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Forms of work organization and associations with shoulder disorders: results from a French working population
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The aim of this study was to identify forms of work organization in a French region and to study associations with the occurrence of symptomatic and clinically diagnosed shoulder disorders in workers. Workers were randomly included in this cross-sectional study from 2002 to 2005.

Sixteen organizational variables were assessed by a self-administered questionnaire: i.e. shift work, job rotation, repetitiveness of tasks, paced work/automatic rate, work pace dependent on quantified targets, permanent controls or surveillance, colleagues' work and customer demand, and eight variables measuring decision latitude. Five forms of work organization were identified using hierarchical cluster analysis (HCA) of variables and HCA of workers: low decision latitude with pace constraints, medium decision latitude with pace constraints, low decision latitude with low pace constraints, high decision latitude with pace constraints and high decision latitude with low pace constraints. There were significant associations between forms of work organization and symptomatic and clinically-diagnosed shoulder disorders.

Introduction

Several models of work systems coexist in industrial and service sectors, such as the Japanese lean production (or Toyotism), the American human resource model, the Swedish sociotechnical systems, the Italian flexible specialization and the German diversified quality production [START_REF] Coutrot | L'entreprise néo-libérale, nouvelle utopie capitaliste ? Enquête sur les modes d'organisation du travail, Textes à l'appui[END_REF][START_REF] Drago | The New American Workplace" by Eileen Appelbaum and Rosemary Batt: A Review[END_REF]. They differ according to the target market (mass consumption, niche market, upscale, etc.), the work organization (defined by Hagberg et al. as the more "objective aspects of how the work is organized, supervised and carried out" [START_REF] Hagberg | Work related musculoskeletal disorders (WMSDs): a reference book for prevention[END_REF], such as for example the application of an ISO quality standard, teamwork, job rotation, autonomy), human resource management (modality of payment, training, etc.) and professional relations (trade union, participation, etc.). For example, lean production aims to eliminate waste and is based on several principles including Total Quality Management (TQM) and just-in-time (JIT) [START_REF] Brännmark | Lean production and work-related musculoskeletal disorders: overviews of international and Swedish studies[END_REF][START_REF] Coutrot | L'entreprise néo-libérale, nouvelle utopie capitaliste ? Enquête sur les modes d'organisation du travail, Textes à l'appui[END_REF][START_REF] Koukoulaki | The impact of lean production on musculoskeletal and psychosocial risks: an examination of sociotechnical trends over 20 years[END_REF][START_REF] Landsbergis | The impact of lean production and related new systems of work organization on worker health[END_REF]. However, all production systems tend to offer more flexibility and reactivity to the market and customer demands and can, according to some studies, lead to work intensification [START_REF] Westgaard | Occupational musculoskeletal and mental health: Significance of rationalization and opportunities to create sustainable production systems -A systematic review[END_REF]; European Foundation for the Improvement of Living and Working Conditions, 2003).

Musculoskeletal disorders (MSDs) are the most commonly occurring occupational diseases in France, representing 87% of occupational diseases (45079 cases) in 2014 (Assurance maladie -Risques professionnels, 2015). Shoulder disorders represented 29% of all MSDs. The shoulder is the second most frequent location of MSDs, after the wrist/hand locations (40%) but it causes longer periods of absence from work, loss of productivity and higher economic costs for employers [START_REF] Hopman | Clinical practice guidelines for the management of rotator cuff syndrome in the workplace[END_REF][START_REF] Kuijpers | Systematic review of prognostic cohort studies on shoulder disorders[END_REF][START_REF] Van Der Windt | Occupational risk factors for shoulder pain: a systematic review[END_REF][START_REF] Van Rijn | Associations between work-related factors and specific disorders of the shoulder--a systematic review of the literature[END_REF].

Most studies of the risk factors for shoulder disorders have focused on direct biomechanical risk factors (e.g. postures, vibration) determining the mechanical load applied to soft tissues. Some studies have taken psychosocial risk factors into consideration, classically defined by Hagberg et al. as "the subjective perceptions of work organizational factors" and how they are perceived by workers [START_REF] Hagberg | Work related musculoskeletal disorders (WMSDs): a reference book for prevention[END_REF]. Most epidemiological studies in the literature refer to the models of stress at work such as the Job Demand Control (JDC) model and the Effort-Reward Imbalance (ERI) model. However, few have studied the influence of factors related to the work organization. Factors related to the work organization correspond to many dimensions (e.g. processes, rotation, links with hierarchy, training) and can be evaluated by consulting the company's internal documents and by interview or self-administered questionnaire for the management [START_REF] Amossé | En guise de conclusion. L'évolution des modèles socioproductifs en France depuis 15 ans : le néotaylorisme n'est pas mort[END_REF][START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF][START_REF] Härenstam | Multilevel analyses of organizational change and working conditions in public and private sector[END_REF] or workers [START_REF] Carayon | Stressful jobs and non-stressful jobs: a cluster analysis of office jobs[END_REF][START_REF] Engkvist | Back injuries among nursing personnelidentification of work conditions with cluster analysis[END_REF]; European Foundation for the Improvement of Living and Working Conditions, 2012). Hagberg et al. indicated that "organizational and psychosocial factors may be the same (e.g. career structuring in an organization), but psychosocial factors carry 'emotional' value for the worker".

