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Objectives   The aim of this study was to investigate the effectiveness of an ergonomic intervention on produc-
tivity loss at work caused by upper-extremity disorders (UED).

Methods   Workers with medically verified UED were invited to participate. The intervention consisted of a physi-
cian contacting the worker’s supervisor and an occupational physiotherapist conducting an ergonomic assessment 
at the worksite. Before and after the intervention, the employees self-assessed UED-related productivity loss (ie, 
decreased quality and quantity of the daily work output). We tested for differences between groups at 8 and sub
sequently 12 weeks. We also applied generalized estimating equation (GEE) to analyze repeated measures data. 

Results   Altogether 177 employees were randomized. The overall participation rate was 88%. At baseline, 54% 
of the intervention group and 58% of the control group reported productivity loss. The magnitude of productiv-
ity loss was 17% and 20%, respectively. At 8 weeks, both the proportion and magnitude of productivity loss 
were lower in the intervention than the control group, but the differences were statistically significant only at 
12 weeks (proportion 25% versus 51%, magnitude 7% versus 18%, P=0.001 for both). Using GEE analyses, 
we also found the differences to be statistically significant (proportion 38% versus 52%, magnitude 12% versus 
18%). The intervention only benefitted employees with 0–20% loss of productivity at baseline, not those with 
a higher initial productivity loss.

Conclusions   Early ergonomic intervention, in addition to adequate medical care, is effective in preventing and 
restoring self-reported productivity loss associated with UED. 
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Musculoskeletal upper-extremity disorders (UED) pose 
a challenge to occupational health and safety because 
they are prevalent in the working-age population (1), 
and the evidence for their work-relatedness is stronger 
than for many other musculoskeletal disorders (2). Known 
occupational physical risk factors for UED include repeti-
tion, force, non-neutral postures, and hand-arm vibration, 
whereas psychosocial or work organizational risk factors 
include high job demand, low decision latitude, low social 
support, and few rest break opportunities (2, 3). 

UED cause functional impairment leading to sick-
ness absenteeism and even permanent disability (4). In 

addition, decreased on-the-job performance has been 
shown to be a substantial part of productivity loss in 
employees with symptoms in the upper extremities 
(5–9). The baseline results of the present study showed 
that productivity loss in workers with a medically veri-
fied UED was associated with pain intensity and its 
interference with work and sleep, as well as high job 
strain and fear-avoidance beliefs (10). 

Due to their work-related etiology and impact on 
productivity, there is an evident need and potential for 
early detection and prevention of UED in the occu-
pational setting. A recent systematic review showed 
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support for the use of some mechanical and employee-
level interventions as approaches for managing UED 
(11). Trials have mainly included computer workers 
and shown a modest effect of workplace adjustments, 
exercise, and advice. 

We found two previous intervention studies that 
included UED-associated productivity loss at work as 
an outcome measure. In a Dutch study (12), workers 
with complaints in the neck or upper limb were random-
ized into (i) a control group, (ii) one intervention group 
stimulated to take extra breaks, and (iii) another inter-
vention group stimulated to perform exercises during 
the extra breaks. After an 8-week period, the subjects in 
the intervention group with only breaks showed higher 
productivity (more key strokes) than the control group. 
The stroke accuracy rate in both intervention groups was 
higher than the control group. However, there were no 
significant differences between the three groups in the 
reported severity or frequency of the complaints before 
and after the intervention.

In another study (13), a group of computer workers 
in the United States was randomized to receive (i) ergo-
nomics training only, (ii) training plus a trackball or a 
forearm support, or (iii) both. Despite the fact that fore-
arm support combined with ergonomic training seemed 
to prevent upper-body musculoskeletal symptoms, there 
were no significant differences between the intervention 
groups in either company-tracked productivity measures 
or self-assessed productivity. 

