Aluminiumindustriens Milj0sekretariat who funded the project 
including the possibility to work on this dissertation. A special thanks to the 
project coordinator Arvid Bastiansen for his support and as my very important 
link to the aluminium industry and "the real world". 

Many thanks to Berit Larsen who has provided technical support. Thanks to 
language consultant David J Breuer who has done a tremendous job on 
improving my English. 

The very special thanks to my dear husband Trond Einar Augustson for his 
support and belief in my ability. 

Bergen, Norway 
December 2002 
Tone Morken 

4 



ABSTRACT 

Background 
Musculoskeletal disorders (MSD) are great and costly national health problems. 
In Norway, MSD cause more than 50% of all long-term sickness absence and 
more than one third of all new disability pensions granted. Knowledge about 
risk factors and effective interventions to reduce the problem is limited. 

Aims 
The aims of this dissertation were to describe MSD in the aluminium industry, 
the association between work and MSD and the association between MSD and 
health-related quality of life. The aims were further to investigate the relative 
impact of MSD and psychosocial and individual factors on sickness absence, 
and finally to investigate the effect of a training programme intended to prevent 
musculoskeletal disorders. 

Methods 
A randomized controlled intervention study in the aluminium industry in 
Norway was performed in 1999. The intervention consisted of a training 
programme with ten meetings among 40 shift groups in the production line (549 
workers) and a process of implementing solutions to improve musculoskeletal 
health at work. All workers in the aluminium industry in Norway answered a 
questionnaire at baseline in 1998 (n=5654) and in a follow-up study in 2000 
(n=5143). The questionnaires in both surveys included items on musculoskeletal 
disorders, coping, health-related quality of life and sickness absence. 

Results 
In 1998, most of the workers (93%) had experienced MSD in the past year. The 
prevalence was highest among operators and among women. The duration of 
employment (used as an indirect measure of occupational exposure to risk 
factors for MSD) correlated with MSD in nine of ten parts of the body among 
operators, also after adjustment for age. A similar relationship was found in 
only two of ten parts of the body among office workers. 

High frequencies of MSD from all parts of the body were related to lower scores 
on the SF-36 Health Survey and increased sickness absence. The relationship 
was strongest for pain in the lower back. Blue-collar workers (operators) had 
higher risk than white-collar workers (office workers and managers) for both 
short-term and long-term sickness absence from MSD. Widespread pain and 
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low back pain reported in 1998 were the strongest predictors of both short- and 
long-term sickness absence reported in 2000. In addition, low social support 
predicted short-term sickness absence. 

The participants in the intervention group called "operators without a 
supervisor" used coping strategies more often in 2000 than in 1998. We found 
no significant changes in MSD between the intervention and control groups. 
The intervention groups implemented a number of improvements in the work 
environment. 

Conclusions 
The operators in the aluminium industry had most often MSD and the disorders 
were significantly correlated to years of employment. Especially low back pain 
was related to lower health-related quality of life and more sickness absence. 

Training and actively involving the workers in solving specific problems in the 
work environment for 1 year seemed to influence coping with MSD but had no 
effect on self-reported MSD, health-related quality of life or sickness absence. 
Intervention in the aluminium industry to prevent disabling work-related MSD 
should be carried out by reducing risk factors for low back pain among 
operators. Evaluation of primary prevention of MSD must include the relevant 
risk factors for MSD in future studies. 

6 



LIST OF ARTICLES 

This dissertation is based on the following original articles, referred to in the 
text by Roman numerals: 

I Morken T, Moen B, Riise T et al. Prevalence of musculoskeletal 
symptoms among aluminium workers. Occup Med 2000;50:414-421. 

11 Morken T, Riise T, Moen B et al. Frequent musculoskeletal symptoms 
and reduced health related quality of life among industrial workers. 
Occup Med 2002;52:91-98. 

Ill M or ken T, Riise T, Moen B et al. Low back pain and widespread pain 
predict sickness absence among industrial workers. Submitted. 

IV Morken T, Moen B, Riise T et al. Effects of a training program to 
improve musculoskeletal health among industrial workers - effects of 
supervisors' role in the intervention. Int J Ind Ergon 2002;30:115-127. 

7 



1 INTRODUCTION 
1.1 Background 
The main focus of this dissertation is the prevalence of musculoskeletal 
disorders (MSD) in the aluminium industry, the relationships with work, quality 
of life and sickness absence and the effect of a training programme to prevent 
MSD at work. 

A previous survey indicated a high prevalence of MSD and sickness absence 
caused by MSD at aluminium plants. 1 Based on this survey and on sickness 
absence registration at the plants, the aluminium industry in Norway has made 
improvements and changes to prevent and reduce the prevalence of MSD. 
Nevertheless, the effects of these changes have not been satisfactorily 
documented. 

