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Introduction 

Repetitive Strain Injury (RSI) became a hype in the late nineties of the last century, 
resulting in high prevalence and a wide variation of therapies. However, the back-
ground of this disease is not well understood. Scientific evidence about risk factors, 
preventive interventions and effectiveness of therapies is incomplete. This thesis aims 
to contribute to a better understanding of treating computer screen workers with non-
specific work-related upper limb disorders (WRULD), also in an early stage.  
In this introductory chapter the background of RSI or WRULD – being the scientifical 
term- will be explained as well as its consequences for individuals and society and (pos-
sible) risk factors. Next the evidence for prevention and therapies is discussed. The 
chapter will end by explaining the background of this study and its research questions, 
followed by the outline of the thesis.  

Terminology of RSI and WRULD 

At the beginning of the eighties first records about incidence and distribution of RSI 
(Repetitive Strain Injury) were available from the South of Australia by data from the 
Australian Bureau of Statistics.1 

Other terms internationally in use for the same syndrome are OOS (Occupational Over-
use Syndrome), CTD (Cumulative Trauma Disorder), CANS (complaints of arm, neck 
and/or shoulder), WRUEMD (Work Related Upper Extremity Musculoskeletal Disorders) 
and WRULD (Work Related Upper Limb Disorders).2 
The Dutch Health Council defines RSI in her report of 20002 as follows: “RSI is a medical 
syndrome affecting the neck, upper back, shoulders, upper and lower arm, elbow, wrist 
or hand or a combination of those areas. Its effects are restrictive or lead to participa-
tion problems. The syndrome is characterized by a disturbance in the balance between 
load and physical capacity, preceded by activities that involve repeated movements or 
prolonged periods spent with one or more of the relevant body parts in a fixed posi-
tion. RSI is always caused by a combination of factors. The definition of RSI adopted by 
the committee excludes pains and other conditions that are short-lived or acute. As a 
syndrome RSI necessarily involves a complex of complaints”. 
In the course of time RSI became - because of the impact on several levels (see below) - 
a burdened term in the Netherlands. Therefore the government ordered to change the 
term into “CANS” (complaints of arm, neck and shoulder). This move however did not 
solve the problem as expected.  
Because the Coronel Institute for Occupational and Environmental Health in the Neth-
erlands3 makes use of the international term WRUEMD, considering RSI / CANS as a 
work-related disorder, in this thesis we will make use of the shorter term WRULD. 
The Dutch Health Council makes no difference between specific (e.g. tennis elbow and 
carpal tunnel syndrome4 ) and non-specific WRULD, the latter having far and away the 
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highest prevalence.2,5 This makes it difficult to set up methodological sound research 
projects with respect to WRULD. 
In this thesis we make use of the “Criteria Document for evaluation of the work-
relatedness of upper extremity musculoskeletal disorders”3 to be able to distinguish 
between specific and non-specific WRULD. The only countries in the world making a 
difference between specific and non-specific WRULD are Australia, New-Zealand and 
the Netherlands. 
The empirical studies in this thesis exclusively concern non-specific WRULD. 

Complaints and patho-physiological mechanisms in non-specific 
WRULD  

Specific WRULD is characterized by a circumscriptive pattern of complaints like in car-
pal tunnel syndrome4 or tendonitis. The patho-physiological mechanisms are more or 
less elucidated and world wide medically accepted. The same applies to their treat-
ments. 
On the contrary, the patho-physiological background of non-specific WRULD is not yet 
elucidated. 
Suspected mechanisms for the development of non-specific WRULD are long-lasting 
activities that involve repeated movements or prolonged periods spent with one or 
more of the relevant parts in a fixed position.2 
 
The pattern of complaints for non-specific WRULD is miscellaneous. Pains, tingles, sen-
sation of stiffness and swelling are most common. Complaints usually begin in the 
dominant arm, suddenly or gradually. In the beginning they are purely related to the 
work activity. When no action is undertaken, complaints extend to other described 
parts of the upper body, last also during other activities, become independent of the 
originally evoking activity and disturb sleep at night. When still no action is undertaken 
complaints become chronic, can be present 24 hours a day and might be accompanied 
by development of chronic pain behavior. On the other hand, from daily practice we 
know nowadays that even in case of chronic pain in loco motor apparatus, especially in 
case of kinesiophobia, pain can cease secondary when kinesiophobia is addressed ef-
fectively. Reassurance, education and graded exposure are important tools then.6 
 
Although many hypotheses exist regarding patho-physiology of non-specific WRULD 
like the Cinderella-hypothesis,7,8 the neuromotor noise theory of van Galen9,10 seems to 
make sense because of its link with research done on repetitive strain injury in animal 
research (monkeys)11 and its links with experience in daily clinical practice regarding 
non-specific WRULD. 
Patients with non-specific WRULD caused by sustained use of the computer (and 
mouse), exhibited in a graphical aiming task deviant movement strategies with co-
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contractions when compared to healthy persons. This occurred even more if these 
patients had to fulfill double tasks and/or had to fulfill their tasks under stressful condi-
tions.10 Recently Huysmans could in her thesis12 link her results with those of van 
Galen. Partial evidence was found for her Precision-Pain Model showing that higher 
precision demands lead to higher impedance (higher muscle activity) in combination 
with changes in kinematics, proprioception and task performance in terms of positional 
precision are impaired in fatigued subjects and in subjects with neck and upper extrem-
ity pain and that precision demands could be associated with arm-hand pain. Addition-
ally, Harris reported in 199913 that repetitive strain injuries for instance in keyboard 
operators are accompanied by fluid changes in sensor motor cortex and by pathological 
pain. He reports that disorganized or inappropriate cortical representation of proprio-
ception may falsely signal incongruence between motor intention and movement, 
which results in pathological pain in the same way that incongruence between vestibu-
lar and visual sensation results in motion sickness. 
In this scope it was and still is remarkable in daily practice that computer screen work-
ers diagnosed with non-specific WRULD when returning from holidays, where they did 
not or less experienced complaints, immediately reported pains and tingles sitting 
behind their computers even before having touched the keyboard or the mouse. 
These findings make “resetting of the brains” by reassurance and graded exposure 
understandable. This is further developed theoretically in the fear-avoidance model of 
Vlaeyen14 and this model can play an important role in the development and course of 
non-specific WRULD.  
The essence of this model is that a common injury is followed by nociceptive pain. 
Normally, this pain will cease spontaneously unless catastrophizing thoughts bring a 
person in the vicious circle of injury, pain, catastrophizing thoughts, and kinesiophobia 
by anxiety for - in the mean time neuropathic – pain and repeated injury, ending up in 
avoidance behavior and disuse, distress and depression; all this will be accompanied by 
the development of disabilities and social handicap. 

Impact of WRULD on individuals and society 

In the Netherlands there has been an increase of WRULD in the Dutch working popula-
tion- especially among visual display unit-workers (computer screen workers) -from 19 
to 28% between 1997 and 2002.2,5 Due to expected increase of computer screen work-
ers in the near future by changed nature of work15, the prevalence of WRULD among 
screen workers is expected to increase proportionally.5,16 

This results in, on the one hand decreased productivity, increased medical consumption 
and consequently increased costs, on the other hand disability and decreased quality of 
life.17 
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Because computer screen workers represent a large homogeneous group at risk for 
non-specific WRULD with consequently large impact on individuals and society, they 
form the study base for this thesis. 
Research in 1988 among 229 Australian company workers with chronic pain in the 
upper limbs showed that 13% could be classified as specific WRULD and 87% as non-
specific.18 
In the Netherlands specific WRULD is estimated to lie between 13-27% in the working 
population, while the remainder is classified as non-specific.5 

Prevalence in relation to vocation and education level 

It is likely that the increased use of personal computers at work is associated with a 
growing incidence of WRULD.16 
Especially those workers sitting behind the computer more than 6 hours a day seemed 
sensitive for the development of WRULD.5,19 
There seemed no difference in the prevalence of WRULD among computer workers 
using a mouse or not,20 although IJmker recently published that the development of 
non-specific WRULD could not directly be related to the number of hours computer 
work per day, however could be related to the use of a mouse.21 
Non-specific WRULD is not necessarily related to computer work, but the fact that the 
Netherlands have the highest percentage fulltime computer workers of Europe (35%) 
makes the high incidence and prevalence of WRULD understandable.5,19,20,22 
Other workers sensitive for developing WRULD are for instance musicians, hairdressers, 
croupiers and plumbers.5 
The Dutch Central Bureau of Statistics showed in a research project in 2000 that the 
prevalence of WRULD was higher in low educated workers (29%) compared to workers 
with at least a bachelor’s degree (19%).23 However, no difference was made between 
specific and non-specific WRULD-complaints.  

Absence from work and costs 

In the Netherlands 8% of the whole working population takes time off work because of 
WRULD annually.22 
Absenteeism of 13 weeks or more lies at 0.44% yearly, while entry of disability pension 
is assessed at 0.04 % yearly.24 
At the end of 2005 28% of the total of disability pensions in the Netherlands was spent 
that year on diseases of loco motor apparatus including WRULD.25 
The Health & Safety Executive, a British institution responsible for the regulation of 
occupational risks to health, estimated that self-reported WRULD resulted in 4.7 million 
lost working days in 2003/ 2004.26 
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In the USA one third of workers’ compensation costs in private industry is estimated to 
be caused by WRULD and the direct costs, with compensation, exceed US$ 20 billion in 
Washington state alone.27 
A recent study in the Netherlands in 2005 estimates the total annual costs due to spe-
cific and non-specific WRULD at about 2.1 billion Euros, consisting of medical costs, 
costs due to decreased productivity, absenteeism related to WRULD and disability pen-
sions.28 
Benchmarking shows, that the total annual costs of cardiovascular diseases in the 
Netherlands that year comprised 5.5 billion Euros and all diseases of loco motor appa-
ratus inclusive connective tissue diseases 4.2 billion Euros.29 
That means that half of the total costs, in 2005 spent on diseases of loco motor appara-
tus inclusive connective tissue diseases, concerned WRULD. 

Risk factors 

Risk factors for WRULD can be subdivided into work-related physical risk factors, work-
related psychosocial risk factors and personal risk factors.5,16,30,31 
Previous longitudinal studies among office workers including individual factors as well 
as estimates of occupational mechanical and psychosocial exposure, and leisure time 
exposure, have found the most consistent and strongest associations between the 
duration of mouse use and the incidence of hand-arm symptoms.32 
Risk factors should be subdivided in risk factors predicting the development of non-
specific WRULD and those predicting the course of non-specific WRULD, because risk 
factors predicting the development of non-specific WRULD are not necessarily the 
same as those which are of importance in the course of the disease. 

Work-related physical factors 

Much research has been done on physical work-related risk factors. 
Systematic reviews show a linear relationship between the occurrence of neck pain and 
work-related physical risk factors like neck flexion, arm force, arm posture, duration of 
sitting, twisting or bending the trunk, hand-arm vibration and workplace design33 and 
that shoulder pain is related to repetitive movements and vibration.34 
A more recent Dutch prospective study in an occupational setting with follow-up of 
three years showed that sitting at work for over 95% of the working time was a signifi-
cant risk factor for developing neck pain.35 
Another recent Dutch study, in which the relation between physical capacity and work-
related musculoskeletal symptoms was studied, showed that the impact of decreased 
physical capacity on the development of future complaints in loco motor apparatus is 
not yet clear.36 Moreover, in employees with neck pain, the imbalance between physi-
cal capacity and exposure to work-related physical factors was not a stronger predictor 
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for the development of future musculoskeletal symptoms than each of these variables 
separately.36 

Work-related psycho-social factors 

The SMASH-study (Study on Musculoskeletal disorders, Absenteeism, Stress and 
Health) shows the linear and nonlinear relations between psychosocial job characteris-
tics, subjective outcomes and sickness absence.37 
Van den Heuvel31 found work-related psychosocial factors to be of large importance in 
causing work-related upper limb disorders, in particular high task demands and limited 
social support from colleagues.  
A large cross-sectional research by Koenders et al38 among 12,950 bank employees 
showed that job stress was a strong predictor for the development of work-related 
upper limb disorders.  

Personal(ity) factors 

As personal risk factors, effort/ reward imbalance, especially high effort, and over 
commitment31 are found to be important in causing work-related upper limb disorders.  
A study at Maastricht University among PhD students in 2002 showed that a high trait 
anxiety accentuates the effect of work-related upper limb complaints as predictor of 
absenteeism.39 
It seems that the fear-avoidance model of Vlaeyen – along the road of catastrophising- 
can play an important role in the course of non-specific WRULD.40 

Socio-demographic characteristics 

Women appeared to have more risk to develop non-specific WRULD38,41 as compared 
to men, which might be explained by a difference in effect of exposure to work-related 
physical and psychosocial risk factors between females and males.42 
The above mentioned cross-sectional study among bank employees showed also  that 
the low educated employees were more at risk for developing WRULD complaints as 
compared to their highly educated colleagues.38 
Little research is available with respect to the age of patients with non-specific WRULD. 
Above mentioned cross-sectional study reports an increasing percentage of employees 
with non-specific WRULD among the older ones.38 

Evidence on prevention and therapy 

Because non-specific WRULD has such a large impact on the total annual health care 
and societal costs consisting of medical costs, costs due to decreased productivity, 
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absenteeism related to WRULD and disability pensions,18 primary and secondary pre-
vention of non-specific WRULD urgently need attention. Beyond these aspects of socie-
tal and financial importance, personal aspects of disability and quality of life need to be 
implemented in WRULD-research.17 
Because non-specific WRULD tends to become chronic very easily, the earlier interven-
tion or information has been given, the better. 
Preventive studies only comprise specific WRULD and include mainly electro diagnostic 
techniques, psychophysical tests and examination of biochemical markers in soft tissue 
injuries.43 
 
Sparse research with sound methodological background is available on the effective-
ness of (multidisciplinary) therapies, especially in WRULD- patients with early stages of 
complaints.44,45,46 
A recently published systematic review on randomized and non-randomized studies 
investigating the effect of conservative interventions in (mainly chronic) WRULD-
patients showed that the methodological quality of most studies was below scientific 
standards.47 
Results of therapy are not conclusive and evidence is conflicting when exercise inter-
ventions are compared to no treatment at all.47,48 
However, limited evidence was found for the effectiveness of exercises when com-
pared to massage, implementing breaks during computer work sessions, massage as 
supplemental treatment to manual therapy and manual therapy as supplemental 
treatment to exercises.47 
One randomized controlled trial showed that chronic sick-listed WRULD-patients bene-
fited from multidisciplinary treatment consisting of psychological and physical ses-
sions49; however no differences were found in cost-effectiveness between the multidis-
ciplinary treatment group and the usual care group. 
A randomized study aiming to assess the effectiveness of a group-based interactive 
work style intervention on improving work style behavior among computer workers 
showed that such an intervention is effective in improving some elements of work style 
behavior; however, this intervention was ineffective in changing stress outcomes.50 
Feuerstein et al (2004, 2009) also did research on work style and job stress manage-
ment as secondary prevention. They found that job stress management additionally to 
ergonomic intervention was not more effective than the ergonomic intervention 
alone.51 Moreover they found that higher scores on a patient-reported job stress 
measure predicted higher levels of pain at six months.52 In the selected studies out-
comes were mainly assessed on the impairment level, but rarely on the level of disabil-
ity or quality of life.17,45,47 
 
It may be concluded that evidence from clinical research is scarce and more is needed.  
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Besides, as with other medical technologies, prevention and therapy for WRULD should 
be subjected to critical evaluation. In order to support policy decision making on for 
instance reimbursement of therapy or development of clinical guidelines, cost-
effectiveness studies can be performed.53 
Research and (cost)-effectiveness studies regarding non-specific WRULD need to cover 
all three groups of well-described risk factors, casu quo the work-related physical and 
psychosocial risk factors as well as the personal risk factors.5,31,36 Beyond outcome 
measures on the impairment level, outcome measures on disability level and regarding 
quality of life are urgently requested because they also can predict the final outcome of 
non-specific WRULD. 

Background and research questions of this thesis 

Personal experience in having treated patients with non-specific WRULD complaints in 
the past 15 years in our department of rehabilitation and physical medicine, being a 
tertiary referral centre for this patient group, showed that these complaints – if un-
treated- become chronic very easily.  
Literature, as demonstrated in this introductory chapter and daily practice showed that 
physical and psychosocial work-related risk factors as well as socio-demographic and 
personality risk factors play an important role in the development and persistence of 
WRULD complaints. The consequences with respect to, on the one hand personal ex-
perienced disability and decreased quality of life, and on the other hand decreased 
productivity, related absenteeism, increased medical consumption and increased socie-
tal costs, are huge.  
Therefore we have to try to understand the role of these factors on the course of the 
disease better. Also evidence of treatment is lacking. Clinical experience seemed to 
show a favorable effect in patients treated by a combination of exercise and education 
in order to improve posture and movement habits in relation to everyday activities. We 
wanted to test this observation in a randomized clinical trial. 
 
