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A Quasi-Experimental Study of the Effects of 
the Erggi Action Model of Musculoskeletal 

Symptoms and VDU Working Conditions 
Among University Staff
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Purpose. The aim of this study was to investigate musculoskeletal symptoms and working conditions of univer-
sity workers with and without contact with an Erggi action model. Methods. A quasi-experimental and longi-
tudinal field study design examined effects of the Erggi action model with 3 types of questionnaires filled by 
1000 university workers. The statistical analyses used logistic regression. Results. Subjects who had contact 
with the Erggi action model had a higher probability of weekly musculoskeletal symptoms impairing their 
work, perceived more possibilities to influence their musculoskeletal symptoms and had lower risk for sick 
leave compared to those without contact with the Erggi action model. Conclusions. The Erggi action model 
increases the probability of influencing workers’ musculoskeletal symptoms, decreases the number of sick 
leave and increases awareness of musculoskeletal symptoms and working conditions. 

musculoskeletal symptoms     office     ergonomics

1.	INTRODUCTION

Office workers using a video display unit (VDU) 
have a high prevalence and incidence rate of work-
related musculoskeletal symptoms of the neck, 
shoulder and upper extremities [1, 2, 3]. The symp-
toms frequently become chronic and lead to long-
term consequences such as sick leave. Muscu-
loskeletal symptoms, disorders or diseases are 
among the main causes of sick leave and represent 

a financial burden for employers, workers and 
society [4, 5]. 

Some risk factors for musculoskeletal symptoms 
are related to physical work load, although work 
has become relatively static, i.e., most work is 
done in a sitting posture indoors with repetitive 
type of manual work with small active muscle 
masses [6]. Sitting for long periods can cause 
fatigue and feeling of discomfort because of diffi-
culties in maintaining a proper sitting posture. 
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Monotonous and repetitive movements of upper 
extremities can also expose workers to muscu-
loskeletal symptoms [7]. Furthermore, VDU 
work with long working hours, high mental 
demands and hectic work pace without a suffi-
cient work–rest regimen elevates muscle tension, 
which is a risk factor for musculoskeletal symp-
toms [1, 8]. Both peak and cumulative muscu-
loskeletal discomfort predict future musculoskel-
etal pain in healthy workers [9].

Preventing musculoskeletal symptoms can be 
enhanced with early interventions [10]. Different 
preventive health promotion programmes are 
common in the workplace where they extend care 
provided by occupational health services. How-
ever, most preventive programmes have been ini-
tiated in the workplace where the rate of muscu-
loskeletal symptoms was already high [10, 11, 
12, 13]. Prevention programmes usually help to 
treat symptoms, whereas they should prevent the 
exposure of healthy subjects to risk factors, which 
result in symptoms [14, 15]. 

Types of ergonomics interventions may vary 
from an exercise to an adjustment of workstation, 
furniture, equipment, lighting or work –rest regi-
men [11, 15, 16, 17]. It is difficult to find con-
vincing evidence that ergonomics measures 
decrease work-related musculoskeletal symptoms 
and enhance health [18, 19]. Workplace interven-
tions have poor planning, implementation or 
reporting and process outcomes have frequently 
been inadequately documented [19]. Moreover, 
nature of a phenomenon is very complex and it is 
impossible to control all variables. However, a 
review of participatory ergonomics interventions 
showed relatively positive impacts on muscu-
loskeletal symptoms and injuries, and a reduction 
in compensation claims and sick leave days [20].

Physical ergonomics interventions in VDU 
work focus on care or secondary prevention of 
musculoskeletal symptoms. An active ergonom-
ics training programme increased the knowledge 
of ergonomics through enhancement of perceived 
control over a physical working environment and 
it decreased the risk of musculoskeletal symp-
toms in 216 office workers [21]. In studies with 
office workers, hands-on ergonomics education 
and consultation [22], and workstation improve-
ments with ergonomics counselling [23] were 

effective in improving daily postural comfort and 
decreasing musculoskeletal symptoms. Moreo-
ver, ergonomics training programmes generate 
behavioural changes, improvements of work pos-
tures and practices, and achieve reductions in risk 
and pain [23, 24]. There are also indications that 
musculoskeletal symptoms in VDU work can be 
reduced by either implementing an intensive 
ergonomics approach or simply by providing 
educational ergonomics. The co-operative plan-
ning with and active involvement of both workers 
and practitioners were the most effective way to 
improve physical ergonomics of VDU workplace 
[17]. However, all of these interventions focused 
on small groups of subjects and typically muscu-
loskeletal symptoms were already prevalent.

