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Effectiveness of an intervention programme on arm, shoulder and neck symptoms in computer workers

Work-related arm, shoulder and neck symptoms have been known for centuries and are
still highly prevalent, especially among computer workers. The costs of these symptoms,
both from a health and economic perspective, are high. In an attempt to reduce these
costs organizations are implementing various interventions aimed at the prevention of
arm, shoulder and neck symptoms. One frequently used intervention is the RSI QuickScan intervention programme for computer workers. In this dissertation, the reliability,
consistency and validity of the RSI QuickScan questionnaire and the (cost-) effectiveness
of the RSI QuickScan intervention programme are investigated. The dissertation is concluded with a general discussion of the main findings, methodological considerations and
recommendations for occupational health practitioners and future research.
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Chapter 1

General Introduction
‘I was 22 and working as a legal secretary when I first felt pain in my arms. I ignored it,
thinking or hoping it would go away, and continued to work at my normal pace. I had
recently changed jobs and didn’t want to cause any problems. However, typing for six or
seven hours a day I soon realized the pain was getting worse. I continued working for about
six months, then my employer put me off work. It got to the stage that I couldn’t type more
than a few minutes at a time and couldn’t keep up with the workload. They didn’t have any
light duties for me nor did they want to re-instate me unless I could type as much as I had
done previously. In the end, they legally terminated my employment after I had been off
work for six months.’
Kristina [1]

Historical perspective of work-related arm, neck and shoulder symptoms
and computer work
Work-related arm, shoulder and neck symptoms, as experienced by Kristina above, have
been known for centuries. The connection between arm, shoulder and neck symptoms
and work was first documented by the Italian physician Ramazzini at the beginning of
the 18th century [2]. In the 1713 revised edition of De Morbis Artificum, Ramazzini
discusses diseases of scribes and notaries. He notes three classes of maladies associated
with these occupations: those from constant sitting, constant writing, and mental strain
from frequent tedious calculations. About the dangers of constant writing, Ramazzini
says, ‘An acquaintance of mine, a notary by profession, still living, used to spend his
whole life continually engaged in writing, and he made a good deal of money from it; first
he began to complain of intense fatigue in the whole arm, but no remedy could relieve
this, and finally the whole right arm became completely paralyzed. In order to offset this
infirmity he began to train himself to write with the left hand, but it was not very long
before it too was attacked by the same malady [3].’ Almost three hundred years later,
similar symptoms still constitute a considerable problem. Also among the large population of computer workers, arm, shoulder and neck symptoms are highly prevalent [4].
The word ‘computer’ was first recorded in 1613, and at that time it referred to a
person who carried out calculations, or computations. From the end of the 19th century
onwards, the word began to take on its current meaning, describing a machine that
carries out computations [5]. Over the past 30 years personal computers (PCs) have
become increasingly common in both workplaces and homes. The number of PCs
installed worldwide surpassed 1 billion units in 2008. Approximately 75% of these
machines were used in the work environment, while the other 25% were for personal use.
Worldwide growth was estimated at around 10 percent annually [6] and, according to
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Gartner’s PC installed base forecast, the total number of PCs in use will reach 1.78 billion
units in 2013 [7].
Computer use is one of the most common workplace exposures in modern society.
In 2008, a large survey was held among workers in the Netherlands. Almost 80% of the
participating workers indicated that they worked a minimum of 1 hour per day with the
computer, with an average (including those who did not work with the computer) of 3.8
hours per day. Workers who performed computer work did so during an average of 4.8
hours per day [8].

1

Terminology in this thesis
Work-related arm, shoulder and neck symptoms are currently described with a wide
range of terms.
Next to Wii-itis [9], upper extremity disorders (UED), work-related upper extremity
musculoskeletal disorders (WRUMD), cumulative trauma disorders (CTD) and repetitive strain injury (RSI) are used. In the Netherlands, arm, shoulder and neck symptoms
are commonly called RSI and this is the primary reason why this umbrella term was used
in the name of the intervention programme which is studied in this thesis. There are,
however, valid arguments against the use of the term RSI. The cause of these symptoms
is not necessarily the performance of repetitive movements, but can also be static load,
nor need there be an injury. In this thesis, the term arm, shoulder and neck symptoms
will primarily be used for self-reported discomfort or pain and the term disorder will be
used when an occupational physician has made a diagnosis. With arm, shoulder and neck
symptoms a broad range of musculoskeletal symptoms is meant, not necessarily with a
common etiology.

Incidence, prevalence, trends and costs
Although it is still debated whether computer use in itself increases the risk of getting
arm, shoulder and neck symptoms [10], a prospective study of computer users by Gerr
et al. [11] showed that the occurrence of these symptoms is common among computer
users, with more than 50% of computer users reporting symptoms during the first year
after starting a new job. Luime and colleagues [12] observed 12-month incidence rates for
neck and shoulder complaints of 16% and 18%, respectively. The 12-month prevalence
rates were roughly twice as high, and 12-month recurrence rates were approximately
twice the prevalence rates.
Although the incidence and recurrence rates for arm, shoulder and neck symptoms
are high, results from the Netherlands Center for Occupational Diseases (NCvB), which
registers and reports occupational diseases via the national notification and registration
system, show that the number of registered occupational diseases in the arm, shoulder
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and neck area has been declining steadily over the last six years [13]. This has provoked
some debate in the Netherlands on the overall importance of arm, shoulder and neck
symptoms in the workplace and the need for prevention efforts to reduce the number
of workers with these symptoms. To gain more insight in the incidence trends of arm,
shoulder and neck symptoms and sick leave as a result of these symptoms, we analyzed
data from more than 17,000 organizations and companies in the Netherlands in the
beginning of 2010. The data, collected by Arbo Unie, one of the largest occupational
health services in the Netherlands, consisted mainly of computer workers who consulted
their occupational physician. Results from the first quarters of 2007, 2008 and 2009,
showed a small decline in the number of workers who were on sick leave due to arm,
shoulder and neck symptoms over these three first quarters. However, contrary to the
decline of number of registered sick leave cases, the total number of sick leave days as a
result of these symptoms increased from 2007 to 2009. An explanation for this decline
in registered workers with symptoms, but with more sick leave days per worker, might
be that in a period of economic decline workers are hesitant to visit their occupational
physician with minor symptoms. They decide to visit their occupational physician only
when the symptoms are long-lasting. Therefore, data on the registered occupational
diseases in the arm, shoulder and neck area should be interpreted with caution and there
is still a need for preventive action to reduce symptoms and costs. The total yearly costs of
arm, shoulder and neck symptoms in the Netherlands due to decreased productivity, sick
leave, chronic disability for work and medical costs were estimated at 2.1 billion Euros
[14]. Available estimates of musculoskeletal disorders from 15 European countries put
the cost between 0.5% and 2% of their gross domestic products [15].

Risk factors
The health effects of computer work have been studied extensively over the last decades,
but there is still much controversy on the question of whether the duration of computer
work is indeed a risk factor for arm, shoulder and neck symptoms [10, 16-18]. While the
duration of computer work itself may not necessarily be a risk factor, various ergonomic,
psychosocial and organizational risk factors for arm, shoulder and neck symptoms have
been suggested to increase the risk in computer workers [19]. The onset of such symptoms was suggested to be caused by exposure to a combination of these risk factors [19].
In 2003, we developed the RSI QuickScan questionnaire [20] with the objective to
rapidly assess arm, shoulder and neck symptoms and risk factors in populations of
computer workers. For this, a literature search was performed on potential risk factors
for arm, shoulder and neck symptoms. A decision was made to include all major known
risk factors for computer work at the time and, therefore, risk factors without conclusive
evidence were also included. The background for this was, that we would rather receive
information on a risk factor too many, than too few. Unnecessary questions could be
12
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removed at a later date, when there was more clarity on the reliability and validity. This
review of the literature, combined with input from professionals in the field, ultimately
resulted in 13 potential risk factors that were included the questionnaire. These factors
were: (lack off ) education [21-25]; duration of computer work [4, 26, 27]; poor work
posture and movement [27-30]; monotonous work tasks [31, 32]; low decision authority
[33, 34]; adverse psychosocial work conditions [35, 36]; (psychosocial) job demands
[37, 38]; recovery time [39]; substandard work environmental conditions (e.g. lighting,
temperature and acoustic conditions) [40]; poorly designed furniture [25]; poor workstation physical attributes, such as a mouse or keyboard [41, 42]; visual strain and visual
discomfort [43, 44], and arm, shoulder and neck symptoms [45-48]. The etiologic importance of occupational ergonomic stressors for the occurrence of arm, shoulder and neck
disorders has been demonstrated [49] and reducing these risk factors might play a role
in the prevention of future arm, shoulder and neck symptoms in a working population.
It seems likely that arm, shoulder and neck symptoms are the result of exposure to many
factors, including physical load and the psychosocial work environment, and that these
factors may reinforce each other [19, 50].

Pathophysiology
As ergonomist working for a broad range of organizations, my experience is that some
employers are reluctant to accept that computer work, in a nice and warm office, may
cause disorders and symptoms and is worthy of prevention efforts. Also Kristina’s
employer may have thought so. Especially, in the more physically demanding working
environments the notion that a light task such as clicking on a mouse or typing on a
keyboard can be an occupational health risk, is being frowned upon.
This paragraph presents a concise overview of hypotheses on how exposure to the risk
factors, as described above, might cause arm, shoulder and neck symptoms. The focus of
this presentation is on the pathophysiology in muscle tissue, although other tissues, such
as tendons, ligaments, joints, peripheral nerves, and supporting blood vessels may also be
affected [51, 52].
During computer work, several upper extremity muscles are continuously active at
around 10% of their maximum [53, 54]. The concept that this could cause (serious)
symptoms has long been debated. However, there is evidence, mostly from animal
experimental research, that low-intensity loading can result in muscle damage and,
subsequently, arm, shoulder and neck symptoms, provided that the loading takes place
over a longer period of time [55-58].
In a review of the scientific literature, Visser and Van Dieën (2006) reported several
possible scenarios (partly) explaining why a relatively low level of muscle activity may
lead to muscle disorders. The first and most relevant scenario includes the influential
‘Cinderella hypothesis’ (referring to Cinderella, the fairy-tale figure, who was first to
13
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rise, worked all day and was the last to go to bed) [59]. This hypothesis assumes that
the load of a muscle at sub-maximal levels, such as Kristina performed when typing for
six or seven hours per day, is not homogeneously distributed among the muscle fibers.
Only a fraction of the available motor units (a combination of the nerve cell and the
muscle fibers it activates) are engaged. The muscle fibers are recruited in stereotypical
order, depending on the size of the motor unit to which they belong. This so-called ‘size
principle’ [60] implies that small motor units with type I fibers will remain continuously
activated when lengthy tasks are performed. Gissel [56] suggested that continuous activation over a longer period of time results in a Ca2+ accumulation in muscle compartments,
which may cause damage to the muscle fiber and, subsequently, lead to muscle disorders.
Johansson et al. [61] state that multiple mechanisms may interact in (series of) circular
processes. Homeostatic disturbances in muscle tissue, resulting from muscle activity,
can result in an accumulation of metabolites, stimulating nociceptors. This process can
be enhanced in subjects with relatively large type I fibers and low capillarization, which
paradoxically may have developed as an adaptation to the exposure. Nociceptor activation can disturb the proprioception [62, 63] and thereby the motor control, most likely
leading to further increased muscle activity to be able to meet the task requirements and
an associated increase in disturbance of muscle homeostasis. The pain resulting from
nociceptor activity can cause increased sympathetic activity leading to decreased blood
circulation and increased levels of muscle activity. In addition, in the long run a reduction of the pain threshold and an increase of pain sensitivity can develop. It is worth
noting that initial nociceptor stimulation may be a response to metabolite accumulation
preceding tissue damage [58].
As an effect modifier, psychosocial work characteristics, such as high mental load and
job demands, may increase muscle tension and continuously activate certain muscle fibers.
Low-intensity loading due to continuous firing of low threshold motor units is, therefore,
not only due to physical loading, but may also be caused by mental loading [64, 65].
Besides the above mentioned theories, Deeney and O’Sullivan [66] present in their
article on work-related psychosocial risks and musculoskeletal disorders, several other
potential pathways to injury. One of these theories is the hyperventilation theory of job
stress and work-related musculoskeletal disorders by Schleifer and Ley [67]. This theory
suggests that psychosocial risks can cause emotional strain that might result in hyperventilation. Hyperventilation (overbreathing) refers to a drop in arterial CO2 caused by
ventilation that exceeds metabolic demands for O2. Excessive loss of CO2 that results from
hyperventilation produces a rise in blood pH (i.e. respiratory alkalosis). This disruption
in the acid–base equilibrium triggers a chain of systemic physiological reactions that
have adverse implications for musculoskeletal health, including increased muscle tension,
muscle spasm, amplified response to catecholamines, and muscle ischemia and hypoxia.
Furthermore, hyperventilation is often characterized by a shift from a diaphragmatic to
14
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a thoracic breathing pattern, which imposes biomechanical stress on the neck/shoulder
region due to the recruitment of ancillary muscles (i.e. trapezius) in support of thoracic
breathing [68].
According to the nitric oxide/oxygen ratio hypothesis presented by Eriksen [69], neck
myalgia is evoked when low-level contractions in the trapezius muscle are combined with
sympathetic vasoconstriction due to psychological stress or prolonged head-down neck
flexion at work. These ischemic contractions increase nitric oxide/oxygen concentration
ratio in the muscle fibers and a depletion of ATP. This would elicit production of lactic
acid due to which nociceptive fibers would be activated, causing muscle pain.
There is growing evidence that psychosocial risk factors exacerbate the effects of
physical risk factors thereby increasing the risk and severity of arm, shoulder and neck
symptoms [66]. The aforementioned pathophysiological hypotheses provide valuable insight on how perceivably light tasks such as clicking on a mouse or typing on a
keyboard, as performed by the 22 year old legal secretary Kristina, can indeed be an
occupational health risk.

Effectiveness and cost-effectiveness of interventions
It is generally acknowledged that the costs of musculoskeletal disorders, considered from
a company and societal perspective, are high and impose a heavy burden on employers
and on society [70]. Aiming to reduce these costs, in the Netherlands two thirds of the
organizations with more than 500 employees had implemented interventions to prevent
arm, shoulder and neck symptoms in 2009 [71].
Although arm, shoulder and neck symptoms may be the result of many factors,
including physical load and the psychosocial work environment, intervention studies are
often aimed at one specific work-related factor, such as the duration of computer work,
mouse use, the use of an adjustable chair, or single work-related psychosocial factors,
such as insufficient recovery time and insufficient social support [72-75]. While moderate
evidence for some interventions was found, no strong evidence for the effectiveness
of interventions in reducing symptoms in occupational settings could be established
[72-75]. A recent review by Driessen et al. [76] concluded that ergonomic interventions
are usually not effective for preventing or reducing neck pain among non-sick listed
workers.
A wide range of intervention approaches is available to address the hypothesized pathogenesis of arm, shoulder and neck symptoms. Some of the interventions are primarily
aimed at physical risk factors, such as prolonged awkward posture, while other interventions are primarily aimed at psychosocial risk factors, such as emotional strain. These
interventions involve different strategies to prevent the assumed underlying causes of
these symptoms, such as prolonged increased muscle tension and low-intensity loading.

15
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Despite the lack of effective interventions, employers and policy makers still implement interventions aimed at reducing the costs of musculoskeletal disorders. However,
their funds are often limited and, as a consequence, there is a need to identify the most
cost-effective interventions. Reliable information on both the costs and benefits of interventions is still largely lacking and, therefore, there is a demand for economic evaluations
of interventions [77].

RSI QuickScan intervention programme
Interventions for the primary and secondary prevention of arm, shoulder and neck
symptoms are usually aimed at the general population of computer workers, instead of
workers with a high exposure to certain factors. Furthermore, interventions often do not
address the most prominent risk factors. These two aspects might contribute to a limited
effectiveness of interventions. Prevention efforts should ideally be targeted at specific
populations with a high risk [78], as reducing a low exposure even further is unlikely to
yield much effect. Moreover, interventions should ideally be tailor-made and aimed at
the most prominent risk factors. To effectively reduce the prevalence of arm, shoulder
and neck symptoms, exposure to risk factors and sick leave in computer workers, the RSI
QuickScan intervention programme was developed (Figure 1).

Figure 1. Flowchart of the RSI QuickScan intervention programme for computer workers.
16
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This multidimensional intervention program starts with the internet-based RSI QuickScan questionnaire (Figure 2). This questionnaire assesses the presence or absence of
exposure to potential risk factors for the establishment of risk profiles related to arm,
shoulder and neck symptoms in computer workers, as already pointed out in the paragraph on risk factors above. The questionnaire consists of 12 sections on work (e.g. work
hours, work tasks), work relation with management and colleagues, office ergonomics
(e.g. furniture and computer workstation physical attributes) and one section on health
(e.g. arm, shoulder and neck symptoms).

1

Figure 2. Example of items in the RSI QuickScan questionnaire.
Directly after completion of each section of the questionnaire the respondents receive
feedback on their questionnaire results. This feedback consists of scores on a scale from
1 to 10 (with 10 being the optimal score), an interpretation of the score and advice on
the specific actions that the respondents can take in order to reduce their risk of arm,
shoulder and neck symptoms (Figure 3). In addition, a visual representation of the
combined scores with a graph is provided (Figure 4).
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Figure 3. Example of individual feedback on the questionnaire results.

Figure 4. Example of a visual representation of the individual questionnaire results.
Furthermore, a risk profile is made on a group level from the information given by all
respondents within an organization, a department or function group (Figure 5). A score
of 30% or less of the maximum on a scale is classified as a low (green) risk. A score of
31% to 60% of the maximum on a scale is classified as a medium (amber) risk. A score of
61% or more of the maximum on a scale is classified as a high (red) risk.
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1

Figure 5. Example of the questionnaire results on a group level.
If more than 30% of the participants has a red score, or more than 60% of the participants
has a red or amber score, a tailor-made intervention programme is proposed. Per scale
a (set of) intervention(s) to be advised was pre-defined. Depending on their risk profile,
some workers are offered multiple interventions. Interventions are carried out both on
an individual and a group level. Examples of proposed interventions, on an individual
level, are an individual workstation check, an eyesight check, or a visit to the occupational physician. On a group level, an education programme on the prevention of arm,
shoulder and neck symptoms for employees, or a training aimed at handling stress in the
workplace can be mentioned as examples. The RSI QuickScan intervention programme is
primarily aimed at primary and secondary prevention of arm, shoulder and neck symptoms. The interventions are classified as primary or secondary prevention, according to
the undermentioned definition. In this thesis, the three important tiers within occupational health prevention are defined as follows:
1. Primary prevention: Primary prevention represents interventions that are aimed
at healthy workers and the workplace. The goal of these interventions is to avoid the
onset of arm, shoulder and neck symptoms.
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2. Secondary prevention: Secondary prevention represents interventions that are
aimed at early symptomatic workers and the workplace. The goal of these interventions is to eliminate or reduce exposure in order to prevent chronic arm, shoulder and
neck symptoms.
3. Tertiary prevention: Tertiary prevention represents interventions that are aimed at
workers with chronic symptoms and the workplace. The goal of these interventions is
to reduce further exposure, minimize additional loss of arm, shoulder and neck function, and minimize the social, economic and quality of life impacts.
The RSI QuickScan intervention programme is quite unique in that it incorporates many
different aspects, addressing a broad spectrum of potential risk factors. Instead of using
generic strategies, which is common among occupational health services in the Netherlands, this method establishes a risk profile of the target population and subsequently
advises interventions following a decision tree based on that risk profile.

Objectives
The objective of this thesis is to assess the reliability, consistency and validity of the RSI
QuickScan questionnaire and the (cost-) effectiveness of the RSI QuickScan intervention
programme on the prevalence of arm, shoulder and neck symptoms, exposure to risk
factors, and sick leave in a population of computer workers.

Study questions
The questions that will be answered are:
1. Is the RSI QuickScan questionnaire for computer workers reliable, consistent and valid?
2. Is the RSI QuickScan intervention programme effective in reducing the prevalence of
arm, shoulder and neck symptoms, exposure to risk factors, and sick leave in a population of computer workers?
3. Is the RSI QuickScan intervention programme for computer workers cost-effective?

Study design and outline of this thesis
The study design and the outline of this thesis are visualized in figure 6. First, the results
of the validation study are described in chapters 2 and 3. In chapter 2, a study on the
internal consistency, test-retest reliability and concurrent validity of the questions on
work-related exposure related to arm, shoulder and neck symptoms in computer workers
is presented. In chapter 3, a study on the concurrent validity of the symptom questions
in the questionnaire is described. In chapter 4, a study on the predictive validity of the
RSI QuickScan questionnaire with respect to the prevalence of arm, shoulder and neck
symptoms in computer workers is presented. The effectiveness and cost-effectiveness
of the RSI QuickScan intervention programme was studied in a cluster randomized
20

General introduction

controlled trial (RCT) in an occupational setting. In chapter 5, the effectiveness of the
RSI QuickScan intervention programme on the prevalence of arm, shoulder and neck
symptoms, risk factors and sick leave in computer workers is described. In chapter 6, the
cost-effectiveness and cost-benefits of the RSI QuickScan intervention programme are
studied in an economic evaluation. In chapter 7, a general discussion, with conclusions
and recommendations, is presented.

1

Figure 6. A schematic overview of the study design and the different studies in this thesis with the
position of the seven chapters.
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Abstract
Introduction: The aim of this study was to determine the internal consistency, test-retest
reliability and concurrent validity of the RSI QuickScan, a newly developed questionnaire
that aims to identify the presumed risk factors for arm, shoulder and neck symptoms in a
population of computer workers.
Methods: The internal consistency was calculated using item analysis. The test-retest
reliability and concurrent validity were analyzed by calculating the percentage of agreement,
Cohen’s Kappa and the Ppositive and Pnegative. The concurrent validity was also tested
by comparing the results from the new questionnaire with those from the original
questionnaires the questionnaire was based on, on-site expert observations and direct
measurements.
Results: The results indicate that the RSI QuickScan is a measurement tool with acceptable
internal consistency, reliability and concurrent validity.
Conclusions: The questionnaire can be used as a means to rapidly collect data on a large
population of office workers and at low cost.
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Introduction
The proportion of people working with a computer has increased over the years and
is still rising. In 2006, more than three out of four workers in the Netherlands used a
computer at their workplace, with an average of almost 4 hours per working day [1].
Data on 15 European countries showed that not only computer use has risen across
Europe, with more people using computers all the time, but also work intensity, with
rising numbers of people working at high speed and to tight deadlines [2]. Work-related
arm, shoulder and neck symptoms occur frequently amongst computer workers. The
12-month prevalence of these symptoms in the general working population of the
Netherlands was estimated at 28% [3]. Worker absence resulting from work-related arm,
shoulder and neck symptoms was estimated at 3.0-6.2% of the total sick leave [4]. The
same study showed that this sick leave combined with reduced productivity constitutes
a significant financial burden for employers, estimated at 1.7 billion Euros per year. A
recent study amongst computer workers with neck/shoulder or hand/arm symptoms
shows that productivity loss is more often caused by a decreased performance at work
than by sickness absence [5].
The widespread and increasing use of computers has generated an increasing interest
in the effect of computer work on arm, shoulder and neck symptoms. Marcus et al. [6],
for example, found that prolonged computer work (> 20 h per.week.) increases the risk of
getting hand/arm symptoms and disorders 2.2 times. Furthermore, in a study by Gerr et
al. [7], over half of the computer users reported arm, shoulder and neck symptoms after
starting a new job. Several specific risk factors have been suggested, such as the duration
of computer work [8-10], mouse use [6, 11-13], and hand posture, e.g. ulnar deviation
greater than 20º [14]. Based on studies with objective measures of computer use, the
debate is still ongoing regarding the strength of the evidence to support the hypothesis
that computer work is an occupational risk factor for arm, shoulder and neck symptoms
[8, 11].
Risk factors for arm, shoulder and neck symptoms are not limited to work-related
physical exposure alone [15-17]. Personal characteristics and work-related psychosocial
factors, such as insufficient recovery time, psychological burdens (high work pressure,
high work stress, high work pace and work with high mental demands) and insufficient
social support (relation with colleagues, superiors and management), have also been
mentioned as risk factors [15, 18, 19].
Around 85% of the employers in the Netherlands use the services of a certified occupational health service. Their services aim at promoting safety, health and well-being
in the workplace and thus limiting sick leave. In the prevention of arm, shoulder and
neck symptoms, these occupational health services usually resort to generic strategies
rather than targeting the specific risk profile of the population at hand. Since the cause
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of arm, shoulder and neck symptoms can vary from mainly physical, to psychosocial
and personal factors, or a combination of all of the above, generic strategies might not
address the problem effectively. Reliable and valid information concerning the presence
of potential risk factors could be used to create a risk profile for the population of workers
concerned. A method aimed at establishing such risk profiles followed by a decision tree
for selecting the most appropriate interventions based on this profile may allow effective
prevention of arm, shoulder and neck symptoms.
To assess the presence or absence of potential risk factors for the establishment of risk
profiles related to arm, shoulder and neck symptoms in computer workers the present
authors developed an Internet-based questionnaire (RSI QuickScan), which consists of
several topics on work and office ergonomics (Appendix 1). In total, the questionnaire
consists of 81 items, divided over two categories and 11 subcategories (Appendix 1). (A
description of the actual questions studied can be found at:
http://www.rsiquickscan.com/research/validity/).
Theoretical models, such as the model of workload presented by Van Dijk et al. [20]
and the demand-control-support model of Karasek and Theorell [21], have contributed
to developing this questionnaire. The questions were constructed or selected on the basis
of an analysis of the literature on arm, shoulder and neck symptoms and discussions with
experts in the field. A substantial part of the questions on “work” in the RSI QuickScan
was derived from the previously validated questionnaire on musculoskeletal load and
health complaints (VBA), [22] and the Dutch Musculoskeletal Questionnaire (DMQ)
by Hildebrandt et al. [23]. Since the target population, which consists solely of computer
workers, is different from the original general working population that was used for validating the VBA and DMQ, a new validation was required.
An advantage of assessment using questionnaires is that data on a large population
can be collected in a short period of time and at low cost. However, a disadvantage of
questionnaires is that the collected data may be of limited quality [24, 25]. Recent studies,
nevertheless, have reported the measurement properties of an upper extremity-specific
self-report index of ergonomic exposures to be sufficient [26, 27]. A systematic review
by Stock et al. [28] also showed that the outcomes of questionnaires on physical work
demands corresponded well to observations and direct measurements. Therefore, the
aim of this study was to determine the internal consistency, test-retest reliability and
concurrent validity of a newly developed comprehensive questionnaire for use in an
occupational health setting.
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Methods
Internal Consistency Study
To study the internal consistency of the RSI QuickScan questionnaire, a population of 86
computer workers was asked to fill out the questionnaire. The participants were invited by
email to fill out the Internet-based questionnaire. If they did not respond, they automatically received a reminder by email after 2 and 3 weeks. For this study, the Dutch version
of the questionnaire was used.
The 86 computer workers were employees of a local government office (personnel
department) and an Occupational Health Service (office staff ), of which 70 (81%) were
females and 16 (19%) were males. The educational level of this population was primarily
intermediate to higher vocational, or university education. The age of the population was
mostly (74%) between 40 and 59 years old; 26% of the population was between 20 and 39
years old. There were no employees under 20 or over 60 years. In total, 64 (74%) participants filled out the questionnaire.
The internal consistency was calculated using item analysis. The extent in which the
items as a total are associated was expressed in the internal consistency index alpha (also
Cronbach’s alpha). A Cronbach’s alpha value of at least 0.70 was considered to be acceptable. Cronbach’s alpha was calculated using SPSS version 14 [29].

