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Objectives   The aim of this study was to assess the effects of personal and work-related factors on the incidence 
of rotator cuff syndrome (RCS) in a large working population. 
Methods   A total of 3710 French workers were included in a cross-sectional study in 2002–2005. All completed 
a self-administered questionnaire about personal factors and work exposure. Using a standardized physical 
examination, occupational physicians established a diagnosis of RCS. Between 2007–2010, 1611 workers were 
re-examined. Associations between RCS and risk factors at baseline were analyzed by logistic regression.
Results   A total of 839 men and 617 women without RCS at baseline were eligible for analysis. RCS was diagnosed 
in 51 men (6.1%) and 45 women (7.3%). The risk of RCS increased with age for both genders [odds ratio (OR) 
4.7 (95% confidence interval [95% CI] 2.2–10.0) for men aged 45–49 years and 5.4 (95% CI 2.3–13.2) for women 
aged 50–59 years; reference <40 years]. For men, the work-related risk factors were repeated posture with the 
arms above the shoulder level combined with high perceived physical exertion [OR 3.3 (95% CI 1.3–8.4)] and low 
coworker support [OR 2.0 (95% CI 1.1–3.9)]. For women, working with colleagues in temporary employment [OR 
2.2 (95% CI 1.2–4.2)] and repeated arm abduction (60–90°) [OR 2.6 (95% CI 1.4–5.0)] were associated with RCS.
Conclusions   Age was the strongest predictor for incident cases of RCS, and arm abduction was the major work-
related risk factor for both genders. Lack of social support was a predictor for RCS among men.

Key terms   musculoskeletal disease; MSD; occupational factor; personal risk factor; RCS; shoulder; tendinitis; 
work.
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Rotator cuff syndrome (RCS) is a common upper-
extremity musculoskeletal disorder (MSD) in the work-
ing population and causes long periods of absence from 
work (1–7). The physiopathology of RCS involves 
degenerative changes in the rotator cuff tendons, com-
pression of the tendons between the humeral head and 
the coracoacromial arch, and ischemia due to impinge-
ment or increased intramuscular pressure (8). 

Several studies have shown that the prevalence of 
RCS increased with age (9–11) and some suggested 
a link between RCS and both individual factors, such 
as diabetes mellitus or abdominal obesity (9, 10, 12, 
13), and work-related factors (1–4, 10, 11, 14–18). A 
recent review of the literature reported that RCS was 

associated with frequent handling of loads or with high 
force, highly repetitive work, and work above shoulder 
level, whereas the association with hand-arm vibration 
remained unclear (19). High job demand was associated 
with RCS, but the link between RCS and psychosocial 
factors differed according to the studies (2, 3, 5, 10, 19). 
However, most studies were based on cross-sectional 
design, and there is a need for prospective studies to 
confirm these associations. 

Using the data of the surveillance program for upper 
extremity MSD implemented by the French Institute 
for Public Health Surveillance in the Pays de la Loire 
region, we have previously studied the personal and 
work-related risk factors associated with prevalent cases 
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of RCS occurring between 2002–2005 (7). The aim of 
this prospective study was to assess the effects of per-
sonal and work-related factors on the incidence of RCS 
among a large working population.

Methods

Study population

This prospective study was based on two successive sur-
veys of a large sample of workers in the French Pays de 
la Loire region. The region contains 5.6% of the French 
working population, and its socioeconomic structure is 
close to that of France as a whole (20).

At the time of the first survey, all French salaried 
workers, including temporary and part-time workers, 
underwent a mandatory annual health examination 
by an occupational physician (OP) in charge of the 
medical surveillance of a group of companies. Between 
2002–2005, 83 OP (18% of OP of the region) volun-
teered to take part in the study. They were representa-
tive of the region’s OP in terms of working time and 
geographic and economic sectors covered (21). Subjects 
were selected at random, following a two-stage sampling 
procedure: first, the research team chose 15–45 half-
days of scheduled examinations for each OP. Next, using 
random sampling tables, each OP selected 1 out of 10 
workers from the schedule on the half-days of worker 
examinations considered. A total of 3710 workers [2161 
men (58.2%), mean age 38.5 (standard deviation [SD] 
10.4) years and 1549 women (42.8%), mean age 38.9 
(SD 10.3) years] were included. The distribution of 
occupations in the study sample was close to that of the 
regional workforce (20–22). 

