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ABSTRACT 

Shoulder pain is common in the working population and causes loss of productivity, high 

economic costs and long periods of absence. Simultaneous evaluation of the complex 

relationships between work organization, psychosocial and physical risk factors, stress and 

shoulder pain is rare. The aim of this study was to explore the direct and indirect relationships 

between workplace risk factors, perceived stress and occurrence of shoulder pain in workers of 

the Cosali study. A total of 3,710 workers of a French region were randomly included between 

2002 and 2005. They completed a self-administered questionnaire about musculoskeletal 

symptoms, individual factors and exposure to work constraints. In 2007, they responded to a 

follow-up questionnaire. The study sample contained 1,400 workers free from shoulder pain at 

baseline. Structural equation models were used. For both genders, exposure to factors related to 

the work organization had an effect on physical and psychosocial risk factors. Psychological 

demand was the only psychosocial constraint that increased perceived stress. Shoulder pain was 

influenced directly by physical risk factors for both genders and perceived stress for men. In view 

of their distal action, work organization is an important target for strategies in the prevention of 

shoulder pain in the working population. 

KEY WORDS: shoulder pain; musculoskeletal; work; occupational exposure; structural 

equation modeling 

Abbreviations: MSD, musculoskeletal disorder; OP, occupational physician; RMSEA, root 

mean square error of approximation; RNI, relative noncentrality index; SEM, structural equation 

modeling; SRMR, standardized root mean square residual; TLI, Tucker-Lewis index 
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Shoulder pain is common in the working population and causes greater loss of productivity, 

higher economic costs for employers and longer periods of absence from work than other upper-

limb pain (1,2). In France, shoulder disorders accounted for 26% (n=13,445) of occupational 

diseases in 2015 (3). 

Numerous studies have investigated the risk factors for shoulder pain and have shown several 

associations with individual characteristics, physical and psychosocial factors at work (1,2,4–6). 

Less attention has been given to work organization (such as work pace, the application of an ISO 

quality standard) (7,8). Several conceptual models (8–13) proposed to link work organization to 

musculoskeletal disorders (MSD). In these models, work organization factors were considered as 

distal risk factors for MSDs influencing exposure to proximal factors such as physical and 

psychosocial risk factors. For example, temporal (cycle time, work/rest period, etc.) and physical 

(workstation dimensions, loads and force level required, etc.) characteristics of the work situation 

determine exposure to physical factors. Similarly, work organization and management practices 

influence work-related psychosocial factors by determining the human resources allocated to the 

production activity, and also the quality of work relationships and social support (14). This 

supports the following hypothesis: 

Hypothesis 1: Exposure to factors related to the work organization has an effect on 

physical and psychosocial risk factors. 

According to different conceptual models, psychosocial risk factors, such as high job demand and 

low decision latitude, can influence shoulder pain through an increase of perceived stress at work 

(4,10). This supports the following hypothesis: 

Hypothesis 2: Exposure to psychosocial constraints increases the risk of perceived stress. 

Psychosocial risk factors can also influence shoulder pain in increasing exposure to physical risk 

factors (9,10,12,13). For example, workers with low decision latitude may be limited in their way 
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to organize their workload, possibly resulting in higher physical exposure. The relationship 

between social support and physical exposure may be two-way; workers exposed to high physical 

risk factors may have strong social support from the hierarchy and coworkers to cope with these 

constraints. High social support could increase cooperation between coworkers during manual 

handling and reduce the physical exposure. On the other hand, workers with low social support 

from the hierarchy and coworkers may be exposed to higher physical risk factors. However, few 

studies have investigated the relationships between psychosocial and physical risk factors (15). 

These support the following hypothesis: 

Hypothesis 3: Decision latitude and psychological demand have an effect on physical risk 

factors. 

Hypothesis 4: Social support and physical risk factors are correlated. 

The associations between physical exposure and shoulder pain are well established (1,2,5). 

Epidemiological evidence of the associations between mental stress and shoulder pain is still 

scant (16–19). Neurophysiological studies suggest that stress increases the activity of the motor 

units of shoulder muscles leading to increased muscle tension (7,16–18,20). This supports the 

following hypothesis: 

Hypothesis 5: Exposure to physical risk factors and perceived stress increases the risk of 

shoulder pain. 

In addition, we postulated that psychosocial risk factors are correlated, that age influences 

shoulder pain, physical risk factors and perceived stress, and that body mass index has a positive 

influence on shoulder pain (10). 

Identifying distal and proximal factors related to shoulder pain is important to help preventers to 

act on these factors. Several studies have used structural equation modeling (SEM) to study 

relationships between individual characteristics, workplace risk factors and MSDs (Appendix 1) 
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(16–18,21–25). However, simultaneous evaluation of the complex relationships between work 

organization, psychosocial and physical risk factors, stress and MSDs is rare.  