To investigate scientifically the effect of interventions to prevent MSD and to 
obtain more knowledge for planning practical interventions in the future, the 
Aluminium Industry in Norway started the project Systematic Intervention to 
Improve Musculoskeletal Health in the Aluminium Industry in cooperation with 
the University ofBergen. The project started in 1998 and was finished in 2002. 
This dissertation describe results from 1998 to 2000. 
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1.2 Definition and prevalence of musculoskeletal disorders 
The concept of MSD is used frequently, but it is often not a well-defined entity. 
MSD implies all disorders with pain from musculoskeletal structures. The 
disorders are often characterized in such terms as complaints, pain, disease, 
illness, impairments and disabilities.2 MSD can originate from conditions well 
defined by medical science based on objective measurable biological change 
such as rheumatic disease, injuries, infections and tumours. Nevertheless, the 
large majority of people with MSD do not have any of these diagnoses, and the 
diagnosis is often based on self-reported symptoms. 3 The occurrence and 
characteristics of MSD are also often described based on self-reported MSD 
without being restricted to certain diagnoses or levels of severity. MSD and 
musculoskeletal symptoms are used synonymously here. 

The prevalence of self-reported MSD is so high in the general population in 
Norway, in other industrialized countries and in various working populations 
that it may be considered normal to experience such symptoms. Table 1.1 shows 
the high prevalence of MSD both in general and in occupational populations. 
These studies are partly comparable, as the Standardized Nordic Questimmaires4 

or a modified version have been used to study the prevalence ofMSD. Natvig et 
al. 5 showed that 85% of the adult population in a Norwegian community had 
experienced MSD in the past 12 months. 

Most people live with MSD without severe disability. Nevertheless, in Norway 
it has been documented that MSD cause more than 50% of all long-term 
sickness absence 6

•
7 and more than one third of all new disability pensions 

granted.8 Currently, 40% of the world's occupational and work-related diseases 
are attributed to MSD.9 The prevalence of MSD varies between occupations. 10

•
11 

MSD are common in all age groups 12
'
13 and increase with age, 14

-
16 and more 

women than men tend to report such problems. 10
•
17 
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Table 1.1. One-year prevalence of musculoskeletal disorders in studies using 
partly comparable measures 

Authors Title Sample Measure One-year One-year 

prevalence prevalence 

(%),any (%)low 

part of the back pain 

bodv 

Augustson & [Musculoskeletal problems n=329 SNQ 81 49 

Morken 1996
18 among dental health personnel. A Employees in 

survey of the public dental health public dental 

services in Hordaland County 1 services 

Eide et al. 19891 [Musculoskeletal symptoms in the n = 7915 SNQ 80 52 

aluminium industry] Industrial workers 

Morken 199i
9 [Musculoskeletal symptoms. A n=40 SNQ 99 83 

study of electricians' experience 1 Electricians modified 

Natvig 1994
5 [Musculoskeletal complaints in a n = 2740 SNQ 85 51 

population. Prevalence and One Norwegian (men) 

location] community > 20 55 

vears old (women\ 

Rafnsson et al. [Musculoskeletal disorders in the n =627 SNQ - 56 

1989
20 

Icelandic population] normal population (men) 

> 16-65 years old 65 (women\ 

Torp et al. I 99621 Work-related musculoskeletal n = 103 SNQ 96 76 

symptoms among car mechanics: Car mechanics 

a descriptive study 

SNQ: Standardized Nordic Questionnaires4 
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1.3 Musculoskeletal disorders at work 
The concept of work-related MSD is often used in studying MSD in an 
occupational context. 22 They have been defined as disorders of the 
musculoskeletal system having a proven or hypothetically work-related causal 
component.23 The concept of work-related MSD has been described as having 
the face of Janus. 23 They are disorders like any other, with their causality, 
diagnostic criteria and therapy. Nevertheless, having been designated as being 
work-related, they have become the subject of special legislation and 
compensation. This influences how they are understood and how, for example, 
companies and workers react to them. The definitions and criteria for what is 
work-related or not are not uniform. The same disorder may be recorded as 
work-related in one context but not in another. The differences in definition 
between countries may result from worker' compensation systems and may be 
influenced by economic, political and social factors .24 In discussion on risk 
factors and the effects of intervening in MSD, the concept ofwork-related MSD 
might be misleading because of the possible interpretation ofwork-related MSD 
as fundamentally different from other MSD. The focus of this study is MSD in 
an occupational context (the aluminium industry) . 