Medical follow-up of the workers initially included 
was undertaken between 2007–2010. Retired people, peo-
ple on parental or long-term sick leave, and unemployed 
people were excluded. Several reminders were sent out to 
all occupational medicine services, and then to each OP 
now responsible for the medical surveillance of at least 
one worker of the cohort. For workers who had changed 
OP, the research team systematically contacted the last OP 
responsible for their medical surveillance. After approval, 
each OP received guidelines describing the standardized 
clinical procedure that strictly applied the methodology 
and clinical tests of the European consensus criteria docu-
ment for RCS and the five other upper extremity MSD 
surveyed (lateral epicondylitis, ulnar tunnel syndrome, 
carpal tunnel syndrome, De Quervain’s disease and flexor-
extensor peritendinitis, or tenosynovitis of the forearm-
wrist region) (23). The research team conducted a training 
program for the OP to standardize physical examinations 
at baseline and follow-up. 

Outcome

“Incident cases” of RCS were defined as workers free of 
RCS at baseline with diagnosed RCS at follow-up. Thus 
cases occurring between the two data collection periods 
that were negative at follow-up were not considered as 
incident cases.

In cases of upper-limb musculoskeletal symptoms 
occurring during the preceding 12 months, the OP con-
ducted a physical examination to diagnose RCS and the 
five other upper extremity MSD surveyed. RCS was 
diagnosed if (i) there was at least intermittent pain in the 
shoulder region (without paresthesia), worsened by active 
elevation movement of the upper arm, as in scratching the 
upper back, currently or for ≥4 days during the preceding 
7 days; and (ii) if ≥1 of the following shoulder tests was 
positive: resisted shoulder abduction, external or internal 
rotation; resisted elbow flexion (palm-up test); and pain-
ful arc on active upper arm test (abduction-elevation). 

Potential risk factors

At baseline, workers completed a self-administered 
questionnaire about their musculoskeletal symptoms 
and their working conditions during a typical working 
day during the 12 preceding months and then underwent 
a physical examination. Potential risk factors were 
divided into four groups. The personal factors studied 
were age, body mass index (BMI) and upper-extremity 
MSD at baseline (defined as the diagnosis of ≥1 of the 
five other upper-extremity MSD). Work-related factors 
were divided into three groups. 

Work organization. The factors related to the work orga-
nization were: time constraints (paced work, work pace 
dependent on automatic rate, colleagues’ work, quanti-
fied targets, customers’ demand, permanent controls, or 
surveillance), job/task rotation, overtime hours, work 
with temporary workers, high visual demand, lack of 
prior information regarding the amount of work to be 
done each day, variable weekly working time, working 
with temporary workers and temporary employment. 

Biomechanics. The biomechanical factors were assessed 
using the European consensus criteria document for 
evaluation of the work-relatedness of upper-extremity 
MSD (23): high repetitiveness of tasks (≥4 hours/day), 
repeated and sustained posture with the arms above 
shoulder level (≥2 hours/day) and holding the hand 
behind the trunk (≥2 hours/day). Workers were defined 
as being at risk of working with repeated and sustained 
arm abduction (60–90°) if they responded “rarely (<2 
hours/day)”, “often (2–4 hours/day)” or “always (≥4 
hours/day)”. Additional variables, known or suspected 
to be risk factors, were considered: use of hand tools 
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(≥2 hours/day), use of vibrating hand tools (≥2 hours/
day) and exposure to cold temperature (≥4 hours/day). 
Perceived physical exertion was assessed using the Borg 
rating of perceived exertion (RPE) scale graduated from 
6 (“very, very light”) to 20 (“maximum exertion”). High 
perceived physical exertion was dichotomized using the 
third quartile (≥15 for men and ≥14 for women) (24, 25). 

Psychosocial work factors. The psychosocial work fac-
tors were assessed using the validated French version 
of Karasek’s Job Content Questionnaire. Scores were 
dichotomized using the median scores of the national 
French SUMER (medical surveillance of occupational 
risk exposures) study (26).

Statistical analysis

Analyses were performed separately for men and women 
to take into account gender differences in exposure to 
work constraints (27). 

Associations between RCS and the risk factors 
were studied by Chi-squared or Fisher’s exact tests. 
Risk factors with a P-value <0.20 were introduced in 
a multivariable model by groups of variables. Manual 

backward multivariate logistic regression models were 
then applied for each group in order to avoid colinearity 
between exposure variables in the final model (age was 
forced into the models). The remaining factors (P<0.10) 
were entered into a final global multivariate logis-
tic regression model and manual backward  selection 
retained only significant variables with a P-value of 
0.05. In manual backward multivariate logistic regres-
sion, if there was a change in the beta coefficients of 
≥15% when a variable was deleted, this variable was 
considered as a confounder and was forced into the 
model. The Hosmer and Lemeshow test was used to 
determine goodness-of-fit of the logistic model.