Using data from the surveillance program for MSDs implemented in the Pays de la Loire region 

by Santé publique France, the French Public Health Agency, the aim of this longitudinal study 

was to explore the distal and proximal relationships between work organization, psychosocial and 

physical risk factors at baseline and perceived stress and shoulder pain at follow-up in French 

workers. A conceptual model (Figure 1) was defined, based on the literature and field experience 

and the expertise of the authors (8–13), in which the hypotheses described above were tested. 

 

METHODS 

Study population 

The Cosali (COhorte des SAlariés LIgériens, acronym for cohort of workers living in the Pays de 

la Loire region) study was based on a large sample of workers in the Pays de la Loire region in 

France (Loire valley area, west central France). Between 2002 and 2005, 83 occupational 

physicians (OP) volunteered to take part in the study (18% of OPs of the region). They selected 

3,710 workers at random (out of 184,600 under surveillance by the 83 OPs, 2.0%). Fewer than 

10% of the selected workers were not included (no shows, refusals and duplications). Women 

were slightly underrepresented in the sample (42% vs. 47% in the region, P<0.001). Overall, the 

distribution of occupations in the sample was close to that of the regional workforce, except for 

the occupations not surveyed by OPs (e.g., farmers, shopkeepers and self-employed workers). In 

2007, a follow-up questionnaire was mailed to subjects. In the case of non-response, they were 

sent two successive reminder letters. For workers who had not returned the questionnaire in 2007, ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



6 
 

the OPs were asked to pass on the questionnaire to the workers during a health examination. A 

total of 2,332 subjects (63%) filled out the second questionnaire.  

We excluded subjects with the following characteristics: 1) craftsmen, salesmen and managers 

and workers in the agriculture sector at baseline because of the low number of subjects in these 

occupations and economic sector, 2) workers with shoulder pain at baseline, defined as workers 

with shoulder pain during the preceding 7 days with intensity of pain ≥2 (between 0-10) and/or 

with shoulder pain for more than 30 days during the preceding 12 months and 3) non-working 

subjects at follow-up. In addition, 4) non-respondents to the follow-up questionnaire, and 5) 

workers with missing data for at least one of the variables studied were excluded.  

The study received approval from France’s National Committee for Data Protection (Commission 

Nationale de l'Informatique et des Libertés), in 2001 and 2006. Each subject provided informed 

written consent to participation in this study. 

 

Measurements at baseline 

At baseline, workers completed a self-administered questionnaire about their socio-demographic 

characteristics, musculoskeletal symptoms and their working conditions during a typical working 

day over the 12 preceding months. 

Age was dichotomized at 40 years of age, and body mass index was divided into three categories 

(underweight or normal weight (<25 kg/m²), overweight (25-30 kg/m²) and obese (≥30 kg/m²)).  

Three types of work-related factors were studied (8–13): factors related to the work organization, 

psychosocial and physical risk factors.  

Factors related to the work organization considered were (yes/no): “work pace dependent on 

customer demand” (During a typical day, is your work pace imposed by external demand (public, 

client)?) and “having industrial work rate constraints”. The latter was established by two 
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questions: During a typical day, is your work pace imposed by the automatic movement of a 

product or item? and During a typical day, is your work pace imposed by the automatic rate of a 

machine?.  

Psychosocial risk factors were assessed according to the validated French version of the Karasek 

Job Content Questionnaire (26) and studied as continuous: decision authority, skill discretion, 

psychological demand, supervisor support and coworker support. 

Physical risk factors were selected according to previous results in the same database (27–29): 

working with arms abducted, working with arms at or above shoulder level and perceived 

physical exertion. The postures were defined according to the criteria document for the 

evaluation of work-related MSDs (30) and were assessed using pictures to facilitate the workers’ 

understanding. The response categories were presented on a 4-level Likert-type scale, as follows: 

“never or practically never”, “rarely” (<2 hours/day), “often” (2-4 hours/day) and “always” (>4 

hours/day). Perceived physical exertion was assessed using the Rating Perceived Exertion (RPE) 

Borg scale graduated from 6 (‘‘very, very light’’) to 20 (‘‘maximum exertion’’) and it was 

studied as continuous.  

 

Measurements at follow-up 

Shoulder pain at follow-up was assessed in the same way as at baseline, using a modified version 

of the standardized Nordic-style questionnaire (31). Workers were asked if they had experienced 

any aching, discomfort, pain or numbness in the shoulders in the preceding 12 months and in the 

preceding 7 days. The duration of symptoms during the preceding 12 months was collected (<24 

hours, 1-7 days, 8-30 days, >30 days, permanently) and the intensity of pain at the time of the 

questionnaire was assessed on a visual analog scale ranging from 0 to 10. Shoulder pain during 
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the preceding 7 days with intensity of pain ≥ 2 and shoulder pain lasting more than 30 days 

during the preceding 12 months were studied. 

