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Objectives The aim of this longitudinal study was to evaluate the risk of surgery for subacromial impingement
syndrome (SIS) in relation to neck-shoulder complaints and occupational biomechanical shoulder exposures.

Methods The study was based on the Musculoskeletal Research Database at the Danish Ramazzini Centre.

We linked baseline questionnaire information from 1993–2004 on neck-shoulder complaints, job titles, psychosocial work factors, body mass index, and smoking with register information on first-time surgery for SIS
from 1996–2008. Biomechanical exposure measures were obtained from a job exposure matrix based on expert
judgment. We applied multivariable Cox regression.

Results During 280 125 person-years of follow-up among 37 402 persons, 557 first-time operations for SIS

occurred. Crude surgery rates increased from 1.1 to 2.5 per 1000 person-years with increasing shoulder load.
Using no neck-shoulder complaints and low shoulder load at baseline as a reference, no neck-shoulder complaints and high shoulder load showed an adjusted hazard ratio (HRadj) of 2.55 [95% confidence interval (95%
CI) 1.59–4.09], while neck-shoulder complaints in combination with high shoulder load showed an HRadj of 4.52
(95% CI 2.87–7.13). Subanalyses based on 18 856 persons showed an HRadj of 5.40 (95% CI 2.88–10.11) for
complaints located specifically in the shoulder in combination with high shoulder load.

Conclusions Based on these findings, persons with neck-shoulder and especially shoulder complaints in combination with high shoulder load seem an obvious target group for interventions aimed at reducing exposures to
prevent surgery for SIS.

Key terms acromioplasty; force; job exposure matrix; job strain; posture; psychosocial factor; repetitive work;
shoulder; subacromial decompression; work.

Shoulder complaints with clinical findings presumed to
originate from subacromial structures have been designated as subacromial impingement syndrome (SIS) (1).
Increasing rates of surgery for SIS have been reported
(2, 3). In Denmark, a fourfold increase in annual rates of
surgery for SIS occurred during 1996–2008, reaching a
level of 1.5 per 1000 persons aged 18–63 years; within two
years after surgery, the risk of permanent work disability
was 9.8%, with low education level as a negative prognostic factor (4). Longitudinal evidence has been established

for an association between occupational biomechanical
exposures and shoulder complaints (5–7). There is also
evidence for an association with clinically diagnosed
SIS (8, 9), but few longitudinal studies have contributed
(10–13). Evidence for an association with rotator cuff tears
has been found in a case–control study (14) and in a case
series where the distribution of occupations was compared
with that of the general population (15). It is unknown,
whether occupational biomechanical shoulder exposures
are associated with an increased risk of surgery for SIS.
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Intuitively, neck-shoulder complaints are a likely
predictor of SIS, but – except for one study (16) – we are
not aware of studies that have confirmed this relationship. It also remains to be shown if persons are at a particular risk of surgery for SIS if they have neck-shoulder
complaints in combination with high occupational biomechanical exposures. If this is the case, persons who
develop neck-shoulder complaints while having a job
that entails high exposures constitute a group where
reduction of exposures would be especially warranted.
We have recently established the Musculoskeletal
Research Database (MRD) at the Danish Ramazzini
Centre as a basis for longitudinal studies of sufficient
size to evaluate risk factors for disorders that are severe
enough to be treated at hospital and thus become accessible for register linkage. The intention was to bridge the
gap between purely register-based studies, which lack
information on previous complaints and other potential
risk factors, and resource-demanding prospective studies with future results. At present, the MRD comprises
questionnaire data from nine previous studies of musculoskeletal symptoms in the Danish working population
or selected occupational groups. This is the first study
to take advantage of the MRD and a new job exposure
matrix (JEM) for the shoulder.
The aim of this longitudinal study was to evaluate
the risk of surgery for SIS in relation to neck-shoulder
complaints and occupational biomechanical shoulder
exposures. We hypothesized that neck-shoulder complaints and occupational biomechanical shoulder exposures would each increase the risk.

