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Objectives The aim of this study was to assess the effect of an ergonomic intervention on pain and sickness
absence caused by upper-extremity musculoskeletal disorders.

Methods In this randomized controlled study, subjects aged 18–60 years (N=177) seeking medical advice due
to upper-extremity symptoms were included if their symptoms, or the exacerbation of symptoms, had started
<30 days prior to the medical consultation and immediate sick leave was not required. Workplace ergonomic
improvements were made in the intervention group. Data on symptoms and sickness absences were gathered
during one-year follow-up.

Results Pain intensity, pain interference with work, leisure time, or sleep did not differ between the intervention and control group during the one-year follow-up. During the first three months of follow-up, the percentage
of employees with sickness absence due to upper-extremity or other musculoskeletal disorders did not differ
between the intervention (N=89) and control (N=84) group, but the total number of sickness absence days in
the intervention group was about half of that in the control group (mean 6.2 versus 9.8 days for upper-extremity
disorder and 6.0 versus 11.5 days for upper-extremity and other musculoskeletal disorders combined). During
4–12 months of follow-up, the percentage of employees with sickness absence due to upper-extremity disorder
(10.1% versus 16.7%, P=0.20) or upper-extremity and other musculoskeletal disorders combined (20.2% versus
32.1%, P=0.07) was lower in the intervention than the control group.

Conclusions Our findings suggest that an early ergonomic intervention reduces sickness absence due to upperextremity or other musculoskeletal disorders.

Key terms elbow; epicondylitis; lifestyle; MSD; RCT; randomized controlled trial; rotator cuff; shoulder; wrist.

Upper-extremity musculoskeletal disorders (MSD) are
a common health problem (1). There is evidence that
high-force demands, awkward postures, repetitive work
tasks, and use of vibrating tools may cause or exacerbate
the symptoms of upper-extremity MSD (2–4).
Upper-extremity disorders may cause temporary and
sometimes long-term work disability and therefore imply
considerable costs for employers and society (5, 6). The
duration of work disability episodes has been shown
to vary amongst the different MSD (7). Of all upper1
2
3
4
5

extremity disorders, shoulder disorders and carpal tunnel
syndrome cause the longest sickness absences (5, 8).
The information on work disability related specifically to upper-extremity disorders is scarce. Most
of the epidemiological studies on the predictors of
MSD-related work disability, and of the workplace
interventions aimed at affecting them, concern low-back
problems, which are the most costly musculoskeletal
conditions. Increasing evidence from these studies,
as well as from studies on other MSD, indicate that
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work disability is a complex phenomenon to which the
worker, the employer, the healthcare provider, and the
social system all contribute. Personal factors, such as
female gender, older age, low social class, or the severity of the MSD all increase the risk of being disabled
due to disease (5, 9–11). The most important predictors,
however, can be found from the workplaces, among the
physical and psychosocial exposures at work (9–11).
Ergonomic interventions have traditionally focused
on adjusting physical workload factors, with the aim
of reducing musculoskeletal symptoms, and the subsequent occurrence of sickness absences. A small study
(12) showed that a multidisciplinary (psychological and
physical) intervention is more effective than usual care
in reducing the severity of upper-extremity symptoms
and ensuring return to work, while another study (13)
found that an ergonomic improvement in the workplace reduces the occurrence of sickness absence but
not symptoms due to MSD. A systematic review (14)
showed moderate evidence that workplace interventions
can be effective in reducing sickness absence due to
MSD, but not in decreasing musculoskeletal symptoms.
Moreover, work modification is effective in helping
subjects with MSD return to work (15). Another recent
review (16), focusing only on upper-extremity disorders,
concluded that due to the low number of high-quality
studies, it is difficult to make strong evidenced-based
recommendations. However, the authors discouraged
activities that would engage only workstation adjustments. Some positive but limited evidence was found
for ergonomics training combined with workstation
adjustments (16).
In our previous paper (6), we reported that, among
employees with incipient upper-extremity MSD, an ergonomic workplace intervention to improve ergonomics
and adapt working conditions reduces productivity loss
due to upper-extremity disorders. In this paper, we report
the results of the effect of the intervention on pain intensity, pain interference with work, and sickness absence.