Perceived stress was assessed on a visual analog scale (VAS) ranging from 0 to 10 and studied as 

continuous. 

 

Statistical analysis 

Chi2 tests for qualitative variables and Student tests for quantitative variables were used to 

compare men’s and women’s characteristics. 

SEMs were implemented to test the conceptual model (Figure 1 and Web Appendix 1) (32–34) 

separately for men and women to take into account possible differences in exposure to work 

constraints between genders (35) and potential differential effects of these constraints in men and 

women. Two latent variables were considered (i.e. physical factors and shoulder pain). 

Standardized beta parameters (interpretable in terms of correlation and ranging from −1 for a 

perfect negative association to 1 for a perfect positive association) were presented and statistical 

significance was defined as a p-value lower than 0.05. SEMs were performed with the Lavaan 

package of R software (version 3.2.0; The R Foundation for Statistical Computing, Vienna, 

Austria)  using the WLSMV estimator (weighted least squares estimation with robust standard 

errors and a mean and variance adjusted test statistic) adapted for categorical variables (36,37). 

Model fit was assessed using the χ² test, root mean square error of approximation (RMSEA), 

relative noncentrality index (RNI), Tucker-Lewis index (TLI) and standardized root mean square 

residual (SRMR). The following cut-off values were applied to interpret the quality of the fit 

(38,39): p-value of the χ² test greater than 0.05, value lower than 0.07 for RMSEA, values greater 

than 0.95 for RNI and TLI and value lower than 0.08 for SRMR.  
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Finally, a sensitive analysis to examine the effects of a change in job or company during follow-

up was performed by excluding workers who had changed job or company since baseline. 

 

RESULTS 

The study sample comprised 1,400 workers (840 men and 560 women, Web Figure 1). There 

were no sex differences between the 1,400 workers who were included in the analyses and the 

2,310 who were not (40.3% and 42.6% of women, respectively, P=0.16). However, the included 

workers were younger (37.8 years (standard deviation=9.3) vs. 39.2 years (standard 

deviation=10.9), P<0.01) and fewer blue-collar workers were included (39.8% vs. 44.6%, 

P=0.004). After excluding the agriculture sector, there was no statistically significant difference 

between economic sectors (P=0.50). 

Description of the study population is presented in Table 1. Women more often reported shoulder 

pain than men: 15.0% of women reported shoulder pain lasting more than 30 days compared to 

8.1% of men (P<0.01) and 18.6% of women reported shoulder pain during the preceding 7 days ≥ 

2 compared to 10.4% of men (P<0.01).  

The SEMs showed very good fit for men (X² P=0.27, RMSEA=0.011 (95% CI 0.000, 0.027), 

RNI=0.998, TLI=0.996, SRMR=0.065) and women (X² P=0.070, RMSEA=0.023 (95% CI 0.000, 

0.039), RNI=0.991, TLI=0.984, SRMR=0.079). For both genders (Web Figures 2 and 3, Web 

Table 1), the SEMs showed that exposure to industrial work rate constraints increased physical 

risk factors (standardized beta=0.13, P<0.01 for men and 0.27, P<0.01 for women) and decreased 

decision latitude (decision authority: -0.19, P<0.01 for men and -0.23, P<0.01 for women; skill 

discretion: -0.27, P<0.01 for men and -0.21, P<0.01 for women). In contrast, exposure to work 

pace dependent on customer demand decreased physical risk factors (-0.10 for men, P=0.01 and -
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0.12, P=0.02 for women) and increased psychosocial risk factors: decision authority (0.19, 

P<0.01 for men and 0.11, P=0.01 for women), skill discretion (0.16 for men, P<0.01 and 0.13, 

P<0.01 for women) and psychological demand (0.19, P<0.01 for men and 0.20, P<0.01 for 

women). Physical risk factors were decreased by skill discretion (-0.13, P=0.01 for men and -

0.18, P<0.01 for women). Psychological demand was the only psychosocial constraint that 

increased perceived stress (0.18, P<0.01 for men and 0.16, P <0.01 for women). Shoulder pain 

was influenced directly by physical risk factors (0.15, P=0.03 for men and 0.20, P=0.01 for 

women) and age (0.20, P<0.01 for men and 0.22, P<0.01 for women). 

However, models differed according to gender. For men, physical risk factors were increased by 

psychological demand (0.10, P<0.01) and decreased by age (-0.11, P=0.01), and perceived stress 

directly increased shoulder pain (0.13, P=0.01). For women, exposure to industrial work rate risk 

factors reduced supervisor (-0.14, P<0.01) and coworker social support (-0.13, P<0.01). 

Moreover, body mass index directly increased shoulder pain (0.15, P=0.01).  