Burton et al (14) have concluded that effective 
interventions for UED require a multimodal approach 
in which specific treatment is coupled with workplace 
accommodation. They also emphasized that an integra-
tive approach by all stakeholders (employer, worker, 
and health professional) is a fundamental requirement 
in facilitating early return to work. Others have empha-
sized the importance of communicating with supervisors 
and understanding their needs and challenges in addition 
to tailoring the program to accommodate production and 
work-task needs and be as least disruptive as possible 
(15).

Previous studies have included employees with 
symptoms in the upper extremities. Our aim was to 
include actively working subjects, whose symptoms 
were severe enough to require medical assessment, 
but who were not in need of sick leave. The present 
study is part of a larger research project focusing on 
early prevention and recognition of UED. This paper 
uses self-reported productivity loss at work as the main 
outcome with the hypothesis that a workplace-based, 
tailored intervention to improve ergonomics and adapt 
workplace conditions for employees with UED would 
be more effective in reducing productivity loss at work 
during recovery than the more traditional disease and 
disability management.

Methods

Participants

This randomized controlled study was carried out from 
February 2006 to December 2007 in collaboration with 
three occupational health units covering altogether 
25 000 employees in the capital area. Finnish occu-
pational physicians work as general practitioners for 
employees offering not only preventive but also curative 
services at the primary healthcare level. 

We considered as potentially eligible all subjects 
(18–60 years) seeking medical advice due to symptoms 
in the upper extremities, provided that the symptoms, 
or the exacerbation thereof, had started <30 days prior 
to the medical consultation. The occupational health 
service personnel offered all potentially eligible employ-
ees a possibility to be examined by a trained occupa-
tional physician at the Finnish Institute of Occupational 
Health. This assessment was scheduled to take place 
within three working days.

Clinical examination included standardized clinical 
examination protocols for each symptom entity (16). 
All employees with medically verified lateral or medial 
epicondylitis, rotator cuff tendinitis, impingement syn-
drome, de Quervain’s or other wrist tenosynovitis, or 
other disorder (eg, entrapment of the median or ulnar 
nerve) were informed about the study and invited to 
participate. Patients whose symptoms did not meet the 
criteria for any specific disorder were also included in 
the study with the diagnosis of “non-specific, upper-
extremity pain”.

The subject was not included in the study if imme-
diate sick leave was required. Other exclusion criteria 
included: earlier or planned surgery due to UED; active 
auto-immune disease; malignancy that was being actively 
treated or had been diagnosed within a year; fibromyalgia; 
congenital or traumatic deformity of upper extremity; 
pregnancy; and planned retirement during follow-up.

The employee was interviewed at baseline about pain 
intensity on a scale from 0 (“no pain”) to 10 (“the worst 
possible pain”) and its impact on work, sleep, and leisure 
during the last week (from 0, “no interference at all”, to 
10, “the worst possible interference”). The same informa-
tion was collected via internet or telephone interview after 
8 and subsequently 12 weeks’ follow-up. At baseline, the 
employee was also asked about any sick leave(s) taken as 
a result of UED during the preceding 12 months. 

The physician asked the subject to assess the fol-
lowing physical exposures at work: frequency of lifting 
loads weighing ≥5 kg; working with hand(s) above 
shoulder level; and whether work required frequent 
elevations of the arms. The physician also enquired 
about keying, prolonged forceful gripping, as well 
as pinch grip that either required forceful exertion or 
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deviating wrist posture. 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 (17). 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.

The subjects were categorized according to their 
smoking habits as “never smokers”, “former smok-
ers”, and “occasional or current smokers”. Waist cir-
cumference was also measured. Physical activity was 
inquired as any physical activity for >30 minutes 
causing increased sweating and breathing ≤2 or ≥3 
times a week. 

