This article was downloaded by: [Lund University Libraries]
On: 6 October 2009
Access details: Access Details: [subscription number 910412225]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Ergonomics
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713701117

Risk of musculoskeletal disorders among females and males in
repetitive/constrained work
Catarina Nordander a; Kerstina Ohlsson a; Ingrid Åkesson a; Inger Arvidsson a; Istvan Balogh a; Gert-Åke
Hansson a; Ulf Strömberg a; Ralf Rittner a; Staffan Skerfving a
a
Division of Occupational and Environmental Medicine, University Hospital, Lund, Sweden
Online Publication Date: 01 October 2009

To cite this Article Nordander, Catarina, Ohlsson, Kerstina, Åkesson, Ingrid, Arvidsson, Inger, Balogh, Istvan, Hansson, Gert-Åke,

Strömberg, Ulf, Rittner, Ralf and Skerfving, Staffan(2009)'Risk of musculoskeletal disorders among females and males in
repetitive/constrained work',Ergonomics,52:10,1226 — 1239
To link to this Article: DOI: 10.1080/00140130903056071
URL: http://dx.doi.org/10.1080/00140130903056071

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

Ergonomics
Vol. 52, No. 10, October 2009, 1226–1239

Risk of musculoskeletal disorders among females and males in repetitive/constrained work
Catarina Nordander*, Kerstina Ohlsson, Ingrid Åkesson, Inger Arvidsson, Istvan Balogh, Gert-Åke Hansson,
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This paper combines epidemiological data on musculoskeletal morbidity in 40 female and 15 male occupational
groups (questionnaire data 3720 females, 1241 males, physical examination data 1762 females, 915 males) in
order to calculate risk for neck and upper limb disorders in repetitive/constrained vs. varied/mobile work and
further to compare prevalence among oﬃce, industrial and non-oﬃce/non-industrial settings, as well as among
jobs within these. Further, the paper aims to compare the risk of musculoskeletal disorders from repetitive/
constrained work between females and males. Prevalence ratios (PR) for repetitive/constrained vs. varied/mobile
work were in neck/shoulders: 12-month complaints females 1.2, males 1.1, diagnoses at the physical examination
2.3 and 2.3. In elbows/hands PRs for complaints were 1.7 and 1.6, for diagnoses 3.0 and 3.4. Tension neck
syndrome, cervicalgia, shoulder tendonitis, acromioclavicular syndrome, medial epicondylitis and carpal tunnel
syndrome showed PRs 4 2. In neck/shoulders PRs were similar across oﬃce, industrial and non-oﬃce/nonindustrial settings, in elbows/hands, especially among males, somewhat higher in industrial work. There was a
heterogeneity within the diﬀerent settings (estimated by bootstrapping), indicating higher PRs for some groups.
As in most studies, musculoskeletal disorders were more prevalent among females than among males.
Interestingly, though, the PRs for repetitive/constrained work vs. varied/mobile were for most measures
approximately the same for both genders. In conclusion, repetitive/constrained work showed elevated risks when
compared to varied/mobile work in all settings. Females and males showed similar risk elevations. This article
enables comparison of risk of musculoskeletal disorders among many diﬀerent occupations in industrial, oﬃce
and other settings, when using standardised case deﬁnitions. It conﬁrms that repetitive/constrained work is
harmful not only in industrial but also in oﬃce and non-oﬃce/non-industrial settings. The reported data can be
used for comparison with future studies.
Keywords: physical examination; questionnaire; tension neck syndrome; shoulder; upper limb

1.

Introduction

Musculoskeletal disorders of the neck and upper limbs
are widespread in the populations of industrialised
countries, leading to individual suﬀering and large
costs (Buckle and Devereux 2002). Several studies have
shown relationships between physical and psychosocial
risk factors at work and such disorders (Bernard 1997,
National Research Council 2001, Östergren et al.
2005); therefore, there should be a substantial potential
for prevention (Melhorn and Gardner 2004).
Risk factors described include repetitive movements and constrained postures (Walker-Bone and
Cooper 2005), often in combination since work tasks
that demand repetitive hand motions also imply
constrained neck postures due to visual demands.
Although numerous studies concerning work-related
musculoskeletal disorders have been published, limited evidence for causality exists. For example, a
recent systematic review (Palmer and Smedley 2007)
found only moderate evidence for a causal
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relationship between repetitive shoulder movements
and chronic neck pain. Thus, further research is still
needed.
Traditionally, industrial repetitive tasks have been
associated with musculoskeletal disorders of the upper
extremity (Chung et al. 2005). Many jobs outside of the
industrial sector can also be described as repetitive
(such as cleaning and hairdressing) or constrained
(such as dentistry) and elevated risks have been
reported (Leino et al. 1999, Åkesson et al. 2000,
Gamperiene et al. 2003). A growing concern is
computerised oﬃce work, leading to pain and
discomfort in the neck and upper limb (Wahlström
2005). It is not clear, however, whether such jobs are as
riskful as the repetitive industrial ones. As reported
data on disorder prevalence in speciﬁc work tasks or
exposures have used diﬀerent deﬁnitions for case
ascertainment, the estimated risks within and among
diﬀerent occupational settings cannot be adequately
compared using current evidence (Kuorinka et al.
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1987, Ohlsson et al. 1994b, Palmer et al. 2000, Sluiter
et al. 2001, Andersen et al. 2007).
Upper extremity musculoskeletal disorders are
more prevalent among females than among males,
even when adjusting for some work factors (Treaster
and Burr 2004). There is however a lack of data on
possible diﬀerences in the relative risk of repetitive/
constrained work tasks between genders, which may
inﬂuence gender musculoskeletal disorders diﬀerences.
An often used method for assessment of musculoskeletal complaints is the Nordic Questionnaire
(Kuorinka et al. 1987, Descatha et al. 2007). This
research group has used this as well as a standardised
physical examination method with pre-deﬁned criteria
for diagnoses (Ohlsson et al. 1994a) in many diﬀerent
occupational groups. By combining data from previous studies, there is now a database that can be used
to describe diﬀerences among jobs based on consistent
case deﬁnitions.
This paper aims to combine data on musculoskeletal
morbidity, assessed by questionnaire as well as by a
physical examination, in diﬀerent occupational groups,
in order to calculate the risk for musculoskeletal
disorders among workers with repetitive/constrained
work as compared to workers with varied mobile work.
Further, the paper aims to compare the prevalence of
disorders among oﬃce, industrial and non-oﬃce/nonindustrial settings, as well as among diﬀerent jobs within
these settings and ﬁnally to compare the risk of
musculoskeletal disorders from repetitive/constrained
work between females and males.
2.