When limiting the analysis to the 922 workers who had not changed job or company since 

baseline, the estimated parameters were less significant but with the same signs of association 

(Web Table 2). However, the model showed that skill discretion increased perceived stress for 

men (0.10, P=0.05). 

 

DISCUSSION 

This prospective study showed the distal and proximal relationships between work organization, 

psychosocial and physical risk factors, perceived stress and shoulder pain in workers.  

Models were stratified by gender following the recommendations of Messing et al. (35). Indeed, 

there are differences in the prevalence of shoulder pain and exposure to workplace risk factors 
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between men and women, and thus not stratifying the analyses can lead to some associations 

being overlooked. 

Comparison with the literature was difficult because there are a few studies which have used 

SEM to study the complex relationships between workplace risk factors, stress and MSDs (16–

18,21–25) and to our knowledge none had studied associations with work organization. 

Our first hypothesis was confirmed in this study, i.e. industrial work rate constraints increased 

physical risk factors and decreased decision latitude for both genders, and decreased social 

support for women. A recent study found that machine-paced jobs increased physical and 

psychosocial factors compared to self-paced jobs (bivariate associations) (40). A review of 

literature by Koukoulaki et al. found that work pace increased stress and musculoskeletal 

symptoms, but the associations between work pace and physical and psychosocial factors were 

not studied (41). In our study, work pace dependent on customer demand decreased physical risk 

factors and increased decision latitude and psychological demand for both genders. Few 

epidemiological studies have studied these associations. Having to respond to customers may be 

firstly associated to more complex tasks than industrial work, and secondly can lead to work 

faster, sometimes in 'emergency mode' and to feel not having enough time to make a job of good 

quality (i.e. high psychological demand). Compared to work paced, workers exposed to customer 

demand may have more operational leeway to adjust their working strategies allowing more 

decision latitude.  

Our second hypothesis was partially confirmed by the present study. Only high psychological 

demand increased perceived stress in both genders. This finding is concordant with the studies by 

Larsman et al. using SEM among different occupational groups (15–17). The authors studied the 

different dimensions of the Copenhagen Psychosocial Questionnaire (16,18) and Job Content 

Questionnaire (17) and they showed that high work demand had a direct effect on stress. Another 
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epidemiological study among assembly workers, using logistic regression, found that 

psychological demands and social support were associated with high stress, but not decision 

latitude (42).  

Our study showed that physical risk factors were increased by high psychological demand in men 

and decreased by high skill discretion in both genders. The association between coworker support 

and physical risk factors was of borderline significance in women (P=0.06) suggesting that 

workers exposed to high physical load have more social support from their colleagues. Our third 

and fourth hypotheses were thus partially confirmed. Few studies have investigated the 

relationships between physical and psychosocial risk factors (15). Park et al. found that job stress 

factors had a direct effect on physical factors using SEM (24). 

Our results partially confirmed the fifth hypothesis; exposure to physical risk factors at baseline 

increased the risk of shoulder pain at follow-up in workers. This is consistent with the literature 

(5,6,43). However, Eatough et al. found that physical demands did not have a significant effect 

on shoulder pain using SEM (22). The path between perceived stress and shoulder pain was 

significant only for men. Previous epidemiological studies using logistic regression (19,42) and 

SEM (18) support this finding, but analyses were not stratified by gender. Psychosocial stress is 

known to increase neck and shoulder muscle tension and modify the recruitment of the motor unit 

of the neck and shoulder muscles. This can lead to muscle pain and lack of motor coordination, 

decreasing the efficiency of postures (44). Larsman et al. showed that the relationship between 

stress and neck/shoulder pain was mediated by perceived muscle tension in medical secretaries 

(16). 

Our study showed that older age increased the occurrence of shoulder pain in both genders. This 

is consistent with the degenerative changes in aging rotator cuff tendons and with literature using 

logistic regression modeling (19,27,45). The results showed that older age decreased physical risk 
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factors only in men. It is possible that physical work is distributed differently between older and 

younger workers in companies. Older workers perform tasks for which their skills acquired by 

longer experience are more useful rather than their physical ability. This distribution of physical 

work can come from the workers themselves or the company.  

High body mass index increased the occurrence of shoulder pain in women. This is consistent 

with previous results using logistic regression modeling (27). Two other longitudinal studies 

found this association, but analyses were not stratified by gender (19,46). 

The prospective design was a major strength of this study and the random selection of workers 

during a health examination at baseline was designed to ensure a representative sample of the 

region’s workforce. However, the sample counted less women than the general population. This 

could be explained by the lack of occupational physicians in two economic sectors highly 

populated by women, i.e., education and health. Moreover, the percentage of loss to follow-up 

was high (39%). The follow-up period coincided with a major economic downturn in the region, 

during which insecure workers changed jobs, and it was thus difficult to follow them up. In 

addition, selection bias linked to the “healthy worker effect” cannot be excluded, leading to 

under-estimation of associations. 