Reliability Study
The test-retest reliability of the RSI QuickScan was investigated simultaneously with the
study of the internal consistency. The study population is therefore the same as described
above. To study the test-retest reliability of the RSI QuickScan questionnaire, the
computer workers were asked to fill out the questionnaire twice, with a 4 week interval.
In total, 64 (74%) participants filled out the first questionnaire and 55 (64%) participants
filled out the second questionnaire. A total of 53 (62%) participants filled out both questionnaires.
Most questions (70%) of the RSI QuickScan had dichotomous, risk or no risk, response
categories; those that did not were dichotomized into a risk and a no risk category. The
test-retest reliability was analyzed by calculating the percentage of agreement and Cohen’s
Kappa with 95% CI for each of the 81 questions.
Since the percentage of agreement and Cohen’s Kappa show no insight in the agreement between the positive and negative answers, Ppositive and Pnegative were also
calculated as extra means of assessing the agreement [30].

33

2

Chapter 2

Concurrent Validity Study
Concurrent validity of the questionnaire
The concurrent validity of the questionnaire, with the exception of the questions on
workstation characteristics, was tested among 73 computer workers working at the
personnel department of a college. There is no overlap between these subjects and the
subjects in the internal consistency and reliability studies. This population had to fill
out the RSI QuickScan questionnaire as well as the original questionnaires on which the
new questionnaire was based, with a 4-week interval. Of the 73 workers, 38 (52%) were
females and 35 (48%) were males. The educational level of this population was primarily higher vocational or university education. Half of the population was between 20
and 39 years old; 45% of the population was between 40 and 59 years old and 5% of the
employees were under 20 or over 60 years. In total, 59 (81%) participants responded to
the RSI QuickScan questionnaire and 55 (75%) participants filled out the original questionnaire. A total of 51 (70%) participants filled out both questionnaires.
The concurrent validity of the questions on workstation characteristics.
The concurrent validity of the questions on workstation characteristics was tested by
comparing questionnaire results with on-site expert observations and direct measurements of the workplace among a population of 73 computer workers of an occupational
health service. From this population, a total of 54 (74%) computer workers, of which 41
(76%) were females and 13 (24%) were males, participated in the on-site expert observations and direct measurements. The educational level of this population was primarily
higher vocational or university education. Approximately half (51%) of the population
was between 20 and 39 years old and the other half (49%) was between 40 and 59 years
old. There were no employees under 20 or over 60 years.
To validate 15 questions on the physical aspects of the workstation, derived from the
scales ‘furniture’ and ‘computer workstation physical attributes’ (Appendix 1), a workstation assessment was carried out. Answers given by the computer worker when filling
out the RSI QuickScan approximately 4 weeks previously were compared to answers on
the same questions obtained from on-site expert observation and direct measurements.
The on-site observations were carried out by two trained observers according to a standardized procedure and checklist (Appendix 2) ( the checklist can be found at:
http://www.rsiquickscan.com/research/validity/), which resulted in dichotomous, risk
or no risk, scores. The observers were not given the questionnaire results prior to their
assessment. The observations were practiced several times to improve the inter- and
intra-expert reliability and to optimise the observation procedure. Interobserver reliability for all of the assessments was good, with a percentage of agreement between 80
and 100% (mean 97%). Of the 15 questions, seven questions, such as: ‘Is your desk on
the ergonomically recommended height?’, were validated by direct measurements and for
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the analyses and comparison with the questionnaire, results were converted to a dichotomous, risk or no risk, score. The other eight questions such as: ‘Are your arm-supports
adjustable in width?’, were validated by on-site observations.
The participants of the workstation assessment were observed at their workstation
while doing their normal working activities for at least 5 min. In this period, their use of
the furniture and the computer workstation physical attributes was observed. After the
observation, the measurements of workstation dimensions were taken. The workstation
assessment was carried out using a checklist developed to assess the presence of computer
workstation physical attributes (e.g. foot support), the adjustability of the furniture (e.g.
arm supports) and the workstation dimensions
(e.g. desk height). (The checklist (Appendix 2) can be found at http://www.rsiquickscan.
com/research/validity/).
Concurrent validity was tested by comparing the answers given on the RSI QuickScan
with results of the original questionnaires or with results of the on-site observations and
direct measurements. Also, for the concurrent validity, the percentage of agreement and
Cohen’s Kappa with 95% CI and the Ppositive and Pnegative were calculated.
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Results
Internal consistency
Cronbach’s alpha was mostly between 0.40 and 0.85, showing a varying internal consistency for the 10 scales. Six scales scored 0.70 or higher. However, the scale on work
periods and the three scales on workplace ergonomics all scored between 0.30 and 0.45
(Figure 1).
Internal consistency

Figure 1. Internal consistency of the RSI QuickScan, expressed in Cronbach’s alpha scores, is
presented for the 10 scales of the questionnaire.

Test-retest reliability
In all, 96% of the questions scored a percentage of agreement of over 80% and 100% of
the questions scored a percentage of agreement of over 70%, with a median of 90% (range
75-100%). Cohen’s Kappa values were equal or higher than 0.4 for 95% of the questions,
73% of the questions scored 0.6 or more and 24% of the questions scored 0.8 or more.
The Ppositive and Pnegative had medians of 90% (range 33-100%) and 88% (range
0-100%), respectively. However, there were some outliers showing low percent agreement
(Figure 2a,b).
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(a) Test-retest reliability
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(b) Test-retest reliability
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Figure 2. Test–retest reliability of the RSI QuickScan. The histograms graphically display the proportion agreement, Ppositive, Pnegative and Cohen’s Kappa. In order to be able to present all four results
in one figure, percentages (agreement, Ppositive and Pnegative) have been converted to proportions.
(a) Test–retest reliability of the RSI QuickScan for the 81 items of the questionnaire. (b) Test–retest
reliability of the RSI QuickScan for the 11 scales of the questionnaire.

Concurrent validity
Concurrent validity, except for the questions on workplace factors
In all, 66% of the questions scored a percentage of agreement of over 80%, and 100% of
the questions scored a percentage of agreement of over 70%, with a median of 83% (range
70-100%). Cohen’s Kappa values were equal or higher than 0.4 for 46% of the questions,
10% of the questions scored 0.6 or more and 6% of the questions scored 0.8 or more. The
Ppositive and Pnegative had medians of 78% (range 0-100%) and 76% (range 0-100%),
respectively, with some outliers showing low percent agreement (Figure 3a,b).

(a) Concurrent validity
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(b) Concurrent validity
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Figure 3. Concurrent validity of the RSI QuickScan. The histograms graphically display the proportion agreement, Ppositive, Pnegative and Cohen’s Kappa. In order to be able to present all four results
in one figure, percentages (agreement, Ppositive and Pnegative) have been converted to proportions.
(a) Concurrent validity of the RSI QuickScan for the 53 items of the questionnaire without the workplace factors. (b) Concurrent validity of the RSI QuickScan for the 7 scales of the questionnaire without
the workplace factors.

Concurrent validity of questions on workplace factors
In all, 80% of the questions scored a percentage of agreement of over 80%, and 93% of the
questions scored a percentage of agreement of over 70%, with a median of 91% (range
62-98%). Cohen’s Kappa values were lower than 0.4 for 80% of the questions and 20% of
the questions scored 0.6 or more. The Ppositive had a median of 95% (range 0-99%), but
the Pnegative had a median of only 20% (range 0-94%) (Figure 4a,b).
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(a) Concurrent validity

(b) Concurrent validity

Figure 4. Concurrent validity for the questions on workplace factors of the RSI QuickScan. The
histograms graphically display the proportion agreement, Ppositive, Pnegative and Cohen’s Kappa. In
order to be able to present all four results in one figure, percentages (agreement, Ppositive and Pnegative) have been converted to proportions. (a) Concurrent validity of the questions on workplace factors
of the RSI QuickScan for the 15 items of the questionnaire that concern the workplace factors. (b)
Concurrent validity for the questions on workplace factors of the RSI QuickScan for the 2 scales of the
questionnaire that concern the workplace factors.
The results of all individual questions concerning the test-retest reliability
Appendix 3) and concurrent validity (Appendix 4) of the questionnaire can be
found at: http://www.rsiquickscan.com/research/validity/
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Discussion
The aim the present study was to determine the internal consistency, test-retest reliability
and concurrent validity RSI QuickScan. According to the current study, the results generally indicate that the RSI QuickScan has an acceptable internal consistency, test-retest
reliability and concurrent validity.

Internal consistency
A Cronbach’s alpha of at least 0.70 is suggested to indicate acceptable internal consistency,
while an alpha score over 0.90 most likely indicates redundancy rather than a desirable
level of internal consistency [31-33]. The internal consistency of most scales was acceptable (see results, Figure 1), except for the scale on work hours and the three scales on
workplace ergonomics (work environment factors, furniture and computer workstation
physical attributes). This is not surprising, since these three scales consist of questions
fairly independent of each other, except the fact that they all deal with office ergonomics.
In a study by Eltayeb et al. [27], the subscale on office equipment also scored an unsatisfactory Cronbach’s alpha score of 0.51. For workplace factors, such as work environment
factors, furniture, and computer workstation physical attributes, a Cronbach’s alpha
between 0.30 and 0.40 was observed. Therefore, the results of the present study indicate
that workplace factors need to be analyzed separately.

Test-retest reliability
The test-retest reliability results were generally good. Test-retest reliability, was investigated by giving the participants the second questionnaire four weeks after they had
received the first one. This is a longer interval than in most other studies, where the time
between measurements ranged from 10 minutes to 4 weeks, with most studies using an
interval between 2 days and 2 weeks [34]. On the one hand, it is important to have sufficient time between the two measurements, in order to reduce the chance of recall bias.
On the other hand, the interval should not be too long, because changes might have taken
place in the work environment of the participants, which could negatively bias results.
Since it is well conceivable that changes may have taken place in 4 weeks, the present
results are likely to be conservative. Nevertheless, the test-retest reliability appeared to be
good.

Validity
The concurrent validity of the RSI QuickScan was acceptable, with a high percentage of
agreement and predominately good values for both Ppositive and Pnegative.
Only the questions on workplace factors showed a poor Pnegative score. This implies
that the questions on workplace factors are more suited to detect the presence of risk
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factors among computer users than the absence of risk factors. For some questions with a
symmetrical unequal distribution of the observations, the high level of agreement may be
due to low sensitivity.
The concurrent validity of questions from five of the eleven scales in the RSI QuickScan
questionnaire was tested by comparing them to the questions in the original questionnaire. It is important to note that the use of on-site expert observation and direct
measurements is not practically feasible for these scales, which address work-related
psychosocial factors, such as recovery time and work relation with management and
colleagues. These questions (n = 34) constitute 42% the RSI QuickScan.
The validity of workplace factors was explored by on-site expert observation and direct
measurements, with good interobserver reliability. There was approximately a 4-week
interval between answering the questions on workplace aspects of the questionnaire and
the actual workplace assessment. This is a quite long interval and leaves time for changes
to take place in the workplace of the participants and may, therefore, have had a negative
effect on the measures of agreement. Nevertheless, the concurrent validity appeared to be
acceptable and the concurrent validity of questions on workplace factors, the percentage
of agreement, appeared to be good.
The validity of self-report, e.g. estimation of duration of computer use and postural
load by means of questionnaires, has been questioned [35-39]. Results from the study
by Heinrich et al. (2004) showed that, on average, computer workers overestimated their
total computer use by 1.6 hours (mean difference 39%). In total, 10 of the 11 items on
postural load had a Cohen’s Kappa score of less than 0.40 and one item scored between
0.40 and 0.60. Altman [40] defines a Kappa value less than 0.40 as poor and a Kappa
value between 0.40 and 0.60 as average. The results of the present study indicate that
the dichotomous characterisation of the workplace factors corresponds well to the real
situation as measured by the observers. This suggests that, in contrast to the duration
of computer use and postural load, workstation characteristics can be validly assessed
through self-report by means of a questionnaire. IJmker and co-workers also concluded
in their study that their web-based questionnaire collected reliable data on workstation
characteristics [41]. Workstation characteristics, such as distance of keyboard to table
edge, keyboard tilt, keyboard type, mouse type, monitor location, chair height and mouse
characteristics, all had percentage of agreement values of more than 0.80 for the testretest analysis and agreement with observations. However, it is important to note that
workstation characteristics only have a partial effect on posture. The percentage agreement between questionnaire and manual goniometer measurements was much lower [41].
Strong agreement between a questionnaire and direct measurement was also found by
Karlqvist et al. [42]. Results from this study showed that the test-retest analyses of the
self-reported location of keyboard scored a Kappa value of 0.79 and for the direct measurements a Kappa value of 0.59. The test-retest analyses of the mouse location scored a
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Kappa value of 0.81 and for the direct measurement a Kappa value of 0.68. In this study,
the dichotomous characterization may have reduced the risk of misclassification. For
more detailed assessment, questionnaires appear to be less suitable [24].

Indices of agreement
The indices used for assessing agreement both in the study on test-retest reliability and
on validity warrant some discussion. Even though crude agreement indices are important
statistics with a unique common-sense value, binary agreement between two measurements is often expressed in the Cohen’s Kappa coefficient. The advantage of Kappa
over ‘crude’ or ‘raw’ agreement is that it takes into account the agreement occurring by
chance and subsequently corrects for this. In order to be able to compare our results
to those of other studies, Kappa was calculated and presented in this study. There are,
however, some known problems with the use and interpretation of Kappa. When there
are only few answers in one category, as there often were in this study, Kappa can give a
misrepresented picture of the validity. This is caused by the problems of two paradoxes
as described by Cicchetti and Feinstein [30]. The first paradox is a high agreement (e.g. >
0.80), but low Kappa (e.g. < 0.40), caused by an unequal division of the marginal totals. In
the present study, as in many other studies, this would be a problem for those questions
where most answers are in one category. The second paradox arises because higher Kappa
values are given at an asymmetrical unequal distribution than at a symmetrical unequal
distribution. This especially plays a role at high crude agreement [30]. Also in other
studies it is acknowledged that the Kappa is not suitable [30, 43-45].
Therefore, it was decided to assess the test-retest reliability and the concurrent validity
of the RSI QuickScan primarily on the basis of the percentage of agreement with 95% CI.
Since the percentage of agreement alone, as an omnibus index, shows no insight in the
agreement between the positive and negative answers, Ppositive and Pnegative were also
calculated as extra means of assessing agreement [30]. For example, Ppositive estimates
the conditional probability, given that one of the raters, randomly selected, makes a positive rating, that the other rater will also do so. The joint consideration of Ppositive and
Pnegative addresses the objection that with extreme prevalences or ‘base rates’ agreement
may be high by chance alone [46].
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Limitations
For the study of the internal consistency and the test-retest reliability the population
consisted of 86 computer workers. The concurrent validity of the questionnaire was
tested among two different groups; both groups consisted of 73 computer workers.
The sample sizes were relatively small, which limits the generalisability of the results.
However, the study population consisted of computer workers with diverse educational
levels, ranging form intermediate to university education. The study population’s age
was mostly between 20 and 59 years old and even though females were slightly overrepresented in the study, this population is representative for many organisations with
computer workers. The questionnaire thus appears suited for use in a heterogeneous of
office workers. However, it is important to note that the performance of the scale among
persons of any specific demographic may not be similar to that of the entire group.

Outlook
An advantage of the RSI QuickScan is that, in comparison with the VBA, it consists
of a relatively small number of questions. Respondents are able to complete the total
questionnaire in an average of 15 minutes. Because the RSI QuickScan is specifically
designed for and aimed at computer workers instead of the general working population, we were able to reduce the number of questions. The fact that all the answers are
given online and are coded by numerical values facilitates analysis at a group level. The
questionnaire was developed for use in an occupational health service. It is currently
not only being used as a tool to investigate the prevalence of and risk factors for arm,
shoulder and neck symptoms, but also as a means to investigate the (cost-) effectiveness
of (ergonomic) interventions. Furthermore, the fact that the questionnaire is Internet
based makes it possible to inform the respondents immediately of their result and to give
advice. Information is given at the completion of each scale by means of a score, a column
chart indicating the level on a 1 to 10 scale and written feedback, which provides the
respondent with an interpretation of the score. Furthermore, the respondent gets specific
advice based on the score for each scale. If the score is good the advice is to proceed as
before, if the score is moderate, advice is given how to improve the situation and if the
score is poor, the respondent gets advice on what he/she can do him/herself to improve
the situation, but also advice to get help from professionals, such as an ergonomist or an
occupational physician. After completion of the whole questionnaire, all the information (scores, charts, feedback and advice) can easily be printed by the respondent. This
possibility, of an Internet-based questionnaire providing immediate feedback to the
respondent, has great potential and needs to be researched further.
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Conclusion
In conclusion, the results indicate that the RSI QuickScan is a measurement tool with
acceptable internal consistency, reliability and concurrent validity. The questionnaire
can be used as a means to rapidly collect data in a large population of office workers, in
a short period of time and at low cost. To get a more accurate estimation of the duration of computer use and postural load, it is recommended to use the RSI QuickScan in
combination with other assessment techniques, such as observational methods or direct
measurements.
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Appendix 1.
Overview of the content (main areas, scales and questions) of the
Internet-based questionnaire RSI QuickScan for the assessment of risk
factors.
Main areas

Scales and questions

Work

Information
1.

Information on computer work and health

2
Work hours
2.
3.
4.
5.
6.
7.

Amount of work hours per week
Amount of work days per week
Hours computer work per day
Hours private computer use per day
Amount of breaks per day
Total break time per day

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Upper body slightly bent forward
Upper body bent forward a lot
Trunk slightly twisted
Trunk twisted a lot
Upper body bent forward and twisted
Neck hunched forward
Neck hunched backward
Neck twisted
Wrist bent
Wrist extended
Wrist twisted

Work posture and movement

Work tasks
19.
20.
21.
22.
23.
24.

Repetitive movements arm. hand fingers
Repetitive twisting/bending upper body
Repetitive twisting/bending upper body
Same work all day
Same work every day
Repetitive movements

25.
26.
27.
28.
29.
30.
31.
32.
33.

Choose time begin/stop work
Choose time breaks
Choose which days off
Choose how to do your work
Choose order of work tasks
Choose when work tasks
Leave workspace
Choose stop work
Control work pace

Job decision latitude

(continued)
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Appendix 1. (continued)
Main areas

Scales and questions

Work

Work relation with management and colleagues
34.
35.
36.
37.
38.
39.
40.
41.

Good management
Irritated by others
Management notes what you say
Good general atmosphere
Management knows you / your work
Support direct supervisor
Support colleague
Sufficient information from company

42.
43.
44.
45.
46.
47.
48.
49.
50.

Pace of work / work load regularly high
Regularly work under time pressure
Hurry to finish on time
Regularly problems pace work / work load
Should take it easier
Work too tiring
Have to work very fast
A tremendous amount of work
Enough time to finish work

Work pace and load

Recovery time
51.
52.
53.
54.
55.
56.
57.

Office ergonomics

Feel mentally exhausted
Feel empty after a days work
Feel tired when waking up in the morning
Feel ‘burned out’
Feel frustrated by job
Feel work asks too much
Feel at the end of your tether

Work environment factors
58.
59.
60.
61.

Bothered by light from outside
Bothered by reflection in your monitor
Cold draughts or changes in temperature
Disturbed by noise

Furniture
62.
63.
64.
65..
66.
67.
68.
69.
70.
71.

Correct height chair
Comfortable chair
Correct height arm rests
Adjustable width arm rests
Correct length arm rests
Correct height desk
Adjustable height desk
Sufficient work surface
Sufficient leg room
Availability footrest

(continued)
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Appendix 1. (continued)
Main areas

Scales and questions

Office ergonomics

Computer workstation physical attributes
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

Availability external mouse and keyboard
Hindered by length mouse cable
Mouse works properly
Document holder available
Head set
Correct height monitor
Correct viewing distance monitor
Eyesight test
Need for computer glasses
Disposal of computer glasses

2

51

Chapter 2

Appendix 2.
Checklist expert observation and direct measurements.
dna = does not apply

Questions derived from
No. the RSI QuickScan

Risk score
0=no risk
1=risk

Expert observation (EO)
or
direct measurement (DM

Definitions

66

Does your chair have the
correct height? (feet on the
floor and without much
pressure from the seat on
the front dorsal side of the
thigh)?

Yes = 0
No = 1

- Observe and check the
position of the feet and
whether there is much
pressure from the seat on
the front dorsal side of
the thigh.

Yes = Feet on the floor and no
pressure from the seat under
the front dorsal side of the
thigh.
No = Feet not on the floor
and no pressure from the seat
under the front dorsal side of
the thigh.

68

Are your arms supported
at elbow height (when you
are sitting with relaxed
shoulders)?

Yes = 0
No = 1
dna = 0

- Measure the space
between the elbow and
the floor (when the
shoulders are relaxed)
and the height of the arm
support.

Yes = the space between the
elbow and the floor (when the
shoulders are relaxed) and the
height of the arm support is
between 1-3 cm
No = the space between the
elbow and the floor (when the
shoulders are relaxed) and the
height of the arm support is
between greater than 3 cm
dna = absence of arm support.

69

Are your arm supports
adjustable in width?

Yes = 0
No = 1
dna = 0

- Check whether it is
possible to adjust the
width of the arm support.

Yes = it is possible to adjust
the width of the arm support.
No = it is not possible to
adjust the width of the arm
support.
dna = absence of arm support.

70

Do your arm supports
keep you from sitting close
to your desk?

Yes = 1
No = 0
dna = 0

- Observe whether the
worker has a forward
bent position of the
upper body.
- Measure the smallest
possible distance between
the belly and desk.

Yes = the worker has a
forward bent position of the
upper body or the smallest
possible distance between the
belly and desk is larger than
5 cm.
No = the worker does not
have a forward bent position
of the upper body and the
smallest possible distance
between the belly and desk is
smaller than 5 cm.
dna = absence of arm support.