Finally, the whole modeling process was performed 
again by excluding workers with RCS, workers with 
shoulder pain for >1 month at baseline, and workers 
with missing values.

All analyses were performed with the statistical soft-
ware package SAS (version 9.2, SAS Institute Inc, Cary, 
NC, USA). Each subject provided informed written con-
sent to participate in this study at baseline and the study 
received approval from France’s National Committee for 
Data Protection (Commission Nationale de l’Informatique 
et des Libertés), first in 2001 and again in 2006.

Figure 1. Study population flow-
chart. [RCS=rotator cuff syndrome]

3710 workers 
• Individual factors 
• Nordic questionnaire 
• Assessment of work-related factors 
• Physical examination 

2482 workers surveyed by an OP of 
the surveillance program 

- 23 deaths 
- 162 retired 
- 17 on parental leave or long-term sick leave  
- 105 usually watched by a non-participant OP 
- 921 lost to follow-up by their OP due to loss 

of job (transfer, dismissal, resignation, end 
of initial contract) 

- 848 not examined for the protocol 
- 23 refusals to participate in the follow-up 

1611 workers seen during a regularly 
scheduled mandatory health 

examination 

150 workers with RCS at baseline

5 workers with unknown diagnosis of RCS at 
follow-up

Baseline 
2002-2005 

Follow-up 
2007-2010 

1456 workers included in the 
analyses 
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Table 1. Comparison of baseline characteristics of workers with follow-up and workers without follow-up, according to gender.

 Men (N=2161) Women (N=1549)

With follow-up 
(N=921)

Without follow-up 
(N=1240)

With follow-up 
(N=690)

Without follow-up 
(N=859)

 N % N % P-value N % N % P-value

Personal factors and medical history          
Age <0.001 <0.001
<40 473 51.4 669 54.0 316 45.8 466 54.3
40–44 180 19.5 137 11.1 132 19.1 112 13.0
45–49 161 17.5 142 11.5 140 20.3 91 10.6
≥50 107 11.6 291 23.5 102 14.8 190 22.1

Overweight or obesity (≥30 kg/m²) 394 43.4 536 43.6 0.919 185 27.2 263 31.2 0.093
Upper-extremity musculoskeletal disorders a 62 6.7 69 5.6 0.261 55 8.0 71 8.3 0.833
Shoulder pain lasting ≥1 day during the  
preceding 12 months

294 31.9 440 35.5 0.084 262 38.0 340 39.6 0.458 b

Shoulder pain lasting >1 month during the  
preceding 12 months

73 8.0 124 10.1 0.093 86 12.8 116 13.7 0.581

Shoulder pain lasting ≥1 day during the  
preceding 7 days

152 16.5 202 16.3 0.905 147 21.4 183 21.4 0.995

Work history
Number of years in the initial job <0.001 <0.001
<1 73 8.0 197 16.1 57 8.3 128 15.1
1–2 133 14.6 201 16.4 102 14.9 155 18.3
3–10 333 36.5 392 32.0 240 35.0 273 32.2
>10 373 40.9 436 35.6 287 41.8 293 34.5

Occupational category 0.854 0.135
Manager, professional, technician 332 36.1 431 34.8 166 24.1 204 23.8
Low-grade white collar 81 8.8 106 8.6 374 54.3 425 49.6
Skilled blue collar 353 38.4 479 38.7 43 6.2 68 7.9
Unskilled blue collar 154 16.7 223 18.0 106 15.4 160 18.7

Economic sector <0.001 0.008
Agriculture 8 0.9 23 1.9 3 0.4 22 2.6
Industries 425 46.3 434 35.1 178 25.9 223 26.0
Construction 71 7.7 118 9.5 9 1.3 16 1.9
Trade and services 415 45.2 662 53.5 498 72.4 596 69.5
Temporary employment 53 5.8 183 14.8 <0.001 40 5.8 150 17.6 <0.001

Factors related to work organization 
Paced work 101 11.2 134 11.1 0.944 48 7.2 100 12.1 0.002
Work pace dependent on automatic rate 113 12.5 145 12.0 0.737 47 7.1 95 11.4 0.004
Work pace dependent on colleagues’ work 284 31.6 414 34.5 0.175 159 23.9 252 30.4 0.006
Work with temporary workers 265 28.8 374 30.2 0.504 183 26.6 284 33.3 0.004
Working postures and biomechanical constraints
High perceived physical exertion c 192 21.0 311 25.2 0.024 146 21.2 203 23.9 0.215
Repeated and sustained posture with the arms 
above the shoulder (≥2h/day)