No common MSD is uniquely caused by work exposure. Several factors should 
be considered in studying occupational MSD: 1) the physical and psychosocial 
aspects of the work and the workplace, 2) sociocultural factors and 3) the 
physical and mental characteristics of the individual .22 We categorize the risk 
factors for MSD into work-related factors and individual factors in this 
dissertation. 
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1.4 Risk factors for musculoskeletal disorders 
MSD are a heterogeneous group of disorders both in causation and pathology. 
The literature often describes the risk factors on different levels. Table 1.2 
shows factors that may increase or decrease the risk of MSD at the workplace 
and outside work, including individual factors. 

Table 1.2 Factors that may increase or decrease the risk of musculoskeletal 
disorders 

Physical factors at work • Manual material handling 
• Physically heavy work 
• Frequent twisting and bending 
• Whole-body vibration 
• Repetitive work 
• Hand-arm vibration 
• Posture 

Psychosocial factors at work • Monotonous work 
• Low job satisfaction 
• Low control 
• High job demands 

Sociocultural factors • Education 
• Socioeconomic status 

Individual factors •Age 
• Gender 
• Body mass index 
• Smoking 
• Physical activity 
• Depression 
• Coping 
• Pain behaviour 
• Genetics 

--
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Both physical and psychosocial factors have been in focus as possible risk 
factors at work. Physical load such as manual material handling, physically 
heavy work, frequent twisting and bending and whole-body vibration have been 
identified as important risk factors for disorders of the lower back. 22

•
25

-
27 

Repetitive work, static workload, hand-arm vibration and neck and arm posture 
have been identified as important risk factors for neck symptoms.25

•
28 Similar 

factors have predicted MSD in other parts of the body.29
•
30 

Several recent reviews on the risk factors for MSD have concluded that there is 
evidence for relationships between psychosocial factors at work and MSD. 
Example of such psychosocial factors are monotonous work, low job 
satisfaction, low control and high job demands.22

•
25

•
27

•
31

-
33 

A number of characteristics of the individual appear to affect vulnerability to 
MSD, including age and gender,22

'
34 genetics,35 education,36 social class,37 

smoking,38
•
39 body mass index,22

•
40 physical activity41 and such individual 

psychosocial factors as depression, personality factors, fear-avoidance coping 
and pain behaviour.22

'
42 

Figure 1.1 shows a simplified model of the roles and influences that various 
factors may have in the development of MSD as defined here. The dotted box 
on the right indicates some possible pathways and processes that could occur 
within the person, including age, gender, physical activity, smoking and coping. 
Outcomes may be a result of this relationship and may be influenced by both 
factors at the workplace and individual factors. The dotted box on the left 
indicates the possible influences of the workplace on the sequence of events that 
can lead to MSD in the person. Conversely, MSD may also predict coping and 
physical activity, and coping may predict perceived social support. 
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The studies included in this dissertation have searched for associations between 
physical factors (indirectly measured by job category and employment 
duration), psychosocial factors (demand, control and social support) and 
reported outcomes in the person (MSD, health-related quality of life and 
sickness absence). Individual risk factors, such as age, body mass index, gender, 
smoking and physical activity outside the workplace were considered as sources 
of possible risk factors and also possible confounding factors and were 
accounted for in the analyses. Coping, the problem-focused strategies people 
use to prevent musculoskeletal symptoms from worsening, is defmed here as an 
individual factor. 
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Figure 1.1. The simplified model used in this dissertation of the roles of 
various factors in the development of musculoskeletal disorders 

15 



1.5 Risk factors in the aluminium industry 
Few studies have been published on the work environment and MSD among 
aluminium workers. Production line operators work in a dusty environment 
doing relatively heavy work, often with an awkward posture. They also have to 
wear personal protective equipment such as safety shoes, helmet, protective 
clothing, gloves and respiratory protective devices. One example of a 
demanding task is pushing additives into an open potroom cell with a handheld 
pusher (Figure 1.2A). Another example of an awkward posture is replacing a 
filter in the filterbox between the casting furnace and the casting table in the 
casthouse (Figure 1.2B). Aluminium smelting involves temperatures above 
900°C. Workers involved in the smelting operations are exposed to heat stress 
and strain.43 One study of risk factors for work-related MSD in an aluminium 
smelter found that both physical and psychosocial factors were associated with 
MSD.44 Specifically, forearm twisting, job satisfaction and decision latitude 
were associated with MSD. A study of the influence of exposure to potroom 
magnetic fields, common in electrolysis plants, on the prevalence of 
musculoskeletal symptoms among the employees found no relationship.45

•
46 

Many of the aluminium workers have shift work, and one study found a 
relationship between shift work and MSD.47 

Article I presents the prevalence of MSD and the relationship with duration of 
employment and job category. 