The aim of this study was to investigate the dif-
ferences in self-reported musculoskeletal symp-
toms and VDU working conditions in subjects 
who had contact with Erggis, i.e., individuals 
being educated with the Erggi action model, com-
pared to subjects who had no contact with Erggis 
while being educated with the Erggi action model 
and at one-year follow-up.

2.	METHODS

A quasi-experimental and longitudinal field  
study design consisted of pre-intervention, post- 
intervention and follow-up questionnaires.

2.1.	Intervention:	Erggi	Action	Model

The intervention in this study (the Erggi action 
model) consisted in the workplace health promo-
tion based on educating volunteers called Erggi, 
who were working at various departments at the 
university. Erggis participated in the Erggi action 
model with a permission of the supervisor of their 
department. An Erggi was an expert in basic 
ergonomics of VDU work in an office after par-
ticipating in the Erggi action model education. 
An Erggi can guide and help co-workers by tutor-
ing during and after the Erggi action model edu-
cation. Tutoring can include counselling workers 
in microergonomics such as adjustments or 
acquisitions of office furniture and in mainte-
nance of a good working posture. An Erggi as a 
colleague was close to co-workers and easy to 
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ask for help. Contact with an Erggi can be initi-
ated by a worker, a head of a department, a repre-
sentative of occupational health care or through 
activities of an Erggi (such as a tour round a 
department to check ergonomics details or group 
discussions at department meetings). Hence, an 
Erggi was an active developer of ergonomics in 
departments as a part of the workplace health pro-
motion programme. An Erggi can identify rele-
vant sources of information or contacts such as 
the occupational health services	for difficult prob-
lems related to ergonomics or workplace health 
promotion.

The educational programme of the Erggi action 
model consisted in basic and advanced participa-
tory learning and training in groups for 18 months. 
The programme included lectures on physical 
strain in VDU work, practical training in the 
workplace, completing a personal ergonomics 
developmental task, presentation of a task, a prac-
tical session and a closing session (Figure 1). 
Implementation of actions performed by Erggis 
in their workplace was the main practical element 
of the Erggi action model. Discussions about 
ergonomics and tutoring workers were frequent 
actions. Before activities, Erggis informed their 
departments of a new role with e-mails and meet-
ings. The Erggi action model included ergonom-
ics actions in departments during and after Erg-
gis’ education.

2.2.	Subjects

One thousand workers from 37 university depart-
ments (one or two workers from each depart-
ment) took part in this study. The mean number 
of workers in each department with Erggis was 
39 (range: 2–270 workers per department) and in 
departments without Erggis the mean number of 
workers was 69.

2.3.		Questionnaires

The effects of the Erggi action model and its 
practical implementations were studied with three 
prospective questionnaires. The questionnaires 
were mailed to the subjects at the beginning (pre) 
and end (post) of the Erggi action model educa-
tion, and one year later (follow-up). Although the 

start

physical strain in VDU work

ergonomics at work

VDU furniture  
and equipment

tutorship in office  
ergonomics

lighting and vision  
in VDU work

well-being at work

presentation of development 
task implemented in Erggi 

department 

practical session in 
groups, e.g., training on 

chair adjustment or giving 
ergonomics feedback

closing session

group 
meetings 
(lectures 

and practical 
sessions;  
2 h each)

Figure 1. Erggi action model. Notes. VDU = video 
display unit.

questionnaire (the same one was used in the three 
phases) was developed for this study, most ques-
tions were based on questionnaires such as the 
Nordic questionnaire [25]. Of the 1000 workers 
who received the pre- and post-questionnaires, 
568 subjects returned the first questionnaire and 
338 returned the second one. In the follow-up 
phase, 336 subjects returned the questionnaire. 
About 40% of the subjects (n = 181) returned 
both pre- and post-questionnaires and ~20% of 
the subjects (n = 90) returned all three question-
naires. The subjects who responded to at least 
two questionnaires were included in this study. 
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Background factors were gathered for this 
study with questions on gender, age, position at a 
university (trichotomized into professors/teach-
ers/researchers, office staff, laboratory staff and 
others), type of employment (permanent/nonper-
manent position), working time (h/day), 