Our department has a large well-documented file of these patients, especially for 
screen workers. This made it worthwhile to start a retrospective study on the course of 
non-specific WRULD and the influence of, on the one hand work- and treatment related 
factors and on the other hand socio-demographic, psychological and physical factors on 
clinical status and functional disability. 
The first research question is: what is the course of non-specific WRULD and do work- 
and treatment related factors, socio- demographic, psychological and physical factors 
predict clinical status and functional disability? 
 
From the very first treatments of WRULD-patients onwards, these patients seemed to 
have personality traits making them sensitive for developing and persisting non-specific 
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WRULD- complaints. Especially they seemed neurotic perfectionists and psychoneu-
rotic people. 
A case-control study on the role of neurotic perfectionism was set up in the beginning 
of this thesis. Later on in the project, the role of catastrophising seemed to overwhelm 
the role of neurotic perfectionism, reason that another case-control study was started 
on the role of catastrophising on non-specific WRULD and disability.  
The second research question is: do psychological factors play an important role in 
developing and persisting non-specific WRULD- complaints?  
 
Daily practice seemed to show that in early WRULD-patients, exercise therapy accord-
ing to Mensendieck / Cesar was more successful as compared to usual care (physio-
therapy). 
Therefore a randomized controlled trial was set up.  
Beyond outcome measures on impairment level, outcome measures on disability level 
and with respect to quality of life were taken into account. 
The third research question is: are postural exercises delivered by postural exercise 
therapists according to the method of Mensendieck / Cesar more effective in decreasing 
beginning non-specific WRULD symptoms and in preventing disability and can this ther-
apy be regarded as cost-effective when compared to usual care?  
 
This thesis aims to give physicians and therapists a better understanding of the impor-
tance of treating screen workers with non-specific WRULD in an early stage and the 
way they have to treat them, taking into account all levels of risk factors. 

Outline of this thesis 

In the Chapters 2 and 3 the course of non-specific WRULD and the influence of work- 
and treatment related factors as well as socio- demographic, psychological and physical 
factors on clinical status and functional disability are presented in a retrospective study 
(research question 1). 
The second research question on the role of psychological / personality factors on the 
development and course of non-specific WRULD is answered in Chapter 4 and Chapter 
5.  
In Chapter 4 a case-control study is presented, studying screen workers with non-
specific WRULD from our clinic and 2 control groups (chronic pain patients from our 
clinic and healthy screen workers) on their perfectionism trait, their coping behavior 
and their psycho neuroticism traits.  
Chapter 5 tries to explain how personality factors might cause disability in chronic non-
specific WRULD.  
This is done by another case-control study comparing screen workers experiencing 
disabilities from non-specific work-related upper limb disorders with controls. 
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The third research question is answered in Chapter 6 and 7. In a randomized interven-
tion trial with non-specific WRULD-patients in a early stage, the effectiveness of pos-
tural exercise therapy according to the method of Mensendieck / Cesar was compared 
with care as usual (Chapter 6) and also the cost-effectiveness (Chapter 7).  
Chapter 8 presents the general discussion and conclusions as well as recommendations 
for daily practice and further research.  
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Abstract 

Objective: to assess the influence of work- and treatment -related factors on clinical 
status and functional disability in patients with non-specific work-related upper limb 
disorders (WRULD). 
Participants: 182 computer workers with non-specific WRULD, 18-50 years old, not 
having specific WRULD nor incomplete medical records. 
Methods: Retrospective cohort study among computer workers with non-specific 
WRULD; average follow-up 4 years. Medical records at time of diagnosis and during 
treatment period and a follow-up questionnaire were used. 
Setting: Outpatient department of Rehabilitation Medicine, University Hospital Maas-
tricht. 
Outcome measures: non-specific WRULD (clinical status) and Disabilities of Arm, Shoul-
der and Hand (DASH) at follow-up. 
Results: 103 patients (57%) returned the questionnaire. Of these, 14% developed a 
chronic pain syndrome, 9% recovered, 77% worsened slightly. 
None of the selected work- and treatment - related factors were significantly associ-
ated with clinical status. “Number of working hours per week before diagnosis “ was 
negatively (b= -0.66, p = 0.00) and “other therapies during treatment” (b= 8.76, p = 
0.02) positively associated with DASH. 
Conclusions: computer workers with non-specific WRULD have a poor prognosis. Work-
ing more hours before diagnosis seems not predictive for disability while having under-
gone other therapies during treatment period does. Prospective cohort studies are 
recommended to unravel the associations found. 
 



THE INFLUENCE OF WORK AND TREATMENT RELATED FACTORS 

 27 

Introduction 

Approximately 25% of the employees in the Netherlands suffered from work-related 
neck, upper back, shoulder, arm or hand complaints.1,2,4,9,13 Due to expectations of 
increasing intensity of computer screen-work, the prevalence of work-related upper 
limb disorders (WRULD) among screen-workers is expected to increase even more.17,18 
In 1998, 3000 Dutch employees (four in 10,000) received a disability pension because 
of work-related upper limb disorders (WRULD).1-3 This amount has increased to 6000 
employees in 2001.3 Comparable data have been reported for other western developed 
countries.9,13,18,19 In all these countries like in the Netherlands, many suffering from 
WRULD perform computer work.9,19 
A work-related upper limb disorder is a syndrome that affects muscles, tendons and 
nerves in the hands, arms, shoulders, neck and upper back. This study focuses on pa-
tients with non-specific WRULD, characterized by pain or tingling sensations located in 
the hands, arms, shoulders, neck or upper back and not being diagnosed as a tennis 
elbow, tendonitis, nerve compression etc.18 Non-specific WRULD seems to occur as a 
result of prolonged activation of muscles, due to, among other reasons, poor posture 
and / or repetitive motions.28 As research has shown, WRULD causes significant job 
problems, absenteeism and reduction in working time and ultimately job loss.3,12,18 It 
seems, that work-related factors are important determinants of the disease, as is indi-
cated by its name.6,18,28 However, from literature little is known about the predictive 
power of work place conditions on the course of the disease and functional disability in 
non-specific WRULD patients4,28 Work-related factors, such as number of working 
hours, experienced high work load/ job stress and work ergonomics, have their influ-
ence on working status and capacity.1,12 For clinicians and employers, it is relevant to 
know which work-related factors are related to the course of non-specific WRULD and 
functional disability over time.6 Moreover, medical overconsumption and previous non-
specific WRULD complaints which end up in disability seem to be associated with a 
poor outcome of the disease.28  
Therefore, the purpose of this study was to investigate the influence of work - and 
treatment - related factors on clinical status and disability related to non-specific 
WRULD. To do this, a retrospective cohort study among computer screen workers with 
non-specific WRULD, representing a large homogeneous group at risk, was conducted. 

Methods 

This retrospective cohort study consisted of subjects from a group of computer screen 
workers. They were diagnosed with non-specific WRULD, and medically treated by a 
physiatrist specialized in this disorder. The project took place at the outpatient de-
partment of rehabilitation medicine, University Hospital of Maastricht; a tertiary refer-
ral centre for patients with this diagnosis. The medical records of approximately 500 
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patients who were diagnosed between 1998 and 2001 were reviewed and patients 
were checked for eligibility. Inclusion criteria were: aged between 18 and 50 years, 
performing computer work for at least 20 hours per week, 4 hours per work day at the 
time of their first WRULD symptoms. We excluded patients with specific WRULD such 
as carpal tunnel syndrome, as well as those with other diseases or impairments of the 
musculoskeletal system that were expected to have an influence on non-specific 
WRULD, such as rheumatic diseases or fibromyalgia.  
Eligible patients received a patient information leaflet explaining the purpose of the 
study in November 2003 (follow-up moment), and were subsequently asked to sign an 
informed consent form allowing us to use their medical charts for research purposes. 
Furthermore, they were asked to complete a questionnaire, which was sent within two 
weeks after they had provided their informed consent. The questionnaire contained 
questions on the clinical status of their WRULD and their disability level at that mo-
ment. The patients’ medical charts were retrieved and verified systematically by a 
checklist registering illness characteristics, socio-demographic characteristics and his-
tory of disease. Also, work- and treatment - related factors such as number of hours 
screen work per day, variation in work tasks, therapies during treatment period (see 
below) were retrieved from medical records. As a check for response bias, the non-
responding patients were compared with the responding patients with regard to gen-
der, age, stage of non-specific WRULD and duration of the complaints.5 This compari-
son was done by using t-tests, chi-square tests or non-parametric tests dependent on 
the type of variable that was analysed. Approval for the study design was obtained 
from the medical ethics committee of Maastricht University Hospital, Maastricht, the 
Netherlands. 

Course of non-specific WRULD 

Patients diagnosed with non-specific WRULD were subdivided into three different 
stages according to their clinical status at the time they entered the centre.18 Stage 1 
meant that symptoms were only present during work; in stage 2, symptoms were not 
only present during work but also in some leisure time or other daily activities. In stage 
3, symptoms were present day and night and worsened during computer work. The 
follow-up questionnaire included the clinical status of their WRULD (with the three 
stages mentioned earlier), and two additional stages: stage 0 indicating that symptoms 
present at time of diagnosis had since disappeared and stage 4 indicating that symp-
toms had become more widespread involving other parts of the body (chronic muscu-
loskeletal pain syndrome). This classification allowed us to study the evolution of the 
patients’ clinical status from time of diagnosis until follow-up.23 It should be noted that 
follow-up time varied since diagnosis could have occurred at any time from 1998 until 
2001, while the follow-up assessment was in November 2003 for all patients. 
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Risk factors of clinical status and disability in non-specific WRULD (independent 
variables) 

Work-related factors 
The work-related factors assessed were number of working hours per week and hours 
of computer screen work per day (N/sd) before diagnosis, self - experienced high work 
load before diagnosis (yes/no); self - experienced variation in work tasks with spreading 
the computer work over the day at diagnosis (yes/no), self - experienced poor work 
posture at diagnosis ( yes/no) and self - experienced good ergonomic work conditions 
at diagnosis (yes/no); reduction in number of working hours during treatment (N /sd) 
and different work during treatment period (yes/no). Assessment was based on data 
from the medical files and on items from validated questionnaires.7,8,16,17 For more 
details see.21 

Treatment factors 
Treatment variables were assessed through the medical records and included percent-
ages of non-specialized therapies before diagnosis and percentages of therapies during 
treatment period. These therapies included multidisciplinary rehabilitation, psycho-
therapy and “others” i.e. all kinds of treatments not being multidisciplinary rehabilita-
tion or psychotherapy. 

Outcome variables 

Dependent variables 
Two outcome variables were assessed at follow-up (November 2003). One outcome 
variable was the clinical status of non-specific WRULD, as described by the stages 0 
through 4 (see above). The other was functional disability determined by the Disabili-
ties of Arm, Shoulder and Hand questionnaire, Dutch Language Version (DASH-DLV) 
using the 0-100 score range, in which a higher score means a higher level of disability.27 
The DASH is an internationally accepted functional outcome measurement and was 
also recently validated for non-specific WRULD.15 

Analysis 
The associations between independent variables and outcome variables were investi-
gated by means of multivariable linear regression for functional disability, and multi-
nomial logistic regression for clinical status. For both the multilinear regression analysis 
and the multinomial regression analysis we used the same model building strategy. 
We first considered the independent variables for the ‘therapy’ domain (i.e. non-
specialized therapies before diagnosis; multidisciplinary rehabilitation, psychotherapy 
and having received other therapies during treatment period). A multivariable analysis 
was conducted including all independent variables of the “therapy” domain as predic-
tor variables. In the next step, the independent variable with the highest p-value was 
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Table 1. Descriptive values of risk factors and outcome variables (DASH and clinical status) of the study 
population (n=103) 

Outcome variables    
Mean DASH total score (sd)  31.1 (±20.6) 
Clinical status (number of patients in each stage) Stage 0 9 
 Stage 1 24 
 Stage 2 35 
 Stage 3 20 
 Stage 4 15 
Independent variables   
Non-specialized therapies before diagnosis (yes)  67% 
Multidisciplinary rehabilitation during treatment period (yes)  15% 
Psychotherapy during treatment period (yes)  25% 
Having received other therapies during treatment period (yes)  28% 
Number of working hours per week before diagnosis (N)  38 (sd ±7.3) 
Hours screen work per day before diagnosis (N)  6.9 (sd ±2.0) 
Experienced high work load before diagnosis (yes)  88% 
Variation in tasks at diagnosis (yes)  67% 
Poor work posture at diagnosis (yes)  52% 
Good ergonomic work conditions at diagnosis (yes)  63% 
Reduction in the number of working hours during treatment (N)  15 hrs (sd ±17) 
Different work during treatment period (yes)  77% 

 

Course of non-specific WRULD 

At time of diagnosis, 22 patients (22%) were diagnosed as having non-specific WRULD 
stage 1, 71 patients (68%) stage 2 and 10 (10%) stage 3 (Table 2). At follow-up, 14.6 % 
of the patients had developed a chronic musculoskeletal pain syndrome (stage 4), while 
8.7% were diagnosed without further non-specific WRULD (stage 0). The remaining 
77% had slightly worsened. The average time between diagnosis and questionnaire was 
4.4 years with a range from 1.9 to 5.8 years.23 
 

Table 2. Course of non-specific work-related upper limb disorders according to clinical status 

Clinical status at follow-up Clinical status at baseline 
 Stage 1 Stage 2 Stage 3 Total 

5 4 0 9 Stage 0 - no symptoms 
22.7% * 5.6% 0.0% 8.7% 

7 16 1 24 Stage 1- symptoms only present at 
work 31.8% 22.5% 10.0% 23.3% 

7 27 1 35 Stage 2 - symptoms at work and 
during other daily activities 31.8% 38.0% 10.0% 34.0% 

1 15 4 20 Stage 3 - symptoms present day and 
night 4.5% 21.1% 40.0% 19.4% 

2 9 4 15 Stage 4 - symptoms extended to 
other body parts 9.1% 12.7% 40.0% 14.6% 
Total 22 71 10 103 
 100.0% 100.0% 100.0% 100.0% 

* all percentages total up only vertically 
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Clinical status of WRULD and DASH 

Clinical status of WRULD 
According to our model building strategy only “good ergonomic work conditions” and 
“having received psychotherapy” were retained in the model. However, none of the 
hypothesized work- and treatment - related variables were significantly associated with 
the current clinical status (Table 3). Nagelkerke’s R2 of the multinomial logistic regres-
sion model of the 2 predictors “good ergonomic work conditions” and “having received 
psychotherapy” was 0.18.  
 