Several conceptual models linking work organization and MSDs have been developed [START_REF] Bellemare | La transformation des situations de travail par une approche participative en ergonomie : une recherche intervention pour la prévention des troubles musculo-squelettiques[END_REF][START_REF] Carayon | Work organization, job stress, and work-related musculoskeletal disorders[END_REF][START_REF] Karsh | Theories of work-related musculoskeletal disorders: Implications for ergonomic interventions[END_REF][START_REF] Sauter | An ecological model of musculoskeletal disorders in office work[END_REF]. Our research group has proposed a multidimensional conceptual model of MSDs for the purpose of epidemiological studies [START_REF] Roquelaure | Promoting a Shared Representation of Workers' Activities to Improve Integrated Prevention of Work-Related Musculoskeletal Disorders[END_REF]. According to these models, the work organization is a major determinant of biomechanical and psychosocial constraints. For example, the 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 biomechanical factors [START_REF] Askenazy | New Organizational Practices and Working Conditions[END_REF][START_REF] Askenazy | Innovative Work Practices, Information Technologies, and Working Conditions: Evidence for France[END_REF][START_REF] Brännmark | Lean production and work-related musculoskeletal disorders: overviews of international and Swedish studies[END_REF][START_REF] Koukoulaki | The impact of lean production on musculoskeletal and psychosocial risks: an examination of sociotechnical trends over 20 years[END_REF][START_REF] Landsbergis | The impact of lean production and related new systems of work organization on worker health[END_REF][START_REF] St-Vincent | Ergonomic Intervention[END_REF][START_REF] Westgaard | Occupational musculoskeletal and mental health: Significance of rationalization and opportunities to create sustainable production systems -A systematic review[END_REF]. 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. Factors related to work organization therefore determine the main risk factors for MSDs (i.e. biomechanical and psychosocial factors) and can be considered as indirect risk factors for MSDs. For example, the pace of work production determines the repetitiveness of arm movement, and consequently it is important to act on the pace of work in order to reduce the repetitiveness and thus reduce the risk of MSDs. Work organization and management practices influence not only work-related constraints, but also individual resources to interact with their work environment and to cope with these constraints [START_REF] Lazarus | Progress on a cognitive-motivational-relational theory of emotion[END_REF][START_REF] St-Vincent | Ergonomic Intervention[END_REF]. Indeed, as suggested by [START_REF] Sauter | An ecological model of musculoskeletal disorders in office work[END_REF], the development of musculoskeletal symptoms is mediated not only by physiological strain of the soft tissues, but also by a complex of cognitive processes involving the detection and labelling/attribution of somatic information as symptoms of MSDs. The latter psychological mechanisms have a major role in the appearance and prognosis of MSDs [START_REF] Bongers | Epidemiology of work related neck and upper limb problems: psychosocial and personal risk factors (part I) and effective interventions from a bio behavioural perspective (part II)[END_REF], but are difficult to evaluate by epidemiological studies.

There is conflicting evidence regarding the relationships between organizational practices (e.g. application of an ISO quality standard, teamwork, quality circles, job rotation) and the risk of MSDs [START_REF] Askenazy | Innovative Work Practices, Information Technologies, and Working Conditions: Evidence for France[END_REF][START_REF] Askenazy | New Organizational Practices and Working Conditions[END_REF][START_REF] Brännmark | Lean production and work-related musculoskeletal disorders: overviews of international and Swedish studies[END_REF][START_REF] Ferreira Júnior | Work organization is significantly associated with upper extremities musculoskeletal disorders among employees engaged in interactive computer-telephone tasks of an international bank subsidiary in São Paulo, Brazil[END_REF][START_REF] Landsbergis | The impact of lean production and related new systems of work organization on worker health[END_REF][START_REF] Marklund | Can individual health differences be explained by workplace characteristics?â€"A multilevel analysis[END_REF][START_REF] Westgaard | Occupational musculoskeletal and mental health: Significance of rationalization and opportunities to create sustainable production systems -A systematic review[END_REF]. Using the data of the epidemiologic MSD surveillance system in the Pays de la Loire region (Loire Valley district, west-central France) (Ha et al., 2009), we studied the role of biomechanical, psychological and organizational factors in MSDs. We showed no or moderate associations between organizational (e.g. work pace dependent on automatic rate, work with temporary workers) and psychological factors (e.g. high psychosocial demand, low decision authority, low social support) and shoulder disorders, biomechanical factors being predominant (Bodin et al., 2012a(Bodin et al., , 2012b(Bodin et al., , 2012c;;[START_REF] Roquelaure | Personal, biomechanical, and psychosocial risk factors for rotator cuff syndrome in a working population[END_REF].