Data on potential symptoms, absences and  
ergonomics-related issues were also gathered with 
questions on musculoskeletal symptoms impair-
ing work during the past week (no/yes with area or 
symptoms), sick leave because of musculoskeletal 
discomfort during the past 12 months (measured 
on a 4-point scale: none, 1–9 days, 10–29 days, 
30 days or over, but dichotomized into two 
classes: sick leave and no sick leave), and self-
rated possibility to influence musculoskeletal 
symptoms (measured on a 4-point scale: no, 
somewhat, much or very much, but dichotomized 
into: no possibilities and yes). There were also 
questions on the age of furniture and computer for 
VDU work (measured on a 4-point scale: 0–2 
years, 3–5 years, 6–10 years, 11 years or over) 
and the number of hours of VDU work. The ques-
tionnaires included dichotomized items (yes/no) 
of ergonomics attitude of co-workers and manag-
ers, and characteristics of VDU workstation such 
as adjustability and material of the chair, space for 
feet and support for forearms. 

During the Erggi action model, an occupational 
physiotherapist checked the workplace as an ordi-
nary measure of the occupational health services. 
The actions promoting occupational health were 
not controlled in this study. The potential effect of 
the occupational health services on this study was 
considered with a selection of predictive variables. 
The question “Did you have an ergonomics con-
tact with an Erggi during the past 12 months?” 
limited actions of interest to the Erggi action 
model. The potential confounding effect of actions 
of the occupational health services was minimized 
and was similar among all subjects in the study.

The Ethical Committee of the University of 
Kuopio and the Kuopio University Hospital 
approved the study.

2.4.	Statistical	Analyses

SPSS version 14 was used for data analysis. Data 
obtained from the questionnaires were cross- 

tabulated by ergonomics aspects of the workplace 
and work techniques. Statistical significance of 
differences between the subjects with and without 
contact with the Erggi action model was calculated 
with a contingency table analysis with the χ2 test.

The statistical analyses based on the compari-
son between two groups which were formed 
according to the dichotomized variable “ergo-
nomic contact with an Erggi” in the post- 
-questionnaire (yes/no). The self-reported muscu-
loskeletal symptoms during the past week in the 
follow-up questionnaire were the outcome of the 
study and were dichotomized into no musculo-
skeletal symptoms and symptoms impairing work 
during the previous week (yes/no). Variables 
included in the analyses from the pre- 
-questionnaire (one time point only) were age, 
gender, position at a university and permanent/
nonpermanent position. Data on perception of 
ergonomics at a VDU workplace, age of a VDU 
workplace, number of self-reported musculo-
skeletal symptoms, sick leave because of 
musculo skeletal reasons, and possibility to 
influence musculoskeletal symptoms described 
in three questionnaires were included. These 
variables showed significant differences in the 
χ2 test (p < .05). 

Firstly, crude logistic regressions were per-
formed for each factor from the χ2 test to obtain 
odds ratio (OR) and 95% confidence interval 
(CI). All analyses were adjusted to age. Secondly, 
significant variables from the crude logistic 
regressions were analysed with a backward multi-
ple logistic regression. The contribution of each 
variable added step-wise to current multiple 
regression models was checked with p. The vari-
able with the lowest p in each step was removed. 
The steps continued until all variables in the 
model contributed at ≤ .05. 

3.	RESULTS

The mean age of the subjects was 39 years (range: 
19–64). Fifty percent of the subjects were univer-
sity teachers and researchers (50%), and women 
(68%). The average daily working hours of a VDU 
worker was 5.5 h (range: 0.3–15.0). For 86% of the 
subjects, the workstation (furniture and computer) 
were under 5 years old (Table 1). 
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Before the Erggi action model, 52% of the sub-
jects were suffering from musculoskeletal symp-
toms on a weekly basis, whereas 38% at one-year 
follow-up (Table 1). Most of the musculoskeletal 
sick leave were caused by low back problems in 
the pre- (56%), post- (38%) and follow-up ques-
tionnaires (39%). Before the Erggi action model, 
61% of the subjects considered the ergonomics of 
their VDU workstation to be at least good. Most 
subjects (78%) believed that they could influence 
musculoskeletal symptoms. There were no sig-
nificant changes in ergonomics of VDU worksta-
tion and in perceived possibilities to influence 
musculoskeletal symptoms during the Erggi 

action model education according to the post- and 
follow-up questionnaires. 