Public Transfer Payments to allow subanalyses, excluding
persons who had left the labor market. The Danish Data
Protection Agency authorized the MRD and the present
study. In Denmark, register and questionnaire studies
do not require approval by committees on biomedical
research ethics.
Outcome
During follow-up, we identified first-time operations for
SIS in the Danish National Patient Register. The register
contains data on all admissions to public somatic hospitals
since 1977 and outpatient contacts since 1995. Visits to
private hospitals have been registered since 2001, but
reporting from private hospitals was not compulsory until
15 September 2007; before 2000, shoulder surgery in
private hospitals was rare in Denmark (4). The outcome
included surgery performed under a main diagnosis in
the International Classification of Diseases, 10th revision,
groups M75.1– M75.9 (rotator cuff syndrome, bicipital
tendinitis, calcific tendinitis, impingement syndrome,
bursitis, and other and unspecified shoulder disorders) or
M19 (other arthrosis) without a subordinate diagnosis of
M75.0 (adhesive capsulitis of shoulder) and registered
with one or more Danish Nordic Medico-Statistical Committee (NOMESCO) shoulder and upper-arm surgery
codes in the groups KNBA (exploratory procedures),
KNBE and KNBF (procedures on synovia and ligaments),
KNBG, KNBH, and KNBK (acromioplasty), and KNBL
and KNBM (procedures on bursae and tendons).
Neck-shoulder complaints

Methods
Study cohort
Table 1 presents the original studies I–IX (17–28) and
their contribution to the MRD, which comprises 39 590
persons. A total of 265 persons participated in two studies,
and one person participated in three; for these persons,
we selected the questionnaire dataset that was most
informative for the present study. We excluded persons
who were <18 or ≥70 years old at start of follow-up
(N=2 and N=109, respectively), underwent any kind
of shoulder surgery between 1 January 1996 and start
of follow-up according to the Danish National Patient
Register (29) (N=115), died or emigrated before start
of follow-up according to the Danish Civil Registration
System (N=31), or were missing baseline information on
occupational title (N=263) or neck-shoulder complaints
(N=1668). Studies I and IV in table 1 comprised historical
cohorts; we retrieved information on permanent transfer
incomes at baseline from the Danish National Register on

The original studies VIII and IX in table 1 asked: “How
much have you been bothered by pain or complaints in
your neck or shoulders within the past 12 months?” (not
at all, very little, a little, somewhat, quite a lot, much, very
much). Study V asked the same question for neck and
shoulders separately. The remaining studies used Nordicstyle questions: “What is the total length of time that you
have had neck (/shoulder) pain or complaints during the
last 12 months?” (five or six response categories), only
study I asked about pain or complaints during the last 12
months (no/yes). We classified patients as having neckshoulder complaints if they had been at least somewhat
bothered by neck-shoulder symptoms, reported neck
and/or shoulder symptoms for ≥8 days within the last 12
months, or answered yes to at least one no/yes question.
In subanalyses, we used specific information on shoulder
complaints from the seven studies that allowed this.
Occupational biomechanical shoulder exposures
We constructed a shoulder JEM and allocated exposure
estimates to each participant by combining self-reported
Scand J Work Environ Health 2013, vol 39, no 6
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Table 1. Description of nine original studies (reference) that have contributed to the Musculoskeletal Research Database (MRD) at the
Danish Ramazzini Centre.
Study

I
II
III
IV
V
VI
VII
VIII
IX
a

Baseline Original
Original
year proportion number of
who
respondents
responded
(%)

The Nurses’ Aides Study (17)
Project on Deboning in Pig Slaughterhouses (18)
Project on Research and Intervention in Monotonous work, the PRIM health study (19, 20)
Project on Shoulder Disorders and Postural Load Factors (21)
Neck and Upper extremity Disorders Among Technical Assistants, the NUDATA study (22, 23)
Project on Work at Institutions for Adults with Disabilities (24)
Project on Cleaners and Shop Assistants (25)
The FAUST study of employees at 39 work sites (26, 27)
The ASUSI study of a working population sample (28)