(continued)
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Appendix 2. (continued)
Questions derived from
No. the RSI QuickScan
71

Is your desk on the correct
(elbow height) height?

Risk score
0=no risk
1=risk

Expert observation (EO)
or
direct measurement (DM

Yes = 0
No = 1

- Measure the height of
the desk.
- Measure the space
between the elbow and
the floor (when the
shoulders are relaxed).

Definitions
Yes = when the difference
between the height of the
desk and the elbow not larger
than +/- 3 cm.
No = when the difference
between the height of the
desk and the elbow larger
than +/- 3 cm.

2
72

Is your desk adjustable in
height?

Yes = 0
No = 1

- Check whether it is possible to adjust the height
of the desk.

Yes = it is possible to adjust
the height of the desk.
No = it is not possible to adjust the height of the desk.

73

Is your desk large enough
for your tasks?

Yes = 0
No = 1

- Measure the width and
depth of the desk.

Yes = the width of the desk ≥
120 cm and depth of the desk
≥ 80 cm.
No = the width of the desk <
120 cm and depth of the desk
< 80 cm.

74

Is there enough leg space
under your desk? (At least
70 cm x 60 cm)?

Yes = 0
No = 1

- Measure the width and
depth of the leg space
under your desk.

Yes = the width ≥ 60 cm and
the depth ≥ 70 cm.
No = the width < 60 cm and
the depth < 70 cm.

75

Do you have a foot support, if your desk is too
high?

Yes = 0
No = 1
dna = 0

- Check whether a foot
support available.(‘dna’ if
desk is not to high).

Yes = a foot support
available.
No = a foot support is not
available.
dna = the desk height is
correct; no need for a footrest.

76

If you work with a laptop
for two hours a day or
more, do you use an external mouse and keyboard?

Yes = 0
No = 1
dna = 0

- Observe whether the
worker uses a laptop for
two hours a day or more.
- Observe whether the
worker uses an external
mouse and keyboard.

Yes = the worker uses an
external mouse and
keyboard.
No = the worker does not
use an external mouse and
keyboard.
dna = the worker does not use
a for two hours a day or more.

77

Is the length of your
mouse cable limiting you
while using the mouse?

No = 0
Yes = 1

- Check whether the
mouse reaches the desk
edge left and right of
your keyboard.

Yes = the mouse does not
reach the desk edge left and
right of your keyboard.
No = the mouse reaches the
desk edge left and right of
your keyboard.
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Appendix 2. (continued)
Questions derived from
No. the RSI QuickScan

Risk score
0=no risk
1=risk

Expert observation (EO)
or
direct measurement (DM

Definitions

79

Do you use a suitable
document holder for typing over data?

Yes = 0
No = 1
dna = 0

- Observe whether the
worker enters data from
paper to the computer.
- Observe whether a document holder is available.

Yes = the worker enters data
from paper to the computer
and a document holder is
available.
No = the worker enters data
from paper to the computer
and a document holder is not
available.
dna = the worker doe not
enter data from paper to the
computer.

80

Do you use a headset when
telephoning and working
with the computer at the
same time?

Yes = 0
No = 1
dna = 0

- Observe whether a
headset is available and
whether the worker uses
a headset when telephoning and working with
the computer at the same
time

Yes = a headset is available
and the worker uses a headset
when telephoning and working with the computer at the
same time
No = a headset is not available
or the worker does not use
a headset when telephoning
and working with the computer at the same time
dna = the worker does not use
the telephone whilst working
with the computer.

81

Is your monitor on the
correct height? (Viewing
angle 0-35°, thus between
eye- en desk height)?

Yes = 0
No = 1

- Measure the distance
between the desk surface
and the eyes of the
worker.
- Measure the distance
between the desk surface
and the top from the
computer screen.

Yes = the distance between
the desk surface and the eyes
of the worker is greater or
equal to the distance between
the desk surface and the top
from the computer screen.
No = the distance between
the desk surface and the eyes
of the worker is smaller than
the distance between the desk
surface and the top from the
computer screen.

82

Is your monitor on the
correct distance? 15 inch:
55-75 cm, 17 inch: 60-85
cm, 19 inch: 70-95 cm and
21 inch: 75-105

Yes = 0
No = 1

- Measure the computer
screen in inches.
- Measure the distance
between the eyes of the
worker and the computer
screen in cm.

Yes = the distance between
the eyes of the worker and the
computer screen is between
55-75 cm for a 15 inch screen;
between 60-85 cm for a 17
inch screen; between 70-95
cm for a 19 inch screen and
between 75-105 cm for a 21
inch screen.
No = the distance between
the eyes of the worker and the
computer screen is smaller or
greater as specified above.

54

Consistency, reliability and validity of the questionnaire

Appendix 3.
Test-retest reliability scores of the individual questions.
nr. Question

PO

( ll - ul ) Ppos Pneg Kappa

( ll – ul )

Information
5

Information on computer work and health

96%

(91 – 100)

97

95

0.92

( 0.81 - 1.03)

94% (88 – 100)
100% (100 – 100)
89%
(80 – 97)
94% (88 – 100)
88%
(79 – 97)
79%
(68 – 90)

93
100
92
97
89
79

96
100
72
77
87
78

0.88
1
0.65
0.74
0.77
0.58

(0.75 - 1.01)
(1.00 - 1.00)
(0.43 - 0.86)
(0.45 - 1.03)
(0.59 - 0.94)
(0.36 - 0.80)

Work hours
6
7
8
9
10
11

Amount of work hours per week
Amount of work days per week
Hours computer work per day
Hours private computer use per day
Amount of breaks per day
Total break time per day

12
13
14
15
16
17
18
19
20
21
22

Upper body slightly bent forward
Upper body bent forward a lot
Trunk slightly twisted
Trunk twisted a lot
Upper body bent forward and twisted
Neck hunched forward
Neck hunched backward
Neck twisted
Wrist bent
Wrist extended
Wrist twisted

23
24
25
26
27
28

Repetitive movements arm, hand, fingers
Repetitive twisting/bending upper body
Repetitive twisting/bending upper body
Same work all day
Same work every day
Repetitive movements

29
30
31
32
33
34
35
36
37

Choose time begin/stop work
Choose time breaks
Choose which days off
Choose how to do your work
Choose order of work tasks
Choose when work tasks
Leave workspace
Choose stop work
Control work pace

Work posture and movement
85%
96%
92%
94%
88%
75%
96%
82%
79%
81%
82%

(75 – 95)
(90 – 100)
(84 – 100)
(87 – 100)
(79 – 97)
(63 – 87)
(90 – 100)
(71 – 93)
(68 – 90)
(70 – 92)
(72 – 93)

89
50
88
40
70
78
50
73
65
71
61

78
98
94
97
92
70
98
86
85
86
89

0.66 (0.45 - 0.88)
0.48 (-0.22 - 1.18)
0.82 (0.64 - 0.99)
0.37 (-0.33 - 1.06)
0.62 (0.34 - 0.91)
0.48 (0.24 - 0.73)
0.48 (-0.23 - 1.19)
0.59 (0.35 - 0.83)
0.51 (0.26 - 0.77)
0.57 (0.33 - 0.81)
0.50 (0.20 - 0.80)

89%
83%
81%
84%
88%
84%

(80 – 97)
(72 - 93)
(70 - 92)
(74 - 94)
(79 - 97)
(74 - 94)

92
69
82
86
86
80

80
88
80
82
90
87

0.72
0.57
0.62
0.68
0.76
0.67

(0.51 - 0.93)
(0.31 - 0.83)
(0.40 - 0.83)
(0.48 - 0.88)
(-0.19 - 1.68)
(1.17 - 0.42)

89%
94%
87%
85%
94%
91%
94%
93%
91%

(80 - 97)
(88 - 100)
(78 - 96)
(75 - 95)
(88 - 100)
(83 - 98)
(88 - 100)
(85 – 100)
(83 - 98)

90
96
93
90
97
95
96
96
94

88
91
22
71
57
67
73
60
74

0.77
0.87
0.17
0.61
0.54
0.62
0.70
0.56
0.68

(0.60 - 0.94)
(-0.37 - 1.98)
(-0.40 - 0.74)
(0.36 - 0.86)
(0.04 - 1.05)
(0.30 - 0.94)
(0.36 - 1.03)
(0.15 - 0.98)
(0.42 - 0.95)

Work tasks

Job decision latitude
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nr. Question

PO

( ll - ul ) Ppos Pneg Kappa

( ll – ul )

Work relation with management and
colleagues
38
39
40
41
42
43
44
45

Good management
Irritated by others
Management notes what you say
Good general atmosphere
Management knows you / your work
Support direct supervisor
Support colleague
Sufficient information from company

96% (90 - 100)
87%
(78 - 96)
98% (94 - 100)
100% (100 - 100)
90%
(82 - 98)
96% (91 - 100)
98% (95 - 100)
87%
(78 - 96)

98
59
99
100
94
98
99
90

89
92
95
100
76
90
67
80

0.86 (0.68 - 1.05)
0.51 (0.17 - 0.85)
0.94 (0.81 - 1.06)
1 (1.00 - 1.00)
0.70 (0.45 - 0.95)
0.87 (0.71 - 1.04)
0.66 (-0.01 - 1.32)
0.70
(0.50-0.91)

Work pace and load
46
47
48
49
50
51
52
53
54

Pace of work / work load regularly high
Regularly work under time pressure
Hurry to finish on time
Regularly problems pace work / work load
Should take it easier
Work too tiring
Have to work very fast
A tremendous amount of work
Enough time to finish work

86%
87%
77%
89%
90%
94%
92%
83%
85%

(77 - 96)
(77 - 96)
(66 - 88)
(80 - 97)
(82 - 98)
(87 - 100)
(85 - 100)
(72 - 93)
(75 - 94)

90
89
68
75
84
86
90
85
87

76
82
82
93
93
96
94
79
81

0.66
0.71
0.50
0.68
0.76
0.82
0.84
0.65
0.68

(0.43 - 0.90)
(0.52 - 0.91)
(0.26 - 0.75)
(0.44 - 0.92)
(0.58 - 0.96)
(0.62 - 1.02)
(0.68 - 0.99)
(0.44 - 0.86)
(0.48 - 0.88)

Recovery time
55
56

Feel mentally exhausted
Feel empty after a days work

87%
90%

(77 - 96)
(82 - 98)

59
86

92
92

0.51
0.79

(0.17 - 0.85)
(0.61 - 0.96)

57
58
59
60
61

Feel tired when waking up in the morning
Feel 'burned out'
Feel frustrated by job
Feel work asks too much
Feel at the end of your tether

85%
96%
93%
87%
96%

(75 - 94)
(91 - 100)
(85 - 100)
(77 - 96)
(91 - 100)

50
75
33
77
75

91
98
96
90
98

0.42
0.73
0.30
0.68
0.73

(0.04 - 0.79)
(0.37 - 1.10)
(-0.36 - 0.96)
(0.46 - 0.90)
(0.36 - 1.10)

Work environment factors
62

Bothered by light from outside

91%

(83 - 98)

62

95

0.56

(0.20 - 0.93)

63
64
65

Bothered by reflection in your monitor
Cold, draughts or changes in temperature
Disturbed by noise

94%
85%
85%

(88 - 100)
(75 - 95)
(75 - 94)

67
84
78

97
86
88

0.64
0.70
0.66

(0.24 - 1.04)
(0.50 - 0.89)
(0.45 - 0.88)

Furniture
66

Correct height chair

92%

(85 - 100)

96

67

0.63

(0.27 - 0.98)

67
68
69
70

Comfortable chair
Correct height arm rests
Adjustable width arm rests
Correct length arm rests

94%
92%
94%
90%

(88 - 100)
(85 - 100)
(88 - 100)
(82 - 98)

97
95
94
86

73
83
91
93

0.70
0.79
0.84
0.79

(0.36 - 1.03)
(0.58 - 0.99)
(0.71 - 0.98)
(0.61 - 0.96)
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nr. Question
71
72
73
74
75

Correct height desk
Adjustable height desk
Sufficient work surface
Sufficient leg room
Availability footrest

PO
92%
90%
90%
98%
96%

( ll - ul ) Ppos Pneg Kappa
(85 - 100)
(82 - 98)
(82 - 98)
(94 - 100)
(91 - 100)

95
90
93
99
98

78
91
85
0
88

0.73
0.81
0.78
0.00
0.85

( ll – ul )
(0.48 - 0.98)
(0.65 - 0.97)
(0.59 - 0.96)
(-2.02 - 2.02)
(0.65 - 1.05)

2

Computer workstation physical
attributes
76
77
78
79
80
81
82
83
84
85

Availability external mouse and keyboard
Hindered by length mouse cable
Mouse works properly
Document holder available
Head set
Correct height monitor
Correct viewing distance monitor
Eyesight test
Need for computer glasses
Disposal of computer glasses

90%
(82 - 98)
96% (90 - 100)
89% (75 - 100)
95% (83 - 100)
97% (89 - 100)
90% (67 - 100)
88% (67 - 100)
87% (68 - 100)
96% (86 - 100)
100% (100 - 100)

95
88
91
96
94
94
92
92
98
100

55
98
85
93
98
67
67
70
92
100

0.49
0.85
0.76
0.89
0.92
0.61
0.59
0.61
0.90
1.00

(0.07 - 0.91)
(0.78 - 0.93)
(-1.73 - 3.24)
(0.71 - 1.06)
(0.79 - 1.04)
(0.67 - 1.12)
(0.67 - 1.08)
(0.41 - 0.82)
(0.85 - 0.95)
(1.00 - 1.00)
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Concurrent validity scores of the individual questions.
Grey highlighted scores were validated through a workplace assessment
nc= not calculated, because one of the variables is a constant
nr. Question

5

PO

( ll - ul ) Ppos Pneg Kappa

( ll – ul )

Information
Information on computer work and health

6
7
8
9
10
11

Work hours
Amount of work hours per week
Amount of work days per week
Hours computer work per day
Hours private computer use per day
Amount of breaks per day
Total break time per day

12
13
14
15
16
17
18
19
20
21
22

Work posture and movement
Upper body slightly bent forward
Upper body bent forward a lot
Trunk slightly twisted
Trunk twisted a lot
Upper body bent forward and twisted
Neck hunched forward
Neck hunched backward
Neck twisted
Wrist bent
Wrist extended
Wrist twisted

23
24
25
26
27
28

Work tasks
Repetitive movements arm. Hand fingers
Repetitive twisting/bending upper body
Repetitive twisting/bending upper body
Same work all day
Same work every day
Repetitive movements

29
30
31
32
33
34
35
36
37

Job decision latitude
Choose time begin/stop work
Choose time breaks
Choose which days off
Choose how you do your work
Choose order of work tasks
Choose when work tasks
Leave workspace
Choose stop work
Control work pace

96% (89 - 100)
100% (100 - 100)

91
100

97
100

0.88
1.00

(0.78 - 0.98)
(1.00 - 1.00)

0.55
0.88

(0.38 - 0.73)
(0.79 - 0.97)

89%
96%

(67 - 100)
(84 - 100)

93
97

62
91

81%
89%
82%
96%
93%
74%
95%
79%
77%

(64 - 97)
(80 - 98)
(70 - 95)
(90 - 100)
(86 - 100)
(56 - 92)
(88 - 100)
(65 - 93)
(63 - 91)

82
0
56
0
57
77
0
57
67

79
94
89
98
96
70
98
86
83

75%

(59 - 91)

63

81

0.45

(0.07 - 0.83)

77%
77%
75%
75%
77%
81%

(58 - 96)
(64 - 90)
(60 - 89)
(59 - 91)
(57 - 97)
(69 - 93)

78
42
54
74
81
21

76
86
82
76
70
50

0.55
0.28
0.36
0.51
0.52
0.36

(0.03 - 1.07)
(0.13 - 0.44)
(0.16 - 0.56)
(0.20 - 0.82)
(0.01 - 1.02)
(0.21 - 0.50)

79%
94%
92%
81%
96%
90%
96%

(57 - 100)
(60 - 100)
(67 - 100)
(43 - 100)
(nc - nc)
(63 - 100)
(57 - 100)
(nc - nc)
(55 - 100)

87
97
95
90
98
94
98
100
92

50
0
60
0
0
44
0
0
0

0.38
-0.03
0.55
-0.10
0.00
0.39
-0.02
nc
-0.06

(-5.84 - 6.60)
(-0.36 - 0.31)
(0.49 - 0.61)
(-0.48 - 0.28)
(nc – nc)
(0.28 - 0.50)
(-0.41 - 0.37)
(nc - nc)
(-0.37 - 0.25)

100%

85%

0.61 (-0.73 - 1.96)
-0.06 (-0.15 - 0.04)
0.45 (0.29 - 0.60)
0.00 (-0.06 - 0.06)
0.54 (0.45 - 0.62)
0.48 (0.02 - 0.94)
0.00 (-0.07 - 0.07)
0.44 (0.22 - 0.66)
0.49 (0.27 - 0.72)
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Grey highlighted scores were validated through a workplace assessment
nc= not calculated, because one of the variables is a constant
nr. Question

PO

( ll - ul ) Ppos Pneg Kappa

( ll – ul )

Work relation with management and
colleagues
38
39
40
41
42
43
44
45

Good management
Irritated by others
Management notes what you say
Good general atmosphere
Management knows you / your work
Support direct supervisor
Support colleague
Sufficient information from company

76%
85%
87%
94%
82%
83%
89%
77%

(58 - 94)
(74 - 96)
(63 - 100)
(60 - 100)
(63 - 100)
(62 - 100)
(65 - 100)
(57 - 96)

78
46
92
97
87
87
94
81

73
91
63
0
71
77
55
70

0.52
0.37
0.54
-0.03
0.59
0.65
0.49
0.51

(-0.70 - 1.74)
(0.24 - 0.50)
(0.42 - 0.67)
(-0.37 - 0.31)
(0.01 - 1.17)
(0.49 - 0.81)
(0.38 - 0.59)
(-0.69 - 1.71)

46
47
48
49
50
51
52
53
54

Work pace and load
Pace of work / work load regularly high
Regularly work under time pressure
Hurry to finish on time
Regularly problems with of work pace/load
Should take it easier
Work too tiring
Have to work very fast
A tremendous amount of work
Enough time to finish work

72%
77%
81%
89%
79%
92%
72%
83%
81%

(46 - 99)
(57 - 97)
(66 - 97)
(80 - 99)
(65 - 94)
(83 - 100)
(57 - 88)
(67 - 99)
(62 - 100)

80
83
80
55
64
67
61
83
86

55
67
82
94
85
95
79
83
73

0.37
0.49
0.63
0.49
0.51
0.62
0.39
0.67
0.59

(0.18 - 0.56)
(-0.62 - 1.60)
(-0.62 - 1.87)
(0.38 - 0.60)
(0.21 - 0.80)
(0.52 - 0.72)
(0.13 - 0.66)
(-0.23 - 1.56)
(0.20 - 0.97)

55
56
57
58
59
60
61

Recovery time
Feel mentally exhausted
Feel empty after a days work
Feel tired when waking up in the morning
Feel 'burned out'
Feel frustrated by job
Feel work asks too much
Feel at the end of your tether

90%
70%
83%
88%
88%
72%
90%

(80 - 99)
(54 - 87)
(71 - 95)
(78 - 97)
(78 - 97)
(56 - 89)
(81 - 98)

62
53
31
0
32
9
0

94
78
60
4
54
77
9

0.56
0.32
0.45
-0.06
0.43
0.43
0.00

(0.44 - 0.67)
(0.01 - 0.63)
(0.31 - 0.60)
(-0.16 - 0.04)
(0.32 - 0.54)
(0.09 - 0.77)
(-0.09 - 0.09)

62
63
64
65

Work environment factors
Bothered by light from outside
Bothered by reflection in your monitor
Cold, draughts or changes in temperature
Disturbed by noise

66
67
68
69
70
71
72
73
74
75

Furniture
Correct height chair
Comfortable chair
Correct height arm rests
Adjustable width arm rests
Correct length arm rests
Correct height desk
Adjustable height desk
Sufficient work surface
Sufficient leg room
Availability footrest

93%

(85 - 100)

96

0

-0.04

(-1.02 - 0.94)

93%
83%
81%
79%
85%
94%
98%
94%

(86 - 100)
(73 - 93)
(71 - 92)
(68 - 90)
(75 - 95)
(88 - 100)
(95 - 100)
(88 - 100)

96
90
38
87
92
97
99
97

0
31
89
42
20
0
0
67

-0.03
0.21
0.30
0.31
0.17
0.00
0.00
0.64

(-1.00 - 0.94)
(-0.26 - 0.68)
(-0.10 - 0.69)
(-0.06 - 0.67)
(-0.36 - 0.70)
(-1.10 - 1.10)
(-1.94 - 1.94)
(0.24 - 1.04)
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Appendix 4. (continued)
Grey highlighted scores were validated through a workplace assessment
nc= not calculated, because one of the variables is a constant
nr. Question

76
77
78
79
80
81
82
83
84
85

60

Computer workstation physical
attributes
Availability external mouse and keyboard
Hindered by length mouse cable
Mouse works properly
Document holder
Head set
Correct height monitor
Correct viewing distance monitor
Eyesight test
Need for computer glasses
Disposal of computer glasses

PO

( ll - ul ) Ppos Pneg Kappa

( ll – ul )

92%
89%

(85 - 100)
(75 - 75)

96
0

0
94

-0.03
0.00

(-1.00 - 0.94)
(-0.75 - 0.75)

91%
93%
62%
64%

(83 - 98)
(48 - 99)
(49 - 75)
(51 - 77)

95
96
76
78

67
78
9
10

0.61
0.73
-0.13
-0.10

(0.29 - 0.94)
(0.48 - 0.98)
(-0.51 - 0.26)
(-0.49 - 0.30)
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Concurrent validity of questions on
arm, shoulder and neck symptoms
of the RSI QuickScan

Under review :
Hoozemans MJM, Speklé EM, Van Dieën JH.
Concurrent validity of questions on
arm, shoulder and neck symptoms of the RSI QuickScan.
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.
Abstract

Introduction: The objective was to determine the concurrent validity of questions
on arm, shoulder and neck symptoms of an internet-based questionnaire. In addition,
the inter-observer reliability of physical examinations by occupational physicians was
investigated.
Methods: 160 employees of a Dutch occupational health service were approached of
which 106 participated. Just after the assessment of arm, shoulder and neck symptoms
using a self-administered questionnaire, each participant was examined by two
occupational physicians. The presence of symptoms in the past 7 days was compared to
the physical examinations. Because two occupational physicians participated also the
inter-observer reliability was studied.
Results: Overall, the concurrent validity of the symptom questions of the questionnaire
can be defined as poor to moderate with κ values between 0.16 and 0.53. Detecting the
presence of symptoms (ppos) could be considered as moderately valid with values below
0.60, but the pneg shows that the concurrent validity for detecting the absence of arm,
shoulder or neck symptoms can be considered sufficient with values above 0.69. The
agreement between occupational physicians can, with a few exceptions, be considered
as moderate with κ values below 0.60. The agreement was sufficient for detecting the
absence of symptoms (pneg > 0.7).
Conclusions: The agreement between the symptom questions of the questionnaire and
physical examinations of occupational physicians can be considered as poor to moderate.
The results are comparable to what is generally reported in literature. However, additional
analyses of the inter-observed reliability of occupational physicians show that the validity
of physical examinations could be questionable in populations of active computer
workers.
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Introduction
A large number of people use a computer at work daily. This number as well as the
number of hours per day working with a computer has increased over the years [1-3].
Computer work has been recognized as a potential risk factor for arm, shoulder and neck
symptoms [2-7]. Although the scientific evidence for a causal relationship is still controversial [8, 9], in practice many computer workers visit their occupational physician in the
Netherlands because of these symptoms. It is estimated that 2.5 percent of the computer
workers in the Netherlands, which is 2 percent of the total working population, contact
their occupational physician for arm, shoulder or neck symptoms [10-12].
Arm, shoulder and neck symptoms of workers are costly in terms of lost production,
staff sickness, compensation and insurance costs, recruiting and training of new staff and
the effect of discomfort or poor health on the quality of work. In the Netherlands, the
total yearly costs of arm, shoulder and neck symptoms due to decreased productivity, sick
leave, chronic disability and medical costs have been estimated to be 2.1 billion Euros
[13]. To reduce these costs, employers monitor the prevalence of arm, shoulder and
neck symptoms and potential risk factors for arm, shoulder and neck symptoms among
their employees. In the Netherlands, 75% of organizations with 500 or more employees
implement specific interventions aimed at reducing the exposure to the potential risk
factors. Recently, an internet-based questionnaire (RSI QuickScan) was developed by an
occupational health service in the Netherlands to assess the prevalence of potential risk
factors and arm, shoulder or neck symptoms [14, 15]. The internal consistency, reliability
and concurrent validity of questions on work-related exposure were found to be acceptable [15]. The concurrent validity was tested by comparing the results from the questions
of the RSI QuickScan with direct measurements, on-site expert observations and with
results from the original questionnaires that the RSI QuickScan was based on.
The symptom related questions of the RSI QuickScan still need to be validated by
comparing outcomes with physical examinations by occupational physicians [16-25],
usually recognized as more objective than questionnaires [26]. Therefore, the main objective of the present study was to determine the concurrent validity of the symptom related
questions of the RSI QuickScan by assessing the agreement between the results of these
self-administered questions and the physical examination by occupational physicians on
the presence of arm, shoulder or neck symptoms in computer workers with and without
arm, shoulder or neck symptoms.
In the present study, the results of the self-administered questions were compared to
the physical examinations of two occupational physicians. In the course of the analyses it
was noticed that the inter-observer agreement between the two occupational physicians
was not optimal. Therefore, an additional objective of the present study was to explore
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the inter-observer reliability of the physical examinations of the occupational physicians
when applying a standardized physical examination for arm, shoulder or neck symptoms.
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Methods
Study population
The research questions of the present study were addressed using two separate investigations.

