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ABSTRACT 
Neck/shoulder and low back pain are the most frequent sources of pain complaints, health 

care utilization, and lost work time. The etiology is multifactorial, and includes physical and 
psychosocial working conditions, outside work conditions, and psychological factors. The 
sizable number of females and males suffering from neck/shoulder and low back pain 
underscores the societal importance of the problem, emphasizing that there is urgent need for 
effective strategies to address it. The main aim of this thesis is to broaden the understanding of 
gender and context in both the assessment of physical load exposure and the identification of 
target groups of prevention of neck/shoulder and low back pain. 

 
This thesis is based on the MOA Study and the MUSIC-Norrtälje Study. In Paper I, the 

reproducibility and the validity of eight physical load questions in a public health questionnaire 
were evaluated by the test-retest method and by a structured personal interview (n=203). Paper 
II investigated if and how exposure to awkward work postures is associated with occupational 
gender segregation. Direct measurements of sitting, arm and trunk postures were taken with two 
different technical instruments on 78 matched pairs of one female and one male worker over 
one full workday in diverse labor markets (n=156). Paper 3 took an exploratory approach to 
identification of potential target groups for prevention of neck/shoulder and low back pain, 
using cluster analysis of 15 variables on different aspects of working and living conditions 
(n=1,341). In Paper 4 these clusters or groups were followed up after 5 years with respect to 
neck/shoulder and low back pain, and care seeking during the follow-up period (n=1,095). 

Six of the eight questions had high or moderate accuracy and thus can be recommended for 
questionnaires to study health effects in epidemiological studies. Two questions on bent/twisted 
work posture and repetitive movements had low accuracy and should be avoided, at least in 
general population studies. Gender, type of work, and musculoskeletal complaints did not 
influence the ability to respond to the physical load questions. Level of exposure to awkward 
work postures was associated with vertical occupational segregation, and this appeared to be 
most prominent in female-dominated jobs. Female and male workers in such jobs with low 
status and authority had the overall highest exposure levels.  

Eleven groups with different working and living conditions were identified. Four of the 
groups had an increased risk for persistent neck/shoulder or low back pain 5 years after the 
baseline measurements (OR 2.4–2.6). The working and living conditions of these four groups 
had quite different features, but were all characterized by an overstrained situation. In three of 
them, the working and living conditions were rather gender-specific.  

 
In conclusion, this thesis emphasizes the need for both reevaluation and redesign of “old” 

questionnaire instrument, as well as the requirement for new questions relevant for 
contemporary work situations. Structural factors in the labor market, such as occupational 
gender segregation, need to be addressed in order to decrease physical load exposure, especially 
in female-dominated jobs. Gender sensitive methods are essential in both research and 
prevention. Different broad-based prevention strategies are needed for different groups, i.e., a 
selective public health approach in prevention. Cluster analysis seems to be a practicable 
method for identifying target groups for primary/secondary prevention. 

 
Keywords: exposure assessment, physical load, validity, gender, occupational segregation, 
holistic perspective, context, cluster analysis, neck/shoulder pain, low back pain, prevention 



 

 

SAMMANFATTNING 
Besvär i nacke/skuldra och ländrygg är den vanligaste orsaken till smärta i rörelseorganen, 

sjukvårdsutnyttjande och sjukfrånvaro. Orsaken till dessa besvär är multifaktoriell och inne-
fattar fysiska och psykosociala villkor i och utanför arbetet, samt psykologiska faktorer. Att en 
mycket hög andel av kvinnor och män drabbas av besvär i nacke/skuldra och ländrygg är ett 
stort samhällsproblem och understryker vikten av att skapa effektiva strategier för att förebygga 
konsekvenserna av dessa besvär. Huvudsyftet med denna avhandling är att öka förståelsen av 
genus och kontext både vid mätning av fysisk exponering och vid identifiering av målgrupper 
för prevention av besvär i nacke/skuldra och ländrygg. 

Denna avhandling baserar sig på material från både MOA studien och MUSIC-Norrtälje 
studien. I studie I validerades åtta enkätfrågor om fysisk belastning med test-retest metod och 
med en strukturerad personlig intervju (n=203). I studie II undersökte om och hur exponeringar 
för belastande arbetsställningar är associerade med yrkesmässig könssegregering i arbetslivet. 
Med två olika mätapparater gjordes direkta mätningar av arbetsställningar – sittande, arm och 
rygg – på ett könsmatchat urval av arbetstagare i ett flertal olika yrken (n=156). Studie III hade 
en explorativ ansats för att identifiera potentiella målgrupper för prevention av besvär i 
nacke/skuldra och ländrygg. Grupper identifierades med en klusteranalys av 15 variabler om 
olika aspekter av arbets- och livsvillkor (n=1341). I studie IV följde vi upp dessa grupper 
(kluster) 5 år senare, med avseende på besvär i nacke/skuldra och ländrygg samt sjukvårds-
utnyttjande.  

Sex av enkätfrågorna hade hög eller måttligt hög precision och kan således rekommenderas 
för enkäter och för att studera hälsoeffekter i epidemiologiska studier. De två enkätfrågorna om 
böjd/vriden arbetsställning och repetitiva arbetsrörelser hade låg precision och bör undvikas i 
befolkningsstudier. Genus, typ av arbete eller besvär i rörelseorganen (dvs. beroende fel-
klassificering) påverkade inte individens förmåga att besvara dessa enkätfrågor om fysisk 
belastning. Exponeringsnivåer för belastande arbetsställningar var associerade med vertikal 
segregering i arbetslivet. Detta var tydligast i kvinnodominerade yrken; kvinnor och män i 
dessa yrken hade de högsta exponeringsnivåerna av alla grupper. 

Elva grupper med olika arbets- och livsvillkor kunde identifieras. Fem år efter baslinje- 
undersökningen hade fyra av dessa grupper en ökad risk för ihållande, långvariga besvär i 
nacke/skuldra och ländrygg (OR 2,4–2,6). Arbets- och livsvillkoren för dessa fyra grupper hade 
olika särdrag, men alla karaktäriserades av en spänd och belastande situation av något slag. 
Arbets- och livsvillkoren var genusspecifika i tre av de fyra grupperna. 

Sammanfattningsvis visar denna avhandling på vikten av att både utvärdera och anpassa 
”gamla” enkätfrågor och att konstruera nya enkätfrågor anpassade till nutida, moderna arbets-
förhållanden. Strukturella faktorer på arbetsmarknaden som t.ex. yrkesmässig könssegregering 
behöver beaktas vid förebyggande arbete med avsikt att minska exponering för belastande 
arbetsställningar. Detta gäller framför allt i kvinnodominerade yrken. Genussensitiva mät- och 
arbetsmetoder är av största vikt både i forskning och i preventivt arbete. Olika 
preventionsstrategier behövs för olika grupper, dvs. en selektiv preventionsansats.  I stort sett 
alltid bör prevention omfatta insatser på flera olika nivåer samtidigt (individ, arbetsplats, 
organisation, samhälle etc.). Klusteranalys visade sig vara en användbar metod för att – med ett 
helhetsperspektiv – identifiera målgrupper för primär/sekundär prevention.   
 
Nyckelord: mätning av exponering, fysisk belastning, validitet, genus, helhetsperspektiv, 
yrkesmässig könssegregering, kontext, klusteranalys, nacke/skuldra, ländrygg, prevention 
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INTRODUCTION AND BACKGROUND 
 
 
NECK/SHOULDER AND LOW BACK PAIN  
 

Prevalence in the general population 

Musculoskeletal pain is a major worldwide health problem, with the most common 
pain sites being the neck/shoulder and low back. However, there is considerable 
variation in the estimates produced by epidemiological studies as to the point 
prevalence, period prevalence, and lifetime prevalence of neck/shoulder and low back 
pain (Table 1). Such estimates are highly sensitive to factors such as phrasing and 
setting of inquiry and cultural differences.116,183 Heterogeneous case definitions — for 
example, persistent symptoms versus any self-reported symptoms or work-related 
symptoms versus symptoms from all causes — also complicate the matter. Moreover, 
neck pain is often not distinguished from shoulder pain, and the two are sometimes 
measured separately and sometimes together. Each of these factors makes it difficult to 
compare prevalence rates among different populations and countries.  
 
Table 1. Prevalence of neck, shoulder, neck/shoulder and low back pain in some reviews and 
in some large, representative population surveys. 
  
Body region  Prevalence Country Study 
 Point 1-year Lifetime   

Neck 6–22% 17–75% 14–71% Multi-national Fejer et al., in press (review)55 

  34%  Norway Bovim et al., 199422 

  37%  Canada Côté et al., 200435 

  34%  UK Palmer et al., 2001167 

 21% 31%  Netherlands Picavet and Schouten., 2003175 

Shoulder 7–26% 5–47% 7–67% Multi-national Luime et al., 2004 (review)134 

 21% 30%  Netherlands Picavet and Schouten., 2003175 

Neck/shoulder 40%   Sweden Statistics Sweden, 2002196 

Low back 13–30% 25–42% 49–70% Multi-national Andersson, 1999 (review)3 

 28%  85% Canada Cassidy et al., 199827 

 27% 44%  Netherlands Picavet and Schouten., 2003175 

  40% 70% UK Office for National Statistics, 2000166 

 36%a   Sweden Statistics Sweden, 2002196 
a Including hip pain. 
 
It has been hypothesized that the prevalence of musculoskeletal pain is increasing, but 
until now the evidence has been both sparse and inconsistent. A recent study by 
Harkness et al. (2005) compared the prevalence of low back, shoulder, and widespread 
pain in two surveys conducted 40 years apart in the northwest of England.75 For all 
three symptoms examined the prevalence increased from 2- to 4-fold between the two 
surveys. In another UK study, Palmer et al. (2000) found a 12.7% rise in the 1-year 
prevalence of low back pain over a 10-year period.168 In contrast to the results of the 
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UK studies, two Finnish studies have reported that the prevalence of back pain changed 
little over a 14-year,120 and 20-year period.79 The divergent results of these studies 
might be explained by the methodological difficulties inherent in epidemiological 
research, for example, different modes of data collection or different definitions for 
identifying pain syndromes, and by population factors associated with pain occurrence 
including age, gender, ethnicity, socioeconomic status, occupation, and so on. It has 
also been suggested that the increase in prevalence reported by some studies may 
actually reflect an increased willingness to report musculoskeletal pain symptoms — 
for cultural, social, and legal reasons.75 
 
Definitions 

The terms of neck/shoulder pain or low back pain requires only that a person is 
suffering from either pain localized in the appropriate bodily region, or pain-related 
functional impairment or disability relating to that body region. Neither the grade of 
pain nor the severity of the functional impairment is taken into account, and, moreover, 
it is recognized that pain and pain-related disability are subjective and personal 
experiences. The International Association for the Study of Pain (IASP) has defined 
pain as “an unpleasant sensory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such damage”.152 However, many 
people report pain in the absence of tissue damage or any likely pathophysiological 
cause. It has been hypothesized that this happens for psychological reasons. There is 
usually no way to distinguish their experience from that due to tissue damage, and it 
should be accepted as pain.152  
 
Neck/shoulder pain can be defined as any pain located in the neck/shoulder region, i.e., 
pain in the neck and/or one or both shoulders, originating from any cause. Pain in the 
neck may arise from various structures in the neck, vertebrae, intervertebral discs, 
synovial joints, spinal nerve roots, blood vessels, ligaments, tendons, or muscles within 
or associated with the cervical spinal column.14 Shoulder pain may arise in or around 
the shoulder from the glenohumeral, acromioclavicular, sternoclavicular, subacromial, 
and scapulothoracic articulations, and surrounding soft tissues.194 Neck symptoms are 
often combined with symptoms of the upper extremities, and it is often difficult to 
differentiate shoulder pain from neck pain. 14,167,194 Moreover, most cases of 
neck/shoulder pain are labeled as non-specific, that is, no direct cause for the pain can 
be detected.7,193 
 
Low back pain can be defined as any pain concentrated in the lower back, i.e., between 
the costal margins and the gluteal folds, originating from any cause.59  Sometimes the 
pain may extend to the buttocks and thighs, above or below the knee. Low back pain 
may be caused by a disease or a functional problem of one or more of the anatomical 
structures, vertebrae, intervertebral discs, facet joints, spinal nerve roots, blood vessels, 
ligaments, tendons, or muscles within or associated with the lumbar spinal column. It 
has been estimated that 95% of cases in the working-age population result from soft-
tissues, i.e., muscle, tendon and ligament.59 However, the large majority of cases of low 
back pain are labeled as non-specific, because the cause of pain is unknown or is 
unrelated to organic disease.12,59  
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Etiology 

Musculoskeletal pain has a number of causes. The most important factors, both 
individually and in interaction, seem to be work-related (physical and psychosocial), 
leisure time, demographic, and psychological. It is worth noticing that the majority of 
musculoskeletal pain conditions develop slowly; only a minority are due to a sudden 
event or an acute trauma.4 
 
Occurrence/onset of neck pain 

There is moderate to strong evidence for a connection between neck/shoulder pain and 
work-related physical factors such as duration of sitting, neck posture, trunk posture, 
arm posture, static posture and contraction, forceful arm movements, and repetitive 
movements,5,12,214 as well as work-related psychosocial factors such as quantitative job 
demands, social (co-worker) support, job control, skill discretion, job satisfaction, and 
perceived job stress.6,18,19,128 In addition, conclusive evidence has been reported for 
relationships between work place design and neck pain, and between duration of 
employment and shoulder pain.6,214 For males, it has also been shown that the risk of 
neck/shoulder pain increases with the number of risk indicators.65 Several researchers 
have suggested that health-related factors such as general health and concomitant pain 
elsewhere as well as individual factors such as gender, family situation, body weight, 
and sporting activities are related to the onset of neck/shoulder pain.57,83 However, 
consistent evidence for the contribution of these factors to the onset of pain is still 
lacking.  
  
Occurrence/onset of low back pain 

There is also moderate to strong evidence for a relationship between low back pain and 
both psychological factors and work-related physical factors. However, as can be seen 
from the summary of 20 systematic reviews presented in Table 2, the evidence for a 
link with individual/leisure factors and work-related psychosocial factors is rather 
contradictory. Some reviews report strong or moderate evidence for a relationship 
while others claim that there is insufficient evidence, or even no evidence at all. It has 
also been suggested that there is a relatively strong genetic component to low back pain 
in both young people and adults.113 However, further studies are needed to reveal the 
true impact of heredity.  
 
The natural course 

The vast majority of individuals with a new onset of neck/shoulder or low back pain 
recover within about one month.159 In other words, musculoskeletal problems are 
usually self-limiting conditions, and so time may be the single most important pro-
gnostic factor.96 A true natural history of musculoskeletal pain is difficult to establish, 
since the course and outcome of a pain episode may be influenced by the different 
strategies that people use to deal it with. The strategies are shaped by a large number of 
factors, including recommendations from family, friends, colleagues, the media, the 
Internet, as well as from healthcare providers. Figure 1 presents a conceptual model 
outlined by the National Research Council (2001) for the course of musculoskeletal 
pain.161 The model is broad and dynamic, and aims to encompass and describe such 
things as variation from person to person variation within one individual over time,
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Table 2. Summary of factors associated with the occurrence and chronicity of low back pain, based on systematic reviews.  
 
Risk category Relationship between different factors Relationship between different factors 
 and occurrence of low back pain and chronicity of low back pain 
 Strong/moderate evidence Insufficient/no evidence Moderate/strong evidence Insufficient/no evidence 

Demographic/individual     Gender192 
   Age203 Age192 
    Ethnicity192 
    Marital status192 
    Urban residence192 
    Educational level192 
    Financial situation192 
  Body weight114  Body weight192 
  Smoking115  Smoking192 
  Alcohol consumption112   
    Caffeine consumption192 
Work-related factors     
Physical Heavy physical work12,87,210  Heavy physical work192,203  
 Awkward trunk posture12,87,137,138    
  Static work posture12   
  Prolonged standing/walking87   
  Prolonged sitting87   
 Manual handling12,33,87,89,137,138,210    
 WBV12,87,127,137, 138,210    
Psychosocial Work demands18,137 Work demands40,88   
 Monotonous work18    
 Time pressure18 Time pressure77,88,137   
 Job dissatisfaction40,88,137,138   Job dissatisfaction192 
 Influence over work18,88,137 Influence over work40   
 Social support88,137 Social support40,77 Social support192  
  Job content88   
   Job tenure203 Job tenure192 
   Company size203 Company size192 
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Table 2. Continued 
 
Risk category Relationship between different factors Relationship between different factors 
 and occurrence of low back pain and chronicity of low back pain 
 Moderate/strong evidence Insufficient/no evidence Moderate/strong evidence Insufficient/no evidence 

Private/leisure  Physical activity/sports83 Physical activity/sports87   
  Social support88   
   Difficult life circumstances192  
Psychological  Personality traits18 Personality traits128  Personality traits176 
   Psychological distress176,203  
 Depression/anxiety128  Depression/anxiety128,176  
 Stress symptoms18,40,77,128,137    
 Cognitive factors128    
   Poor coping192  
   Somatization176  
   (Catastrophizing)176  
    Physical/sexual abuse128 
Onset circumstances   Delayed reporting/treatment192  
     
Clinical picture  General health18 General health128  
    Injury type192,203 
   Severity in pain192,203  
   Functional impact192,203  
   Radicular symptoms192  
   Extreme symptom reports192  
    Previous pain episode192 

 
Reviews: Bernard, 199712; Bongers et al., 199318; Cole and Grimshaw, 200333; Davis and Heaney, 200040; Hartvigsen et al., 200477; Hildebrandt et al., 200083; 
Hoogendoorn et al., 199987; Hoogendoorn et al., 200088; Hoozemans et al., 199889; Leboeuf-Yde, 2000112; Leboeuf-Yde, 2000114; Leboeuf-Yde, 1999115; 
Lings and Leboeuf-Yde, 2000127; Linton, 2000128; Lyons, 2002137; Lötters et al., 2003138; Pincus et al., 2002176; Shaw et al., 2001192; Turner et al., 2000203;  
Walker-Bone and Palmer, 2002210
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the capacity of any of its sub-elements to diminish or expand, the ability of the 
individual to adapt, changes in mechanical factors, and changes in the social or cultural 
context.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Risk factors for the injury, impairment, and disability attributed to musculoskeletal 
disorders in the individual. Reprinted with kind permission of National Academy Press, © 2001 
by the National Academy of Sciences (National Research Council and Institute of Medicine, 
2001). 
 