Figure 1.2A. From the potroom Figure 1.2B. From the casthouse 
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1.6 The job demands-control-support model 
The job demands-control-support model by Karasek & Theorel148 is an 
influential model of the relationship between work stress and health (Figure 
1.3). The job demands-control model and later the job demands-control
support model have dominated research on occupational stress in the past 20 
years.49 Job demands refer to the workload and have been operationalized 
mainly in terms of time pressure and role conflict.48 Job control (often called 
decision latitude) refers to the person's ability to control his or her work 
activities. Social support refers to support from eo-workers and management. 
The model assumes that jobs with high mental demands and a high degree of 
decision latitude or control and social support (called active jobs) lead to 
learning, motivation and active workers. Workers in active jobs are more likely 
than workers in passive jobs to try to change the work environment by using 
problem-focused strategies.50 Studies have found support for positive 
relationships between each of the variables related to demands, control and 
social support and musculoskeletal symptoms16

•
25

•
27

•
31 and the predicted effects 

of all three variables when analyzed simultaneously in regression models.51 

There is also found a relationship between these psychosocial factors and 
coping with physical strain at work when people have MSD.50

•
52 The 

psychosocial factors here are represented by job demands, control and social 
support from this model. 

We investigated the relationship between job demands, control, social support 
and sickness absence from MSD (article Ill) and the effect of a training 
programme on social support (article IV). 

Decision 
Lalilude 
(control) 

HIGH 

LOW 

Psychological Demands B 
LOW HIGH ~ 

' ' ' .. Low-slraln 

' ®', 
' 

Acllwe 

' ' ' ' High-slrain 

V I 
CD~',,j ~~~~~~logical Strain 

Ill!~:.._ _ _ ___ _!__ - - ----....31.- and Physical Illness 

' A 

Figure 1.3 The job demands-control-support model 
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1. 7 Coping behaviour 
Stress research has shown that coping influences health.53

•
54 Coping strategies 

are often grouped into emotion-focused or problem-focused strategies.54
•
55 

Emotion-focused coping includes behavioural or cognitive responses, the 
primary function of which is to manage the emotional effects of stressors to 
maintain one's emotional equilibrium. Problem-focused coping includes 
attempts to modify or eliminate the sources of stress through one's own 
behaviour. Coping resources, the factors that determine coping behaviour, have 
most commonly been defined as personal attributes or skills such as self
esteem, 56 sense of coherence, 53 education 57 and type A behaviour dimensions. 58 

Coping resources can also include the characteristics of the social and 
organizational environment.59 Psychosocial factors are found to correlate 
significantly with how workers coped with physical strain when they had 
MSD.50

•
52 Workers with a positive work environment may be more likely to try 

to change the work environment by using problem-focused strategies. 55 Workers 
performing strenuous work are often advised to prevent exacerbation by 
changing the physical workload through such measures as improving their 
working technique, using lifting equipment, taking breaks and avoiding 
strenuous work tasks. They are also encouraged to discuss problems and 
interventions related to health and the work environment with their colleagues 
and management. This kind of strategy for coping with MSD is problem
focused as it attempts to modify or eliminate the sources of physical stress. 
Dewe et al. 55 define coping behaviour as what the person actually does in a 
specific situation, in contrast to coping style. Coping behaviour is context
dependent, and coping style appears to be a trait-like combination of cognition 
and behaviour that is independent of the situation. 55 

We (article IV) defme coping as people's behaviour using various strategies to 
reduce physical strain when they experience MSD. Coping is used as an 
outcome variable. 
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1.8 Health-related quality of life 
Health-related quality of life has become an important measure in studying 
health status and health outcome. The health-related quality of life is defined as 
"the subjective perception of the impact of health status, including disease and 
treatment, on physical, psychological, and social functioning and well-being".60 

The purpose of measuring the health-related quality of life is to determine health 
in terms of functional status, well-being, the relative burden of disease and the 
relative benefits of alternative treatments. 61 

Patients with low back pain have been shown to have reduced health-related 
quality of life,62 as have patients with other MSD63 and people with 
musculoskeletal pain in the general population.3 Few studies have been 
published on the health-related quality of life in a working population. One 
study found a relationship between self-reported health and quality of life 
among women in a male-dominated industry.64 Another study compared five 
generic health status measures in a study of injured workers and concluded that 
different questionnaires give a different impression ofhealth.65 Studying health
related quality of life in working populations may give useful information about 
such factors as physical functioning and problems with work activities. 
Describing the impact of different levels of MSD on such outcomes as the 
health-related quality of life might be of importance to occupational health 
services, workers, employers and society in the choice between alternative 
preventive strategies. 