Fear-avoidance beliefs were assessed using four items 
adapted from Waddell et al (18, 19): “Physical activity 
makes my symptoms worse”; “If my symptoms become 
worse, it means that I should stop what I was doing”; “My 
pain is caused by work”; and “I should not continue in 
my present job because of the symptoms”. Each item had 
seven alternatives from 0 (“totally disagree”) to 6 (“totally 
agree”). A sum variable was calculated and scores ≥18 
out of 24 were considered as elevated. In addition, the 
individual item on the perceived work-relatedness of the 
disorder was also analyzed separately and categorized 
into two classes using the median.

Randomization

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

All subjects received the best current practice treatment 
(20). In the intervention group only, the physician con-
tacted each employee’s supervisor by phone to discuss 
potential 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 are beneficial for the recovery from 
the UED. The 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. 

All physiotherapists working in the Finnish occupa-
tional health services have advanced training in occu-
pational health and ergonomics. In addition, the phys-
iotherapists in this study received two two-day courses 
on the intervention. They also had web-based training 
and access to a database that included good ergonomic 
practices in different types of work. 

Outcomes

The primary outcome measure was self-assessed pro-
ductivity loss at work, which was measured at baseline 
and subsequently at 8 and 12 weeks using two questions 
published by Brouwer et al (21). The respondent was 
instructed to consider the most recent full working day 
when answering the questions. The first question was: 
“Assess the impact of your upper-extremity symptoms 
and mark on a scale from 0 (practically nothing) to 10 
(regular quantity) how much work you were able to 
perform when compared to your normal workday”. The 
second question was: “ Assess the impact of your upper-
extremity symptoms and mark on a scale from 0 (very 
poor quality) to 10 (regular quality) the quality of your 
work when compared to your normal workday”. 

To analyze the proportion of productivity loss, we 
classified all employees scoring 0–9 in either question 
as “reporting productivity loss”. In order to measure the 
magnitude of productivity loss (ie, how much productivity 
was reduced), we used a formula modified from Hoeijen-
bos et al (22): [1 - (quality/10) × (quantity/10)] × 100%. 
For subgroup analysis, productivity loss was further 
classified as “0”, “10–20%”, and “>20%”.

In addition, the employees were asked about the 
numbers of sick leave episodes due to any reason and 
exclusively due to UED during follow-up. The contents 
of the ergonomic interventions were analyzed based on 
the unstructured reports of the physiotherapists.

Sample size

Due to limited knowledge about self-reported productiv-
ity loss caused by medically verified UED, we performed 
the power calculations of this study using sickness absen-
teeism as the main outcome. When the power of the study 
was set at 80% and the level of significance at 0.05, a 
minimum of 205 participants was considered necessary 
in both groups. In order to compensate for possible loss 
during follow-up, we aimed to include 250 subjects in 
both study groups for a total of 500 subjects. All study 
participants signed an informed consent form.

In order to examine the effects of a work-related 
intervention on the total productivity loss caused by 
UED, sickness absenteeism must be taken into account 
in addition to the self-assessed productivity loss that 
was the focus of the present study. Results with the 
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measurements on sickness absenteeism will be reported 
later including a one-year follow-up.

Blinding

Due to the nature of the intervention, neither the physi-
cian nor the subject could be blinded. However, the 
researcher conducting the interviews at 8- and 12-weeks 
follow-up was not aware of the group assignment.

Statistical methods

Data were analyzed according to the intention-to-treat 
principle. Missing data on productivity at 12 weeks (7 in 
the control group and 8 in the intervention group) were 
replaced by the value given at 8 weeks. We used three 
outcomes: (i) proportion of productivity loss (dichoto-
mized), (ii) magnitude of productivity loss (continuous), 
and (iii) change in magnitude of productivity loss from 
baseline (continuous). At 8 and 12 weeks, we tested for 
differences (2-tailed, P<0.05) using chi-squared for pro-
portion and 2-sample t-test for magnitude and change. 
We applied generalized estimating equation (GEE) to 
analyze repeated measures data (23). The link function 
was specified as “logit” for the dichotomized outcome. 
In addition to allocation group and follow-up time, we 
included age (continuous), gender, exposure to physical 
workload factors (lifting loads ≥5 kg, arm elevations or 
above shoulder, or forceful or pinch grip) and fear-avoid-
ance beliefs (continuous) as covariates in the models.