In a study of new incidents of neck/shoulder disorders, Pernold and colleagues (2005) 
reported that the bulk of any reduction in pain and pain-related disability was com-
pleted within three months, with only minor improvements taking place thereafter.173 
The same pattern was observed in a systematic review of acute low back pain, in which 
Pengel et al. (2003) found that that pain decreased rapidly (pooled mean 58%) during 
the first month, continued to decrease until about three months after onset, and then 
remained nearly constant through to a 12 months follow-up.172 A similar trend was seen 
for pain-related low back disability.  
 
A meta-analysis by Pengel et al. (2003) shows that the vast majority of workers 
requiring time off due to acute low back pain return to work within one month (pooled 
estimate 82%), and about nine out of ten resume work by three to six months.172 
Although most people are back at work within six to twelve months, low levels of pain 
and pain-related disability may still persist. Several researchers have suggested that 
recovery and return to work after an episode of pain is influenced by clinical, social, 
economic and legal factors.48,146 It has also been shown that while in some countries 
return to work can be predicted from demographic characteristics, in others it cannot, 74 
emphasizing the fact that generalization from a study in one country to another should 
be carried out very carefully.  
 
For the 10–20% of individuals in which severe pain persists, the prognosis is less 
favorable, and recurrence of symptoms is very common. Pengel et al. (2003) report that 
the cumulative risk of at least one recurrence of low back pain within 12 months is very 
high (pooled estimate 73%).172 Several researchers have also suggested that musculo-
skeletal pain should be regarded and characterized as an episodic disease.41,94 Although 
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the development and long-term prognosis for individuals with different degrees of 
severity of musculoskeletal pain has not been studied extensively, there are indications 
that early-in-life musculoskeletal symptoms predispose for a worse prognosis. Several 
studies have showed that a history of musculoskeletal symptoms is associated with 
future symptoms.32,36,61,84,117 The meaning of a previous history of musculoskeletal 
complaints, however, is not clear as it may itself reflect previous exposure to risk 
factors, a higher susceptibility, or a higher tendency to report pain.215 
 
Very little is known about the predictive factors for the prognosis of neck/shoulder 
pain. In a review of studies on neck pain, Borghouts et al. (1998) concluded that high 
pain intensity and a history of previous pain episodes appear to be associated with a 
worse prognosis.20 Although age has been proposed as a prognostic factor, a review by 
Malchaire et al. (2001) revealed that the association between age and musculoskeletal 
problems was evident in less than half of the studies which included age as a risk 
factor.145 It has also been suggested that gender but not age is associated with the onset 
of neck pain, and that age rather than gender predicts the persistence of pain.36,84 In a 
review of studies on the prognosis of shoulder pain, Kuijpers et al. (2004) concluded 
that there is strong evidence that high pain predicts a poorer outcome in primary care 
populations and that middle age (45–54) is associated with a poorer outcome in 
occupational populations.110 Duration of symptoms and workplace demands are other 
potential predictive factors for the prognosis of neck and upper extremity disorders,32 
but the evidence is still limited.  
 
The predictive factors of persistent and chronic low back pain have been rather more 
widely studied. Factors associated with the transition from acute to chronic low back 
pain concern psychological factors as well as onset circumstances and clinical picture, 
while work-related or demographic/individual factors seem to be less important  
(Table 2). Other variables that have been suggested as important for chronicity include 
unemployment, low educational level, and the occurrence of a significant negative 
event in the previous year.49,98  
 
Co-morbidity 

Musculoskeletal co-morbidity, that is, musculoskeletal symptoms in several areas of the 
body, is common.84,158,219 Both national and cross-national studies have found that 
about two-thirds of individuals with musculoskeletal pain reported pain in at least two 
places.67,205 An even higher prevalence of musculoskeletal co-morbidity has been 
reported in specific occupational groups. For example, in a study of male manual 
workers in Hong Kong, Yeung et al. (2002) found that 77% of workers suffering from 
pain reported that it was manifested in two or more bodily regions.236 Urwin et al. 
(1998) found that the most common overlaps were low back and knee pain, neck and 
shoulder pain, and low back and hip pain.205 These overlaps confirm the findings of an 
earlier Finnish study, which reported that in the presence of osteoarthritis in the knee or 
hip, low back pain was also prevalent (OR 5.3, 95% CI 4.1–6.9).80 The link between 
symptoms in different bodily regions might be explained by shared pathology, common 
mechanical risk factors, or some aspect of psychological distress. Musculoskeletal co-
morbidity, in turn, has been shown to be positively related to outcomes such as health-
care utilization,95 impaired work role functioning,67 and a delayed return to work.163  
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Psychological factors and mental health problems are known to be intimately 
associated with musculoskeletal pain.31,129 Bingefors and Isacson (2004) recently 
reported a strong relationship between psychiatric problems and the number of pain 
complaints.15 However, the direction of causality between pain and mental health is not 
straightforward and different researchers disagree about the direction of causality.177,234 
Several different explanations for the association between musculoskeletal pain and 
mental health have been proposed. Firstly, that mental health problems either cause 
pain or are expressed as pain; secondly, that pain causes mental health problems; and 
thirdly, that psychiatric disorders such as depression may share common pathogenetic 
mechanisms with pain. Further research in this area is needed to extend and consolidate 
knowledge. On the other hand, it is rather clearer that psychological factors play a 
crucial role in the transition from acute to chronic pain problems, and that these 
psychological factors may enhance or catalyze the problem.129,176 This means that the 
experience of pain interacts with the psychological factors that influence emotion and 
behavior, and these in turn shape the course of pain development.  
 
Co-morbidity of pain with a number of other disorders or diseases in other body 
systems has also been shown. There are, for example, associations between shoulder 
and/or back pain and cardiovascular and respiratory disorders,15,81,82,158 as well as ulcer 
and dyspepsia.15  
 
Care seeking  

People seek healthcare for musculoskeletal pain not only for diagnostic evaluation and 
symptom relief, but also because pain interferes with daily activities, causes worry and 
emotional distress, and undermines confidence in one’s health and one’s abilities. Two 
Dutch studies found that roughly 30–45% of people reporting musculoskeletal pain in 
the past year had contacted their GP for these complaints.156,175 The South Manchester 
Back Pain Study reported that the 12 month cumulative incidence of new “non-
consulting episodes” was 31% in males and 32% in females.169 In Finland musculo-
skeletal pain in general was found to be the reason for approximately 18% of the visits 
to healthcare center physicians.184 Molano et al. (2001) found that while general co-
morbidity played a limited role in care seeking, musculoskeletal co-morbidity was not 
associated with care seeking.156 However, very few studies have looked at the number 
of consultations attributable to complaints in specific regions of the body. An exception 
is a study by Bot et al. (2005) of GP consultations due to neck and upper extremity 
symptoms, which found an incidence of 23.1 per 1000 person-year for neck symptoms 
and 19.0 for shoulder symptoms.21  
 
Individuals seeking healthcare are likely to have higher prevalence rates of persistent 
pain than a general population sample. A longitudinal study by IJzelenberg and Burdorf 
(2005) found that healthcare use was strongly associated with a history of severe 
symptoms, and that 40% of the workers who had sought care for their symptoms at 
baseline visited a healthcare provider again for the same symptoms within 6 months.94 
In the MUSIC-Norrtälje Study, Vingård et al. (2002) reported that exposure to 
occupational physical and psychosocial factors had a moderate impact on healthcare 
use for low back pain in a general working population.229 In addition, Grooten et al. 
(2004) reported a moderate increase in the likelihood of healthcare use for neck/ 
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shoulder pain among males with regard to manual material handling, night/shift work, 
hindrances at work, and solitary work; however, among females, healthcare use was not 
influenced by work-related factors.65  
 
Sick leave and disability pension 

Approximately 30% of European workers claim that their work causes back pain.53 In 
Sweden, musculoskeletal disorders (MSDs) account for about 30% of all sick leaves. 
Although much attention has been paid to work-related and demographic risk factors 
for the onset of musculoskeletal symptoms, the influence of work-related factors on the 
occurrence of sick leave attributable to such symptoms has been less extensively 
studied.73 However, a review and a couple of recent longitudinal studies found that the 
work-related physical and psychosocial factors which are well-known to be associated 
with the occurrence of musculoskeletal symptoms are quite similar to those which can 
be associated with sick leave.73,94,211 A Finnish study reports that negative changes in 
job control, job demands, and social support, especially in combination, increases the 
risk for sickness-related absence.206 Other factors that increases the likelihood of an 
individual taking sick leave are being female (neck/shoulder pain), being older (low 
back pain), and living alone (both neck/shoulder and low back pain).94 Another recent 
study found that employees who did not participate in sporting activities bore an 
increased risk of absenteeism and a decreased risk of recovery.212 It has also been 
shown that previous sick leave due to MSDs is a predictor for recurrence of sickness-
related absence.73,139  
 
The number of Swedes claiming disability pension for musculoskeletal problems 
increased from 147,641 in December 1991 to 186,781 in December 2002 – a 27% 
increase over eleven years.198 In comparison, the number of people claiming disability 
pension for psychiatric problems increased by 61% during the same period. Musculo-
skeletal problems were the most common reason for disability pension among females 
while psychiatric problems were the most common reason among males (Table 3). 
About two-thirds (66.9%) of those claiming disability pension for musculoskeletal 
problems were females. A review by Hansson and Jensen (2004) found that female 
gender and higher age were both risk factors for disability pension due to back and 
neck disorders.73 From a longitudinal study Hagen et al. (2002) reported that the 
strongest predictors for future pain-related disability in the back were the occupational 
risk factor of “physically demanding work”, and the co-morbidity factor of “poor 
general health”.68 In addition, “feeling worn out”, being a smoker, and high BMI were 
all predictors for disability pension due to back pain.68  
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Table 3. Number of females and males with disability pension in Sweden December 2002: the 
four largest diagnosis groups are presented.198 
 
Diagnosis group Females Males All disability 
(disease/disorder) 2002 (1991-2002) 2002 (1991-2002) pensions 2002 

Musculoskeletal  124,921 (+36%)  61,860 (+11%) 39.1% 

Psychiatric  75,357 (+68%) 69,255 (+55%) 30.3% 

Circulatory  10,944 (+13%) 18,428 (- 4%)   6.1% 

Neurological 13,732 (+62%) 11,068 (+54%)   5.2% 

      

Total number (all diagnoses) 277,291 (+49%) 200,599 (+31%)  100% 

 
Economic aspects  

Reported estimates of the total cost of back pain in various countries indicate that these 
costs amount to 1–2% of GNP.165 In 1995, the total societal cost of back pain in 
Sweden was estimated to be approximately 30 billion SEK per year, i.e., 1.7% of GNP, 
or about 3,500 SEK per inhabitant per year. MSDs seem to be one of the most 
expensive categories of disease.  
 
Approximately 90% of the cost is indirect costs, due to loss of productivity, sick leave, 
and prolonged disability.165 Disability pension is one example of an indirect cost. In 
December 2002, about 10% of the working-age population in Sweden was receiving 
disability pension. Among these, 39.1% had been rewarded their pension because of 
MSDs (see Table 3). Further, it has been reported that the 10% of workers with chronic 
occupational low back pain account for 90% of all medical and indemnity costs attri-
butable to occupational low back pain.78 In a study of the burden of illness in Sweden, 
the total per-patient annual indirect cost for chronic low back pain was estimated to be 
17,600 Euros at 2002 prices.51  
 
The remaining 10% of the cost is direct costs, due to inpatient or outpatient care and 
pharmaceuticals.165 The total per-patent annual direct cost for chronic low back pain 
was estimated to be 3,100 Euros at 2002 prices.51 One example of direct costs is 
analgesic use. Analgesics are the most commonly used non-prescription drugs and are 
also among the most commonly used prescription medications. Isacson and Bingefors 
(2002) reported that sales of different types of analgesics, as measured in Defined Daily 
Doses per 1000 inhabitants per day, were sufficient for approximately 10% of the 
Swedish population to use a full dose of analgesics every day.97  
 
Sex differences and a gender perspective 

Sex and gender differences in musculoskeletal morbidity have been reported in studies 
of the general population as well as in different occupational groups. The differences in 
morbidity seem to be more distinct for neck/shoulder pain, where the prevalence is con-
sistently higher for females than for males.28,42,44,199 A review of 56 articles on upper 
extremity disorders (including neck and shoulder disorders) concluded that females do 
have significantly higher prevalence than males for many types of upper extremity 
musculoskeletal disorders, even after controlling for the type of data source — self-
reporting, plant/worker compensation records, physical examination — and con-
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founders such as age.202 For low back pain, there is a less pronounced gender gap, with 
markedly or slightly higher prevalence for females in some studies,42,130,199 but also 
slightly higher prevalence for males in others.66,119  
 
A summary of data from epidemiological studies in the general population found a 
median ratio between males and females of 1.4 for neck pain, 1.3 for shoulder pain and, 
1.2 for low back pain.121 The reason behind these differences between the genders are 
poorly understood, and some researchers have suggested that the female sex is a risk 
factor in itself,202 while others have criticized this theory as being too simplistic, pro-
posing instead a more gender-sensitive approach to research.104,106,121,155,180  
 
In order to analyze and understand the differences in musculoskeletal pain between 
males and females a gender perspective is essential. The terms “sex” and “gender” (or 
“genus” in Swedish) are sometimes used interchangeably and synonymously, and 
sometimes in order to express different aspects of the concept of sex. However, the 
term “gender” is neither an expression of biology nor a fixed dichotomy in human life 
or character. It is a pattern in our social arrangements and in the everyday activities and 
practices, governed by those arrangements. The Australian sociologist R.W. Connell 
(2002) has suggested the following definition of gender: “Gender is the structure of 
social relations that centers on the reproductive arena, and the set of practices 
(governed by this structure) that bring reproductive distinctions between bodies into 
the social process”.34 This means that a gender analysis must go beyond the idea that 
our cultural patterns simply express bodily or reproductive differences. Gender is a 
matter of social relations within which individuals and groups act. It reflects the 
interplay between sex-related biological and social factors and the many consequences 
of that interplay for the individual and for the society.34,45,99 Central concepts in gender 
theory are the construction and re-construction of gender, and the relations between 
males and females in social structures of power and hierarchy.99 In a public health 
context, disadvantages in influence, autonomy, and power relations are associated with 
and may cause inequalities in health for both females and males.70 Several different 
explanations for gender differences in musculoskeletal morbidity have been proposed. 
The four that follow are more or less interconnected, and most likely operate 
simultaneously.  
 
Biological differences in such things as body size, muscular capacity, aerobic capacity, 
and hormonal conditions are thought to make women more susceptible to the onset of 
musculoskeletal pain. The idea of a biological basis for gender differences dates back to 
Darwinism, and has been influential ever since.34 It has been suggested that there are 
several biological factors that directly pertain to musculoskeletal gender differences and 
hence to gender differences in susceptibility to musculoskeletal pain. For instance, sex 
hormones may play a role in regulating connective tissue function as both tendons and 
ligaments have receptors for estrogen which may respond to changes in hormonal 
levels.76 Thus, hormonal fluctuations that occur in the menstrual cycle or during 
pregnancy may contribute to differences in regulation of these tissues. Another example 
is the average differences between males and females in body strength. Women’s total 
body strength is estimated to be, on average, about two-thirds that of men’s. However, 
the differences are smaller when women and men have similar industrial experience or 
athletic training.29 Despite the average differences, there is also substantial overlap in 
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strength distribution by gender, especially as many muscle strength values are not 
normally distributed. Moreover, gender, age, weight, and height only explain about 
one-third of variability in human strength data.180 In all, and particularly with respect to 
neck/shoulder and low back pain, the health implications of biological differences are 
not clear, and further research in this area is needed. 
 
Differences in working conditions may also help to explain the higher prevalence of 
musculoskeletal pain in females. Working conditions may, in turn, be divided into labor 
market factors and workplace factors. The labor market in Sweden and in most other 
countries is strongly segregated by gender and occupation. In occupational gender 
segregation two main principles can be distinguished: horizontal segregation and 
vertical segregation.16,30 It is interesting to find that this phenomenon was first noted 
already almost a hundred years ago in Olive Schreiner’s book published 1911, 
“Woman and Labour” which presented an analysis of the “parasitism” of bourgeois 
women and the refusal of the bourgeois society to recognize the exploitation of 
working women – though the conceptual and theoretical framework has developed 
since (available on Project Gutenberg at www.gutenberg.org/etext/1440).34 The term 
horizontal segregation refers to the concentration of female and male workers in 
different sectors of the labor market and in different types of occupations, and the term 
vertical segregation to the power structures that place “male as the norm” in our 
society, and to the concentration of women and men in different hierarchical positions.  
 