113 12.3 193 15.7 0.027 77 11.2 104 12.1 0.588

Repeated and sustained arm abduction  
(60–90°)

332 36.1 506 41.1 0.019 193 28.1 225 26.3 0.419

Holding hand behind the trunk (≥2h/day) 37 4.0 73 5.9 0.047 38 5.5 39 4.6 0.386
Psychosocial factors at work
Low coworker support 162 17.7 244 20.1 0.168 118 17.5 184 22.0 0.033

a Lateral epicondylitis, ulnar tunnel syndrome, carpal tunnel syndrome, De Quervain’s disease and flexor-extensor peritendinitis or tenosynovitis of the 
forearm-wrist  region. 

b Fisher test. 
c RPE Borg scale ≥15 for men and ≥14 for women.

Results

Participation in follow-up

Of the 83 OP who participated at baseline, 60 surveyed 
at least one of the 3710 workers between 2007–2010. 

Of the OP who did not participate in the baseline study, 
94 became responsible for the medical surveillance of 
at ≥1 worker and 85 agreed to participate. A total of 
1228 workers was excluded (death, retirement, parental 
leave, long-term sick leave, unemployment, etc). Of 
the 2482 remaining workers, 23 refused to participate 
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Table 2. Baseline characteristics of workers.

Baseline characteristics Men  
(N=839)

Women 
(N=617)

P-value a

N % N %

Age 0.158
<40 449 53.5 299 48.5
40–44 164 19.6 120 19.5
45–49 137 16.3 116 18.8
≥50 89 10.6 82 13.3

Shoulder pain lasting ≥1 day 
during the preceding 12 months

217 25.9 192 31.2 0.026

Shoulder pain lasting >1 month 
during the preceding 12 months

38 4.6 52 8.6 0.002

Shoulder pain lasting ≥ 1 day 
during the preceding 7 days

89 10.6 83 13.5 0.096

Intensity of shoulder pain  
during the preceding 7 days 
(scale 0–10)

0.221

0–1 14 16.1 12 15.0
2–4 47 54.0 34 42.5
5–10 26 29.9 34 42.5

Occupational class <0.001
Manager, professional, 
technician

306 36.5 153 24.8

Low-grade white collar 76 9.1 341 55.4
Skilled blue collar 320 38.2 34 5.5
Unskilled blue collar 136 16.2 88 14.3

Economic sector <0.001 b

Agriculture 8 1.0 3 0.5
Industry 389 46.5 148 24.0
Construction 65 7.8 8 1.3
Trade and services 375 44.8 457 74.2

a Comparison of baseline characteristics between men and women, χ2 
test.

b Fisher exact test.

and 848 workers did not undergo the second physical 
examination because they had no mandatory examina-
tion scheduled between the moment the OP learned that 
he/she was responsible for a worker and the end of the 
follow-up period. Finally, 1611 workers (64.9%) were 
re-examined (figure 1).

The follow-up rate did not differ with gender (42.6% 
for men versus 44.5% for women) or baseline occupa-
tional category. 

A comparison between the group of workers with a 
follow-up and the group of workers lost to follow-up is 
presented in table 1. There was a significant difference 
in age between the workers who were followed up and 
those lost to follow-up: workers aged <40 years and those 
aged >50 years were more frequent in the group of work-
ers lost to follow-up. Moreover, workers with length of 
service of <2 years and temporary workers were more 
frequent among the workers lost to follow-up. For men, 
exposure to high perceived physical exertion, arms above 
shoulder level, arm abduction (60–90°) and holding the 
hand behind the trunk differed between the two groups, 
such exposure being more frequent for workers lost to 

Table 3. Incidence of rotator cuff syndrome (RCS) according to 
personal and work-related factors. [MSD=musculoskeletal disorder] 

 Men (N=839) Women (N=617)

 N Incidence 
(%)

P- 
value a

N Incidence 
(%)

P- 
value a

Personal factors and  
medical history
Age (years) <0.001 0.003
<40 449 3.1 299 3.7
40-44 164 6.7 120 8.3
45-49 137 12.4 116 10.3
≥50 89 10.1 82 14.6

Body mass index 0.027 0.081
Underweight or  
normal (<25kg/m²)

475 4.8 451 6.0

Overweight (25–30 
kg/m²)