Table 3. Risks factors for clinical status of patients with non-specific work-related upper limb disorders: 
results of multinomial logistic regression analysis 

 Unstandardized 
regression  

coefficient b 

Odds ratio 95% CI p-value 

Stage 1 versus Stage 0     
Good ergonomic work conditions 1.01 2.75 0.53 to 14.38 0.23 
Psychotherapy -0.61 0.54 0.05 to 5.73 0.61 
Stage 2 versus Stage 0     
Good ergonomic work conditions 1.02 2.78 0.59 to 12.94 0.20 
Psychotherapy -1.05 0.35 0.04 to 3.23 0.35 
Stage 3 versus Stage 0     
Good ergonomic work conditions -0.10 0.90 0.18 to 4.46 0.90 
Psychotherapy -0.75 0.47 0.05 to 4.96 0.53 
Stage 4 versus Stage 0     
Good ergonomic work conditions -1.18 0.31 0.05 to 1.82 0.19 
Psychotherapy -1.90 0.15 0.02 to 1.53 0.11 

 

DASH 
The number of working hours per week before diagnosis (b* = -0.66, p < 0.01; 
*indicates unstandardized coefficient) was significantly associated with a lower score 
for functional disability on the DASH and having received “other therapies” (other than 
multidisciplinary treatment and psychotherapy) during treatment period (b= 8.76, p 
=0.02) was significantly associated with a higher score on the DASH (table 4). Self-
experienced high work load before diagnosis, self-experienced good ergonomic work 
conditions at diagnosis and multidisciplinary rehabilitation during treatment period 
were not significantly associated with a higher score on the DASH. 
The explained variance of the multivariable regression model consisting of five predic-
tors ( working hours per week, high work load, good ergonomic work conditions, mul-
tidisciplinary rehabilitation, other therapies) and functional disability as outcome was 
0.52. 
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That “working more hours before diagnosis” seems not to predict disability is in line 
with the findings of IJmker, showing that long duration of computer work did not pre-
dict the occurrence of upper limb disorders.28 
It might be that “having received other therapies during treatment period”, such as 
regular physiotherapy, postural exercise therapy or a mix of non-directive therapies, 
are associated with more disability. For instance, by regular physiotherapy and postural 
exercise therapy, mainly physical aspects are addressed,24 while non-specific WRULD 
are triggered by psychosocial12,28 and personality risk factors22,25,26 as well as physical 
ones.28 We suggest therefore that all these aspects should be taken into account in the 
treatment and not only physical ones. Also here our findings are in line with the find-
ings of IJmker, showing that medical overconsumption was associated with a bad out-
come of the disease.28 However, it should be taken into account that the magnitude of 
the Beta (b= 8.76; p=0.02) in this study is only moderate in comparison to the clinically 
relevant change for an individual person. 
The lack of associations between work- and treatment -related factors and the course 
of non-specific WRULD may be explained by the poor quantification of the work-
related factors and the reliance on self-report questionnaire information and possibly 
also by a role of other (psychosocial and personal) risk factors,22,25,28 which, however, 
were not studied here. 
Study limitations. The poor prognosis of computer screen workers with several stages 
of non-specific WRULD found in this study may in part be explained by a selection ef-
fect as the study population was recruited at a tertiary rehabilitation clinic and may 
presumably consist of patients at the more severe end of the disease spectrum. 
As mentioned above, the poor quantification of the work-related factors and the reli-
ance on self-report questionnaire information could have been a great hindrance for 
finding significant associations between work- and treatment-related factors and clini-
cal status. 
Characteristics at baseline were not found to differ between responders and non-
responders, implying a non-selective response. However, in this study, extrapolation of 
the findings (outcome measures clinical status and disability) to the total study popula-
tion is not feasible as data on work- and treatment - related factors were not com-
pared. 
Large prospective cohort studies using valid and more objective methods are needed to 
further unravel the associations between risk factors and WRULD. 

Conclusions 

Computer screen workers with non-specific WRULD have a rather poor prognosis. 
Studying work -related factors as risk factors, only the “number of working hours be-
fore diagnosis” showed a reverse association with disability. With respect to treatment- 
related factors, disability was associated with “other therapies during treatment pe-
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riod”. No associations were found with clinical status at the follow-up moment. To 
further unravel the associations found, a large prospective cohort study is suggested. 
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Abstract 

Objective: To assess the course of nonspecific work-related upper limb disorders 
(WRULD) and the influence of sociodemographic factors, psychologic factors, and 
physical fitness on clinical status and functional disability. 
Design: Retrospective cohort study with cross-sectional analysis among computer 
workers with several stages of nonspecific WRULD; average follow-up 4 years. Socio-
demographic and medical characteristics were assessed based on medical records at 
onset and diagnosis. After informed consent at follow-up, participants received a ques-
tionnaire assessing psychologic and physical fitness characteristics. 
Setting: Outpatient department of rehabilitation medicine, University Hospital Maas-
tricht; tertiary referral center for nonspecific WRULD. 
Participants: Computer workers (N = 182) with nonspecific WRULD, 18 to 50 years, first 
consultation 1998 to 2001; those with specific WRULD and incomplete medical records 
and treatment charts were excluded. 
Interventions: Not applicable. 
Main Outcome Measures: Stage of nonspecific WRULD (clinical status) and Disabilities 
of Arm, Shoulder and Hand questionnaire [DASH] (functional disability). 
Results: A total of 104 patients (57%) returned the completed questionnaire at follow-
up (November 2003). Fourteen percent developed chronic benign pain syndrome, 9% 
recovered. The remaining (77%) worsened slightly. A higher DASH score was associated 
with being elderly (unstandardized regression coefficient [B= .64]), being a woman (B 
=10.42), having a lower educational achievement (B= 9.72), and poorer selfreported 
physical fitness level (B =1.68); lower educational achievement and poorer self-
reported physical fitness were associated with a more severe clinical status. Psy-
chologic factors did not influence disability or clinical status. 
Conclusions: The prognosis of computer workers with nonspecific WRULD is not favor-
able. Those with a lower educational achievement and poorer self-reported physical 
fitness are at risk for a more severe clinical status and functional disability. Being eld-
erly and a woman are also risk factors for further disability. A prospective cohort study 
is needed to unravel these relationships. Nevertheless, computer workers with nonspe-
cific WRULD should be encouraged to enter fitness programs. 
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Introduction 

The etiology of nonspecific WRULD is unknown, but factors such as physical and psy-
chosocial conditions and personality and sociodemographic characteristics may play a 
role in the development and course of nonspecific WRULD.1–4 
Nonspecific WRULD is characterized by pain or tingling sensations located in the arms, 
shoulders, neck, or upper back without a clear pathophysiologic substrate.5 In the 
Netherlands, medical expenses, decreased productivity, absenteeism, and disability 
pensions ensuing from specific and nonspecific WRULD result in total costs that are 
excessive.5 In addition, sick-listed employees with this syndrome experience personal 
distress and decreased quality of life.6 Computer screen workers are particularly at risk 
for nonspecific WRULD. In 2000, the Dutch full-time working population had the high-
est percentage (33%) in Europe using computers,5 making nonspecific WRULD an im-
portant issue to address when studying computer screen workers. In other European 
countries7 and continents,8,9 WRULD have also become an important issue and topic for 
research. 
In a case-control study, we found that neuroticism and neurotic perfectionism may be 
important risk factors in the development of nonspecific WRULD in computer screen 
workers.2 Recently, van den Heuvel3 found a relationship between WRULD complaints 
and an extreme dedication to one’s job, while work style (concept “work style” devel-
oped by Feuerstein et al10) had an intermediate effect.11 Extreme job dedication is re-
lated to the concept “perfectionism,”2 in other words, the tendency to execute all ac-
tivities in a perfect way. Palmer12 reports on the growing body of evidence linking 
WRULD to physical risk factors in the workplace (eg, repetition, duration, short cycle 
time, awkward posture), physical condition, and also psychosocial factors. He postu-
lated that physically fit people could be at a lower risk for developing nonspecific 
WRULD. 
Psychologic characteristics of interest, other than perfectionism, may be trait anxiety13 
and (pain) catastrophizing. Patients who catastrophize aggravate pain by incorrect (self) 
beliefs and inadequate behavior response when in pain. Until now, little research has 
been done on the relationship between nonspecific WRULD and catastrophizing.14 The 
literature illustrates that, in patients with chronic pain, catastrophizing plays an impor-
tant role in experienced pain intensity and level of disability.15–17 A high score on the 
pain catastrophizing scale was found in computer screen workers with beginning non-
specific WRULD complaints.18 Etiologic research in WRULD concentrates on work-
related risk factors,1,19–21 but research on psychologic characteristics and sociodemo-
graphic factors is limited.2,3,11,22 
To arrive at a better understanding of the course of nonspecific WRULD and which 
sociodemographic, psychologic, and physical fitness characteristics influence clinical 
status and disability, we conducted a retrospective cohort study among computer 
screen workers who were treated at the department of rehabilitation medicine in our 
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hospital. We investigated the course of nonspecific WRULD and in a cross-sectional 
analysis the influence of sociodemographic, psychologic, and physical fitness character-
istics on clinical status and functional disability. 

Methods 

This retrospective cohort study with cross-sectional analysis at the end of follow-up 
was set up among computer screen workers who had been diagnosed with nonspecific 
WRULD and had undergone medical treatment by a physiatrist specialized in this disor-
der. The project took place at the outpatient department of rehabilitation medicine, 
University Hospital of Maastricht; a tertiary referral center for patients with this diag-
nosis. The medical records of approximately 500 patients who were diagnosed be-
tween 1998 and 2001 were reviewed, and patients were checked for eligibility. Inclu-
sion criteria were subjects aged between 18 and 50 years, performing computer work 
for at least 20 hours per week and 4 hours per day at the onset of their first WRULD 
symptoms. We excluded subjects with specific types of WRULD, as well as those with 
other diseases or impairments of the musculoskeletal system. Eligible patients received 
a patient information leaflet explaining the purpose of the study in November 2003, 
and were subsequently asked to sign an informed consent form allowing us to retrieve 
their medical charts for research purposes. Furthermore, they were asked to complete 
a questionnaire, which was sent within 2 weeks after they had provided their informed 
consent. The patients’ medical charts were retrieved and verified systematically by a 
checklist registering illness characteristics, sociodemographic characteristics, and his-
tory of disease. As a check for selective response, the characteristics of the nonre-
sponding patients were reviewed following the rules of the Central Committee on Re-
search Involving Human Subjects in the Netherlands.23 
Approval for the study design was obtained from the medical ethics committee of 
Maastricht University Hospital, Maastricht, the Netherlands. 

Course of nonspecific WRULD 

Patients with nonspecific WRULD were subdivided into 3 different stages according to 
their clinical status at the time they entered our center.5 Stage 1 meant that symptoms 
were only present during work, while in stage 2, symptoms were not only present dur-
ing work but also in some leisure time or other daily activities. In stage 3, symptoms 
were present day and night and worsened during computer work. After clinical assess-
ment, various types of (usual) care such as postural exercise therapy, physiotherapy, 
occupational therapy, and/or combined with psychologic counseling were provided. 
The questionnaire was mailed to the participants in November 2003 and contained 
questions on the clinical status of their WRULD at that moment. Based on those ques-
tions we added 2 stages to the earlier mentioned 3 stages. Stage 0 indicated that symp-
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toms at the time of diagnosis in the meantime had disappeared, and stage 4 indicated 
that symptoms had become more widespread involving other parts of the body 
(chronic benign pain syndrome). This classification enabled us to study the evolution of 
the patients’ clinical status from the time of diagnosis until the follow-up measure-
ment. It should be noted that follow-up time varies because patients may have entered 
our department anytime in the period from 1998 until 2001, whereas the follow-up 
assessment was in November 2003 for all participants. 

Risk factors of clinical status and disability in nonspecific WRULD 

Besides sociodemographic data, retrieved from medical records, the questionnaire 
combined existing scales and standard questions on psychologic factors and physical 
fitness.5 In the cross-sectional analysis we considered these variables as potential pre-
dictors of the clinical status and functional disability of patients with nonspecific 
WRULD. 
Based on the literature,2,3,5,24 the sociodemographic risk factors we took into account 
were sex, age, and education. At the time of diagnosis, educational level was dichoto-
mized whereby a “lower educational achievement” was less than a bachelor’s degree. 
The following validated scales were used to assess psychologic and physical fitness 
characteristics: (1) The Multidimensional Perfectionism Scale measured (neurotic) per-
fectionism (range, 35–175); a higher score indicates a higher level of perfectionism,2 
whereby the validation study reported a Cronbach alpha of .73.25 (2) The Trait Anxiety 
Inventory assessed trait anxiety (range, 20 – 80); a higher score indicates increased trait 
anxiety.13,26,27 Cronbach alpha was found to be .93.13 (3) On the Pain Catastrophizing 
Scale (range, 0 –52), a higher score indicates increased pain catastrophizing behav-
ior.28,29 
Cronbach alpha was reported to vary between .85 and .93.28,29 (4) The Groningen self-
reported physical fitness test for the elderly assessed general physical fitness (range, 9 
– 45); a higher score reflects a lower fitness level.30 Cronbach alpha of this scale was 
reported to be .85.31 
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Table 1: Descriptive Values of Risk Factors and Outcome Variables of the Study Population (n =104) 

Variables Values 
Outcome Variables  
DASH total score  31.1 ±20.6 
Clinical status  
 Stage 0  9 
 Stage 1  24 
 Stage 2  36 
 Stage 3  20 
 Stage 4  15 
Risk factors  
 Age (y)  39.1± 7.1 
 Sex, female  57 
 Lower educational achievement  45 
 Self-reported physical fitness (9–45 points) 28.4 ±5.9 
 Trait anxiety (20–80 points)  40.5 ±11.3 
 Pain catastrophizing (0–52 points)  20.7± 11.2 
 Perfectionism (35–175 points)  89.8± 23.1 

NOTE. Values are mean ± SD or n. 

Outcome Variables 

Two outcome variables were assessed at follow-up (November 2003). The first out-
come variable was the clinical status of nonspecific WRULD as described by the stages 0 
through 4 (see Course of non-specific WRULD). As a secondary outcome variable, we 
used functional disability as measured with the DASH-DLV (Dutch Language Version) 
using the 0 to 100 score range, in which a higher score means a higher level of disabil-
ity.32 The DASH is an internationally accepted functional outcome measurement that 
recently was validated for nonspecific WRULD.33 

Analysis 

Data were analyzed using SPSS 15.0 for Windows. To check for selective response, t 
tests and 1-way analysis of variance analyses were conducted on data reflecting illness 
characteristics, sociodemographic characteristics, and history of disease from the 
medical charts of respondents and nonrespondents. The associations between risk 
factors and outcome variables were investigated by means of multivariable linear re-
gression for the outcome variable DASH and multinomial logistic regression for the 
outcome variable clinical status. To check for collinearity between the different risk 
factors, we calculated the variance inflation factors and the tolerance. Collinearity was 
assumed to be present if variance inflation factors were higher than 10; in other words, 
tolerance lower than 0.1. Correlation coefficients between the risk factors and the 
outcome variables were calculated. When collinearity was present, the risk factor with 
the highest correlation with the outcome measure was used. For the outcome DASH, a 
multivariable analysis was conducted with all potential risk factors as predictor vari-
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ables. For the outcome clinical status, we followed a stepwise approach to increase 
statistical power, which can be limited when the outcome variable is categorical rather 
than continuous. We first investigated the bivariate associations between the candi-
date risk factors and clinical status. Risk factors with a P value less than .20 were en-
tered in the final model. The “explained variance” of each of the multivariable regres-
sion models was calculated by means of R2 in the case of the linear regression model 
and Nagelkerke R2 in the case of the multinomial logistic regression model. 

Results 

From the 182 patients fulfilling the eligibility criteria and having received the follow-up 
questionnaire, 107 returned the questionnaire, of which 104 were eligible for analysis. 
Three patients were excluded because of relevant comorbidity. The response rate was 
57%. 
The medical charts of all 182 patients were checked for differences between respon-
dents and nonrespondents on factors of sex, age, stage of nonspecific WRULD, and 
duration of complaints. No significant differences were found (data not shown). Table 1 
presents the descriptive values of risk factors and outcome variables of the study popu-
lation. 

Course of nonspecific WRULD 

Baseline. At baseline (ie, time of diagnosis), 23 patients (22%) were diagnosed as hav-
ing nonspecific WRULD stage 1, while 71 patients (68%) were diagnosed as stage 2, and 
10 (10%) as stage 3. Complaints had been experienced for an average ± SD of 34 ± 32 
months. In table 2, the course of clinical status from baseline to follow-up is presented. 
Follow-up. At follow-up, 14% of the patients had developed a chronic benign pain syn-
drome (stage 4), while 9% were diagnosed without further nonspecific WRULD (stage 
0). The remaining 77% worsened slightly; in other words, among patients with symp-
toms only at work (stage 1) at baseline, only 22% were free of symptoms at follow-up. 
Among those who had symptoms at work and during other daily activities at baseline 
(stage 2), 38% remained in the same category at follow-up, while the situation of 34% 
of the study population had deteriorated (see table 2). The average time ± SD between 
diagnosis (ie, baseline) and questionnaire was 53 ± 11 months. 

DASH and clinical status of WRULD 

DASH. A higher DASH score was significantly associated with being elderly, being a 
woman, and having a lower educational achievement and a poorer self-reported physi-
cal fitness (table 3). Trait anxiety, pain catastrophizing, and perfectionism were not 
significantly associated with a higher score on the DASH (see table 3). The multivariable 



CHAPTER 3 

 44 

regression model consisting of 7 predictors explained 57% of the variance in DASH 
scores. 
Clinical status of WRULD. Lower educational achievement and poorer self-reported 
physical fitness level were significantly associated with a more severe clinical status of 
WRULD. The odds ratio for lower educational achievement is 10.44 when comparing 
stage 3 versus stage 0 and 12.10 when comparing stage 4 versus stage 0. The odds ratio 
for poorer self-reported physical fitness is 1.31 when comparing stage 3 versus stage 0 
and 1.83 when comparing stage 4 versus stage 0 (Table 4). The multinomial logistic 
regression model consisting of 2 predictors explained 41% of the variance in clinical 
status. 
 