Horizontal gender segregation is one of the most enduring features of the labor 
market.150,179 In Sweden only about 10% of men and women work in gender-integrated 
jobs.220 The choice of a “traditional” occupation is probably a result of the socialization 
process and of gender coding of behavior and work tasks, and even things like work 
tools and personal possessions.34,220 Women are often recommended for jobs requiring 
“female abilities” (usually socially demanding jobs in the service and healthcare 
sectors), and jobs involving repetitive tasks of low task variety.179,180 It is possible that 
horizontal segregation could result in different exposures and different exposure levels 
for male and female workers and, thus, different risk for musculoskeletal pain, but a 
study by de Zwart et al. (2001) did not find any support for this theory.44 However, 
Leijon et al. (2004) found that sickness-related absence due to musculoskeletal 
diagnoses was associated with the level of horizontal occupational segregation, and 
showed that workers in gender-segregated jobs had higher cumulative incidence of sick 
leave due to neck/shoulder or low back pain than workers in gender-integrated jobs.118 
This finding was more apparent for female workers and also for workers in extremely 
gender-segregated jobs.  
 
Vertical gender segregation, or “male as the norm”, can result in “male qualities” being 
encouraged and rewarded to a greater extent than “female” or “soft abilities”. Because 
of this, female workers are more likely to hold subordinate positions with low influence 
over working conditions and few opportunities for job task modifications, and to work 
under conditions with, for example, constrained work postures and repetitive and 
monotonous tasks.106,136 Two important aspects of vertical gender segregation are 
position and income. In Sweden, three out of four managers are men, with the gender 
gap being even more pronounced in the private sector, where men occupy four out of 
five managerial positions.197 Females are less likely than males to be promoted above 
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certain levels (the “glass ceilings” phenomenon). Moreover, many female workers 
never manage to move beyond entry-level jobs (the “sticky floor” effect), a situation 
which can result over a lifetime in a high accumulated exposure to physically 
demanding work. Jobs which are predominantly held by females are often regarded as 
being of low-status and are valued less highly than jobs in more male-dominated 
sectors. Low status and lack of authority in the work sphere have been identified as 
potential risk factors for ill-health.180,190 When it comes to income, women again lose 
out; the wage or salary paid to a female worker in Sweden is only 92% of that paid to a 
male worker, after adjustments are made for age, educational background, full-time 
work versus part-time work, sector, and occupational group.197  
 
Vertical segregation need not to be explicit. Even within seemingly identical jobs, 
female and male workers may perform different tasks, resulting in differences in power 
and status as well as in work load and exposure patterns.148,151,180 Examples of work 
task differentiation by gender and differences in physical as well as psychosocial expo-
sure, have been reported in studies of fish processors,162 automobile assemblers,60 
healthcare workers,100 and several other occupations.85,153 
 
Another factor in the higher prevalence of musculoskeletal pain among females could 
be the mismatch between their anthropometric dimensions and the workplace.106,180,200 
Many workstations and work tools are designed for the male frame, putting the 
(typically) smaller and weaker woman at a disadvantage. Postural strain may develop in 
female workers who adopt different work techniques to those of male workers in order 
to compensate for the misfit, an effect that has been observed in VDU work,102,126 the 
metal industry,39 and manual handling and lifting work.123   
 
Differences in domestic conditions and in the interaction between conditions at home 
and at work can also have an effect on the risk of musculoskeletal pain.93 Although in 
Sweden and other Nordic countries participation in working life by males and females 
is almost even, domestic activity, like work activity, is largely gender-segregated.69 
Females are not only likely to bear the main responsibility for caring for the family, but 
they also spend more time on domestic chores, a situation that has not unreasonably 
been described as the “double work” or the “second shift”. Domestic and family work 
makes physical and mental demands which are likely to add to the risk factors for 
musculoskeletal pain.106 Social life stress, child (parental) stress, environmental stress, 
and family health stress have all been shown to affect long-term health in females but 
not males.149 Moreover, the additional hours spent on domestic chores over and above 
the working day will decrease the time available for recreation and rest. It is 
hypothesized that when insufficient time is devoted to rest, the reparative processes 
which heal the micro-ruptures involved in the development of musculoskeletal pain 
will be disrupted. Fatigue and sleep disturbance are more commonly reported among 
females than males.106  
 
Investigations into the effect of marital status have produced varying results. A large 
study of the US general population concluded that differences in marital status had only 
a modest effect on the prevalence of low back pain.189 Other studies have shown that 
single working mothers may be at greater risk for developing chronic medical 
problems, possibly because of the burden of housework and child-rearing.10,50 While in 
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general the most healthy females are the full-time paid workers and the least healthy are 
those without paid employment, for females with children the pattern is reversed.10 
Studies have also suggested that parenthood among male workers may be an indepen-
dent risk factor for back pain.58,187 The taking on of multiple roles – employee, spouse 
or partner, parent – has been proposed as both a potential health promoting factor, “role 
enhancement”, and a risk factor, “role strain”.90 However, there is still a lack of 
investigations into the association between multiple roles and musculoskeletal pain. 
 
Differences in expressing and reporting musculoskeletal pain are another potential 
factor. It has been hypothesized that the underlying biological mechanisms of pain as 
well as the cognitive and emotional experience of pain may differ for females and 
males, resulting in different approaches to coping with pain.204 One example of bio-
logical mechanisms is pain tolerance. Pain tolerance is often measured by pressure pain 
thresholds (PPT), and PPT values are generally higher in males than females.180 
However, it has also been shown that the variance in PPT between males with and 
without symptoms was much smaller than the corresponding variance in females, 
suggesting either that male reporting of symptoms was less accurate (denial of 
symptoms?) or that PPT does not reflect the same pain phenomena in the two 
genders.25,180  
 
Another widely held theory is the differential childhood socialization as well as 
different adult role expectations and obligations can influence pain-related behavior, 
including reporting.121,142 The social acceptability of admitting pain, discussing 
symptoms, and seeking help seems to differ for females and males. Boys are socialized 
to be self-reliant, whereas girls learn that it is acceptable to be dependent and seek help. 
However, the results of studies that have examined males and females with the same 
conditions or symptoms are contradictory, and lend little support to the hypothesized 
greater propensity for females to express and report pain.64,142 Females are however 
more likely than males to seek healthcare for many conditions, including pain 
problems.204 Vingård et al. (2002) also found that females tended to seek traditional 
care-givers such as physicians and physiotherapists to a larger extent than males, who 
preferred experts like chiropractors and osteopaths.229 The reasons behind these 
differences warrant further research.  
 
In conclusion, the relationship between gender and pain is far from simple. Persistence 
of a pain condition may be related to the effect of gender in the context of the work-
place, the family, the healthcare delivery system, and the welfare system. When 
attempting to identify modifiable causes of pain and develop understanding of pain 
mechanisms, it may be more productive to think of sex and gender as a marker for 
more specific risk factors, or, in other words, those risk factors that are likely to have a 
more direct effect on pain. This is often described as a gender-sensitive approach. 
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A CONTEXTUAL APPROACH 

 Context, noun from Latin contextus, from past participle of contexere, to join  together:  
 com- + texere, to weave.  
 1. Discourse that surrounds a language unit and helps to determine its interpretation 

2. The set of facts or circumstances that surround a situation or event 
    (www.thefreedictionary.com) 
 
The high prevalence and colossal related costs of non-specific neck/shoulder and low 
back pain both underscore the significant societal importance of the problem, and 
emphasize the urgent need for effective strategies to address it. When planning inter-
vention and prevention strategies, the complex and multifactorial etiology of such pain 
symptoms must be considered. Holistic and contextual approaches in epidemiological 
research as well as in preventive work may help to pinpoint those groups most at risk 
for neck/shoulder and low back pain, and to identify arenas and situations in which 
preventive efforts may be most cost-effective. Moreover, public health research 
increasingly acknowledges the interaction of social and environmental factors in the 
distribution and causes of disorders. Other arguments for the contextual approach 
include methodological aspects, pedagogical and utilitarian aspects, and the necessity 
for a holistic perspective.  
 
Methodological aspects  

Epidemiological studies of musculoskeletal pain have traditionally had the primary aim 
of using a variable-oriented approach to identify and quantify risk factors.93,133 The 
many work-related and non-work-related risk factors thus isolated can be used to 
establish threshold limit values for use in specific quantitative guidelines, or in 
legislation, aimed at protecting vulnerable groups within the labor market. However, 
such an approach reinforces an individualistic perspective when applied to risk factor 
modification.125 The “traditional” epidemiological studies do not produce information 
about where the risk factors are located in working life or where they are located in the 
private sphere, and they do not take into account the effect of context on risk factors, 
for example, the different accumulation of risk factors found in different sectors of the 
labor market and in different structures within the workforce. Moreover, since modi-
fying or even protective factors may interact both at and outside work, the relationship 
between risk factors and pain symptoms or ill health may not be the same for all 
workers.62 Findings also indicate that physical and psychosocial stressors within the 
workplace share common variance.141  
 
It seems clear that the risk-identification approach can be very usefully complemented 
by the collection of, and the search for patterns in, data covering a broad range of 
individual conditions.1 However, the sheer number of potential interactions within such 
complex data can make it very difficult to apply analytical methods such as logistic 
regression. Previous studies have shown that cluster analysis may be an alternative and 
effective method for detecting the complex patterns of combined risk indicators and 
risk moderators.93 Other types of contextual analyses include qualitative case studies 
and multi-level analysis, the latter is a technique that can be used for hierarchically 
ordered data such as data organized at individual and workplace levels.  
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When cluster analysis is used, the choice of variables is critical, and should be based on 
identified, well-known risk factors and supportive factors. If the aim of the cluster 
analysis is to identify groups and contexts that it is possible to influence or change, the 
analysis should clearly not include characteristics such as gender, age, and educational 
level. These individual characteristics should instead be used to investigate which 
individuals can be found in these groups or contexts. However, it is worth noting that 
risk factors and supportive factors are not unrelated to individual characteristics, 
selection or the individual’s own choices and experiences may play a considerable 
role.46 
 
Pedagogical and utilitarian aspects  

Primary and secondary prevention are contributed to and facilitated by identification of 
life situations that may predispose groups of individuals to MSDs. One prerequisite for 
success in this endeavor is that all involved are “on the same page”, that is, there is a 
common understanding between individuals at risk, healthcare staff, occupational 
health providers, and anyone else engaged in pain management and prevention. It is 
often easier to communicate the preventive message by describing “risk situations” 
rather than individual risk factors, since this wider perspective is closer to the reality of 
those at risk; recognition is an important pedagogic aspect in targeted prevention. 
Moreover, since all life situations include strain-inducing as well as supportive 
elements, preventive efforts may be directed both at reducing risks and at strengthening 
positive factors in the life situation, whether at work or outside work. Considering the 
overall situation instead of a single risk may help to avoid an unintentional shift of risk 
from one exposure to another, for example, from heavy material handling to repetitive 
work, or from one group of workers to another, for example, from permanent full-time 
employees to “just-in-time” contract employees.186  
 
A holistic perspective        

A holistic perspective on health research and preventive intervention is one that takes 
into account the entire situation of an individual, encompassing social, psychological, 
and physical conditions within and outside work. As a theoretical concept this has often 
been described as a person-oriented approach. Bergman et al. (2003) summarize its 
essence as follows: “The person oriented approach in research (in contrast to a 
variable centered approach) takes a holistic and dynamic view: the person is 
conceptualized as an integrated totality rather than a summation of variables”.11 A 
holistic perspective also recognizes the context in which the individual acts, for 
example, the organizational context of work and the workplace, or the family and social 
context outside work. Moreover, research into job-related stress has emphasized that a 
holistic perspective must include both the objective structural characteristics of work 
and the more subjective ones, such as worker perception of said characteristics.91,103 It 
has been discussed if such contextual factors interact with exposure, e.g., if 
organizational factors at work may be a determinant of low level physical or 
psychosocial exposure, or if they modify the relationship between individual-level 
exposures and their health effects, or if they affect health directly through pathways 
other than the established exposure-outcome relationships.140 However, further research 
is needed to clarify such interactions and pathways.  
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ASSESSMENT OF EXPOSURE  

Physical and psychosocial exposure must be considered when assessing risk exposure. 
Physical factors associated with musculoskeletal pain include body posture and 
movement as well as the forces exerted. Psychosocial factors include factors such as 
psychological demands, control, and social support. Exposure in the work sphere is 
determined by the purpose of the job, the design of workstations and work tools, the 
weight of handled material, and organizational factors such as the design of the work 
process, the time demands of the job, and the distribution of tasks among workers. 
Exposure in the private sphere is largely determined by family composition and by the 
personal obligations or interests of the individual.  
 
 
Assessment of physical exposure  

Assessment of physical exposures requires quantification of the intensity, frequency, 
and duration of the potential risk factor.230 The use of job title as an overall proxy for 
physical exposure has been severely criticized, as exposure level may vary more 
between individuals holding a given job title than between individuals with different 
job titles.23,63 Thus, the most commonly used data collection methods in contemporary 
research on risk factors for musculoskeletal pain are self-reporting, observation, and 
direct measurement by means of technical equipment.  
 
The most feasible and cost-effective method for large population studies is the self-
administered questionnaire. However, questionnaires designed for the quantification of 
physical exposure have been criticized for lacking precision and accuracy,24,213 and for 
the risk of systematic overestimation of exposure among individuals with musculo-
skeletal pain.188 Another method based on self-reporting is the technique of structured 
interviews. Interviews may give more valid exposure information than a self-
administered questionnaire because any misunderstandings and ambiguity can be 
resolved between the interviewer and the interviewed.  
 
Observation of the worker in the workplace is another option for assessing physical 
exposure, and several observational methods are available. One of its shortcomings is 
that it can often be difficult for an observer to distinguish between different work tasks, 
postures and movements.122  
 
The third method, direct measurement using technical equipment carried by the worker 
during normal work, is probably the most reliable and objective method of exposure 
assessment, since such methods are independent of the researcher. Measurement can be 
performed over long periods, and in groups of workers with either homogeneous or 
heterogeneous work tasks. However, like observation, direct measurement is rather 
time consuming and thus expensive, especially for jobs with day-to-day, month-to-
month or seasonal variations in which repeated observation or measurement is 
necessary to gain a full picture of exposure.  
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Assessment of psychosocial exposure 

Assessment of psychosocial exposures is somewhat more complex and troublesome. 
There are two main areas of difficulty: firstly, identification and appropriate 
measurement of relevant variables, and secondly, taking sufficient account of the 
influence of moderators such as personal trait characteristics and behavioral and 
psychological processes.103  
 
Just as for physical exposure, the most feasible and cost-effective data collection 
method for large population studies is the self-administered questionnaire. The 
epidemiological tool box contains a large number of questionnaire instruments for 
assessing job stressors (or exposures), as well as some instruments to measure job 
strains and the moderators or mediators of the relationship between stressors and 
strains.91 Some of the instruments capture global demands, e.g., the Job Content 
Questionnaire (JCQ),101 while others provide measures of an array of specific job 
demands. Negative affectivity has been cited as confounding self-reports of both 
stressors and strains and exaggerating their correlations. As an individual-difference 
factor, negative affectivity reflects a pervasive tendency toward negative emotions and 
self-concepts.218 However, it has also been argued that negative affectivity is more of a 
problem with self-reported strains than with self-reported stressors.91  
 
Several attempts to develop observational methods for identifying job stressors have 
been made. Because these methods do not rely on the worker’s perceptions of the 
working environment, such an approach is likely to be more objective. Common 
observational instruments include observation of the worker in the workplace, 
observation of work processes, and supplementary interviews with supervisors and 
workers.91 There are, however, some drawbacks to the observational approach. The 
gathering of observational data requires trained and experienced observers, and the 
observation method chosen may require adaptation to the particular job being assessed, 
which, in turn, may require considerable effort and high related costs.  
 
Considering gender in assessment of exposure 

Failure to consider the influence of gender differences on epidemiological exposure 
estimates may result in biased estimates of risk. Several researchers have argued in 
favor of the need for a “gender-sensitive” or “gender-based” approach to exposure 
assessment.104,106,155,180 
 
Gender issues in research generally focus on whether females are represented 
appropriately in research programs or studies; the question of the potential for gender-
related differences that may arise in exposure assessment has seldom been raised. One 
exception is a paper by Kennedy and Koehoorn (2003) that examined the pathway from 
exposure sources or agents to exposure measures, for ways in which gender might 
influence the assessment of exposure in epidemiological studies.104 Careful consider-
ation of possible gender differences along the pathways was recommended, in 
particular with respect to gender differences in work tasks, differential validity of 
exposure estimates, and gender differences in the impact of the “healthy worker” effect. 
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Gender differences in work tasks is perhaps the least controversial and most common 
source of potential gender influence on measures of exposure. As already discussed, 
both work tasks and influence over work may be different for female and male workers 
due to gender-segregation by job title, and even when the job title is the same.148,151,180 
It has, for example, been reported that females have more repetitive work and less task 
variety, even when male and female workers have the same job title and are employed 
in the same workplace.180 Thus, studies relying on job title may attribute prevalence 
differences between male and female workers to biological differences, when in fact 
there may be true exposure differences due to differential work tasks. Gender 
differences in work tasks affect both paid work and unpaid work. 
 