Materials and methods

2.1.

Occupational groups

The study base comprised all workers in all occupational groups who have been screened for musculoskeletal disorders by the current research group or, in
some cases, by other research groups in cooperation
with the present group. The groups have each been
recruited for separate epidemiological studies. All
occupational groups that consisted of at least 30
male or 30 female workers with homogeneous work
tasks, in total 43 groups, were included (Table 1). A
total of 12 groups had both female and male workers,
28 had female workers only and three had male
workers only. All surveys were cross-sectional.
The groups were examined between 1986 and 2005
(Table 1). Most of the individual studies have already
been published elsewhere in separate publications, see
Table 1 for references. For the rest, a short presentation is given below:
Group 7: These males mixed rubber chemicals for
rubber production. Their work was mostly performed
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standing and walking and involved some heavy lifting.
They had a varied pattern of motion with frequent
pauses.
Group 15: Among the males in this group, 124 were
examined in 1990 and have been described earlier
(Nordander et al. 1999). The remaining 32 caretakers
were examined in 2004 and since they had the same
kind of work tasks they were added to the group.
Groups 16 and 19: Female nurses in a psychiatric and
an orthopaedic ward respectively. Due to the
diﬀerences in patients admitted, the latter ones had
more heavy lifting.
Group 18: Among the females in this group, 71 were
examined in 1990 and have been described earlier
(Ohlsson et al. 1994b, Nordander et al. 1999). The
remaining 44 day nursery workers were examined in
2004 and, since they had the same kind of work tasks,
they were added to the group.
Group 22: These males spent their entire working days
standing at a table, cutting up pork shoulders or pork
hams.
Group 32: In addition to the workers described by
Juul-Khristensen et al. (2001, 2002), the group
included 25 Swedish female poultry-processing
workers with the same work tasks.
Group 43: Traditional hairdressing.
Group 38: Male and female dentists with ordinary
dentistry work.
Group 40: Diagnostic ultrasound examinations of
patients by hand-held sonographic devices.
Group 42: Dentistry hygienists. The work tasks in the
group examined in 2005 are more constrained than was
the case in 1986 (group 39), involving more grinding
and harder materials.

The groups were divided into two categories,
namely, repetitive/constrained and varied/mobile work.
Repetitive work was deﬁned according to Silverstein
et al. (1986); a cycle time 530 s or 450% of the cycle
time involved the same fundamental cycle. Constrained
work implied that 450% of working time involved
prolonged awkward postures. Often, work was
repetitive for the hands and constrained for the neck.
Of course, there is no sharp demarcation line
between these categories. In two cases, grouping was
not obvious (groups 5, air traﬃc control and 6,
information service, telephone), These were
categorised as varied/mobile. The categorisation into
repetitive/constrained or varied/mobile work was for
most groups performed prior to the data collection,
since they were each selected for epidemiological
studies. Hence, care was taken that the assessors were
not aware of the disorder prevalences when
categorising the groups. Further, within each category
the groups were divided according to their
occupational settings (oﬃce, industrial and non-oﬃce/
non-industrial).
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Table 1. Description of the diﬀerent occupational groups including type of work, gender (F ¼ female, M ¼ male), number
of participating subjects (N), participation rate* (Part), age (mean and SD), employment (Empl) time (mean and SD),
assessment method for disorders (disorders: Nordic Questionnaire{ (Q), 3720 females and 1241 males; physical examination (E),
1762 females and 915 males), year of examination and references to earlier publications.

Group

Type of work
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Varied/mobile
Oﬃce
1
Varied oﬃce work
2
Varied oﬃce work
3
Partly VDU work
4

Varied oﬃce work

5

Air traﬃc control

6

Information service,
telephone Industrial
Rubber mixing
Varied industrial work

7
8

Non-oﬃce/non-industrial
9
Various work
10
Farming
11
Nursing work
12
Nursing work
13
Caring of children and elderly
14
Grocery store work
15
Caretaker work
16
Nursing, psychiatry
17
Home-help service
18
Day nursery work
19
Nursing, orthopaedics
Repetitive/constrained
Oﬃce
20
Data entry, giroform Industrial
21
Spot-welding, car manufacturing
22
23

Meat cutting
Mink fur sorting

24
25
26
27

Light assembly, thermoset
Parquet slats sorting
Light assembly, ceramics
Fish processing

28

Injection moulding, rubber

29
30

Light assembly, thermoset
Forceful assembly, brakes

31

Laminate production

32
Poultry processing
Non-oﬃce/non-industrial
33
Dentistry, nurses
34
Milking, tethering
35
Hairdressing
36
Dentistry, dentists
37
38

Cleaning, extended organisation
Dentistry, dentists

Age

Empl time

Gender

N

Part
(%)