Table 2: Course of nonspecific WRULD according to clinical status 

 Clinical Status at Baseline 
Clinical Status at Follow-Up Stage 1 Stage 2 Stage 3 Total 
Stage 0 (no symptoms) 5 (21.7) 4 (5.6) 0 (0.0) 9 (8.7) 
Stage 1 (symptoms only present at work) 7 (30.4) 16 (22.5) 1 (10.0) 24 (23.1) 
Stage 2 (symptoms at work and during other daily 
activities) 

8 (34.8) 27 (38.0) 1 (10.0) 36 (34.6) 

Stage 3 (symptoms present day and night) 1 (4.3) 15 (21.1) 4 (40.0) 20 (19.2) 
Stage 4 (symptoms extended to other body parts) 2 (8.7) 9 (12.7) 4 (40.0) 15 (14.4) 
Total 23 (100.0) 71 (100.0) 10 (100.0) 104 (100.0) 

NOTE. Values are n (%). 

 
Table 3: Risk factors for DASH in patients with nonspecific WRULD: results of linear regression analysis 

Risk Factor B * 95% CI P 
Age (y) 0.64 0.23 to 1.06 0.00 
Sex, women 10.42 4.12 to 16.72 0.00 
Lower educational achievement 9.72 15.98 to 3.46 0.00 
Poorer self-reported physical fitness level  1.68 1.14 to 2.22 0.00 
Trait anxiety  0.21 -0.12 to 0.54 0.22 
Pain catastrophizing 0.07 -0.23 to 0.38 0.63 
Perfectionism  -0.19 -0.17 to 0.13 0.80 

Abbreviation: CI, confidence interval; *Unstandardized regression coefficient. 

Discussion 

The present study demonstrates the course of development of the clinical status of 
nonspecific WRULD in a cohort of computer screen workers who attended a tertiary 
referral center for this diagnosis. 
All eligible patients were identified by retrieval of their medical records and received a 
questionnaire by post. Comparisons on demographic characteristics between respon-
dents and nonrespondents revealed no differences. 
Although the follow-up time varied in this study population (on the average 53mo with 
a range from 23–70mo), we investigated the evolution of clinical status of the partici-
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pants by considering their symptom progression. The prognosis of the patients in this 
study is relatively poor because few patients (only 9 patients, representing 9%) fully 
recovered from their symptoms, while 14% developed a chronic benign pain syndrome 
and the remaining 77% worsened slightly (see table 2). This study further illustrates 
that several factors are related with nonspecific WRULD in computer screen workers. 
Being elderly, being a woman, and having a lower educational achievement and a 
poorer self-reported physical fitness level were associated with greater functional dis-
ability as measured by the DASH questionnaire. Of these variables only lower educa-
tional achievement and poorer self-reported physical fitness level appeared to be asso-
ciated with poor clinical status. The role of education seems consistent and may be 
explained by inadequate coping styles to deal with the disease.2 
It should be noted that these analyses are cross-sectional, implying that a poorer self-
reported physical fitness level may have preceded the symptoms or instead may be the 
result of symptom burden. However, these findings present arguments when studying 
the role of physical fitness to improve health status among nonspecific WRULD patients 
in line with the findings of Proper et al.34 This despite the fact that a recent study illus-
trated that the role of decreased physical capacity on future musculoskeletal com-
plaints is not yet fully clarified.35 
The factors “being elderly” and “being female” are apparently predisposing for a high 
score on the DASH in patients with WRULD. 

Study Limitations 

The poor prognosis of computer screen workers with several stages of nonspecific 
WRULD found in this study may in part be explained by a selection effect, because the 
study population was selected at a tertiary rehabilitation clinic and may presumably 
consist of patients at the more severe end of the disease spectrum. On the other hand, 
these poor prognoses indicate that effective treatment options for these types of pain 
syndromes are warranted. 
A notable finding concerns the role of psychologic characteristics; some of these, such 
as perfectionism, overcommitment, trait anxiety, and catastrophizing, are considered 
important triggers for the onset of nonspecific WRULD.2,11,13,36 
Because the effect of psychologic factors on the course of the disease or disability has 
not yet been clearly addressed,14 their influence remains unclear. In this study, trait 
anxiety, pain catastrophizing, and perfectionism do not appear to influence disability or 
clinical status (see table 3). One explanation may be that this study is measuring these 
psychologic characteristics at follow-up being on the average 53 months after diagnosis 
was assessed. In this period, various circumstantial factors (lifestyle, social economic 
situation, psychologic status, social support) may have altered, influencing health 
status 4 years later. The effect of psychologic characteristics may become less pro-
nounced over time. At the same time, these psychologic characteristics are considered 
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to be “traits,” implying that they are subject-specific and do not change substantially 
over time. A recent case-control study among computer screen workers with nonspe-
cific WRULD36 shows that, even in case of chronic nonspecific WRULD complaints, not 
all participants react with pain catastrophizing behavior. Further research on the im-
pact of psychologic and fitness characteristics at the onset and course of nonspecific 
WRULD is encouraged. In particular, prospective cohort study designs would be prefer-
able. 
However, the associations found in this study suggest that stimulation of physical fit-
ness and activity might be a valuable protective strategy against the burden of nonspe-
cific WRULD. 
 
Table 4: Risk factors for clinical status of patients with nonspecific WRULD: results of multinomial logistic 
regression analysis 

Risk Factor B* Odds Ratio 95% CI P 
Stage 1 versus stage 0     
 Lower educational achievement  0.87 2.39 0.23–25.38 0.47 
 Poorer self-reported physical fitness level  0.18 1.19 0.97–1.45 0.07 
Stage 2 versus stage 0     
 Lower educational achievement  1.79 5.98 0.62–57.55 0.12 
 Poorer self-reported physical fitness level  0.22 1.25 1.03–1.51 0.02 
Stage 3 versus Stage 0     
 Lower educational achievement  2.25 10.44 0.99–110.51 0.05 
 Poorer self-reported physical fitness level  0.27 1.31 1.07–1.60 0.01 
Stage 4 versus stage 0     
 Lower educational achievement  2.50 12.1 0.87–168.7 0.06 
 Poorer self-reported physical fitness level  0.61 1.83 1.40–2.39 0.00 

Abbreviation: CI, confidence interval; *Unstandardized regression coefficient.  

Conclusions 

The prognosis of computer screen workers with nonspecific WRULD is not favorable. 
Those with a lower educational achievement and a poorer self-reported physical fitness 
are at risk for a more severe clinical status and functional disability. Being elderly and a 
woman are also risk factors for further disability. Psychologic characteristics did not 
appear to play a role in predicting the health outcome among these patients. A further 
prospective cohort study is needed to unravel the intricacy of these relationships. 
However, the associations found in this study suggest that computer screen workers 
with nonspecific WRULD should be encouraged to enter fitness programs Table 4. 
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Introduction 

Repetitive strain injury (RSI) is an increasing problem for the working population of the 
Netherlands, particularly amongst computer workers1 and the same is true for other 
highly industrialized and computerized countries, resulting in high sick pay for those 
unable to work.2 
A report on RSI published by the Health Council of the Netherlands in 20003 gave the 
following description of RSI, or work-related upper limb disorder (WRULD) as it is often 
called in British medical literature: 

RSI is a medical syndrome affecting the neck, upper back, shoulders, upper and 
lower arm, elbow, wrist or hand, or a combination of these areas. Its effects are re-
strictive or lead to participation problems. The syndrome is characterised by a dis-
turbance in the balance between load and physical capacity, preceded by activities 
that involve repeated movements or prolonged periods spent with one or more of 
the relevant body parts in a fixed position. RSI is always caused by a combination of 
factors. 

In other words, the committee’s definition of RSI excludes pain and other conditions 
that are short-lived or acute. 
As a syndrome, RSI always involves a complex of complaints. To conform to this defini-
tion and to exclude specific forms of RSI such as tendinitis, the synonymous terms ‘as-
pecific RSI’ and ‘non-specific WRULD’ will be used.4,5 The term ‘RSI’ is still used in the 
Netherlands because of its worldwide currency. This article is only concerned with non-
specific WRULD.6 
Risk factors fall into three categories: physical (work-related) risk factors, such as bad 
posture; psychosocial (work-related) risk factors, such as lack of social support; and 
personal risk factors, such as an ineffective approach to stress management.3,5 
From the literature7–9 and from our large cohort of patients with non-specific WRULD 
(>1200 patients), it became clear that poor posture and poor ergonomic design of 
equipment and tools are at least partly responsible for non-specific WRULD. However, 
the impression gained in clinical practice was that full postural and ergonomic adapta-
tion of the workplace did little to reduce the number of complaints. Indeed, it is known 
that ergonomic interventions are more effective when psychosocial aspects of the jobs 
are taken into account.10 An analysis of our non-specific WRULD cohort strongly indi-
cated that known psychosocial and psychological factors10–14— and especially such 
personality factors as neurotic perfectionism and coping strategies — could be addi-
tional risk factors in the development and persistence of non-specific WRULD.15 
Nearly all of the new non-specific WRULD patients told us, when asked during struc-
tured history taking, that they were very precise persons, incapable of dealing with 
heavy workload and/or tight deadlines. As a result, over the last few years each pa-
tient’s degree of perfectionism has been assessed with the Multidimensional Perfec-
tionism Scale (MPS), which measures neurotic perfectionism. 
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Moreover, these same patients told us they had high work standards and would ignore 
the workload and onset of non-specific WRULD symptoms, despite knowing that these 
symptoms could become chronic in a few months. 
Apart from standard therapies such as physical therapy and occupational therapy, 
these patients also received rational emotive therapy (RET)16 and advice on time mana-
gement and assertiveness. RET is a type of cognitive therapy and is defined as the ther-
apy which helps patients to replace irrational beliefs with rational assumptions. 
Little research has been done so far on the personal ity structure of the non-specific 
WRULD patient.11,12,15,17 If the non-specific WRULD patient has the trait of perfection-
ism or is hampered by inadequate coping strategies, or both, prevention and primary 
inter vention for non-specific WRULD should be adapted to the personality type. 
The research question for this study is therefore whether perfectionism and/or inade-
quate coping skills are additional risk factors in developing non-specific WRULD. 

Methods 

This study is a case-control study with two control groups. The sample was taken from 
personal computer (PC) workers working at the computer with or without the use of a 
mouse for >20 h a week and for at least 4 h a day, and from chronic pain patients with 
generalized pain above and below trunk level. The latter sample included patients with 
fibromyalgia syndrome, distinguished by special tender points above and below the 
girdle and right and left side of the body. 
The sample consisted of men and women aged 18–65. The case group consisted of PC 
workers diagnosed with non-specific WRULD at our clinic, which is a tertiary referral 
centre for non-specific WRULD patients. 
Inclusion took place in accordance with the earlier given description of non-specific 
WRULD3–5 where the symptoms lasted >6 weeks. The first control group was composed 
of PC workers as described above who did not have non-specific WRULD symptoms. 
This control group was mainly selected from colleagues of the case group and at ran-
dom from the personnel of Maastricht University and a large company. Both groups 
were therefore homogeneous regarding workplace, pace of work and daily use of the 
computer. 
The third group (second control group) was composed of chronic pain patients from 
our clinic who were not PC workers (see Table 1). This group was included because, as 
chronic pain patients, they had somatopsychological problems18 but did not suffer from 
non-specific WRULD and were not PC-workers. 
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Table 1. Demographic and illness characteristics of case and control groups 

 Non-specific WRULD
(n = 45) 

Healthy controls 
(n = 45) 

Pain patients 
(n = 42) 

Age 36 (7.3) 33 (8.3) 43 (9.4)a 
Sex (% female) 69 71 57 
Education level 5.8 (1.8) 5.1 (1.7) 3.5 (2.7)a 
Hours at computer 6.5 (1.6) 6.2 (1.5) 1.1 (2.5)a 
Duration of complaints (months) 35 (21)  33 (48) 

Values are mean values (SD); aOne way ANOVA, P < 0.05. 

 
We expected that this group would score high on the Symptom Check List (SCL)-90,18 
but had additional reasons for wanting to know how this group would behave on the 
Multidimensional Perfectionism Scale (MPS) (see later). 
Based on the assumed differences between cases and control groups of at least 25 
points on the MPS with alpha = 0.05 and a power of 80%, we needed at least 43 pa-
tients in each group. We aimed to include 50 persons in each group to allow for drop-
outs.19 
In the event, 45 non-specific WRULD patients (group 1), 45 people without upper limb 
disorder (group 2) and 42 chronic pain patients (group 3) were included. For patients 
who refused to be included, some demographic data and data from history taking were 
registered to exclude possible selection bias in the final study base. 
Demographic and illness characteristics of the study and control groups were taken 
into account, namely age, gender, level of education, use of computer and duration of 
complaints. Table 1 shows a good match between the groups with respect to gender 
and the duration of the complaints. 
The patients in the chronic pain group were significantly older than in the other two 
groups, had a lower standard of education (P < 0.05) and spent much less time each 
day at the computer than the people in groups 1 and 2. 
After obtaining their informed consent, the people in all the groups were sent a set of 
four questionnaires, as follows. 
1. A questionnaire for biographic, demographic and medical history data relevant to 

non-specific WRULD. 
2. The MPS, Dutch version. This was originally an American scale measuring the de-

gree of neurotic perfectionism.20 Hamachek21 drew a distinc tion between ‘normal’ 
perfectionists, who set high standards for themselves yet, ‘Feel free to be less pre-
cise as the situation permits’ and ‘neurotic’ perfectionists, who also set high stan-
dards but allow themselves little room for mistakes. They never feel that anything 
is done completely or well enough. A Dutch version of the test was made and 
tested for reliability and validity by our research group before use.22 The Dutch ver-
sion consists of 29 items and five subscales and is used as a multidimensional con-
struct. The following subscales are included: concern over mistakes; personal stan-
dards; parental expectations; parental criticism; and doubt about actions. The 29 
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items are scored from 1 to 5. The higher the score, the greater the degree of neu-
rotic perfectionism. The total score is a good representation of the different sub-
scores. It takes ~10–15 min to fill out. MPS scores are not influenced by age or 
gender. 

3. The Hopkins Symptom Check List (SCL)-90. This scale is in worldwide use for meas-
uring recently experienced physical and psychological distress and for screening 
psychopathology, defined as psycho- neuroticism18,23 and takes ~20 min to com-
plete. This list was used because the literature shows a high correlation between 
the SCL-90 and MPS scores.20 It consists of 90 items, scored from 1 to 5, subdivided 
into nine subscales. The higher the score, the greater the degree of psychoneuroti-
cism. The total score is a good representation of the different subscores. The score 
for a non-pathological person can be expected to lie between 100 and 120. A score 
of 260 points to existing depression. 

4. The Utrecht Coping List (UCL).24 This list was used because coping styles can also be 
influenced by psychoneuroticism and because of the expectation from clinical 
practice that perfectionists would have inadequate coping strategies. This list con-
sists of 47 items subdivided into seven subscales, measuring seven different types 
of coping strategy. For this reason, all subscales had to be taken into account sepa-
rately. It takes ~10 min to complete. 

All procedures followed the ethical standards of the Medical Ethics Committee of the 
University Hospital Maastricht. 

Statistics 

The demographic and illness characteristics of the study and control groups were ana-
lysed by the one-way analysis of variance (ANOVA) method (P < 0.05). 
First of all, the MPS-subscales and total score, the SCL-90 subscales and total score and 
the UCL subscales were analysed for the three groups. Then, because of the good in-
ternal consistency of the instruments as a whole, we continued with the MPS total 
score and the SCL-90 total score.23 The UCL subscales, representing different ways of 
coping, were analysed separately. 
The case-control groups were also compared with each other by the one-way ANOVA 
method (P < 0.05; Bonferroni correction was used because more than two groups were 
involved). Finally, we used logistic regression analysis to look at differences in perfec-
tionism between patients with non-specific WRULD and both control groups while 
controlling for their overall SCL-90 scores. 