The male subjects who had contact with an 
Erggi and had a permanent position before the 
Erggi action model had a higher risk for muscu-
loskeletal symptoms in the follow-up question-
naire (Table 2). Moreover, in the pre- and post-
questionnaires, musculoskeletal symptoms were 
significant predictors. Perceived possibilities to 
influence musculoskeletal symptoms and good 
VDU ergonomics were associated with less risk. 
Sick leave was significantly associated with 
musculo skeletal symptoms in the follow-up ques-
tionnaire. The male subjects who did not have 

TABLE 1. Characteristics of Subjects

Characteristic, M (SD) Pre-Questionnaire Post-Questionnaire
Follow-up 

Questionnaire
Age (years) 39.3 (10.1) 40.7 (10.5) 40.6 (10.8)

Work experience at university (years) 8.0 (7.7) 9.0 (8.0) 9.1 (8.0)

Work at VDU (h/day) 5.4 (2.0) 5.4 (2.0) 5.6 (2.0)

Characteristic, n (%) Pre-Questionnaire Post-Questionnaire
Follow-up 

Questionnaire
Women 353 (68) 218 (73) 203 (67)

Position at university 

professor 30 (6) 13 (4) 15 (5)

teacher or researcher 252 (50) 129 (43) 139 (47)

laboratory staff 41 (8) 28 (9) 21 (7)

office staff 171 (34) 121 (41) 110 (37)

other 8 (2) 6 (2) 13 (4)

Permanent position 206 (40) 138 (47) 137 (46)

Age of VDU workstations (years)

0–2 241 (48) 129 (45) 126 (42)

3–5 195 (39) 111 (39) 129 (43)

6–10 56 (11) 37 (13) 37 (12)

>10 14 (3) 11 (4) 6 (2)

Weekly musculoskeletal symptoms 
interfering work (versus no)

269 (52) 167 (56) 114 (38)

Sick leave days in past 12 months 
caused by musculoskeletal reasons 
(versus no)

87 (17) 49 (16) 44 (15)

Reason for musculoskeletal sick leave

neck-shoulder 13 (19) 13 (31) 17 (44)

upper limb 15 (22) 5 (12) 5 (13)

upper back 2 (3) 3 (7) 2 (5)

low back 38 (56) 16 (38) 15 (39)

VDU ergonomics (versus less than good) 308 (61) 195 (68) 228 (78)

Possibility to influence musculoskeletal 
symptoms (versus less than good)

396 (78) 218 (75) 235 (79)

Notes. VDU = video display unit.
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contact with the Erggi showed significant associ-
ation with less risk for musculoskeletal symp-
toms in the follow-up questionnaire. Moreover, 

having a less than 2-year-old VDU workstation 
was a protective factor before the intervention, 
but associated with a higher risk in the follow-up 

TABLE 2. Logistic Regressions Data Predicting Self-Reported Musculoskeletal Symptoms in 
Follow-Up Questionnaire 

Characteristic

Pre-Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male 0.31 [0.19, 0.54] 1.65 [1.03, 2.67]

Permanent position 0.49 [0.30, 0.80] 2.60 [1.53, 4.42]

Position at university

professor, teacher or researcher 1.00 ref 1.00 ref

office staff 3.67 [2.20, 6.12] 0.79 [0.49, 1.27]

laboratory or other staff 0.86 [0.43, 1.73] 0.82 [0.40, 1.67]

Age of VDU work stations (less than 2 years) 0.42 [0.20, 0.78] 0.71 [0.39, 1.31]

Good VDU ergonomics 6.06 [3.64, 10.09] 0.48 [0.51, 1.36]

Musculoskeletal symptoms weekly interfering with work 5.19 [3.13, 8.62] 3.56 [2.25, 5.62]

Sick leave 5.90 [2.74, 12.70] 1.11 [0.63, 1.95]

Influence on musculoskeletal symptoms 0.16 [0.07, 0.34] 0.28 [0.15, 0.52]

Characteristic

Post-Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male

Permanent position 

Position at university

professor, teacher or researcher

office staff

laboratory or other staff

Age of VDU work stations (less than 2 years) 1.65 [0.86, 3.16] 1.59 [0.98, 2.56]

Good VDU ergonomics 7.53 [4.44, 12.78] 0.54 [0.32, 0.93]