1993
1993
1994
2000
2000
2001
2001
2002
2004

74
82
75
≥70
73
72
89
71
70

4616
2463
3123
2053
6943
799
2704
4006
14 241

Participants in
MRD a
N

%
women

4612
2119
2964
2053
6942
362
2558
4005
14 241

98
7
58
0
63
82
100
62
49

The MRD comprises 39 590 unique persons, of whom 265 participated in two of the original studies and one participated in three. Civil registration system numbers were not always available, which explains why not all the original participants were included in the database.

baseline information on occupational title with exposures from the JEM. To construct the JEM, we excluded
185 obsolete or very rare occupational titles from the
2227 occupational titles in the Danish version of the
International Standard Classification of Occupations
(D-ISCO 88) and divided the remainder into 172 groups
of jobs that were expected to have similar exposure
profiles regarding computer use and the exposures
mentioned below. We then selected 11 job groups that
covered a wide range of exposures. Five experienced
occupational health physicians consensus-rated these 11
groups so that they could serve as benchmarks, which
allowed the experts to calibrate their estimates to a common scale (30). For each of the job groups that were
left, the experts independently rated (i) the mean force
exerted with the hand and arm across a full working day
relative to the maximal strength of a “standard person”
(a healthy 35-year-old male), using a 5-point force-score
scale (0=light, 1=somewhat hard, 2=hard, 3=very hard,
4=near maximal) (31). The experts also rated the mean
number of hours per working day (in half-hour intervals)
with (ii) upper-arm elevation >90°, and (iii) moderately
and highly repetitive work (≥4–<15 and ≥15 movements
of the upper arm per minute, respectively).
The benchmarks and the mean values of the experts’
ratings were included in the JEM. We categorized the
force-score as <1.5, ≥1.5–<2.5, or ≥2.5, the duration
of upper-arm elevation >90° as 0, >0–<1, or ≥1 hours/
day, and repetitive work as moderately repetitive work
<2, ≥2–<4, ≥4 hours/day, or highly repetitive work. The
last-mentioned category was chosen in case of highly
repetitive work ≥0.5 hours/day, but among persons who
fulfilled this criterion, 94% had a duration which was
≥6 hours/day and the duration was ≥3 hours/day for the
remaining persons. We also calculated a joint exposure
measure. Persons were classified as having high shoulder load if they fulfilled at least one of the following
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criteria: a force-score ≥3, upper-arm elevation >90° ≥1
hours/day, highly repetitive work ≥0.5 hours/day, and
moderately repetitive work ≥4 hours/day. Persons were
classified as having medium shoulder load if they performed highly repetitive work <0.5 hours/day and fulfilled at least one of the following criteria: a force-score
>1.5–<3, upper-arm elevation ° ≥0.5–<1 hours/day, and
moderately repetitive work ≥2–<4 hours/day. Those,
who fulfilled all of the following criteria, were classified
as having low shoulder load: a force-score ≤1.5, upperarm elevation >90° <0.5 hours/day, highly repetitive
work <0.5 hours/day, and moderately repetitive work <2
hours/day. Furthermore, we subdivided the group with
high shoulder load into three categories depending on
the number of high exposures (force-score, upper-arm
elevation, repetitive work).
Psychosocial work and other potential risk factors
All questionnaires asked about psychosocial work factors based on the Karasek-Theorell three-factor model.
Studies V, VIII, and IX (table 1) asked global single-item
questions on job demands, job control, and social support at work, eg: “How demanding do you feel your job
is all in all?” (six response categories). The remaining
studies used multi-item scales (four or five response
categories). With regard to job demands and job control,
global single items and corresponding multi-item scales
have been found to measure the same constructs (32).
To combine single- and multi-item scales, we recoded
the multi-item scales to global scales ranging from 1
(good) to 6 (bad). We then dichotomized the resulting
variables at the median. Smoking status (never smoker,
ex-smoker, current smoker) was available from all the
studies with the exception of studies II and VII, and
height and weight were available from all the studies
with the exception of study II. We calculated body
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mass index (BMI) as weight / height square (kg/m2).
Furthermore, we used information on sex, age, and
original study.
Education level was assessed based on unemployment insurance fund membership at baseline according
to the Danish National Register on Public Transfer
Payments. In the MRD, this information was missing
for 748 persons, for whom we assessed education level
based on D-ISCO 88 codes, and for 316 persons who
received cash benefit (a part of the lowest level of the
social safety net in Denmark). We categorized education level as higher/medium, vocational, and low (4);
persons who received cash benefit were included in the
low category. A priori, we decided not to include education level in the main analyses to avoid over-adjustment
due to correlations with occupational biomechanical
exposures.
Statistical analysis
We used multivariable Cox regression analyses stratified
by original study and calculated hazard ratios (HR) with
95% confidence intervals (95% CI). Follow-up time was
calculated from 1 January 1996 or from the date when
the questionnaire was completed, whichever came last,
until the date of first-time surgery for SIS or censoring
due to other types of shoulder surgery, emigration, age 70
(to allow five years of follow-up after the usual Danish
retirement age of 65 years), death, or end of follow-up by
31 December 2008, whichever came first. We ensured that
the proportional hazards assumption was met by means of
a global test, which also comprised a variable-by-variable
test (33, 34). Additionally, we checked if comparable
results were found in three separate time periods (1996–
2001, 2002–2006, and 2007–2008). Likelihood-ratio
tests were used to examine interactions between neckshoulder complaints and shoulder load and between job
demands and job control (job strain) (35). We addressed
the problem of missing information on BMI and smoking
status in specific studies using the likelihood-ratio test
to compare the model including these variables and the
corresponding model excluding them in analyses, which
left out study II and – with respect to smoking status –
also study VII. To check that our results were consistent
across original studies and questionnaire styles (Nordic
versus other), we performed supplementary, unstratified
analyses, which included original study and questionnaire
style, respectively.
To estimate the potential for prevention, we calculated the excess fraction of cases among the exposed
by multiplying the aetiologic fraction, (HRadj-1)/HRadj
for medium and high shoulder load, respectively, by
the number of operations within each of these exposure categories, then summing up the excess numbers,
and finally dividing the sum by the total number of