Study 1
Study 1 was part of a large longitudinal study in which 2000 employees of a Dutch
occupational health service (Arbo Unie) were invited in 2005 to fill in an internet-based
questionnaire, the RSI QuickScan [15]. Using the total symptom score for arm, shoulder
and neck symptoms that was assessed using the questionnaire, the responding employees
were divided into three groups: 1) no symptoms, 2) moderate symptoms, 3) severe
symptoms. For practical reasons only employees who worked in four locations of the
occupational health service in major cities in the Netherlands (Amsterdam, Haarlem,
The Hague and Rotterdam) and who responded to the questionnaire were approached.
A representative and random sample (n=160), including employees from each of the
symptom groups, was approached to participate in the present study. In total 106 (66%)
employees (19 men with a mean age of 46 (SD 9) years and 87 women with a mean age of
38 (SD 10) years) decided to participate, including 64 participants with no symptoms, 32
participants with moderate symptoms and 10 participants with severe symptoms.
Study 2
Study 2, an additional study, was designed in which 11 employees (6 men with a mean
age of 46 (SD 7) years and 5 women with a mean age of 50 (SD 8) years) from different
companies participated who contacted (between March 2006 and August 2006) the
occupational health service because of arm, shoulder or neck symptoms. The employees
were on sick leave between one day and three weeks because of arm, shoulder or neck
symptoms.
The Ethics Committee of the Faculty of Human Movements Sciences of the
VU University Amsterdam approved the study design, protocols, procedures
and informed consent form.

Procedure Study 1
Each of the 106 employees, who decided to participate in study 1 was invited to see two
occupational physicians of the occupational health service. Prior to this study, both occupational physicians were trained in the procedures of physical examination concerning
arm, shoulder and neck symptoms. Just before seeing the first occupational physician the
participants signed the informed consent and filled in the fourteen symptom questions
of the RSI QuickScan again. The occupational physicians were neither allowed to see or
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hear the answers to the questions before their physical examination, nor to discuss the
participant with each other before returning the forms of the study to the researchers.
After filling in the questionnaire the participant was physically examined successively by
both occupational physicians in separate rooms and according to the guideline on arm,
shoulder or neck symptoms of the Netherlands Society of Occupational Medicine [27].

Procedure Study 2
For study 2, employees who contacted their occupational health service because of arm,
shoulder or neck symptoms were also invited to see their occupational physician. Directly
after the first examination, a second occupational physician was called in, to re-examine
the participant. The procedure was identical to the procedure described above except that
a group of in total 15 occupational physicians was involved in study 2.

Questionnaire
The RSI QuickScan was developed to assess the presence or absence of arm, shoulder or
neck symptoms and potential risk factors for these symptoms for the establishment of
risk profiles related to arm, shoulder and neck symptoms in computer workers [15]. The
prevalence of arm, shoulder and neck symptoms was assessed using a slightly altered
version of the Nordic Questionnaire published by Kuorinka et al. [28]. It specifies seven
areas in the upper extremity region (neck, upper back, shoulder, elbow, forearm, wrist,
hand), as suggested by Sluiter et al. [29]. The participants were asked whether they had
experienced symptoms in these regions in the past twelve months and in the past seven
days separately using a four-point scale (never, once or twice, regular, long-lasting; 0-3
points). The total symptom score consisted of the sum of points scored on the 14 questions (7 regions in the past 12 months and 7 days, range 0-42 points). For the comparison
of the results of the self-administered questions with the physical examinations of the
occupational physicians, the participants were classified as with arm, shoulder or neck
symptoms using the questionnaire when they reported regular or long-lasting symptoms
in one or more of the seven regions.

Physical examination
Each participant was physically examined twice according to the practice guideline
for occupational physicians on the management of employees with complaints of arm,
shoulder or neck of the Netherlands Society of Occupational Medicine [27]. The guideline is based on information from relevant systematic reviews, original studies and the
Saltsa report on guidelines to determine upper extremity symptoms [29]. Results of the
physical examination were reported using a form in which the absence or presence of
specific and non-specific symptoms for four regions (neck, shoulder, elbow, forearm/
wrist/hand) could be indicated. For each specific and non-specific symptom it was
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determined whether the diagnosis was negative or positive. With respect to the specific
symptoms the occupational physicians had the following options: cervical radicular
syndrome, specific shoulder symptoms, lateral and medial epicondylitis, tenosynovitis/
peritendinitis or carpal tunnel syndrome.

Statistical analyses
Study 1
Firstly, it was descriptively explored whether prevalences of symptoms reported by the
participants themselves on the RSI QuickScan questionnaire (separating symptoms
in the past 7 days and past 12 months) were comparable to the results of the physical
examinations of the occupational physicians (in terms of positive or negative). For these
descriptions specific and non-specific symptoms were not distinguished.
Secondly, the scores of the participants on questions concerning the presence of
symptoms in the past 7 days were compared to the observations of the two occupational
physicians (in terms of positive or negative). Concurrent validity was determined irrespective of body region (total) and for the neck, shoulder, elbow and forearm/wrist/hand
regions separately. The proportion of observed agreement (po) and Cohen’s Kappa (к)
were calculated as measures of concurrent validity. Since po and show no insight into the
agreement between the positive and negative answers and because the statistic is considered unstable as it is strongly influenced by the observed proportions of individuals who
fall in each category of classification [15, 21, 25, 26, 30], ppositive (ppos) and pnegative (pneg) were
also calculated as extra means of assessing the agreement [15, 31]. According to Cicchetti
and Feinstein [31], the observed proportion of positive agreement (ppos) can be calculated
as the ratio of the actual number of subjects that the questionnaire and the occupational
physician agree on having symptoms over the average number of subjects with symptoms
that was identified by the questionnaire and the occupational physician ( (casesquestionnaire
+ casesoccupational physician)/2 ). Cicchetti and Feinstein [31] state that since this average value
shows how many decisions were made, a correction for chance agreement seems less
necessary than for the proportion of observed agreement. Analogous to the proportion of
positive agreement, the proportion of negative agreement (pneg) can be calculated for the
subjects identified as being without symptoms.
In addition to the concurrent validity, the inter-observer reliability was studied by
comparing the results of the two occupational physicians. For the inter-observer reliability again the po, κ, ppos and pneg were calculated for each of the four body regions, i.e.
neck, shoulder, elbow and forearm/wrist/hand, separately for non-specific and specific
symptoms.
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Study 2
To verify the generalizability of the findings of study 1, in which only two occupational
physicians were involved, the inter-observer reliability of the physical examinations was
also determined for the study population of study 2 for different pairs of occupational
physicians out of a group of 15 occupational physicians and analyzed as described above.
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Results
Prevalence of complaints (Study 1)
Of the study population of 106 participants, 69% and 44% reported to have had neck,
shoulder or arm symptoms in the previous 12 months and 7 days respectively (figure 1),
of which the 12-month prevalence was comparable to the prevalence observed by the
occupational physicians. Also for (only) neck symptoms, the occupational physicians
observed prevalences close to the 12-month prevalence assessed by the RSI QuickScan.
The occupational physicians observed very different numbers of participants with
shoulder symptoms, which was also not comparable to what was reported by the
participants themselves. In contrast, for elbow complaints the prevalences assessed by
questionnaire and reported by the occupational physicians were comparable. Finally, for
the forearm/wrist/hand symptoms one occupational physician observed a prevalence
close to the 12-month prevalence while the other observed a prevalence close to the
7-day prevalence.

Prevalence of symptoms

Figure 1. The 12-months and 7-days prevalences of arm, shoulder and neck symptoms – separately
and all together (total) – assessed by the RSI QuickScan and prevalences observed by two occupational
physicians (study 1).
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Concurrent validity (Study 1)
For the concurrent validity of the RSI QuickScan, the scores of 106 participants on
questions concerning the presence of symptoms in the past 7 days were compared to
the observations of two occupational physicians, which both observed each participant.
Irrespective of body region, the proportion of observed agreement (pO) between the questionnaire and the occupational physicians was 0.57 and 0.61 for occupational physicians 1
and 2 respectively (figure 2).

(a) Proportion of agreement

(b) Kappa
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(c) Proportion of positive agreement

3

(d) Proportion of negative agreement

Figure 2. Concurrent validity of the RSI QuickScan in terms of proportion of agreement, kappa
coefficient, proportion of positive agreement and proportion of negative agreement. The scores of 106
participants on questions concerning the presence of complaints in the past 7 days were compared to
the observations of two occupational physicians (study 1).
For the neck, shoulder and forearm/wrist/hand regions the pO ranged from 0.61 to 0.76.
The highest values of pO were observed for the elbow (0.88-0.89). In terms of kappa coefficients (к), a similar pattern could be observed, although κ values were low, and were
between 0.16 and 0.53 with highest values again observed for the elbow region. For the
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observed proportion of positive agreement (ppos), i.e. the agreement on the presence of
symptoms, there were no large differences between the different body regions. Highest
values of ppos were 0.61 and 0.68 for the presence of symptoms irrespective of body region
(total) for occupational physicians 1 and 2 respectively. As was already described for the
po and κ, also the observed proportion of negative agreement (pneg), i.e. the agreement on
the absence of symptoms, showed the lowest values for the body regions taken together
(0.51) and the highest values for the elbow region (0.93). Values of pneg were mostly
higher than ppos.

(a) Proportion of agreement

(b) Kappa
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(c) Proportion of positive agreement

5

(d) Proportion of negative agreement

Figure 3. The inter-observer reliability of the physical examination using the guideline of the
Netherlands Society of Occupational Medicine in terms of proportion of agreement, kappa coefficient,
proportion of positive agreement and proportion of negative agreement. Results are based on 106 participants, each observed by (the same) two occupational physicians, and for specific and non-specific
symptoms of the neck, shoulders or arms (study 1).
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Inter-observer reliability
Study 1
Parameters concerning the concurrent validity generally showed minor differences
between the two occupational physicians. Whether the occupational physicians actually
agree on a participant is described in figure 3, presenting the inter-observer reliability
for specific and non-specific neck, shoulders and arms symptoms separately. For the 106
participants the occupational physicians generally showed high proportions of agreement for specific symptoms (0.89-0.99) and somewhat lower proportions of agreement
for non-specific symptoms (0.67-0.89), with lowest values observed for non-specific
neck (0.73) and shoulder (0.67) symptoms. Only one participant was observed to have
specific neck symptoms by one occupational physician, which resulted in a κ and ppos of
zero. Other values of κ were between 0.54 and 0.63 for specific symptoms and between
0.05 and 0.45 for the non-specific symptoms. Furthermore, agreement on the presence of
symptoms between the two occupational physicians (ppos) was generally lower than the
agreement on the absence of complaints (pneg). Exceptionally low proportions of agreement were found for the presence of non-specific shoulder symptoms and the presence
of (specific or non-specific) elbow and forearm/wrist/hand complaints. The observed pneg
values were all above 0.70.
Study 2
The results of the inter-observer reliability described above for the study population of
106 participants, in which each participant was observed by the same two occupational
physicians, were comparable to the results of the inter-observer reliability for the study
population of 11 participants, in which each participant was observed by two occupational physicians out of a group of 15 occupational physicians (figure 4). Calculation of κ
and ppos was not always possible because some pairs of occupational physicians observed
no symptoms in a specific category (specific neck and forearm/wrist/hand complaints
and non-specific elbow symptoms).
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(a) Proportion of agreement
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(b) Kappa
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(c) Proportion of positive agreement

(d) Proportion of negative agreement

Figure 4. The inter-observer reliability of the physical examination using the guideline of the
Netherlands Society of Occupational Medicine in terms of proportion of agreement, kappa coefficient,
proportion of positive agreement and proportion of negative agreement. Results are based on 11 participants, each observed by two occupational physicians from a group of 15 occupational physicians, and
for specific and non-specific symptoms of the neck, shoulders or arms (study 2).
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Discussion
In the present study the concurrent validity of the RSI QuickScan was determined by
assessing the agreement between the results of questions on the presence of arm, shoulder
or neck symptoms and physical examinations by occupational physicians. Results show
that overall the concurrent validity of the symptom questions of the RSI QuickScan can
be defined as poor to moderate when considering the κ (which was well below 0.60) [32],
but, when considering the pneg, that the concurrent validity for detecting the absence of
arm, shoulder or neck symptoms can be considered sufficient.
In course of the analyses of the concurrent validity it appeared that the inter-observer
reliability was questionable. Therefore, as an additional part of this study also the interobserver reliability of the physical examinations was investigated. Although the analyses
of the inter-observer reliability of the physical examinations generally resulted in relatively high levels of agreement, values of κ, ppos and pneg showed that the occupational
physicians agreed sufficiently only on the presence of non-specific neck symptoms,
specific shoulder and elbow symptoms and on the absence of non-specific and specific
arm, shoulder or neck symptoms.

Validity of using questionnaires for assessment of musculoskeletal
symptoms
To assess the prevalence of musculoskeletal symptoms in working populations, questionnaires are frequently used in occupational health care as well as in epidemiological
studies. However, the validity of questionnaires compared to more objective methods of
assessment, such as physical examinations, has been questioned in the following papers.
In a population of 165 female workers, 94 workers (57%) reported symptoms in a questionnaire and were given diagnoses in physical examinations [16]. The sensitivity for the
diagnoses was 66-92% while the specificity was 64-88%. The prevalence of symptoms or
positive signs observed during the physical examinations was higher than the prevalence
of symptoms assessed using the questionnaire. This is in contrast to several other studies
that reported higher prevalences for questionnaires compared to physical examinations
[17-21]. Other studies report sensitivities of 52-60% [22], 97% for the neck and shoulders [20] and 50-89% [23], and specificities of 86-98%, 41% and 55-89%, respectively.
Although not reported in the results section, these values are comparable to values found
in the present study with sensitivity ranging 33-70% and specificity ranging 75-94%.
Akesson et al. [23] found the sensitivity for the neck/shoulder to be higher than for the
elbows/hands/wrists, but this could not be confirmed by the data of the present study.
A high correlation between self-reported neck/shoulder symptoms and clinical signs of
a neck/shoulder disorder was observed in a cohort of 243 female sewing operators [24].
Among female computer users over 45 years who reported musculoskeletal symptoms
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in the neck/shoulder using a questionnaire, 60% was identified by physical examination
with a specific diagnosis [25]. However, in the control group that did not report musculoskeletal symptoms, 7% was diagnosed. In the present study, 37-85% of the subjects that
reported to have had neck and/or shoulder symptoms in the past 7 days were diagnosed
by physical examination and 10-44% of the subjects that not reported to have had symptoms were diagnosed. Finally, for a population of 187 VDU users, Perreault et al. [26]
observed a po of 0.72 and a κ of 0.44 for the neck/shoulder region, values that are comparable to those observed in the present study.
Clearly, the concurrent validity of the RSI QuickScan questionnaire is comparable
to the validity of other questionnaires according to the scientific literature, but can it
be considered sufficient? About 80% of the subjects with self-reported symptoms are
diagnosed in a physical examination, which can be evaluated as sufficient. It is often
argued that physical examinations assess the more severe symptoms, which might explain
this finding. However, the occupational physicians found a disorder in about 40% of the
subjects without self-reported symptoms. Subjects that were categorized as having no
self-reported symptoms included subjects that reported to have had no symptoms at all
or only once in the past 7 days (and not long-lasting or regularly). The sensitivity might
be increased by categorizing having had symptoms once as having had symptoms or by
extending the retrospective period to more than 7 days.

Inter-observer reliability
During the analyses it was noticed that the inter-observer agreement between the two
occupational physicians was not optimal and, therefore, the validity of the physical
examination could be questioned [33]. Salerno et al. [21] even stated that self-administered measures of upper extremity conditions, such as questionnaires, might be more
reliable than physical examination in a population of active workers because results of
the physical examination seem to depend on the job content of the study population. In
a systematic review of the literature concerning the possible causal relationship between
computer work and musculoskeletal symptoms of the neck and upper extremity, Waersted et al. [9] state that finding limited evidence may be partly caused by the selection of
only studies with some sort of physical examination performed by a physician, physiotherapist or another trained health professional. They observed that the examination
protocols and the resulting diagnoses differed substantially between the included studies.
Furthermore, they argue that some of the diagnoses are in a grey zone between subjective complaints and “objective” clinical diagnoses. The exploration of the inter-observer
reliability in the present study showed that although the proportions of agreement
were relatively high, κ’s and the ppos’s were relatively low, with the exception of specific
shoulder, elbow and forearm/writs/hand symptoms and non-specific neck symptoms.
Toomingas et al. [19] reported κ values of 0.52 and 0.62 for tests of tenderness, range
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of motion, pain at isometric muscular contraction and of nerve entrapment, which are
comparable values as those reported by Andersen et al. [34] (κ’s 0.45-0.57). In another
study [21] two experienced examiners physically examined 159 keyboard operators.
Although the observed agreement was 96-100%, the corresponding κ values were low and
unstable, which the authors attributed to the low prevalence of complaints. The reliability
of the Southampton examination schedule, which was developed according to similar
criteria as the physical examination protocol that is used in the Netherlands and that was
applied in the present study, was studied in patients and in the general population [35,
36]. In a group of 43 patients, 23 of the 31 variables in their schedule showed κ’s above
0.40 in the inter-observer reliability analyses [35]. In the general population, 18 of the 33
variables showed κ’s above 0.40 [36]. Juul-Kristensen et al. [25] concluded that the reliability of physical examinations was satisfactory with ICC values for specific diagnostic
tests varying between 0.21 and 0.76 among a population of elderly female computer
users. These results generally indicate that examiners not always agree on their diagnoses.

Limitations of the study
In study 1 of the present study, the two occupational physicians disagreed in 12-35% of
the cases, even though they were recently trained in the examination protocol. This raises
the question whether examination by occupational physicians is suited to be used as a
gold standard. The results of study 1 may not be generalized because of including only
two highly trained occupational physicians, which may not be representative of skills
of the occupational physicians in the Netherlands. Therefore, study 2 was performed in
which 15 occupational physicians participated, who had more experience in working as a
occupational physician, but generally did examine patients with arm, shoulder and neck
symptoms less frequently. However, also in study 2 the different pairs of occupational
physicians disagreed in 9-27% of the cases. In practice, the consequences of misinterpretation/misclassification may be considerable in terms of sick leave, return to work,
associated financial costs and personal emotional burden. In addition, it can be discussed
which professionals are optimally qualified to perform physical examinations validly
as occupational physicians, who did the examinations in the present study and who are
the ones to perform the examination in the occupational setting in the Netherlands, are
trained in occupational health in general and not in musculoskeletal health specifically.
In the literature it was found that physical examinations are performed by (among others)
physicians, occupational therapists, physiotherapist, research nurses, rheumatologists,
occupational therapists and orthopaedic specialists. Although the scientific literature
does not indicate one of these professions as preferable, it is advisable that professionals
that daily encounter patients with musculoskeletal symptoms and are specifically trained
in diagnostics and treatment perform the physical examinations, which could be the
physiotherapists in the Netherlands..
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Another limitation in the present study, besides the examiners, is the study population.
The study population consisted of computer workers, for which the RSI QuickScan was
designed. Although this sample can be considered as representative for many organizations with computer workers [15] it should be noted that results may not be generalized
to other (industrial) occupational populations in which arm, shoulder and neck symptoms occur frequently.

Indices of agreement
The κ values reported in the present study, both the study of the concurrent validity as
the study of the inter-observer reliability can be classified as poor to moderate according
to Altman [32]. However, as already discussed in several papers [15, 21, 25, 26, 31] the κ
statistic is strongly influenced by the observed proportions of individuals who fall in each
category of classification (i.e. prevalence) and is considered unstable. Therefore, the po
and the κ were supplemented with the ppos and pneg as suggested by Cicchetti and Feinstein
[31], which are analogous to sensitivity and specificity but are aimed at concordance
and not accuracy in an inter-observer reliability study. Generally, these indices show
that there is sufficient agreement on the absence of arm, shoulder and neck symptoms
between the RSI QuickScan questionnaire and the occupational physicians and between
the occupational physicians. However, for the presence of symptoms the agreement
between the questionnaire and the occupational physicians can be considered moderate
with values around 50%.
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Conclusions
In conclusion, the agreement between the symptom questions of the RSI QuickScan
questionnaire and physical examinations of occupational physicians can be considered
as poor to moderate with κ values between 0.16 and 0.53. However, as the κ could be
suspected to be unstable, the ppos and pneg should be considered. Detecting the presence of
symptoms (ppos) could be considered as moderately valid with values below 0.60, but the
pneg shows that the concurrent validity for detecting the absence of arm, shoulder or neck
symptoms can be considered sufficient with values above 0.69. During the study it was
noticed that the agreement between occupational physicians can, with a few exceptions,
be considered as moderate with κ values below 0.60. But the agreement was sufficient for
detecting the absence of symptoms (pneg > 0.7). It is advisable to improve the concurrent
validity of the symptom questions of the RSI QuickScan as well as the inter-observer reliability of physical examinations as currently applied in the present population of active
computer workers.
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the prevalence of arm, shoulder and neck symptoms in computer workers.