Methods
Participants
This randomized controlled study was carried out
between February 2006 and December 2007 (6, 17).
Three occupational health units covering 25 000 employees in the Helsinki metropolitan area were included.
Subjects aged 18–60 years seeking medical advice due
to upper-extremity symptoms were considered eligible
if their symptoms or the exacerbation of symptoms
had started <30 days prior to the medical consultation.
The occupational health service personnel gave all

p otentially eligible employees preliminary information
about the study and offered a possibility to be examined
by a trained occupational physician at the Finnish Institute of Occupational Health in Helsinki. This assessment
was scheduled to take place within three working days.
Upon arriving at the Finnish Institute of Occupational Health, the subject was informed about the study
in more detail by a trained nurse and an occupational
physician. After this, the subject signed an informed
consent including permission for the physician to contact the subject’s supervisor regarding possible changes
to the subject’s work. Permission was also requested for
the collection of data from the medical records of the
occupational health services on all diagnoses and dates
of sickness absences during the follow-up.
A clinical examination was performed using standardized clinical protocol for each symptom entity
proposed by Sluiter et al (18). Electroneuromyography was carried out among patients with symptoms or
signs of a possible upper-extremity nerve entrapment.
A consensus diagnosis was made by an expert panel of
two specialists in physical medicine and rehabilitation
using patients’ clinical data. The subjects were invited
to participate in the study if the examining physician
diagnosed lateral or medial epicondylitis, rotator cuff
tendinitis, impingement syndrome, de Quervain’s or
other wrist tenosynovitis, carpal tunnel syndrome, or
entrapment of the ulnar nerve. Those whose symptoms
did not meet the criteria for any specific disorder were
also included in the study with the diagnosis of “nonspecific upper-extremity pain”.
The subject was not included in the study if imme
diate sick leave was required. Other exclusion criteria
included: (i) earlier or planned surgery due to upperextremity disorder; (ii) active auto-immune disease;
(iii) malignancy that was being actively treated or had
been diagnosed within a year; (iv) fibromyalgia; (v) congenital or traumatic deformity of upper extremity; (vi)
pregnancy; or (vii) planned retirement during follow-up.
The Coordinating Ethics Committee in the hospital
district of Helsinki and Uusimaa in Finland approved
this study.
Randomization
After the physical examination, the physician performed
the randomization using tables of random numbers in
three blocks (symptoms in wrist or forearm, elbow, and
shoulder). Sealed envelopes were used.
Intervention
In the intervention group only, the physician contacted
each employee’s supervisor by phone (most supervisors
were contacted on the same day) to discuss potential
Scand J Work Environ Health 2011, vol 37, no 2
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accommodations at work, and a few days later an occupational physiotherapist visited the workplace. The aim
of the worksite visit was to find ergonomic improvements that would be beneficial for the recovery from
the upper-extremity disorder. The workplace assessment
looked at the physical work environment, available tools
or instruments, working postures, force requirements,
work pace, and breaks during work, as well as the
employee’s possibilities to continue working. The suggestions were discussed together with the employee and
the supervisor, the latter of whom then made the final
decision on the technical and administrative changes and
their financing. All physiotherapists working in the Finnish occupational health services have advanced training
in occupational health and ergonomics. In addition, the
physiotherapists in this study received special courses
and web-based training on the intervention.
Outcomes
Information on pain intensity on the specific body area
(scale from 0 = “no pain” to 10 = “the worst possible
pain”) and its interference with work, sleep, and leisure
during the last week (scale from 0 = “no interference at
all”, to 10 = “the worst possible interference”) was collected through an interview at baseline and via internet
or a mailed questionnaire (in case the subject did not
have an access to internet) at 2-, 8-, 12- and 52-week
follow-up. Non-respondents to the follow-up questionnaires were sent one reminder.
Sickness absence data from the occupational health