operations among the exposed and converting to percent.
Analyses were carried out with STATA 12 software
(StataCorp LP, College Station, TX, USA).

Results
The study cohort comprised 37 402 persons, 15 845 men
and 21 557 women, who represented 1131 occupational
titles, 929 among men and 696 among women. The
most frequent occupational titles with high shoulder
load were slaughterhouse workers, car mechanics, house
painters, poultry workers, and carpenters among men,
and cleaners, poultry workers, slaughterhouse workers,
sewing-machine operators, and postal workers among
women, accounting for 71% and 86% of jobs with high
shoulder load among men and women, respectively. Of
9559 persons with high shoulder load, 23% had one high
exposure, 53% had two, and 24% had three (slaughterhouse workers and wood industry workers). The most
frequent jobs with medium shoulder load were machinists, technical assistants, and farmers/agricultural workers among men and nurses’ aides, nurses, and childcare
workers among women.
Table 2 lists baseline characteristics of the study
cohort according to shoulder load. Job control, social
support at work, and education level showed skewed
distributions; the correlation coefficient between shoulder load and education level was 0.76. The percentages
that received permanent transfer incomes at baseline
were 2.1%, 3.4%, and 6.1% for participants with low,
medium, and high shoulder load, respectively. The
mean age [standard deviation (SD)] in these exposure
categories was 43.1 (SD 10.1), 43.9 (SD 9.9), and 43.6
(SD 11.5), respectively. The one-year prevalence of
neck-shoulder complaints was 45%: 35% among men
and 53% among women. Across categories of increasing shoulder load, the prevalence of neck-shoulder
complaints among men increased from 27% to 33% to
43%. The corresponding percentages for women were
47%, 57%, and 57%. Specific information on shoulder
complaints was available for 20 094 persons, and 40%
reported such complaints within the past 12 months,
29% among men and 45% among women; neck complaints were present for 24% of those who did not report
shoulder complaints.
During 280 125 person-years of follow-up, 557 firsttime operations for SIS occurred, corresponding to an
incidence rate of 2.0 per 1000 person-years, 2.1 among
men and 1.9 among women. The mean follow-up time
was 7.5 years. In the time periods 1996–2001, 2002–
2006, and 2007–2008, the mean age of cases was 48,
50, and 50 years, respectively. Among persons censored
due to age, only one person was operated later, at age 73.
Scand J Work Environ Health 2013, vol 39, no 6
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Table 2. Baseline characteristics of the study cohort (N=37 402)
according to shoulder load, a joint measure of occupational
mechanical exposures.
Shoulder load
Low
N=15 758
Sex
Women
Men
Smoking status
Never smoker
Ex-smoker
Current smoker
Missing
Body mass index
<25 kg/m2
≥25–<30 kg/m2
≥30 kg/m2
Missing
Job demands
Low
High
Missing
Job control
High
Low
Missing
Social support at work
From leaders and
colleagues
From leaders, only
From colleagues, only
No social support
Missing
Education level
Higher/medium
Vocational
Low