SEM was used in this study offering the possibility of studying several outcomes simultaneously, 

and allowing exploration of interrelationships between different risk factors and identifying their 

respective distal and proximal roles in the prediction of outcomes, unlike the logistic regressions 

used conventionally. As previous shoulder pain is a strong predictor of future shoulder pain, 

analyses were performed only on data from workers free of shoulder pain at baseline, as 

conventionally reported in the literature (19,45,46). In our conceptual model based on the 

literature, some associations are assumed to be causal. However, SEMs estimate associations 

only. 
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Certain methodological issues warrant attention. Due to the length of our self-administered 

questionnaire, no questions were asked about perceived muscle tension, family status, sports or 

life events. Park et al. (24) found that lifestyle factors (smoking, drinking and exercise) had distal 

effects on musculoskeletal pain through physical and job stress factors. In our study, only one 

dimension (i.e. perceived stress) was used to measure psychological health in contrast to several 

studies that used other dimensions such as depression, frustration and anxiety (22,23,25) . 

Another limitation of this study was that all data were self-reported and this could have 

introduced bias. However, standardized questionnaires were used. Shoulder pain was assessed by 

means of the Nordic questionnaire, it permits sensitive and reproducible assessment of the 

prevalence and incidence rates of musculoskeletal symptoms (47). Assessment of shoulder 

postures was requested for a typical workday in the preceding 12-month period and was based on 

the recommendations of the European consensus to standardize the diagnoses of specific MSDs 

and the definition of their risk factors (30). Pictures were used to facilitate workers’ 

understanding and increase the validity of self-assessment of posture. The French version of the 

Job Content Questionnaire was used (26), and the questions regarding industrial work rate 

constraints and work pace dependent on customer demand came from large French studies of 

DARES (Directorate for Research, Studies, and Statistics) (48). Lesage et al. showed that visual 

analog scale is an efficient tool to assess stress (49). 

 

Shoulder pain is common in the working population and identifying distal and proximal factors 

related to shoulder pain is important to prevent them. Our study encourages the use of SEM to 

improve understanding of the relationships of different risk factors with complex interactions. We 

showed that factors related to the work organization influenced both psychosocial and physical 

risk factors that in turn influenced shoulder pain. The results need to be tested in others 
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populations. Work organization is an important target for strategies for the prevention of shoulder 

pain in the working population. More research, implicating researchers from various disciplines 

(ergonomics, epidemiology, etc.), is needed to determine if organizational measures increasing 

decision latitude combined with technical measures decreasing the physical workload may 

prevent shoulder pain.   

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



16 
 

ACKNOWLEDGEMENTS  

Author affiliations: INSERM, U1085, IRSET, ESTER Team, University of Angers, Angers, 

France (Julie Bodin, Yves Roquelaure) ; INSERM, U1085, IRSET, 3ERD Team, University 

Rennes I, Rennes, France (Ronan Garlantézec, Nathalie Costet, Jean-François Viel) ; CHU 

Rennes, Rennes, France (Ronan Garlantézec, Jean-François Viel) ; INSERM, UMS 011, 

‘Population-Based Epidemiological Cohorts’ Research Unit, Villejuif, France (Alexis Descatha) ; 

Univ Versailles St-Quentin, Versailles, France (Alexis Descatha) ; CHU Angers, Angers, France 

(Yves Roquelaure).  

 

This work was supported by Santé publique France, the French Public Health Agency, Saint-

Maurice, France (Grant 9/25/2002-5 “Réseau expérimental de surveillance des troubles musculo-

squelettiques”) and the French National Research Agency (ANR-Grant SEST-06-36). 

 

We thank the occupational physicians of the region who made it possible for this cohort study to 

be performed. We also thank Natacha Fouquet (Santé publique France, French Public Health 

Agency, Direction of Occupational Health, Saint-Maurice, France; INSERM, U1085, IRSET, 

ESTER Team, University of Angers, Angers, France) for her valuable comments.  

 

Parts of this work were presented in poster form at the Adelf-Epiter congress in Rennes, France, 

September 7-9, 2016 and in a symposium at the PREMUS 2016 (9th International Scientific 

Conference on the Prevention of Work-Related Musculoskeletal Disorders) congress in Toronto, 

Canada, June 20 - 23, 2016.  

 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



17 
 

Conflict of interest: none declared.  

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



18 
 

REFERENCES 

1.  van der Windt DA, Thomas E, Pope DP, et al. Occupational risk factors for shoulder pain: a 
systematic review. Occup Environ Med. 2000;57(7):433–442.  

2.  Kuijpers T, van der Windt DAWM, van der Heijden GJMG, et al. Systematic review of prognostic 
cohort studies on shoulder disorders. Pain. 2004;109(3):420–431.  