89

Chapter 4

Abstract
Introduction: The aim of this study was to determine whether results from the RSI
QuickScan questionnaire on risk factors for arm, shoulder and neck symptoms can
predict future arm, shoulder and neck symptoms in a population of computer workers.
Methods: For this prospective cohort study, with a follow-up of 24 months, 3383
workers who regularly worked with a computer were approached. Generalized Estimating
Equations (GEE) with 6, 12, 18 and 24 months time lags were used to determine whether
high exposure was related to symptoms at follow-up.
Results: The results showed that high scores on 9 out of 13 scales, including previous
symptoms, were significantly related to arm, shoulder and neck symptoms at follow-up.
Conclusions: These results provide support for the predictive validity of the RSI
QuickScan questionnaire.
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Introduction
Information and communication technology (ICT) plays an ever more important role
in the current workplace and as a result computer use has greatly increased in recent
decades [1-3]. Unfortunately, arm, shoulder and neck symptoms are common amongst
computer workers and are suggested to be work-related [4-10]. These symptoms vary in
severity, from mild to very severe, and have become one of the most important causes
of work disability [11, 12]. The total yearly costs of arm, shoulder and neck symptoms
are high [13-16] and employers are trying to reduce these costs by implementing interventions aimed at reducing exposure to risk factors and, thereby, the prevalence of
symptoms.
Some employers are concerned that screening, education and focused attention on
work-related musculoskeletal symptoms will cause an increase in these symptoms and
the incidence of workers’ compensation claims. However, a prospective cohort study by
Melhorn et al. [17] demonstrated that there was no increase in the number of reported
work-related injuries and no increase in the incidence of workers’ compensation claims
after completion of an individual risk screening program that included education and
employee awareness about work-related musculoskeletal pain. Moreover, incidence of
cumulative trauma disorders has been most effectively reduced by use of individual
risk-screening programs [17]. Several programs have, therefore, been developed that
include individual risk screening aimed at asymptomatic or symptomatic workers. As a
first example, consider a major aircraft manufacturer that implemented a risk-assessment
program in a population of asymptomatic assembly workers [18]. The program focused
on objectively identifying the relationship of work and other activities to an individual
worker experiencing arm, shoulder and neck symptoms. The results indicated that risk
can be identified in individual workers and that ergonomic posture training in high-risk
workers was associated with reduced levels of risk. As a second example, consider a study
performed by Feuerstein and co-workers [19], in which a tool for use in a clinical setting
to assist in identifying symptomatic workers at risk for poorer outcome was developed.
The results indicated that baseline measures of ergonomic and psychosocial stress, pain
severity, and pain coping style predict clinical outcome at shorter intervals, whereas
number of past treatments/providers, recommendation for surgery and pain coping style
predict longer-term outcome. The resulting prognostic screen provides a simple tool
that assesses the multidimensional nature of work-related upper extremity disorders and
predicts clinical outcome. As a third example, consider a study performed by Dane and
co-workers [20], in which the measurement properties of an upper-extremity–specific
self-report index of ergonomic exposures in a population of symptomatic office workers
were examined. The results indicated that higher levels of self-reported ergonomic
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exposures were associated with upper extremity pain, symptom severity, and functional
limitations.
In the present study the predictive validity of the questionnaire of the RSI QuickScan
intervention programme is investigated [21].The RSI QuickScan intervention programme
differs from the three aforementioned programmes, because it is designed for populations consisting of both asymptomatic and symptomatic computer workers. Its goal is
to identify individuals with high risks and/or symptoms, reduce exposure to presumed
risk factors and, consequently, the prevalence of arm, shoulder and neck symptoms [21].
The intervention starts with the assessment of the presence or absence of potential risk
factors in a company or organisation. The risk factors that are assessed have previously
been recognized in etiological studies, such as work posture and movement, job decision
latitude, relation with management and colleagues, work pace and load, work environment factors and furniture [10, 22-36]. Furthermore, research showed that having had
previous arm, shoulder and neck symptoms is associated with future symptoms [37-39].
Arm, shoulder and neck symptoms at baseline are, therefore, also assessed with the RSI
QuickScan questionnaire, as this information can be used in identifying workers at risk of
also having symptoms at a later date. The assessment of risk factors and symptoms using
this internet-based instrument was found to be reliable and valid and can be used as a
means to rapidly collect data on a large population of office workers [40]. The questionnaire is used as a screening tool and aims to identify workers with a high risk. After the
worker has filled out the questionnaire, the total score of the individual worker on each
scale is classified into two categories: low to medium or high risk. For workers with a high
level of exposure to risk factors and/or with arm, shoulder and neck symptoms individual
feedback and advice on the specific actions that they can personally take in order to
reduce their risk, are offered [21].
The assumption underlying this approach is that high exposure and previous symptoms as scored with the questionnaire predict future symptoms. The aim of the present
study was to test this assumption. Much research has been done on risk factors for arm,
shoulder and neck symptoms [41-44]. Ideally, such etiological studies are performed
in a population without symptoms at baseline and evaluate subsequent incidences. The
present study was designed to stay close to the aims of the RSI QuickScan intervention programme as it is used in practice. We therefore did not select a study population
without symptoms at baseline. Populations in most organisations are a blend of workers
with and without arm, shoulder and neck symptoms. Since the prevalence of arm,
shoulder and neck symptoms is high, secondary as well as primary prevention are
important and the RSI QuickScan programme is targeted at all workers with a high risk
of having symptoms at a later date. The RSI QuickScan questionnaire has been used as
a screening tool for several years, but the predictive validity of the scales in the questionnaire has not previously been determined. Therefore, the aim of this study was to
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determine whether results from the RSI QuickScan questionnaire can predict future arm,
shoulder and neck symptoms in a population of computer workers.
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Methods
Study design and follow-up
This study was designed as an observational, prospective cohort study. None of the
participants was involved in any intervention whatsoever. Data on exposure to risk
factors for arm, shoulder and neck symptoms and the prevalence of arm, shoulder and
neck symptoms were collected with the RSI QuickScan questionnaire at baseline, and
after 6, 12, 18 and 24 months. The internet-based RSI QuickScan investigates the presence or absence of potential risk factors, such as work posture and movement, job
decision latitude, relation with management and colleagues, work pace and load, work
environment factors, and furniture [40]. A detailed description of the questionnaire can
be found at www.rsiquickscan.com/research/questionnaire.pdf.
Participation was voluntarily and all participants electronically provided informed
consent before filling out the baseline questionnaire. In case of non-response, participants
received a maximum of two reminders by e-mail. The study design, protocols, procedures
and informed consent form were approved by the Ethics Committee of the Faculty of
Human Movements Sciences of the VU University Amsterdam.

Population
The source population consisted of office staff, consultants, health care personnel,
researchers and managers (N = 3383) of an Occupational Health Service (Arbo Unie),
with offices throughout the Netherlands. This population works considerably more than
two hours with the computer per day (data not presented) and is, therefore, termed
computer worker. Workers with and without arm, shoulder and neck symptoms were
included. The workers were contacted by e-mail and were given time during work to fill
out the questionnaires.

Data collection procedure
The workers were informed about the study using the Intranet site of the organisation
and through the companies’ magazine. In addition, all these employees received an
e-mail with information on the objectives of the study, privacy as well as required effort
for participation. Data on exposure to risk factors and the prevalence of arm, shoulder
and neck symptoms was collected using an internet-based questionnaire. The workers
were contacted by e-mail and were given time during work to fill out the questionnaires.
Participants received an e-mail containing a link to the questionnaire, their ID-number
and password. The questionnaire consisted of several items on work, work place, and
musculoskeletal health (98 items in total). By request, they were sent a hard copy of the
questionnaire by regular post. The workers were given time during work to fill out the
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questionnaires. As incentive for participation, workers who participated in all five measurements were included in a lottery for a weekend holiday in Paris.

Assessment of risk factors
The internet-based RSI QuickScan investigates the presence or absence of potential risk
factors, such as work posture and movement, job decision latitude, relation with management and colleagues, work pace and load, work environment factors, and furniture [40].
The questionnaire included questions on: information on computer work and health,
work hours, work posture and movement, work tasks, job decision latitude, work relation
with management and colleagues, work pace and load, recovery time, work environment
factors, furniture, and computer workstation physical attributes. In accordance with the
rationale for intervention allocation in the RSI QuickScan programme, high risk was
defined as a score of 61% or more on the maximum of each scale. The questionnaire has
been described in more detail previously [40] and can be found at www.rsiquickscan.com/
research/questionnaire.pdf
Assessment of symptoms
The 6-month prevalence of arm, shoulder and neck symptoms was assessed using modified questions of the Standardised Nordic questionnaire [45], which specifies seven
(instead of five in the Nordic Questionnaire) areas in the upper extremity region (neck,
upper back, shoulder, elbow, forearm, wrist, hand), as suggested by Sluiter et al. [46].
Workers had to answer the question: ‘Have you had trouble (aches, pain, discomfort)
in the neck, upper back, shoulders, elbows, lower arms, wrist or hand in the previous
6-months?’, with one of the following four response options: ‘No, never’; ‘Yes, sometimes’;
‘Yes, regularly’; ‘Yes, prolonged’. A case of arm, shoulder and neck symptoms was defined
as reporting regular or prolonged symptoms, in one or more of the seven regions, in the
previous 6 months.

Statistics
To determine whether the RSI QuickScan questionnaire is able to predict the future
prevalence of arm, shoulder and neck symptoms in a population of computer workers,
Generalized Estimating Equations (GEE) were used, which is an extension of generalized
linear models that accounts for correlated repeated measurements within individuals
[47-50], with 6, 12, 18 and 24 months time lags. At all five time points, exposure to risk
factors and the prevalence of arm, shoulder and neck symptoms were measured. The
GEE time lag model was used to evaluate whether high scores on risk factors and the
prevalence of arm, shoulder and neck symptoms were related to the arm, shoulder and
neck symptoms reported 1, 2, 3 or 4 surveys later, thus taking into account the temporal
sequence of cause and effect [51, 52]. Figure 1 shows the 6, 12, 18 and 24 month time
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lag models, where the dependent variable (Y) is arm, shoulder and neck symptoms, and
the independent variables (X) are the risk factors and previous arm, shoulder and neck
symptoms.
In univariate analyses crude odds ratios (OR) with corresponding 95% confidence
intervals (95% CI) were calculated for all risk factors studied, including previous symptoms, for all time lags. Differences between the respondents and non-respondents at T1
were examined with the chi square analyses. An alpha level of 0.05 was used. All analyses
were conducted using SPSS version 16 [53].

Figure 1. Illustration of the generalized estimating equations (GEE) with 6, 12, 18 and 24 month
time lag models. The number of workers is represented for each of the tested associations. Y is the
dependent variable and X is the independent variable. T0 = baseline, T1 = 6 months, T2 = 12 months,
T3 = 18 months and T4 = 24 months, after baseline.
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Results
Response
At baseline, 3383 workers were contacted by e-mail and in total 2660 workers participated in one or more of the five measurements. Of the 3383 workers, 2049 (61%) workers
filled out the questionnaire at baseline (T0), 1485 (44%) at the second (T1), 1278 (38%)
at the third (T2), 1195 (35%) at the fourth (T3) and 1043 (31%) workers filled out the
questionnaire at the fifth (T4) measurement (Table 1). In total, 7050 completed questionnaires were received over the two year period. Of the 2660 workers who participated in
one or more of the five measurements, 872 (32.8%) workers filled out only one questionnaire, 543 (20.4%) workers filled out two questionnaires, 401 (15.1%) workers three, 331
(12.4%) workers four, and 513 (19.3%) workers filled out all five questionnaires. In total
1788 workers answered two or more questionnaires and entered into the investigation.

Non-response analysis
There were no significant differences between the respondents and non-respondents
at T1 with regard to the outcome variable prevalence of arm, shoulder and neck symptoms in the previous 6-months, nor were there significant differences in age and gender
between respondents and non-respondents. However, there were significant differences between respondents and non-respondents with regard to 4 of the 12 risk factors.
Non-respondents at follow-up (T1) had significantly lower risk scores on the scales
‘information’, ‘work tasks’, ‘work relations with management and colleagues’, but a higher
risk score on ‘job decision latitude’. Figure 1 shows the number of workers represented in
each of the tested associations.

97

4

Chapter 4

Table 1: Characteristics of the study population for each of the five measurements
T0
T1
T2
T3
T4
(N=2049) (N=1485) (N=1278) (N=1195) (N=1043)
Gender (male)
Age (years) (mean, SD)

648
(31.6%)
42.6 (9.3)

491
(33.1%)
43.0 (9.1)

409
(32.0%)
43.1 (9.2)

452
(37.8%)
43.7 (8.9)

402
(38.5%)
44.0 (8.9)

Risk factors (% workers with a high risk)
Information

49.3

Work hours
Work posture and movement

6.2

5.4

15.1

12.4

Work tasks

19.1

15.8

16.1

Job decision latitude

44.2

41.0

46.0

46.7

5.1

6.6

7.6

10.3

11.0

8.7

14.5

16.6

6.9

6.9

7.5

9.5

9.5

Work relation with management and colleagues

13.5

13.3

16.3

22.0

18.7

Work pace and load

38.3

34.7

35.3

36.9

45.8

8.8

7.5

10.0

11.6

12.3

Recovery time
Work environmental factors

7.2

8.0

5.8

5.2

5.5

Furniture

5.5

3.2

4.4

3.5

4.0

Computer workstation physical attributes
Eyesight

3.5

3.9

3.8

3.1

4.5

37.0

32.8

29.9

30.1

30.7

59.1

51.3

48.4

48.0

61.5

Arm, shoulder and neck symptoms
Prevalence symptoms (%)

Associations between high exposure and the 6 month prevalence of
symptoms to arm, shoulder and neck symptoms at follow-up
The GEE analyses with 6, 12, 18 and 24 month time lags (Table 2) showed a significantly
higher probability of reporting future arm, shoulder and neck symptoms, with ORs at
different time lags ranging from 1.3 to 3.1, for the scales: ‘work posture and movement’,
‘work tasks’, ‘job decision latitude’, ‘work relation with management and colleagues’, ‘work
pace and load’, ‘recovery time’, ‘work environmental factors’, ‘furniture’, ‘eyesight’, and
previous ‘arm, shoulder and neck symptoms’. For the remaining scales (information, work
hours, and computer workstation physical attributes) having a high risk score on these
factors did not increase the risk of reporting arm, shoulder and neck symptoms in the
future.

Associations between previous symptoms and future arm, neck and
shoulder symptoms
Results of the GEE analyses with a 6, 12, 18 and 24 month time lag (Table 2) showed that
previous arm, shoulder and neck symptoms were significantly related, to a higher risk
(ORs ranging from 4.1 - 6.6) of future arm, shoulder and neck symptoms.
98

Predictive validity of the questionnaire

Comparison of the results with different time lags
The GEE analyses (Table 2) showed consistent results for all four time lags, except for
the scale on work environment factors and the scale on furniture. The scales on work
posture and movement, work tasks, work pace and load, recovery time, work environment factors, eyesight and symptoms showed ORs greater than 1 for all four time lags.
The risk estimates for the scales work posture and movement, works tasks and recovery
time showed a steady increase over time. However, the overall number of significant ORs
for the scales decreased with longer, 18- and 24-months time lags (Table 2).
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4.49 (3.72 – 5.41)

4.05 (3.24 – 5.06)

1.63 (1.32 - 2.03)

0.84 (0.51 - 1.39)

0.94 (0.57 - 1.55)

1.50 (1.00 - 2.27)

1.82 (1.26 - 2.61)

1.23 (0.99 - 1.52)

1.07 (0.81 - 1.43)

1.68 (1.09 - 2.57)

2.06 (1.53 - 2.77)

1.74 (1.29 - 2.37)

1.03 (0.68 - 1.55)

0.89 (0.73 - 1.08)

18 months
OR (95% CI)

4.71 (3.43 – 6.48)

1.59 (1.15 - 2.20)

0.71 (0.35 - 1.43)

1.27 (0.59 - 2.73)

1.76 (0.92 - 3.38)

3.15 (1.57 - 6.32)

1.34 (0.99 - 1.82)

1.08 (0.68 - 1.72)

1.30 (0.65 - 2.62)

2.41 (1.45 - 4.00)

2.04 (1.26 - 3.31)

0.75 (0.43 - 1.32)

1.08 (0.80 - 1.45)

24 months
OR (95% CI)

The GEE analyses with a 6, 12, 18 and 24 months time lag model, show the odds ratios (OR) with 95% confidence intervals (95% CI) for arm, shoulder and
neck symptoms after 6, 12, 18 and 24 months of follow-up.

Arm, shoulder and neck symptoms

6.63 (5.61 – 7.83)

Eyesight

Previous symptoms

1.06 (0.73 - 1.54)
1.71 (1.44 - 2.03)

1.20 (0.84 - 1.71)
1.38 (1.20 - 1.59)

Computer workstation physical attributes

1.06 (0.79 - 1.43)
1.87 (1.22 - 2.88)

1.34 (1.06 - 1.69)
0.95 (0.69 - 1.32)

Furniture

1.81 (1.37 - 2.40)

1.30 (1.11 - 1.52)

1.57 (1.27 - 1.95)

1.58 (1.14 - 2.19)

1.41 (1.14 - 1.76)

1.55 (1.25 - 1.91)

1.21 (0.87 - 1.68)

0.95 (0.82 - 1.12)

12 months
OR (95% CI)

Work environment factors

1.26 (1.11 - 1.44)
1.70 (1.36 - 2.12)

Recovery time

1.33 (1.13 - 1.57)

Work relation with management and colleagues

Work pace and load

1.42 (1.06 - 1.52)
1.29 (1.00 - 1.65)

1.27 (1.20 - 1.69)

Work posture and movement

Job decision latitude

1.21 (0.94 - 1.56)

Work hours

Work tasks

0.95 (0.83 - 1.08)

6 months
OR (95% CI)

Information

Risk factors

GEE time lag model

Table 2. Results for four different time lags concerning the relation between risk factors and previous symptoms on the one hand and for future arm,
shoulder and neck symptoms on the other.
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Discussion
Summary and interpretation of findings
The aim of this study was to determine whether results from the RSI QuickScan questionnaire on risk factors for arm, shoulder and neck symptoms can predict the future
prevalence of arm, shoulder and neck symptoms. The results indicate that most scales
of the RSI QuickScan questionnaire are valid tools to predict future prevalence of arm,
shoulder and neck symptoms in computer workers.

Missing data
To analyze the missing data (intermittent missing data and drop-outs) in our study
population, we compared the differences in the outcome variable arm, shoulder and neck
symptoms as well as age, gender and risk factors at baseline, between the respondents
and non-respondents at T1. Since the drop-out between T0 and T1 was larger than the
combined drop-out of T2, T3 and T4, and since there were no indications of differences
in later drop-out, no further drop-out analysis was performed. We found no differences
in the prevalence of arm, shoulder and neck symptoms, suggesting that there was no
health-based selection in our study population. Nor were there differences in age and
gender. Yet the non-respondents at follow-up had significantly lower risk scores on the
scales ‘information’, ‘work tasks’, ‘work relations with management and colleagues’, but a
higher risk score on ‘job decision latitude’, suggesting that there might have been some
selection in our study population. This may have violated the ‘missing completely at
random’ (MCAR: missing, independent of both unobserved and observed data) assumption in our analyses and may have caused some bias to our estimates [47, 54]. However,
since the pattern on the occurrence of arm, shoulder and neck symptoms during followup is assumed to be random, the effect of this potential bias is believed to be limited.
Missing data were not imputated, because when GEE is used to analyze a longitudinal
dataset with missing data, imputing missing data with longitudinal imputation methods
(i.e., last value carried forward, longitudinal interpolation, and longitudinal regression)
or multiple imputation, may lead to an under- or overestimating of the standard errors,
depending on the chosen imputation method. Therefore, not imputing at all may be
better than any of these imputation methods [55]. During the two years of the study, the
participating organization downsized considerably and reduced its workforce by approximately 30%. This process, which was independent of the predictor and outcome variables,
caused many participants to involuntarily leave the study and was a major contributor to
the drop-out.
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Strengths and limitations of the study
An important strength of our study is its prospective design, with five measurements
over a two year period. This design allowed for repeated measurements of exposure that
adjust for changes in the workplace that might occur in a two-year period. To study the
predictive validity of our method of assessment we needed to stay as close as possible to
the intervention program as used in practice. Therefore, we have chosen not to adjust for
the influence of other variables, such as previous arm, shoulder and neck symptoms, as
might be preferable for an etiological study. The discussion on what causes arm, shoulder
and neck symptoms is still ongoing. It is, however, clear that these symptoms are highly
prevalent among computer workers and many computer workers have suffered from arm,
shoulder and neck symptoms at a certain point in time [56, 57]. The high prevalence of
symptoms at all five time points also shows that if the data were used for an etiological
study, selecting a true symptom-free population would have been difficult due to the
episodic nature of these symptoms. Even though this study had a longitudinal design, our
decision not to adjust for other factors caused that we refrained from drawing conclusions on etiology.
In this study the scale on previous symptoms is used both as a risk factor and as an
outcome measure. This may be considered a flaw in the design of the study. However,
previous symptoms can be predictors of current symptoms either because symptoms have
become chronic or because they are recurrent. In this context, using the same measurement tool to asses the predictor and outcome seems actually preferable. It could also be
argued that previous questions in the RSI QuickScan may bias later questions. However,
there is no conclusive evidence that question-order affects response [58]. Generally, it is
believed that question-order effects exist in interviews, but not in written surveys. In the
case of online questionnaires, such as the RSI QuickScan, using the ‘screen-by-screen
approach’ provides less context than people normally have for answering questions, when
compared to paper questionnaires. Observations of respondents answering questions that
appeared one at a time on screens suggested that some respondents lost a sense of context
[59]. In the case of RSI QuickScan questionnaire, respondents answer a number of questions about their work environment. However, it is debatable whether the respondents
will perceive their answers as high risk (and therefore are more likely to report symptoms
in order to be consistent). Furthermore, separating the outcome from the instrument, i.e.
in another questionnaire might not solve this problem. It may, however, introduce negative effects, i.e. an increased non-response rate.
For practical reasons we performed this study in one company and one could argue
that it might have been better for the generalization of the results if more organizations
were included in this study. However, this was a fairly large organization (N = 3383),
with offices throughout the Netherlands and with a broad range of computer workers
with diverse educational levels, ranging from intermediate to university education.
102

Predictive validity of the questionnaire

Exposure to risk factors were similar to scores in other organizations, e.g. the scores
in our intervention study [21]. The age of the study population was representative for
a working population and ranged between 21 and 66 years. Even though females were
overrepresented compared to the general population, with two thirds being female, this
is representative for many organizations with computer workers. One final limitation
may be that the GEE method does not correct for feedback bias that may occur with
repeated measurements of exposures and outcome variables, where earlier outcomes may
affect subsequent exposure [60]. However, such effects are likely to be limited given the 6
months period between filling out questionnaires.

Risk factors and symptoms
Little research has been done on the predictive validity of risk factors and previous
symptoms for arm, shoulder and neck symptoms [61]. Unfortunately, no comparable
studies were found, in which the predictive validity of a questionnaire on risk factors and
previous symptoms to arm, shoulder and neck symptoms at follow-up was investigated in
a population of computer workers with and without symptoms. The concurrent validity
of the questions on arm, shoulder and neck symptoms has been investigated and the
results suggest that the symptom questions in the RSI QuickScan are moderately suited
to detect the prevalence of symptoms, but well suited to detect the absence arm, shoulder
and neck symptoms (results not published).
In a previous reliability study [40], each item of the subscales was tested separately and
consequently no reliability study was performed with the cut-off scores for the sub-scales
that are used at present. However, multi-item scales, even short ones, are more reliable
than the single items [62]. Therefore, the results in our previous study are likely to be
conservative and no additional analysis was performed.
The results with regard to the risk factors: work posture and movement, work tasks, job
decision latitude, work relation with management and colleagues, work pace and load,
recovery time, work environmental factors and eyesight, were found to be statistically
significant and indicate that these scales can be helpful in predicting which workers are
at risk of having future arm, shoulder and neck symptoms. The scales were constructed
based on evidence from etiological studies several years ago. However, present results on
the predictive validity of the questionnaire compare well with etiological findings in more
recent systematic reviews on occupational risk factors for arm, shoulder and neck symptoms [3, 56, 63-65], which strengthens our results. It seems likely that arm, shoulder and
neck symptoms are the result of many factors; including physical load and the psychosocial work environment and that these factors can reinforce each other [32, 33]. Several
studies found that having had previous symptoms is a strong predictor of future symptoms and it can be concluded that musculoskeletal symptoms are persistent [29, 66-68].
Results in our study also indicate that current symptoms can be helpful in identifying
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workers at risk of future arm, shoulder and neck symptoms. This information can subsequently be used to allocate tailored interventions, aimed at the prevention of symptoms in
the future. The results indicate that the scales on information, work hours, and computer
workstation physical attributes neither predicted arm, shoulder and neck symptoms at
6 months, nor at the other three longer time periods of 12, 18 or 24 months. The scale
on furniture showed inconsistent results over the four time periods. When we combine
these results with previous results on the internal consistency of the scales (Speklé et al.
2009), we find that all of these scales also scored poorly on internal consistency. The scale
on work hours and the three scales on workplace ergonomics (work environment factors,
furniture, and computer workstation physical attributes), all scored Cronbach’s alpha
between 0.30 and 0.45, whereas the other six scales scored 0.70 or higher. Since the scale
on information consists of only one question, no Cronbach’s alpha was calculated. We
therefore suggest the removal of these three scales, which previously also have shown to
have poor internal consistency, from the RSI QuickScan questionnaire. Even though the
scale on information did not predict future symptoms arm, shoulder and neck symptoms,
it does provide important information for organisations, since informing their employees
on healthy computer use and the risks involved with computer work is a requirement by
law in the Netherlands. Further research to determine the optimal cut-off points of each
of the scales by calculating optimal sensitivity and specificity, would be useful. The goal
of this study was to evaluate its usage and not its etiological strength. Nevertheless, the
available data might be used for more etiological studies in the future.
An effective intervention must exist for screening to reduce exposure and/or prevalence
of symptoms. Therefore, the programme must not only consist of a screening instrument
with sound psychometric properties, but also offer effective interventions. In a related
study on the effectiveness of a questionnaire based intervention programme on the
prevalence of arm, shoulder and neck symptoms, risk factors and sick leave in computer
workers, the effects of the RSI QuickScan intervention programme were small [21]. This
may have been the result of difficulties with the implementation process of the proposed
interventions. Some significant positive effects were found as to an increase in receiving
education and a decrease in exposure to adverse postures and movements. With regard to
symptoms and sick leave, only small and non-significant effects were found.