F
F
F
M
F
M
F
M
F

32
93
186
122
33
41
90
97
67

100
100
89
88
100
100
100
100
76

44
44
45
46
38
43
37
41
45

10
11
10
9
9
10
8
10
11

11
15
16
18
12
16
10
13
21

10
8
9
10
9
12
8
10
13

QE
QE
QE
QE
QE
QE
QE
QE
Q

1987
1990
1995
1995
1992
1992
2002
2002
1989

M
F
M

77
35
31

100
100
100

41
34
36

13
12
12

16
9
9

14
8
10

QE
QE
QE

2001
1992
1992

F
F
F
F
F
F
M
F
F
F
F

60
108
152
30
255
32
156
155
42
115
73

97
65
79
100
86
100
99
77
100
99
83

38
44
40
42
42
40
44
41
37
39
36

8
10
11
11
11
11
12
12
14
12
11

9
16
13
8
8
10
12
15
6
11
12

6
11
8
8
7
6
10
11
6
10
11

Q
Q
Q
Q
Q
QE
QE
Q
QE
QE
Q

1986
1992
1992
1987
1990
1987
2004
2002
1990
2004
2002

13
14
14
15
1, 3
1, 2, 3

F
F
M
M
F
M
F
F
F
F
M
F
M
F
F
M
F
M
F

146
42
137
90
58
86
147
151
82
206
116
83
37
32
90
67
87
89
59

80
74
81
99
94
85
100
100
100
87
92
92
99
100
98
97
100
100


44
31
31
36
35
34
35
38
46
39
41
42
41
42
41
33
40
39
35

13
7
9
9
10
11
13
11
12
14
14
12
12
10
10
10
13
12
6

17
1
1
12
3
3
5
10
19
6
9
14
11
15
11
6
11
12
6

9
1
1
8
3
3
6
8
10
6
9
11
11
7
7
6
9
10
5

Q
Q
Q
QE
Q
Q
Q
QE
QE
QE
QE
QE
QE
QE
QE
QE
QE
QE
Q

1989
1997
1997
2005
1989
1989
1986
1998
1987
1990
1990
2001
2001
1997
2003
2003
1992
1992
1997

12
16

F
F
F
F
M
F
F
M

115
162
166
33
39
111
65
56

95
80
54
97
95
95
100
100

37
44
31
37
37
44
47
52

9
12
9
8
9
11
11
14

14
18
8
11
10
14
15
18

8
13
9
8
9
8
12
12

Q
Q
Q
Q
Q
QE
Q
Q

1986
1992
2004
1986
1986
1994
2003
2003

Mean

SD

Mean

SD

Disorders

Year

References

1, 2, 3
4, 5
6, 7, 8, 9
6, 7, 8, 9
10
11
11
12
10

4, 5

12
12
1, 3, 17, 18
19, 20, 21
1, 2, 3
4, 5
5
22
22
22
22
10, 23
24, 25
13
14, 26, 27
28
13, 29
13
30

(continued)
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Table 1. (Continued).

Group

Type of work

39
40
41
42
43

Dentistry, hygienists
Medical ultrasonic work
Cleaning, traditional organisation
Dentistry, hygienists
Hairdressing

Gender

N

Part
(%)

F
F
F
F
F

30
33
135
51
78

100
100
89
100
93

Age

Empl time

Mean

SD

Mean

SD

Disorders

Year

References

41
47
45
45
43

7
9
9
11
12

7
13
15
14
24

4
9
6
10
14

Q
Q
QE
QE
QE

1987
2005
1994
2005
2005

15
30
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*For some of the groups, the original study bases were larger, but some subjects could not be reached or refrained from participation. Not
known for group 32.
{
Two females in group 3, two males in group 15 and six males in group 27 answered the questionnaire but did not participate in the
physical examination.
1 ¼ Pålsson et al. 1997; 2 ¼ Ohlsson et al. 1995; 3 ¼ Norlund et al. 2000; 4 ¼ Ohlsson et al. 1994b; 5 ¼ Nordander et al. 1999; 6 ¼ Hansson
et al. 2000b; 7 ¼ Hansson et al. 2001; 8 ¼ Nordander et al. 2000; 9 ¼ Balogh et al. 2004; 10 ¼ Hansson et al. 2000a; 11 ¼ Arvidsson et al. 2006;
12 ¼ Hansson and Mikkelsen 1997; 13 ¼ Åkesson et al. 2000; 14 ¼ Stål et al. 1996; 15 ¼ Åkesson et al. 1999; 16 ¼ Byström et al. 2004;
17 ¼ Ohlsson et al. 1988; 18 ¼ Ohlsson et al. 1989; 19 ¼ Persson et al. 2003; 20 ¼ Garde et al. 2003; 21 ¼ Balogh et al. 2006; 22 ¼ Nordander
et al. 2008; 23 ¼ Balogh et al. 1999; 24 ¼ Juul-Kristensen et al. 2001; 25 ¼ Juul-Kristensen et al. 2002; 26 ¼ Stål and Hansson 1999; 27 ¼ Stål
et al. 2000; 28 ¼ Veiersted et al. 2008; 29 ¼ Åkesson et al. 1997; 30 ¼ Unge et al. 2007).

2.2. Subjects
The study population comprised all subjects in the 43
diﬀerent occupational groups who were presently
employed when each study was performed (including
those on sick leave). A questionnaire survey was
performed in all these groups, answered by 3720
female (participation rate 87%) and 1241 male (95%)
workers (Table 1). In 23 of the groups, a physical
examination was performed on all workers. All
together, 1762 females (98%) and 915 males (97%)
participated.
The mean age for females with repetitive/constrained work was 40 years and the mean employment
time was 12 years. Males in this category had a mean
age of 37 years and a mean employment time of 8
years. Corresponding ﬁgures for varied/mobile work
was 41 years and 12 years for females, 43 years and 14
years for males.
2.3.