Results 

Table 2 shows that the non-specific WRULD group is significantly more neurotic perfec-
tionist than the two control groups. It also shows that the healthy control group was 
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Discussion 

The incidence of non-specific WRULD is increasing in stressful and highly industrialized 
Western societies.2,3 It may be no coincidence that less industrialized countries such as 
Greece, where the working day is also split by a long lunch break, report very few cases 
of WRULD.25 
This study was carried out because observations from our non-specific WRULD clinic 
pointed to personality traits—particularly neurotic perfectionism—as additional risk 
factors for developing non-specific WRULD.20 
We therefore hypothesized that patients suffering from non-specific WRULD would 
have inadequate movement strategies,6 that such inadequate strategies develop pref-
erentially amongst people under high task stress who ignore breaks and high work 
pace6 and that people with this behaviour would tend to show neurotic perfectionism. 
The results indeed show that PC workers from our sample are significantly more neu-
rotic perfectionist than PC workers without non-specific WRULD. 
Logistic regression analysis, however, showed that these significant differences in neu-
rotic perfectionism were potentially negated by the differences in SCL-90 scores. In 
other words, PC workers with non-specific WRULD were, above all, more psychoneu-
rotic than PC workers without non-specific WRULD. This means that they suffered pri-
marily from psychological and physical complaints. Because the variable tested was the 
MPS, measuring neurotic perfectionism, we conclude that our hypothesis is accepted. 
To further confirm our hypothesis, we used a second control group consisting of 
chronic pain patients, who would be expected to score high on the SCL-90.18 By logistic 
regression analysis we could show that patients with non-specific WRULD are signifi-
cantly more neurotic perfectionist than chronic pain patients, despite not having the 
higher SCL-90 scores we would expect from the literature.20 
There were, against expectation, no significant differences in coping mechanisms be-
tween non-specific WRULD patients and the healthy controls. 
On the other hand, the pain patients used coping strategies that were significantly less 
active than the non-specific WRULD patients and had a more passive coping style than 
the healthy control group. 
The MPS originally consisted of six subscales. The subscale ‘Organization’ of the MPS 
had to be removed because of psychometric inconsistencies; that is, it reduced the 
internal consistency of the MPS. Despite this, the internal consistency of the subscales 
and the questionnaire was, on the whole, good.22 
Although there was a high correlation between the subscales ‘Parental expectations’ 
and ‘Parental criticism’, these two subscales were left separate as in the original ver-
sion, leaving five subscales. The fact that there were three missing values in the healthy 
control group for each subscale of the UCL was of little consequence for the project, as 
the UCL list was not the main variable. 
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To put the results of this study into practice, every new patient diagnosed as having 
non-specific WRULD would be encouraged to fill in the SCL-90 and MPS questionnaires. 
A patient with non-specific WRULD who scored >260 on the SCL-90 should be referred 
for psychiatric screening.20 
In our daily practice, patients with non-specific WRULD and a total score >75 on the 
Dutch version of the MPS are sent to a psychologist or psychotherapist to learn how to 
deal with their neurotic perfectionism. 

Conclusion 

This study shows that while neurotic perfectionism may be an additional risk factor for 
developing non-specific WRULD, the correlation could be accounted for by psychoneu-
roticism experienced as general physical and psychological complaints. 
Although unlikely, the study does not rule out the possibility that the presence of psy-
choneuroticism and neurotic perfectionism was caused by non-specific WRULD. 
To exclude confounding by psychoneuroticism, a prospective study is needed on the 
causal relationship between non-specific WRULD and psychoneuroticism/ neurotic 
perfectionism after allowing for the physical and psychosocial work-related factors. 
Nevertheless, there is good reason to direct prevention and primary intervention of 
non-specific WRULD primarily at those PC workers with psychoneurotic and neurotic 
perfectionist personalities. 
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Abstract 

Objectives: In computer workers psychological factors and physical fitness may play an 
important role in the onset and course of non-specific work-related upper limb disor-
ders (WRULD) beyond socio-demographic factors. Based on our experiences in daily 
practice we assumed that pain catastrophizing and other psychological variables such 
as perfectionism, anxiety state and trait, and low physical fitness, are possibly associ-
ated with the occurrence of WRULD.  
We aim to study the association between pain catastrophizing, perfectionism, anxiety 
(state and trait), physical fitness, sex and level of education and the occurrence of 
WRULD, controlling for age as a confounder. 
Methods: Eighty-eight computer workers with early non-specific WRULD, who had 
been recruited for an intervention study, were compared with 31 healthy computer 
workers (controls) recruited from different departments of a university. This cross-
sectional case-control study examined the influence of aforementioned variables on 
WRULD by means of logistic regression analyses. 
Results: Among the different predictor variables investigated, pain catastrophizing 
(OR=1.37; 95%CI 1.17 to 1.59) and lower physical fitness had a positive relationship 
with WRULD (OR=0.65; 95%CI. 0.48 to 0.87).  
Conclusions: According to this study, pain catastrophizing and lower physical fitness 
seem to be associated with early non-specific WRULD in computer workers. Prospec-
tive studies are needed to unravel these relationships.  
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Introduction 

Previous studies have shown that non-specific work-related upper limb disorders 
(WRULD) among computer screen workers develop as a result of extended screen 
work.1-3. However, contrary to this, a recent longitudinal cohort study among office 
workers in the Netherlands showed that long duration of computer work did not pre-
dict the occurrence of upper limb disorders.4 In general, previous research on existing 
associations between physical,4,5 psychosocial4,6-8 and psychological4,7,9 risk factors, and 
the development of upper limb disorders showed mixed results. Psychosocial factors, 
especially moderate to low reward and low task variation, appeared to have an associa-
tion with the onset of upper limb disorders.4,7 A large cross-sectional study among bank 
employees showed that job stress was strongly associated with the development of 
upper limb disorders.8With respect to psychological risk factors, especially 
abelledmitment,4,7 psycho neuroticism and neurotic perfectionism9 showed a relation-
ship with the onset of upper limb disorders. In a study among PhD students with upper 
limb disorders it had been shown that a high score on the Trait Anxiety Inventory (STAI 
2) was associated with sooner absenteeism from work and self-perceived disability.10 
Demographic data further indicate that persons suffering from non-specific WRULD are 
often highly educated, have long working days, and are over 30 years of age with an 
over-representation of women.4,11,12 It appears that beyond socio-demographic factors, 
primarily psychosocial and psychological factors play a role in the onset and course of 
upper limb disorders.  
We conducted a randomized trial among computer screen workers with early non-
specific upper limb disorders in which one group received postural exercise therapy 
and the other group regular physiotherapy. We showed that at one year follow-up still 
45% suffered from upper limb complaints.12 A remarkable finding in this study was the 
high score at baseline on the Pain Catastrophizing Scale (PCS) for both groups.12 Since 
physically oriented interventions, also in early stages of non-specific upper limb disor-
ders,12 are not able to eliminate upper limb disorders, further research needs to focus 
on psychosocial and psychological factors. With regards to low back pain, Sullivan pre-
viously demonstrated the relation between pain catastrophizing and chronic pain, 
while Vlaeyen explains why pain becomes chronic during the process of catastrophiz-
ing.13,14 
In order to gain more insight into the relationships between psychological-, physical-, 
demographic characteristics and beginning upper limb disorders, we conducted a case-
control study among computer screen workers by means of comparing the baseline 
characteristics of the participants in our previously conducted randomized controlled 
trial with the baseline characteristics of a control group of non-cases.  
The main research question in the present study is therefore: are computer screen 
workers with early non-specific work-related upper limb disorders (WRULD) more sus-
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ceptible to catastrophizing abelled, more anxious and neurotic perfectionists and less 
physically fit compared to non-cases?  

Subjects and methods 

The baseline characteristics of 88 employed computer screen workers with early non-
specific upper limb disorders who participated in a randomized controlled trial12 (cases) 
were compared with the characteristics of a control group of 31 employed computer 
screen workers (controls).  
As a result, the inclusion criteria for participants in this randomized controlled trial and 
for being a case in this case-control study were: being a computer screen worker em-
ployed for more than 3 months and working at least 4 hours per day and 20 hours per 
week, between 20 and 45 years of age and experiencing early non-specific upper limb 
disorders with a duration of symptoms between 2 weeks and 3 months.12 Early non-
specific work-related upper limb disorders (WRULD) were defined as: pains and tingles 
in upper back, neck, shoulders, arms or hands related and restricted to computer 
screen-work, not yet present during other daily activities and not labelled as a specific 
diagnosis such as tennis elbow or carpal tunnel syndrome. The inclusion of the cases 
took place between May 2003 and February 2005. They were recruited by means of 
advertisements in local newspapers, through personal contact with occupational physi-
cians of large companies, and by mailing to general practitioners.12 The control group 
consisted of computer screen workers who did not have any past or present upper limb 
disorders. They were recruited among employees of several departments, staff and 
PhD students of Maastricht University between November 2007 and June 2008. In 
order to be included they had to perform computer work for at least 4 hours per day 
and 20 hours per week for at least 3 months to make them comparable to the cases. 
Recruitment took place by advertisements at the different departments. Potential 
participants for the control group were recruited and finally selected by the same oc-
cupational physician (AvA) who performed the selection of the participants of the ran-
domized controlled trial in 2003, 2004 and 2005.  
All participants of the present study completed a baseline questionnaire that consisted 
of a general section on socio-demographic characteristics and specific questionnaires 
on psychological and physical risk factors. The time taken to fill out the questionnaire 
was approximately twenty minutes. Socio-demographic characteristics comprised sex, 
age and level of education. Participants were abelled as “highly educated” if they had 
at least a bachelor’s degree.  

Psychological and physical risk factors 

Additionally to the aforementioned socio-demographic factors, validated specific ques-
tionnaires were used to assess psychological and physical risk factors. These potential 
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psychological risk factors were: pain catastrophizing as assessed with the Pain Catas-
trophizing Scale (PCS, range 0-52 points);15 anxiety as assessed with the State (1) re-
spectively Trait (2) Anxiety Inventory (STAI 1 & 2, range 20-80 points of both subscales) 
16) and (neurotic) perfectionism as assessed with the slightly adjusted Multidimensional 
Perfectionism Scale, (MPS, range 29-145 points) according to Flos.17 For physical fitness 
the self-reported fitness on the Groningen Fitness Questionnaire (range 9-45 points)18 
has been used. 
All participants gave written informed consent and the research protocol was ethically 
approved by the Medical Ethics Committee of the University Hospital Maastricht. 

Statistical analysis 

Data were checked for completeness and normality. Continuous variables were com-
pared between cases and controls using the independent samples t-test and dichoto-
mous variables using the chi-square test. Associations between risk factors and WRULD 
were estimated by using unconditional logistic regression.  
The influence of the following predictors on WRULD was investigated by means of 
logistic regression analysis: pain catastrophizing, state and trait anxiety, perfectionism, 
physical fitness, sex and level of education. First, the bivariate associations between the 
variables and WRULD were investigated. Second, the variables were simultaneously 
incorporated in a multivariable logistic regression model while adjusting for age, which 
was considered a potential confounder. Since four continuous predictors were used in 
our logistic regression model it is necessary to investigate whether the assumption of 
the linearity of the relationship between the logit and these predictors is violated. We 
therefore added predictors to the model that are interactions between the continuous 
predictors and the log of it self. Any significant interaction indicates that the main ef-
fect violates the assumption of linearity of the logit.19 We used a cut-off value of p<0.10 
for significance of these interaction terms. The explained variance of the multivariable 
logistic regression model was calculated by means of Nagelkerke’s R2. In general in this 
study, values of p<0.05 were considered statistically significant and data were analyzed 
by using SPSS statistical software (Version 15.1; SPSS Inc, Chicago, Ill). 

Results 

Initially, 78 employees volunteered to participate as a control subject in this study. 
However, the questionnaires showed that 47 of them had experienced non-specific 
upper limb pain (WRULD) in the past or had still some pain at present. They were 
therefore excluded from the study and this resulted in a control group of 31 partici-
pants. Data from the case and control groups were complete except for some missing 
values.  



CHAPTER 5 

 64 

Table 1. Distribution of socio-demographic, psychological and physical risk factors in the case and control 
group 

 Case group 
(n=88) 

Control group 
(n=31) 

p-value 

Sex (male/female) 38 / 50 17 / 14 0.26 
Education (high/low) 59 / 29 21 / 9 0.60 
Age (yr), mean (SD) 34.0 (7.7) 42.1 (9.3) 0.00 
Pain Catastrophizing Scale (0-52), mean (SD)* 24.0 (6.6) 9.8 (8.3) 0.00 
State Anxiety Inventory (20-80), mean (SD)* 33.0 (9.7) 32.0 (6.8) 0.54 
Trait Anxiety Inventory (20-80), mean (SD)*  34.9 (9.8) 31.9 (7.2) 0.08 
Multidimensional Perfectionism Scale (29-145), mean (SD)* 63.0 (17.4) 59.2 (21.7) 0.39 
Self-reported physical fitness (9-45), mean (SD)* 26.8 (2.4) 29.6 (3.6) 0.00 

* The higher the score, the more the attribute applies 

 
Table 1 shows the values of the socio-demographic, psychological and physical factors 
of both the case and control group. The socio-demographic data showed a significant 
difference in age between the case and control group. The mean age in the control 
group was higher. There were no differences in sex and level of education between 
both groups.  
 
Table 2. Results of the bivariate logistic regression analyses on risk factors of WRULD* 

Risk factor ß OR 95% CI p-value 
Pain Catastrophizing Scale (0-52) 0.28 1.32 1.19 to 1.47 0.00 
State Anxiety Inventory (20-80) 0.01 1.01 0.97 to 1.06 0.60 
Trait Anxiety Inventory (20-80) 0.04 1.04 0.99 to 1.09 0.13 
Multidimensional Perfectionism Scale (29-145) 0.01 1.01 0.99 to1.04 0.34 
Self-reported physical fitness (9-45)  -0.33 0.72 0.61 to 0.85 0.00 
Education (high/low) -0.24 0.79 0.32 to 1.93 0.60 
Sex (male/female) 0.47 1.60 0.70 to 3.64 0.27 

* The analyses were adjusted for age 

 
In table 2 the results are presented of the bivariate associations between the risk fac-
tors and upper limb disorders. Both pain catastrophizing (PCS) and lower physical fit-
ness were significantly associated with non-specific work-related upper limb disorders.  
 
Table 3. Results of the multivariable logistic regression analyses on risk factors of WRULD* 

Risk factor ß OR 95% CI p-value 
Pain Catastrophizing Scale (0-52) 0.31 1.37 1.17 to 1.59 0.00 
State Anxiety Inventory (20-80) -0.10 0.91 0.81 to 1.02 0.11 
Trait Anxiety Inventory (20-80) 0.08 1.08 0.97 to 1.20 0.16 
Multidimensional Perfectionism Scale (29-145) -0.18 0.98 0.94 to1.03 0.46 
Self-reported physical fitness (9-45) -0.44 0.65 0.48 to 0.87 0.01 
Education (high/low) -0.39 0.68 0.12 to 3.95 0.67 
Sex (male/female) 0.96 2.60 0.48 to 14.01 0.27 

*The analyses were adjusted for age 
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Table 3 presents the results of the multivariable logistic regression model on the meas-
ured risk factors. None of the interactions between the continuous predictors and the 
log of it self were significant (i.e. all p-values were higher than 0.10) which indicates 
that assumption of the linearity of the logit was not violated. The case group was sig-
nificantly more likely to have a higher PCS score (OR=1.37; 95% CI 1.17 to 1.59; p=0.00) 
and a lower physical fitness score (OR=0.65; 95% CI 0.48 to 0.87; p=0.01) than the con-
trol group. No significant associations were found between non-specific upper limb 
disorders and state and trait anxiety, and neurotic perfectionism. Nagelkerke’s R2 of the 
multivariable model was .74. 