We aimed to identify some modifiable subgroup 
variables that could predict the intervention’s effective-
ness. Subgroup analyses were performed according to 
the following variables: job demand, job control, fear-
avoidance beliefs (all dichotomized using the median), 
exposure to physical workload factors, and prior sick-
ness absence due to UED. To take into account the dif-
ference in the magnitude of productivity loss between 
the intervention and control groups at baseline, we used 
the changes in productivity loss during the follow-up for 
subgroup analyses. We used STATA, version 10 (Stata-
Corp LP, College Station, TX, USA) for the analyses.

Results

Participants

Altogether, 222 employees were examined at the Finn-
ish 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 these 222 subjects, 45 were 
excluded because they did not meet the inclusion crite-
ria (figure 1). None of the eligible subjects refused to 

participate. The study was ended as planned even though 
the expected number of 500 subjects was not achieved. 
This was mainly because the recruitment rate was slower 
than expected. Consequently, 177 participants were 
randomized to the intervention (91 subjects) and control 
groups (86 subjects). At the 12-week follow-up, the par-
ticipation rates were 87% and 88% in the intervention 
and control groups, respectively (figure 1).

Baseline data

Most participants were female in both groups (table 1). 
There was no considerable difference in the distribu-
tion of age and lifestyle-related risk factors between 
the intervention and control groups. Pain intensity, pain 
interference with work, leisure time and sleep, as well 
as the prevalence of previous sick leaves and high job 
strain were also similar in the two groups. Both groups 
had a similar mean score on the fear-avoidance beliefs 
assessment; however, elevated scores on fear-avoidance 
beliefs were found almost twice as often in the inter
vention as in the control group (18% versus 11%). 
Specific shoulder disorders were more prevalent (35% 
versus 21%) and exposure to lifting at work was more 
frequent (38% versus 18%) in the control than in the 
intervention group. All cases of “other UED” belonged 
to the intervention group only. 

From a total of 531 potential observations, we 
included 465 (88%) in the analyses. We excluded 9 
observations at baseline, 36 at 8 weeks, and 21 at 12 
weeks. When comparing with those included in the 
analyses, the excluded subjects were younger (mean 
age 42 versus 46 years), they had higher scores on pain 
intensity (5.4 versus 4.7), and they had been more often 
on sick leave prior to enrolment in the study (57% versus 
36%). In addition, the excluded employees were twice 
as often exposed to lifting at work than the employees 
included in the analyses (46% versus 28%). 

Of the 66 excluded observations, 30 (46%) and 36 
(55%) were from the control and intervention groups, 
respectively. Compared to subjects excluded from the 
control group, those excluded from the intervention 
group more commonly reported at baseline: exposure to 
lifting >5 kg (53% versus 34%); a higher level of pain 
intensity (mean 5.6 versus 5.1); and pain interference 
with work (mean 5.5 versus 4.7), leisure time (mean 
5.4 versus 4.2), and sleep (mean 4.2 versus 2.4). On the 
other hand, compared to those excluded from the control 
group, subjects excluded from the intervention group 
less frequently reported productivity loss (among 39 
subjects, magnitude 13% versus 30%) and an elevated 
score on fear-avoidance beliefs (0 versus 18.5%). No 
differences were found regarding age, job strain, and 
sickness absence prior to enrolment. 

Eight weeks after enrolment in the study, almost 
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all subjects (92%) in the intervention group and 8% in 
the control group reported that an occupational physio
therapist had visited their workplace. The ergonomic 
assessment was made most often together with the 
employee while the supervisor participated in 17% of 
the assessments. Altogether 412 implemented or planned 
measures were identified. The majority (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. The recommenda-
tions to be implemented in the near future (25% of the 
measures) included purchasing a new aid or tool, and 
reorganizing work or its environment. The modifica-
tions at work made during the visit (16% of the mea-
sures) included changes to the keyboard and monitor, 
structures of the workplace (including arm rests), and 
adjustments of the table and the chair.