services and employment data from the personnel administration of each workplace were reviewed 12 months
after the recruitment of the subject to the study. Information on dates, lengths, and diagnoses of all physicianprescribed sickness absences were obtained including
also those issued by physicians outside the occupational
health services as well as those of the short self-certified
and nurse-prescribed sickness absences. The medical
causes of sickness absence were recorded using the specific codes of the International Classification of Diseases
(ICD), 10th edition for all physician-prescribed, and using
the main categories of ICD for other sickness absences.
Sample size
We used sickness absence to estimate the sample size.
We assumed a 10% difference in the proportion of
employees on sick leave between the groups in favor
of intervention. With the power of 80% and the level
of significance of 0.05, a minimum of 205 subjects
was considered necessary in each study group. In order
to compensate for possible loss during follow-up, we
aimed at 250 subjects in each group leading to a total
of 500 subjects.
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Blinding
Due to the nature of the intervention, neither the physicians nor the subjects could be blinded. However, the
researcher making the interviews at follow-up was not
aware of the group assignment.
Covariates
Exposure to physical load factors was assessed with an
interview by a physician. The main tasks were identified
with their proportional duration of the workday. The
subjects were asked about the frequency of lifting loads
weighing 5-10, 10-15 and >15 kg. The patients were
also questioned about the duration of time spent working with hand above shoulder level and whether their
work required frequent shoulder elevations. Using the
keyboard, prolonged forceful gripping, as well as pinch
grip that either required forceful exertion or deviated
wrist posture, were also recorded. The use of vibrating
tools was noted. Each workload factor was graded from
0-2, where 0 = “no exposure”, 1 = “exposure <10%”
and 2 = “exposures ≥10%” of the duration of the workday. In the analysis, each factor was dichotomized using
a cut-off point of being exposed for ≥10% of the work
time during a workday.
Job strain was measured with the job content ques
tionnaire (19). The scale comprised five items for job
demands and nine for job control. Responses were
given on a 5-point scale ranging from “strongly agree”
to “strongly disagree”. To create a job strain variable,
job demand and control scales were dichotomized at the
median; the category “high job strain” included cases
with both high demand and low control. Fear-avoidance
beliefs were assessed using four items adapted from
Waddell et al (20). A sum variable was calculated and
scores ≥18 out of 24 were considered as elevated.
At baseline, the employee was asked about any sick
leave(s) taken as a result of upper-extremity disorder
during the preceding 12 months. Smoking status was
classified into three groups: “never smokers”, “former
smokers”, and “occasional or current smokers”. Waist
circumference was also measured. Leisure time physical
activity for >30 minutes causing sweating and breathlessness was elicited; for the analysis, it was grouped
into two levels: “≤2” or “≥3” times a week.
Statistical analysis
Statistical significance (2-tailed, P<0.05) for differences between the intervention and control group was
assessed with chi-squared test for dichotomized variables and with 2-sample t-test for continuous variables.
Generalized estimating equation was applied to analyze repeated measures data on pain-related outcomes
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(21). We performed subgroup analyses to identify
modifiable factors that could predict the intervention’s
effectiveness. The following variables were used for
subgroup analyses: (i) age, (ii) job demand, (iii) job
control, (iv) waist circumference (all dichotomized at
the median), (v) job strain, (vi) fear-avoidance beliefs,
(vii) leisure-time physical activity, (viii) exposure to
most prevalent physical workload factors (lifting loads
weighing ≥5 kg; working with hand(s) above shoulder
level or work required frequent elevations of the arms,
prolonged forceful gripping or pinch grip), (ix) prior
sickness absence due to upper-extremity disorder, and
(x) smoking. We performed subgroup analyses for sickness absence due to upper-extremity disorders, or upper
extremity and other MSD combined. Due to missing
data, subgroup analyses were not performed for pain
related outcomes. We used STATA, version 10, (StataCorp, College Station, TX, USA) for the analyses.