Musculoskeletal symptoms weekly interfering with work 1.84 [1.16, 2.91] 7.36 [4.34, 12.47]

Sick leave 2.71 [1.46, 5.03] 1.59 [0.95, 2.67]

Influence on musculoskeletal symptoms 0.29 [0.17, 0.49] 0.59 [0.35, 1.00]

Characteristic

Follow-up Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male

Permanent position 

Position at university

professor, teacher or researcher

office staff

laboratory or other staff

Age of VDU work stations (less than 2 years) 2.66 [1.45, 4.88] 1.59 [0.94, 2.67]

Good VDU ergonomics 1.22 [0.71, 2.11] 0.51 [0.29, 0.89]

Musculoskeletal symptoms weekly interfering with work — — — —

Sick leave 4.68 [2.53, 8.64] 2.16 [1.35, 3.46]

Influence on musculoskeletal symptoms 0.21 [0.11, 0.37] 0.17 [0.09, 0.30]

Notes. OR = odds ratio, CI = confidence interval, VDU = video display unit. Boldface indicates statistically 
significant OR with 95% CI.
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questionnaire. Moreover, good VDU ergonomics, 
musculoskeletal symptoms, sick leave increased 
the risk for musculoskeletal symptoms, whereas 
the possibility to influence musculoskeletal 
symptoms decreased risk for musculoskeletal 
symptoms in the follow-up questionnaire. The 
comparison between the subjects with and with-
out contact with an Erggi showed that good VDU 
ergonomics protected those who had a contact 
with an Erggi. A sick leave was a risk factor for 
the subjects without contact with an Erggi in the 
pre-questionnaire, but that difference disappeared 
after being educated with the Erggi action model 
in the post-questionnaire.

Multiple regressions showed that for the sub-
jects with contact with an Erggi, musculoskeletal 
symptoms and sick leave were significant predic-

tors before the Erggi action model when account-
ing for all the significant factors (Table 3). Sick 
leave remained significant at all measurement 
points and had an influence on musculoskeletal 
symptoms in the follow-up questionnaire. For the 
subjects without contact with the Erggi, musculo-
skeletal symptoms at the pre-questionnaire only 
remained significant. The comparison between 
the subjects with and without contact with the 
Erggi showed no significant differences when 
accounting for multiple factors at the same time.  

4.	 DISCUSSION

This study investigated the differences in self-
reported musculoskeletal symptoms and VDU 
working conditions during the Erggi action model 

TABLE 3. Multiple Logistic Regression for Self-Reported Musculoskeletal Symptoms in Follow-Up 
Questionnaire for Factors, Which Were Significant in Crude Logistic Regressions (Table 2)

Characteristic

Pre-Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male

Good VDU ergonomics (versus less than good) 0.54 [0.20, 1.08] 1.70 [0.59, 4.99]

Musculoskeletal symptoms weekly interfering with work 
(versus no)

8.13 [1.96, 33.76] 5.80 [1.97, 17.11]

Sick leave (versus no) 7.53 [0.49, 116.63] 3.93 [1.02, 15.25]

Influence on musculoskeletal symptoms (versus no)

Characteristic

Post-Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male

Good VDU ergonomics (versus less than good) 0.34 [0.06, 1.90] 0.69 [0.17, 2.79]

Musculoskeletal symptoms weekly interfering with work 
(versus no)

3.05 [0.57, 16.24] 1.49 [0.41, 5.45]

Sick leave (versus no) na na 5.57 [1.61, 19.36]

Influence on musculoskeletal symptoms (versus no) 2.54 [0.59, 10.99]

Characteristic

Follow-Up Questionnaire
No Contact With Erggi Contact With Erggi

OR 95% CI OR 95% CI
Male 4.00 [1.40, 11.40] 3.16 [1.19, 8.39]

Good VDU ergonomics (versus less than good)

Musculoskeletal symptoms weekly interfering with work 
(versus no)

— — — —

Sick leave (versus no) 4.31 [1.21, 15.28] 3.58 [1.35, 9.47]

Influence on musculoskeletal symptoms (versus no) 1.35 [0.50, 3.65] 3.40 [1.31, 8.85]