Questionnaire

Pain or discomfort in the diﬀerent body regions during
the past 12 months, as well as the past 7 d, was recorded
in all groups by the Nordic Questionnaire (Kuorinka
et al. 1987, Descatha et al. 2007). For all groups that
participated in the physical examination, the questionnaire was ﬁlled out during an interview, for the rest it
was administered as a mailed questionnaire.
2.4.

Physical examination

All workers in groups 1–5, 7, 8, 14, 15, 17, 18, 22, 25–
31, 37 and 41–43 were examined by a standardised
physical examination of the neck and upper limb
(Ohlsson et al. 1994a), immediately after the interview.

Diagnoses were set according to predeﬁned criteria
(Table 2). To increase sensitivity for diagnosing
peripheral nerve entrapments, the criteria have been
revised since the original publication, in accordance
with a recommended standardised method of
examination (Sluiter et al. 2001, Nordander et al.
2008). As all ﬁndings have been saved, recalculation of
the prevalences in earlier studies has been made
according to this. In groups 1, 14 and 26 some
diagnoses could not be redeﬁned because the original
examination scheme was too short. Hence, these
groups lack data on elbows/hands diagnoses. The
inter-examiner reproducibility of the method has been
shown to be generally good (Nordander 2004). Data
on separate shoulder, elbows and hand diagnosis will
be presented for the right side.
2.5. Statistical methods
The mean prevalences for the subjects with repetitive/
constrained and varied/mobile work respectively, as
well as the prevalence ratios (PRs) for repetitive/
constrained vs. varied/mobile work, for complaints
and diagnoses, were calculated.
For repetitive/constrained work, data were also
presented as mean prevalences among oﬃce, industrial
and non-oﬃce/non-industrial settings. Further, to
evaluate diﬀerences among groups within occupational
settings with repetitive/constrained work, in settings
with at least four groups of the same gender, the chisquared test was used to see if the prevalence of
complaints or diagnoses was similar across studies. In
order to quantify the heterogeneity across a set of
studies, the studies were ordered with regard to their
observed prevalence of complaints. The estimated
slope should approximately reﬂect the absolute change
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Criteria for the 19 predeﬁned diagnoses of disorders of the neck and upper limbs.

Diagnosis

Criteria

Tension neck syndrome

Neck pain; sense of fatigue or stiﬀness in the neck; pain radiating from the neck to the back
of the head; tightness of muscles (in at least two out of four possible); tender spots in the
muscles (in at least three out of eight possible localisations).
Pain radiating from the neck to the upper extremity; limited neck movement; radiating pain
provoked by test movements; decreased sensibility in hands/ﬁngers; muscle weakness of
the upper limb.
Neck pain; limited mobility (in at least four out of six possible directions). Diagnosis only if
tension neck syndrome or cervical syndrome is not present.
Pain radiating of the upper extremity, in the distribution of the ulnar nerve; paresthesia in
the distribution of the ulnar nerve; positive Roos’ test (increase of the subjective
symptoms, not only fatigue); intense tenderness over the brachial plexus. Diagnosis only
if tension neck syndrome or cervical syndrome is not present.
Shoulder pain; progressive stiﬀness of the shoulder during the last 3–4 months; limited
outward rotation and abduction.
Shoulder pain; local tenderness over the tendon insertion; pain at resisted isometric
abduction.
Shoulder pain; local tenderness over the tendon insertion; pain at resisted isometric
outward rotation.
Shoulder pain; local tenderness over the tendon(s); pain at resisted isometric elevation of
the arm (straight and elevated 908) and/or resisted isometric ﬂexion of the elbow (ﬂexed
908 and hand supinated).
Shoulder (epaulet) pain; palpable tenderness of the joint; pain provoked by horizontal
adduction and/or by outward rotation of the arm (908 abducted, with ﬂexed elbow).
Elbow pain; palpable tenderness of the lateral epicondyle; pain at resisted isometric
extension of the wrist; pain and/or weakness in gripping.
Elbow pain; palpable tenderness of the medial epicondyle; pain at resisted isometric ﬂexion
of the wrist.
Wrist pain; palpable tenderness of the tendons of the ﬁrst dorsal compartment of the wrist;
positive Finkelstein’s test.
Wrist pain; palpable tenderness of the tendon(s); local swelling; redness or heat.
Hand pain; palpable tenderness of the thenar, hypothenar and interossei muscles, and of
the wrist capsule.
Nocturnal numbness of the hand; paresthesia in the distribution of the median nerve;
positive Tinel’s sign over the carpal tunnel and/or positive Phalen’s test and/or decreased
sensibility in the distribution of median nerve and/or decreased strength in opposition of
the thumb.
Pain of the medial/proximal part of the forearm; local tenderness over the edge of m.
pronator teres; pain and decreased in pronation and/or decreased ﬂexion strength of the
wrist and/or of the distal phalanxes of the ﬁngers I-II.
Pain in the elbow during rest; pain of the proximal, lateral part of the forearm; tenderness
about 5–8 cm distally of the lateral epicondyle and pain at resisted isometric supination.
Pain and paresthesia or numbness in the distribution of the ulnar nerve; positive Tinel’s sign
over the cubital tunnel.
Pain and paresthesia or numbness in the distribution of the ulnar nerve; decreased
sensibility of the ﬁngers IV-V and/or positive Tinel’s sign over Guyon’s tunnel (volar/
ulnar at the wrist) and/or decreased strength in spreading the ﬁngers.