Results
Participation
Altogether 222 patients were examined at the Finnish
Institute of Occupational Health. The most common
occupations were nurses and other healthcare workers
(64%), secretaries and other clerical workers (25%), and
warehouse workers (8%). Of 222 patients, 45 patients
were excluded because they did not meet the criteria for
eligibility and 177 subjects fulfilling inclusion criteria
were recruited (figure 1). None of the eligible subjects
refused to participate. The study was ended as planned
even though the expected number of subjects was not
achieved. This was mainly because recruitment rate was
slower than expected.
Of 173 respondents (22 men, 151 women) to the
question on pain intensity at baseline, 68 were lost to
follow-up and of 172 respondents to the question on pain
interference with work, 70 were lost to follow-up. Controls lost to follow-up had a higher pain intensity (mean
5.1 versus 4.5) and pain interference with work (5.3
versus 4.3) than those followed-up, while there were no
differences within the intervention group between those
lost to follow-up and those followed-up in pain intensity
(mean 4.8 versus 4.8) or pain interference with work
(5.0 versus 4.9).
Descriptive information

epicondylitis (27.8%), non-specific upper-limb pain
(26.0%), wrist tenosynovitis (11.0%), median or ulnar
nerve entrapment (4.6%), and other conditions (2.3%).
There was no considerable difference between the
intervention and control group with respect to age, gender, smoking, body mass index, waist circumference,
and job strain. However, the intervention group was less
frequently exposed to physical loads than the control
group (32.6% versus 45.1%, P=0.09).
Eight weeks after enrolment, 92% of the intervention
group and 8% of the control group reported a workplace
visit by an occupational physiotherapist. Ergonomic
measures in the intervention group consisted of 412 suggested or implemented improvements such as purchasing new tools, changes to the keyboard and monitors,
adjustment of chairs and tables and modifications to
work or its environment (6). The majority of improvements (60%) were related to guiding the employee in
self care, working posture, use of tools and instruments,
using both hands in work tasks, and reorganizing work.
Pain-related outcomes
Pain intensity, pain interference with work, leisure time,
or sleep showed a constant reduction over time (table 1).
At the 2-week follow-up, pain interference with work was
lower in the intervention than the control group (table 1).
Pain intensity, pain interference with work, leisure time or

Occupational health
service A, healthcare
(N=171)

Occupational health
service B, trade
(N=47)

Occupational health
service C, civil servants
(N=4)

Assessment for eligibility at FIOH (N=222)
Not eligible (N=45)
Eligible patients (N=177)

Intervention (N=91)

Control (N=86)

Pain at baseline
(N=89)

Pain at baseline
(N=84)

Pain at 8 weeks
(N=79)

Pain at 8 weeks
(N=73)

Pain at 12 weeks
(N=79)

Pain at 12 weeks
(N=71)

Of 173 patients with information on sickness absence, the
Pain at 52 weeks
Sickness absence
Sickness absence
(N=56)
at 52 weeks (N=89)
at 52 weeks (N=84)
mean age was 45.2 years and the majority were female
(87.3%). The frequencies of upper-extremity disorders
Figure 1: Flow diagram of the study
were as follows: specific shoulder disorders (28.3%),
Figure 1. Flow diagram of the study

Pain at 52 weeks
(N=53)
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Table 1. Mean values for pain intensity and pain interference with work, leisure time and sleep in control and intervention groups during
the follow-up period. [SD=standard deviation]
Pain

Control

Baseline
Pain intensity
Pain interference with:
Work
Leisure time
Sleep
2-week follow-up
Pain intensity
Pain interference with:
Work
Leisure time
Sleep
8-week follow-up
Pain intensity
Pain interference with:
Work
Leisure time
Sleep
12-week follow-up
Pain intensity
Pain interference with:
Work
Leisure time
Sleep
52-week follow-up
Pain intensity
Pain interference with:
Work
Leisure time
Sleep