Nevertheless work organization cannot be summarized in a single variable which could wrongly express several embedded dimensions, such as teamwork, job rotation and autonomy [START_REF] Caroly | Sustainable MSD prevention: management for continuous improvement between prevention and production. Ergonomic intervention in two assembly line companies[END_REF]. A few studies have identified forms of work organization based on several organizational and psychosocial variables using classification methods [START_REF] Amossé | En guise de conclusion. L'évolution des modèles socioproductifs en France depuis 15 ans : le néotaylorisme n'est pas mort[END_REF][START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF][START_REF] Carayon | Stressful jobs and non-stressful jobs: a cluster analysis of office jobs[END_REF][START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Engkvist | Back injuries among nursing personnelidentification of work conditions with cluster analysis[END_REF][START_REF] Härenstam | Multilevel analyses of organizational change and working conditions in public and private sector[END_REF][START_REF] Leijon | Target groups for prevention of neck/shoulder and low back disorders: an exploratory cluster analysis of working and living conditions[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF], but none has focused on the risk of shoulder pain.

We hypothesize that some forms of work organization with high organizational constraints carry more risk for shoulder disorders than others. Identifying such forms of work organization more accurately could be useful to improve understanding of the relationships between work organization and MSDs, in particular shoulder disorders. From a practical point of view, organizational factors might be levers for action for ergonomists to reduce exposure to biomechanical and psychosocial factors and thus reduce the prevalence of shoulder disorders. This could help ergonomists to implement preventive actions for workers exposed to these deleterious forms of work organization [START_REF] Roquelaure | Musculoskeletal disorders: a major challenge for occupational risk prevention in Europe[END_REF].

The aim of the present epidemiological study was first to identify forms of work organization characterized by patterns of organizational and psychosocial variables in a sample of French workers, and secondly to compare symptomatic and clinically-diagnosed shoulder disorders according to these different forms of work organization.

Methods

Participants

This cross-sectional study was based on a large sample of workers of the Loire Valley region (West Central France, French Public Health Agency). All salaried workers in France, including temporary and part-time workers, undergo a mandatory health examination by an occupational physician (OP) in charge of the medical surveillance of a group of companies. All OPs practicing in this region between 2002 and 2005 were invited to participate, and 83 of them (18%) volunteered to take part in the study. Workers were selected at random, following a twostage sampling procedure: first, 15 to 30 half-days of scheduled examinations for each OP were chosen for sampling by the investigators. Next, each OP was asked to randomly select one from the scheduled ten workers on the selected half-days of worker examinations [START_REF] Roquelaure | Epidemiologic surveillance of upper-extremity musculoskeletal disorders in the working population[END_REF]. The selected workers were then examined by the OPs. A total of 3710 workers were included (2.0% of workers surveyed by the 83 OPs). Comparison of their socio-economic status with the French census (1999) (http://www.insee.fr) showed no major differences for either gender. Overall, the distribution of occupations was close to that of the regional workforce, except for the few occupations not surveyed by OPs (e.g., shopkeepers and independent workers) [START_REF] Roquelaure | Epidemiologic surveillance of upper-extremity musculoskeletal disorders in the working population[END_REF].

Craftsmen, salesmen and managers who are mainly self-employed workers can decide for themselves about their work organization, and thus they were not comparable to salaried workers. Moreover, there were very few (n=16) and thus were not comparable to craftsmen, salesmen and managers of the region. Analysis on this group was not possible and we therefore decided to exclude these occupations. The same was true for agriculture workers (n=71).

Moreover, workers with values missing for at least one of the organizational variables studied were excluded (n=382). The final sample size was 3241 (Figure 1).

A self-administered questionnaire was completed by workers before the medical examination performed by the OP. The work constraints and work organization factors evaluated in this study are thus the workers' perceptions.

Variables

Organizational variables

Sixteen organizational variables were studied according to the literature [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF]. The  Job/task rotation: "Do you occupy different jobs or positions (polyvalence) at work?"