Recommendations for use of the RSI QuickScan
The RSI QuickScan questionnaire gives individual feedback to the respondents and
advice on the specific actions that they can personally take in order to reduce their risk
of arm, shoulder and neck symptoms. Furthermore, organisations are advised to undertake specific interventions. Ergonomic professionals use the RSI QuickScan as a primary
prevention tool and integrate it in their periodical WHS, or use it as a secondary prevention tool in case of a high incidence or prevalence of arm, shoulder and neck symptoms
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in a population of computer workers. When the instrument is used periodically, it is
suggested to do so annually, if financial resources are available. The results from the
effectiveness study [21] imply that the RSI QuickScan intervention programme can be
used to increase the level of education and to decrease the exposure to adverse postures
and movements. Although this study did not find evidence to support the claim that the
RSI QuickScan intervention programme can be used to reduce symptoms or sick leave,
it cannot be ruled out that the RSI QuickScan intervention programme could be effective, especially in the secondary prevention of arm, shoulder and neck symptoms, with a
more successful implementation of the interventions. Therefore it is recommended that
professionals in the field should pay close attention to the implementation of proposed
interventions, since interventions will only be potentially effective if they are successfully
implemented.
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Conclusion
In conclusion, the majority of the scales (work posture and movement, work tasks, job
decision latitude, work relation with management and colleagues, work pace and load,
recovery time, work environmental factors, eyesight and previous arm, shoulder and neck
symptoms) in the RSI QuickScan questionnaire provides valid predictions of the risk
of having future arm, shoulder and neck symptoms. However, the scale on work hours,
and the one on computer workstation physical attributes did not predict arm, shoulder
and neck symptoms at any of the investigated time lags. The scale on furniture showed
inconsistent results. The RSI QuickScan questionnaire may be recommended as a tool in
the identification of computer workers who should be targeted with interventions aimed
at prevention of future symptoms.
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Abstract
Introduction: Arm, shoulder and neck symptoms are very prevalent among computer
workers. In an attempt to reduce these symptoms, a large occupational health service in
the Netherlands developed a preventive programme on exposure to risk factors, prevalence of arm, shoulder and neck symptoms, and sick leave in computer workers. The
purpose of this study was to assess the effectiveness of this intervention programme.
Methods: The study was a randomised controlled trial. The participants were assigned to
either the intervention group or the usual care group by means of cluster randomisation.
At baseline and after 12 months of follow-up, the participants completed the RSI QuickScan questionnaire on exposure to the risk factors and on the prevalence of arm, shoulder
and neck symptoms. A tailor-made intervention programme was proposed to participants with a high risk profile at baseline. Examples of implemented interventions are an
individual workstation check, a visit to the occupational health physician and an education programme on the prevention of arm, shoulder and neck symptoms. The primary
outcome measure was the prevalence of arm, shoulder and neck symptoms. Secondary
outcome measures were the scores on risk factors for arm, shoulder and neck symptoms
and the number of days of sick leave. Sick leave data was obtained from the companies.
Multilevel analyses were used to test the effectiveness.
Results: Of the 1,673 persons invited to participate in the study, 1,183 persons (71%)
completed the baseline questionnaire and 741 persons participated at baseline as well as
at 12-month follow-up. At 12-month follow-up, the intervention group showed a significant positive change (OR=0.48) in receiving information on healthy computer use, as well
as a significant positive change regarding risk indicators for work posture and movement,
compared to the usual care group. There were no significant differences in changes in the
prevalence of arm, shoulder and neck symptoms or sick leave between the intervention
and usual care group.
Conclusions: The effects of the RSI QuickScan intervention programme were small,
possibly as a result of difficulties with the implementation process of the proposed
interventions. However, some significant positive effects were found as to an increase in
receiving education and a decrease in exposure to adverse postures and movements. With
regard to symptoms and sick leave, only small and non-significant effects were found.
Trial registration: Netherlands National Trial Register NTR1117
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Introduction
Arm, shoulder and neck symptoms, often referred to as RSI (Repetitive Strain Injury), are
highly prevalent among computer workers [1]. A survey conducted amongst the working
population in 15 European countries showed prevalences of 25% for neck/shoulder and
arm pain, respectively [2]. A recent study amongst workers with these symptoms showed
a symptom related decrease in the quality of life score of 31% [3]. To prevent symptoms,
reduced performance and/or loss of production, employers implement interventions [4].
In the Netherlands, 61% of the organisations with more than 100 employees implemented
such interventions [5]. Nevertheless, few randomised controlled trials, with sufficient size
and statistical power, have been conducted [6] and, consequently, knowledge about the
effectiveness of frequently used interventions is still lacking.
Various ergonomic, psychosocial and organisational risk factors for arm, shoulder and
neck symptoms have been suggested [7] and the onset of such symptoms might be caused
by a combination of these factors. However, intervention studies are often aimed at one
specific work-related factor, such as the duration of computer work, or mouse use, the use
of an adjustable chair, or at single work-related psychosocial factors, such as insufficient
recovery time and insufficient social support [8-11]. Even though moderate evidence for
some interventions was found, no strong evidence for the effectiveness of interventions
in reducing symptoms in occupational settings could be established [8-11]. The fact that
these interventions are usually aimed at the general population of computer workers
and not at specific workers with a high exposure to certain factors, or that selected
interventions did not address the most prominent risk factors might contribute to a
limited effectiveness. Prevention efforts should ideally be targeted at specific populations
with a high risk [12], as reducing a low exposure even further is unlikely to yield much
effect. To improve the effectiveness of interventions aimed at reducing the prevalence of
arm, shoulder and neck symptoms, exposure to risk factors, and sick leave in computer
workers, a multidimensional intervention programme was developed. This intervention
program is quite unique in that it incorporates many different aspects, addressing a broad
spectrum of potential risk factors. Instead of using generic strategies, which is common
among occupational health services in the Netherlands, this method establishes a risk
profile of the target population and subsequently advises interventions following a decision tree based on that risk profile.
The objective of this study was to assess the effectiveness of this intervention
programme on the prevalence of arm, shoulder and neck symptoms, reduction of exposure to risk factors, and sick leave in a population of computer workers.
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Methods
Design and study population
The study was designed as a cluster Randomised Controlled Trial (RCT) with an intervention group and a usual care group. Participants were recruited from January 2005 to
January 2006. The participating organizations were approached through the occupational
health service and selected by willingness to participate. All workers of participating
organisational units were invited to participate by e-mail. Measurements took place
at baseline, after 6-months and after 12-months. The source population consisted of
computer workers from 7 Dutch organisations in various branches (e.g. health care, local
government, nature conservation, engineering, education and regulatory affairs), located
throughout the Netherlands. The population consisted of office staff, local government
officials, engineers, consultants, teachers, health care personnel, nature conservation
professionals, researchers and managers. Figure 1 shows the CONSORT [13] diagram of
the flow of clusters and participants through the phases of the trial. Of the 1,673 persons
who were invited to participate in the study, 1,183 persons (71%) completed the baseline
questionnaire. A total of 741 persons participated at baseline as well as at 12-months
follow-up and were included in the analyses. Units that discontinued the intervention,
did receive full feedback on their questionnaire results, but declined other proposed
interventions as a result of financial constraints. Prior to inclusion, all participating
organisations expressed their willingness to take preventive measures in case the results
of the investigation would give cause to this. Employees were given time during work to
fill out the questionnaires and participate in the interventions. Workers with and without
arm, shoulder and neck symptoms were included. Workers had to be able to read Dutch,
such that they could understand the information provided and complete the questionnaire.
The study design, protocols, procedures and informed consent form were approved by
the Ethics Committee of the Faculty of Human Movements Sciences of the VU University
Amsterdam, and all participants electronically provided informed consent before filling
out the baseline questionnaire.

Randomisation
The participants were assigned to either intervention group or usual care group by
means of cluster randomisation. To prevent unbalanced randomisation, workers were
pre-stratified by the HRM departments of the participating organisations, who formed
clusters of approximately the same size and with a comparable amount of computer work.
Teams or departments were left intact, to avoid crossover effects and to enhance the
compliance in the intervention group. In some cases, clusters consisted of participants
in the same building or floors of a building. Allocation concealment was performed by
116

Effectiveness of the intervention programme

using sealed envelopes containing the names of the clusters in each organisation. The
envelopes were then randomly divided into an intervention and usual care groups by the
HRM department. Even though participants were not informed about their allocation,
workers could not be blinded for the intervention due to the character of the interventions. The principal investigator was not blinded for group allocation when performing
the data analysis.

5

Figure 1. Flow of clusters and participants through the phases of the trial.
Units that discontinued the intervention, did receive full feedback on their RSI QuickScan questionnaire results, but declined other proposed interventions as a result of financial constraints.

Data collection
At baseline and 6 and 12 months follow-up, the workers completed the internet-based
RSI QuickScan questionnaire on exposure to risk factors and the 6-months and 7-days
prevalence of arm, shoulder and neck symptoms. The psychometric properties of this
measurement tool have previously been tested and results indicate an acceptable reliability, concurrent validity and homogeneity [7]. All participants received an e-mail in
which: 1) the goal of the investigation was explained, 2) information was provided on
protection of confidentiality and 3) individual login information was presented. A letter
with information about the study was attached to this e-mail. An incentive was allotted
amongst workers who participated in all measurements for each organisation. A description of the content of the questionnaire can be found at additional file 1: Questionnaire
[http://www.rsiquickscan.com/research/questionnaire.pdf].
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Participants who had not logged in to the RSI QuickScan and those who did log in but
did not complete the questionnaire received a reminder to complete the questionnaire
two weeks after the first e-mail and again one week thereafter. One week after the final
reminder (one month after the initial e-mail was send) access to the online questionnaire
was closed.

Intervention group
The intervention group received full feedback on their RSI QuickScan questionnaire
results. This feedback was given after completing each section of the questionnaire and
consisted of scores on a scale from 1 to 10, a visual representation of the score with a
graph, an interpretation of the score and an elaborate advice on the specific actions
that they could personally take in order to reduce their risk of arm, shoulder and neck
symptoms (Figure 2). If workers reported severe symptoms in the arm, shoulder and
neck region, their occupational physician invited them for a consultation. Furthermore,
from the information given by the respondents, a risk profile was made, using the traffic
light coding system, also known as the RAG rating [14]. A score of 30% or less of the
maximum on a scale was classified as a low risk, colour coded ‘green’. A score of 31% to
60% of the maximum on a scale was classified as a medium risk, colour coded ‘amber’.
A score of 61% or more of the maximum on a scale was classified as a high risk, colour
coded ‘red’. All scales combined in a graph illustrate the risk profile of an individual or a
group. This graph was provided not only for the individual, but also for the organisation,
the department or function group (Figure 3). If more than 30% of the participants had a
red score or more than 60% of the participants had a red or amber score, a tailor-made
intervention programme was proposed. Per scale a (set of) intervention(s) to be advised
to the participating organisations was pre-defined.
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5

Figure 2. An example of the individual feedback on the RSI QuickScan questionnaire results.
The interventions were aimed at each of the factors in the RSI QuickScan, with a total
of 16 interventions aimed at reducing the associated risk. Examples of proposed
interventions are:

Individual level
• Individual workstation check - An advisor visits the worker at his/her work station
and advises on ergonomic aspects, such as the set-up of the workstation and the
furniture.
• Eyesight check – In order to determine whether there is a need for computer
glasses.
• A visit to the occupational health physician.
Group level
• Education programme on the prevention of arm, shoulder and neck symptoms for
employees - This involves education about arm, shoulder and neck symptoms, the
ergonomic aspects of the workstation and the effects of work organisational factors.
• Handling stress in the workplace - A training aimed at getting insight into stress
and stress situations, to improve coping, learn relaxation techniques and influence
one’s own work situation.
To give the organisations a choice in intensity and costs of interventions, multiple
interventions were available, differing mainly in duration, ranging from a two-hour
information session to a training consisting of eight half-day sessions. Interventions were
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carried out both on an individual and a group level. Depending on their risk profile,
some workers were offered multiple interventions. The organisations are responsible for
carrying out the program. However, the quality control of interventions lies with the
Occupational Health Service, whose quality is certified by the Ministry of Social Affairs
and Employment, and the professionals who work for it. A description of all interventions can be found at additional file 2: Interventions [http://www.rsiquickscan.com/
research/interventions.pdf]. There were no harmful effects of the interventions observed
for the individuals during the study.

Usual care group
In contrast to the intervention group, the usual care group did not receive elaborate
advice on the actions that they could personally take after completing the RSI QuickScan,
but more general and limited advice. Furthermore, they did not receive interventions
based on the risk profile during the time of the study. However, because of ethical
considerations, workers, who reported severe symptoms in the arm, shoulder and neck
region were also invited by their occupational physician for a consultation, even though
they were part of the usual care group. These workers were treated according to the
Dutch guideline on arm, shoulder and neck symptoms [15], which states that workers
should try to continue their work, except for tasks that induce severe pain. Furthermore,
they received advice on possible treatments, adjustments in the workplace and could
be referred to a physical therapist. For other actions the usual care group was put on a
waiting list, so that they received interventions that were similar to those in the intervention group, but only after the study was ended.

Outcome measures
The primary outcome measure was the prevalence of arm, shoulder and neck symptoms.
Secondary outcome measures were the scores on risk factors for arm, shoulder and neck
symptoms and the number of days of sick leave.
To assess exposure to potential risk factors for the establishment of risk profiles related
to arm, shoulder and neck symptoms in computer workers we used a questionnaire,
consisting of items on work (e.g. work hours, work tasks), relation with management
and colleagues, office ergonomics (e.g. furniture and computer workstation physical
attributes) and health (e.g. arm, shoulder and neck symptoms). In total, the questionnaire
consisted of 95 items. Reliability and concurrent validity were shown to be satisfactory [7]
The prevalence of arm, shoulder and neck symptoms was estimated with the questionnaire, which used a slightly altered version of the Nordic Questionnaire by Kuorinka et
al. [16]. It specifies 7 areas in the arm, shoulder and neck region, as suggested by Sluiter
et al. [17]. Furthermore, the questionnaire did not only show a dorsal view of the arm,
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shoulder and neck region, but also a frontal view. The Nordic Questionnaire has been
extensively tested for validity [16].

5

Figure 3. An example of the feedback on the RSI QuickScan questionnaire results of a group.
The prevalence of arm, shoulder and neck symptoms was defined as: regular or longlasting symptoms in one or more regions of arm, shoulder and neck, in the past six
months and/or in the past seven-days. A description of these questions can be found at
additional file 1: Questionnaire [http://www.rsiquickscan.com/research/questionnaire.
pdf]. The overall prevalence of arm, shoulder and neck symptoms was divided into two
subgroups: proximal (neck, upper-back and shoulders) and distal (elbows, forearms,
wrists and hands) symptoms. The total symptom score consisted of the sum of points
scored on the scales arm, shoulder and neck symptoms. Information on the number of
days of sick leave was obtained from the HRM departments of the participating organisations. The data consisted of total sick leave, maternity leave excluded, and not solely sick
leave due to (serious) arm, shoulder and neck symptoms.
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Statistical analysis
In the sample size calculation, an intracluster correlation of 0.05 was assumed, an average
of 15 workers per cluster, an initial participation of 70%, and a loss to follow-up of 40%.
Under these assumptions, we anticipated to be able to detect a difference of 15% (35%
versus 50%) in the prevalence of symptoms between the intervention and usual care
group (power of 80%; one-sided significance level, 0.05) with 225 workers with completed
questionnaires in 25 clusters assigned to both the intervention and control group [18].
Only workers who filled out the baseline questionnaire and the 12-months followup questionnaire were included in the analyses. Data of the 6-months follow-up were
not analyzed, as only few interventions were implemented prior to this measurement.
Analyses to estimate the effect of the intervention were pre-specified and done according
to the intention-to-treat principle [19].
Multilevel analyses were used to investigate the differences in changes in outcome
variables regarding prevalence of arm, shoulder and neck symptoms, risk factors, and
sick leave between the intervention group and the usual care group after 12 months of
follow-up. In the regression model the values of the outcome variables, either continuous
or dichotomous, at 12-months follow-up were considered as dependent variables. The
intervention level (yes/no) and the baseline values of the outcome variables were considered as independent variables, so that scores at 12 months follow-up were corrected for
baseline. For the dichotomous outcome variables, i.e., information, eyesight, prevalence
of (overall, proximal and distal) arm, shoulder and neck symptoms, logistic multilevel
regression analysis were used. No other corrections were performed.
Multilevel analyses were used in order to adjust for possible dependence between
observations from the same organisation or department. The data of this study were
clustered at three levels: company, department, and individual. All multilevel statistical
analyses were performed using MLwiN version 2.02 [20]. All non-multilevel statistical
analyses were performed using SPSS version 16 [21].
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Results
Randomisation
There were no significant differences regarding age, gender, working more than 30
hours per week, and working more than 4 hours with the computer per day, between the
intervention and usual care groups (Table 1). However, there were significant differences
between the two groups in the number of sick leave days in the six months prior to baseline, with the usual care group reporting more sick leave days.

Table 1. Baseline characteristics of the study population.
Usual care
(N=578)

Intervention
(N=605)

Gender (male)

334 (57.8%)

378 (62.5%)

Age (years) (mean, SD)

43.8 (9.7) )

44.4 (9.2

Work more than 30 hours per week

445 (76.9%)

452 (74.6%)

Work more than 4 hours per day with the computer

406 (70.3%)

430 (70.0%)

Number of sick leave days in the 6-months period
prior to baseline (median)
- % workers with 0 days sick leave
- % workers with 1 – 7 days sick leave
- % workers with 7 – 21 days sick leave
- % workers with > 21 days sick leave

1.0
49
27
15
9

0.0
50
30
14
6

5

Values are numbers (percentages) unless stated otherwise. SD = standard deviation.

Non-response analysis
Respondents and non-respondents were similar in age, but there were significantly fewer
men in the respondent category. Non-respondents at follow-up had significantly higher
risk scores on the scales ‘information’, ‘work posture and movement’, and ‘furniture’. Nonrespondents had a lower prevalence of distal symptoms, but a significantly higher number
of sick leave days in the 6-months period prior to baseline.

Utilization rate interventions
Of the 16 possible interventions 6 were implemented (utilization rate in the intervention / usual care group % yes): Occupational health physician (8 / 6), Education on the
prevention of RSI for employees (26 / 0), RSI and stress (24 / 2), Eyesight check (19 / 7),
Individual workstation check (2 / 1), Task analyses (1 / 0).
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Table 2 gives an overview of the risk factors, prevalence of arm, shoulder and neck
symptoms and sick leave at baseline and 12 months of follow-up. After 12-months of
follow-up, the intervention group scored significantly better than the usual care group
on the scales ‘Information’ and ‘Work posture and movement’ (Table 3). Corrected for
baseline values, a significant Odds Ratio of 0.48 (95% CI: 0.28 to 0.82) was found for
information, indicating that at follow-up the participants in the intervention group had
a two times higher chance to have had information concerning prevention than the
usual care group. For the scale work posture and movement, the significant regression
coefficient of -0.35 (95% CI: 0.68 to -0.03) indicates that the intervention group had at
follow-up on average 0.35 points less on a 0 to 11 points scale than the usual care group,
indicating a slightly lower risk. The results were corrected for baseline values. There was a
slight reduction in scores for several other factors, but this occurred in both, the intervention and usual care, groups. There were no significant differences in the changes in
prevalence of arm, shoulder and neck symptoms between the intervention and usual care
group. The overall prevalence of arm, shoulder and neck symptoms decreased by 9% in
both the intervention (decrease from 51% to 42%) and usual care group (decrease from
56% to 47%). There were no significant differences in changes in sick leave between the
intervention and usual care group. Compliance of the participants varied from 51%, for
an eyesight check, to 89% for a visit to the occupational health physician. Low compliance was sometimes caused by the decision of participating organisations not to accept
(parts of) the proposed intervention plan. In two of the participating organisations new
management decided not to implement any of the proposed interventions.
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Table 2. Risk factors, prevalence of arm, shoulder and neck symptoms and sick leave at baseline and
12 months of follow-up.
Usual care

Risk factors

Intervention

Baseline

12-month

Baseline

12-month

40

25

41

17

4.0 (52.3%)
11 /30

4.0 (51.3%)
8 / 31

4.0(51.5%)
11 / 29

4.0 (50.8%)
8 / 30

4.0 (62.5%)
13 / 40

3.0
9 / 26

4.0 (64.4%)
11 / 41

2.0
5 / 28

1.0 (53.3%)
15 / 31

1.0 (58.2%)
11 / 30

1.0 (53.8%)
14 / 32

1.0 (60.7%)
12 / 27

0.0 (52.7%)
2 / 15

0.0 (56.8%)
2 / 13

0.0 (55.1%)
3 / 11

0.0 (57.9%)
3 / 10

1.0 (65.5%)
7 / 17

1.0 (62.2%)
9 / 15

1.0 (59.0%)
8 / 18

1.0 (60.9%)
13 / 15

4.0
37 / 26

3.0 (52.4%)
34 / 28

3.0
34 / 31

3.0 (54.3%)
34 / 28

1.0 (74.3%
6 / 19

0.0
6 / 18

1.0 (75.0%)
6 / 19

1.0
7 / 18

1.0 (76.4%)
7 / 17

1.0 (77.8%)
7 / 15

1.0 (76.4%)
5 / 19

1.0 (81.2%)
4 / 14

2.0 (63.1%)
5 / 32

1.0
1 / 25

2.0 (66.4%)
4 / 30

2.0
3 / 28

1.0 (49.3%)
2 / 22

1.0 (63.5%)
0 / 14

1.0 (51.3%)
3 / 21

1.0 (66.9%)
1 / 11

34

29

37

29

Prevalence symptoms (%)
Prevalence proximal symptoms (%)
Prevalence distal symptoms (%)

56
46
28

47
38
24

51
39
31

42
31
24

Total symptom score
(median; range 0-44)
(% workers with a red / amber score)

7.0
12 / 24

6.0
9 / 19

7.0
9 / 21

6.0
4 / 20

1.0 (52.2%)
49
27
15
9

1.0 (51.7%)
45
31
15
9

0.0 (50.2%)
50
30
14
6

0.0 (50.9%)
51
29
12
8

Information (range 0-1)
(% workers without training)
Work hours
(median; range 0-12)
(% workers with a red / amber score)
Work posture and movement
(median; range 0-11)
(% workers with a red / amber score
Work tasks
(median; range 0-5)
(% workers with a red / amber score
Job decision latitude
(median; range 0-9)
(% workers with a red / amber score
Work relation with management and
colleagues (median: range 0-7)
(% workers with a red / amber score
Work pace and load
(median; range 0-8)
(% workers with a red / amber score
Recovery time
(median; range 0-6)
(% workers with a red / amber score
Work environmental factors
(median; range 0-4)
(% workers with a red / amber score
Furniture
(median; range 0-10)
(% workers with a red / amber score
Computer workstation physical attributes
(median; range 0-7)
(% workers with a red / amber score
Eyesight (range 0-1)
(% workers with problems; range 0-1)

5

Arm, shoulder and neck symptoms

Sick leave
Number of sick leave days (median)
- % workers with 0 days sick leave
- % workers with 1 – 7 days sick leave
- % workers with 7 – 21 days sick leave
- % workers with > 21 days sick leave

Values indicate the mean except where otherwise indicated. Where applicable, scale extremes are given
in the left-hand column. High scores reflect a high risk. (%) = cumulative percent at median value.
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Table 3. Results of longitudinal multilevel analyses.
Intervention effect
β/Odds (95% C.I.)
β

Odds

Risk factors
Information

.

0.48 (0.28; 0.82)

Work hours (range 0-12)

-0.08 (-0.33; 0.17)

.

Work posture and movement (range 0-11)

-0.35 (-0.68; -0.03)

.

Work tasks (range 0-5)

-0.04 (-0.24; 0.17)

.

Job decision latitude (range 0-9)

-0.10 (-0.35; 0.15)

.

Work relation with management and colleagues (range 0-7)

0.02 (-0.34; 0.38)

.

Work pace and load (range 0-8)

-0.00 (-0.31; 0.30)

.

Recovery time (range 0-6)

0.05 (-0.16; 0.25)

.

Work environmental factors (range 0-4)

-0.09 (-0.24; 0.07)

.

Furniture (range 0-10)

0.24 (-0.12; 0.61)

.

Computer workstation physical attributes (range 0-7)

-0.09 (-0.29; 0.10)

.

Eyesight

.

0.88 (0.62; 1.27)

Arm. shoulder and neck symptoms
Prevalence arm, shoulder and neck symptoms

.

0.89 (0.61; 1.30)

Prevalence proximal symptoms

.

0.78 (0.54; 1.12)

Prevalence distal symptoms

.

0.90 (0.49; 1.67)

RSI score (range 0-44)

-0.75 (-1.78; 0.29)

.

-0.27 (-2.85; 2.31)

.

Sick leave
Days of sick leave

β, regression coefficient; 95% C.I., 95% confidence interval.
The results show the differences in changes in outcome variables regarding risk factors, the prevalence
of arm, shoulder and neck symptoms and the amount of sick leave between the intervention group and
the usual care group after 12 months of follow-up. The results were corrected for baseline. β represents
the difference in score for the range indicated in the table.
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Discussion
The overall effects of the RSI QuickScan intervention programme were small. The overall
prevalence of arm, shoulder and neck symptoms decreased by 9% in both the intervention and usual care group, but no significant differences between groups was found. The
positive findings of this study were a significant improvement of the intervention group
on the scales ‘Information’ and ‘Work posture and movement’ after 12 months. There
were no significant differences in sick leave between the intervention and usual care
groups.