Notes. OR = odds ratio, CI = confidence interval, VDU = video display unit, na = not possible to evaluate 
because of limited number of subjects. Boldface indicates statistically significant OR with 95% CI.
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and at the one-year follow-up. The study sample 
included middle-aged subjects, mainly university 
teachers or researchers, who used VDU in their 
work. Almost 50% of the subjects reported musculo-
skeletal symptoms in each phase of the study. In 
general, VDU workstations and the possibilities to 
influence musculoskeletal symptoms were consid-
ered as good and no major changes were detected 
during this study. The subjects who had contact 
with an Erggi were more likely to experience 
weekly musculoskeletal symptoms interfering 
with their work during the Erggi action model, but 
the subjects without contact were more likely to 
require sick leave. The findings of this study con-
firm the results of studies with more limited 
groups of workers including those with musculo-
skeletal complaints [17, 22, 24]. The Erggi action 
model was designed in accordance with the previ-
ous studies which showed that co-worker level 
activation is efficient in improving ergonomics 
and implementing safer working methods [26, 27, 
28]. The Erggi action model aimed at practical 
actions in a cost-effective manner. Ergonomics 
counselling combined with group discussions was 
a very cost-effective way to improve workplace 
design and work techniques [26]. 

In this study, all workers reported increased 
ability to reduce their musculoskeletal symptoms. 
This perceived control had a significant role in 
previous ergonomics interventions [21, 24]. The 
intervention in the present study, the Erggi action 
model, did not have any specific influence on 
reducing musculoskeletal symptoms. However, 
as OR changed for several factors (i.e., musculo-
skeletal symptoms, sick leave and VDU ergo-
nomics), increasing the awareness and knowl-
edge, and control of the physical working envi-
ronment at workstation might be necessary. In the 
present study, more male than female workers 
had contact with an Erggi. For unknown reasons, 
women exploit Erggi skills better than men. This 
gender difference might be related to the fact that 
musculoskeletal symptoms are more common 
among women than men [2, 29]. The results sug-
gest that further studies are necessary. Ergonom-
ics tutors such as Erggis can be effective in pro-
moting workplace health and ergonomics at least 
among women. 

A limitation of this study is the fact that all 
workers were aware of an Erggi or heard about it 
from co-workers. However, since this study used 
the quasi-experimental study design, where the 
subjects were compared to their own results 
before and after the Erggi action model, this limi-
tation did not affect the results. Moreover, the 
result that good VDU ergonomics conferred a 
protective effect on the subjects with contact with 
an Erggi compared to a higher risk estimates for 
the subjects without contact throughout the study 
shows that limitation has not been a severe prob-
lem in this study. These results also agree with 
the previous studies [17, 28, 30, 31, 32]. The low 
response rate to the second and third question-
naire (20%) was another source of concern. The 
response rate in this study (20%–57%) is similar 
to the response rate in previous studies on office 
ergonomics [33, 34]. A study evaluating partici-
pation in longitudinal randomized clinical trials 
showed that the number of missed visits, drop-
outs and timing of dropout were nonrandom 
events and depended on certain characteristics, 
i.e., healthy subjects with fewer chronic symp-
toms were more likely to remain in the study 
[33]. This suggests that this study results may 
have been underestimated since the healthy sub-
jects remained in the study.

The Erggi action model influenced workers 
who had contact with an Erggi. Those workers 
had a higher probability to influence their musculo-
skeletal symptoms and to decrease need for sick 
leave. This suggests that the Erggi action model 
can increase the awareness of musculoskeletal 
symptoms and knowledge of good ergonomics in 
VDU working conditions among university 
workers. 

REFERENCES

1. Gerr F, Marcus M, Ensor C, Kleinbaum D, 
Cohen S, Edwards A, et al. A prospective 
study of computer users: I. Study design and 
incidence of musculoskeletal symptoms and 
disorders. Am J Ind Med. 2002;41(4): 
221–35. 

2. Janwantanakul P, Pensri P, Jiamjarasrangsri V, 
Singsongsook T. Prevalence of self-reported 
musculoskeletal symptoms among office 

D
ow

nl
oa

de
d 

by
 [

18
5.

55
.6

4.
22

6]
 a

t 0
9:

10
 2

0 
M

ar
ch

 2
01

5 



625ERGONOMICS AND MUSCULOSKELETAL SYMPTOMS

JOSE 2014, Vol. 20, No. 4

workers. Occup Med (Lond). 2008;58(6): 
436–8. 