The question was graded according to five response options: almost never/never; one to 3 days per month; one day per week; 2 to 4 days per week; daily. The question was analyzed in two modalities: less than one day per week and one day per week or more.

 Repetitiveness of tasks: "Does your job usually require you to repeatedly perform the same actions more than about 2 to 4 times per minute?" Response categories were presented on a 4-level Likert-type scale, as follows: never; less than 2 hours/day; 2 to 4 hours/day; more than 4 hours/day. The question was analyzed in three modalities: never or less than 2 hours/day; 2 to 4 hours/day; more than 4 hours/day. Questionnaire (JCQ) [START_REF] Karasek | The Job Content Questionnaire (JCQ): an instrument for internationally comparative assessments of psychosocial job characteristics[END_REF][START_REF] Niedhammer | 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[END_REF]: three referring to the decision authority (allows own decisions, little decision freedom and a lot of say) and five referring to the skill discretion (learning new things, requires creativity, high skill level, variety, develop own abilities). Answers were graded according to the following 4-level Likert-type scale: totally disagree, disagree, agree, and totally agree, and for the analyses, the "totally disagree" and "disagree" categories were grouped due to the small number of subjects who responded to "totally disagree". The variable "little decision freedom" was formulated in a negative way, so it was analyzed in three modalities: totally disagree, disagree and agree/totally agree. Decision latitude refers to the leeway which the worker has to influence decisions in his work and to use or develop skills. The "repetitive work" variable was not studied because it was too close to the variable "repetitiveness of tasks". The decision latitude dimension of the JCQ was taken into consideration because it was close to the questions used in previous studies [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF] identifying forms of work organization (i.e. autonomy and cognitive content of work) in contrast to the two other dimensions of JCQ (i.e. psychosocial job demand and social support).

Shoulder disorders

The presence of non-specific shoulder pain during the preceding 12 months and the preceding seven days was assessed in the questionnaire by means of a modified version of the standardized Nordic-style questionnaire [START_REF] Hagberg | Work related musculoskeletal disorders (WMSDs): a reference book for prevention[END_REF][START_REF] Kuorinka | Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms[END_REF]. A mannequin was used to denote the different anatomical regions. The duration of pain during the preceding 12 months was noted (<24 hours, 1-7 days, 8-30 days, >30 days and permanently). If pain of any duration had occurred during the preceding 12 months, a physical examination was performed by the OP using a standardized clinical procedure based on the criteria document for the evaluation of work-related MSDs [START_REF] Sluiter | Criteria document for evaluating the workrelatedness of upper-extremity musculoskeletal disorders[END_REF]. Rotator cuff syndrome was diagnosed if (i) there was intermittent pain in the shoulder region (without paresthesia) currently or for at least 4 days during the preceding seven days, worsened by active elevation of the upper arm as in scratching the upper back; and (ii) at least one of the following shoulder tests was positive: resisted shoulder abduction, external or internal rotation; resisted elbow flexion; painful arc on active upper arm test (abduction-elevation).

Coding of occupations and economic sectors

Occupations were assessed in the self-administered questionnaire, and occupation categories 

Statistical analysis

No assumption was made in this study about possible differences in organizational forms according to gender [START_REF] Amossé | En guise de conclusion. L'évolution des modèles socioproductifs en France depuis 15 ans : le néotaylorisme n'est pas mort[END_REF][START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF][START_REF] Carayon | Stressful jobs and non-stressful jobs: a cluster analysis of office jobs[END_REF][START_REF] Härenstam | Multilevel analyses of organizational change and working conditions in public and private sector[END_REF][START_REF] Leijon | Target groups for prevention of neck/shoulder and low back disorders: an exploratory cluster analysis of working and living conditions[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF]. In the initial step, the analyses were stratified according to occupational category (using the French classification of occupations, PCS) in order to establish independent clusters on this criterion [START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF]; three groups of workers were studied: 1) upper-grade white-collar workers and professionals / technicians and associate professionals, 2) lower-grade white-collar workers and 3) blue-collar workers. For each group of occupational categories, clustering of the organizational variables was first performed with hierarchical cluster analysis (HCA). The aim of this method was to group the 16 organizational variables selected into homogeneous clusters, thus creating a synthetic quantitative variable for each cluster of variables identified [START_REF] Chavent | ClustOfVar: An R Package for the Clustering of Variables[END_REF][START_REF] Kuentz-Simonet | Classification de variables qualitatives pour la compréhension de la prise en compte de l'environnement par les agriculteurs[END_REF]. The dendrogram of variables and plot of aggregation levels were used to decide the number of clusters to be retained (Appendix A). The stability of the partitions of variables was evaluated by a bootstrap approach (100 replication bootstrap samples, Appendix A) [START_REF] Chavent | ClustOfVar: An R Package for the Clustering of Variables[END_REF][START_REF] Kuentz-Simonet | Classification de variables qualitatives pour la compréhension de la prise en compte de l'environnement par les agriculteurs[END_REF]. Clustering of workers using the previously obtained synthetic variables was then performed using hierarchical cluster analysis (Ward's method) [START_REF] Cuadras | Multivariate Analysis: Future Directions[END_REF]. The bootstrap resampling method was performed to test the stability of the partition of workers retained (100 replication bootstrap samples). Hierarchical cluster analysis of workers was performed on these 100 samples, and partitions in x clusters (number of clusters of workers retained in the study sample) were compared with the partition in x clusters from the study data set using the adjusted Rand index [START_REF] Rand | Objective Criteria for the Evaluation of Clustering Methods[END_REF]. This index ranges from 0 (no agreement) to 1 (perfect agreement). The mean adjusted Rand index was then calculated.