Comparison with other studies
These findings regarding the effectiveness of this intervention programme on the reduction of prevalence of arm, shoulder, neck symptoms, exposure to risk factors, and sick
leave in computer workers, partially confirm those of previous studies, where also small
effects were found. Several studies on the effectiveness of preventative interventions
have been published in the last decade. A systematic review by Brewer et al. [9] found
moderate evidence for no effect of workstation adjustments and also no effect of rest
breaks together with exercise during the breaks. However, the review did find a positive
effect of alternative pointing devices on musculoskeletal outcomes. A review by Boocock
et al. [8] identified no single-dimensional or multi-dimensional strategy for intervention
that was considered effective across occupational settings. It is important to note that no
study comparable to the RSI QuickScan intervention programme, where the advised set
of interventions is based on a previously established risk profile, was found in the literature.

Implementation of the interventions
The limited effect of the RSI QuickScan intervention programme might be caused by
problems with regard to the implementation of the interventions. The interventions were
sold at their normal commercial price and even though all participating organisations
prior to inclusion had stated that they were prepared to invest in the necessary preventive
measures, in practice some of the participating organisations chose not to do so, due to
a low degree of support from the management and/or lack of financial resources. Consequently, workers who should have participated in an intervention were never offered
one, let alone participated in one. The intention was to start the interventions that were
accepted within a three month period after the first measurement was finished. In practice, some of the interventions started after 6-months, leaving little time for effects on the
arm, shoulder and neck symptoms or sick leave.
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Effectiveness of the interventions
Exposure to most risk factors and prevalence of arm, shoulder and neck symptoms
decreased in both groups. The information on risk factors provided in the questionnaire and the feedback seems to have led to more favourable behaviour and therefore, a
decrease in risk factors. Furthermore, the focus on arm, shoulder and neck symptoms in
the participating companies may also have caused greater awareness of the risks attributed to computer use and may have contributed to the overall decline of risk factors and
arm, shoulder and neck symptoms. These positive effects in both the intervention and
the control group may have made it more difficult to achieve results op top of this, which
would make it harder to detect significant differences between the intervention and usual
care group. The questionnaire contains questions about the duration and location of the
symptoms, but it does not ask questions about the pain intensity and function, which
might make it more difficult to find an effect.
The usual care group had an overall higher prevalence of arm, shoulder and neck
symptoms compared to the intervention group and the symptoms in the usual care group
were more serious. This makes a regression to the mean likely to occur.
The data we obtained from the HRM department consisted of total sick leave and not
solely sick leave due to (serious) arm, shoulder and neck symptoms. Since the average
number of sick leave days at baseline was already relatively low and considering that sick
leave due to arm, shoulder and neck symptoms was even smaller, the probability to find a
significant decrease was low.
Even though arm, shoulder and neck symptoms are highly prevalent among computer
workers, it remains to be seen if long-lasting pain is related to elements of computer use.
[22, 23]. This might be another reason for the negative findings in this study.

Strengths and limitations of the study
Strengths of this study are its solid RCT design, combined with cluster randomisation to
minimize contamination between the two groups and to increase compliance with the
interventions. Comparability between the groups was good. The intervention took place
during a full year eliminating possible seasonal variance, which could have biased the
results. Furthermore, the size of the research population in the present study provided
sufficient statistical power. Generalisation of the results to other computer workers is
enhanced by the fact that the research population consisted of computer workers from all
over the Netherlands, employed in different settings (e.g. health care, local government,
engineering, education) and a broad range of jobs. The age and gender distributions
corresponded with the distribution in the working population in the Netherlands.
There are also some limitations within this study. Since the respondents, in comparison
to the non-respondents at baseline, had received more information, a better work posture
and better furniture, there was less room for improvement in these areas, which might
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have had a negative effect on the results. Also the fact that they had a significantly lower
number of sick leave days in the 6-months period previous to baseline makes it more
difficult to get positive results.
The test-retest validity, concurrent validity and homogeneity of the RSI QuickScan have
been studied and the RSI QuickScan has proven to be a valid instrument to assess risk
factor and arm, shoulder and neck symptoms. However, the reliability of self-reported
duration of computer use and postural load, by means of questionnaires, has been questioned [24-28]. Furthermore, there is still uncertainty about risk factors and hence, the
predictive validity of the RSI QuickScan is unsure.

5
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Conclusions
In conclusion, the positive effects of the RSI QuickScan intervention programme are
limited to a reduction of exposure to only some risk factors. No significant effects were
found for most risk factors, for arm, shoulder and neck symptoms and sick leave. This
might be caused by the fact that the population consisted of computer workers with- and
without symptoms, and by workers not receiving the advised intervention. For those who
did receive an intervention, the duration and intensity of the interventions was often low.
Given the still high percentage of workers suffering from arm, shoulder and neck symptoms, further studies on the effect of interventions in reducing arm, shoulder and neck
symptoms in occupational settings are recommended.
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Additional files
Additional file 1. Overview of the content (main areas, scales and questions) of the
internet-based questionnaire RSI QuickScan for the assessment of risk factors
[http://www.rsiquickscan.com/research/questionnaire.pdf
Main areas

Scales and questions

Work

Information
1.

Information on computer work and health

2.
3.
4.
5.
6.
7.

Amount of work hours per week
Amount of work days per week
Hours computer work per day
Hours private computer use per day
Amount of breaks per day
Total break time per day

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Upper body slightly bent forward
Upper body bent forward a lot
Trunk slightly twisted
Trunk twisted a lot
Upper body bent forward and twisted
Neck hunched forward
Neck hunched backward
Neck twisted
Wrist bent
Wrist extended
Wrist twisted

Work hours

5

Work posture and movement

Work tasks
19.
20.
21.
22.
23.
24.

Repetitive movements arm. Hand fingers
Repetitive twisting/bending upper body
Repetitive twisting/bending upper body
Same work all day
Same work every day
Repetitive movements

25.
26.
27.
28.
29.
30.
31.
32.
33.

Choose time begin/stop work
Choose time breaks
Choose which days off
Choose how to do your work
Choose order of work tasks
Choose when work tasks
Leave workspace
Choose stop work
Control work pace

Job decision latitude

(continued)
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Additional file 1. (continued)
Main areas

Scales and questions
Work relation with management and colleagues
34.
35.
36.
37.
38.
39.
40.
41.

Work

Good management
Irritated by others
Management notes what you say
Good general atmosphere
Management knows you / your work
Support direct supervisor
Support colleague
Sufficient information from company

Work pace and load
42.
43.
44.
45.
46.
47.
48.
49.
50.

Pace of work / work load regularly high
Regularly work under time pressure
Hurry to finish on time
Regularly problems pace work / work load
Should take it easier
Work too tiring
Have to work very fast
A tremendous amount of work
Enough time to finish work

Recovery time
51.
52.
53.
54
55
56.
57.

Office ergonomics

Feel mentally exhausted
Feel empty after a days work
Feel tired when waking up in the morning
Feel ‘burned out’
Feel frustrated by job
Feel work asks too much
Feel at the end of your tether

Work environment factors
58.
59.
60.
61.

Bothered by light from outside
Bothered by reflection in your monitor
Cold draughts or changes in temperature
Disturbed by noise

Furniture
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

Correct height chair
Comfortable chair
Correct height arm rests
Adjustable width arm rests
Correct length arm rests
Correct height desk
Adjustable height desk
Sufficient work surface
Sufficient leg room
Availability footrest

(continued)
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Additional file 1. (continued)
Main areas

Scales and questions
Computer workstation physical attributes
72.
73.
74.
75.
76.
77.
78.

Availability external mouse and keyboard
Hindered by length mouse cable
Mouse works properly
Document holder available
Head set
Correct height monitor
Correct viewing distance monitor

Eyesight
79. Eye complaints (problems focusing, burning- or watery eyes)?

Health

Prevalence of arm, shoulder and neck symptoms

5

80.
81.
82.
83.
84.
85.
86.

Pain or discomfort in the last 6 months in:
neck
upper back
shoulder
elbow
lower arm
wrist
hand

87.
88.
89.
90.
91.
92.
93.

Pain or discomfort in the last 7 days in:
neck
upper back
shoulder
elbow
lower arm
wrist
hand

94. Pain or discomfort linked to work?
95. Pain or discomfort developed during work?
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Additional file 2.
Interventions
Individual Workstation Check
With a one-time visit, the workstation and work behaviour will be assessed with the aid
of the 5W’s (work tasks, work periods, work pressure, workstation and working method)
model. The advisor will pay special attention to ergonomical aspects such as the set-up
of the workstation, the furniture, work posture and work organizational factors etc.
The advisor will give technical en behavioural advice and will include these in a written
report.
Training On-the-Job
As a supplement to the one-time guidance of the workstation check and with the accent
on work posture and work techniques of the employee, ‘training on the job’ will be done
in order to achieve a better and permanent effect. During this training, feedback tools are
used such as photo or video equipment and/or a muscle tone measurement device.
RSI Counselling Sessions
Low threshold, walk-in counselling will take place within your organization, aimed at
prevention, for those employees that have complaints or questions about RSI. The counselling will be done by an Occupational Health Physician or an Occupational Physical
Therapist. Depending on the situation, the counselling may consist of a physical check
and/or a workstation orientation (with tips and exercises).
Training Course Assertiveness and Negotiation
This training is for supervisors and employees to develop an assertive attitude in their
negotiation skills, so that negotiations can be conducted in an effective and pleasant
manner. The training takes three half-days.
Individual Coaching
Individual coaching is suitable for employees of all levels. Insight is given into one’s own
skills and capacities and one learns how to better apply them.

(continued)
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Additional file 2. (continued)
Time Management Course
A course designed for employees who want to learn how to deal with stress situations
resulting from a high work tempo and heavy work load. As organizations become less
hierarchic, it becomes more and more important to be able to manage your own time
because no one tells you what to do and when. During the course ‘Time Management’
one learns especially how to set priorities and stick to them.
Stress Management for Supervisors
Training for supervisors which takes at least three half-days that will enable them to
recognize stress signals from employees at an early stage and to communicate about this
in a responsible manner on individual and departmental levels.
Handling Stress in the Workplace Course
A training of eight half-days which is aimed at getting insight into stress and stress situations, to improve one’s own resistance, learn relaxation techniques and have influence on
one’s own work situation.
Initiating RSI Policy
Advice will be given for a good RSI policy. Often this involves an approach to RSI that
takes several years. The Arbo Unie advisor supports you during the development and the
execution stage of that policy.
Education for the Prevention of RSI for Employees
This involves education for groups of employees about RSI, the ergonomical aspects of
the workstation and the cause and results of over-burdening. The informative sessions are
set up to be practicable, i.e. learning correct work behaviour in one’s own work situation.
Feedback is done through photo or video recordings; the responsibility of employees
themselves will be stressed. In addition, ergonomical improvement possibilities will be
discussed.
RSI Education for Supervisors
Your supervisors will learn the risk factors for RSI and how employees with RSI can be
guided. Not only the physical ergonomical aspects of RSI but also the psychological risk
factors are covered and how to deal with this on an individual level.

(continued)
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Additional file 2. (continued)
RSI and Stress
A special training for supervisors and employees about RSI as an organizational problem,
the causes of RSI and stress and ‘coping’ mechanisms will be covered extensively. The
training will be given by an ergonomist and a Personnel and Organization expert.
Computer Work Expert Course (train the trainer)
Aimed at ensuring ergonomical workstations, correct work behaviour and correct work
posture within a company or organization. After the course, the internal trainer/coach
will be able to optimally adjust a workstation for an employee, demonstrate the correct
work techniques for present and future employees and give training. He/she will be able
to recognize sticky points, correct situations, offer policy options and deal with resistance.
Training Team Building
A training of several half-days with the object to improve the team by making action
plans together, learning how to deal with differences and obtaining increased effectiveness.
Team Coaching
Team coaching can contribute to the following: learning to optimally use each others
qualities, improving cooperation, increasing productivity of the team and being more
flexible and decisive in the face of changes. Team Coaching may be used as a separate tool
as well as a continuation of the Team Building in order to coach the implementation of
the action plans.
Communication and Co-operation
A practical training of two half-days for supervisors and employees which deals with the
basic elements of effective communication.
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Abstract
Introduction: The costs of arm, shoulder and neck symptoms are high. In order to
decrease these costs employers implement interventions aimed at reducing these symptoms. One frequently used intervention is the RSI QuickScan intervention programme.
It establishes a risk profile of the target population and subsequently advises interventions following a decision tree based on that risk profile. The purpose of this study was to
perform an economic evaluation, from both the societal and companies’ perspective, of
the RSI QuickScan intervention programme for computer workers. In this study, effectiveness was defined at three levels: exposure to risk factors, prevalence of arm, shoulder
and neck symptoms, and days of sick leave.
Methods: The economic evaluation was conducted alongside a randomised controlled
trial (RCT). Participating computer workers from 7 companies (N=638) were assigned
to either the intervention group (N=320) or the usual care group (N=318) by means of
cluster randomisation (N=50). The intervention consisted of a tailor-made programme,
based on a previously established risk profile. At baseline, 6 and 12 month follow-up, the
participants completed the RSI QuickScan questionnaire. Analyses to estimate the effect
of the intervention were done according to the intention-to-treat principle. To compare
costs between groups, confidence intervals for cost differences were computed by biascorrected and accelerated bootstrapping.
Results: The mean intervention costs, paid by the employer, were 59 euro per participant in the intervention and 28 euro in the usual care group. Mean total health care and
non-health care costs per participant were 108 euro in both groups. As to the costeffectiveness, improvement in received information on healthy computer use as well as in
their work posture and movement was observed at higher costs. With regard to the other
risk factors, symptoms and sick leave, only small and non-significant effects were found.
Conclusions: In this study, the RSI QuickScan intervention programme did not prove
to be cost-effective from the both the societal and companies’ perspective and, therefore, this study does not provide a financial reason for implementing this intervention.
However, with a relatively small investment, the programme did increase the number of
workers who received information on healthy computer use and improved their work
posture and movement.
Trial registration: Trial registration number: NTR1117
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Introduction
The costs of musculoskeletal disorders are high, with conservative estimates of the
economic burden imposed to the U.S. economy, as measured by compensation costs,
lost wages, and lost productivity, between 45 and 54 billion US dollar annually, equalling approximately 0.8% of the gross domestic product [1]. Available cost estimates of
musculoskeletal disorders from 15 European countries put the cost between 0.5% and 2%
of their gross domestic products [2]. These costs include lost production, staff sickness,
compensation and insurance costs, losing experienced staff and recruiting and training
new staff, and the effect of discomfort or ill health on the quality of work [2].
Work-related arm, shoulder and neck symptoms are common in Europe, with 25% of
the workers reporting work-related neck/shoulder pain, and 15% reporting work-related
arm pain [2]. Amongst computer workers, the prevalence of arm, shoulder and neck
symptoms is high and cross-sectional studies have reported prevalence rates between 10
and 62% [3]. The total yearly costs of arm, shoulder and neck symptoms in the Netherlands due to decreased productivity, sick leave, chronic disability for work and medical
costs were estimated at 2.1 billion Euros [4].
To reduce these costs employers implement interventions aimed at reducing these
symptoms. One frequently used intervention, which has recently been developed by
an occupational health service in the Netherlands, is the RSI QuickScan intervention programme for computer workers. This multidimensional intervention program
addresses a broad spectrum of potential risk factors. It consists of a questionnaire that
generates a specific risk profile of the target population, followed by a decision tree for
selecting tailor-made interventions [5, 6]. The key cost of the this program are the costs
of purchasing the questionnaire and costs of implementing interventions, such as an
information or training session, a visit to the occupational physician, an eyesight test, an
individual workplace assessment or a task analysis.
Even though interventions aimed at reducing arm, shoulder and neck symptoms are
often used, there is a shortage of high quality studies evaluating the cost-effectiveness
of these interventions [7]. Two recent reviews evaluating the effectiveness of preventive
interventions did not find strong evidence for the effectiveness of interventions and were,
therefore, hesitant to give policy recommendations [8, 9]. A recent systematic review
by Brewer et al. [8] observed a mixed level of evidence for the general question: ‘Do
office interventions among computer users have an effect on musculoskeletal or visual
health?’ Moderate evidence was observed for: (1) no effect of workstation adjustment,
(2) no effect of rest breaks and exercise, and (3) a positive effect of alternative pointing
devices. A systematic review by Boocock et al. [9], on interventions for the prevention
and management of neck/upper extremity musculoskeletal conditions, found moderate
evidence for changes to workstation equipment and some evidence that multiple modi143
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fier interventions including or excluding exercise can have positive effects in computer
workers with arm, shoulder and neck symptoms.
Because resources to achieve the desired positive effects are often scarce, employers
and policy makers need to choose the most cost-effective intervention. This has caused a
rapid expansion of research on the economics of occupational health in recent years [10].
To be able to make evidence-based choices on which interventions to implement, reliable
information is required on both costs and benefits of interventions. Economic evaluations aim to provide this information. The objective of this study was to evaluate the
cost-effectiveness and cost-benefits, from both the societal and companies’ perspective of
the RSI QuickScan intervention programme for computer workers.
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Methods
Design and study population
This economic evaluation was conducted alongside a cluster Randomised Controlled
Trial (RCT). Measurements took place at baseline, after 6-months and 12-months. Costeffectiveness was determined after 12 months. Although the underlying mechanisms for
arm, shoulder and neck symptoms are still poorly understood [11], intervention studies
[12, 13] and clinical trials [14, 15] that proved to be effective suggest that interventions
might be effective on short term, i.e. within 6 months.
The study population consisted of computer workers from 7 Dutch organizations in
various branches, in different regions of the Netherlands. Workers with and without arm,
shoulder and neck symptoms were included. Of the 1,673 persons who were invited to
participate in the study, 1,183 persons (71%) completed the baseline questionnaire. A
total of 638 persons (54%) participated at baseline as well as at 6- and 12-months followup and were included in the statistical analyses.
The study design, protocols, procedures and informed consent form were approved by
the Ethics Committee of the Faculty of Human Movement Sciences of the VU University
Amsterdam, and all participants electronically provided informed consent before filling
out the baseline questionnaire.
The methodological details of the trial are reported in full elsewhere [6].

Randomisation
The participants were assigned to either the intervention group or the usual care group by
means of cluster randomisation (N = 50). To prevent unbalanced randomisation, workers
were pre-stratified by the Human Resource Management (HRM) departments of the
participating organizations. Organizations were asked to form clusters of approximately
the same size and with a comparable amount of computer work. Teams or departments
were left intact to avoid crossover effects and to enhance compliance within the intervention groups. The clusters from each organisation were randomly divided into an
intervention group and a usual care group. Participants were not informed about their
allocation.

Data collection
At baseline, 6- and 12-months follow-up, the workers completed the internet-based RSI
QuickScan questionnaire [5] on exposure to risk factors, and the 7-days and 6-months
prevalence of arm, shoulder and neck symptoms. The RSI QuickScan investigates the
presence or absence of potential risk factors, such as work posture and movement, job
decision latitude, relation with management and colleagues, work pace and load, work
environment factors, and furniture. A detailed description of the questionnaire can be
145
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found at additional file 1: http://www.rsiquickscan.com/research/validity/. For this study,
supplementary questions on the use of medical, alternative care resources and the use of
pain medication were added.

Intervention group
The intervention group received full feedback on their RSI QuickScan questionnaire
results. This feedback consisted of scores on a scale from 1 to 10, an interpretation of
the score and elaborate advice on the specific actions that they could personally take in
order to reduce exposure to risk factors. If workers reported severe symptoms in the arm,
shoulder and neck region, their occupational physician invited them for a consultation.
Furthermore, from the information given by the respondents, a risk profile was made,
using a traffic light risk assessment system. The risk profile was compiled also for each
cluster. If more than 30% of the participants in a cluster had a red score or more than 60%
of the participants in a cluster had a red or amber score on a certain risk factor, a tailormade intervention programme was proposed. Per risk factor a (set of) intervention(s) to
be advised to the participating organizations was pre-defined.
A set of 16 interventions aimed at reducing the risk factors in the RSI QuickScan was
available. Examples of proposed interventions were: at the individual level: an individual
workstation check and an eyesight check; at the group level: an education programme on
the prevention of arm, shoulder and neck symptoms and training on handling stress in
the workplace. A description of all interventions can be found at additional file 2: http://
www.rsiquickscan.com/research/interventions.pdf.

Usual care group
The usual care group did not receive elaborate advice on the specific actions that they
could personally take after completing the RSI QuickScan, but more general and limited
advice. Furthermore, they did not receive interventions based on the risk profile during
the time of the study. Given ethical considerations, workers who reported severe symptoms in the arm, shoulder and neck region, 35 cases in this group, were invited by their
occupational physician for a consultation. For other supplementary actions the usual care
group was put on a waiting list. Consequently, the usual care group received interventions
that were similar to those in the intervention group, but only after the study had ended.

Outcome measures
For the economic evaluation, the outcome measures were the same as those in the study
evaluating the effectiveness of the RSI QuickScan [6], namely, exposure to risk factors
[5], the prevalence of arm, shoulder and neck symptoms, and the number of days of
sick leave. The prevalence of arm, shoulder and neck symptoms was estimated with the
questionnaire, which specified 7 areas in the arm, shoulder and neck region. The total
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symptom score was a continuous measure that consisted of the sum of points scored on
the scale arm, shoulder and neck symptoms.
Sick leave was assessed for the 6-month period prior to baseline, and for 6- and
12-month follow-up. This information was gathered from company records provided by
the HRM Department, with the advantage of good coverage, accuracy and consistency
[16]. The data consisted of total sick leave, maternity leave excluded, and not solely sick
leave due to arm, shoulder and neck symptoms.

Cost measurement and valuation
Cost-effectiveness analyses were conducted from both the employers’ perspective and the
societal perspective. The workers use of medical, alternative care resources and the use of
pain medication were measured at baseline and at 6- and 12-month follow-up, using an
online questionnaire. These data were used to calculate the direct costs of arm, shoulder
and neck symptoms. In the online questionnaire, the workers were asked whether they
had used pain medication, anti-inflammatory drugs or a combination of both, due to
arm, shoulder and neck symptoms, but not what kind or how many. These costs were
therefore estimated and results were subjected to a sensitivity analysis. The costs of 40
tablets of pain medication, anti-inflammatory drugs or a combination of both, were
imputed for workers who had used these drugs in the past 6-months period. The costs
of visits to a general practitioner, medical specialist and physiotherapist were estimated
according to the Dutch manual for costing in economic evaluations [17] and were
indexed for 2006, the year in which the trial was performed (Table 1). Other intervention
costs, such as the costs of the questionnaire, training and visit to the occupational physician, were provided by the Occupational Health Service and their commercial prices were
applied.
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Table 1. Prices used in the economic evaluation.
€ (2006 values)1

Direct health care costs
General practitioner [per visit] 2

21.03

Medical specialist [per visit] 2

102.01

Physiotherapist and alternative therapist [per visit] 2

23.68

Occupational physiotherapist (1 hour) 3

121.50

Occupational psychologist (1 hour) 3

126.50

Occupational physician (20 min) 3

70.00

Direct non-health care costs
Purchased products aimed at reducing symptoms (range costs)

0 - 50

Intervention costs
RSI Quickscan - questionnaire 3

15.00

Information session ‘Computer work and RSI’ 3

30.00

Training RSI and Stress 3

90.00

Consult occupational physician (20 min) 3

70.00

Eyesight test 3

20.00

Individual workplace assessment 3

330.00

Task analyses 3

60.00

Indirect costs
Sick leave from paid labour (range costs per hour) 2

20.89 – 49.78

1 € = US $ 1.27; 2 prices according to ‘Standardisation of costs: the Dutch manual for costing in
economic evaluations’, Oostenbrink, 2004. Indirect costs for paid labour were calculated according to
the friction cost approach on the basis of the mean income of the Dutch population stratified for age
and gender [17]; 3 prices according to the professional organisation (Occupational Health Service Arbo Unie)

Costs were determined by multiplying the volume reported on each cost by the estimated
costs per unit. An overview of these costs per unit can be found in Table 1. The costs of
private purchases of specific products/tools aimed at reducing arm, shoulder and neck
symptoms were taken into account. This information was derived from the questionnaire
by two specific questions about this topic. Since these costs may be underreported and are
therefore subject to some uncertainty, the effects of a 500% increase of these costs were
estimated in a sensitivity analysis. Indirect costs of productivity loss were also taken into
account. These costs are not related to health care, but are costs as a consequence of these
symptoms, such as sick leave of productive persons in paid labour. Indirect costs caused
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by production losses were estimated using the friction cost approach, which assumes that
costs are limited to the friction period (i.e. the time it takes to find a replacement), and
that the decrease in productivity is less than 100% of the time lost at work (i.e. elasticity)
[18]. The friction period was estimated to be 154 calendar days and an elasticity of 0.8
was used [18]. Calculations were based on a mean income of the Dutch working population and indexed for 2006, according to age and gender [17].