Discussion 

The results of this cross-section case-control study show that pain catastrophizing and 
lower physical fitness are associated with non-specific work-related upper limb disor-
ders. Contrary to the results of other studies, which addressed the role of pain catas-
trophizing as a prognostic factor of long-term symptoms,20 the present study revealed 
an association of pain catastrophizing with non-specific work-related upper limb disor-
ders of relatively recent onset (i.e. < 12 weeks). This may suggest a role of pain catas-
trophizing in the etiology of non-specific work-related upper limb disorders. Con-
versely, it may also reflect symptom burden among cases. However, the low average 
pain scores on the VAS (10 cm visual analogous scale) at baseline (mean score 2.8) 
seem to contradict this phenomenon. In several other studies, amongst other prospec-
tive cohort studies, it has been shown that pain catastrophizing acts as a predictor of 
chronic pain symptoms. In most of these studies pain catastrophizing predicted chronic 
states of widespread pain in general21 or low back pain22 and in some studies also up-
per limb disorders.20 
What is remarkable in our study is the fact that 47 out of 78 computer workers who 
initially volunteered to participate in the control group had to be excluded because of 
suffering or having suffered from non-specific work-related upper limb disorders. How-
ever, they were not aware of it until they had filled out the questionnaire although they 
were told on beforehand that they were not allowed to have any upper limb symptoms 
in the past or present. We also calculated the PCS score of the control group as a whole 
including these 47 participants and still found a significant difference between the 
“controls” and cases (p=0.00), the “controls” showing significantly less catastrophizing 
behavior as compared to the cases. Possibly this is the stimulus as to why computer 
workers with non-specific upper limb disorders and showing pain catastrophizing be-
havior, not only develop, but are “painfully” aware of their upper limb disorders. In our 
study the role of pain catastrophizing overruled the impact of neurotic perfectionism 
and anxiety, found in earlier studies as risk factors.9,10 Contrary to the study of Ham-
berg-van Reenen et al5 which showed inconclusive evidence for the relationship be-
tween low physical capacity and future musculoskeletal pain in a large prospective 
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cohort study, we found an association between lower physical fitness and early non-
specific WRULD. 
The participants of our intervention study from which the cases in this case-control 
study were taken, were recruited by means of advertisements in local newspapers, 
through personal contact with occupational physicians of large companies, and by 
mailing to general practitioners.12 This may have resulted in a selection of participants 
who differ from an actual health care population in the extent to which they are pre-
occupied with their disorder.23 To increase the validity of this case-control study, the 
controls were recruited by means of advertisements at the different departments 
among all levels of university employees who performed similar types of computer 
screen work as the case group. However, in a case-control study controls should ideally 
be recruited from the same study base as cases arise. Of the socio-demographic char-
acteristics only age was significantly different between the case and control group. We 
therefore adjusted for age in the multivariable analysis.  
We made use of validated questionnaires. A question that may arise is whether it is 
possible to measure pain catastrophizing in people without pain as was the case in our 
control group. Therefore it should be stated that the Pain Catastrophizing Scale has 
been validated in people without pain.15 The Groningen Fitness Questionnaire has been 
validated by Lemmink et al in 200124 for the elderly. 
As our study has a cross-sectional design, an etiological role of pain catastrophizing or 
low physical fitness cannot be confirmed. The potential role of pain catastrophizing or 
lower physical fitness as a risk factor needs to be confirmed in a prospective study with 
participants who are preferably free of pain at the beginning of the study. 
The associations found in this study, in contrast, suggest that both reassurance and 
proper education on the subject of the risk of (chronic) non-specific upper limb symp-
toms in computer screen work and stimulation of physical fitness and activity might be 
valuable strategies to prevent the burden of non-specific upper limb disorders. 
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Abstract 

Question: Are postural exercises delivered by Mensendieck/Cesar therapists more 
effective in decreasing pain, reducing disability and improving health-related quality of 
life in visual display unit workers with early non-specific work-related upper limb disor-
ders than strength and fitness exercises delivered by physiotherapists? 
Design: Randomised trial with concealed allocation and intention-to-treat analysis. 
Participants: Eighty-eight (6 drop-outs) visual display unit workers with early non- spe-
cific work-related upper limb disorders. 
Intervention: One group received 10 weeks of postural exercises while the other group 
received 10 weeks of strength and fitness exercises. 
Outcome measures: Pain was measured with a 10-cm visual analogue scale, disability 
was measured with the Disabilities of Arm, Shoulder and Hand questionnaire, and 
health-related quality of life was measured with the Short Form-36. Number of partici-
pants experiencing upper limb complaints was also collected. Outcome measures were 
collected at baseline and again at 3, 6, and 12 months. 
Results: There was no significant difference in decrease in pain between the groups at 
3 months (0.6 cm, 95% CI 0.0 to 1.2), 6 months (0.2, 95% CI –0.3 to 0.7), or at 12 
months (0.1, 95% CI –0.6 to 0.8). Differences between the groups in upper limb com-
plaints, disability, and health- related quality of life were also small and not significant 
at any measurement occasion. 
Conclusion: Postural exercises did not result in a better outcome than strength and 
fitness exercises. However, 55% of visual display unit workers with early non-specific 
work-related upper limb disorders reported being free of complaints one year after 
both interventions were commenced. 
Trial registration: ISRCTN15872455. [van Eijsden-Besseling MD, Staal JB, van Attekum 
A, de Bie RA, van den Heuvel WJA (2008) No difference between postural exercises and 
strength and fitness exercises for early, non- specific, work-related upper limb disorders 
in visual display unit workers: a randomised trial. Australian Journal of Physiotherapy 
54: 95–101] 
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Introduction 

In the last decade a number of authors have addressed the multicausal origins of1,29,33 
and risk factors for the development of non-specific work-related upper limb disorders 
in visual display unit workers.10,18,35,41 However, research on the effectiveness of (mul-
tidisciplinary) therapies, especially in patients with early work-related upper limb dis-
orders, is scarce.14,15,38 A recently-published systematic review of randomised and non-
randomised studies investigating the effect of conservative interventions in patients 
with mainly chronic non-specific work-related upper limb disorders shows that there is 
ample room for improvement in the methodological quality of the majority of the stud-
ies.39 Results are not conclusive and the evidence is conflicting when exercises are 
compared to no intervention.23,39 Limited evidence, however, was found for the effec-
tiveness of exercises when compared to massage, implementing breaks during com-
puter work sessions, massage as supplemental intervention to manual therapy, and 
manual therapy as supplemental intervention to exercise.39 Outcomes were measured 
mainly at the level of impairment, but rarely at the level of disability or quality of 
life.15,19,39 One randomised controlled trial showed that patients with chronic non-
specific work-related upper limb complaints benefited from multidisciplinary interven-
tion consisting of psychological and physical sessions.16 However, no difference was 
found between the cost-effectiveness of multidisciplinary treatment and usual care. It 
can therefore be concluded that randomised studies with sound methodology are 
needed and that exercise therapy may be considered as a promising intervention. 
Moreover, we expect effective therapy in early non-specific work-related upper limb 
disorders to prevent impairments and disability becoming chronic. 
 
This study was designed to compare the effectiveness of two exercise programs in 
visual display unit workers with early non-specific work-related upper limb disorders– 
postural exercises delivered by Mensendieck/Cesar therapists and strength and fitness 
exercises delivered by physiotherapists. The Mensendieck/Cesar approach is in use in 
the Netherlands, in Scandinavian countries, and in France. The approach combines 
exercise and education in order to improve posture and movement habits in relation to 
everyday activities.11,25,26,40 Visual display unit workers were chosen because they rep-
resent a relevant (and homogeneous) group at risk of developing non- specific work-
related upper limb disorders.18,33 
 
The research question for this study was: 

Are postural exercises delivered by Mensendieck/Cesar therapists more effective in 
decreasing pain, reducing disability, and improving health related quality of life in 
visual display unit workers with early non-specific work- related upper limb disor-
ders than strength and fitness exercises delivered by physiotherapists? 
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Clinical observation led to the hypothesis that postural exercises according to the 
Mensendieck/Cesar approach would be more effective than strength and fitness exer-
cises. 

Method 

Design 

A prospective randomised clinical trial was conducted. Patients were recruited by ad-
vertisement in local newspapers, through personal contact with occupational physi-
cians of large companies, and by mailing to general practitioners. An occupational phy-
sician who was blinded to allocation sequence was involved in the selection of eligible 
participants. Within two weeks after selection and invitation of eligible patients to 
participate, baseline data were collected at one of two research locations, either the 
Maastricht University Hospital or the Institute for Rehabilitation Research in Hoens-
broek. Participants were randomised to the postural exercise group or the strength and 
fitness exercise group in strata depending on the duration of the complaints (with a 
cut-off point at 6 weeks). Blocks of four were generated for each stratum by means of a 
computer generated random sequence table. Randomisation was concealed because a 
research assistant, who was not involved in the selection of the participants, allocated 
participants to groups using a list of random numbers which was generated before 
commencement of the study. Because both interventions were active, blinding of par-
ticipants or therapists was not possible. In both groups, the 10-week intervention 
started within one week after baseline measures were collected. Outcome measures 
were collected at baseline and at 3, 6, and 12 months where the same questionnaires 
were completed using a computer under supervision of a research assistant. The re-
search assistant instructed participants about the questionnaires, which had to be 
completed by using a computer in the participant’s usual manner. The computer work-
station was custom-made for this purpose for each participant. Only the pain outcome 
measure was assessed by the participants filling in the forms by pen during four se-
quential working days. Although the research assistant was blinded to group allocation, 
all outcome measures were self-reports so they were not blind. The completion of the 
questionnaires by the participants took approximately one hour each time. 

Participants 

Visual display unit workers were included if they: had been visual display unit workers 
for more than 3 months; were experiencing their first non-specific work-related upper 
limb disorder; had symptoms lasting more than two weeks but less than three months; 
and were between 20 and 45 years of age. 
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Visual display unit workers were defined as employees performing computer work, 
with or without the use of a mouse, for at least 20 hours per week and for at least four 
hours continuously per day. Non-specific work-related upper limb disorders were de-
scribed as pains and tingles in the upper back, neck, shoulders, arms or hands, related 
and restricted to visual display unit work, ie, not yet present during other everyday 
activities.22 Each worker completed the SALTSA questionnaire22 which is designed to 
diagnose ‘early stage non- specific work-related upper limb disorder’ and to exclude 
other kinds of specific work-related upper limb disorders. 
 
Participants were excluded if they had: non-specific upper limb complaints during other 
daily activities (eg, brushing teeth and driving the car); specific work-related upper limb 
disorders (eg, carpal tunnel syndrome, tennis elbow, golfers elbow, tendonitis, de 
Quervain’s tenosynovitis); other musculoskeletal conditions (eg, fibromyalgia, hyper-
mobility syndromes); or were pregnant or partly or fully on sick leave; or had previously 
received therapy, or postural exercise therapy within the last five years. 
 
Demographic data such as sex, age, number of working hours, and level of education 
were obtained at baseline. Participants were labeled as ‘highly educated’ if they had at 
least a bachelor’s degree. Because the onset and course of non-specific, work-related, 
upper limb disorders are influenced by physical, psychosocial, and personal factors, 
these were measured at baseline.8,,18,21,33,35,41 Perfectionism (neurotic) was measured 
by the Multidimensional Perfectionism Scale,5,6,20 state and trait anxiety were meas-
ured by the State-Trait Anxiety Inventory,7,27 self-reported physical fitness level was 
measured by the Groningen Fitness Questionnaire,36 experienced job stress at the 
workplace was measured by the Job Stress Survey,3,28 and pain catastrophising 
thoughts by the Pain Catastrophizing Scale.30,31,32 

Intervention 

One group of participants received postural exercises according to the Mensendieck/-
Cesar approach in The Netherlands.Postural exercises according to Bess Mensendieck 
on the one hand and Maria Cesar on the other do not differ basically and both thera-
pies and their training programs have been assimilated since the fusion of both socie-
ties in 2004.40 The Mensendieck/ Cesar approach promotes a method of body posture 
and movement education by exercises in which integration of body and mind takes 
place in order to consciously improve ‘poor’ body posture and ‘bad’ movement habits 
in relation to everyday activities. The core of the approach is to make use of feedback 
from muscle, joint, tendon, and ligaments by means of audiovisual and proprioceptive 
signals. It is hypothesised that this feedback, repeatedly offered to and transformed in 
the central nervous system, will lead in the long term to automatic improvement of 
spinal and peripheral postural and movement habits with generalisation to daily activi-
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ties, aiming at decreasing complaints. Verbal instructions and demonstration by the 
therapist, as well as the use of mirrors, are essential. Video taping the participant for 
feedback is also valuable.40 Training in patient-specific everyday activities such as com-
puter work forms a part of this approach26 so it can be categorised as functional. Pa-
tients are expected to do their postural exercises at home in front of a mirror and at 
their work place. Therapists are not allowed to touch their patients. The accredited 
training to become a Mensendieck/ Cesar therapist takes three years fulltime; it differs 
from the accredited training by the Royal Dutch Physiotherapy Association to become a 
physiotherapist, where training takes four years fulltime. The four Mensendieck/Cesar 
therapists involved in this study attended workshops and were trained practically in 
treating patients with non-specific work-related upper limb disorders according to the 
clinical practice guidelines issued by their professional organisation.2 They were not 
physiotherapists. 
 
Table 1. Intervention schedules for the postural exercise and strength and fitness exercise groups. 

Weeks Postural exercise group Sessions Strength and fitness 
exercise group 

Sessions 

1–3 2 × 1 hr/wk 6 3 × 0.5 hr/wk 9 
4–6 1 × 1 hr/wk 3 2 × 0.5 hr/wk 6 
7–8 1 × 0.5 hr/wk 2 1 × 0.5 hr/wk 2 
9 Exercises at home  0  0 
10 Final session 0.5 hr 1 0.5 hr 1 

 
Total 10.5 12 9 18 

 
The other group of participants received strength and fitness exercises delivered by 
four physiotherapists who attended a course for work-related upper limb disorders 
based on the latest evidence. They did not use electrotherapy or massage. Apart from 
local exercises to address painful areas, active spinal and peripheral muscle training 
and fitness exercises were part of the intervention. The focus was on improvement of 
muscle condition for long-lasting static postures. 
 
Participants in both arms of the trial received 10 weeks of intervention because, based 
on our clinical experience, this dosage is needed to prevent early non-specific work- 
related upper limb disorders become chronic.16 The postural exercise group received 12 
sessions as compared to 18 for the strength and fitness exercise group (Table 1). How-
ever, the postural exercise group received 1.5 hours more intervention than the 
strength and fitness exercise group. The week before the final session, all participants 
did their exercises at home. Intervention was paid for by health insurance. Appendix 1 
provides more detail of the trial method (see eAddenda for Appendix 1). 



NO DIFFERENCE BETWEEN POSTURAL EXERCISES AND STRENGTH AND FITNESS EXERCISES 

 75 

Outcome measures 

Pain was measured at the location with the highest intensity using the 10-cm horizontal 
numerical visual analogue scale according to Jensen and Mc Farland.12 Pain was noted 
by the participants over four sequential working days at four fixed times per day (1100, 
1400, 1700, and 2000 hours) to get a clear impression of the pain experienced 
throughout the whole working week. Therefore, this outcome measure consisted of the 
average of 16 visual analogue scale scores over four days, with a higher rating indicat-
ing a higher intensity of pain. According to Jensen & Mc Farland12 this instrument has a 
good test-retest reliability, internal consistency, and validity. 
 
Disability was measured with the Disabilities of the Arm, Shoulder and Hand.24,,37 At 
least 27 of the 30 items must be completed to calculate a score ranging from 0 to 100. 
A lower score indicates less disability. Veehof37 showed that the Dutch language ver-
sion of this measure has excellent internal consistency (Cronbach’s alpha 0.95) while 
test-retest reliability and concurrent validity are satisfactory. 
 
Health-related quality of life was measured with the generic Short Form-36 question-
naire.9,19,34 The Short Form-36 consists of 36 questions divided over 8 subscales, and 
one question about change in health experienced during the past year. The total sum 
score of the Short Form-36 was used which ranges from 0 to 100. The higher the total 
score, the higher the quality of life. The subscales can be used to compare persons with 
different chronic conditions. The reliability of most of the subscales in chronic popula-
tions is higher than 0.80, while the homogeneity is higher than 0.50, indicating a strong 
unidimensional hierarchical scale.17 
 
The number of participants experiencing upper limb complaints was measured by ask-
ing participants to answer YES/NO to the question ‘Do you still experience non- specific 
work-related upper limb complaints?’ 

Data analysis 

The expected improvement in pain in the postural exercise group was set at 60%, and 
for the strength and fitness exercise group at 40%, implying a minimal clinically rele-
vant difference of 20%, correlating with 20 mm difference on the horizontal visual ana-
logue scale. These expected improvements in pain were based on past clinical experi-
ence. With an alpha of 0.05 and a 1-beta of 80% in total, 94 visual display unit workers 
were needed to provide sufficient power to answer the research questions. 
 
Data were analysed by a blinded statistician. Data were checked for missing values and 
normality. Each follow-up time point was analysed separately and the analyses were 
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Table 2. Baseline characteristics of the postural exercise and strength and fitness exercise groups. 