Intervention

Mean

SD

N

Mean

SD

84

4.75

2.25

89

4.84

2.04

0.78

83
84
83

4.69
4.33
3.04

2.60
2.44
2.89

89
89
89

4.93
4.73
3.63

2.80
2.51
3.07

0.56
0.28
0.19

82

4.06

2.31

89

3.57

2.47

0.18

79
82
82

3.89
3.80
2.63

2.27
2.42
2.82

87
88
89

3.15
3.63
2.36

2.62
2.59
2.70

0.05
0.67
0.51

73

2.97

2.58

79

3.27

2.53

0.48

71
72
72

2.94
3.17
2.42

2.70
2.78
2.84

79
79
79

2.56
3.18
2.46

2.48
2.75
2.86

0.36
0.98
0.93

71

2.61

2.54

79

2.86

2.55

0.54

70
71
69

2.41
2.54
1.81

2.38
2.57
2.45

78
76
78

2.50
2.75
2.19

2.79
2.68
2.69

0.84
0.62
0.37

53

2.43

2.85

56

1.91

1.77

0.24

52
52
52

2.08
2.27
2.15

2.69
2.68
2.93

55
56
56

1.47
1.82
1.52

1.82
2.05
2.11

0.17
0.32
0.19

sleep did not differ between the intervention and control
group at 8- or 12-week follow-up. At the 52-week followup, pain intensity and pain interference levels were again
lower in the intervention than the control group.
Among subjects with information on pain intensity at
all measurement points (N=105), pain intensity declined by
2.2 [95% confidence interval (95% CI) 1.3–3.2) units in the
control group and 2.9 (95% CI 2.2–3.5) units in the intervention group (P=0.24) during the follow-up (figure 2).
Among subjects with information on pain interference with work at all measurement points (N=102), pain
interference with work declined more in the intervention
than the control group during follow-up [3.4 (95% CI
2.7–4.1) versus 2.3 (95% CI 1.5–3.1), P=0.037] (figure
2). However, a repeated measure analysis using generalized estimation equation including baseline, 2-, 8-, 12-,
and 52-week data showed no significant difference in
pain interference with work between the intervention
and control group (data not shown).
Sickness absence
During 12 months of follow-up, the percentage of employees with sickness absence due to upper-extremity MSD
(based on physician or nurse prescription) was 23.8% in
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the control group versus 19.1% in the intervention group
(P=0.45), and 40.5% versus 31.5% (P=0.21), respectively,
due to upper-extremity and other MSD combined.
During the first three months of follow-up, the percentage of employees with sickness absence due to
upper-extremity or other MSD did not differ between
the intervention and control group (table 2). However,
the total number of sickness absence days due to these
disorders was lower in the intervention group than the
control group (mean 6.0 versus 11.5 days among those
with sickness absence).
During 4−12 months of follow-up, the percentage of
employees with sickness absence due to upper-extremity
disorder, trauma to the musculoskeletal system, and
upper-extremity and other MSD combined was lower in
the intervention than the control group. However, with
the exception of trauma to the musculoskeletal system,
the total number of sickness absence days among subjects who had been on sick leave was somewhat higher
in the intervention than the control group.
Sickness absence caused by conditions other than
MSD did not differ between the intervention and control
group during the follow-up (table 2).
In subgroup analyses, the occurrence of sickness
absence during 4−12 months of the follow-up due to

Shiri et al

A)

6
5
Intervention
Control

4
Mean
3
2
1
0
Baseline

2-week

8-week

12-week

52-week

Follow-up
B)

6
5
Intervention
Control

4
Mean
3
2
1
0
Baseline

2-week

8-week

12-week

52-week

Follow-up

upper-extremity and other MSD combined was significantly lower in the intervention than the control group
among older subjects, subjects with high pain intensity
at baseline, subjects exposed to forceful or pinch grip,
and those exposed to arm elevations or working with
hand above shoulder level (table 3). The results were
largely similar also with regard to sickness absence due
to upper-extremity disorders, although only forceful or
pinch grip reached statistical significance. Moreover, the
occurrence of sickness absence was lower in the intervention than the control group in all subgroups of upperextremity disorders (shoulder disorders, epicondylitis,
non-specific upper-limb pain and wrist tenosynovitis)
except median or ulnar nerve entrapment.
There were no differences in sickness absence
between the control and intervention group in stratified
analyses according to physical activity, job demand, job
control, job strain, history of previous sickness absence
due to upper-extremity MSD, waist circumference, or
smoking.

Figure 2. Pain intensity or pain interference
with work in control and intervention groups
among subjects with no missing information
during 1-year follow-up. A) pain intensity (N=105); B) pain interference with work
(N=102).