Outcomes

Of the intervention and control groups, 53.8% and 57.9% 
reported productivity loss at baseline��������������������  , respectively������  (fig-
ure 2 and table 2). At 8 weeks, both the proportion 
and magnitude of productivity loss were lower in the 

intervention than the control group. However, the dif-
ferences were not statistically significant. At 12 weeks, 
the proportion and magnitude of productivity loss were 
statistically significantly lower in the intervention than 
the control group (table 2). 

The analysis of repeated measures using GEE 
showed statistically significant differences in the pro-
portion and magnitude of productivity loss between the 
intervention and control groups after adjustment for 
age, gender, physical workload factors, fear-avoidance 
beliefs and follow-up time (table 2). There was an inter-
action between intervention and time, with the propor-
tion (P=0.009) and magnitude (P=0.033) of productivity 
loss being lower in the intervention than the control 
group only at 12 weeks.

Among employees without any productivity loss at 
baseline, 15.6% in the intervention group had developed 
productivity loss at 8 weeks, whereas this proportion was 
almost double in the control group (table 2). The mag-
nitude of productivity loss was 3.7% and 8.1%, respec-
tively. At 12 weeks, there was almost a 4-fold difference 
in proportion and 8-fold difference in magnitude between 
the intervention and control groups. With GEE analyses 
the differences were statistically significant (table 2). 

Figure 1. Flow diagram of the study 

Occupational health  Occupational health  Occupational health 
service C service A service B  

(healthcare) (N=171) (trade) (N=47) (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) 

Productivity dataProductivity data
at baseline (N=84) at baseline (N=84)  

Productivity data Productivity data
at 8 weeks (N=73) at 8 weeks (N=68) 

8 weeks' data  8 weeks' data  
carried forward (N=7) carried forward (N=8) 

Productivity data Productivity data
at 12 weeks (N=80 ) at 12 weeks (N=76) 

Figure 1. Flow diagram of the study. (FIOH = 
Finnish Institute of Occupational Health)
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Among employees with a productivity loss of 10–20% 
at baseline, the reduction in magnitude of productivity 
loss was more prominent in the intervention than the 
control group both at 8 and 12 weeks (table 2). At 12 
weeks, the proportion of productivity loss was also lower 
in the intervention than the control group. If the baseline 
productivity loss was >20%, there were no significant 
differences between the study groups in productivity loss 
during the follow-up.

The improvement of productivity at 12 weeks was 

significantly better in the intervention than the control 
group in the subsample of subjects with: (i) no keying 
at work but exposure to other physical work load factors 
(P=0.033), (ii) low job demands (P=0.036), (iii) no sick-
ness absence due to UED before the study (P=0.043), 
and (iv) low fear-avoidance beliefs (P=0.033). The 
improvement did not differ between the intervention and 
control groups in those with low or high job control. 

Among those who had been on sick leave for any rea-
son during 4 weeks preceding the follow-up at 12 weeks, 
there was no difference in the change of productivity 
between the intervention and control groups. Among those 
who had not been on sick leave, improvement in produc-
tivity at 12 weeks was higher in the intervention compared 
with the control group (6.5 versus 2.4%, P=0.033). 

There was no difference between the control and 
intervention groups in pain intensity at 12 weeks (mean 
2.6 versus 2.9) or pain interference with work (mean 
2.4 versus 2.5). 