There is some evidence that differential validity of exposure estimates based on 
questionnaire tools may arise from variance in the degree of concern about, or 
familiarity with, hazards.104 However, studies on the validity of self-reported physical 
activity and physical load found no significant gender differences.201,225 
 
Gender differences in the impact of the healthy worker effect, both the healthy worker 
hire effect (the tendency for the healthier individuals in society to be hired into jobs) 
and the healthy worker survivor effect (the tendency for the healthier members of the 
workforce to remain in employment), are possible.104 However, few studies have 
investigated such impact, and to our knowledge none of them have investigated it with 
regard to musculoskeletal pain.  
 
In all, many exposures are more or less closely interrelated and many workplace 
exposures may be modified by the time spent in leisure and other activities outside 
work. At the X2001 Exposure Assessment in Epidemiology and Practice Conference 
held in Göteborg, Sweden in 2001, several prominent researchers called for a 
broadened view of exposure assessment (summarized by Hagberg et al., 2001).1 A 
broader, multidisciplinary, and contextual approach in assessment of exposure taking 
into account factors such as work organization and both paid and unpaid work, would 
improve gender sensitivity in analysis 
 
 
ASSESSMENT OF MUSCULOSKELETAL DISORDERS 

Outcome measures used in epidemiological studies of neck/shoulder and low back pain 
include administrative data such as injury reports or absenteeism, clinical examinations 
or diagnoses, and self-reported symptoms. Administrative data is often incomplete 
because not all MSDs are compensable and so may not be reported by the affected 
individual. Additionally, some individuals may not require sick leave for their pain 
problems. Clinical examinations and diagnoses suffer from lack of standardized 
diagnostic criteria and are often inconsistent from one examiner to another.  
 
Self-reporting of symptoms is an alternative option, and often also a more informative 
one. While objective measures may be especially useful in establishing a more secure 
diagnosis, subjective measures may better capture the individual impact.182 However, 
the reliance of self-reported symptoms must be carefully considered, especially with 
regard to “recall bias”, the limited ability of individuals to remember their pain 
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experience. A retrospective survey covering longer periods will lead to more unreliable 
answers than one covering shorter periods.216 Further, the answers given to a question 
of whether a subject suffers from pain or impairment due to pain may be affected by the 
wording of the question, for example, the use of different terms such as “pain”, “ache”, 
or “discomfort”, as well as the alternative answers provided as options. In cross-
sectional studies of workplace settings, the healthy worker effect may introduce 
significant bias if a disproportionate number of workers with musculoskeletal pain have 
left employment, leading to an underestimate of the relationship between exposure and 
outcome.171 Moreover, cross-sectional studies unavoidably over-sample disorders that 
last for a long time and are less likely to capture those that last only for short periods.182 
 
It is important to go into an appropriate level of detail when asking questions about 
musculoskeletal problems, since such problems vary in intensity from mild symptoms 
to very severe and incapacitating disorders.203 Further, it is now well-accepted that the 
assessment of pain should take into consideration not only the experience of pain but 
also interference with both occupational and non-occupational activities.132,231 Some of 
the commonly used instruments, such as the Nordic Musculoskeletal Questionnaire,111 
only capture the experience of pain, while others capture interference with activities. 
Deyo et al. (1998) recommended the Roland Morris Disability Questionnaire,47,185 or its 
adaptation,170 or the Oswestry Disability Questionnaire,54 to assess back pain’s inter-
ference with activities. An alternative instrument to assess both intensity and limitation 
of activity has been developed by von Korff et al. (1992).232    
 
Non-specific neck/shoulder and low back pain are usually classified according to the 
duration of symptoms in the individual. Pain is traditionally defined as acute when it 
persists for less than 6 weeks, subacute for duration of between 6 weeks and 3 months, 
and chronic when it lasts for longer than 3 months. However, this classification has 
been criticized  for being inadequate; neck and back pain typically have a recurrent, 
intermittent, or episodic course characterized by variation, change, or fluctuations, 
37,131,160,233 although such intermittent and episodic symptoms are probably more 
common in the early stages. Moreover, this classification does not take limitations in 
function and activity into account.  
 
 
PREVENTION OF NECK/SHOULDER AND LOW BACK PAIN 

The basic idea of prevention is that since only limited resources available, they should 
be used at an early stage to prevent development of  problems and thus avoid un-
necessary suffering and costs.132 The multifactorial etiology and complexity of pain 
problems suggest that this strategy should be the most effective one, since it is neither 
feasible nor desirable to propose generic interventions expected to apply to every 
industry, job, and individual, nor “once for all” interventions whose effectiveness need 
not to be regularly assessed.161   
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Definitions 
Primary prevention can be defined as efforts directed at preventing injuries, disorders, 
or diseases before onset. Thus, primary prevention aims to reduce the incidence of 
problems. Some examples of primary prevention would be educational programs aimed 
at the general population, and occupational guidelines or regulatory actions relating to 
the workplace.  
 
Secondary prevention is intervention that takes place only after onset of the problem. 
Thus, secondary prevention aims to reduce the number of individuals with persistent 
symptoms and the number of recurrences. Examples of secondary prevention are early 
medical intervention, job redesign, and adaptation of the workplace for workers with 
pain or pain-related impairment or disability. 
 
Tertiary prevention strategies are designed for individuals with persistent and chroni-
cally disabling pain or pain-related impairment/disability. Intervention is usually made 
on a case by case basis with the aims of achieving maximal functional capacity within 
the limitations of the individual’s impairments, and restricting disability and handicap.  
 
The distinction between the three levels of prevention initially seems fairly clear-cut. 
However, there is significant overlap between primary and secondary prevention, and 
between secondary and tertiary prevention. As already mentioned, most people 
experience neck/shoulder or low back pain at some point, and many individuals have 
recurring symptoms throughout their lives. Furthermore, the vast majority of people 
suffering from their first episodes of pain recover quickly, without involving the 
healthcare system, and there are often no direct or indirect costs to the society or the 
employer. Consequently, for common diseases and disorders such as neck/shoulder and 
low back pain, the distinction between primary and secondary prevention becomes 
vague and less useful.132,216 The overlap between secondary and tertiary prevention 
strategies concerns the complex issues of medical management and workplace 
accommodations for those with pain symptoms whether the pain is of short or long 
duration.161  
 
Preventive interventions 

Approaches to prevention of musculoskeletal pain have largely moved over time from 
“hands-on” techniques such as massage and manipulation to “hands-off” techniques 
which place primary emphasis on exercise and re-activation. Similarly, there has been a 
trend from the widely accepted tenet of “Let pain be your guide” to a greater awareness 
of the potential for disability associated with fear-avoidance behavior due to pain. The 
emphasis has shifted from pain relief to pain management, with a parallel shift from a 
specific focus on pain to the consideration of pain-associated dysfunction.144  
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Although not all approaches to preventive intervention have been adequately assessed 
yet, the literature suggests that some approaches are more successful than others. A 
comprehensive review by Linton and van Tulder (2000) addressed three main 
questions:132  
 

   Which interventions are used to prevent neck and back pain?  
   Which interventions are effective in preventing the occurrence of neck and 

back pain?  
   Which interventions are effective in preventing the development of long-

term neck and back pain?  
 
They concluded that: 
  

   There is consistent, strong evidence that exercise may be effective in 
preventing neck and back pain.  

   There is consistent, strong evidence that lumbar supports and back schools 
are not effective in preventing neck and back pain.  

   There is no good-quality evidence for the effectiveness of ergonomics or risk 
factor modification.  

 
There are several possible explanations for these relatively discouraging results. Firstly, 
there are inherent difficulties associated with intervention studies; the identification of 
individuals at risk, the identification of individuals with recent onset of symptoms, 
acquisition of sufficient sample size to detect positive effects, provision of follow-up 
periods sufficient to allow the preventive effect to be detectable, and the difficulty of 
ensuring compliance. Secondly, most interventions dealt with single-modal programs 
rather than multidimensional ones, and preventive methods were administered to 
everyone in a given setting rather than risk factors being altered for vulnerable or at-
risk individuals.131,132,144,216   
 
Guo et al. (1995) estimated that about 65% of low back pain in the United States is 
attributable to the combined effects of different occupational exposures.66 In a more 
recent study, Punnett et al. (2005) estimated that 37% of low back pain worldwide was 
attributable to occupation, with twofold variation across regions.181 In the Europe A 
region, including Sweden among other countries, it was estimated that 29% of low back 
pain was attributable to occupation. This estimate corresponds relatively well to that of 
the annual Swedish Survey on Work-Related Disorders in which 24.4% of Swedish 
workers reported that they had experienced work-related disorders during the past 12 
months.199 These estimates, together with the knowledge that musculoskeletal 
symptoms are related to both physical and psychosocial factors at the workplace, 
highlight the importance of working life, the workplace, and work-life balance as 
perhaps the most important arenas for preventive actions. Collaborative approaches that 
combine the proactive efforts of healthcare providers, rehabilitation professionals, and 
the workplace may hold the most promise for future prevention.56 
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AIMS OF THE THESIS  
 
 
The overall aim of this thesis was to broaden the understanding of gender and context 
in both the assessment of physical exposure and the identification of target groups for 
prevention of neck/shoulder and low back pain. 
 
 
The specific aims were: 
 
I To assess the reproducibility and validity of the responses to eight 

questions on physical loads used in public health questionnaires, for 
males and females. 

 
II To investigate if and how exposure to awkward work postures is 

associated with occupational gender segregation. 
 
III To identify potential target groups for primary and secondary prevention 

of neck/shoulder and low back pain, and to describe such groups with 
regard to working and living conditions. 

 
IV To examine whether different working and living conditions are 

associated with an increased risk for neck/shoulder and low back pain.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

24 

MATERIALS AND METHODS  
 
 
Papers I and II are based on data from the MOA Study, while papers III and IV are 
based on data from the MUSIC-Norrtälje Study.  
 
 
THE MOA STUDY 

MOA is an acronym in Swedish for Modern Work and Living Conditions for Women 
and Men [Moderna arbets- och livsvillkor för kvinnor och män].  
 
The MOA Study was a multidisciplinary study aimed at developing methods for 
epidemiological studies. The design of the study was cross-sectional, with data being 
collected between 1995 and 1997 in five Swedish counties. The study took a 
comprehensive view of work and life situations, and conditions in both paid 
employment and private life were investigated. Factors assessed in the workplace 
included organizational, social, and psychological conditions, physical workload, and 
the chemical and physical environment. Several conditions in the private sphere were 
also assessed. The study group was selected by means of a stepwise selection process 
using then-current statistics and reports relating to different branches of the Swedish 
labor market, and to working conditions within different occupations. Selection 
followed three steps: 
 

1. Selection of occupational groups fulfilling at least one of the following criteria: 
groups typical of the majority of the Swedish labor force; groups utilizing new 
forms of organization or production; groups with either extremely good or 
extremely poor health. 

2. Selection of work sites to achieve variation in employers (private or public), 
size, and geographical location (urban or rural). 

3. Selection of individuals for variation in work tasks, work position, qualification 
levels, and terms of employment. 

 
A gender-sensitive perspective was central to the study, and whenever possible females 
and males with the same occupation and work site were chosen. The requirements of 
the final selection were an even distribution in gender and a similar distribution in age, 
level of education, and type of work between females and males. To permit gender 
comparisons in this relatively small sample, more females in male-dominated and more 
males in female-dominated occupations were chosen than in the general Swedish 
workforce. Of approximately 8000 employees at 80 work sites, 102 females and 101  
males were selected and went on to participate in the study. 
 
The literature emerging from the MOA Study is based on the integration of a person-
oriented analysis and a holistic and interdisciplinary approach.93 At time of writing, 
there have been ten different papers published from the study; a list can be found on the  
website www.phs.ki.se/occupmed/research/publications.htm. 
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The MOA Study received financial support from the Swedish National Institute of 
Public Health, the Swedish Council for Work Life Research, Stockholm and Örebro 
County Councils, the Swedish Council of Research, and the National Institute for 
Working Life.  
 
 
THE MUSIC-NORRTÄLJE STUDY 

The multidisciplinary Musculoskeletal Intervention Center (MUSIC)-Norrtälje Study 
was initiated in order to identify and quantify risk factors and protective factors for 
neck/shoulder and low back disorders in the general population. The study had a 
population-based, case-referent design, and the data was collected between January 1, 
1994, and June 30, 1997 in the Swedish municipality of Norrtälje. The study population 
comprised approximately 17,000 males and females of age 20–59 years, living in the 
municipality and not working or studying outside the municipality.  
 
The cases comprised all persons in the study base who sought care for neck/shoulder or 
low back pain from one of the approximately 75 care givers in the municipality 
(n=1,152). The participation rate of the cases is not known.  
 
The referent group consisted of males and females randomly selected from the study 
base by means of the population register. At least one referent was chosen for each 
case, and some additional referents were added. Altogether, the group included 1,707 
referents, stratified for sex and age (using a 5-year granularity). Among all referents 
selected, 69% of the females and 68% of the males took part in the entire investigation. 
Another 10% of the females and 10% of the males filled out the questionnaires, but 
were unable to attend the personal interviews. Additionally, individuals were excluded 
if they had sought care or been treated for neck/shoulder or low back pain during the 6 
months preceding enrollment in the study. 
 
Results from the MUSIC-Norrtälje Study on work-related physical and psychosocial 
risk factors associated with a new episode of neck/shoulder or low back pain have been 
reported by Wigaeus Tornqvist et al. (2001) and Vingård et al. (2000).222,229 In all, at 
time of writing 35 papers have been published from the study; a list can be found on the 
previously-mentioned website at www.phs.ki.se/occupmed/research/publications.htm. 
 
All participants received a follow-up postal questionnaire 4–6 years after the baseline 
investigation. The response rate was 82.9% for the study group as a whole, and 82.6% 
for the referent group. 
 
The MUSIC-Norrtälje Study received financial support from the Swedish Council for 
Swedish Council for Work Life Research and Stockholm County Council.  
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SUBJECTS  

The subjects of papers I and II comprised the whole or a part of the MOA Study 
population, while the subjects of papers III and IV were taken from the referent group 
of the MUSIC-Norrtälje Study (Table 4).  
 
Table 4. Demographic basics of the study samples in papers I–IV.  
 
Females (F); Males (M) MOA Study MUSIC-Norrtälje Study  

     (referents) 

 Paper I Paper II Paper III Paper IV 

 Whole Matched Study group Study group 
 study group sub-samplea at baselineb at follow-upb,c 

 F M F M F M F M 

Number of subjects 102 101 78 78 749 592 629 466 

Age group (%) 
<31 years 
31–44 years 
>44 years 

 
26 
44 
30 

 
24 
44 
33 

 
26 
42 
32 

 
28 
44 
28 

 
12 
40 
48 

 
15 
37 
48 

 
11 
39 
50 

 
13 
37 
50 

Educational leveld (%) 
low (<2.5 years) 
medium (2.5–5.5 years) 
high (>5.5 years) 

 
38 
33 
28 

 
42 
37 
22 

 
35 
33 
32 

 
40 
41 
19 

 
22 
53 
25 

 
25 
58 
16 

 
20 
53 
27 

 
26 
57 
17 

Employment (%) 
regular 
temporary 

 
87 
13 

 
93 
  7 

 
88 
12 

 
94 
  6 

 
83 
17 

 
91 
  9 

 
85 
15 

 
92 
  8 

Type of work (%) 
working with people 
working with data 
working with things 

 
40 
34 
26 

 
36 
26 
39 

 
42 
26 
32 

 
42 
26 
32 

 
63 
21 
16 

 
30 
19 
51 

 
64 
22 
14 

 
33 
19 
48 

Socioeconomic group (%) 
blue-collar worker 
white-collar worker 

 
37 
56 

 
48 
46 

 
44 
47 

 
47 
46 

 
49 
46 

 
57 
34  

 
47 
49  

 
56 
35 

self-employed   7   6   9   6   4   9   4   9 

Living single (%) 28 29 27 30 21 21 20 21 

Children <18 years (%) 43 38 44 38 58 58 58 58 
a The matched sub-sample included 78 pairs of one female and one male matched on type of work and 
qualification level within the occupation. 
b The study group included only referents (not cases) in long term regular or temporary employment, i.e., 
had worked ≥17 hours per week the 12 months preceding baseline. 
c The demographic data was recorded at baseline. 
d Educational level is years of education added to 9 years of compulsory schooling. 
 
Paper I  

The first study included all 102 female and 101 male subjects of the MOA Study. The 
mean age of the females was 38.2 years (SD 10.0, range 20–61), and of the males 39.1 
years (SD 11.2, range 19–62). Their occupations covered 85 different jobs from the 
three-digit Nordic occupational classification (NYK) [Nordisk Yrkesklassificering], 
with females contributing 62 job titles and males contributing 63.  
 
Paper II 

The second study used a sub-sample from the MOA Study comprising 78 matched 
pairs each consisting of one female and one male subject. The variables used to match 
the two subjects in each pair were type of work and qualification level within the 
occupation. The mean age of the females was 38.2 years (SD 10.0, range 20–60), and 
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of the males 38.3 years (SD 11.4, range 19–61). 71 different job titles from the three-
digit NYK were represented, with females contributing 50 and males 53.  
 
Paper III 

The subjects of the third study were selected from among the referent group (not the 
cases) of the MUSIC-Norrtälje Study. Criteria for inclusion were that the individual 
should be gainfully employed, should work at least 17 hours per week; and should have 
been working in regular or temporary employment for at least the 12 months prior to 
enrollment in the study. In total, 749 female and 592 male subjects were selected. This 
study performed a cluster analysis on the data, using 15 variables. Such an analysis 
requires that data be present for every variable for each subject. When a subject lacked 
data for up to two variables, imputation of data was used to fill the gaps. One female 
subject lacked data on more than two variables, and so was excluded from further 
analysis. Moreover, the cluster method identified three females and five males as out-
liers, and these were also excluded from further analysis. After exclusions, 745 female 
and 587 male subjects remained. The mean age of the females was 42.6 years (SD 9.3, 
range 20–59), and of the males 42.7 years (SD 10.3, range 20–59). 187 different job 
titles from the three-digit NYK were represented, with females contributing 109 and 
males 145.  
 