Cervical syndrome
Cervicalgia
Thoracic outlet syndrome

Frozen shoulder
Supraspinatus tendonitis
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Infraspinatus tendonitis
Bicipital tendonitis
Acromioclavicular syndrome
Lateral epicondylitis
Medial epicondylitis
De Quervain’s disease
Peritendinitis/tenosynovitis
Overused hand syndrome
Carpal tunnel syndrome

Pronator teres syndrome
Radial tunnel syndrome
Ulnar nerve entrapment at the elbow
Ulnar nerve entrapment at the wrist

Note: All symptoms and ﬁndings were required.

in prevalence across a set of k studies (the study with
the lowest prevalence was coded as 0, the following
studies were coded as 1/(k-1), 2/(k-1) and so on, until
the study with the highest prevalence, which hence
was coded as 1, taking into account outcome data
from all studies. The slope estimate should be fairly
similar to the diﬀerence between the highest and
lowest prevalence. Clearly, also when the prevalence
is assumed to be homogeneous across the studies,
one should expect a positive change in prevalence
across studies that are ordered with regard to
prevalence. Under the homogeneity assumption, the

expected change was set to the median of 1000 slopes
obtained by bootstrap simulations (see below). The
excess absolute change in prevalence (EAC) across a
set of studies was calculated by subtracting the
expected change under the homogeneity assumption
from the estimated slope based on the observed data.
By bootstrap simulations, subjects within each study
were re-sampled with replacement in order to assess
the number of subjects with complaints (Efron and
Tibshirani 1993). Based on a simulated dataset, the
studies were ordered according to prevalence and a
new slope was estimated by a weighted linear
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regression analysis (the number of study subjects as
the study weight). A corresponding procedure was
employed under the homogeneity assumption; with
the exception that subjects were randomly allocated
to the studies (the total number of subjects in each
study should not vary, however). The 95% CI for
the EAC corresponds to the 2.5th and 97.5th
percentiles of the distribution of the the slopes minus
the expected change obtained from 1000 bootstrap
simulations.
To enable comparisons between genders, all results
were presented separately for females and males.
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3. Results
3.1. Repetitive/constrained vs. varied/mobile work
In total, 52% of the females and 32% of the males with
repetitive/constrained work reported last 7 d complaints in the neck/shoulder region, yielding PR about
1.5 for females, around one for males when compared
to varied/mobile work (Table 3, Figure 1a). Complaints in elbows/hands were less common (females
38%, males 25%) while the diﬀerence between the
categories was larger than for neck/shoulders; PR was
about two for females and 1.5 for males. The 12 month
complaint prevalence was about 60% for neck/
shoulders in the groups with varied/mobile work, for
females as well as males. Although it was higher for
repetitive/constrained work, the PRs were only slightly
above 1. In contrast, for elbows/hands, lower

‘background prevalences’ for 12-month complaints
and larger PRs were shown.
Neck/shoulder diagnoses prevalences were 38% in
females and 22% in males with repetitive/constrained
work, which for both genders was more than two-fold
as common as in varied/mobile work (Table 3,
Figure 2a). A similar pattern for elbows/hands was
found with PRs around 3.
The most common diagnosis was tension neck
syndrome (Table 4). Although also quite prevalent in
varied/mobile work, it was 2.6 times as common for
females and almost four times as common for males
with repetitive/constrained work. Elevated PRs (all
above 2) were also shown for repetitive/constrained
work, as compared to varied/mobile work for
cervicalgia (females only) and for right-sided shoulder
tendonitis, acromioclavicular syndrome, medial
epicondylitis and carpal tunnel syndrome.
In general, much higher prevalences were shown
for complaints and diagnoses in neck/shoulders than in
elbows/hands (Table 3, Table 4). Groups with a high
prevalence of elbows/hands diagnoses consistently also
showed a high prevalence of neck/shoulder diagnoses,
with one exception, group 22 (male meat cutters,
Figure 3). There was no obvious diﬀerence in this
pattern between females and males or between
repetitive/constrained and varied/mobile work.
In shoulders as well as in elbows/hands, right-sided
complaints and diagnoses were more prevalent than
left-sided ones (not shown in table).

Table 3. Prevalence of complaints during the last 12 months and last 7 d (Nordic Questionnaire; NQ), as well as at least one
diagnosis (physical examination; PE). Number of subjects examined in each occupational setting (N). Prevalence ratios (PR),
with 95% CI, for subjects with repetitive/constrained work in oﬃce*, industrial and non-oﬃce/non-industrial (NO/NI) work, as
well as all three combined, vs. all subjects with varied/mobile work{.
Females

Males

Repetitive/constrained
NQ (N)
PE (N)

Oﬃce
146
–
%

Neck/shoulders
Complaints:
12 months
7d
Diagnosis
Elbows/hands
Complaints:
12 months
7d
Diagnosis

Industrial
1037
731
%

NO/NI
979
375
%

All
2162
1106
%

77
58

73
52
37

72
46
40

73
52
38

59
38

63
44
12

54
31
17

58
38
14

Varied/
mobile
1558
656
%

Repetitive/constrained

PR (CI)

Industrial
622
393
%

NO/NI
95
–
%

61
34
17

1.2 (1.1–1.3)
1.5 (1.4–1.7)
2.3 (1.9–2.8)

62
32
22

66
34

35
19
4.6

1.7 (1.6–1.8)
2.0 (1.8–2.3)
3.0 (2.1–4.5)

56
27
9

33
8

Varied/
mobile
524
522
%

PR (CI)

63
32
22

56
29
9.8

1.1 (1.0–1.2)
1.1 (0.9–1.3)
2.3 (1.7–3.2)

51
25
9.2

33
17
2.7

1.6 (1.4–1.8)
1.5 (1.2–1.9)
3.4 (1.9–6.2)

All
717
393
%

Questionnaire data from 3720 females and 1241 males, physical examination from 1762 females and 915 males{.
*Females only since no data on male subjects with repetitive/constrained oﬃce work were available.
{
Results shown in bold face statistically signiﬁcant, 95% CI exceeds 1.0.
{
Data on elbows/hands diagnoses lacking on 146 females since the original dataset did not allow redeﬁnition of diagnoses with the revised critera.
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Figure 1. Prevalence of complaints during the last 7 d in neck/shoulders (a) and elbows/hands (b) in 43 diﬀerent
occupational groups (see Table 1 for description), assessed by the Nordic Questionnaire in 3720 females (grey columns) and
1241 males (white columns). The 95% CI for the prevalence in each group is indicated by a line. The mean prevalences for
males and females in the varied/mobile groups are indicated by dotted lines.