Discussion

The results of this study show that an early ergonomic 
intervention in addition to adequate medical care help 
to reduce work-related productivity loss associated with 
UED compared to medical care on its own. The fact 
that the difference between the control and intervention 
groups was largest at 12 weeks after enrolment, sug-
gests that the result is based on the actual impact of the 
intervention rather than the subjects’ satisfaction with 
the additional attention received from the occupational 
health service. Many of the new aids or tools recom-
mended by the occupational physiotherapists were not 
received until later during the course of the study. This 
may explain why the difference between the study 
groups was found only at 12 weeks.

A possible explanation for the improved produc-
tivity is that the intervention managed to modify the 
employees’ adverse workstyles, which have been shown 
to be a risk factor for upper-extremity pain and func-
tional limitations (24, 25). Contact with the physician 
and physiotherapist might also have promoted a better 
understanding of the nature and consequences of the dis-
order at the workplace. Consequently, the employee and 
the supervisor were able to adjust the work requirements 
to meet better the restrictions during recovery. The 
physiotherapist’s practical suggestions supported the 
implementation of these changes.

Although the intervention appeared to have ben-
eficial effects on productivity, no difference in pain 
intensity was found between the two groups at 12 weeks. 
Therefore, pain relief does not explain the results. This 
is in accordance with an earlier intervention study that 

Table 1. Baseline description of subjects in the control and inter-
vention groups - proportion (%), or mean, and standard deviation 
(SD) [CTS=carpal tunnel syndrome].

Characteristic	 Control	 Intervention  
	 (N=84)	 (N=84)

	 Propor-	Mean	 SD	 Propor-	 Mean	 SD 
	 tion			   tion 
 	 (%)			   (%)

Age (years)	 .	 45.6 	 9.5	 .	 44.9	 10.1
Age group						    
	 20–45 years	 46.4	 .	 .	 48.8	 .	 .
	 46–64 years	 53.6	 .	 .	 51.2	 .	 .
Female gender	 89.3	 .	 .	 84.5	 .	 .
Smoking status 						    
	 Never 	 55.4	 .	 .	 52.4	 .	 .
	 Former smoker	 21.7	 .	 .	 31.1	 .	 .
	 Occasional or  
	 current smoker 	 22.9	 .	 .	 15.5	 .	 .
Physical activity						    
	 ≤2 times/week	 46.4	 .	 .	 54.8	 .	 .
	 ≥3 times/week	 53.6	 .	 .	 45.2	 .	 .
Waist  
circumference (cm)	 .	 84.4	 13.0	  	 82.7	  12.5
Medical conditions						    
	 Specific shoulder 
	 disorder	 34.5	 .	 .	 21.4	 .	 .
	 Epicondylitis	 25.0	 .	 .	 33.3	 .	 .
	 Non-specific upper-  
	 extremity pain	 28.6	 .	 .	 22.6	 .	 .
	 Wrist tenosynovitis	 8.3	 .	 .	 11.9	 .	 .
	 CTS or ulnar nerve  
	 lesion	 3.6	 .	 .	 6.0	 .	 .
	 Other	 0	 .	 .	 4.8	 .	 .
Pain intensity 	 .	 4.8	 2.3	 .	 4.7	  2.1
Pain interference with						    
	 Work	 .	 4.7	 2.6	 .	 4.8	 2.8
	 Leisure time 	 .	 4.3 	 2.5	 .	 4.6	 2.5
	 Sleep 	 .	 3.0	 2.9	 .	 3.5 	 3.1
Physical load factors						    
	 Keying	 43.9	 .	 .	 54.8	 .	 .
	 Lifting loads, ≥5 kg	 37.8	 .	 .	 17.9	 .	 .
	 Arm elevations or  
	 above shoulder	 13.4	 .	 .	 13.1	 .	 .
	 Forceful or pinch grip	 9.8	 .	 .	 10.7	 .	 .
High job strain	 24.7	 .	 .	 25.0	 .	 .
Sickness absence in  
the past 12 months	 38.1	 .	 .	 35.7	 .	 .
Mean score on fear- 
avoidance beliefs	 .	 13.1	 3.7	 .	 12.8	 4.9
Elevated scores on  
fear-avoidance beliefs	 10.7	 .	 .	 17.9	 .	 .
Work-relatedness	 61.0	 .	 .	 54.8	 .	 .
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Figure 2: Proportion and magnitude of productivity loss (in logarithmic scale) at baseline, 
eight and twelve weeks after intervention in control and intervention group 
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baseline, 8 and 12 weeks after intervention 
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Table 2. Differences in productivity loss between the control and intervention groups.