In the second step, clusters were compared and characterized for each occupational category according to the 16 organizational variables. Then clusters of upper-grade white-collar workers, professionals, technicians and associate professionals, lower-grade white-collar workers and blue-collar workers with similar organizational constraints were grouped to form homogeneous forms of work organization.

Forms of work organization were compared according to gender, age, occupational characteristics and symptomatic and clinically-diagnosed shoulder disorders using Chi2 tests.

Finally, the associations between symptomatic and clinically-diagnosed shoulder disorders and forms of work organization were examined in five separate logistic regression models adjusted for age, separately for men and women following the recommendations for the study of MSDs [START_REF] Messing | Should studies of risk factors for musculoskeletal disorders be stratified by gender? Lessons from the 1998 Québec Health and Social Survey[END_REF][START_REF] Silverstein | Gender adjustment or stratification in discerning upper extremity musculoskeletal disorder risk?[END_REF]. The five independent variables were shoulder pain of any duration during the preceding 12 months, shoulder pain lasting more than 30 days during the preceding 12 months, permanent shoulder pain during the preceding 12 months, shoulder pain during the preceding seven days and rotator cuff syndrome. Statistical significance was defined as a p-value lower than 0.05.

The clustering of variables and the logistic regression models were performed using the ClustOfVar and glm packages of R software v3.0.3, respectively, and the clustering of workers with SPAD v8.

Results

Description of the study sample

Fifty-nine percent of the study sample were men. Subjects were mainly blue-collar workers (43%) and worked mainly in services (59%) and industry (36%, mainly in the manufacturing industry), and a few were in the construction sector (6%, Table 1). The study sample did not differ from the 382 workers excluded because of missing values with respect to gender and economic sector. However, they were younger (23.2% were aged less than 30 years vs. 17.8%) and more blue-collar workers were included (43.0% vs. 34.8%).

Clustering of variables and workers within occupational categories

Three clusters of variables were selected for upper-grade white-collar workers, professionals, 

Description of forms of work organization

From the 13 clusters of workers (five for upper-grade white-collar workers, professionals, technicians and associate professionals, five for lower-grade white-collar workers and three for blue-collar workers), five homogeneous work organization groups were constituted (Appendix C). A description of the five forms of work organization according to the sixteen organizational variables is presented in Table 2.

Low decision latitude with pace constraints

One cluster of upper-grade white-collar workers, professionals, technicians and associate professionals, two clusters of lower-grade white-collar workers and one cluster of blue-collar workers were grouped to form the low decision latitude with pace constraints group (Group 1, 22% of workers). Workers in this form of work organization were more exposed to shift work, job/task rotation, pace constraints (except work dependent on customer demand) and repetitive work than the rest of the sample and they had the lowest decision authority and skill discretion scores.

In terms of occupational category, this form of work organization had more skilled industrial blue-collar workers and unskilled industrial blue-collar workers than the whole sample.

Younger workers, workers who worked in the industry sector (manufacturing industries) and workers who worked in companies with more than 200 workers were more common in this form of work organization (Table 3). Moreover there were twice as many temporary workers than in the whole sample.

Medium decision latitude with pace constraints

Workers in the second form of work organization (Group 2) represented 12% of the study sample. Decision authority and skill discretion scores were not statistically different from the rest of the sample. They were more exposed to work pace dependent on colleagues' work, and to quantified targets and customer demand than the rest of the sample.

Intermediate administrative occupations in private companies, technicians and associate professionals and employees of corporate administrative services were more numerous in this form of work organization than in the whole sample. Women, workers who worked in service industries (wholesale and retail trade; hotels and restaurants; transport, storage and communication; financial intermediation activities; public administration; personal services), civil servants and workers who worked in companies with more than 200 workers were overrepresented.