295 8.8 110 11.8

Obesity (≥30 kg/m²) 60 1.7 49 10.2
Upper-extremity 
MSD c

0.171b 0.179 b

No 797 5.8 580 6.9
Yes 42 11.9 37 13.5

Factors related to work 
organization 
Paced work 0.454 0.745 b

No 734 5.9 555 7.0
Yes 89 7.9 38 7.9

Work pace dependent 
on automatic rate 

0.974 0.170 b

No 725 6.2 559 6.8
Yes 98 6.1 36 13.9

Work pace dependent 
on other technical 
organization 

0.369 0.608 b

No 596 6.5 527 7.4
Yes 226 4.9 65 4.6

Work pace dependent 
on colleagues’ work 

0.674 0.449

No 570 6.3 452 6.6
Yes 252 5.6 141 8.5

Work pace dependent 
on quantified targets

0.400 0.244

No 394 5.3 381 6.3
Yes 431 6.7 214 8.9

Work pace dependent  
on demand of 
customers 

0.104 0.247

No 456 4.8 308 8.1
Yes 372 7.5 297 5.7

Work pace dependent  
on permanent controls  
or surveillance
No 607 6.3 463 6.1
Yes 216 5.6 130 11.5

Job/task rotation (≥1 
job rotation per week)

0.181 0.661

No 491 7.1 381 6.8
Yes 313 4.8 205 7.8

Overtime hours 0.944 0.097
No 285 6.0 281 9.3
Yes 542 6.1 331 5.7

Work with temporary 
workers

0.460 0.017

No 596 5.7 450 5.8
Yes 241 7.1 166 11.5

High visual demand 0.355 0.407
No 681 5.7 498 6.8
Yes 156 7.7 110 9.1

Continued
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Table 3. Continued

 Men (N=839) Women (N=617)

N Incidence 
(%)

P- 
value a

N Incidence 
(%)

P- 
value a

Lack of prior information  
on amount of work to be  
done each day

0.401 0.712 b

No 719 6.3 589 7.5
Yes 117 4.3 27 3.7

Variable weekly  
working time

0.465 0.284

No 352 5.4 314 8.3
Yes 483 6.6 298 6.0

Temporary employment 0.356 b 0.759 b

No 785 6.4 574 7.5
Yes 50 2.0 40 5.0

Working postures and  
biomechanical constraints
High repetitiveness of 
tasks (≥4h/day)

0.874 0.425

No 664 6.2 445 6.7
Yes 171 5.9 162 8.6

High perceived physi-
cal exertion d

0.030 0.315

No 670 5.2 487 6.8
Yes 164 9.8 128 9.4

Repeated and sustained  
posture with the arms  
above shoulder level  
(≥2h/day)

0.004 0.202 b

No 743 5.3 551 6.9
Yes 94 12.8 62 11.3

Repeated and sus-
tained arm abduction 
(60–90°)

0.844 0.003

No 548 6.2 457 5.5
Yes 290 5.9 158 12.7

Holding hand behind 
the trunk (≥2h/day)

0.429 b 0.475 b

No 806 6.0 586 7.2
Yes 31 9.7 30 10.0

Use of handtools  
(≥2h/day)

0.928 0.250

No 399 6.0 388 6.4
Yes 438 6.2 223 9.0

Use of vibrating hand-
tools (≥2h/day)

0.609 0.652 b

No 680 5.9 592 7.3
Yes 158 7.0 20 10.0

Exposure to cold tem-
perature (≥4h/day)

0.764 b 0.061 b

No 785 6.2 591 6.9
Yes 53 3.8 21 19.1

Psychosocial factors  
at work
High psychological 
demand 

0.091 0.524

No 439 4.8 305 7.9
Yes 395 7.6 306 6.5

Low skill discretion 0.690 0.537
No 436 6.2 245 8.2
Yes 397 5.5 366 6.8

Low decision authority 0.444 0.416
No 591 5.6 376 6.7
Yes 244 7.0 238 8.4

Continued

Table 3. Continued

 Men (N=839) Women (N=617)

N Incidence 
(%)

P- 
value a

N Incidence 
(%)

P- 
value a

Low supervisor 
support 

0.208 0.120

No 511 5.3 388 6.2
Yes 323 7.4 218 9.6

Low coworker support 0.020 0.301

No 687 5.2 500 6.8
Yes 145 10.3  103 9.7  

a χ² test.
b Fisher exact test. 
c Lateral epicondylitis, ulnar tunnel syndrome, carpal tunnel syndrome, De 

Quervain’s disease and flexor-extensor peritendinitis or tenosynovitis of 
the forearm-wrist region. 

d RPE Borg scale ≥15 for men and ≥14 for women.

follow-up. For women, exposure to low coworker sup-
port, paced work, work pace dependent on automatic rate, 
work pace dependent on colleagues’ work, and work with 
temporary workers were more frequent for the workers 
lost to follow-up. We observed no difference in terms of 
shoulder pain at baseline.