3.  Caisse Nationale de l’Assurance Maladie des Travailleurs Salariés - Direction des risques 
professionnels. Rapport de gestion 2015. Paris: CnamTS; 
2016.(http://www.risquesprofessionnels.ameli.fr/fileadmin/user_upload/document_PDF_a_telech
arger/brochures/RAPPORT-AT-MP-2015.pdf) 

4.  Bongers P, Kremer A, ter Laak J. Are psychosocial factors, risk factors for symptoms and signs of the 
shoulder, elbow, or hand/wrist?: A review of the epidemiological literature. Am. J. Ind. Med. 
2002;41(5):315–342.  

5.  da Costa BR, Vieira ER. Risk factors for work-related musculoskeletal disorders: A systematic review 
of recent longitudinal studies. Am. J. Ind. Med. 2010;53(3):285–323.  

6.  Mayer J, Kraus T, Ochsmann E. Longitudinal evidence for the association between work-related 
physical exposures and neck and/or shoulder complaints: a systematic review. Int Arch Occup 
Environ Health. 2012;85(6):587–603.  

7.  Hagberg M, Silverstein B, Wells R, et al. Work related musculoskeletal disorders (WMSDs): a 
reference book for prevention. London: Taylor & Francis; 1995. 

8.  Carayon P, Smith MJ, Haims MC. Work organization, job stress, and work-related musculoskeletal 
disorders. Hum Factors. 1999;41(4):644–663.  

9.  Bellemare M, Marier M, Montreuil S, et al. La transformation des situations de travail par une 
approche participative en ergonomie : une recherche intervention pour la prévention des troubles 
musculo-squelettiques. Montréal: IRSST; 2002 (Accessed January 12, 
2017).(http://www.irsst.qc.ca/-publication-irsst-la-transformation-des-situations-de-travail-par-
une-approche-participative-en-ergonomie-une-recherche-intervention-pour-la-prevention-des-
troubles-r-292.html). (Accessed January 12, 2017) 

10.  Karsh B-T. Theories of work-related musculoskeletal disorders: Implications for ergonomic 
interventions. Theoretical Issues in Ergonomics Science. 2006;7(1):71–88.  

11.  Sauter S, Swanson N. An ecological model of musculoskeletal disorders in office work. In: Moon S, 
Sauter S, eds. Beyond Biomechanics: Psychosocial Aspects of Musculoskeletal Disorders in Office 
Work. London ; Bristol, PA: Taylor & Francis; 1996:3–21. 

12.  Stock S, Nicolakakis N, Messing K, et al. What is the relationship between work-related 
musculoskeletal disorders and psychosocial workplace factors? An overview of different ways of 
conceptualizing these factors and a proposal for a new model. Perspectives interdisciplinaires sur le 
travail et la santé [electronic article]. 2013;(15–2). (https://pistes.revues.org/3407). (Accessed 
November 16, 2015) 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



19 
 

13.  Roquelaure Y. Promoting a Shared Representation of Workers’ Activities to Improve Integrated 
Prevention of Work-Related Musculoskeletal Disorders. Safety and Health at Work. 2016;7(2):171–
174.  

14.  Bodin J, Garlantézec R, Costet N, et al. Forms of work organization and associations with shoulder 
disorders: Results from a French working population. Applied Ergonomics. 2017;59, Part A:1–10.  

15.  Thiese MS, Hegmann KT, Kapellusch J, et al. Associations between Distal Upper Extremity Job 
Physical Factors and Psychosocial Measures in a Pooled Study. Biomed Res Int. 2015;2015:643192.  

16.  Larsman P, Kadefors R, Sandsjö L. Psychosocial work conditions, perceived stress, perceived 
muscular tension, and neck/shoulder symptoms among medical secretaries. International Archives 
of Occupational and Environmental Health. 2013;86(1):57–63.  

17.  Larsman P, Lindegård A, Ahlborg G. Longitudinal relations between psychosocial work 
environment, stress and the development of musculoskeletal pain. Stress and Health. 
2011;27(3):e228–e237.  

18.  Larsman P, Sandsjö L, Klipstein A, et al. Perceived work demands, felt stress, and musculoskeletal 
neck/shoulder symptoms among elderly female computer users. The NEW study. Eur J Appl Physiol. 
2006;96(2):127–135.  

19.  Miranda H, Viikari-Juntura E, Martikainen R, et al. A prospective study of work related factors and 
physical exercise as predictors of shoulder pain. Occup Environ Med. 2001;58(8):528–534.  

20.  Lundberg U, Forsman M, Zachau G, et al. Effects of experimentally induced mental and physical 
stress on motor unit recruitment in the trapezius muscle. Work & Stress. 2002;16(2):166–178.  

21.  Byström P, Hanse JJ, Kjellberg A. Appraised psychological workload, musculoskeletal symptoms, 
and the mediating effect of fatigue: a structural equation modeling approach. Scand J Psychol. 
2004;45(4):331–341.  