Low decision latitude with low pace constraints

Workers in work organization Group 3 (19%) had lower decision authority and skill discretion scores than the rest of the sample. Moreover, they were less exposed to the other organizational variables than the rest of the sample.

Government and public service employees and employees of corporate administrative services were more numerous in this form of work organization. Women, workers who worked in service industries (financial intermediation; real estate, renting and business activities; public administration; education; human health and social activities; personal services), civil servants and workers who worked in small companies were overrepresented.

High decision latitude with pace constraints

Workers in work organization Group 4 (17%) had more job/task rotation, more decision authority and skill discretion and were more often exposed to pace constraints (except work dependent on paced work/automatic rate) than the rest of the sample. Professionals (administrative, managerial and technical occupations), technicians and associate professionals, skilled industrial blue-collar workers, skilled craft blue-collar workers and unskilled industrial blue-collar workers were more numerous in this form of work organization.

Men, young workers, workers who worked in manufacturing industries and construction and workers who worked in small companies were also overrepresented.

High decision latitude with low pace constraints

Finally, workers in work organization Group 5 (31%) had more decision authority and more skill discretion than the rest of the sample. Moreover, they were less exposed to shift work, job/task rotation, pace constraints and repetitive work than the rest of the sample.

Skilled industrial blue-collar workers and skilled craft blue-collar workers were more numerous in this form of work organization. Men, older workers, workers who worked in manufacturing industries and construction, permanent workers and workers who worked in small companies were overrepresented.

Symptomatic and clinically-diagnosed shoulder disorders

Workers in the low decision latitude with pace constraints group (Group 1) had significantly more shoulder pain of any duration, or permanently during the preceding 12 months or during the preceding seven days than other workers (Table 4). The same was true for shoulder pain of any duration and during the preceding seven days for men. However, men in the high decision latitude without pace constraints group (Group 5) had more permanent shoulder pain compared to other workers. Women workers in Group 1 had significantly more shoulder pain of any duration, or lasting more than 30 days or permanently during the preceding 12 months than other women workers. Women in the high decision latitude with pace constraints group (Group 4) had significantly more shoulder pain during the preceding seven days and rotator cuff syndrome than other workers.

After adjustment for age and gender, workers in organization Groups 2, 3, and 5 had less risk of symptomatic and clinically diagnosed shoulder disorders than those in the Group 1 (Table 5). Workers in Group 4 had less risk of shoulder pain of any duration, shoulder pain lasting more than 30 days or permanent shoulder pain compared to workers in Group 1. However, there were no difference between Groups 1 and 4 for shoulder pain in the preceding seven days and rotator cuff syndrome. After adjustment for age, shoulder pain of any duration during the preceding 12 months and shoulder pain during the preceding seven days were statistically different between the five forms of work of organization in men (Table 5). Workers in organization Groups 2 to 5 had less risk of shoulder pain during the preceding 12 months compared to workers in Group 1, and workers in organization Groups 3 to 5 had less risk of shoulder pain during the preceding seven days compared to workers in Group 1. For women, symptomatic and clinically-diagnosed shoulder disorders differed according to the forms of work organization (Table 5). Women in organization Groups 2, 3 and 5 had less risk of symptomatic and clinically diagnosed shoulder disorders than those in Group 1. No statistical differences were observed between workers in Groups 1 and 4.

Discussion

This study identified five forms of work organization in a sample of French workers: low decision latitude with pace constraints (Group 1), medium decision latitude with pace constraints (Group 2), low decision latitude with low pace constraints (Group 3), high decision latitude with pace constraints (Group 4) and high decision latitude with low pace constraints (Group 5). Associations between forms of work organization and shoulder pain of any duration during the preceding 12 months and shoulder pain during the preceding seven days were revealed for men after adjustment for age. More men workers in Group 1 had shoulder pain than workers in the other work organization groups (except for workers in Group 2 with shoulder pain during the preceding seven days). More women workers in Group 1 had symptomatic and clinically-diagnosed shoulder disorders compared to other workers, except for workers in Group 4. Indeed, more workers in this form of work organization had shoulder pain during the preceding seven days and clinically-diagnosed shoulder disorders than workers in Group 1 (not statistically significant). This confirmed our hypothesis; workers in forms of work organization with high organizational constraints (Group 1 and Group 4) had more shoulder disorders than other workers, especially in women.