We use the health-related quality of life as a measure of the relative burden of 
MSD in a working population (article II). 61 
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1.9 Sickness absence 
Sickness absence may be defined as absence from work that is attributed to 
sickness by the employee and accepted as such by the employer. Sickness 
absence is likely to remain high on the agenda for government and industry66 

and is used as an important indicator of morbidity in society. In Norway, MSD 
have been the dominant cause of sickness certification by a doctor, whether 
measured by incidence, duration of single episodes or number of days of work 
lost.6

•
7 Sickness absence is a complex phenomenon that is influenced by several 

factors other than health.66 Factors explaining sickness absence can be 
categorized into three structural levels; national, occupational and individual67 

(Table 1.3). 

Table 1.3 Examples of factors at different levels that influence sickness 
absence 

National level Occupational level Individual level 

Sickness insurance Physical environment Age 
system Psychosocial Gender 
Level of environment Diagnosis 
unemployment Culture of absenteeism Socioeconomic 
Composition of the Job title factors 
labour force Education 

20 



National-level factors include the design and practical applications of the 
sickness insurance system, the level of unemployment and the composition of 
the labour force. 67

'
68 At the occupational level, several factors influence sickness 

absence from MSD, such as the physical and psychosocial environment,69
-

71 job 
title70

•
72 and the culture of absenteeism. 73 At the individual level, age, gender 

and diagnosis 74 have been associated with sickness absence. 

We consider sickness absence as a measure of consequences of musculoskeletal 
symptoms from different parts of the body or directly as a consequence of 
psychosocial factors in the work environment (article Ill). Risk factors from the 
individual level have been included in the analysis because of the multifactorial 
background of sickness absence. 
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1.10 Intervention in musculoskeletal disorders at work 
Intervention is needed to decrease exposure to risk factors. Primary prevention 
means intervening before members of the population at risk have acquired a 
condition of concern: for example, educational programmes to reduce the 
number of new cases (incidence) of MSD. Because most people at some point 
experience MSD, studies designed to prevent the development of long-term 
MSD among non-patients, such as in the general population or workplace, 
might be defined as primary prevention. 75 Secondary prevention occurs when 
the intervention is undertaken after individuals have experienced the condition 
of concern: for example, introduction of lifting technique for workers with low 
back pain. Tertiary prevention strategies are designed for individuals with 
chronically disabling MSD; the goal is to achieve maximal functional capacity 
within the limitations of the individual's impairment. 22 

Ergonomic intervention is defined as a change process initiated and 
implemented by a stakeholder with the aim of introducing measures that 
influence occupational exposure and/or response to promote musculoskeletal 
health.76 Ergonomic interventions can be classified as job-related interventions 
such as workplace redesign and worker-focused interventions including 
education on lifting techniques, postural instruction, fitness and stretching 
exercises.75 

As the nature of work is rapidly changing and the emphasis on production 
targets is increasing, designing and carrying out intervention studies in the 
workplace are difficult, especially those that are prospective, randomized and 
controlled. Although many studies have been published on workplace 
intervention and MSD, few meet the strictest criteria for scientific validity.22

·
76 

Reviews of the primary prevention of back and neck pain problems conclude 
that controlled trials examining broad-based multidimensional programmes for 
preventing back and neck pain among non-patients, such as in the general 
population or workplace, are severely lacking. Studies evaluating back belts, 
health education and back schools have not found that these interventions have 
any effect. Only exercises (such as strengthening the back muscles and 
increasing trunk flexibility) to prevent low back pain provided sufficient 
evidence to conclude that they are effective in preventing MSD, but the effect is 
moderate. 75

•
77 Symptoms in the upper extremities seem to benefit from changes 

in work station design, tool design or training of the upper extremities.22 One 
intervention study documented reduced shoulder and arm pain through 
multidisciplinary ergonomic interventions among computer users, 78

•
79 and other 
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studies have similar findings. 80
•
81 The results from recent well-designed studies 

suggest that secondary prevention strategies such as ergonomics, exercise, 
active back schools and multidisciplinary intervention are effective in 
preventing low back pain. 82

•
83 Tertiary prevention strategies are designed for 

individuals with chronically disabling MSD; the goal is to achieve maximal 
functional capacity within the limitations of the individual's impairments.84 

Tertiary prevention is usually arranged on a case-by-case basis, and we do not 
address this topic here. 