Study population

Analyses were based on 1456 workers (839 men and 
617 women) without RCS at baseline (figure 1). More 
women (31.2%) experienced shoulder pain at baseline 
than men (25.9%), 8.6% of them declared symptoms 
lasting for >1 month during the preceding 12 months 
in the first questionnaire (versus 4.6% among men). 
The men worked mainly in the industry and services 
sectors, and the women in the services sector. The men 
were mainly skilled and unskilled blue-collar workers 
whereas the women were mainly low-grade white-collar 
workers (table 2).

Diagnosis at follow-up

RCS was diagnosed in 51 men (6.1%) and 45 women 
(7.3%), without statistical difference between genders. 
The right shoulder was involved in 52 cases, the left 
shoulder in 26 cases, and 18 cases were bilateral.

Risk factors

Bivariate analyses showed that personal characteristics, 
work organization, biomechanical factors, and psycho-
social factors at work were associated with incident 
RCS (table 3).

For men, age was the strongest predictor of incident 
RCS, with an increased risk until 49 years of age. Work-
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skilled building maintenance workers, storekeepers, 
and mechanical machinery assemblers). In addition, low 
coworker support increased the risk of RCS. 

For women, age was the strongest predictor of inci-
dent RCS. Both working with colleagues in temporary 
employment and repeated and sustained arm abduction 
(60–90°) were associated with RCS (table 5). A total of 19 
women had incident RCS and worked with  colleagues in 
temporary employment, and 8 of these were lower-grade 
white-collar workers (hospital cleaners, secretaries, shop 
cashiers, waitresses and bartenders, etc) and 8 were blue-
collar workers (cleaners, chemical, rubber and plastic 
product assemblers, meat-and food-processing machine 
operators, shoe and leather workers, cleaners, etc). Most 
of them were in permanent employment (89.5%). None 
of the factors related to the work organization remained 
in the final models for either gender. 

Sub-cohort without RCS and shoulder pain for more 
than one month at baseline

In the sub cohort of workers without RCS and shoulder 
pain for >1 month at baseline (797 men and 551 women), 
RCS was diagnosed in 44 men (5.5%) and 36 women 
(6.5%), without statistical difference between genders. 
As shown in table 6, the risk factors remained the same. 
For men, low coworker support was of borderline of 
significance (P=0.066) as was working with colleagues 
in temporary employment (P=0.060) for women.

Table 4. Multivariate model of risk factors for incident rotator cuff syndrome (RCS) in the male working population.a

 Men (N=825; 51 RCS)

Model 1 Model 2

 N % OR 95% CI P-value N % OR 95% CI P-value

Age     0.001     0.001
<40 444 3.2 1 444 3.2 1
40-44 161 6.8 2.3 1.0–5.2 161 6.8 2.3 1.0–5.2
45-49 132 12.9 4.6 2.2–9.8 132 12.9 4.7 2.2–10.0
≥50 88 10.2 3.6 1.5–8.8 88 10.2 3.7 1.5–9.0

High perceived physical exertion b 0.163
No 662 5.3 1
Yes 163 9.8 1.6 0.8–3.2

Repeated and sustained posture with the arms 
above shoulder level (≥2h/day)

0.043

No 732 5.3 1
Yes 93 12.9 2.2 1.0–4.7

High perceived physical exertionb and repeated and 
sustained posture with the arms above shoulder 
level (≥2h/day)

0.014

No factor 613 4.9 1
One factor 168 8.3 2.0 1.0–3.8
Both factors 44 15.9 3.3 1.3–8.4

Low coworker support 0.033 0.035
No 681 5.3 1 681 5.3 1
Yes 144 10.4 2.0 1.1–3.9  144 10.4 2.0 1.1–3.9  

a Hosmer-Lemeshow goodness-of-fit test: P=0.540 in Model 1 and P=0.901 in Model 2.
b RPE Borg scale ≥15.