22.  Eatough EM, Way JD, Chang C-H. Understanding the link between psychosocial work stressors and 
work-related musculoskeletal complaints. Appl Ergon. 2012;43(3):554–563.  

23.  Golubovich J, Chang C-H, Eatough EM. Safety climate, hardiness, and musculoskeletal complaints: A 
mediated moderation model. Applied Ergonomics. 2014;45(3):757–766.  

24.  Park B-C, Cheong H-K, Kim E-A, et al. Risk Factors of Work-related Upper Extremity Musculoskeletal 
Disorders in Male Shipyard Workers: Structural Equation Model Analysis. Saf Health Work. 
2010;1(2):124–133.  

25.  Sprigg CA, Stride CB, Wall TD, et al. Work characteristics, musculoskeletal disorders, and the 
mediating role of psychological strain: a study of call center employees. J Appl Psychol. 
2007;92(5):1456–1466.  

26.  Niedhammer I, Chastang JF, Gendrey L, et al. [Psychometric properties of the French version of 
Karasek’s “Job Content Questionnaire” and its scales measuring psychological pressures, decisional 
latitude and social support: the results of the SUMER]. Sante Publique. 2006;18(3):413–427.  

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



20 
 

27.  Bodin J, Ha C, Sérazin C, et al. Effects of Individual and Work-related Factors on Incidence of 
Shoulder Pain in a Large Working Population. J Occup Health. 2012;54(4):278–88.  

28.  Bodin J, Ha C, Petit Le Manac’h A, et al. Risk factors for incidence of rotator cuff syndrome in a large 
working population. Scand J Work Environ Health. 2012;38(5):436–46.  

29.  Roquelaure Y, Bodin J, Ha C, et al. Personal, biomechanical, and psychosocial risk factors for rotator 
cuff syndrome in a working population. Scand J Work Environ Health. 2011;37(6):502–511.  

30.  Sluiter JK, Rest KM, Frings-Dresen MH. Criteria document for evaluating the work-relatedness of 
upper-extremity musculoskeletal disorders. Scand J Work Environ Health. 2001;27 Suppl 1:1–102.  

31.  Kuorinka I, Jonsson B, Kilbom A, et al. Standardised Nordic questionnaires for the analysis of 
musculoskeletal symptoms. Appl Ergon. 1987;18(3):233–237.  

32.  Bollen KA, Noble MD. Structural equation models and the quantification of behavior. Proc Natl 
Acad Sci USA. 2011;108(SUPPL. 3):15639–15646.  

33.  Beran TN, Violato C. Structural equation modeling in medical research: a primer. BMC Res Notes. 
2010;3:267.  

34.  Buhi ER, Goodson P, Neilands TB. Structural equation modeling: a primer for health behavior 
researchers. Am J Health Behav. 2007;31(1):74–85.  

35.  Messing K, Stock SR, Tissot F. Should studies of risk factors for musculoskeletal disorders be 
stratified by gender? Lessons from the 1998 Québec Health and Social Survey. Scand J Work 
Environ Health. 2009;35(2):96–112.  

36.  Rosseel Y. lavaan :an R package for structural equation modeling. J Stat Softw. 2012;48(2):1–36.  

37.  Finney S, DiStefano C. Nonnormal and categorical data in structural equation models. In: Hancock 
GR, Mueller RO, eds. Structural equation modeling: a second course. Greenwich, Connecticut: 
Information Age Publishing, Inc; 2006:269–314. 

38.  Hooper D, Coughlan J, Mullen M. Structural Equation Modelling: Guidelines for Determining Model 
Fit. Electronic Journal of Business Research Methods. 2008;6(1):53–60.  

39.  Browne M, Cudeck R. Alternative ways of assessing model fit. In: Bollen KA, Long JS, eds. Testing 
Structural Equation Models. Newbury Park: SAGE; 1993:136–162. 

40.  Bao SS, Kapellusch JM, Merryweather AS, et al. Relationships between job organisational factors, 
biomechanical and psychosocial exposures. Ergonomics. 2016;59(2):179–194.  

41.  Koukoulaki T. The impact of lean production on musculoskeletal and psychosocial risks: an 
examination of sociotechnical trends over 20 years. Appl Ergon. 2014;45(2):198–212.  

42.  Kjellberg A, Wadman C. The role of the affective stress response as a mediator of the effect of 
psychosocial risk factors on musculoskeletal complaints—Part 1: Assembly workers. International 
Journal of Industrial Ergonomics. 2007;37(4):367–374.  

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T 



21 
 

43.  van Rijn RM, Huisstede BM, Koes BW, et al. Associations between work-related factors and specific 
disorders of the shoulder--a systematic review of the literature. Scand J Work Environ Health. 
2010;36(3):189–201.  