Medium
N=12 085

N

%

N

9847
5911

62 8320
38 3765

6963
3964
4203
628

%

High
N=9559
N

%

69
31

3390
6169

35
65

44 4159
25 2891
27 4614
4 431

34
24
38
4

1568
1299
2573
4119

16
14
27
43

9283
4745
1378
352

59 7296
30 3468
9 1033
2 288

60
29
9
2

3707
2817
887
2148

39
29
9
23

10 245
5389
124

65 7223
34 4061
1 801

60
34
7

5583
3886
90

58
41
1

10 069
5525
164

64 5246
35 6010
1 829

43
50
7

2855
6575
129

30
69
1

7558

48 5574

46

2150

22

1155
2830
3919
296

7 616
18 2629
25 2313
2 953

5
22
19
8

1514
1229
4391
275

16
13
46
3

14 102
1185
471

90 3200
8 7255
3 1630

26
60
13

360
2587
6612

4
27
69

Overall, 13% (N=73) of the operations were performed
in private hospitals, ranging from 11% in the groups with
medium and high shoulder load to 22% in the group with
low shoulder load. From 1996–2001, no private hospital operations occurred; from 2002–2006, 11% of the
operations were performed in private hospitals, and from
2007–2008, the percentage was 27%. Table 3 presents the
risk of surgery for SIS in relation to specific occupational
biomechanical exposures and shoulder load. There was a
significantly increasing trend with increasing exposures.
Crude surgery rates increased from 1.1 to 2.5 per 1000
person-years with increasing shoulder load, and a trend
analysis for an increment of one category of shoulder load
showed an HRadj of 1.42 (95% CI 1.17–1.71). When we
restricted the analyses to participants in the labor market
at baseline, results did not change. Based on the observed
number of cases among participants with medium and
high shoulder load, respectively, and the corresponding
HRadj in table 3, the excess fraction of cases among the
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exposed was 43%, distributed with 26%, 39%, and 46%
in the time periods 1996–2001, 2002–2006, and 2007–
2008, respectively (period-specific HRadj not shown).
Table 4 presents risk of surgery for SIS in relation to
combinations of neck-shoulder complaints and forceful
work, work with elevated arms, and repetitive work.
Each of these exposures increased the risk of surgery,
both among participants without neck-shoulder complaints and among participants with such complaints.
Neck-shoulder complaints combined with high exposures conveyed the highest risks.
Table 5 displays risk of surgery for SIS in relation
to combinations of neck-shoulder complaints and shoulder load. BMI and smoking status did not contribute
significantly to the adjusted model (P=0.38). The HRadj
was 4.52 for neck-shoulder complaints combined with
high shoulder load. The correlation coefficient between
education level and the variable that combined neckshoulder complaints and shoulder load was 0.42. Inclusion of education level in the adjusted model reduced
the HR but did not change the overall pattern of associations – eg, for neck-shoulder complaints combined
with high shoulder load, inclusion of education level
reduced the HRadj to 3.10 (95% CI 1.86–5.17). Separate
results for men and women were similar to those for the
total cohort (results not shown). No interaction was seen
between job demands and job control (P=0.22). Supplementary, unstratified analyses, which included the original study and questionnaire style, respectively, did not
reveal any significant effects of these factors (results not
shown). Subanalyses based on 18 856 persons showed
an HRadj of 5.40 (95% CI 2.88–10.11) for complaints
located specifically in the shoulder in combination with
high shoulder load (the remainder of the 20 094 persons
with specific information on shoulder complaints missed
other relevant information). For the same subpopulation, the maximum HRadj for neck-shoulder complaints
in combination with high shoulder load was 4.90 (95%
CI 2.54–9.42).