Table 5. Multivariate model of risk factors for incident rotator cuff 
syndrome (RCS) in the female working population.a

 Women (N=614; 45 RCS)

 N % OR 95% CI P-value

Age     0.002
<40 297 3.7 1
40–44 119 8.4 3.0 1.2–7.4
45–49 116 10.3 3.4 1.4–8.0
≥50 82 14.6 5.4 2.3–13.2

Work with temporary workers 0.016
No 448 5.8 1
Yes 166 11.5 2.2 1.2–4.2

Repeated and sustained arm  
abduction (60–90°)

0.003

No 457 5.5 1
Yes 157 12.7 2.6 1.4–5.0  

a Hosmer-Lemeshow goodness-of-fit test: P=0.820.

ing with repeated and sustained posture with the arms 
above shoulder level (≥2 hours/day) was associated 
with RCS. However, high perceived physical exertion 
was a confounding factor and kept in the final model 
(table 4, model 1). A variable combining arms above 
shoulder level and high perceived physical exertion was 
constructed (model 2). An elevated OR was observed for 
exposure to both factors. A total of seven men had inci-
dent RCS and worked with a combination of arms above 
shoulder level and high perceived physical exertion. Six 
of them were blue-collar workers (road haulage drivers, 
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Discussion

In this sample of workers free of RCS at baseline, 6.1% 
of men and 7.3% of women developed RCS. Age was 
the strongest predictor. High perceived physical exer-
tion, working with repeated and sustained posture with 
the arms above shoulder level and low coworker support 
were also associated with incident RCS for men and 
working with colleagues in temporary employment and 
repeated and sustained arm abduction (60–90°) were 
associated with incident RCS for women.

There was no difference in incidence of RCS 
between men and women in this study. In some studies, 
the prevalence of positive responses to clinical tests did 
not differ according to gender (3, 9, 27) but other stud-
ies have reported higher prevalence rates for men (1, 
2). However, in our study, work-related factors differed 
according to gender. This gender difference probably 
reflects differences in exposure to work constraints. 
Several studies have reported that even when the job 
title is the same, the job content is different between 
men and women (27–29).

Age was the strongest predictor of incident RCS 
for both genders. This is consistent with knowledge 
regarding the degenerative changes in the rotator cuff 
tendons occurring during ageing (9, 12, 30). Moreover, 
age was correlated with length of service, and an effect 
of cumulative exposure to biomechanical factors cannot 

be excluded. However length of service at baseline was 
not associated with RCS for either gender (P>0.20).

Recent studies have reported associations between 
clinically diagnosed shoulder disorders and personal 
factors, such as diabetes mellitus and waist and hip 
circumference (7, 9, 10, 12). Due to the small number 
of workers with diabetes mellitus, we could not study 
this factor. We did not find any association between BMI 
and incident RCS.

Working with repeated and sustained posture with 
the arms above the shoulder was the main biomechanical 
risk factor for incident RCS among men. Strong biome-
chanical evidence supports this finding since the main 
pathophysiological mechanisms of RCS are compres-
sion of the tendons between the humeral head and the 
coracoacromial arch and ischemia due to impingement 
or increased intramuscular pressure following extreme 
arm abduction (8, 30). The same result was reported for 
the prevalent cases at baseline (7), in agreement with 
other cross-sectional studies (3, 10). Svenden et al (11) 
reported that working with the arms in a highly elevated 
position was associated with MRI-diagnosed alterations 
in the supraspinatus tendon. Moreover, in our study 
the strength of this association increased when work-
ing with arms above the shoulder was combined with 
high perceived physical exertion. Silverstein et al (3) 
showed that the combination of upper arm flexion ≥45° 
and forceful exertion was a significant risk factor for 
RCS. Repeated and sustained arm abduction (60–90°) 

Table 6. Multivariate model of risk factors for incident rotator cuff syndrome (RCS) in the subcohort of workers without shoulder pain 
for more than one month at baseline. a

 Men (N=784; 44 RCS) Women (N=548; 36 RCS)

 N % OR 95% CI P-value N % OR 95% CI P-value
Age <0.001 0.001
<40 428 2.6 1 279 2.5 1
40-44 154 6.5 2.7 1.1–6.4 106 4.7 2.1 0.7–6.1
45-49 119 12.6 5.8 2.5–13.1 92 5.4 3.4 1.3–9.0
≥50 83 9.6 4.3 1.7–11.3 66 13.6 6.4 2.5–16.3

Work with temporary workers 0.060
No 404 3.5 1
Yes 139 8.6 2.0 1.0–4.3

High perceived physical exertion b and  
repeated and sustained posture with the arms 
above shoulder level (≥2h/day)

0.009

0 587 4.3 1
1 158 8.2 2.3 1.1–4.7
2 38 15.4 3.7 1.4–10.0

Repeated and sustained arm abduction (60–90°) 0.001
No 409 3.9 1
Yes 134 7.5 3.3 1.6–6.9

Low coworker support 0.066
No 655 4.9 1
Yes 129 9.3 2.0 1.0–4.0       

a Hosmer-Lemeshow goodness-of-fit test: P=0.490 among men and P=0.983 among women. 
b RPE Borg scale ≥15.
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was associated with incident RCS for women, as in the 
analysis of prevalent cases (7). 