3.2. Diﬀerences among and within occupational
settings
Among females with repetitive/constrained work, PR
for neck/shoulder complaints for last 7 d in oﬃce work
was 1.7 (95% CI 1.5–2.0; derived from Table 3), in

industrial work 1.6 (1.4–1.7) and in non-oﬃce/
non-industrial work 1.4 (1.2–1.5). Among males, PR
for repetitive/constrained industrial work was 1.1
(0.9–1.3); non-oﬃce/non-industrial work 1.2 (0.8–1.6).
Further, concerning PR for diagnoses, females in
repetitive constrained industrial work was 2.2
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Figure 2. Prevalence of at least one diagnosis in neck/shoulders (a) or elbows/hands (b), in 23 diﬀerent occupational groups (see
Table 1 for description), from a physical examination of 1758 females (grey columns) and 915 males (white columns). The 95%
CI for the prevalence in each group is indicated by a line. The mean prevalences for males and females in the varied/mobile
groups are indicated by dotted lines.

(1.8–2.7); in non-oﬃce/non-industrial work 2.4 (2.0–
3.0). Hence, their PRs for repetitive/constrained work
vs. varied/mobile work among the diﬀerent settings
showed similar levels. In elbows/hands, PRs were
somewhat higher for repetitive/constrained industrial
work than for the other settings, especially among
males.

The PRs for each group with repetitive/constrained
work as compared to mean levels for varied/mobile
work can be derived from Figures 1 and 2. Within
several of the settings, considerable diﬀerences were
shown among the diﬀerent working groups.
Concerning neck/shoulder last 7 d complaints in
repetitive/constrained work, homogeneity test yielded

10
3.1
0.2
0.5
2.5
1.4
2.5
2.8
0.3
1.7
0.5
0.2
0.0
0.3
0.5
0.2
1.8
0.5
0.2

26
6.2
1.0
0.7
6.1
4.3
5.9
7.0
0.7
3.3
1.6
0.6
1.0
1.2
1.0
0.8
6.1
0.8
1.3

Varied/mobile
N ¼ 656
%
(2.0–3.3)
(1.4–4.2)
(0.8–50)
(0.4–5.9)
(1.4–4.2)
(1.6–6.4)
(1.4–4.1)
(1.5–4.2)
(0.5–11)

1.9 (1.0–3.8)
3.5 (1.0–12)
3.4 (0.4–29)
–
3.4 (0.8–15)
2.2 (0.6–7.7)
4.6 (0.6–37)
3.3 (1.8–6.1)
1.8 (0.5–6.5)
7.5 (1.0–57)

2.6
2.4
6.5
1.6
2.5
3.1
2.4
2.5
2.4

PR (CI)

1.5
2.3
0.3
0.5
0.3
0.3
0.3
3.8
0.5
0.5

11
3.3
0.3
0.3
5.6
4.6
3.8
6.4
0.0

Repetitive/constrained
N ¼ 393
%

Data from 1762 females and 915 males{.
*Results shown in bold are statistically signiﬁcant, 95% CI exceeds 1.0.
{
Data on elbows/hands diagnoses lacking on 146 females since the original dataset did not allow redeﬁnition of diagnoses with the revised critera.

Neck-shoulders
Tension neck syndrome
Cervicalgia
Cervical syndrome
Thoracic outlet syndrome
Supraspinatus tendonitis
Infraspinatus tendonitis
Bicipital tendonitis
Acromioclavicular syndrome
Frozen shoulder
Elbows-hands
Lateral epicondylitis
Medial epicondylitis
Pronator syndrome
Cubital tunnel syndrome
Radial tunnel syndrome
Peritendinitis/tenosynvitis
De Quervains’ disease
Carpal tunnel syndrome
Guyon’s canal syndrome
Over-used hand syndrome

Repetitive/constrained
N ¼ 1106
%

Females

1.5
0.6
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.2

2.9
2.3
0.4
0.2
2.1
1.1
1.1
1.1
0.2

Varied/mobile
N ¼ 522
%

Males

(2.2–6.9)
(0.7–3.1)
(0.1–7.3)
(0.1–21)
(1.3–5.4)
(1.6–9.9)
(1.3–8.5)
(2.3–13)
(–)
1.0 (0.3–2.8)
4.0 (1.1–15)
–
–
1.3 (0.1–21)
–
–
–
–
2.7 (0.2–29)

3.9
1.4
0.7
1.5
2.7
4.0
3.3
5.5
0.0

PR (CI)

Table 4. Prevalence of deﬁned diagnoses on the right side (physical examination). Prevalence ratio (PR), with 95% CI for subjects with repetitive/constrained vs. varied/
mobile work*.
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Figure 3. Prevalence of at least one neck/shoulders vs. at
least one elbows/hands diagnosis, as assessed by a
standardised physical examination (see Table 1 for
description). The linear regression line with 95% CI was
obtained by bootstrap simulation (continuous lines). Also,
the line of identity (dotted line) is shown. The sizes of the
symbols are proportional to the number of subjects in each
group. *Varied/mobile, females (six groups); {varied/mobile,
males (six groups); {repetitive/constrained, females (10
groups); xrepetitive/constrained, males (ﬁve groups).