Paper IV 

The fourth study analyzed the answers given by the 745 female and 587 male subjects 
of the study presented in paper III to a follow-up postal questionnaire. This 
questionnaire was sent 4–6 years after the baseline measurements, with subjects 
examined in 1994 or 1995 receiving their follow-up questionnaire in 2000, and subjects 
examined in 1996 or 1997 receiving theirs in 2001. Two-thirds of the subjects (69%) 
were followed up 5 years after their baseline investigation, 4% after 4 years, and 27% 
after 6 years. If a subject did not answer, up to three remainders were posted. The 
response rate for the whole study group was 82.2% (84.4% for females and 79.4% for 
males), and varied between 75%–86% for the eleven clusters or groups (P=0.310). 
Among respondents, the mean age (at baseline) of the females was 43.0 years (SD 9.2, 
range 20–59), and of the males 43.2 years (SD 10.1, range 20–59). In the non-
responding group, the mean age (at baseline) of females was 40.4 years (SD 9.7, range 
21–58), and of the males 40.1 years (SD 10.7, range 20–59). 
 
 
ETHICAL APPROVAL 

The studies in papers I and II were approved by the ethics committees of Karolinska 
Institutet (DNr 95-336) and Örebro läns landsting (kod:500:19, löpnr 1084/95). The 
studies in papers III and IV were approved by the ethics committee of the Karolinska 
Institutet (DNr 93-255). All subjects were given written and/or oral information about 
the studies and all gave their consent to participate. 
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METHODS   

Paper I was a validity study, papers II and III were cross-sectional studies, and paper IV 
was a 5-year follow-up. The data was collected during three periods: 1995–1997 for 
papers I and II, 1994–1997 for paper III, and 1994–1997 and 2000–2001 for paper IV. 
The data collection methods used in the studies were self-administered questionnaires, 
interviews, observation in combination with interviews, direct measurements with 
different technical instruments, and the use of register data (Table 5).  
 
Table 5. Overview of study design, period of data collection, and method of data collection 
used in the studies presented in papers I–IV.  
 
  The MOA Study  The MUSIC-Norrtälje Study 
  Paper I  Paper II  Paper III  Paper IV 
  n=203  n=156  n=1,332  n=1,095 

Study design  Validity 
study 

 Cross-
sectional  

 Cross-
sectional  

 5-year 
follow-up 

    study  study   

Period of data collection  1995-1997  1995-1997  1994-1997  1994-1997 
2000-2001 

Method of data collection         
Questionnaire         
Self-administered questionnaire  X    X  X 

Interview         
Interview – physical factors  X    X   
Interview – psychosocial factors    X  X   

Observation/Interview         
ARIA – work  content analysis    X     

Direct measurements         
Posimeter     X     
Arm inclinometer     X     
Trunk inclinometer     X     

Register         
Job titles by gender in Swedena    X  X   
Individual incomeb      X   

 
a Swedish Official Population and Residence Investigation.195 
b Register data on income and unemployment benefit was linked to each subject in the study group   
(Statistics Sweden, LOUISE database). 
 
 
Demographic data in papers I–IV  

Several different demographic variables were used to describe the study samples and in 
the analyses. The demographic variables are presented in Table 6. 
 
 
 
 
 
 
 
 
 
 



 

              29 

Table 6. Demographic variables collected by personal interview (I), self-administered 
questionnaire (Q) and register data (R). 
 
Demographics and classification   Paper 
    I II III IV 

Educational level 
Years of education in addition to 9 years of compulsory schooling 

I I Q  

      low (<2.5 years) / medium (2.5–5.5  years) / high (>5.5 years)     

Type of work 
Modified classification system by Kohn and Schooler (1983), based on work 
object and field of activity107 

I  I I 

      working with people / data / things     

Qualification level 
Socioeconomic group and educational level required in the occupation (years 
of education in addition to 9 years of compulsory schooling) 

 I   

      low (<2 years)  
      medium (blue-collar ≥2 years; white-collar ≥2 but <6 years) 

    

      high (≥6 years)     

Gender segregation 
Gender distribution in occupation/job title, proportion of females and males 
holding the job title in Sweden 

 I R I R I R 

      female-dominated (>70% females) 
      male-dominated (>70% males) 

    

      gender-integrated (30–70% of both females and males)     

Position   I   
      low (without managerial/supervising function)     
      high (with managerial/supervising function or self-employed)     

Income   I R R 
      low or medium (≤20,000 SEK per month) / high (>20,000 SEK per month)     

Age group    I  
      <31 years / 31– 44 years / >44 years     

Labor market sector      
      working in public sector / private sector or self-employed   Q Q 

Terms of employment   Q Q 
      regular / temporary     

Socioeconomic group  I Q   
      blue-collar worker / white-collar worker / self-employed     

Family situation 
Civil status and living with children <18 years at home 

  Q Q 

      single, without children 
      single, with children  
      spouse/partner, without children 

    

      spouse/partner, with children     

 
Paper I  

Paper I evaluated eight questions used in a self-administered questionnaire for 
reproducibility and criterion validity. Seven of the questions concerned different 
physical loads at work, and the remaining one concerned physical exercise and sporting 
activity during leisure time.  
 
Self-administered questionnaire 

Each subject in the MOA Study answered the same questionnaire twice, with 
approximately three weeks between each occasion of answering. The questionnaires 
were completed before any other measurements were performed. The response 
alternatives of all eight questions evaluated were at ordinal level (see Appendix A, 
paper I). 
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At the first response occasion each subject also reported the frequency of symptoms 
from neck, low back, and shoulder/arm during the last 12 months, with choices of 
never, a couple of days per year, a couple of days per month, a couple of days per 
week, and daily. These data was dichotomized into complaints (frequency of a couple 
of days per week or daily) or no complaints (frequency of never, a couple of days per 
month, or a couple of days per year).  
  
Interview (reference instrument) 

The reference method used for testing criterion validity of the eight physical load 
questions was a structured personal interview with one of four trained ergonomists. The 
interview method was one developed by Wiktorin and colleagues.227,228 It has been 
tested for reproducibility and validity, with high accuracy, by observations and 
technical measurements in several studies.157,174,227   
 
The interview covered work and activities during the last two months, task by task. 
Questions were asked about minutes per work task spent in different postures (sitting, 
hand above shoulder level, bent trunk, bent or twisted work posture), in manual 
handling of loads, in repetitive movements, and in leisure time training and sports. For 
each variable, minutes per work task were summed up to minutes per day and then 
calculated as percentage proportion of a workday. For each task the interviewer also 
assessed the level of energy expenditure in metabolic equivalent, or MET, a measure 
defined as the ratio of the metabolic rate associated with a specific activity to the 
resting metabolic rate.2 After each interview a time weighted average MET (TWA-
MET) was calculated for occupational work. When data collection was complete, each 
interview was categorized by the four ergonomists according to the response 
alternatives (see Appendix B, paper I).  
 
Analyis 

The reproducibility of the questions was tested by comparing the answers given at the 
first response occasion with the answers given at the second response occasion (test-
retest method). 
 
The criterion validity of the questions was tested by comparing the questionnaire 
responses from the first round of data collection with the categorized interview data. 
The interviews were regarded as the “gold standard”. In addition, the possible influence 
of gender, type of work, and musculoskeletal complaints on the validity of the 
responses to the questions was analyzed.   
 
Paper II 

The subject of paper II was the association between awkward work postures and 
movements and occupational gender segregation.  
 
Direct measurements 

Data on work postures was collected for each subject in the MOA Study by two diffe-
rent pieces of equipment, a posimeter and an inclinometer. These instruments were 
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attached to and carried by the subject during a full “typical” work shift in his/her 
ordinary workplace.  
 
The posimeter was used for recording duration of sitting work posture and for 
registration of posture change between sitting and standing.191 Data was sampled using 
Testo data loggers with a sampling frequency of two registrations per minute (Testo 
AG, Lenzkirch, Germay). After the recording period the posimeter data was transferred 
to a computer for analysis, and the percentage of time spent in sitting work posture was 
calculated along with the frequency of posture change between sitting and standing or 
walking. 
 
Three tri-axial accelerometers were used as inclinometers for recording the duration 
and frequency of forward bending of the trunk and of upper arm elevation in relation to 
the line of gravity.13,72 Data was sampled using data loggers with a sampling frequency 
of 20 Hz (Logger Teknologi HB, Malmö, Sweden). The cutoff points in the analysis of 
awkward work postures and movements were set to 60º for upper arm elevation, that is, 
work with one or both hands above shoulder level, and to 40º for trunk flexion, that is, 
work involving pronounced trunk bend. 
 
Indicators for horizontal and vertical occupational segregation 

A single variable was used as an indicator for horizontal occupational segregation; 
distribution of gender by job title or occupation. Data on job title and occupation was 
collected by personal interviews and coded to the Nordic Classification of Occupations. 
Census data from the Swedish Official Population and Residence Investigation was 
used to gain information on proportions of female and male employees in different 
occupations in Sweden.195 Each subject was then categorized into one of three groups 
according to the proportions of female and male workers in Sweden holding the same 
job title as the subject: female-dominated job, male-dominated job, or gender-integrated 
job.  
 
Three variables were used as indicators for vertical occupational segregation. Income 
levels were classified as low (earning ≤20,000 SEK per month) or high (earning 
>20,000 SEK per month); data was collected by personal interview. Level of influence 
was classified as low or high and was gathered by a job analysis including both 
interview and observation.207-209 Position was classified as low, for example blue-collar 
and white-collar employees, or high, for example managers, supervisors, and the self-
employed. Subjects with low values on two or three of the indicators were then 
categorized as having low status and authority, and subjects with high values on two or 
three of the indicators as having high status and authority. 
 
Analysis 

Analysis was made of the association between occupational gender segregation and the 
duration and frequency of awkward work postures and movements. Comparison was 
made between female-dominated, male-dominated and gender-integrated jobs as well 
as within these three groups with regard to level of status and authority at work.  
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Paper III 

Paper III took an exploratory approach to identification of potential target groups for 
primary and secondary prevention of neck/shoulder and low back pain.  
 
Self-administered questionnaire 

In the MUSIC-Norrtälje Study, a self-administered questionnaire was used to collect 
data on working and living conditions as well as on labor market position, demography, 
and health-related behavior (Table 7). Three indexes were constructed from 13 
variables relating to psychosocial work factors. These psychosocial dimensions were 
hindrances (unclear goals or work tasks, insufficient resources in terms of equipment, 
housing, and personnel, work tasks poorly adjusted to the competence of the subject, 
and hindrances outside the work organization), psychological demands (being required 
to work very fast, being required to work very hard, being expected to make an 
excessive contribution to workload, not being given enough time for work tasks, and 
being subject to conflicting demands), and influence at work (influence on when tasks 
should be performed, and influence on which tasks should be included in the work 
assignment).  
 
Interviews 

Two personal interviews, conducted by an ergonomist and a behavioral scientist 
respectively, were used to collect data on working and living conditions and labor 
market position (Table 7). The interview method used by the ergonomist was 
developed and has been described by Wiktorin and colleagues.227,228 The interview 
method used by the behavioral scientist has been thoroughly described by Waldenström 
and colleagues.208,209  
 
Register data 

Register data on income and unemployment benefit was linked to each subject in the 
study group (Statistics Sweden, LOUISE database). 
 
Outcome 

The questionnaire contained a total of twelve questions on pain intensity and pain-
related disability.232 For each of the neck/shoulder and low back regions, subjects were 
asked to rate current pain, worst experienced pain during the preceding 6 months, and 
average pain during the same period. These ratings were made on an 11-point scale, 
where 0 meant “no pain” and 10 meant “pain as bad as could be.” The questions con-
cerning pain-related disabilities were also asked separately for each bodily region. 
These questions covered the preceding 6 months and asked how much pain had 
affected everyday activities, social and family activities, and the ability to work 
(including domestic work). These ratings were also made on an 11-point scale, where 0 
meant “not affected at all” and 10 meant “impossible to continue these activities”. For 
details, see Figure 1, paper IV. 
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Table 7. Variables in paper III. 

 Variables Assessment method  Scale (range of response alternatives) 

 …forming the clusters   
Working and living conditions    
   Work time Total work hours Interview Hours per week 
 Time of working hours Questionnaire – 1 item (1–3) 
   Ergonomic physical factors Hand(s) above shoulder level 

Bent trunk  
VDU work 

Interview 
Interview 
Interview 

Minutes per workday 
Minutes per workday 
Minutes per workday 

 TWA-MET, worka Interview Multiples of resting O2 consumption 
   Psychosocial factors Creativity 

Routine work 
Hindrances 
Psychological demands 
Influence at work 

Interview 
Interview 
Questionnaire – 6 items 
Questionnaire – 5 items 
Questionnaire – 2 items 

Proportion (%) of work hours 
Proportion (%) of work hours 
Summation index (6–18) 
Summation index (5–20) 
Summation index (2–8) 

 Social interaction Questionnaire – 1 item (1–6) 
   Private sphere factors Domestic and family work 

TWA-MET, leisure timea 
Interview 
Interview 

Minutes per day 
Multiples of resting O2 consumption 

 Time for recreation Questionnaire – 1 item (1–6) 
 …describing the clusters   
Labor market position Type of work Interview  Working with people/data/things, based on NYK3 
 Gender segregation  Interview  Female-dominated/male-dominated/gender-integrated job 
 Terms of employment Questionnaire – 1 item Regular/temporary employment 
 Income Register Low/medium or high, cutoff point 18,000 SEK per month  
Demography Gender Questionnaire – 1 item Male/female 
 Age Questionnaire – 1 item <31/31–44/>44 years 
 Educational level Questionnaire – 1 item Low/medium/high 
 Socioeconomic position Quest. + Interview Blue-collar worker/white-collar worker/self-employed  
 Family situation Questionnaire – 2 items Living alone/with child/with partner/with partner and child 
Health related behavior Smoking Questionnaire – 1 item Smoker/non-smoker 
 Alcohol use Questionnaire – 1 item Often or sometimes/never 
 BMI Questionnaire – 2 items Obese/not obese, cutoff point BMI 30 
 Training and sports Interview Inactive/active, cutoff point one hour per week 
 
a TWA-MET – time weighted average of metabolic demands, assessed by interview.227 Each task was designated a MET value, i.e., multiples of resting oxygen consumption  
(1 MET = 3.5 ml O2 kg * body weight–1 * minutes–1).2 A TWA-MET for one “typical day” was calculated for each participant.
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For the pain intensity and pain-related disability questions, an average value was 
calculated for each body region of each subject. Subjects with an average value ≥3 for 
pain intensity or an average value ≥1 for pain-related disability for a region of the body 
were classified as having a disorder in that body region.   
 
Analysis 

Fifteen variables were selected for cluster analysis in order to identify groups of 
individuals in similar situations with regard to working and living conditions (Table 7). 
These 15 variables were subsequently used to describe “what characterizes the 
clusters?” (Figure 2). Additional variables (not used in the cluster analysis) on labor 
market position, demography, and health-related behavior were used to describe the 
clusters with regard to the two questions: “where are the clusters found?” and “who are 
(the individuals) in the clusters?” (Figure 2). Different cluster solutions were investi-
gated before the final choice was taken. 
 

 
Figure 2. The analysis model: variables in the bold frame were analyzed by means of cluster 
analysis (note that the remaining variables were only used in the subsequent descriptive 
analyses).   
 
Paper IV 

Paper IV comprised a follow-up assessment of the eleven groups or clusters identified 
in paper III. The subjects were contacted regarding neck/shoulder or low back pain five 
years after baseline measurements. 
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Self-administered questionnaire 

A postal self-administered questionnaire was sent to all subjects who had participated 
in the baseline MUSIC-Norrtälje Study. This follow-up questionnaire included the 
twelve questions on pain intensity and pain-related disability that were analyzed in 
paper III, using the same response scales. As in paper III, the average values of the 
answers to the intensity and disability questions were calculated for each bodily region 
of each subject, and those with an average value ≥3 for pain intensity or an average 
value ≥1 for pain-related disability were classified as having a disorder in that body 
region (for a detailed description, see Figure 1, paper IV). Subjects were also asked 
whether they had sought care for pain in the neck/shoulder or low back during the 
follow-up period. Those who responded in the affirmative to either of these two 
questions were classified as having sought care. Additional data collected were job title 
at follow-up, work-related changes over the past 5 years, and family situation at follow-
up. 
 
The outcome was defined by neck/shoulder and/or low back pain at baseline, 
neck/shoulder and/or low back pain at follow-up, and having sought care for pain 
during the follow-up period. These three variables together resulted in eight different 
outcome combinations, from which three outcome groups were constructed for 
analysis: those with moderate disorders, those with persistent disorders, and those with 
no disorders. A more detailed description is presented in the results section, Figure 3. 
 
Analysis 

The eleven clusters identified in the baseline study (paper III) were analyzed with 
regard to moderate or persistent neck/shoulder or low back pain at 5-year follow-up. 
 
STATISTICAL ANALYSES    
Table 8. Overview of statistical analyses used in the studies presented in papers I–IV. 
 