Working with temporary workers increased the risk 
of incident RCS in women. This mostly involved women 
in permanent employment, and we could hypothesize 
that the working load of such experienced women was 
increased because they may have had to spend part of 
their working time training less qualified colleagues in 
temporary work.

We found an association between incident RCS 
and low coworker support for men. Kaergaard et al (4) 
reported that low social support (from colleagues and 
supervisors) was associated with the development of a 
neck-shoulder disorder among female sewing machine 
operators. Other studies of RCS have not shown an 
association with psychosocial factors, and none of the 
dimensions of the Karasek Job Content Questionnaire 
have been shown to be more significant than any other 
(31).

A total of 56.6% of the baseline cohort were not able 
to be followed up for physical examination. Of these, 
58.5% were no longer being monitored by any OP of the 
network, because they had left their baseline jobs with-
out informing their OP or because their OP had refused 
to participate. The follow-up period coincided with a 
major economic crisis in the region during 2008–2009, 
when the regional salaried workforce declined by 3.4%, 
and even by 33.7% in temporary employment agencies 
according to the French Economic Institute (32). 

The lowest participation rate in this study was among 
young workers, workers in temporary employment at 
baseline, and those with a short length of service at base-
line. This was to be expected because of the difficulty 
of following up young workers in insecure employment. 
According to the literature, these workers often present 
fewer upper-extremity MSD, and this can lead to overes-
timation of the incidence of upper-extremity MSD. This 
was amplified by the economic crisis, which strongly 
affected temporary employment and younger workers. 
Workers with a risk factor for upper-extremity MSD 
at baseline generally less often underwent the second 
physical examination, even though workers in the indus-
trial sector in France have more frequent mandatory 
physical examinations. We suspect that the economic 
crisis may have excluded the workers most exposed to 
the risk of upper-extremity MSD from work (and from 
follow-up), including workers in industry. A study on the 
impact of loss to follow-up in epidemiological studies 
on upper-extremity MSD found (33) that the differences 
in the characteristics between participants and those lost 
to follow-up did not influence the risk ratios for asso-
ciations between exposure factors for upper-extremity 
MSD and upper-extremity MSD status. We therefore 
believe that there was no major selection phenomenon 
associated with the quality of the follow-up.

One of the limitations of our study was that we had 
no medical information between baseline and follow-up, 
so the cases occurring between the two examinations 
who were negative at follow-up were not considered as 
“incident cases” in our analyses. 

The design of the study meant that only the subjects 
still at work were included in the cohort. Indeed OP 
performed the physical examination, and they saw only 
employed people. A “healthy worker effect” may thus 
have occurred, meaning that subjects with RCS were 
more representative of milder RCS than severe RCS.

Trained OP clinically assessed RCS using a physical 
examination including standardized provocation tests 
(23). Due to cost and time limitations, direct exposure 
measurements by observation were not possible in this 
surveillance program. A self-administered questionnaire 
was used to assess the work-related factors. Answers 
were requested for a typical workday in the preceding 
12-month period to limit recall errors (34), and awkward 
postures were presented in picture form to facilitate 
workers’ understanding and increase the validity of 
self-assessment of postures. As far as possible, standard-
ized and validated instruments (such as the European 
consensus for biomechanical factors and the Karasek 
Job Content Questionnaire for psychosocial factors) 
were used (23, 26). However, the within- and between 
variability of posture were not assessed, and we cannot 
exclude the possibility that self-reporting of exposure 
may have biased risk estimates, since workers expe-
riencing shoulder pain at baseline may overrate their 
exposure levels (35). However, in the analysis without 
workers with chronic shoulder pain at baseline, the same 
risk factors were identified.

Some studies have reported physical exercise as a 
risk factor for incident shoulder pain (12, 36–38). Due 
to the length of our self-administered questionnaire, we 
preferred not to ask questions about sports, hobbies or 
life events. Although non-work activities may represent 
important confounders, we believe that their influence 
is probably not sufficient to affect the value of the study.

In conclusion, this study showed the multifactorial 
origin of incident RCS and highlighted a limited num-
ber of personal and work-related risk factors, differing 
according to gender. The effect of age was greater than 
that of work-related factors. Arm abduction was the 
major work-related risk factor. A psychosocial factor 
was significant only for men. Since age is not modifi-
able, mechanical and psychosocial exposure should be 
an important target for strategies for the prevention of 
RCS in the working population.
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