Work organization includes multiple nested dimensions that require simultaneous study. A few studies have identified forms of work organization based on several variables using classification methods [START_REF] Amossé | En guise de conclusion. L'évolution des modèles socioproductifs en France depuis 15 ans : le néotaylorisme n'est pas mort[END_REF][START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF][START_REF] Carayon | Stressful jobs and non-stressful jobs: a cluster analysis of office jobs[END_REF][START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Engkvist | Back injuries among nursing personnelidentification of work conditions with cluster analysis[END_REF][START_REF] Härenstam | Multilevel analyses of organizational change and working conditions in public and private sector[END_REF][START_REF] Leijon | Target groups for prevention of neck/shoulder and low back disorders: an exploratory cluster analysis of working and living conditions[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF]. However, to our knowledge, few studies have identified forms of work organization and compared them to musculoskeletal health [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Engkvist | Back injuries among nursing personnelidentification of work conditions with cluster analysis[END_REF][START_REF] Leijon | Target groups for prevention of neck/shoulder and low back disorders: an exploratory cluster analysis of working and living conditions[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF]. Comparison of the five forms of work organization identified in our study with existing studies was difficult because of the different variables and levels studied (worker [START_REF] Carayon | Stressful jobs and non-stressful jobs: a cluster analysis of office jobs[END_REF][START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Engkvist | Back injuries among nursing personnelidentification of work conditions with cluster analysis[END_REF][START_REF] Leijon | Target groups for prevention of neck/shoulder and low back disorders: an exploratory cluster analysis of working and living conditions[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF] or company [START_REF] Amossé | Formes d'organisation et santé au travail en entreprise -Configurations d'organisation du travail et risques professionnels en entreprise[END_REF][START_REF] Härenstam | Multilevel analyses of organizational change and working conditions in public and private sector[END_REF]). In our study, the low decision latitude with pace constraints group (Group 1) was heavily exposed to organizational factors (shift work, job/task rotation, pace constraints, repetitiveness of tasks, low decision authority and low skill discretion) and had higher risk of shoulder pain than other forms of work organization. This form was close to the work in automation form of [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF] and the Taylorist form of Valeyre et al. [START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF]. These studies also found that musculoskeletal health, including neck and shoulder pain, was poorer with this form of work organization. The low decision latitude with low pace constraints group (Group 3) was characterized by lower exposure to all organizational variables and had one of the lowest rates of symptomatic and clinically-diagnosed shoulder disorders. The traditional or simple structure form in Valeyre's study also showed underrepresentation of organizational variables [START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF], and the likelihood of reporting neck and shoulder pain was lower compared to the Taylorist form [START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF]. The high decision latitude with pace constraints (Group 4) and high decision latitude with low pace constraints groups of work organization (Group 5) represented half of the study sample; workers had high decision authority, high skill discretion and low repetitiveness of tasks. However, workers in Group 4 were more often exposed to job/task rotation and pace constraints. Group 5 was close to the discretionary learning form of [START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF], and authors showed that musculoskeletal health was better with this form of work organization compared to the Taylorist form. In our study, workers with this form of work organization (Group 5) had fewer symptomatic and clinically-diagnosed shoulder disorders compared to the workers in Group 1, especially women.

All economic sectors were represented in the five work organization groups. This is in accordance with the European Working Conditions Survey which showed that industrial constraints have spread among service workers and commercial constraints among industrial workers (European Foundation for the Improvement of Living and Working Conditions, 2003).

As in the literature [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF], the agriculture sector was excluded from our analyses due to the particular work organization features of this sector.

The sample was constituted through the voluntary participation of a regional network of OPs.

The 83 OPs who participated (18%) had professional characteristics similar to the 370 who did not participate. The random selection of workers during their mandatory occupational health examination was designed to ensure a representative sample of the region's workforce. This objective was achieved, with the exception that women were slightly underrepresented, and skilled and unskilled workers were somewhat overrepresented [START_REF] Roquelaure | Epidemiologic surveillance of upper-extremity musculoskeletal disorders in the working population[END_REF].

The data used in our study are more than 10 years old, and some issues which are relevant today were not collected. No questions were asked about the use of quality standards, self-assessment of the quality of work, collective activity, or managerial practices (such as rewards reflecting effort at work, opportunity to express points of view). Moreover, the way in which the job/task rotation was assessed did not reveal how it was implemented. Further research is needed to design questionnaires to assess workers' activity and movements in performing job/task rotation more precisely. To reduce classification errors, standardized and validated instruments such as the Job Content Questionnaire, the Nordic-style questionnaire and the criteria document for the evaluation of work-related MSDs were used to assess occupational and medical data. However, findings were assessed at the worker level and no information was available at the company level. It can be argued that the worker's perception of his work is not the same as that of the company director. Moreover, a company director knows the work prescribed but this does not match the work actually performed by the worker [START_REF] St-Vincent | Ergonomic Intervention[END_REF]. The Reponse study showed that workers' perceptions were close to those of the director. However, the presence of the unions influenced the feelings of workers [START_REF] Amossé | En guise de conclusion. L'évolution des modèles socioproductifs en France depuis 15 ans : le néotaylorisme n'est pas mort[END_REF]. Furthermore, our findings were based on only one French region in which the socioeconomic structure is diversified and close to that of France as a whole (Ha et al., 2009).