p 5 0.001 and EAC was 22 (CI 13–34)% for females
and p 5 0.001, EAC 16 (CI 8.6–29)% for males, in
industrial work, and p 5 0.001, EAC 25 (CI 21–40)%
for females in non-oﬃce/non-industrial work. For
elbows/hands complaints, corresponding ﬁgures were
p 5 0.001, EAC 27 (CI 16–39)% for females and
p ¼ 0.001, EAC 16 (CI 10–30)% for males in industrial
work. For females with non-oﬃce/non-industrial work,
p 5 0.001 and EAC 22 (CI 17–37)% was shown.
A similar pattern was found for diagnoses. Thus, in
neck/shoulders homogeneity test yielded p 5 0.001,
EAC 5.8 (CI–0.8–20)% for females, and p ¼ 0.16,
EAC 4.5 (CI–2.2–20)% for males, in industrial work,
and p ¼ 0.03, EAC 9.8 (CI–0.1–27)% for females in
non-oﬃce/non-industrial work. In elbows/hands, for
females p ¼ 0.001, EAC 13 (CI 4.2–21)%, for males
p ¼ 0.02, EAC 8.5 (CI 0.5–16)% in industrial work.
Finally, for females in non-oﬃce/non-industrial work
p ¼ 0.06, EAC 5.5 (CI–1.0–16)%.
3.3.

Females vs. males

In most groups that included both genders, females
showed a higher prevalence of disorders (Figure 1a,b,
Figure 2a,b). The mean diﬀerences between females
and males were larger in repetitive/constrained than in
varied/mobile work. However, the PRs for repetitive/
constrained work vs. varied/mobile were for most
measures as high for males as for females.

Discussion

Substantially increased risks of musculoskeletal
disorders in the neck and upper limbs were shown for
repetitive/constrained work, especially for diagnoses.
PRs for complaints assessed by the Nordic
Questionnaire were in neck/shoulders only slightly
above 1. In fact, as about 60% of subjects with varied/
mobile work reported complaints during the last 12
months, PR above 2 for this measure was impossible.
In elbows/hands, where the prevalence in the referent
group was lower, PRs for complaints were higher,
between 1.5 and 2.0 for females as well as males.
On the other hand, PRs for at least one diagnosis
(assessed by the physical examination) were 42.0 for
both genders, in neck/shoulders as well as in elbows/
hands. The risks shown for at least one diagnosis were
mainly explained by a few speciﬁc diagnoses, each with
even higher risk estimates than the aggregated ones.
The by far most common diagnosis was tension neck
syndrome, which Palmer and Smedley (2007) recently
concluded had a causal relationship (PR 1.7) with
physical factors (repeated shoulder movements, neck
ﬂexion and static load, especially in combination), as
well as with psychosocial factors (high job demands,
low control over work and low social support at work).
The present data emphasise this, yielding PRs
considerably higher than their estimate.
High risks were also shown for shoulder tendonitis.
In the present groups, this was probably not because of
the well-known risk factor work above shoulder level
(Svendsen et al. 2004), but instead due to repeated
shoulder movements, earlier reported but not as well
established (Frost et al. 2002). Further, there was an
increased risk of acromioclavicular syndrome, most
obvious for males, seldom focused on before (Stenlund
et al. 1992). In the present study, PRs well above 2
were found for medial epicondylitis in both genders, in
accordance with Shiri et al. (2006). For lateral
epicondylitis the risk was elevated in females. The risk
factors for these disorders are most likely the same,
namely, repetitive and forceful wrist movements.
Finally, in accordance with Palmer et al. (2007b),
relative risks with PRs exceeding 2 were found for
carpal tunnel syndrome (prolonged or repetitive wrist
ﬂexion or extension, especially in combination with
high hand-force demands, being well known risk
factors).
The PR, i.e. the relative risk, is important in
judging whether or not a disorder in an exposed
aﬀected worker has been caused by a certain
occupational exposure or by other causes. A
reasonable approach is to make such a decision when
the literature shows an attributable fraction in the
exposed group of 450%, i.e. when the relative risk is
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above 2 (Palmer et al. 2007a). As discussed above, in
the present study, for repetitive/constrained work,
tension neck syndrome, supraspinatus-, infraspinatusand bicipital tendonitis, acromiclavicular syndrome,
medial epicondylitis and carpal tunnel syndrome all
showed PRs 42 in females and in males.
Repetitive work often implies a combination of
repeated motion in the hands, static loading of
the neck and shoulders and low decision latitude
(MacDonald et al. 2008). Constrained work involves
prolonged awkward postures and muscular contractions and may involve high mental demands; thus,
both physical and psychosocial factors may be
relevant. However, in the present material complaints
and diagnoses were generally more frequent in the
right than in the left arm, which suggests physical
workload as the main causal factor (Shiri et al. 2007).
Groups with a high risk of elbow/hand disorders
also had an increased risk of neck/shoulder ones.
Hence, actions to prevent elbow/hand disorders may
also protect the neck/shoulders.
The risk of repetitive/constrained work was not only
shown for industrial work, it was almost as high for oﬃce
and non-oﬃce/non-industrial settings. Further, there
was heterogeneity in disorder prevalence between groups
within the diﬀerent occupational settings with repetitive/
constrained work. Hence for some of the groups, the PRs
were much higher than the average. It is likely that these
heterogeneities are explained by underlying large diﬀerences concerning physical and/or psychosocial risk
factors among the diﬀerent groups in the same setting
(Andersen et al. 2002). Hence, for some of the groups, the
PRs were much higher than the average.
As in most studies, musculoskeletal disorders were
more prevalent among females than among males
(Roquelaure et al. 2006), even within the same workplace. Interestingly, though, the PRs for repetitive/
constrained work vs. varied/mobile were for most
measures approximately the same for both genders.
4.1.