 Postural exercise 
group (n = 44) 

Strength and fitness 
exercise group (n = 44) 

p value 

Gender, M:F 19:25 19:25 – 
Education, High:Low 29:15 30:14 – 
Age (yr), mean (SD) 33.3 (7.7) 34.8 (7.7) 0.38 
Multidimensional Perfectionism Scale* (29 to 
145), mean (SD) 

62.7 (16.4) 63.2 (18.7) 0.89 

State Anxiety Inventory* (20 to 80), mean (SD) 32.9 (8.9) 33.1 (10.6) 0.93 
Trait Anxiety Inventory* (20 to 80), mean (SD) 34.5 (9.9) 35.3 (9.8) 0.69 
Self-reported fitness (9 to 45), mean (SD) 26.9 (2.8) 26.7 (2.1) 0.64 
Fitness mark (1 to 10), mean (SD) 7.0 (1.1) 7.2 (1.5) 0.38 
Job Stress Survey* (0 to 81), mean (SD) 16.2 (10.7) 15.6 (10.0) 0.82 
Pain Catastrophizing Scale (0 to 52), mean (SD) 22.5 (6.6) 25.5 (6.3) 0.04 
Duration of complaints    
 < 6 weeks (n = 16) 8 8  
 > 6 weeks (n = 72) 36 36  
Working hours per week, mean (SD) 37.2 (10.7) 38.5 (6.3) 0.5 

*The higher the score, the more the attribute applies 

 

 

Figure 1. Design and flow of participants through the 
trial 



CHAPTER 6 

 78 

Compliance with intervention 

To make both groups comparable, we converted the number of sessions to 30-min 
sessions. Mean number of 30-min sessions attended was 14.3 out of 18 (SD 4.2) for the 
strength and fitness exercise group and 17 out of 21 (SD 3.6) for the postural exercise 
group. One participant in each group never attended, one participant in the strength 
and fitness exercise group stopped attending after three sessions, and three partici-
pants in the postural exercise group stopped attending after 5, 9, and 14 sessions re-
spectively. All other participants only stopped when they were free of complaints. After 
accounting for participants who stopped attending because they were free of com-
plaints, compliance was 96% in the strength and fitness exercise group and 94% in the 
postural exercise group. 

Effect of intervention 

Group data for pain, disability, and quality of life are presented in Table 3; data for 
number of participants experiencing upper limb complaints appear in Table 4. 
 
Table 4. Number of participants (%) with complaints in both groups and relative risk (95% CI) between 
groups. 

Outcome Groups Relative risk between groups 
 Month 3 Month 6 Month 12 Month 3 Month 6 Month 12 
 PE SFE PE SFE PE SFE PE relative to 

SFE 
PE relative to 

SFE 
PE relative to 

SFE 
Complaints 30 

(68) 
28 

(64) 
21 

(48) 
21 

(48) 
19 

(43) 
20 

(46) 
1.07 

(0.79 to 1.45)
1.00 

(0.65 to 1.55) 
0.95 

(0.59 to 1.52) 

PE = postural exercise group, SFE = strength and fitness exercise group 

 
At 3 months, the strength and fitness exercise group had decreased their pain 0.6 cm 
(95% CI 0.0 to 1.2, p = 0.05) more than the postural exercise group on the 10-cm visual 
analogue scale. However, this difference was not maintained at 6 and 12 months. Oth-
erwise no significant differences between the groups were observed. Overall, there 
were only small improvements from baseline to one year. 
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Answers to ‘Do you still experience non-specific work- related upper limb complaints?’ 
showed that complaints decreased gradually over the year and that about 55% of both 
groups were free of pain at the end of one year (Table 4). 

Discussion  

The prevalence of non-specific work-related upper limb disorders among visual display 
unit workers in The Netherlands, and also worldwide, is high. Non-specific work- re-
lated upper limb disorders tend-if untreated-to become chronic very easily.16 Daily 
practice in our tertiary referral centre for non-specific work-related upper limb disor-
ders shows this. Almost no research has been done on early intervention with respect 
to early non-specific work-related upper limb disorders. Two types of therapy were 
compared in this study, postural exercises delivered by Mensendieck/Cesar therapists 
and strength and fitness exercises delivered by physiotherapists. Although clinical ob-
servations in our centre gave the impression that patients benefited more from pos-
tural exercises than from strength and fitness exercises, this was not substantiated. 
 
Earlier research in Norway25 in low back pain patients showed that postural exercises 
according to the Mensendieck approach reduced the occurrence of recurrent episodes 
of low back pain. Intervention delivered by Cesar therapists has been shown to be as 
effective for low back pain as intervention delivered by physiotherapists.11 Together 
with our favorable clinical observations this supported our choice to study the effects 
of postural exercises in patients with work-related upper limb disorders. 
 
Almost no significant difference was found between the postural exercises and the 
strength and fitness exercises in outcome at either the impairment level or the disabil-
ity level, or regarding health-related quality of life. About 55% of visual display unit 
workers with early non-specific work-related upper limb disorders reported being free 
of complaints one year after having started early intervention. We are not sure 
whether these improvements are caused by the interventions since we did not include 
a waiting-list control group. In two Dutch cohort studies on the prognosis of non-
specific upper limb complaints similar results were found. Feleus4 reported a recovery 
rate of 54% in a general practice, and Karels13 and reported a recovery rate of 60% after 
six months in a physiotherapy practice; but in both cases no information about the 
actual content of the intervention was provided. Therefore, patient preferences may 
play an important role in the decision of which intervention to choose. Both therapies 
were about equal in terms of therapist cost. The outcomes were reached with 1.5 
hours less strength and fitness exercises than postural exercises. On the other hand, 
there were fewer sessions delivered by the Mensendieck/Cesar therapists compared 
with the physiotherapists (12 compared to 18). 
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This randomised trial is the first of its kind in early non- specific work-related upper 
limb disorders. Our centre for non-specific work-related upper limb disorders hosts 
more than 1500 patients, while each week new patients are being admitted. We had 
therefore expected that there would be an overwhelming number of patients applying 
to participate in this research project. However, many efforts had to be made to find 
potential participants. Finally, after extension of the original inclusion period by three 
months, 313 patients applied and only 88 persons (28%) were included. The most likely 
explanation for the low inclusion rate is that patients with early non-specific work-
related upper limb disorders, who met the inclusion criteria, were very interested in 
our study but could not find the time, due to constraints at work and were hoping that 
their complaints would disappear without professional help. On the other hand there 
were many patients with chronic complaints lasting longer than three months (n = 133) 
who strongly desired to participate but did not meet the inclusion criteria. These ob-
servations convinced us that it would not be feasible for ethical reasons to select and 
follow another control group with early non- specific work-related upper limb com-
plaints without giving any type of therapy (ie, a waiting-list control group). 
 
Possibly, both therapies resemble each other too much to find significant differences in 
outcomes. At baseline there was only a moderate intensity of pain (ie, less than 3 cm 
on a 10-cm visual analogue scale), and a small amount of disability (about 15%) which 
may have elicited floor effects, while the scores for health-related quality of life (about 
70%) are rather good. This is understandable because we were dealing with early non-
specific work-related upper limb disorders. Remarkable on the other hand is the high 
score at baseline on the Pain Catastrophizing Scale in these visual display unit workers 
with early complaints. Scores on the State and Trait Anxiety Inventories, the Multidi-
mensional Perfectionism Scale, and the Job Stress Survey at baseline suggested that 
participants were not particularly anxious, perfectionist, or stressed (Table 2). 
 
Randomised trials of larger groups of visual display unit workers are recommended to 
arrive at more conclusive results. In future, personality and psychosocial work-related 
risk factors8,33,35 and inter-related coping mechanisms should be the focus of interven-
tion since both physically- oriented exercise programs led to the same outcome in this 
study. 
 
eAddenda: Appendix 1 available at www.physiotherapy. asn.au 
 
Ethics: This research project was approved by the Medical Ethical Committee of the 
University Hospital of Maastricht. 
 
Sources of support: Research Stimulation Fund of University Hospital Maastricht, Insti-
tute for Rehabilitation Research, Hoensbroek, The Netherlands. 
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Abstract 

Background: Exercise therapies generate substantial costs in computer workers with 
non-specific work-related upper limb disorders (WRULD). 
Aims: To study if postural exercise therapy is cost-effective compared to regular 
physiotherapy in screen-workers with early complaints, both from health care and 
societal perspective. 
Methods: Prospective randomized trial including cost-effectiveness analysis; one year 
follow-up. Participants: Eighty-eight screen-workers with early non-specific WRULD; six 
drop-outs. Interventions: A ten week postural exercise program versus regular physio-
therapy. Outcome measures: Effectiveness measures: Pain: visual analogous scale 
(VAS), self-perceived WRULD (yes/no). Functional outcome: Disabilities of Arm, Shoul-
der and Hand- Dutch Language Version (DASH-DLV). Quality of life outcome: EQ-5D. 
Economic measures: health care costs including patient and family costs and productiv-
ity costs resulting in societal costs. Cost-effectiveness measures: health care costs and 
societal costs related to the effectiveness measures. Outcome measures were assessed 
at baseline; three, six and twelve months after baseline. 
Results: At baseline both groups were comparable for baseline characteristics except 
scores on the Pain Catastrophizing Scale and comparable for costs. No significant dif-
ferences between the groups concerning effectiveness at one year follow-up were 
found. Effectiveness scores slightly improved over time. After one year 55% of partici-
pants were free of complaints. After one year the postural exercise group had higher 
mean total health care costs, but lower productivity costs compared to the physiother-
apy group. Mean societal costs after one year (therefore) were in favor of postural 
exercise therapy [- €622; 95% CI -2087; +590)]. After one year, only self- perceived 
WRULD seemed to result in acceptable cost-effectiveness of the postural exercise 
strategy over physiotherapy; however the probability of acceptable cost-effectiveness 
did not exceed 60%. 
Considering societal costs related to QALYs, postural exercise therapy had a probability 
of over 80% to be cost-effective over a wide range of cost-effectiveness ceiling ratios; 
however based on a marginal QALY-difference of 0.1 over a 12 month time frame. 
Conclusion: Although our trial failed to find significant differences in VAS, QALYs and 
ICERs based on VAS and QALYs at one-year follow-up, CEACs suggest that postural 
exercise therapy according to Mensendieck/Cesar has a higher probability of being 
cost-effective compared to regular physiotherapy; however further research is re-
quired. 
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Background 

The prevalence of Work-Related Upper Limb Disorders (WRULD) in the Dutch working 
population is estimated about 19-30%.1. Due to expectations of increasing intensity of 
computer screen-work, the prevalence of WRULD among screen-workers is expected to 
increase even more.2,3 
 
WRULD can result in decreased productivity, increased medical consumption and con-
sequently increased costs. A recent study estimates the total yearly costs due to spe-
cific and non-specific WRULD in the Netherlands at about 2.1 billion Euros, consisting of 
medical costs, costs due to decreased productivity, absenteeism related to WRULD and 
disability pensions.4 
 
It can be assumed that WRULD is associated with a decreased quality of life.5 
 
Of all WRULD complaints, it is estimated that specific disorders are responsible for 
about 13-37% of them. The majority concerns non-specific WRULD.1,2 
 
In the Netherlands non-specific WRULD is treated within various medical and para-
medical disciplines.1 Postural exercise (PE) therapy according to Mensendieck/Cesar6 
and regular physiotherapy (RP) are two treatments in the Netherlands used for patients 
suffering from WRULD.7 
 
Very little reliable research is available regarding the effectiveness of exercise and 
other treatments in non-specific WRULD.8-11 
 
The same goes for cost-effectiveness studies12,13 in which the quality of life rarely was 
used as an outcome measure in musculoskeletal disorders.14 
 
The high prevalence, costs and decreased quality of life signify a large impact of non-
specific WRULD. 
 
Beyond effectiveness studies, cost-effectiveness studies in relation with quality of life 
are needed in patients with non-specific WRULD to be able to improve health care and 
to lower the costs. 
 
As the department of rehabilitation of the Maastricht University Hospital acts as a ter-
tiary referral centre for non-specific WRULD complaints a cost-effectiveness study 
among computer screen-workers with early stages of non-specific WRULD was set up. 
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In the current study we tested if postural exercise therapy according to 
Mensendieck/Cesar is cost-effective with respect to pain, disability and quality of life as 
when compared to regular physiotherapy in computer screen-workers with early stages 
of non-specific WRULD, both from a health care and societal perspective. 

Methods 

Design 

A prospective randomized clinical trial was set up among computer screen-workers 
with early non-specific work-related upper limb disorders.11 Recruitment took place by 
advertisement in local newspapers, by personal contact with occupational physicians of 
large industries and by mailing to general practitioners in South Limburg. Screen-
workers fulfilling the inclusion criteria were invited to take part in this study. Selection 
and diagnosis were performed by an independent occupational physician familiar with 
the diagnosis of "non-specific WRULD" who was blinded to allocation sequence. 
 
Within two weeks after eligible patients were selected and invited to participate by the 
occupational physician, baseline assessments were performed at one of two locations, 
either the Maastricht University Hospital or the Institute for Rehabilitation Research in 
Hoensbroek, a small town in the south-eastern region of the Netherlands. 
 
Participants were randomized to the PE group or the RP group in strata depending on 
the duration of the complaints (cut-off point six weeks). Blocks of four were generated 
for each stratum by means of a computer generated random sequence table. 
 
Randomization was concealed because a research assistant, who was not involved in 
the selection of the participants, allocated participants to groups using a list of random 
numbers which was generated before commencement of the trial. Because both inter-
ventions were active, blinding of participants and therapists was not possible. In both 
groups, the ten week intervention started within one week after baseline measures 
were completed. Outcome measures were collected at baseline and at three, six and 
twelve months where the same questionnaires were completed using a computer un-
der the supervision of a research assistant. The research assistant instructed partici-
pants about the questionnaires, which had to be completed by using a computer in the 
participant's usual manner. The computer workstation was custom-made for this pur-
pose for each participant. Only the pain outcome measure was assessed by the partici-
pants filling in the forms by pen during four sequential working days.15 Although the 
research assistant was blinded to group allocation, all outcome measures were self-
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reports so they were not blind. The completion of the questionnaires by the partici-
pants took approximately one hour each time. 
 
This research project was approved by the Medical Ethical Committee of the University 
Hospital of Maastricht. 

Participants 

Computer screen-workers with early non-specific WRULD.11 Early non-specific WRULD 
were defined as pains and tingles in upper back, neck, shoulders, arms or hands related 
and restricted to computer screen-work, not yet present during other daily activities 
and not labelled as a specific diagnosis such as tennis elbow. Computer screen-workers 
were defined as those employees performing computer work, with or without the use 
of a mouse, for at least twenty hours per week and at least four hours continuously per 
day. Computer screen-workers were chosen because they represent a homogeneous 
group who are at risk for developing non-specific WRULD2,16 
 
To be eligible for this study, participants had to fulfil the following inclusion criteria: 
- were computer screen-worker at the time of first complaints and being employed 

in present job for at least three months 
- had non-specific WRULD with symptoms existing longer than two weeks but 

shorter than three months 
- aged between 20 and 45 years 
 
Excluded were patients not fulfilling the inclusion criteria and patients with non-specific 
WRULD during other daily activities such as teeth brushing and car driving, patients 
with specific WRULD (e.g. carpal tunnel syndrome, tennis elbow, golfers elbow, ten-
donitis de Quervain), patients with other diseases of musculoskeletal system (e.g. fi-
bromyalgia, hyper mobility syndromes), pregnant patients, patients who were on sick 
leave and patients who already had received therapy for their complaints or who had 
received postural exercise therapy during the last five years. 

Interventions 

One group of participants received PE therapy, in the Netherlands known as 
Mensendieck and Cesar. PE therapy according to Bess Mensendieck and Maria Cesar do 
not differ basically and both therapies and their training programs have been assimi-
lated since the fusion of both societies in 2004.6,11 PE therapy according to 
Mensendieck/Cesar is in use in the Netherlands, the Scandinavian countries and 
France. PE therapy promotes a method of body posture- and movement education by 
exercises in which the integration of body and mind takes place in order to improve 
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consciously poor body posture and bad movement habits in relation to daily life activi-
ties. The core of the therapy is to make use of feedback from muscle-, joint-, tendon- 
and ligament positions by means of audio- (verbal instructions), visual (mirrors and 
video records) and proprioceptive registered signals.6 It is hypothesized that this feed-
back, repeatedly offered to and transformed in the central nervous system, will lead in 
the long term to automatic improvement of postural and movement habits with gener-
alization to daily activities aiming at decrease of complaints. Training in patient specific 
daily life activities such as computer work forms a part of this therapy. The four thera-
pists involved in this study were trained in treating patients with non-specific WRULD. 
 