The complexity of MSD in the workplace requires a variety of strategies that 
may involve the worker, the workforce and the management. The literature 
shows that no single strategy is or will be effective for all types of industry; 
intervention is best tailored to the individual situation. 85 Comprehensive reviews 
of studies of intervention to prevent MSD have provided a foundation for 
considering the value of intervention. They describe intervention strategies that 
have the best chance of success: organizational culture interventions, 
stakeholder commitment, employee involvement and modifier interventions 
focusing on workers at risk. 22

• 
76 
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2. AIMS 

The aims of the study were: 

1) to determine the prevalence of self-reported musculoskeletal disorders in 
the aluminium industry in Norway (article I); 

2) to estimate the association between the duration of employment as an 
indirect cumulative measure of work-related risk factors and 
musculoskeletal disorders (article I); 

3) to estimate the impact of musculoskeletal disorders on the health-related 
quality of life among industrial workers (article 11); 

4) to investigate the relative impact of musculoskeletal disorders on 
various parts of the body and of psychosocial and individual factors on 
short- and long-term sickness absence during 1 year among industrial 
workers (article Ill); and 

5) to evaluate the effect of a training programme with participatory 
approaches on musculoskeletal disorders, individual coping and social 
support (article IV). 
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3 MATERIAL AND METHODS 
3.1 Study area and population 
The studies were performed in eight aluminium plants in Norway (Figure 3.1). 
At the start of the study in 1998, the eight plants had 6156 workers who were 
invited to complete a questionnaire. In 2000, the number of workers had 
declined to 54 71 because the plants were reorganized. The employees off work 
at the time the survey was performed were not included in the study. The study 
populations are illustrated in Figure 3.2. 

Mosj!Zien 

Sunn 

HlZiyanger 
Ardal 

Husnes 
Ka 

Figure 3.1. The location of the eight aluminium plants participating in the 
studies 
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Baseline 1998 
n=5654 

(articles I and II) 

\ 
Matched 
n=3320 

(article Ill) 

The 
subpopulation 

n =2181 operators 
(article IV) 

Follow-up 2000 
n=5143 

I 

Figure 3.2. The study population in the aluminium industry 
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3.2 Study population, design and measures of each study 
Article I 
Study population and design 
A cross-sectional study including 5654 workers in the eight aluminium plants. 
Measures 
The questionnaire included items on musculoskeletal symptoms and duration of 
employment. 

Article 11 
Study population and design 
A cross-sectional study including 5654 workers in the eight aluminium plants. 
Measures 
The questionnaire included items on musculoskeletal symptoms, health-related 
quality of life (SF-36) and sickness absence. 

Article Ill 
Study population and design 
A prospective study including 3320 workers in the eight aluminium plants. 
Measures 
The questionnaires in 1998 and 2000 included items on musculoskeletal 
symptoms, the Job Content Questionnaire (job demands, control and social 
support) and sickness absence. 

Article IV 
Study population and design 
A randomized controlled intervention study including 3320 workers in the eight 
aluminium plants. 
Measures 
The pre- and post-intervention questionnaires included items on job demands, 
control, social support, coping and musculoskeletal symptoms. 
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3.3 Data collection and variables 
The data were collected by using a self-administered questionnaire including 96 
items. All workers in the eight aluminium plants were asked to fill out a self
administered questionnaire on the work environment, MSD, coping and health
related quality of life. 

The questionnaire developed was pre-tested, refined and approved by the health 
and safety committee in each plant. It was filled out anonymously, but a code 
was included to enable matching with future surveys among the same 
individuals. The workers had to give written consent before participating. 
Physiotherapists distributed and collected the questionnaires at special meetings 
at the plants. 

Musculoskeletal symptoms 
The occurrence of musculoskeletal symptoms was recorded according to a 
modification of the Standardized Nordic Questionnaire for the analysis of 
musculoskeletal symptoms.4 Most questions about musculoskeletal symptoms 
were phrased as follows: Have you at any time during the past 12 months had 
trouble (ache, pain, discomfort) in ? The list included the head, neck, 
shoulders, elbows, hands, upper back, lower back, hips, knees and feet. Instead 
of using dichotomized alternatives for the answers, a five-point scale ranging 
from "never" to "very often" was used. "Head" was added to the nine regions of 
the body defined in the Standardized Nordic Questionnaires in articles I and 
IV but excluded in articles II and Ill. An index called widespread pain was 
constructed as the number of body parts that caused pain often or very often 
ranging from 0 to 10. High score means frequent pain from many body parts. 

The Standardized Nordic Questionnaires have been tested for reliability and 
validity. Test-retest reliability has been found to be acceptable.4 The answers 
from "never" to "very often" have been tested for low back pain and found to 
correspond well to answers in the Standardized Nordic Questionnaires, 
categorized into a specified number of days. 86 

Job demands. control and social support 
Job demands, control and social support (articles III and IV) were measured 
using a Norwegian translation of the short Swedish version of the Job Content 
Questionnaire87 developed from the job demands-control-social support model 
ofKarasek & Theorell.48 Psychological job demands were measured using five 
questions. High demands were related to working rapidly and hard, excessive 
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work, insufficient time to work or conflicting demands. Control (decision 
latitude) was measured by six questions related to learning new things, 
creativity, skills, task variety and the quantity of repetitive work. Social support 
was measured by six questions related to the atmosphere in the work 
environment and help and support from eo-workers and supervisors. All 
questions were scored on a four-point scale. The scores of the single items were 
summed and transformed into three scales of job demands, job control and 
social support ranging from 0 (equivalent to "no", "never" or "do not agree" for 
all items) to 1 (equivalent to "yes", "often" or "agree" for all items). Thus, 
higher scores on the three scales represent higher job demands, higher job 
control and higher social support. A variable job strain was calculated by 
dividing job demands plus 1 by job control plus 1 to avoid the problem of 
dividing by zero. 