Discussion
This longitudinal study of 37 402 persons showed
that a force-score of ≥2.5 points, upper-arm elevation >90° for ≥1 hours/day, and highly repetitive work
for ≥3 hours/day entailed an approximately doubled
risk of surgery for SIS. With increasing shoulder load,
crude surgery rates increased from 1.1 to 2.5 per 1000
person-years. The excess fraction of cases among the
exposed was 43%. When compared to participants with
no neck-shoulder complaints and low shoulder load,
neck-shoulder complaints in combination with high
shoulder load carried a four-fold risk, and the risk was

Svendsen et al

Table 3. Risk of surgery for subacromial impingement syndrome in relation to specific occupational biomechanical exposures and
shoulder load. Results of Cox regression analyses including one exposure variable at a time and stratified by original study. [95% CI=95%
confidence interval; HRadj=adjusted hazard ratio]
Exposure

Cases

Person-years at risk

HRcrudea

HRadjb

95% CI

Forceful work (force-score)
<1.5 points
≥1.5–<2.5 points
≥2.5 points

136
282
139

111 554
113 441
55 131

1
1.52
2.22

1
1.52
1.74

∙·
1.11–2.07
1.16–2.64

Arm elevation >90o
0 hours/day
>0–<1 hour/day
≥1 hour/day

274
127
156

154 856
64 689
60 581

1
1.60
1.98

1
1.53
1.61

·∙
1.14–2.05
1.06–2.45

Repetitive work
Moderately repetitive work <2 hours/day
Moderately repetitive work ≥2–<4 hours/day
Moderately repetitive work ≥4 hours/day
Highly repetitive work

353
35
75
94

193 648
16 119
33 382
36 976

1
1.20
1.41
1.87

1
1.20
1.34
1.76

·∙
0.78–1.83
0.88–2.05
1.05–2.96

Shoulder load
Low
Medium
High

115
236
206

100 792
96 682
82 651

1
1.63
2.18

1
1.64
1.96

·∙
1.19–2.26
1.33–2.89

a
b

Adjusted for age, which was used as the underlying time variable. Number of observations: 37 402.
Adjusted for job demands, job control, social support at work, sex, smoking status, body mass index, and age, which was used as the underlying time
variable. Number of observations: 29 962.

Table 4. Risk of surgery for subacromial impingement syndrome in relation to combinations of neck-shoulder complaints and specific
occupational biomechanical exposures. Results of Cox regression analyses including one exposure variable at a time and stratified by
original study. [95% CI=95% confidence interval; HRadj=adjusted hazard ratio]
Complaints and exposure

Cases

Person-years at risk

HRcrudea

HRadjb

95% CI

No complaints – force-score <1.5 points
No complaints – force-score ≥1.5–<2.5 points
No complaints – force-score ≥2.5 points
Complaints – force-score <1.5 points
Complaints – force-score ≥1.5–<2.5 points
Complaints – force-score ≥2.5 points

46
60
57
90
222
82

64 266
50 628
28 840
47 287
62 813
26 291

1
1.47
3.13
2.69
4.26
4.79

1
1.45
2.01
2.66
4.23
4.05

∙
0.93–2.28
1.15–3.53
1.82–3.89
2.79–6.42
2.42–6.77

No complaints – arm elevation >90o 0 hours/day
No complaints – arm elevation >90o >0–<1 hours/day
No complaints – arm elevation >90o ≥1 hours/day
Complaints – arm elevation >90o 0 hours/day
Complaints – arm elevation >90o >0–<1 hours/day
Complaints – arm elevation >90o ≥1 hour/day