Limitations

Since the present analysis is based on cross-sectional
studies, one cannot draw ﬁrm conclusions on causality. It
is possible that subjects with musculoskeletal disorders in
the neck/upper extremity more often than others choose
employments characterised by repetitive/constrained
work. However, this is considered to be highly unlikely.
Instead, there is a risk of a healthy worker selection, i.e.
aﬀected workers leaving work, which would falsely
reduce the risk estimates (Ohlsson et al. 1989, 1994b,
Nordander et al. 1999, 2008, Hansson et al. 2000a).
The response rate was generally high (except for a
few groups with questionnaire data only); thus, any
selection bias should be of minor importance.

The employment time varied among the groups
and subjects with short employment time may not yet
have developed disorders. For example, two groups
(group 21, spot welding and 23, mink fur sorting) with
highly repetitive work had low employment times and
low prevalences of disorders. In addition, the latter
group only had seasonal work (about 6 months per
year). Therefore, the EAC might be too large.
Since the data collection occurred over several
years, working conditions have changed for many
occupations. The categorisation into repetitive/
constrained and varied/mobile is, however, still valid.
The physical examinations were made by a few
examiners individually, but in very close cooperation.
Since the interviews and physical examinations were
performed in the workplaces, it was not possible to
blind the examiners to the exposure. Due to the high
degree of standardisation of the method, it is, however,
unlikely that this has inﬂuenced the results in any
signiﬁcant way.
The prevalence of musculoskeletal disorders in the
general population increases with age (Roquelaure
et al. 2006). Subjects in repetitive/constrained work
were, on average, younger than those in varied/mobile
work. Hence, confounding by age could not explain
the excess risk for the former.
In some studies, smoking has been reported to
predict neck/shoulder problems with odds ratios
between 1.1 and 1.8 (Viikari-Juntura et al. 2001,
Feveile et al. 2002, Palmer and Smedley 2007).
Unfortunately, for most groups, data on smoking were
not at hand, but it is plausible that smoking was more
common among workers with repetitive/constrained
work tasks than among those with varied/mobile such.
Indeed, 52% of the female ﬁsh-processing workers, but
only 26% of the female referents in that study, were
smokers (Nordander et al. 1999). Among the male
workers in the same study, there was no diﬀerence in
smoking habits. However, in that study, adjusting for
smoking in a multivariate analysis did not aﬀect the
prevalence odds ratios (PORs) for ﬁsh-processing
workers vs. referents as concerns musculoskeletal
disorders.
For females in the present study, calculations were
performed under the assumption that there was a large
diﬀerence in smoking habits between the categories. If
50% of the females with repetitive/constrained work
were smokers but only 25% of those with varied
mobile, and if the true PR for smoking is as high as 1.5,
the expected smoking-adjusted PR for at least one
diagnosis in neck/shoulders would be reduced from 2.3
to 2.0.
An increased risk of musculoskeletal disorders has
also been shown for a high BMI (relative risk 1.3 for
subjects with BMI above 29) (Viikari-Juntura et al.
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2001). The material does not include data on BMI, but
even if there was a systematic diﬀerence between the
groups concerning this condition, the inﬂuence on the
reported PRs can only be minor, in accordance with
smoking.
The present criteria for diagnoses are very close to
those suggested by others (Palmer et al. 2000, Sluiter
et al. 2001). However, diagnoses were included for two
regional pain syndromes, tension neck syndrome and
overused hand syndrome. In fact, tension neck syndrome was by far the most common diagnosis both in
repetitive/constrained and in varied/mobile work. Several authors have argued that the signs and symptoms
deﬁning this diagnosis are non-speciﬁc, thus excluding it
from examination schedules (Palmer et al. 2000, Sluiter
et al. 2001). However, with the present strict criteria
(Waris et al. 1979), the PR for repetitive/constrained
work was about three-fold, aﬀecting as many as onefourth of the females in such work. Tension neck
syndrome is a common reason for suﬀering, change of
work, long-term sick leave or disability pensioning and
is therefore of great importance.
4.2.

Conclusion

Repetitive/constrained work showed elevated risks when
compared to varied/mobile work in all settings. Females
and males showed similar risk elevations. Diagnoses set
at the physical examination yielded much higher risk
estimates than those attained by the Nordic Questionnaire, with PRs above 2 for several deﬁned diagnoses.
Acknowledgements
This study was supported by grants from the Swedish Medical
Research Council, the Swedish Council for Work Life and
Social Research, AFA Insurance, the Medical Faculty of
Lund University and the County Councils of Southern
Sweden. Ms Lothy Granqvist, Ms Anita Ohlsson, Britt
Larsson and Jeannette Unge gave skilful technical assistance.
Some of the data were collected by Sigurd Mikkelsen and coworkers, Dept of Occupational Medicin, Glostrup Hospital,
Copenhagen, Denmark, Birgit-Juul Christensen and co-workers, Dept of Ergonomics, Copenhagen, Denmark, Bo Veierstedt, National Institute of Occupational Health, Oslo,
Norway, Jörgen Winkel and Marita Christmansson, National
Institute of Working Life, Gothenburg, Bo Rolander and coworkers, Dept of Health and Society, Linköping University,
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Hansson, G.-Å., et al., 2000a. Impact of physical exposure
on neck and upper limb disorders in female workers.
Applied Ergonomics, 31 (3), 301–310.
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