The Norwegian translation of the short Swedish version of the Job Content 
Questionnaire has been used in several studies in general and working 
populations.51

•
88

•
89 The validity and reliability of the Job Content Questionnaire 

has been tested and found satisfactory.48
•
90 

Coping 
Coping with musculoskeletal symptoms, which was regarded as an outcome 
variable (article IV), was measured by an index of 11 items on whether workers 
actually used problem-solving or symptom-controlling strategies when they had 
symptoms at work that had troubled them for days or weeks. 

The items were measured using a three-point scale ranging from 1 (seldom or 
never) to 3 (often). The scores of all 11 items were summarized and transformed 
into a range of 0 (equalling seldom or never for all 11 items) to 1 (equalling 
often for all 11 items). In this way, a higher total score indicates a more active 
way of coping with musculoskeletal symptoms. The questions have been used in 
other studies on coping with musculoskeletal symptoms.50

•
52

•
91 

Health-related guality of life 
The health-related quality of life was measured with the SF-36 Health Survey,92 

and the variables were used in article II. SF-36 is a generic measure of the 
health-related quality of life as opposed to one that targets a specific age, 
disease or treatment group. It has been tested for validity and reliability in 
several studies. 61 Compared with four other generic health measures, the SF-36 
Health Survey was found to discriminate relatively well between different levels 
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of self-perceived health, 65 to have adequate test-retest reliability and to be the 
most appropriate questionnaire for measuring health changes among individuals 
with MSD because it is highly responsive.93 The physical dimension of SF-36 
has been found to be very responsive to change over time among patients with 
sciatica.94 SF-36 has been translated and adapted into Norwegian.95

-
97 

The items in the SF-36 Health Survey are grouped into eight multi-item scales. 
These include physical functioning ( 10 items), role limitations caused by 
physical problems (role - physical, 4 items), role limitations caused by 
emotional problems (role - emotional, 3 items), bodily pain (2 items), social 
functioning (2 items), mental health (5 items), vitality (4 items) and general 
health perceptions (5 items). An additional item (health transition) reports health 
transition over the past year. The standard version (SF-36 1.0) was used; the 
focus was the situation during the past 4 weeks. Responses vary from 
dichotomous (yes/no) to six-point verbal rating scales (ordinal). All item scores 
were coded, summed and transformed linearly into a possible range of 0 (poor 
health) to 100 (optimal health). Missing substitution (substituting the 
respondents' average score for the other items in the same scale) was performed 
to calculate the score for scales when 50% or less of the questions were 
unanswered. 92 

The HRQOL among the workers was compared with the general population by 
using norm-based scores of the SF-36 scales. The norm-based scores were 
calculated using age- and sex-adjusted scores and standard deviation (SD) in a 
Norwegian general population. These adjusted scores were calculated by finding 
the score for each worker in the general population of the same sex and age 
group in 10 year age groups. The norm-based score is obtained by subtracting 
the adjusted score in the general population, dividing by the SD in the general 
population, multiplying by 10 and adding 50. This means that a deviation of 10 
points from the mean (50) represents a difference of 1 SD in the general 
population. 

Sickness absence 
Sickness absence was measured by the questions: Have you had any sickness 
absence in the past 12 months? If yes, how many days in the past 12 months? 
How many days in the past 12 months have you had sickness absence because 
of musculoskeletal symptoms? 
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3.4 Intervention 
The intervention presented in article IV was a trammg programme on 
preventing MSD among workers in the aluminium industry. A project group 
consisting of the 10 physiotherapists employed by the occupational health 
services of the aluminium plants, a representative of the managers, a project 
coordinator and a researcher planned the programme. Figure 3.3 shows the 
organization of the intervention project. The programme was developed 
specifically for the aluminium industry, with issues relevant for the workers in 
this industry. The physiotherapists cooperated closely to make the presentation 
similar in each plant. The project group, the workers' trade union and the 
management of the plants engaged in dialogue during the whole planning 
process. This allowed both the management and the staff to explicitly accept the 
programme. The purpose was to enable the operators and the organization to 
prevent and cope with musculoskeletal problems at the workplace. 