Characteristic

Subjects with no productivity 
loss at baseline

Subjects with 10–20% productivity  
loss at baseline

Subjects with >20% productivity  
loss at baseline

All subjects

Sam-
ple 

(N) a

Pro-
por-
tion b 
(%)

Magnitude b Sam-
ple 

(N) a

Magnitude b 
at baseline

Pro-
por-
tion b 
(%)

Change in 
magnitude b 

from baseline c

Sam-
ple 

(N) a

Magnitude b  
at baseline

Pro-
por-
tion b 
(%)

Change in  
magnitude b 

from baseline c

Sam-
ple 

(N) a

Pro-
por-
tion b 
(%)

Magnitude b

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

8 weeks

Control 30 30.0 8.1 17.3 15 16.3 4.7 53.3 -8.1 36.2 23 44.0 9.7 56.5 29.5 17.4 68 44.1 13.8 22.2
Intervention 32 15.6 3.7 11.5 22 16.0 4.7 36.4 8.5 12.2 19 49.1 20.1 57.9 22.1 35.6 73 32.9 10.9 21.2
P-value d 0.17    0.24 0.30    0.05 0.92    0.38 0.17    0.42

12 weeks

Control 32 37.5 12.8 24.3 17 16.2 4.7 52.9 -3.8 26.4 27 45.5 12.1 66.7 21.3 25.8 76 51.3 18.4 25.7
Intervention 37 10.8 1.6 4.9 23 16.2 4.7 21.7 12.8 8.1 20 48.1 20.0 55.0 27.8 29.1 80 25.0 6.8 17.4
P-value d 0.009     0.007 0.04     0.007 0.41    0.42 0.001    0.001

8 and 12 weeks (repeated measure analysis)

Control 97 21.7 6.7 17.6 51 15.5 4.9 70.5 -3.6 24.5 80 46.1 12.8 76.3 15.7 21.5 228 51.8 17.9 23.9
Intervention 108 8.3 1.6 7.0 69 16.4 4.6 53.6 7.0 9.8 60 48.5 19.5 71.7 16.3 28.5 237 37.6 11.6 20.6
P-value d 0.006     0.010 0.089     0.007 0.87    0.94 0.021    0.013

a Sample for repeated measure analysis shows the number of observations.
b Of productivity loss.
c A positive value of change shows a higher productivity loss at baseline and a negative value shows a higher productivity loss at follow-up.
d Significance tests at 8 or 12 weeks were assessed by chi-square or t test. For repeated measure analysis, P-values were assessed by generalized estimat-

ing equation and controlled for age, gender, physical work load factors, fear-avoidance beliefs, and follow-up time. 

objectively improved workstyle behavior, but showed no 
effect on arm/wrist/hand pain (26, 27). Because the dif-
ference in productivity at 12 weeks was seen also in the 
subgroup with no sickness absence during the follow-up, 
the results cannot be explained by the intervening impact 
of sickness absenteeism. 

A substantial effect of the intervention was 
seen among those employees with no or only mild 

productivity loss at baseline. The other subgroup analy-
ses showed that those with less fear-avoidance beliefs, 
more physical load factors at work, or low job demands 
benefitted more from the intervention. This suggests that 
the impact of the intervention on productivity could be 
mediated by a reduction in physical load factors. If the 
condition caused more functional impairment (produc-
tivity loss was >20% at baseline or there was previous 
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sick leave due to UED), the intervention was not effec-
tive. When the disability caused by UED is too severe, 
it seems that ergonomic interventions have less effect on 
restoring normal performance at work.