Statistics  Paper 
  I II III IV 

Mean (m); Standard deviation (sd)  X X X X 

Median (md); Range  X X X X 

Cohen’s kappa coefficient quadratic weights (κw) with 95% CI  X    

Full agreement (%)  X    

McNemar chi-square test statistics (P)   X    

including Yates’ correction   for continuity      

Spearman’s rank correlation coefficient (rs)  X    

Sensitivity; Specificity  X    

Prevalence odds ratio (POR) with 95% CI  X    

One-way analysis of variance (ANOVA)   X   

Cronbach’s alpha    X  

Pearson’s correlation coefficient (r)     X  

Hierarchical cluster analysis, Ward’s method    X  

K-means cluster analysis      X  

Logistic regression analysis, odds ratio (OR) with 95% CI     X X 
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RESULTS AND COMMENTS    
 
 
ASSESSMENT OF PHYSICAL EXPOSURE 

 
Validity of questionnaire data on physical exposure (paper I) 

Reproducibility of the responses to the eight questionnaire items on physical work 
loads was relatively high, with weighted kappa coefficients (κw) varying from 0.74 to 
0.92 (Table 9). These levels of test-retest agreement provided motivation for continuing 
the analysis by testing the validity of all eight questions. 
 
The validity analyses showed differing results for the eight questions. The weighted 
kappa coefficients varied from 0.38 to 0.81 (Table 9). The lowest inter-method agree-
ments were found for the questions concerning bent/twisted work posture (κw 0.38) and 
repetitive movements (κw 0.39), while the highest agreements were found for the 
questions concerning sitting work posture (κw 0.81) and physical exercise and sporting 
activities (κw 0.74). 
 
Table 9. Reproducibility (test-retest) and validity of the eight physical load questions in the MOA 
Study (n=203). 
 
 Reproducibilitya  Validityb 
 κw (95% CI of κw)  κw (95% CI of κw) 

Work      
   General physical activity 0.85 (0.81–0.90)  0.66 (0.59–0.74) 

   Sitting work posture 0.92 (0.89–0.95)  0.81 (0.75–0.86) 

   Hands above shoulder level 0.79 (0.71–0.87)  0.48 (0.33–0.63) 

   Bent trunk 0.74 (0.62–0.86)  0.48 (0.33–0.64) 

   Bent/twisted trunk 0.83 (0.73–0.89)  0.38 (0.26–0.49) 

   Manual handling of loads ≥10 kg 0.81 (0.75–0.87)  0.54 (0.42–0.66) 

   Repetitive movements 0.80 (0.73–0.88)  0.39 (0.26–0.51) 

Leisure time      
   Physical exercise/sports 0.86 (0.79–0.93)  0.74 (0.67–0.80) 
a Test-retest method (three weeks interval). 
a Reference method was a structured personal interview.227,228 
 
Subsequent analyses stratified on type of work (working with people, data, or things) 
showed no substantial differences between the groups considering the validity of their 
responses to the questions. Analyses stratified on musculoskeletal complaints showed 
only minor validity differences between those with complaints (n=45/prevalence 22%) 
and those without complaints. In seven of the eight questions, subjects with musculo-
skeletal complaints responded less accurately than those without such symptoms, but 
for all questions the confidence intervals were wide and overlapped between the two 
groups (see Table 4, paper I). This finding, together with analyses at dichotomous level, 
indicated that there was no systematic over- or underestimation of exposure in the 
group with musculoskeletal complaints compared to those without such symptoms, i.e., 
no differential misclassification (see Table 5, paper I). Moreover, the results showed 
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that the degree of differential misclassification was too small to have any essential 
effect on the risk estimates.   
 
Gender in assessment of physical exposure (papers I and II) 

There were no substantial gender differences considering the validity of the question-
naire responses (Table 10). For one question, manual handling of loads ≥10 kg, the κw  
coefficient was only 0.41 for the females whereas it rose to 0.59 for the males, but the 
confidence intervals were wide and overlapping (95% CI of κw 0.23–0.58 and 0.45–
0.74 respectively). Moreover, the distribution of the responses was narrower among the 
females than among the males. These differences in κw could be explained by the 
difference in exposure distribution; the proportion of subjects exposed to manual 
handling of loads ≥10 kg was only 8% among females compared with 20% among 
males. For the remaining seven questions, the κw coefficients and the exposure 
distributions were both relatively similar.   
 
Table 10. Validity of the eight physical load questions for females (n=102) and males (n=101). 
 
 Femalesa  Males a 
 κw (95% CI of κw)  κw (95% CI of κw) 

Work      
   General physical activity 0.62 (0.49–0.74)  0.71 (0.62–0.79) 

   Sitting work posture 0.80 (0.73–0.88)  0.81 (0.75–0.87) 

   Hands above shoulder level 0.46 (0.27–0.66)  0.49 (0.28–0.70) 

   Bent trunk 0.49 (0.22–0.76)  0.47 (0.30–0.63) 

   Bent/twisted trunk 0.37 (0.20–0.53)  0.39 (0.22–0.56) 

   Manual handling of loads ≥10 kg 0.41 (0.23–0.58)  0.59 (0.45–0.74) 

   Repetitive movements 0.31 (0.20–0.55)  0.39 (0.23–0.57) 

Leisure time      
   Physical exercise/sports 0.73 (0.63–0.83)  0.73 (0.65–0.82) 
a Reference method was a structured personal interview.227,228 
 
To enable analyses of the effect of occupational gender segregation on the underlying 
factors involved in exposure, a matched sub-sample of 78 pairs of one male and one 
female worker from the MOA Study was selected (see Table 4). Two indicator 
variables were constructed. The indicator variable for horizontal occupational 
segregation was gender distribution by job title/occupation (female-dominated jobs, 
male-dominated jobs, and gender-integrated jobs) and the indicator variable for vertical 
occupational segregation was status/authority (low or high). Data on work postures and 
movements was collected using two technical instruments. The initial and underlying 
analyses in the study sample showed no statistically significant differences between 
male and female workers regarding any of the assessed work postures and movements 
(P=0.261–0.875; see Table 3, paper II). 
 
With regard to horizontal occupational segregation, workers in female-dominated jobs 
experienced on average shorter duration of sitting work posture than workers in male-
dominated or gender-integrated jobs (Table 11). In female-dominated jobs the mean 
duration was 40% of the work shift, while in male-dominated jobs it was 54%. There 
were no statistically significant differences between the three groups with regard to 
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posture and movement of arms and trunk. However, there was a tendency for workers 
in female-dominated jobs to have somewhat higher levels of exposure than workers in 
male-dominated or gender-integrated jobs. 
 
Table 11. Work postures and movements for 156 Swedish workers, stratified on indicators for 
horizontal segregation and vertical segregation. 
 
(mean values) Horizontal segregation  Vertical segregation 
 Gender distribution by  Level of 
 job title/occupation  status/authority 
 f-d m-d g-i P  low high P 

Sitting/standing work posture         
Duration of sitting (%) 39.9 54.3 42.0 0.029  41.5 54.8 0.011 

Posture changes p.h. (freq.) 12.4 10.7 11.0 0.500  10.8 12.3 0.284 

Arm posture (cutoff point 60o)         
Duration of arm elevation (%)         
      Dominant arm  5.2 3.7 3.4 0.096  4.6 3.0 0.036 

      Non-dominant arm 4.4 4.0 2.9 0.176  4.1 2.8 0.074 

Arm elevations p.h. (freq.)        
      Dominant arm  129.6 95.4 82.8 0.086  120.2 64.8 0.003 

      Non-dominant arm  99.1 76.5 72.4 0.229  97.0 53.3 0.002 

Trunk posture (cutoff point 40o)         
Duration of trunk bend (%) 9.0 10.8 7.2 0.202  8.7 8.3 0.785 

Trunk bends p.h. (freq.) 119.5 118.4 98.3 0.317  116.8 99.1 0.212 

f-d = female dominated job (>70% females holding job title) 
m-d = male-dominated job (>70% males holding job title) 
g-i = gender-integrated job (30–70% of both females and males females holding job title) 
 
The analyses of workers with low or high status/authority within the three horizontal 
segregation groups revealed different patterns within each group (Table 12). For 
female-dominated jobs, exposure differences between workers were strongly associated 
with level of status/authority; workers with low status/authority had substantially higher 
exposures than workers with high status/authority. Workers with low status/authority 
experienced shorter duration of sitting work posture, longer duration of arm elevation 
>60o for the dominant arm, higher frequency of arm elevation exceeding 60o for both 
the dominant and the non-dominant arm, and longer duration of trunk bend >40o. For 
male-dominated jobs the exposure differences between workers with low and workers 
with high status/authority were not as pronounced. The only statistically significant 
differences were for frequency of arm elevation exceeding 60o for both the dominant 
and the non-dominant arm; workers with low status/authority had higher exposure 
levels. In contrast to these two gender-segregated groups, gender-integrated jobs had 
small exposure differences between workers with low and workers with high 
status/authority, and none of the variables reached statistical significance. 
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Table 12. Work postures and movements for 156 Swedish workers, stratified on indicator for 
vertical segregation within the three horizontal segregation groups. 
 
(mean values) Female-dominated  Male-dominated  Gender-integrated  
 job job job 

 Level of Level of Level of 
 status/authority status/authority status/authority 

 low high P low high P low high P 

Sitting/standing work posture          
Duration of sitting (%) 33.1 59.4 0.001 53.6 55.5 0.817 35.4 50.4 0.165 
Posture changes p.h. (freq.) 12.3 12.6 0.904 9.3 13.0 0.084 10.9 11.1 0.938 

Arm posture (cutoff point 60o)          

Duration of arm elevation (%)         
      Dominant arm 6.1 2.0 0.023 4.3 3.3 0.388 3.5 3.1 0.773 
      Non-dominant arm 5.0 2.1 0.073 5.1 3.3 0.182 3.0 2.5 0.651 

Arm elevations p.h. (freq.)        
      Dominant arm 153.6 43.6 0.028 133.2 70.3 0.020 87.2 69.8 0.504 
      Non-dominant arm 113.6 47.3 0.040 109.6 54.4 0.009 78.0 55.4 0.375 

Trunk posture (cutoff point 40o)         
Duration of trunk bend (%) 9.7 6.4 0.197 10.5 9.6 0.788 7.1 7.4 0.889 
Trunk bends p.h. (freq.) 132.7 68.9 0.035 122.6 115.2 0.777 100.1 93.1 0.760 

 
 
TARGET GROUPS FOR PREVENTION OF NECK/SHOULDER AND LOW 
BACK PAIN    

Cluster analysis of 15 variables relating to working and living conditions was 
performed in order to identify potential target groups for prevention of neck/shoulder 
and low back pain. Different cluster solutions – seven, eight, nine, and eleven clusters – 
were investigated. The final choice of cluster solution was based on two criteria, firstly 
that all clusters in the cluster solution should be easy to interpret and recognize, and 
that cluster solutions must be associated with the presence or absence of neck/shoulder 
or low back pain. 
 
Identification of groups with similar working and living conditions 
(paper III) 

The chosen cluster solution had eleven clusters, with 53–194 subjects in each cluster. 
Each group was named after its main characteristics (Table 13). One subject was 
excluded from further analysis due to missing data on more than two of the 15 
variables, and eight others were excluded after being identified as outliers. Test 
statistics showed that the eleven groups differed with regard to all 15 variables that 
formed the clusters (P <0.001). The groups also differed with regard to all the variables 
used to describe where they were found, that is, the labor market variables (P <0.001). 
Moreover, they differed with regard to demographic data, but not with respect to 
health-related behavior; there were no statistically significant differences between the 
groups with regard to smoking, alcohol use or BMI (P=0.158–0.186). By contrast, the 
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groups differed with regard to physical training and sports (P=0.037). Gender-specific 
analyses showed similar results for all variables.    
 
Table 13. The eleven clusters named after their main characteristics, and distribution of 
subjects in the groups.  
 
 Femalesa,b  Malesb  All subjectsa,b 
 n (%)  n (%)  n (%) 

1 Onerous human service job 114 (15)  49 (8)  163 (12) 

2 Free agent 18 (2)  74 (13)  92 (7) 

3 Family burden 137 (18)  20 (3)  157 (12) 

4 Sedentary work 64 (9)  56 (10)  120 (9) 

5 Passive 58 (8)  37 (6)  95 (7) 

6 Mentally stretched 80 (11)  76 (13)  156 (12) 

7 Balanced  105 (14)  89 (15)  194 (15) 

8 Physically active 24 (3)  29 (5)  53 (4) 

9 Manual colorless labor 80 (11)  57 (10)  137 (10) 

10 Shift work 54 (7)  32 (5)  86 (6) 

11 Physically strained 11 (2)  68 (12)  79 (6) 

Total 745   587   1,332  
a One female was excluded due to missing data. 
b Three females and five males were excluded as “outliers” due to extreme values. 
 
Identification of risk groups for neck/shoulder and low back pain 
(papers III and IV)  

The eleven clusters were also analyzed with regard to prevalence of neck/shoulder and 
low back pain. Separate analyses for females and males and of the full study group 
showed rather similar results, in analyses of the baseline data as well as of the 5-year 
follow-up data. The following figures relate to the analysis of the full study group.  
 
The baseline investigation showed that the groups differed with regard to the pre-
valence of low back pain (P=0.008; see Table 5 in paper III). Subsequent analyses 
showed that the “onerous human service job”, the “free agent”, and the “family burden” 
groups (clusters 1–3) were associated with low back pain (OR 2.1–2.5; see Table 6 in 
paper III). The groups did not differ with regard to the prevalence of neck/shoulder pain 
(P=0.713; see Tables 5 and 6 in paper III). An additional analysis made for this thesis is 
presented in Table 14, which shows odds ratios, adjusted for gender, for the association 
between cluster and neck/shoulder or low back pain. In this analysis the “free agent” 
and the “family burden” groups (clusters 2 and 3) were found to be associated with 
such pain (OR 1.7 and 1.6 respectively). 
 
The eleven clusters were followed up five years after the baseline investigation. The 
outcomes were “moderate disorders”, “persistent disorders”, and “absence of disorders” 
(Figure 3).  
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Figure 3. The presence or absence of pain in the neck/shoulder or low back at baseline and at 
follow-up, among those who had sought care or not sought care during the follow-up period, 
resulted in eight different combinations. From these eight combinations, three outcome groups 
were constructed for analysis, the moderate disorders, the persistent disorders, and the 
absence of disorders groups.  
 
At baseline, 423 of the 1,095 subjects (39%) had neck/shoulder or low back pain. At 
follow-up, 468 subjects (43%) had neck/shoulder or low back pain and 400 (37%) had 
sought care for such pain during the follow-up period (Figure 3). The distributions 
differed for females and males (not shown). A larger proportion of females than males 
had neck/shoulder or low back pain at baseline (40% and 35% respectively), a larger 
proportion of females (47%) than males (38%) had pain at follow-up, and a larger 
proportion of females (41%) than males (31%) had sought care for pain during the 
follow-up period. 
 
When classified into outcome groups, 45% of all subjects had moderate disorders and 
17% had persistent disorders (Figure 3), while disorders were not present in the 
remaining 38%. The distributions differed for females and males (not shown). A larger 
proportion of females (20%) than males (13%) had persistent disorders, while the 
proportions of subjects with moderate disorders were almost equal between females 
and males (46% and 45% respectively). Consequently, a smaller proportion of females 
(34%) than males (42%) enjoyed absence of disorders. For the eleven groups with 
different combinations of working and living conditions, the proportion of subjects with 
moderate disorders varied from 36% to 52%, while that of subjects with persistent 
disorders varied from 7% to 22%, and that of subjects with absence of disorder varied 
from 30% to 50% (see Table 1, paper IV). 
 
Logistic regression analysis, adjusted for gender, showed that three of the groups, the 
“onerous human services job”, the “free agent”, and the “family burden” groups, had an 
increased risk for moderate disorders (OR 1.94–2.44) as well as for persistent disorders 
(OR 2.39–2.65) compared with the “sedentary work” group (Table 14). One of the 
groups, the “mentally stretched” group, had an increased risk only for persistent dis-
orders (OR 2.38). Two of the groups, the “manual colorless labor” and the “physically 
strained” groups, had an increased risk only for moderate disorders (OR 2.05 and 2.35, 
respectively). There was a tendency for the “physically strained” group to also have an 
increased risk for persistent disorders (OR 2.70, 95% CI 0.96 to 7.62).  
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Table 14. Association between different combinations of working and living conditions and 
neck/shoulder or low back pain at baseline (n=1,332, paper III) and 5-years after baseline 
(n=1,095, paper IV), adjusted for gender. 
 
 Baseline 5-years after baseline 

 Neck/shoulder  Moderate Persistent  
 or  low back pain neck/shoulder  neck/shoulder  
  or low back pain or low back pain 

 OR (95% CI) OR (95% CI) OR (95% CI) 

1 Onerous human service job 1.32 (0.86–2.02) 1.97 (1.12–3.47) 2.39 (1.08–5.31) 

2 Free agent 1.66 (1.00–2.77) 2.44 (1.22–4.88) 2.55 (1.36–9.30) 

3 Family burden 1.58 (1.02–2.44) 1.94 (1.08–3.49) 2.65 (1.19–5.90) 

4 Sedentary work 0.80 (0.50–1.30) 1.00 Reference 1.00 Reference 

5 Passive 0.91 (0.54–1.52) 1.40 (0.74–2.64) 1.84 (0.75–4.51) 

6 Mentally stretched 1.09 (0.70–1.69) 1.57 (0.89–2.79) 2.38 (1.07–5.32) 

7 Balanced  1.00 Reference 1.40 (0.82–2.40) 1.83 (0.84–3.98) 

8 Physically active 1.07 (0.57–2.01) 1.31 (0.61–2.80) 0.75 (0.19–2.98) 

9 Manual colorless labor 1.26 (0.80–1.97) 2.05 (1.14–3.71) 1.97 (0.84–4.66) 

10 Shift work 1.06 (0.62–1.78) 1.00 (0.50–1.97) 1.49 (0.58–3.81) 

11 Physically strained 1.30 (0.76–2.25) 2.35 (1.15–4.79) 2.70 (0.96–7.62) 

 
Potential target groups for primary/secondary prevention  
(papers III and IV) 

Six potential target groups for prevention of neck/shoulder or low back pain were 
identified. The three clusters with an increased risk for both moderate and persistent 
neck/shoulder or low back pain (clusters 1–3) were among those with the most skewed 
distribution of females and males, and all three clusters had working and living 
conditions that were rather gender-specific (see Table 15).  
 