3. Sillanpää J, Huikko S, Nyberg M, Kivi P, 
Laippala P, Uitti J. Effect of work with 
visual display units on musculo-skeletal 
disorders in the office environment. Occup 
Med (Lond). 2003;53(7):443–51. 

4. Arnetz BB, Sjögren B, Rydéhn B, Meisel R. 
Early workplace intervention for employees 
with musculoskeletal-related absenteeism: 
a prospective controlled intervention study. 
J Occup Environ Med. 2003;45(5):499–506. 

5. Statistical yearbook of the Social Insurance 
Institution 2009. Official statistics of Finland. 
Helsinki, Finland: Social Insurance Institution; 
2010. 

6. Punnett L, Wegman DH. Work-related 
musculoskeletal disorders: the epidemiologic 
evidence and the depate. J Electromyogr 
Kinesiol. 2004;14(1):13–23. 

7. Schnoz M, Läubli T, Krueger H. Co-activity 
of the trapezius and upper arm muscles 
with finger tapping at different rates and 
trunk postures. Eur J Appl Physiol. 2000; 
83(2–3):207–14. 

8.  Griffiths KL, Mackey MG, Adamson BJ. 
The impact of a computerized work 
environment on professional occupational 
groups and behavioural and physiological 
risk factors for musculoskeletal symptoms: 
a literature review. J Occup Rehabil. 2007; 
17(4):743–65. 

9.  Hamberg-van Reenen HH, van der Beek AJ, 
Blatter BM, van der Grinten MP, van 
Mechelen W, Bongers PM. Does musculo-
skeletal discomfort at work predict future 
musculoskeletal pain? Ergonomics. 2008; 
51(5):637–48. 

10.  Abásolo L, Blanco M, Bachiller J, Candelas G, 
Collado P, Lajas C, et al. A health system 
program to reduce work disability related 
to musculoskeletal disorders. Ann Intern 
Med. 2005;143(6):404–14. 

11.  Amick BC 3rd, Robertson MM, DeRango K, 
Bazzani L, Moore A, Rooney T, et al. 
Effect of office ergonomics intervention on 
reducing musculoskeletal symptoms. Spine 
(Phila Pa 1976). 2003;28(24):2706–11. 

12.  Bernaards CM, Ariëns GA, Simons M, 
Knol DL, Hildebrandt VH. Improving 
work style behavior in computer workers 

with neck and upper limb symptoms. 
J Occup Rehabil. 2008;18(1):87–101. 

13. Grooten WJ, Mulder M, Wiktorin C. The 
effect of ergonomic intervention on neck/
shoulder and low back pain. Work. 2007; 
28(4):313–23. 

14.  Huang GD, Feuerstein M. Identifying work 
organization targets for a work-related 
musculoskeletal symptom prevention 
program. J Occup Rehabil. 2004;14(1): 
13–30. 

15.  Robertson MM. Health and performance 
consequences of office ergonomic inter-
ventions among computer workers. In: 
Dainoff MJ, editor. Ergonomics and health 
aspects of work with computers. Berlin, 
Germany: Springer; 2007. p. 135–43. 

16.  Aarås A, Horgen G, Bjørset HH, Ro O, 
Walsøe H. Musculoskeletal, visual and 
psychosocial stress in VDU operators before 
and after multidisciplinary ergonomic 
interventions. A 6 years prospective study 
—part II. Appl Ergon. 2001;32(6):559–71. 

17.  Ketola R, Toivonen R, Häkkänen M, 
Luukkonen R, Takala EP, Viikari-Juntura E, 
et al. Effects of ergonomic intervention in 
work with video display units. Scand J 
Work Environ Health. 2002;28(1):18–24. 

18.  Brewer S, van Eerd D, Amick BC 3rd, Irvin E, 
Daum KM, Gerr F, et al. Workplace 
interventions to prevent musculoskeletal 
and visual symptoms and disorders among 
computer users: a systematic review. 
J Occup Rehabil. 2006;16(3):325–58. 

19.  Durand MJ, Vézina N, Loisel P, Baril R, 
Richard MC, Diallo B. Workplace interventions 
for workers with musculoskeletal disabilities: 
a descriptive review of content. J Occup 
Rehabil. 2007;17(1):123–36. 

20.  Rivilis I, van Eerd D, Cullen K, Cole DC, 
Irvin E, Tyson J, et al. Effectiveness of 
participatory ergonomic interventions on 
health outcomes: a systematic review. Appl 
Ergon. 2008;39(3):342–58. 