44.  Johansson H, ed. Chronic work-related myalgia: neuromuscular mechanisms behind work-related 
chronic muscle pain syndromes. Umea: Gävle University Press; 2003. 

45.  Herin F, Vézina M, Thaon I, et al. Predictors of chronic shoulder pain after 5years in a working 
population. Pain. 2012;153(11):2253–2259.  

46.  Luime JJ, Kuiper JI, Koes BW, et al. Work-related risk factors for the incidence and recurrence of 
shoulder and neck complaints among nursing-home and elderly-care workers. Scand J Work 
Environ Health. 2004;30(4):279–286.  

47.  Descatha A, Roquelaure Y, Chastang JF, et al. Validity of Nordic-style questionnaires in the 
surveillance of upper-limb work-related musculoskeletal disorders. Scand J Work Environ Health. 
2007;33(1):58–65.  

48.  Lesage F-X, Berjot S, Deschamps F. Clinical stress assessment using a visual analogue scale. Occup 
Med (Lond). 2012;62(8):600–605.  

 

LEGENDS OF THE FIGURES 

Figure 1: Conceptual model linking work-related and personal factors to shoulder pain. H: 

Hypothesis tested. 
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Table 1: Comparison of workers characteristics according to gender, Cosali (COhorte des SAlariés Ligériens) survey (n=1,400), 2002–

2009 

Characteristic 

Together 

(n=1,400) 

Men 

(n=840) 

Women 

(n=560) 
P 

 
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) 

 Baseline characteristics (2002-2005) 
          

 Age ≥40 628 44.9 
 

382 45.5 
 

246 43.9 
 

0.57
a
 

 Body mass index
b
 

         
<0.01

a
 

 Underweight-Normal (<25) 907 64.8 
 

490 58.3 
 

417 74.5 
  

 Overweight (25-30) 382 27.3 
 

288 34.3 
 

94 16.8 
  

 Obesity (≥30) 111 7.9 
 

62 7.4 
 

49 8.8 
  

 Industrial work rate constraints 190 13.6 
 

128 15.2 
 

62 11.1 
 

0.03
a
 

 Work pace dependent on customer demand  652 46.6 
 

389 46.3 
 

263 47.0 
 

0.81
a
 

 Arms above shoulder level 
         

<0.01
a
 

 Never or almost never 925 66.1 
 

521 62.0 
 

404 72.1 
  

 Rarely (< 2 hours a day) 338 24.1 
 

234 27.9 
 

104 18.6 
  

 Often (2 to 4 hours a day) 107 7.7 
 

71 8.4 
 

36 6.4 
  

 Most of the time (≥ 4 hours a day) 30 2.1 
 

14 1.7 
 

16 2.9 
  

 Arms abducted 
         

<0.01
a
 

 Never or almost never 990 70.7 
 

560 66.7 
 

430 76.8 
  

 Rarely (< than 2 hours a day) 234 16.7 
 

170 20.2 
 

64 11.4 
  

 Often (2 to 4 hours a day) 122 8.7 
 

78 9.3 
 

44 7.9 
  

 Most of the time (≥ 4 hours a day) 54 3.9 
 

32 3.8 
 

22 3.9 
  

 Perceived physical demand (Borg's RPE) 
 

 
11.4 (3.1) 

 
 

11.9 (3.0) 
 

 
10.8 (3.1) <0.01

c
 

 Decision authority 
 

 
36.7 (7.1) 

 
 

37.3 (6.8) 
 

 
35.9 (7.3) <0.01

c
 

 Skill discretion 
 

 
34.7 (6.4) 

 
 

35.5 (6.2) 
 

 
33.6 (6.5) <0.01

c
 

 Psychological demand 
 

 
21.5 (3.6) 

 
 

21.4 (3.6) 
 

 
21.5 (3.5) 0.57

c
 

 Supervisor support 
 

 
11.6 (2.1) 

 
 

11.5 (2.1) 
 

 
11.8 (2.1) 0.03

c
 

 Coworker support 
 

 
12.6 (1.8) 

 
 

12.5 (1.8) 
 

 
12.7 (1.9) 0.13

c
 

 Follow-up characteristics (2007-2009) 
 

  
 

  
 

   
 Stress 

 
 

3.9 (2.4) 
 

 
3.7 (2.3) 

 
 

4.2 (2.4) <0.01
c
 

 Shoulder pain lasting more than 30 days during the 

preceding 12 months 
152 10.9 

 
68 8.1 

 
84 15.0 

 
<0.01

a
 

 Shoulder pain during the preceding 7 days with intensity 

level higher than 2 
191 13.6   87 10.4   104 18.6   <0.01

a
 

Abbreviation: SD, standard deviation; RPE, Rating Perceived Exertion. 
a
Chi2 test comparing characteristics according to sex. 
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b
Weight (kg)/height (m)

2
. 

c
Student's t-test comparing characteristics according to sex. 
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