Discussion
Our findings suggest that an early ergonomic intervention reduces sickness absence due to upper-extremity
or other MSD. It may reduce interference of pain with
work, but it does not affect upper-extremity pain.
Our findings are in line with a previous study (13)
and review (14) showing that ergonomic improvements
in the workplace reduce the occurrence of sickness
absence but not symptoms due to MSD. This may be due
to the fact that reducing exposure to physical workload
factors can enable work with mild-to-moderate pain.
Workers may also change their work style and cope
better with their pain. Improvement in coping with pain
may reduce the occurrence of sickness absence.
The intervention aimed at improving physical ergonomics at work in order to reduce disability due to
upper-extremity disorders. However, in addition to a
reduction in sick leaves caused by upper-extremity
Scand J Work Environ Health 2011, vol 37, no 2
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Table 2. Percentage of subjects with sickness absence and mean number of sickness absence days due to musculoskeletal disorders
in the control (N=84) and intervention (N=89) group.
Sickness absence

First 3 months
Control
%

Upper-extremity disorder
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence
Musculoskeletal disorder other
than upper extremity
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence
Trauma to musculoskeletal system
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence
Any musculoskeletal disorder diagnosed
by a nurse
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence
Any musculoskeletal disorder diagnosed
by physician or nurse
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence
Condition other than musculoskeletal
disorder
Subjects with sickness absence
Total number of days
All subjects
Subjects with sickness absence

11.9
·
·

3.6
·
·

Mean
·

SD

%

Mean

Intervention

SD

%

Mean

SD

0.70 16.7

·

·

2.88 9.4
17.3 17.3

10.1

·

·

1.17 4.6
9.8 10.2

·
·

0.63
6.2

2.1
3.3

·

3.4

·

·

0.45 3.1
12.7 13.2

·
·

0.10
3.0

0.6
2.0

0.30
·

·

Control

P- value

·

0.32
·

·
·

0.94 13.1

%

P- value

Mean

SD

10.1

·

·

0.20

·
·

2.36
23.3

10.0
23.6

0.72
·

·

·

10.1

·

·

0.54

·
·

0.92
7.0

3.0
5.1

·
·

1.46
14.4

5.1
8.4
·

0.39
·
·

·

·

2.3

·

·

0.12

1.00 5.4
14.0 16.4

·
·

0.21
9.5

1.6
7.8

0.19
·

0

·

·

1.1

·

·

0.33

7.1

·
·

0
0

·
·

·
·

0.12
11

1.2
0

·
·

·
·

1.2

·

·

3.4

·

·

0.34

8.3

·

·

1.1

·

·

0.02

·
·

0.02
2.0

0.2
0

·
·

0.09
2.7

0.6
2.1

0.32
·

·
·

0.32
3.9

1.2
1.7

·
·

0.03
3.0

0.3
0

0.02
·

14.3

·

·

15.7

·

·

0.79 32.1

·

·

20.2

·

·

0.07

1.64 5.6
11.5 10.4

·
·

5.12 13.2
15.9 19.5

·
·

4.07
20.1

11.2
17.7

0.57
·

·
·

0.94 2.53
6.0 3.3

41.7

·

·

48.3

·

·

·
·

2.73
6.54

6.2
8.3

·
·

3.06
6.33

5.9
7.2

disorders, we found a similar beneficial effect on other
MSD (mainly low-back disorders). It is possible that
the intervention was effective in reducing physical
load factors, such as manual handling of loads and
awkward postures, which are common risk factors for
both upper-extremity disorders and low-back pain.
Moreover, this intervention probably had an effect on
psychosocial factors, such as supervisor’s support, that
are known risk factors for work disability.
The aetiology of upper-extremity MSD is multifactorial (22). In addition to work-related physical factors,
psychosocial and individual factors also contribute to
the development of upper-extremity disorders. Therefore, multifactorial intervention including modification
of behavioral and lifestyle factors in addition to ergonomic modification may be more effective than merely
ergonomic intervention. In this study, the subgroup
analyses showed that subjects exposed to work-related
physical load factors, older subjects, those with high
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0.28
·