63
39
61
211
88
95

75 563
38 138
31 034
80 293
26 551
29 547

1
1.43
2.66
2.61
4.68
4.25

1
1.41
2.15
2.74
4.43
3.38

∙
0.90–2.20
1.23–3.74
2.00–3.79
3.01–6.52
1.99–5.74

No complaints – moderately repetitive work <2 hours/day
No complaints – moderately repetitive work ≥2 hours/day
No complaints – highly repetitive work
Complaints – moderately repetitive work <2 hours/day
Complaints – moderately repetitive work ≥2 hours/day
Complaints – highly repetitive work

92
29
42
261
81
52

100 554
24 878
18 303
93 095
24 623
18 673

1
1.21
3.14
2.77
3.45
3.60

1
1.31
3.03
2.92
3.31
3.62

∙
0.79–2.17
1.53–6.03
2.21–3.84
2.17–5.04
1.95–6.72

a
b

Adjusted for age, which was used as the underlying time variable. Number of observations: 37 402.
Adjusted for job demands, job control, social support at work, sex, smoking status, body mass index, and age, which was used as the underlying time
variable. Number of observations: 29 962.
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Table 5. Risk of surgery for subacromial impingement syndrome in relation to combinations of neck-shoulder complaints and shoulder
load, psychosocial work factors, and sex, while adjusting for age; body mass index and smoking status did not contribute significantly
to the adjusted model. Results of Cox regression analyses stratified by original study. [95% CI=95% confidence interval; HRadj=adjusted
hazard ratio]
Risk factors

Cases

No complaints - low shoulder load
No complaints - medium shoulder load
No complaints - high shoulder load
Complaints - low shoulder load
Complaints - medium shoulder load
Complaints - high shoulder load
Job demands
Low
High
Job control
High
Low
Job demands × job control (interaction term)
Social support at work
From leaders and colleagues
From leaders, only
From colleagues, only
No social support
Sex
Male
Female

Person-years at risk

HRcrudea

HRadjb

95% CI

36
53
74
79
183
132

58 716
43 209
41 811
42 077
53 473
40 841

1
1.80
3.06
3.08
4.83
5.40

1
1.58
2.55
3.02
4.66
4.52

·∙
0.99–2.51
1.59–4.09
2.02–4.52
3.05–7.12
2.87–7.13

294
230

168 550
101 379

1
1.21

1
1.13

·∙
0.94–1.36

170
355

115 516
153 986

1
1.42

1
1.22

·∙
1.00–1.50

∙

∙

∙

1.28 c

0.86–1.89

196
47
110
167

111 332
28 078
50 236
76 662

1
0.78
1.16
1.10

1
0.70
1.02
0.91

·∙
0.49–0.99
0.80–1.29
0.71–1.17

241
316

112 563
167 562

1
0.80

1
0.77

·∙
0.60–0.99

Adjusted for age, which was used as the underlying time variable. Number of observations: 37 402.
Mutually adjusted for all variables in the table and for age, which was used as the underlying time variable. Number of observations: 35 574.
c Likelihood-ratio test P=0.22.
a