The major strength of our study was its randomized 
controlled design. The intervention and control groups 
were comparable without any other significant differ-
ences than the intervention itself. Lifting at work and 
specific shoulder disorders were, however, somewhat 
more prevalent in the control group, whereas the pro-
portion of elevated scores in fear-avoidance beliefs 
was higher in the intervention group. The subgroup 
analyses in this study showed that those employees 
who were exposed to lifting, forceful gripping or 
elevated arm postures or who had less fear-avoidance 
beliefs benefitted from the intervention more than 
those who had less physical exposures at work or more 
fear-avoidance beliefs. Therefore, these differences at 
baseline might have diluted the benefits of the inter-
vention. Another fact that might have led to the same 
effect was the method to replace productivity data at 
12 weeks with those at 8 weeks. This may have over-
estimated the remaining productivity loss at 12 weeks 
among those 8 subjects in the intervention group with 
missing data.

Because there are no objective measures for pro-
ductivity in most occupations, the generally accepted 
method is to use self-assessed productivity as we did 
in our study. The challenges related to measuring pro-
ductivity have been discussed earlier (28). In previous 
intervention studies among employees with symptoms 
in the upper extremities and neck region, both objective 
(12, 13) and self-assessed productivity (13) have been 
measured. Compared to these studies, the strength of 
our study was that the disorders were medically verified 
using standardized diagnostic criteria, whereas a weak-
ness was that no objective measurement of productivity 
could be used.

Another strength of the study was that its subjects 
were actively working people from three companies 
with varying exposure to work-related factors. Mainly 
validated questions were used to collect information on 
all background variables. The ergonomic intervention 
reached almost all of the subjects in the intervention 
group and the intervention process included more than 
400 suggested improvements. 

The major weakness of our study was its small 
size. This has led to the described imbalances in the 
randomization. However, despite the small number of 
participants, the results support the positive effects of 
an early ergonomic intervention. As the intervention had 
two parts (ie, physician telephone contact and physio-
therapist workplace visit), we do not really know if both 
aspects were crucial for the effect or if one or the other 
would suffice. Therefore, more research is needed to 

clarify the essential parts of the intervention but also to 
verify the results in different occupational settings.

Due to the incomplete information at baseline and 
loss to follow-up, some selection may have occurred. 
Regarding primary selection, the occupational health 
services staff were asked to recommend study participa-
tion to all potentially eligible subjects, but we have no 
information as to whether this was the case. Neither do 
we know how many subjects declined participation. After 
being examined at the Finnish Institute of Occupational 
Health, none declined. We further analyzed whether those 
lost to follow-up, allocated initially to the intervention or 
control groups, differed with respect to baseline variables. 
We found that the drop-outs and those with incomplete 
data in the intervention group reported a higher exposure 
to lifting and had higher levels of pain intensity and inter-
ference with work, leisure time, and sleep than those in 
the control group. On the other hand, the drop-outs ini-
tially in the intervention group reported less productivity 
loss and fear-avoidance beliefs. If selection bias due to 
non-participation affected our results, it seems, however, 
unlikely that it caused significant overestimation in the 
observed difference. 

Our study shows that an ergonomic intervention 
together with adequate medical care can help improve 
on-the-job productivity associated with UED. Compared 
to regular practices in the Finnish occupational health 
services, the intervention during this study was initiated 
at an earlier stage of the UED process. Physician tele-
phone contacts and occupational physiotherapists visits 
to the workplace are usually applied only in case of more 
chronic musculoskeletal disorders. Our study adds to 
the scarce evidence on the effectiveness of ergonomic 
interventions. The results also encourage occupational 
health personnel to interact early with supervisors and 
make worksite visits where UED is the main complaint 
of the employee. 
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