The other group of participants received RP and was treated by four physiotherapists 
who attended a WRULD-course. They did not make use of applications or massage 
techniques. Active muscle training and fitness exercises were part of the therapy. The 
focus was on improvement of muscle condition for long-lasting static postures. 
 
All participants in both treatment arms received ten weeks of therapy according to 
protocol.11 
 
The PE group received in total one and a half hours more therapy compared to the RP 
group, although the last group received six more sessions (Table 1). 
 
Table 1. Therapy  schedules 

Weeks Postural Exercise therapy (PE) 
Per week 

Regular Physiotherapy (RP) 
Per week 

1-3 2 × 1 hour 3 × 1/2 hour 
4-6 1 × 1 hour 2 × 1/2 hour 
7-8 1 × 1/2 hour 1 × 1/2 hour 
9 Exercises at home Exercises at home 
10 Final session 1/2 hour Final session 1/2 hour 
Total hours treatment 10 1/2 hours 9 hours 

 
Treatments were paid for by health care insurance companies. 

Outcome measures 

Baseline characteristics 

At baseline, besides the effectiveness measures (see further) sex, age, number of work-
ing hours and level of education were assessed. 
 
Participants were labeled as "highly educated" if they had at least a bachelor's degree. 
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As this syndrome is related to work, the number of working hours was registered. Be-
cause onset and course of non-specific WRULD are influenced by physical, psychosocial 
and personal risk factors,2,16-18 variables assessing these risk factors were measured at 
baseline. 
 
The following variables were assessed: 
1. The validated Groningen Fitness Questionnaire19 was used to measure individual 

self-reported fitness level. 
2. The Dutch version of the Job Stress Survey (JSS)20 was used to measure job stress 

experienced at the work place. 
3. The Dutch version of the Multidimensional Perfectionism Scale of Frost (MPS-F) 

measures (neurotic) perfectionism.17,21 
4. The Dutch version of the State-Trait Anxiety Inventory (STAI) measures state-

respectively trait anxiety22 
5. The Dutch version of the Pain Catastrophizing Scale (PCS) has been used to meas-

ure to which extend people who suffer from pain experience catastrophizing 
thoughts.23 

Effectiveness measures 

As a primary outcome measure we used the horizontal numerical visual analogous ten 
cm scale (VAS) according to Jensen15 to measure pain at baseline and pain in course of 
time at the location with the highest pain intensity. In our research project pain was 
measured at each measurement moment by the participants themselves by hand dur-
ing four sequential working days/four fixed times a day (at 11, 14, 17 and 20 o' clock) to 
get a relevant impression about the existence of pain during the whole working week. 
The final VAS outcome measure was recalculated as the average of sixteen ratings over 
the four days. In addition, self-perceived WRULD at each follow-up moment was as-
sessed by a dichotomous variable which was the answer to the question: "do you still 
perceive non-specific WRULD complaints, yes or no?" 
 
As a secondary outcome measure we used the Disabilities of the Arm, Shoulder and 
Hand- Dutch Language Version (DASH-DLV) questionnaire24 to measure physical func-
tion and symptoms and the disabilities to fulfil daily life activities. At least 27 out of 30 
items must be completed to calculate a score from 0 till 100. A lower score indicates a 
lower disability rate. 
 
To measure the generic quality of life we made use of the EQ-5D of the EuroQol 
Group.5,25 This questionnaire is in use in cost-effectiveness studies.13 The questionnaire 
consists of five questions regarding the dimensions mobility, self-care, usual activity, 
pain/discomfort and anxiety/depression. Each question has three response categories 
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ranging from no problem, some problems and many problems. Using a standardised 
algorithm, the end score of the EQ-5D is a utility, falling within a value scale of zero 
(dead) to one (perfect health).5,13,26 The EQ-5D is used to calculate the quality adjusted 
life year (QALY).13,26 The QALY was corrected for differences in baseline utility using 
regression-correction. A regression analysis was performed with the utility-score during 
the follow-up measurement as the dependent variable and the baseline utility-score as 
independent variable. For correction, the Beta of this equation is multiplied with the 
individual baseline utility-score. 
 
All scales are commonly used internationally and are reliable and validated. 

Economic outcome measures 

Costs are defined from the societal perspective. These are subdivided into health care 
costs (including out of pocket costs for the patient and family) and productivity costs. 
Only costs related to WRULD are included in the analyses. Costs are determined by 
multiplying the volume reported on each cost item by the estimated costs per unit 
(Table 2). Out of pocket costs for patient and family were directly measured in the 
payment. A questionnaire measuring health care costs and costs for patient and family 
has been used. Missing items in this questionnaire are interpreted as being zero if there 
simultaneously were markings in cost items elsewhere in the cost questionnaire. The 
health care costs comprise items like GP visits, home care, medication etc. The costs for 
the patient and family consist of the reported devices and domestic home care. 
 
Table 2. Standard cost prices 

Unit Standard cost price (euro), index 2005 References 
Productivity loss per hour 36.00 per hour  Oostenbrink et al., 2004 
General Practitioner     
- Consultation * 30.14 per consultation Oostenbrink et al., 2004 
- Visit at home * 60.29 per consultation Oostenbrink et al., 2004 
- Contact by phone * 15.07 per consultation Oostenbrink et al., 2004 
- Repeat prescription * 15.07 per consultation Oostenbrink et al., 2004 
- Assistant * 15.07 per consultation Proxy: 1/2 standard price 

GP consultation 
Cesar/Mensendieck treat-
ment (PE)* 

34.32 per session Oostenbrink et al., 2004 

Physiotherapy treatment 
(RP)* 

33.95 per session Oostenbrink et al., 2004 

Day treatment 235.69 per session Oostenbrink et al., 2004 
Home care (domestic and 
alpha help) * 

32.38 per hour Oostenbrink et al., 2004 

Ergo therapy * 38.48 per session (30 min. in institution) Dutch Department for 
Ergo therapy, personal 
communication (phone 
call), 24.03.2006 
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Unit Standard cost price (euro), index 2005 References 
 Min. Max. Mean  
Polyclinic consultation (radi-
ology, orthopedics, specialist 
in general) 

57.64 102.92 80.28 per consulta-
tion (min. 10 min in a 
general hospital, 
max. 15 min in an 
academic hospital) 

Oostenbrink et al., 2004 

Psychology in primary health 
care 

64.36 88.12 79.07 per consulta-
tion (45-50 min.) 

Mean tariff of diverse 
psychologist practices in 
primary health care 

Company (occupational) 
doctor 

123.76 183.17 153.47 per consulta-
tion (60 min.) 

"Nederlandse Vereniging 
voor Arbeids- en Bedrijfs-
geneeskunde", personal 
communication (phone 
call), 2006 

Medication   per box CvZ, 2006 30 
- Aleve (Naproxen, 220 mg, 

20 tablets) 
2.71 4.26 3.48  

- Ibuprofen (400 mg, 20 
tablets) 

1.65 8.43 5.04  

- Ibuprofen (600 mg, 20 
tablets) 

8.32 8.8 8.56  

- Ibuprofen (400 mg, 50 
pieces tablets/coated tab-
let) 

4.13/4.46 11.34/12.54 8.12  

- Diclofenac (mean of differ-
ent mg, 30 tablets) 

6.76 15.47 10.7  

Devices   Per device Ansil company, personal 
communication (mail), 
2006 

- Optical mouse 21.78 39.6 30.69  
- Ergonomic mouse 44.55 54.46 49.51  
- Pen mouse tablet 127.72 127.72 127.72  
- Ordinary/wireless mouse 5.94 13.86 9.9  
- Document holder 56.44 87.19 71.82  
- Desk chair 445.54 990.1 717.82  
- Keyboard 34.65 48.51 41.58  
- Bureau adjustable in height 

(electric) 
485.15 1188.19 836.67  

- Workplace screening 282.18 475.25 378.72 University of Maastricht, 
department "Arbo & 
Milieu", personal com-
munication: mail, 
29.05.2006 

* On the original cost price a surcharge of 45% overhead and accommodation costs is calculated.  

 
The number of PE and RP sessions during the ten week intervention period registered 
by the therapists is used to calculate the health care costs of intervention sessions 
during this period. 
 



CHAPTER 7 

 94 

Costs concerning productivity loss are based on the reported sick leave from work due 
to non-specific WRULD. Data concerning absenteeism are collected in a questionnaire 
concerning employment and absence through illness.27 Productivity costs are calcu-
lated according to the friction-cost method, indicating that almost everyone is replace-
able in the labour process.28 A friction cost period of 22 weeks or 154 days is adopted.28 
 
In the cost calculation one general cost price per lost hour of productivity is used for all 
patients. The number of days absent from work is related to the number of working 
days and working hours reported by the individual patient. Economic data are gathered 
three times during the one year follow-up period by the questionnaires, each time 
measuring the last two months prior to the questionnaires. These assessments took 
place at the same time as the effectiveness measures. The costs are based on these 
questionnaires and extrapolated to the costs during the full one year follow-up period. 
 
The handbook of Oostenbrink et al29 is used as a guideline for determining the cost 
prices. 
 
Those cost prices of health care services not mentioned, being ergo therapy, psychol-
ogy and care by occupational doctor are obtained from professional organizations. 
Prices of medication are obtained from the Dutch College of Health Insurance.30 
 
Cost prices of devices are obtained from the reporting of patients. If the cost price of a 
relevant device is not reported by the patient, a suitable minimum, maximum and 
mean cost price is estimated. Cost price estimates of devices are obtained from an 
organization specialized in devices for ergonomic work places. For some of the cost 
items there was one mean cost price, for other items a mean cost price is calculated 
based on a minimum and maximum cost price. All cost prices are indexed to 2005 by 
using the price index numbers of the Dutch Central Bureau of Statistics31 (Table 2). 
 
The costs prices of health care practitioners consist of all costs directly and indirectly 
attributable to the unit (these are the costs of personnel, medical staff, material, medi-
cal apparatus, medical supporting departments, accommodation and overhead). 

Cost-effectiveness measures 

In the cost-effectiveness analyses the VAS, self-perceived WRULD and DASH-DLV are 
related to the health care costs. The QALY is related to the societal costs including pro-
ductivity costs, in a cost-utility analysis. 
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Data analysis 

The expected improvement in pain in the PE group was set at 60% and for the RP group 
at 40%, implying a minimal clinical relevant difference of 20%, correlating with 20 mm 
difference on the horizontal VAS-scale. These expected improvements in pain were 
based on past clinical experience in our department of rehabilitation of the Maastricht 
University Hospital.11 With an alpha of 0.05 and a 1-beta of 80% in total n = 94 com-
puter screen-workers were needed to provide sufficient power to answer the research 
questions. 
 
Data were analyzed by a blinded statistician using SPSS 13.0 for Windows (version 13.0; 
SPSS inc. Chicago, Ill.) 
 
Data were checked for missing values and normality. Missing values have been re-
placed by mean imputation and by LOC-F (Last Observation Carried Forward) method. 
Each follow-up moment was analyzed separately and the analyses were carried out 
according to the intention to treat principle. Differences in baseline characteristics and 
baseline values of the outcome measures between PE and RP group were tested with 
an independent samples t-test (� = 0.05). In the event of significant differences be-
tween the two groups in baseline characteristics, adjustments were made in the statis-
tical analyses.11 
 
The primary effectiveness measure, the horizontal VAS according to Jensen, has been 
analyzed at each follow-up moment by a t-test. Scores on DASH and EQ-5D question-
naires have been dealt with in the same way. The �2-test has been used to analyze the 
answer on the question put dichotomously: "do you still experience non-specific 
WRULD complaints, yes or no". 
 
The costs of both patient groups were compared by the bootstrapping method making 
use of confidence intervals in percentiles. By bootstrapping samples of the same size as 
the original data are drawn with replacement from the observed data.32 In our study 
thousand bootstrap samples/replications were drawn. 
 
The economic evaluation concerns cost-effectiveness and cost-utility analyses. The 
incremental cost-effectiveness ratios (ICER) are calculated based on the measured costs 
and outcome parameters. Health care costs are related to the medical outcome pa-
rameters and societal costs, including productivity costs are related to the QALY. Boot-
strapping is performed and the simulated ratios indicate the uncertainty of the ICERs of 
the observed data. The ICERs resulting from bootstrapping are plotted on a cost-
effectiveness acceptability curve (CEAC) indicating the probability for a range of ceiling 
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ratios (society's maximum willingness to pay for one unit of effectiveness) that the 
cost-effectiveness of the PE treatment is acceptable.33 
 
Table 2 presents all cost prices with some items having a minimum and maximum cost 
price. Due to uncertainty concerning the cost price estimates two deterministic sensi-
tivity analyses are performed.26 These prices are varied simultaneously, once as mini-
mum and once as maximum cost prices in the sensitivity analysis. In the sensitivity 
analysis with minimized cost prices, the productivity costs are based on 28.33 (28'20") 
contract hours divided over five working days a week. These contract hours are based 
on data of the CBS concerning the average working hours of the total working popula-
tion in the Netherlands in 2004.34 This minimizes the productivity costs. 

Results 

313 potential participants reacted or on the advertisements or were recruited by occu-
pational physicians. Participants were selected and diagnosed between May 2003 and 
February 2005 and each participant had to complete a short questionnaire. The Saltsa-
report35 has been used as a guidebook to enable the correct diagnosis "early non-
specific WRULD" by excluding potential participants with all kinds of specific WRULD.11 
 
Finally 28% of these potential participants (i.e. 88 participants) have been included in 
this study, meeting the inclusion criteria and willing to participate. Information about 
the routing of the participants through the trial is presented in Figure 1. 
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Figure 1. Flow chart describing the routing of the participants through the trial. 

 
Many potential participants had to be excluded for more than one reason.11 
Forty-four participants were randomized to each arm of the trial. 
Both groups were comparable at baseline for nearly all variables except the score on 
the Pain Catastrophizing Scale (Table 3). 
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Introduction 

Previous studies have shown that non-specific work-related upper limb disorders 
(WRULD) among computer screen workers develop as a result of extended screen 
work.1-3. However, contrary to this, a recent longitudinal cohort study among office 
workers in the Netherlands showed that long duration of computer work did not pre-
dict the occurrence of upper limb disorders.4 In general, previous research on existing 
associations between physical,4,5 psychosocial4,6-8 and psychological4,7,9 risk factors, and 
the development of upper limb disorders showed mixed results. Psychosocial factors, 
especially moderate to low reward and low task variation, appeared to have an associa-
tion with the onset of upper limb disorders.4,7 A large cross-sectional study among bank 
employees showed that job stress was strongly associated with the development of 
upper limb disorders.8With respect to psychological risk factors, especially 
overcommitment,4,7 psycho neuroticism and neurotic perfectionism9 showed a rela-
tionship with the onset of upper limb disorders. In a study among PhD students with 
upper limb disorders it had been shown that a high score on the Trait Anxiety Inventory 
(STAI 2) was associated with sooner absenteeism from work and self-perceived disabil-
ity.10 Demographic data further indicate that persons suffering from non-specific 
WRULD are often highly educated, have long working days, and are over 30 years of 
age with an over-representation of women.4,11,12 It appears that beyond socio-
demographic factors, primarily psychosocial and psychological factors play a role in the 
onset and course of upper limb disorders.  
We conducted a randomized trial among computer screen workers with early non-
specific upper limb disorders in which one group received postural exercise therapy 
and the other group regular physiotherapy. We showed that at one year follow-up still 
45% suffered from upper limb complaints.12 A remarkable finding in this study was the 
high score at baseline on the Pain Catastrophizing Scale (PCS) for both groups.12 Since 
physically oriented interventions, also in early stages of non-specific upper limb disor-
ders,12 are not able to eliminate upper limb disorders, further research needs to focus 
on psychosocial and psychological factors. With regards to low back pain, Sullivan pre-
viously demonstrated the relation between pain catastrophizing and chronic pain, 
while Vlaeyen explains why pain becomes chronic during the process of catastrophiz-
ing.13,14 
In order to gain more insight into the relationships between psychological-, physical-, 
demographic characteristics and beginning upper limb disorders, we conducted a case-
control study among computer screen workers by means of comparing the baseline 
characteristics of the participants in our previously conducted randomized controlled 
trial with the baseline characteristics of a control group of non-cases.  
The main research question in the present study is therefore: are computer screen 
workers with early non-specific work-related upper limb disorders (WRULD) more sus-

Erratum behorend bij het proefschrift "Risks and Recommendations" door Marjon van Eijsden-Besseling 
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