b

more than five-fold for complaints located specifically
in the shoulder in combination with high shoulder load.
Several of the original studies in the MRD have
been rated as being among the highest quality studies
in international reviews of occupational risk factors for
shoulder (9) and other musculoskeletal (36–39) disorders. Additionally, the present study benefited from the
fact that the MRD represents large exposure contrasts
when compared to general population samples of comparable size, which increased the power of the study
to detect effects of high, but less prevalent exposures.
A methodological limitation was that, in general, we
did not have information on non-responders. However,
responses were obtained from ≥70% in all the original
studies (table 1), and we stratified the analyses by
original study to account for differences between studies
regarding participation at baseline as well as assessment
of psychosocial variables and neck-shoulder complaints.
We used an expert-based JEM to obtain exposure
estimates independently of the symptom status of the
participants. If we had relied on self-reported exposure
estimates, recall bias could have inflated the associations. Four of the original studies (II, III, IV, and V in
table 1) included observations or technical measurements of shoulder exposures. The experts knew the
results of these exposure assessments when they rated
the job groups for the JEM, which presumably increased
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the validity of their ratings, and our findings of exposure–response relations indicated that the JEM had a
high predictive validity. However, the experts’ ratings
were not validated against other exposure estimates,
which means that the results may not accurately reflect
the risk of surgery associated with the exact exposure
categories that we applied. We are currently addressing
this issue using technical measurements.
The shoulder load variable was constructed to capture the joint biomechanical exposure, which could be
due to any of the three generic exposures (forceful work,
work with elevated arms, repetitive work) or a combination of two or all three of them. Since risks associated
with one or more exposures were lumped together,
analyses using the variable might underestimate risks
associated with combined exposures. However, 77% of
the participants with high shoulder load had a combination of at least two exposures.
We assumed that exposures did not change markedly after baseline. However, among participants with
neck-shoulder complaints, a slight decline in HR adj
was observed when exposures increased from medium
to high force-scores and durations of arm elevation,
which was not observed among participants without
neck-shoulder complaints (table 4). This suggests a
healthy worker selection, which may have caused us to
underestimate exposure-related risks of surgery for SIS.

Svendsen et al

The one-year prevalence of neck-shoulder complaints was 45%, which agreed with previously reported
general population means of 40% (40, 41), considering the composition of the cohort. Baseline shoulder
complaints could have been part of the indication for
surgery rather than a predictor of SIS leading to surgery.
However, the risk of surgery would then be expected to
decrease with time since baseline, which was contradicted by the fact that we found proportional hazards.
Denmark has a public and free healthcare system,
which minimizes socioeconomic differences in access
to surgery, and we think that our results can be generalized to other countries with easy access to surgery for
SIS. Still, our results suggested that persons with low
shoulder load had easier access to private treatment.
Since private hospitals did not have to report to the Danish National Patient Register until 2007, we may have
underestimated surgery rates especially among persons
with low shoulder load, and thus overestimated associations with exposures. In that case, the excess fraction of
cases among the exposed would be expected to be lower
in 2007–2008 than in the preceding period; we observed
quite the opposite. Moreover, selective underreporting
of around 100 cases in the group with low shoulder load
would be necessary to eliminate the association, which
seems unrealistic (cf. table 3). Another aspect is that
persons with medium and high shoulder load may have
had to fulfill tighter indications for surgery, in which
case we underestimated what their surgery rates would
have been had they had equal access to treatment.
The relations between exposures and risk of surgery
for SIS could be due to an increased risk of SIS or a
higher probability of surgery given SIS. Persons with
high exposures depend on a good shoulder function to
continue to work, and in case of SIS they may be more
likely to seek treatment. On the other hand, surgeons
may expect a poorer prognosis for patients, who intend
to return to highly exposed jobs, and in particular, they
may be reluctant to offer surgery in case of workers’
compensation claims, which have been linked with a
poorer prognosis (42, 43). Irrespective of the extent to
which our results reflected an increased risk of SIS or
a higher probability of surgery given SIS, the findings
of the present study, combined with the previously
reported risk of permanent work disability after surgery
(4), suggest that persons with low education level and/
or high shoulder load have an increased risk of surgery
and an increased risk of subsequent work disability. In
our opinion, such a combination of risks calls for preventive measures.

each carried a doubled risk of surgery for SIS, and that
persons with neck-shoulder complaints in combination
with high shoulder load had a four-fold risk, when compared to participants with no neck-shoulder complaints
and low shoulder load. The risk was more than five-fold
for complaints located specifically in the shoulder in
combination with high shoulder load. Based on this,
we think that persons, who develop neck-shoulder and
especially shoulder complaints while having a job with
high biomechanical shoulder exposures, constitute an
obvious target group for interventions to reduce exposures in order to prevent surgery for SIS.
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