21.  Robertson M, Amick BC3, DeRango K, 
Rooney T, Bazzani L, Harrist R, et al. The 
effects of an office ergonomics training and 
chair intervention on worker knowledge, 
behavior and musculoskeletal risk. Appl 
Ergon. 2009;40(1):124–35. 

D
ow

nl
oa

de
d 

by
 [

18
5.

55
.6

4.
22

6]
 a

t 0
9:

10
 2

0 
M

ar
ch

 2
01

5 



626 S. TIAINEN, A. ROPPONEN & V. LOUHEVAARA

JOSE 2014, Vol. 20, No. 4

22.  Lindstrom-Hazel D. A single-subject 
design of ergonomic intervention effec-
tiveness for university employees in a new 
facility. Work. 2008;31(1):83–93. 

23.  Laestadius JG, Ye J, Cai X, Ross S, Dimberg L, 
Klekner M. The proactive approach—is it 
worthwhile? A prospective controlled 
ergonomic intervention study in office 
workers. J Occup Environ Med. 2009; 
51(10):1116–24. 

24.  Greene BL, DeJoy DM, Olejnik S. Effects 
of an active ergonomics training program 
on risk exposure, worker beliefs, and 
symptoms in computer users. Work. 2005; 
24(1):41–52. 

25.  Kuorinka I, Jonsson B, Kilbom A, 
Vinterberg H, Biering-Sørensen F, 
Andersson G, et al. Standardised Nordic 
questionnaires for the analysis of 
musculoskeletal symptoms. Appl Ergon. 
1987;18(3):233–7. 

26.  Eklöf M, Hagberg M, Toomingas A, 
Tornkvist EW. Feedback of workplace data 
to individual workers, workgroups or 
supervisors as a way to stimulate working 
environment activity: a cluster randomized 
controlled study. Int Arch Occup Environ 
Health. 2004;77(7):505–14. 

27.  Gagnon M. Ergonomic identification and 
biomechanical evaluation of workers’ 
strategies and their validation in a training 
situation: summary of research. Clin Biomech 
(Bristol, Avon). 2005;20(6):569–80. 

28.  Goodman G, Landis J, George C, McGuire S, 
Shorter C, Sieminski M, et al. Effectiveness 
of computer ergonomics interventions for 
an engineering company: a program 
evaluation. Work. 2005;24(1):53–62. 

29.  Karlqvist L, Tornqvist EW, Hagberg M, 
Hagman M, Toomingas A. Self-reported 

working conditions of VDU operators and 
associations with musculoskeletal symptoms: 
a cross-sectional study focussing on gender 
differences. Int J Ind Ergon. 2002;30(4–5): 
277–94. 

30.  Bernaards CM, Ariëns GA, Knol DL, 
Hildebrandt VH. The effectiveness of a 
work style intervention and a lifestyle 
physical activity intervention on the 
recovery from neck and upper limb 
symptoms in computer workers. Pain. 
2007;132(1–2):142–53. 

31.  Montreuil S, Laflamme L, Brisson C, 
Teiger C. Conditions that influence the 
elimination of postural constraints after 
office employees working with VDU have 
received ergonomics training. Work. 
2006;26(2):157–66. 

32.  Robertson MM, O’Neill MJ. Reducing 
musculoskeletal discomfort: effects of an 
office ergonomics workplace and training 
intervention. International Journal of 
Occupational Safety and Ergonomics 
(JOSE). 2003;9(4):491 –502. Retrieved 
August 12, 2014, from: http://www.ciop.
pl/8027.  

33.  Oleske DM, Kwasny MM, Lavender SA, 
Andersson GB. Participation in occupational 
health longitudinal studies: predictors of 
missed visits and dropouts. Ann Epidemiol. 
2007;17(1):9–18. 

34.  Driessen MT, Proper KI, Anema JR, Knol 
DL, Bongers PM, van der Beek AJ. The 
effectiveness of participatory ergonomics 
to prevent low-back and neck pain—results 
of a cluster randomized controlled trial. 
Scand J Work Environ Health. 2011;37(5): 
383–93. 

D
ow

nl
oa

de
d 

by
 [

18
5.

55
.6

4.
22

6]
 a

t 0
9:

10
 2

0 
M

ar
ch

 2
01

5 

http://www.ciop.pl/8027
http://www.ciop.pl/8027