·
·

0.38 72.6
0.72
·

·
·

·

·

68.5

·

·

0.55

7.14
9.84

9.4
9.7

·
·

8.49
12.39

12.1
12.9

0.41
·

pain intensity as well as those with higher level of
physical activity especially benefitted from the intervention. However, the results of subgroup analyses should
be interpreted cautiously, because of relatively small
sample. Also, after correcting for multiple testing (Bonferroni correction), only physical load factors remained
statistically significant in the subgroup analysis.
In our study, exposure to physical load factors was
more common in the control than the intervention group.
According to our subgroup analyses, employees with
exposure to physical load factors benefitted more from
the intervention than those without such exposures.
Therefore, we may have underestimated the beneficial
effects of the intervention. Pain intensity and pain
interference with work decreased more in the intervention than the control group during the 1-year follow-up.
However, repeated measures analysis showed no difference in pain-related outcomes between intervention and
control groups. Controls lost to follow-up had a higher

Shiri et al

Table 3. Percentage (%) of subjects with sickness absence due to any musculoskeletal and upper-extremity disorder during 4−12
months follow-up in the control (N=84) and intervention (N=89) group according to baseline characteristics (subgroup analyses).
Sickness absence

N

Musculoskeletal disorder
Control

Intervention

Upper-extremity disorder
P-value

Control

Intervention

P-value

Age (years)
20−46
47−64

86
87

29
35

27
14

0.78
0.02

15
19

11
9

0.62
0.19

Physical activity
≤2 times/week
≥3 times/week

86
82

34
31

25
14

0.35
0.06

24
11

13
5

0.17
0.35

Pain intensity
Low (score <5)
High (score ≥5)

85
84

22
41

20
21

0.80
0.05

9
24

10
11

0.86
0.09

Lifting ≥5 kg
No
Yes

120
51

22
48

17
30

0.56
0.19

12
26

9
15

0.58
0.36

Arm elevations or above shoulder
No
Yes

148
23

26
70

21
15

0.44
0.008

14
40

9
15

0.37
0.18

Forceful or pinch grip
No
Yes

153
18

25
100

22
9

0.60
<0.001

13
57

10
9

0.55
0.02

Job strain
Low
High

117
38

33
30

21
22

0.13
0.58

18
15

11
11

0.23
0.72

Fear avoidance
Low
High

144
24

30
56

19
27

0.11
0.15

16
22

7
20

0.09
0.89

Sickness absence during the past
12 months
No
Yes

103
65

28
39

19
22

0.27
0.12

16
18

9
9

0.31
0.30

level of pain at baseline than those in the intervention
group. It is difficult to know to what extent this loss
to follow-up affected the results of the intervention.
Assuming controls with high level of pain at baseline
would continue to have high level of pain during the
follow-up, we may have underestimated the true effect
of intervention. However, assuming that controls with
high pain improved more during the follow-up, we may
have overestimated the beneficial effects of intervention. Moreover, the present study had a low power to
detect the true effect of the intervention. A total of 410
subjects, 205 subjects in each arm, would have been
necessary for the power of 80%.
Physicians contacted the supervisors by phone to
discuss possible workplace modifications, which is not
a common way to initiate an ergonomic modification,
although it can be recommended. The supervisors were
contacted after the workplace visit and made their final
decision on the improvements suggested by the physiotherapist. It is possible that social support from the
supervisor or the health service personnel decreased the
willingness to seek sick leave (23).

In this study, due to the nature of the intervention,
neither the physician nor the subject could be blinded.
It is possible that physicians treated the intervention and
control subjects differently during the follow-up when
prescribing medication or sick leave. This may have
had an effect on our findings; however, the direction of
effect is unknown. It is possible that workers with pain
may have high expectations about workplace interventions and their ability to reduce pain; if these expectations are not met, they may seek care and especially sick
leave more eagerly (“nothing else helps my pain”). Only
few employees in the control group were able to obtain
ergonomic assistance. This may have slightly attenuated
the beneficial effects of the intervention in our study.
In summary, our study suggests that, among workers with incipient upper-extremity disorders, an early
ergonomic intervention reduces sickness absence due to
upper-extremity or other MSD. This is contrary to many
medical guidelines that recommend watchful waiting at
an early stage of a MSD. Our findings encourage work
disability prevention with measures targeted at work at
an early stage of upper-extremity disorders.
Scand J Work Environ Health 2011, vol 37, no 2
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