In the “onerous human service job” group (cluster 1), 70% of subjects were female. 
This group was characterized by high psychological demands, many hindrances at 
work, and jobs requiring a relatively high level of creativity. These individuals were 
mainly found in the human services; most of them worked with people and were 
employed in the public sector.  
 
In the “free agent” group (cluster 2), 78% of subjects were male. This group was 
characterized by long work hours, high physical and psychological demands at work, 
and relatively little time for recreation in the private sphere. The majority worked with 
things, in gender-segregated jobs, and in the private sector. Many were self-employed, 
and many were physically inactive with regard to training and sports. This group had 
the smallest proportion of individuals with a high income.  
 
In the “family burden” group (cluster 3), 87% of subjects were female. This group was 
characterized particularly by factors external to paid work, such as a great deal of time 
spent on domestic and family work and relatively high metabolic demands in the 
private sphere. Many worked in the human services; a majority worked with people and 
in female-dominated jobs. Moreover, this group had the largest proportion of indi-
viduals with temporary employment, and one of the smallest proportions of individuals 
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with a high income. Like the “free agent” group, many subjects in the “family burden” 
group were not physically active with regard to training and sports.  
 
The three clusters with an increased risk for either only persistent pain (cluster 6) or 
only moderate pain (clusters 9 and 11) had different features. In two of these groups, 
the “mentally stretched” and the “manual colorless labor” groups, the distribution by 
sex was fairly even, while the “physically strained” group contained a majority of 
males.  
 
The “mentally stretched” group (cluster 6) was mainly employed in the public sector, 
and of all groups had the highest psychological demands and the most hindrances at 
work. This group also had long work hours and the shortest time available for private 
recreation.  
 
The “manual colorless labor” group (cluster 9) had high physical demands, low in-
fluence, and many routine tasks at work. Most individuals in this group worked in the 
service branch and in production, and the majority worked with things.  
 
The “physically strained” group (cluster 11) was characterized by high physical work-
load during long work hours. Most subjects worked in production and in male-
dominated jobs within the private sector. 
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Table 15. Ranking of the “what characterizes”, “where are” and “who are” variables for the 
eleven clusters, from 1=highest mean value or largest proportion, to 11=lowest mean value or 
smallest proportion. Grey shadings indicate the three highest exposures or proportions. 
 
 Cluster number  
 1 2 3 4 5 6 7 8 9 10 11 P 

What characterizes the clusters?            
– in paid work             
Total work hours 7 1 11 4 8 2 5 6 9 10 3 <0.001 
Not office hours 4 6 5 10 2 7 8 3 11 1 9 <0.001 
Hands above shoulder level 8 2 9 11 10 6 3 4 7 5 1 <0.001 
Bent trunk 9 1 6 11 7 10 3 4 7 5 2 <0.001 
VDU work 6 11 4 1 9 2 7 5 8 3 10 <0.001 
TWA-MET work 9 2 7 11 8 10 6 5 3 4 1 <0.001 
Creativity  2 4 8 3 10 1 5 6 11 9 7 <0.001 
Routine work 9 5 7 10 2 11 8 6 1 3 4 <0.001 
Hindrances 2 3 6 7 11 1 10 4 9 8 5 <0.001 
Psychological demands 2 3 7 5 11 1 10 4 9 8 6 <0.001 
Influence at work 4 1 8 6 11 3 2 7 9 10 5 <0.001 
Social interaction 5 8 3 7 1 4 2 6 10 11 9 <0.001 
– in the private sphere             
Domestic/family work 9  10 1 7 3 5 6 11 4 2 8 <0.001 
TWA-MET leisure time 11 9 2 10 6 5 7 1 8 3 4 <0.001 
Time for recreation 1 10 8 5 3 11 7 9 2 4 6 <0.001 
            
Where are the clusters found?            
Labor market             
Public sector 1 10 4 9 1 1 7 6 5 7 11 <0.001 
 Type of worka            <0.001 
   working with people 2 8 3 10 1 5 4 6 9 7 11  
   working with data 4 11 3 1 8 2 5 6 7 9 10  
   working with things 7 3 8 11 9 10 6 5 2 4 1  
Gender-segregated job 6 1 5 9 3 11 6 10 6 4 2 <0.001 
Temporary employment 6 10 1 11 2 9 6 3 4 6 4 <0.001 
Low/medium income 7 2 3 8 4 11 6 9 1 10 5 <0.001 
          
Who are (the individuals) in the clusters?          
Demographic data             
Females 2 10 1 7 4 8 6 9 5 3 11 <0.001 
Age >44 years 1 6 9 2 7 2 5 11 4 8 10 <0.001 
Low educational level 8 2 7 10 4 11 5 9 1 3 6 <0.001 
Blue-collar worker 9 5 8 11 4 10 6 7 3 1 2 <0.001 
Single 4 10 11 7 6 8 9 3 1 5 1 <0.001 
Children <18 years at home 11 3 1 8 6 2 3 9 10 5 6 <0.001 
Health-related behavior             
Regular smoker 4 11 6 3 1 10 4 8 7 1 8 0.171 
Uses alcohol 6 5 9 4 3 2 7 11 8 9 1 0.158 
Obese 2 9 7 9 2 6 2 7 2 1 11 0.186 
Physically inactive 7 1 2 10 3 5 9 11 6 4 7 0.037 
             
a Grey frames indicate groups with the largest proportions of individuals working with people, data or 
things, respectively. 
 
Clusters/groups: 
1    Onerous human service job 
2    Free agent 
3    Family burden 
4    Sedentary work 
5    Passive 
6    Mentally stretched 
7    Balanced 
8    Physically active 
9    Manual colorless labor 
10  Shift work 
11  Physically strained 
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DISCUSSION 
 
 
ASSESSMENT OF PHYSICAL EXPOSURE 

 
Validity of questionnaire data on physical exposure 

One purpose of reproducibility and validity studies is to evaluate new instruments for 
epidemiological studies. For occupational health studies it is also necessary to 
reevaluate “old” instruments such as questionnaires, since working conditions are liable 
to change over time.  
 
In the study presented in paper I, eight questions regarding physical load were 
evaluated with regard to test-retest reliability. The results showed a relatively high 
reproducibility for the responses to the questions (see Table 9). This reliability gives an 
upper boundary for the validity of the instrument;8 an instrument with poor repro-
ducibility will also have a poor validity, but not necessarily vice-versa. Two previous 
studies on the reproducibility of self-administered questionnaires are comparable with 
the questions evaluated in paper I, though the questions had somewhat different 
wordings and response scales.201,225 The differences found in test-retest agreements 
might be because of the different response entities or the different response scales 
(Table 16). Wiktorin et al. used a six-point scale,225 while Torgén et al. used a 
continuous scale – percentage of workday – for the questions concerning awkward 
work postures.201 The higher reproducibility in our study may imply that a four- or five-
point scale is more reliable for such questions. 
 
Table 16. Reproducibility of questionnaire responses on physical exposures: comparison of the 
results presented in paper I with two previous studies.  
 
 MOA Study (paper I) 

Leion et al. 2002  
REBUS Study 
Torgén et al. 1997201 

MUSIC I Study 
Wiktorin et al. 1996225 

 n=203  n=44  n=343  

Questionnaire item Response    Response    Response    
 entity κw entity ri entity ri 

General physical activity level 0.85 n.a. n.a. level 0.87 

Work posture  time 0.92 time 0.64 time 0.90 
(whole body)       

Work posture  time 0.74–0.83 time 0.61–0.75 time 0.52–0.59 
(part of body)       

Manual handling of loads freq. 0.81 time 0.83–0.89 freq./time 0.53–0.63 

Repetitive movements time 0.80 time 0.64 time 0.65–0.71 

Physical exercise/sports  level/freq. 0.86 level/time 0.51–0.72 level/freq. 0.83 

κw is Cohen’s kappa coefficient with quadratic weights 
ri is intra-class correlation coefficient 
 
The inter-method reliability testing showed differing results for the eight questions 
evaluated (see Table 9). The questions concerning general physical activity, sitting 
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work posture, and physical exercise/sports showed fairly high inter-method reliability. 
These findings accord with those of several previous studies.178,223,226  
 
The question concerning awkward work postures had intermediate inter-method 
agreement. Two studies support our results concerning work with hands above shoulder 
level,178,223 whereas two studies have shown lower inter-method agreements.71,226 Two 
studies support our results concerning work with bent trunk,223,226 whereas two have 
shown lower inter-method agreements.72,164 In one of these studies with low agree-
ments, technical measurements with inclinometers were used for validation. However, 
this study used subjective three-point response alternatives (very little/somewhat/much) 
with no zero point and without defining the scale in more objective form.72 The 
question concerning manual handling of loads ≥10 kg also had moderate inter-method 
agreement. Several previous studies have shown quite similar results.178,223,226  
 
The question concerning bent/twisted work posture has (to our knowledge) not 
previously been evaluated. Its low inter-method reliability might be explained by the 
poor formulation of the question, which did indicate what part of the body is presumed 
to be bent/twisted. Hence, subjects may relate to other parts of the body than the 
intended low back when responding to the question. Such vaguely-formulated 
questions should be avoided in self-administered questionnaires.  
 
The question concerning repetitive movements had the lowest inter-method agreement 
of all questions. This result accords with several previous studies.71,178,223 Work with 
repetitive movements is common and varies widely in its details, for example, in what 
part of the body is used in performing the work task, and in frequency of repetition. 
Such a complex questions may be difficult to deal with in more general terms, and we 
argue that they should be avoided in self-administered questionnaires directed to 
heterogeneous populations, for example in general population studies. 
 
Differential misclassification of exposure 

Differential misclassification of exposure can cause problems in epidemiological 
studies.188 The present study indicated some differential misclassification of exposure 
between the groups with and without musculoskeletal complaints. In the full-scale 
analysis the κw coefficients were overall somewhat lower in the group with musculo-
skeletal complaints, with one exception being the question on bent/twisted work 
posture. However, the confidence intervals were wide, and overlapped between the two 
groups. Furthermore, analysis at dichotomous level indicated that the impact of 
differential misclassification of exposure was too small to have any essential impact on 
the risk estimates. Nevertheless, a weakness of the study was that the reference 
instrument (the interviews) also relied on subjective self-reports; such an approach may 
make it more difficult to detect a differential misclassification. Nevertheless, in our 
results we could not find either a systematic overestimation or a systematic under-
estimation of exposure among subjects with complaints. Subjects with musculoskeletal 
complaints overestimated their exposure for five questions and underestimated it for 
three.  
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Gender in assessment of physical exposure 

Since most of the questions evaluated were developed for or evaluated using male 
industrial populations,105,224,235 we wanted to evaluate them for other groups as well. In 
our study we investigated whether gender or type of work influenced the validity of the 
responses to the questions. No substantial influence of gender (see Table 10) or type of 
work was found, indicating that neither females nor males report their exposures more 
or less accurately than their opposite sex. This is promising from an epidemiological 
point of view – at least when exposures are assessed by self-reports.  
 
Few studies in the field of occupational medicine and epidemiology have investigated 
the association between exposure or disorders/diseases, on the one hand, and 
occupational gender segregation, on the other.104,118 In the study presented in paper II, 
we examined the association between exposure to awkward work postures and 
occupational gender segregation. The results showed only one association between 
level of exposure and horizontal segregation (see Table 11). Workers in female-
dominated jobs experienced significantly shorter duration of sitting work posture, in 
other words, longer duration of standing and walking. This is in accordance with 
previous reports of prolonged standing in female-dominated service jobs, for example 
among sales clerka, food service workers, and hairdressers.154 Moreover, a study by de 
Zwart et al. (2001) investigated whether females’ higher risk for upper extremity 
disorders could be explained by differences in the distribution of male and female 
workers over occupations with different risks for the onset of such complaints,43 but, in 
line with our results, did not find any support for the theory that differential 
occupational exposure could arise from horizontal segregation.  
 
The lack of exposure differences between female-dominated, male-dominated, and 
gender-integrated jobs in our study may be explained in part by the changes in the labor 
market in Sweden. These changes, evident in many sectors of the labor market, include 
implementation of new technologies and work tools and new types of production 
methods.221 Many physically demanding jobs, traditionally regarded as manual jobs, 
have changed to include more process-monitoring work. As a result, many workers 
experience lower exposure to awkward work postures. These changes are especially 
evident in industrial work. However, jobs with high exposure levels still exist, mostly 
in extremely gender-segregated jobs, for example human services and construction 
jobs. This assumption is supported by the findings of Leijon et al. (2004) that workers 
in extremely gender-segregated jobs had the highest cumulative incidence of sick leave 
due to neck/shoulder and low back pain.118 
 
In contrast, we found several associations between level of exposure and vertical 
segregation (see Table 11). Workers with low status/authority had on average longer 
duration and frequency of all assessed work postures and movements, although only 
half of the variables reached significance level. From a general point of view, these 
results imply a disadvantaged situation – higher exposure levels – for female workers 
compared to male workers, as more female workers have a low status/authority due to 
pay and position differentials in the labor market.197 This result was not unexpected; 
many earlier studies have indicated such an association.180,190 However, subsequent 
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stratified analyses revealed somewhat different patterns for the three horizontal 
segregation groups. 
 
The stratified analyses showed a strong association between level of exposure to 
awkward work postures and status/authority within female-dominated jobs and a less 
pronounced association within male-dominated jobs, while no such association was 
found within gender-integrated jobs (see Table12). Within female-dominated jobs the 
largest exposure differences between workers with low status/authority and workers 
with high status/authority were for the dominant arm (duration of arm elevation >60o 
and frequency of arm elevations exceeding 60o), with levels among workers with low 
status/authority being more than three times higher on average. Moreover, workers with 
low status/authority in female-dominated jobs had shorter duration of sitting work and 
longer duration and higher frequency of arm elevation, compared with workers in male-
dominated or gender-integrated jobs.  
 
The results are in accordance with several related studies showing that a combination of 
repetitive work tasks and an inability to set one’s pace, or regulate the performance of 
one’s work, is in general is much more common among female workers and in female-
dominated jobs than among male workers and in male-dominated jobs.106,154 Moreover, 
multi-level analyses in the MOA Study have shown that at organizational level, type of 
structures and extent of gender segregation had the highest associations with job 
control, routine work, and physical demands at the individual level. The variability in 
individual working conditions attributable to the organizational level was highest for 
the ergonomic stressors, but was also high for complexity of work tasks and workers’ 
own control.92 
 
Improvements in technology may in general have had greater impact in male-
dominated and gender-integrated jobs than in female-dominated jobs.106 Although in 
many jobs such improvements may have diminished the differences in exposure 
between workers with different levels of status/authority, such differences may persist 
to a larger extent in female-dominated jobs, which in Sweden are predominantly in the 
“soft sectors”, i.e., service, healthcare, and social welfare. In these sectors workers with 
high status/authority have certainly benefited from the new technologies and 
diminished their exposure levels with regard to awkward work postures, for example, 
by increased VDU use among supervisors and managers. On the other hand, the 
working conditions of those with low status/authority generally remain unchanged; the 
very nature of these jobs requires the human hand as the primary work tool. 
 
In summary, we found that the level of exposure to awkward work postures was 
associated with structural factors in the labor market – both for female and male 
workers. Moreover, the results revealed “concealed” or non-obvious patterns within 
different occupational settings. The association between exposure and occupational 
gender segregation was strongest within female-dominated jobs. In these jobs, female 
ad male workers with a low status/authority had the highest overall exposure levels. 
This finding has implications for the prevention of work-related MSDs as well as for 
future research in this field. 
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Methodological considerations 

The test-retest method employed to evaluate intra-method reliability or reproducibility 
of the responses to the eight physical load questions is well known and often used. We 
chose to re-administer the questionnaire after three weeks to balance potential sources 
of errors, such as a true change in working conditions and exposure between the two 
test occasions, or the possibility that the respondents might remember their responses 
from the first response occasion and simply repeat them at the second response 
occasion.26 However, during the three weeks none of the subjects participating in the 
study had any extensive change of work tasks, and none changed job title. Moreover, 
the questions of interest were embedded in a large questionnaire with 158 questions, 
and we thought it unlikely that many respondents would be able to remember their 
responses to any single question. 
 
The inter-method reliability study used a structured interview as reference instrument. 
As already mentioned, it could be argued that since the interviews also relied on 
subjective self-reports, there could be a systematic bias resulting from replication in the 
interviews of inaccuracies in the questionnaire responses. However, assessment in the 
interview was made task by task rather than using the total time per day as in the 
questionnaire, an approach which makes it easier for the subject to estimate time 
accurately.228 Moreover, the interview method has the advantage over a self-
administered questionnaire that misunderstandings and ambiguities can be immediately 
resolved by an expert interviewer, who can adjust subjects’ uncertainties about the 
questions.227,230 Furthermore, subsequent on-site studies of each individual’s working 
conditions were also in agreement with the categorizations of the interview data into 
the response alternatives of the questions. The criteria used for these categorizations 
were established using existing knowledge, assisted by discussion with senior 
researchers in ergonomics and epidemiology. 
 