Clustering of variables was preferred to multiple correspondence analysis (MCA) as adopted in other studies [START_REF] Daubas-Letourneux | Organisation du travail et santé dans l'Union européenne[END_REF][START_REF] Lorenz | Organisational Innovation, Human Resource Management and Labour Market Structure: A Comparison of the EU-15[END_REF][START_REF] Valeyre | Conditions de travail et santé au travail des salariés de l'Union européenne : des situations contrastées selon les formes d'organisation[END_REF][START_REF] Valeyre | Working conditions in the European Union: Work organisation[END_REF]. Indeed, the method used in this study classified variables into homogeneous groups without orthogonality constraints, which is not possible with MCA [START_REF] Chavent | ClustOfVar: An R Package for the Clustering of Variables[END_REF]. The study of Kuentz-Simonet el al. compared the two methods and concluded that, although the two methods provide close internal validity markers, interpretation is easier with the clustering of variables [START_REF] Kuentz-Simonet | Classification de variables qualitatives pour la compréhension de la prise en compte de l'environnement par les agriculteurs[END_REF].

From a practical point of view for the ergonomist, the study tried to capture the complexity of the forms of work organization. It identified five forms of work organization in a sample of workers: low decision latitude with pace constraints, medium decision latitude with pace constraints, low decision latitude with low pace constraints, high decision latitude with pace constraints and high decision latitude with low pace constraints. The results showed that the form of work organization close to the Taylorism form (low decision latitude with pace constraints) was associated with higher risk of shoulder disorders. Moreover, forms of work organization with pace constraints, even when they allow high decision latitude (high decision latitude with pace constraints), also had high levels of shoulder disorders in women. This means that even with decision latitude, being exposed to pace constraints is harmful for shoulder disorders.

It is necessary to identify what forms of work organization are most detrimental in order to implement preventive actions for exposed workers. Understanding the chain of determinants of shoulder disorders and MSDs in general is a key stage in prevention intervention [START_REF] Roquelaure | Promoting a Shared Representation of Workers' Activities to Improve Integrated Prevention of Work-Related Musculoskeletal Disorders[END_REF], and this study tried to identify forms of work organization associated with MSDs.

However, the cross-sectional design of the study limits a causal conclusion. We recommend that future ergonomic and epidemiological studies adopt a longitudinal design and access more data on the work organization to refine forms of work organization further and to allow more precise analysis of the relationships between exposure to biomechanical, psychosocial and individual risk factors and musculoskeletal health. 

Appendix C: Aggregation of clusters of workers

  questions were derived from large French studies, e.g. the SUMER survey (medical surveillance of occupational risks) of the DARES (Directorate for Research, Studies, and Statistics):  Shift work: "Do you work shifts (2x8, 3x8 or more)?" The question had three response options: no; yes in fixed teams; yes in alternating teams. In fixed teams, workers still work in the same time slot. In alternating teams, schedules change according to the time period.



  Five binary variables (yes/no) measuring the work pace: "During a typical day, is your work pace imposed on you by…?" o Paced work/automatic rate o Colleagues' work o Quantified targets o Permanent controls or surveillance o Customer demand  Eight variables measuring decision latitude were assessed from the Job Content

  were coded using the French classification of occupations (Nomenclature des Professions et Catégories Socioprofessionnelles [PCS]) published by the French National Institute of Statistics and Economic Studies (INSEE) in 1994. Economic sectors were identified by the OP and coded using the French version of the statistical classification of economic activities in the European Community (Nomenclature d'Activités Françaises [NAF]) published by INSEE in 2000.

  technicians and associate professionals (n=982, Appendices A and B). Clustering of workers was obtained with the three synthetic variables obtained by the clustering of variables, and five clusters of workers were retained, comprising 245, 275, 82, 169 and 211 workers. The mean of the adjusted Rand index obtained with 100 replications of the study sample of these occupational categories was 0.93, which showed good stability of the partition. For lower-grade white-collar workers (n=864), four clusters of variables and five clusters of workers were retained, comprising 325, 200, 121, 52 and 166 workers (mean of the adjusted Rand index=0.86). For blue-collar workers (n=1395), four clusters of variables and three clusters of workers were retained, comprising 451, 564, and 380 workers (mean of the adjusted Rand index=0.93).
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