An important idea behind the programme was learning through group 
conversation and acting within the context of the work environment. Ten 
sessions with 10 different subjects were held during 1 year. The local 
physiotherapist chaired each session, which lasted 1 hour: 15 minutes of 
didactics and 45 minutes of discussion. The didactic session focused the 
knowledge about musculoskeletal problems: physical, psychosocial, the 
organization of work and individual risk factors, basic ergonomic principles and 
coping with musculoskeletal symptoms. The discussion session focused on both 
individual solutions and how to obtain an optimal work environment 
organizationally and technically. Active participation from the group members 
was emphasized, based on the understanding that the workers themselves have 
considerable expertise in assessing ergonomic risks and solving problems. The 
group members were responsible for identifying and setting priorities among the 
problems and implementing solutions. All groups, including intervention group 
2 (the group without supervisors participating in the training programme), had 
to involve the supervisor when solving problems and implementing solutions in 
the work environment. The difference between the groups with and without a 
supervisor was that the supervisor did not participate in the discussions in the 
training process. The plan for solutions had to be implemented in the internal 
control system for health and safety in the plant. The implementation and 
evaluation of solutions by using the internal control system for health and safety 
was an important part of the training. Except for one plant, the plants had no 
specific budget for ergonomic improvements. The local physiotherapist 
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attempted to have minimal influence on the group's decision-making while still 
providing information and assistance. 

The physiotherapists described the plans and solutions implemented as a result 
of the intervention, and the project group collected them. At the tenth meeting, 
an evaluation questionnaire was given to the participants to determine their 
impression of the training programme, the presentation, the group work and 
development of plans for changes in the work environment. In addition, the 
project group collected information from the plants about organizational 
restructuring during the intervention period. 
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Steering committee, Environmental Secretariat of the Aluminium industry in Norway (AMS) 
S.R. Martinsen Hydro Aluminium Karmoy, M. Bakke Hydro Aluminium Karmoy 
H. Bentzen Elkem Aluminium Lista, R. Rist Alcan Iceland Ltd., B.!. Johansen Elkem Aluminium Lista 
K.E. Sagen Hydro Aluminium Metal Products 

Scientific council 
T. Morken, B.E. Moen, T. Riise, S. Torp, University ofBergen 
D. Malterud, Elkem Aluminium Lista, G. ten Bolscher, Hydro Aluminium Hoyanger 
D. B•·uusgaard, University of Oslo 

Project group 
Project coordinator, Environmental Secretariat of the Aluminium Industry in Norway (AMS) A. Bastiansen 
Project leader, University of Bergen T. Morken 
H. Vats lid Hydro Aluminium Metal Products and physiotherapists at all plants 

Hoyanger plant- Health and Safety Committee 
B. Furseth, Olav Bergum*/G. ten Bolscher (project leader), E. Hovland, R. Ytredal, B.O. Lie 
Holmestrand plant- Health and Safety Committee 
S.H.V. Hauge (project leader), M. Sagen, B.A. Nordhaugen, G. Eikeland 
H usnes plant- Health and Safety Committee 
1.0. Yttredal, V. Thoppil (project leader), H.P. Lange, L.T. Asen, E. Jaggi, 0. Birkelund 
Karmoy plant- Health and Safety Committee 
P.A. Drablos, Laila Bua*/S. Pedersen (project leader), E. Ellingsen, T. Anglevik*/G. Hoines, E. Nilsen, A.E. 
Gnesdal, R. Ihle, H.H. Jensen, Y. Eriksen 
Lista plant- Health and Safety Committee 
D. Malterud, H.-0. Olson*/H. Meberg (project leader), J.A. Toft, H. Svendsvoll, H. Bentzen, T.E. Aulie 
Mosjoen plant- Health and Safety Committee 
E. Lokke-0wre*/A.T. Haug, S. Holien (project leader), T. Christoffersen, E. Thoresen, B. Fagerheim, J. 
Jakobsen, K. lversen, S. Blafjell, P.I. 0ksne, F. Holvik*/K. Aanes 
Sunndal plant- Health and Safety Committee 
A.H. Husoy, G.M. Seljebo, I.L.L. Saue (project leaders), T. Erstad, 0. Sveen, R. Glomstad*t/T. 
Akermann*/E.P. Reiten, E. Furu, O.B. Stolan*/1. Ba:vre 
Arda/ plant- Health and Safety Committee 
T.P. Johansen*/0. Bakke, A. Langedrag*/C. Roth (project leader), G. Vee, 0. 0vregaard*/M. Felde, P.I. 
Stromhylden, K.O. Farthun*/J.R. Hoiheim, 0. Walaker, H. Ho!, F. Myklebust 

*Not a current member of the committee. 

Figure 3.3. Organization of the intervention project 
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