Several researchers have recommended using matched samples of females and males in 
similar situations for studies on work-related health or ill health among women and 
men.151,153,155 We argue that such a strategy is also relevant for studies aiming at 
revealing potential concealed patterns of gender order, such as our study of the 
association between exposure to awkward work postures and occupational gender 
segregation (paper II). Consequently, we used a matched sample strategy intended to 
diminish gender differences in exposure.  
 
When studying occupational gender segregation, the choice of indicator variables is 
critical. The choice of indicator variable for horizontal segregation, distribution of 
gender by job title/occupation, is fairly uncontroversial. The literature gives little 
guidance on the choice of indicator variable for vertical segregation, but several 
researchers seem to agree that status and authority are two key elements in vertical 
segregation.16,30,179 Based on this assumption, we developed a “simple” indicator 
variable combining income, influence over work and position. We argue that influence 
over work is a valid indicator of authority, since it reflects the individual’s possibility to 
control her/his own work. It should be noted that this influence is different from self-
reported influence, which mainly reflects control within the job.9  
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Direct measurements of exposure with validated instruments and technical devices is 
known to produce unbiased data of high quality.122,213,230 However, it is equally crucial 
to consider variability in exposure,147 especially in jobs with large variability between 
different seasons or periods. The cross-sectional design in our study, with one-day 
technical assessments during the working day, did not take exposure variability into 
account. However, none of the subjects reported that the workday chosen for 
assessment was unusual or “extreme” in any sense. Nevertheless, this limitation may 
theoretically have affected the results and interpretations, at least for the more highly-
exposed jobs. 
 
 
TARGET GROUPS FOR PREVENTION OF NECK/SHOULDER AND LOW 
BACK PAIN    

 
Identification of groups with similar working and living conditions  

A proper risk analysis is one of the basic components of a successful preventive 
program.108 In the study presented in paper III, we aimed to extend this foundation by 
including strain-inducing as well as supportive factors. Moreover, several studies have 
emphasized the importance of an ecological understanding of workplace exposure 
situations as critical in formulating both correct inferences about the risk for MSDs and 
effective prevention strategies.141,217 Such an understanding requires more knowledge 
of concomitant exposures, as well as of how exposure to physical and psychosocial 
factors may be entangled and how work-related factors may be associated with factors 
and conditions in the private sphere.62 The primary aim of our study was not to find an 
answer to these difficult and extensive questions, but they can nevertheless be seen as 
being related to our search for different patterns of working and living conditions 
associated with neck/shoulder and low back pain. 
 
Motivated by earlier methodological work in the MOA Study, we applied cluster 
analysis to individual data on work-related ergonomic-physical and psychosocial 
factors and conditions in the private sphere.93 A few other studies in the public health 
field have applied cluster analysis to identify groups or patterns, e.g., in studies on the 
clinical course of musculoskeletal pain,38 in psychological risk factors for chronic 
spinal pain,17 and in the accident process in overexertion back injuries.52 These studies 
have shown that cluster analysis is very useful for exploration of complex and 
multivariate data.  
 
The objective of our study was to identify groups with small intra-group differences in 
working and living conditions. Several different cluster solutions were tested before the 
final choice was made of a solution that best fulfilled the criterion of being easy to 
interpret, understand, and recognize. Ease of interpretation was gauged using a model 
developed within the MOA Study, 93 and interpretations of the solutions were discussed 
within a multidisciplinary team until consensus was reached. The chosen cluster 
solution had eleven clusters or groups with different working and living conditions. An 
additional criterion was that the cluster solutions had to be associated with neck/ 
shoulder or low back pain (further discussed in the next section). The 15 variables that 



 

              51 

formed the groups did not include structural or demographic data. It is therefore 
interesting to find that the groups differed in almost all the variables describing where 
they were found in the labor market and who the individuals in the groups were (see 
Table 15). The results of the cluster analysis with a combination of different aspects of 
individual working and living conditions, i.e., a person-oriented approach, thus 
revealed concealed and latent factors that seem to be associated with either presence or 
absence of neck/shoulder and low back pain.  
 
Identification of risk groups for neck/shoulder and low back pain   

At baseline we investigated the association between cluster and neck/shoulder or low 
back pain. We found that three of the groups were associated with pain, thus fulfilling 
the second criteria for the choice of cluster solution. However, due to the cross-
sectional design of the study, it was not possible to estimate the risk for pain. To enable 
an investigation of the risk for pain in groups with different working and living 
conditions, the eleven groups were followed up five years after baseline (paper IV).  
 
We chose to classify the outcome into three groups, relevant from a prevention 
perspective: moderate disorders, persistent disorders, and absence of disorders. The 
results of the five-year follow-up showed that several of the groups had an increased 
risk for neck/shoulder or low back pain. Three of the groups had an increased risk for 
moderate as well as persistent disorders. These were the “onerous human service job”, 
the “free agent”, and the “family burden” groups. Two of the groups, the “manual 
colorless labor” and “physically strained” groups, had an increased risk for moderate 
disorders only, and one group, the “mentally stretched” group, had an increased risk for 
persistent disorders only (see Table 14). In other words, groups with different life 
conditions have different risk for pain. This, in turn, strengthens our assumption that 
different prevention strategies are needed for different groups. 
 
Five of the groups were not associated with either moderate or persistent neck/shoulder 
or low back disorders. It is noteworthy that these “healthy” groups were found in all 
branches of the labor market, and that they represented a wide variety of occupations 
rather than only physically and psychosocially non-strenuous jobs or just one type of 
situation in the private sphere. Nor did they have reversed working and living 
conditions in relation to the groups with an increased risk for neck/shoulder or low back 
pain. Mackenbach et al. (1994) stated more than a decade ago that the determinants of 
“excellent health” is poorly investigated; 143 and relatively few studies have been 
conducted since. 124 
 
Potential target groups for primary/secondary prevention  

As discussed in the introduction of this thesis, the period prevalence and the life-time 
prevalence of musculoskeletal pain are both very high. Together with their generally 
self-limiting nature, this suggests that these pain conditions could almost be considered 
to be a natural part of life. However, about 10–20% of individuals suffer from 
persistent pain, and such individuals account for the greater part of the cost attributable 
to these pain conditions.78 Thus, the main objective for prevention strategies ought to be 
a reduction in the development of persistent pain problems. Even though the multi-
factorial causes and complexity of MSDs are frequently stressed, preventive inter-
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ventions often focus on reduction in single risk factors or in single domains. The 
evidence for the effective-ness of such ergonomic or risk-factor modification is very 
weak.132 We argue that successful prevention would be best achieved by taking a 
holistic perspective that encompasses all aspects of the individual’s life, and using a 
contextual approach to identify those arenas and situations in which preventive efforts 
may be most cost-effective. 
 
The four groups identified above as having an increased risk for persistent disorders 
should constitute the main targets for prevention. Despite having quite different 
features, each of these groups was in a situation that was in many respects what could 
be described as “overstrained”. 
 
The “onerous human service job” group (cluster 1) had a strenuous situation with 
regard to psychosocial work conditions. High creativity requirements, high psycho-
logical demands, and many hindrances at work were not counterbalanced by high 
influence. Previous research has found that high demands and low control increase the 
risk for MSDs.18,86 A majority in the group were female, aged >44 years, and of a 
relatively high educational level. Almost three out of four worked in the public sector. 
 
The “free agent” group (cluster 2) had high physical as well as psychosocial exposures 
during long work hours, and relatively little time for recreation and leisure. The 
importance of covariation between workplace physical and psychosocial stressors has 
been reported previously.141 A large majority in this group were male, many had a low 
educational level, and most had a low/medium income. Most subjects worked in the 
private sector, and this group also had the largest proportion of self-employed 
individuals. 
 
The “family burden” group (cluster 3) was characterized by an overstrained situation in 
the private sphere with regard to family and domestic responsibilities. They also had 
limited time for their own recreation and leisure. This result relates to an earlier study 
that showed an association between dissatisfaction with leisure time and MSDs.61 A 
large majority in this group were female, many were in temporary employment, and 
most had a low/medium income. Four out of five had children <18 years living at 
home.  
 
Each of these three groups had a skewed distribution of females and males and thus 
suggest rather gender-specific working and living conditions. This is in line with the 
theories of Kilbom et al. (1998), who argued that differences in life situations are 
probably a more important reason for gender health differences than are any biological 
factors.106 It is possible that traditional gender roles and gender-specific conditions 
preserve, and also conceal, those working and living conditions associated with the risk 
for MSDs. Although it is very difficult to provide strong evidence for such a relation-
ship, it does appear plausible.  
 
The fourth group with an increased risk for persistent pain was the “mentally stretched” 
group (cluster 6). This group had the highest psychological demands and the most 
hindrances at work of all eleven groups – a work situation that may lead to very high 
levels of stress. Previous studies have shown that a high workload accompanied by 
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high levels of stress may be associated with symptoms such as MSDs.109,135 This group 
had a fairly even distribution of females and males. A majority were aged >44 years 
and were in regular employment. Almost three out of four had children <18 years living 
at home, and almost three out of four worked in the public sector. 
 
Although the aim of the studies in papers III and IV was to identify target groups for 
prevention, and not to investigate which preventive interventions to use, the results may 
help to provide some general ideas for prevention strategies. Firstly, the results imply 
that different prevention strategies need to be considered for different groups. Secondly, 
the different types of overstrained situations show that broad-based interventions are 
necessary; in other words, that it is necessary to consider what concurrent preventive 
interventions are needed at different levels, for example, at the individual/family level, 
the workplace level, and the societal level. Thirdly, a holistic approach needs to be 
implemented in the planning, accomplishment, and evaluation of preventive efforts. 
The latter is crucial in order to avoid unintentional shift of risk from one exposure or 
domain to another.186 
 
Methodological considerations 

The study population was a sample of 1,341 referents from the MUSIC-Norrtälje 
Study. The subjects were in long-term regular or temporary employment, and had not 
sought care or been treated for neck/shoulder or low back pain during the 6 months 
preceding enrollment in the study. Pain or pain-related disability due to MSDs was not 
an exclusion criterion and (although they were not considered in the MUSIC-Norrtälje 
Study as being MSD cases) a fairly large proportion of the subjects had at baseline 
experienced such problems without having sought care. The selection of the sample 
was made to (1) resemble a potential target group for primary/secondary prevention, 
i.e., a group with low-level symptoms or absence of symptoms;132 and (2) ensure data 
of high quality by using a group confident of their own exposures. However, other 
population groups can also be potential target groups for prevention, for example, 
students, unemployed persons, and persons in short-term employment. These groups 
were not included in our study sample, since a cluster analysis requires a full set of data 
on all variables. Another drawback of using cluster analysis is the possible dependency 
of the results on the sample selected – other clusters may be found in a different 
sample. Consequently, further studies are needed to validate and verify the results. 
 
The selection of variables for cluster analysis is critical; it was therefore made with 
great care and with the use of a multidisciplinary team to increase the overall know-
ledge of the studied conditions. We are aware that the study does not cover all relevant 
aspects of working and living conditions related to neck/shoulder and low back pain. 
However, an increased number of aspects (and hence variables) would further increase 
the complexity of the results and, consequently, also complicate the interpretation of 
the results. On the other hand, the 15 variables chosen for cluster analysis would have 
been very difficult to analyze with more “traditional” methods, such as logistic 
regression models, as they would produce too many potential interactions. Previous 
studies have shown that cluster analysis is a good method for detecting the complex 
patterns of combined risk indicators and modifiers.93 Another critical choice when 
performing cluster analysis is how many clusters should be extracted. Since there is no 
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generally accepted statistical criterion for this, the choice was based on a quantitative as 
well as a qualitative evaluation. 
 
Linton and van Tulder (2000) have recommended the use of multiple outcome 
variables to reflect different aspects of MSDs, for example, function, pain experience, 
and sick leave.132 Our studies employed such a strategy, using six questions on pain 
intensity and pain-related disability for both neck/shoulder and the low back region.232 
Despite the fact that we used referents from the MUSIC-Norrtälje Study, we found a 
surprisingly large proportion of subjects with pain and pain-related disability at base-
line. However, it is important to bear in mind that neck/shoulder and low back pain are 
not single disorders, but rather a collection of several problems mostly defined by 
symptoms, and that it is normal for people to suffer these symptoms. Such pain is not 
necessarily associated with disease, and therefore most forms do not require medical 
attention.132  
 
In paper IV, the outcomes were defined by pain at baseline, pain at follow-up, and 
having sought care during the follow-up period. We argue that the classification of the 
outcome into moderate disorders, persistent disorders, and absence of disorders is 
relevant from a prevention perspective. However, this classification has a serious short-
coming with regard to the moderate disorders group. This group is very heterogeneous 
as it includes incident cases, those that have recovered during the follow-up period, and 
the “worried well” who despite having no pain either at baseline or at follow-up had 
sought care during the follow-up period. Thus, great caution must be taken in 
interpreting the results for the moderate disorders group.  
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CONCLUSIONS AND SOME FUTURE PERSPECTIVES 
 
 

   In a self-administered questionnaire, individuals estimated their exposure with 
high accuracy with regard to level of general physical activity, duration of sitting 
work posture, and level of physical exercise and sports activities; with moderate 
accuracy to duration of bent trunk, duration of work with hands above shoulder 
level, and frequency of manual handling of loads ≥10 kg; and with low accuracy 
to duration of bent/twisted work posture and duration of repetitive movements. 

  
   Gender, type of work, and musculoskeletal complaints did not influence the 

ability to respond to the physical load questions. 
  
 The questions with high or moderate accuracy can be recommended for 

questionnaires intended to study health effects in epidemiological studies. 
However, it may be necessary to redesign the questions with moderate accuracy 
in the future, or to modify their response scales. The two questions with low 
accuracy should be avoided, at least in general population studies. Straight-
forward questions with relevant response alternatives are recommended. 
 
Further studies are encouraged to reevaluate old questions, to redesign existing 
questions, and to formulate new questions relevant to contemporary work 
situations. This is motivated by the constant changes in the labor market along 
with changes in workers’ attitudes to different working conditions. 

  
 

   Level of exposure to awkward work postures was associated with vertical 
occupational segregation, and this appeared to be most prominent in female-
dominated jobs. 

  
 Structural factors in the labor market, such as occupational gender segregation, 

may perpetuate differences in working conditions between different occupational 
settings and between female and male workers.  
 
These findings have implications for the prevention of musculoskeletal pain; they 
motivate broad-based interventions at both the workplace level and the 
organizational level in order to decrease exposure. Examples could include 
ergonomic interventions to adapt work stations and work tools to the female 
frame, or organizational changes aimed at increasing workers’ influence over 
their jobs and work tasks. Female and male workers in female-dominated jobs 
with low status and authority had the overall highest exposure levels, and should 
therefore be the primary target group for such efforts.  
 
Careful consideration of occupational gender segregation in research is 
recommended in order to avoid bias in epidemiological studies of occupational 
exposure and musculoskeletal pain. 
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   Eleven groups with different working and living conditions were identified. 
Cluster analysis seems to be a practicable method for identifying target groups 
for primary/secondary prevention. 

    
   Four of the identified groups had an increased risk for persistent neck/shoulder or 

low back pain, and thus constitute the primary target groups for prevention. 
    

   Gender-specific working and living conditions were associated with an increased 
risk for persistent neck/shoulder or low back pain. 

  
 The necessity of a holistic perspective is widely acknowledged in health care 

practice such as rehabilitation and secondary and tertiary prevention. In contrast, 
epidemiological studies often apply a more fragmented approach when studying 
risk factors for ill health. In research, identification of “risk situations” that could 
predispose groups of individuals to neck/shoulder and low back pain may be a 
practicable complement to “risk factor epidemiology”, and may help to bridge 
the gap between research and practice. Moreover, it could also be a useful 
method for identifying arenas and situations in which preventive efforts may be 
most cost-effective. 
 
The four groups with increased risk for persistent pain were all characterized by 
an overstrained situation of some kind, although these situations had quite 
different features. The results indicate that different prevention strategies are 
needed for different groups, that is, a selective public health approach in 
prevention aimed at reducing persistent neck/shoulder and low back pain should 
be used to match and market the most suitable preventive actions to the most 
appropriate target group. Moreover, the results imply that strategies taking into 
account all aspects of the individuals’ life should be implemented in the 
planning, accomplishment, and evaluation of preventive efforts. However, 
further research is needed to enable practical guidelines for such broad-based 
strategies.  
 
The finding of gender-specific risk situations emphasizes the need for gender-
sensitive methods in research as well as in prevention, including a holistic 
perspective and an increased awareness of the importance of contextual and 
structural factors such as factors outside work, work-life balance, and organi-
zational factors.  
 
Groups with working and living conditions not associated with persistent pain 
were found in all branches of the labor market, and represented a wide variety of 
jobs and life situations. It is noteworthy that they did not have reversed 
conditions in relation to the groups with an increased risk for persistent pain. 
These “healthy” situations are most likely promoted by a sound balance in and 
outside work and a balanced work-life situation, at least with regard to 
musculoskeletal pain. However, this research area is still underdeveloped, and 
further studies are of great importance to gain more knowledge of health-
promoting working and living conditions. 
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