Statistical analysis
Only workers who completed all three measurements and questionnaires were included
in the analyses. Analyses to estimate the effect of the intervention were done according
to the intention-to-treat principle [19]. Resource use, sick leave and costs were calculated
per person for the 12-months follow-up period.
Cost data are usually skewed to the right [20]. To compare costs between groups,
confidence intervals for cost differences were computed by bias-corrected and accelerated
(BCa) bootstrapping with 2000 replications [21]. Non-parametric bootstrapping is often
used to analyze cost data, because decision makers need to be able to link the summary
measure of cost per person to the overall budget impact and this can only be achieved by
the mean [22]. The scores were, therefore, expressed as the mean costs per person for the
intervention and usual care group and the difference in mean costs between both groups
over 12 months. Costs for paid labour were adjusted for 2006 values.
Cost-effectiveness analysis relates the difference in costs between the intervention
and the usual care groups to the difference in effects. A cost-effectiveness analysis was
performed on the two risk factors (‘information’ and ‘work posture and movement’) that
showed a significant positive change in the randomized controlled trial assessing the
effects of the RSI QuickScan and on two factors that did not show a significant positive
change, ‘arm, neck, shoulder symptoms’ and the number of ‘days of sick leave’ [6]. For
the cost-effectiveness analysis, effect scores on the scales ‘information’, ‘work posture
and movement’ and ‘arm, neck, shoulder symptoms’ were adjusted for baseline. In this
analysis, we used the total costs for the outcomes risk factors and prevalence.
In a cost-benefit analysis the effects are expressed as benefits in monetary units. The
difference in the monetary costs due to sick leave between the intervention group and the
usual care group was calculated. For the cost-effectiveness and cost-benefit analyses, the
number of days and costs of sick leave were calculated for the half year period, starting
6-months prior to the last measurement and adjusted for the half year period 6-months
prior to baseline. For the cost-effectiveness analysis of the outcome sick leave from a
societal perspective, only the direct costs were included to avoid double counting. From
the companies’ perspective, sick leave is a real expense in the Netherlands where the
employer pays 100% of the wage during the first year of sick leave, We included indirect
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costs of sick leave as benefit in the cost-benefit analysis performed from the companies’
perspective.
To estimate the incremental cost-effectiveness ratio (ICER), we divided the incremental
costs of the intervention group compared with those of the usual care group by the incremental effects for each of the effect measures separately. The uncertainty associated with
the incremental cost-effectiveness ratios was analysed by bootstrapping using the biascorrected percentile method with 5000 replications [23]. The bootstrapped incremental
cost/effect pairs were plotted on a cost-effectiveness plane [24], consisting of four quadrants with a horizontal axis indicating the effectiveness of the intervention in relation to
the usual care group and the vertical axis indicating the difference in costs between the
groups.
Sensitivity analyses were performed in which missing cost data for medicine use were
imputed and the costs of private purchases of specific products/tools was increased.
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Results
Resource use and costs
In both groups, resource utilization was low and there were no significant differences
between the two groups (Table 2).

Table 2. Utilization, costs and differences in costs during the 12-months follow-up period.
Resource use and costs

Intervention
(n=320)
Mean (SD)

Usual care
(n=318)
Mean (SD)

Intervention –
Usual care
Difference in costs
Mean (95% CI)

General practitioner
- no of visits
- costs 2

0.37 (1.43)
7.69 (30.12)

0.43 (1.39)
9.12 (29.22)

-1.44 (-6.05; 3.18)

Medical specialist
- no of visits
- costs 2

0.25 (1.37)
25.50 (140.14)

0.28 (1.26)
28.55 (128.38)

-3.05 (-23.95; 17.85)

Physical and alternative therapist
- no of treatment sessions
- costs 2

1.71 (5.68)
40.55 (134.50)

1.65 (4.89)
39.02 (115.81)

1.53 (-17.99; 21.05)

Occupational psychologist
- no of treatment sessions
- costs 3

0.02 (0.21)
2.37 (26.39)

0.00 (0.06)
0.40 (7.09)

1.97 (-1.03; 4.98)

Occupational physiotherapy
- no of treatment sessions
- costs 3

0.17 (1.61)
23.92 (195.11)

0.18 (1.06)
21.78 (128.17)

2.14 (-23.54; 27.82)

0.11 (0.68)
7.66 (47.87)

0.12 (0.67)
8.59 (46.89)

-0.93 (-8.30; 6.44)

14
0.16 (2.30)

11
0.03 (0.56)

0.13 (-0.19; 0.44)

10.38 (21.31)
1768.18 (3686.11)

12.50 (25.25)
2090.78 (4303.91)

-322.60 (-945.48; 300.28)

Occupational health physician
- no of visits
- costs 3
Purchased products aimed at
reducing symptoms
- % yes
- costs
Sick leave from paid labour
- no of days
- costs 2

6

Utilization, costs and differences in costs (€, 2006 values 1) of health care, non-health care resources
and sick leave per person in the intervention and usual care group during the 12-months follow-up
period. 1 € = US $ 1.27; 2 prices according to ‘Standardisation of costs: the Dutch manual for costing in
economic evaluations’, Oostenbrink, 2004. Indirect costs for paid labour were calculated according to
the friction cost approach on the basis of the mean income of the Dutch working population stratified for age and gender [17]; 3 prices according to the professional organisation (Occupational Health
Service - Arbo Unie).
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Physical and alternative therapy were the most frequently used health care resources in
both groups, with the highest cost. Approximately 14% of the participants in the study
purchased products aimed at reducing symptoms, such as a special computer mouse.
However, the mean costs of these products were low compared to the other direct costs,
especially compared to sick leave (Table 2).

Table 3. Utilization rates of interventions, mean intervention costs2 per person and the difference in
mean costs

Type of utilization

Intervention
(n=320)

Usual care
(n=318)

p-value

RSI QuickScan 3
- Utilization rate (% yes)
- Mean costs

100
15.00

100
15.00

Occupational health physician
- Utilization rate (% yes)
- Mean costs (SD)

7.8
5.90 (21.00)

6.0
4.40 (17.90)

0.36

Education on the Prevention
of RSI for Employees
- utilization rate (% yes)
- Mean costs (SD)

26.3
7.88 (13.22)

0.3
0.09 (1.68)

0.00

RSI and Stress
- Utilization rate (% yes)
- Mean costs (SD)

24.1
14.34 (32.99)

1.9
1.13 (10.04)

0.00

Eyesight check
- Utilization rate (% yes)
- Mean costs (SD)

18.8
3.75 (7.82)

6.9
1.38 (5.08)

0.00

Individual Workstation Check
- Utilization rate (% yes)
- Mean costs (SD)

2.2
11.34 (60.22)

0.9
6.23 (44.97)

0.21

Task analyses
- Utilization rate (% yes)
- Mean costs (SD)

1.3
0.75 (6.68)

0.0
0.00 (0.00)

0.05

.

Intervention –
Usual care
Difference in costs

0

1.50 (-1.53; 4.54)

7.81 (6.31; 9.25)

13.21 (9.42; 17.01)

2.37 (1.34; 3.39)

5.12 (-3.15; 13.84)

0.75 (0.02; 1.49)

Utilization rates (%) of interventions, mean intervention costs2 per person and the difference in mean
costs (€, 2006 values1) between the intervention and usual care groups during the 12-months followup period. 1 € = US $ 1.27; 2 prices according to the professional organisation (Occupational Health
Service - Arbo Unie); 3 Since there is no variation in intervention costs within the groups, SDs and 95%
confidence intervals can not be calculated.

Intervention use and costs
The utilization rates (%) of interventions during the 12-months follow-up period
are given in Table 3. All participants, regardless of group allocation, received the RSI
QuickScan. There were significant between-group differences in utilization rates for
152

Cost-effectiveness of the intervention programme

the ‘Education on the prevention of RSI for employees’, the training ‘RSI and stress’, the
eyesight check, and task analysis (Table 3). The total mean costs of the interventions were
€58.97 and €28.24 in the intervention and usual care group, respectively (Table 4 and 5).

Table 4. Mean costs for the intervention and usual care group and the difference in mean costs from
a societal perspective

Costs

Intervention
(n=320)
Mean (SD)

Usual care (n=318)
Mean (SD)
28.24 (56.11)

Intervention –
Usual care
Difference in costs
Mean (95% CI) 2

Total intervention costs 3

58.97 (84.74)

Total non-health and health care
costs 4

107.85 (426.32)
107.49 (284.68)
0.36 (-60.77; 53.04)
_________________+ _________________+ ____________________+

Total direct costs

166.82 (436.96)

135.73 (294.55)

30.73 (18.78; 41.03)

31.08 (-22.02; 80.27)

6
Mean costs per person for the intervention and usual care group and the difference in mean costs
(€, 2006 values1) between both groups over 12 months. 1 € = US $1.27; 2 95% confidence interval
obtained by bias-corrected and accelerated bootstrapping with 2000 replications; 3 prices according to
the professional organisation (Occupational Health Service - Arbo Unie); 4 prices according to ‘Standardisation of costs: the Dutch manual for costing in economic evaluations’, Oostenbrink, 2004.

Table 5. Mean costs for the intervention and usual care group and the difference in mean costs from
an employer’s perspective

Total direct costs
Total intervention costs 3

Intervention
(n=320)
Mean (SD)
58.97 (84.74)

Usual care (n=318)
Mean (SD)
28.24 (56.11)

Intervention –
Usual care
Difference in costs
Mean (95% CI) 2
30.73 (18.78; 41.03)

Mean costs per person for the intervention and usual care group and the difference in mean costs (€,
2006 values1) between both groups over 12 months. 1 € = US $1.27; 2 95% confidence interval obtained
by bias-corrected and accelerated bootstrapping with 2000 replications; 3 prices according to the professional organisation (Occupational Health Service - Arbo Unie).

In both groups, the main contributor to the total direct costs were the total non-health
and health care costs, which were slightly, but not significant, higher in the intervention
group (Table 4). There was a significant difference in total intervention costs. However,
there was no significant difference in total direct costs, which is the sum of all intervention, non-health and health care costs (Table 4).
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Table 6. Total direct costs, effects and the difference in mean costs from a societal perspective.
Intervention –
Usual care
Difference costs
and effects
Mean (95% CI)

Intervention
Mean (SD)

Usual care
Mean (SD)

information

(N=320)

(N=318)

Total direct costs

166.82 (436.96)

135.73 (294.55)

31.09 (-26.70; 88.88)

Effects (range 0 -1)

-0.22 (0.51)

-0.10 (0.47)

-0.11 (-0.19; -0.04)

work posture and movement

(N=315)

(N=317)

Total direct costs

169.23 (440.00)

136.11 (294.94)

33.12 (-25.32; 91.56)

Effects (range 0 - 11)

-0.96 (1.89)

-0.61 (2.00)

-0.35 (-0.66; -0.05)

arm, neck, shoulder symptoms

(N=312)

(N=308)

Total direct costs

170.55 (441.91)

128.11 (276.04)

42.44 (-15.48; 100.36)

Effects (range 0 – 44)

-1.36 (5.49)

-0.77 (5.92)

-0.59 (-1.48; 0.31)

sick leave from paid labour

(N=320)

(N=318)

Total direct costs

166.82 (436.96)

135.73 (294.55)

31.09 (-26.70; 88.88)

Effects (days of sick leave)

0.14 (23.71)

-0.30 (23.970)

0.44 (-3.26; 4.14)

Benefits 3 (costs of sick leave)

307.71 (3122.17)

227.51 (2847.64)

80.20 (-383.45; 543.86)

Total direct costs and effects per person for the intervention and usual care group and the difference in
mean costs (€, 2006 values 1) between both groups from a societal perspective. Mean costs and effects
for the scales ‘information’, ‘work posture and movement’ and ‘arm, neck, shoulder symptoms are
presented over a 12 months period. A negative effect value for these risk factors represents a reduction
in exposure and the desired effect. Mean costs and effects for days- and costs of sick leave are presented
over a 6 months period. A positive effect or benefit value for sick leave represents an increase in days
or costs of sick leave and an undesired effect. 1 € = US $1.27; 2 95% confidence interval obtained by
bias-corrected and accelerated bootstrapping with 5000 replications; 3 Indirect costs for paid labour
were calculated according to the friction cost approach on the basis of the mean income of the Dutch
population stratified for age and gender [17].
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Cost-effectiveness
The mean societal costs and effects per person over 12 months for the scales ‘information’,
‘work posture and movement’ and ‘arm, shoulder and neck symptoms’ show a significant
positive effect for the intervention group on received information on healthy computer
use and on work posture and movement, with a relatively small difference in total direct
costs between the groups (Table 6). The reduction of arm, shoulder and neck symptoms
was more prominent in the intervention group, but not significantly so (Table 6). Days
and costs of sick leave were higher in the intervention group. However, it is important to
note that the effects and benefits were highly non-significant, as can be derived from the
95% confidence interval of the difference in days and costs of sick leave (Table 6).

6

Figure 1. Cost-effectiveness plane for ‘Information’.
Intervention versus usual care; range 0 - 1. The individual points on the plane represent 5000 bootstrapped cost-effect pairs using the bias-corrected percentile method. The central black dot indicates the
point estimate of the incremental cost-effectiveness ratio.
The cost-effectiveness ratio (ICER) for ‘information’ was estimated at -277.58, indicating
that the cost of one point of improvement, which in this case is a negative score since
it is a reduction in risk, on a scale ranging from 0 (did receive information on healthy
computer use) to 1 (did not receive information on healthy computer use) was estimated
at €277.58.
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The intervention is significantly more effective with 85% of the incremental cost/effect
pairs located in the northeast quadrant and 15% in the southeast quadrant of the costeffectiveness plane (Figure 1).

Figure 2. Cost-effectiveness plane for ‘Work posture and movement’.
Intervention versus usual care; range 0-11. The individual points on the plane represent 5000 bootstrapped cost-effect pairs using the bias-corrected percentile method. The central black dot indicates the
point estimate of the incremental cost-effectiveness ratio.

The cost-effectiveness ratio (ICER) for ‘work posture and movement’ was estimated at
-93.82, indicating a cost of €93.82 for one point improvement on a scale ranging from
0 (perfect work posture and movement) to 11 (poor work posture and movement). The
intervention was significantly more effective with 86% of the incremental cost/effect pairs
located in the northeast quadrant and 13% in the southeast quadrant of the cost-effectiveness plane (Figure 2).
The cost-effectiveness ratio (ICER) for ‘the prevalence of arm, shoulder and neck symptoms’ indicated that the cost of one point reduction in arm, shoulder and neck symptoms,
on a scale ranging from 0 (no arm, shoulder and neck symptoms) to 44 (severe arm,
shoulder and neck symptoms) was estimated at €72.55. The intervention was more effective with 87% of the incremental cost/effect pairs located in the northeast quadrant, 8% in
the northwest quadrant, 5% in the southeast quadrant and 0% in the southwest quadrant
of the cost-effectiveness plane (Figure 3)
156

Cost-effectiveness of the intervention programme

6
Figure 3. Cost-effectiveness plane for the prevalence of arm, shoulder and neck symptoms - total
symptom score.
Intervention versus usual care; range 0 - 44. The individual points on the plane represent 5000 bootstrapped cost-effect pairs using the bias-corrected percentile method. The central black dot indicates the
point estimate of the incremental cost-effectiveness ratio.

The cost-effectiveness ratio (ICER) for ‘days of sick leave’ indicated that an investment of
€71.31 is associated with in an increase of sick leave by one day. Hence, the intervention
was generally less effective with 40% of the incremental cost/effect pairs located in the
east quadrants, 61% in the west quadrants of the cost-effectiveness plane (Figure 4). This
is, of course, an undesired effect. However, it is important to note that the effect is highly
non-significant, as can be seen from the costs-effectiveness plane and the 95% confidence
interval of the difference in sick leave days, which ranges from -3.26 to 4.14 (Table 6).

Cost-benefit
The cost-effectiveness ratio (ICER) per point change in cost of sick leave is estimated at
€0.39, which means that an investment of €0.39 is associated with an €1 increase of sick
leave costs. Obviously, this is an undesirable, but highly non-significant, effect as can be
seen from the cost-effectiveness plane (Figure 5), which had 34% of the incremental cost/
effect pairs located in the east quadrants, 66% in the west quadrants and the 95% confidence of the difference in sick leave costs (Table 6).
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Figure 4. Cost-effectiveness plane for days of sick leave.
The individual points on the plane represent 5000 bootstrapped cost-effect pairs using the biascorrected percentile method. The central black dot indicates the point estimate of the incremental
cost-effectiveness ratio.

Sensitivity analysis
Imputation of missing cost data for medicine use increased the costs in the usual care
group by €1.42 (SD = 4.45) and in the intervention group by €1.38 (SD = 4.25). The
imputation of missing cost data led to a mean difference of €31.02 (95% CI -32.32 to
76.43) in total costs.
Increasing the costs of private purchases of specific products/tools, aimed at reducing
arm, shoulder and neck symptoms, by 500% increased the cost in the usual care group to
€0.16 (SD = 2.80) and in the intervention group to €0.78 (SD = 13.98). The imputation
of missing cost data led to a mean difference of €31.60 (95% CI -19.57 to 84.30) in total
costs.
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6
Figure 5. Cost-effectiveness plane for sick leave costs.
The individual points on the plane represent 5000 bootstrapped cost-effect pairs using the biascorrected percentile method. The central black dot indicates the point estimate of the incremental
cost-effectiveness ratio.
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Discussion
This study evaluated the cost-effectiveness and cost-benefits of the RSI QuickScan intervention programme on exposure to risk factors, prevalence of arm, shoulder and neck
symptoms and sick leave in computer workers. This economic evaluation was performed
alongside a cluster randomized trial [6]. The intervention was not cost-effective
compared to usual care.

Resource use and costs
The results show only small and non-significant differences between the two groups in
the total health and non-health care resource use and corresponding costs (€0.36) after 12
months follow-up (Table 4). As expected, resource use and costs of the interventions were
significantly higher (€30.73) in the intervention group compared to the usual care group.
Total direct costs were higher (€31.08) in the intervention group, but the difference was
not significant. In this study, indirect costs due to sick leave was an outcome measure. The
cost-effectiveness results in this study are primarily viewed from a societal perspective,
because this is the broadest perspective where all costs and effects are taken into account,
regardless of who benefits from the health effects or who pays for the costs. However, the
cost-effectiveness from an employer’s perspective, which is highly relevant to decision
makers in organizations, can also be derived from the results presented.
The overall conclusion is that results of the cost-effectiveness analysis performed from a
societal perspective are similar to the results of the cost-benefit analysis performed from
a companies’ perspective. This is due to the fact that there was only a small difference
in total non-health and health care costs between the intervention and usual care group
of 0.36 euro. From a societal perspective the difference in total direct costs between the
usual care and intervention group was 31.08 Euro and from the employer’s perspective
the difference in total direct costs between the usual care and intervention group was
30.73 Euro.
The monetary investments for the interventions that have to be made by the employer
are estimated at €58.97 per person. This investment resulted in an increase in sick leave
days and sick leave costs and, therefore, this intervention was not cost-effective.

Limitations of the study
The costs of work-related arm, shoulder and neck symptoms and corresponding sick
leave in computer workers are high. One of the major reasons why organizations implement interventions is to decrease these costs [25]. However, the effect of the intervention
depends largely on a successful implementation by the management and whether
employees are applying the intervention in their daily work or not. In this study, unfortunately, most of the participating organizations did not implement all proposed preventive
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measures; although they indicated that they would try to do so at recruitment in the
study. The advised package of interventions as a whole was accepted by only one of the
seven participating organizations. The other organizations chose parts of the proposed
intervention plan, while two organizations even decided to do nothing at all. As a consequence, many workers who should have received an intervention were never offered one,
let alone participated in one. This may have added to the limited cost-effectiveness of the
RSI QuickScan intervention programme. Which factors impeded the implementation of
the interventions will be investigated in a process evaluation. However, the main reason
given by the organizations was that their available budget for these interventions was
insufficient. Further strengths and weaknesses of the cluster randomized trial have been
described extensively elsewhere [6].

Presenteeism
In this study, productivity loss was measured by sick leave. Presenteeism, when the
employee is at work, but not fully productive, was not included. Loss of productivity as a
result of presenteeism, due to arm, shoulder and neck symptoms, constitutes a substantial economic burden to employers in the Netherlands [4]. The productivity in the case
of presenteeism may vary from a relatively small decrease in productivity, to a total loss
of productivity. In a study by Martimo et al. [26], workers with arm, shoulder and neck
symptoms, on average, lost one third of their regular productivity, which in a normal
work day would correspond to 2.5 hours of lost working time. In the RSI QuickScan
questionnaire the workers were asked to indicate on a scale from 1 to 10 how efficiently
they worked on days when they were at work, but were suffering from arm, shoulder and
neck symptoms. Unfortunately, the workers were not asked to quantify the duration of
this period, which makes it impossible to estimate the associated costs. Consequently,
cost of productivity loss in this study may have been underestimated [27].

Sensitivity analysis
A sensitivity analysis is an important feature in economic evaluations, since study results
can be sensitive to the values assumed for by key parameters [22]. The parameters
concerning the direct health care costs were estimated according to the prices in the
Dutch manual for costing in economic evaluations and adjusted to calendar year 2006
[17]. This manual describes a uniform costing methodology, which makes it easier to
interpret and compare studies. The prices in the manual are widely accepted and used
for cost-effectiveness studies in the Netherlands. The parameters for intervention costs
were the actual prices according to the occupational health service that provided the
services. These prices are suitable for use since there is a well functioning, competitive
occupational health care market in the Netherlands and the used market prices are not
subsidized, nor have they got a high profit margin.
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In this study, physical and alternative therapy, such as Cesar/Mensendieck exercise
therapy, were the most used health care resources in both groups, with the highest cost.
This is quite common in the Netherlands. Approximately 13% of the Dutch population is
receiving physical therapy once per year, with an average of 18 visits per person [28].
Imputation of missing cost data for medicine use and increasing the costs of private
purchases of specific products/tools aimed at reducing arm, shoulder and neck symptoms
in the sensitivity analyses did not change the conclusions of this economic evaluation.

Comparison with other studies
Studies evaluating the (cost-) effectiveness of interventions aimed at reducing arm,
shoulder and neck symptoms are scarce [7-9] and no other cost-effectiveness study, in
which an advised set of interventions is based on a previously established risk profile,
was found in the literature. Therefore, this article provides new information for decision
makers and occupational health professionals on the effectiveness and cost-effectiveness
of such an intervention strategy for computer workers. Unfortunately, since no similar
cost-effectiveness study was found in the literature, the evidence on the lack of effectiveness of this strategy is limited. Still, a few studies on the cost-effectiveness of preventive
interventions aimed at reducing arm, shoulder or neck symptoms, in different working
populations, have been published in the last decade. A study by Yeow et al. [29] on the
cost-effectiveness of simple and inexpensive ergonomic improvements in test workstations of an electronics factory, found average savings in yearly rejection cost (i.e. costs
as a results of customers returning defect products), reduction in rejection rate, increase
in monthly revenue, improvements in productivity and other benefits. Even though the
setting of Yeow’s study, an assembly factory in an industrially developing country, was
quite different from ours, one of the implemented ergonomic interventions, an optimization of the workstation design, was also one of the interventions used in our study.
Several other randomized controlled trials have shown some promising results, but
did not include a cost-effectiveness analysis. A study by Ketola et al. [30] that evaluated
the effect of an intensive ergonomic approach and education on workstation changes
and musculoskeletal disorders among computer workers, found that both the intensive ergonomics approach and education in ergonomics did help to reduce discomfort
in computer work. A study by Bohr [31] found that computer workers who received
education reported less pain/discomfort and psychosocial work stress following the intervention than those who did not receive education.
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Conclusions
In conclusion, the RSI QuickScan intervention programme was not cost-effective
compared to usual care. This might be caused by the fact that a large percentage of
workers did not receive the advised intervention. For those who did receive an intervention, the duration and intensity of the interventions was often low. However, the
programme did increase the number of workers who received information on healthy
computer use and improved their work posture and movement at relatively modest costs.

Additional material
Additional file 1. RSI QuickScan questionnaire
The file provides a detailed description of the content of the RSI QuickScan questionnaire.
[http://www.rsiquickscan.com/research/questionnaire.pdf]
Additional file 2. Interventions in the RSI QuickScan intervention programme.
The file provides a description of all 16 interventions that were part of the RSI QuickScan
intervention programme. [http://www.rsiquickscan.com/research/interventions.pdf]
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Aim and main findings
The aim of this thesis was to: 1) assess the reliability, consistency and validity of the RSI
QuickScan questionnaire, and 2) assess the (cost-) effectiveness of the RSI QuickScan
intervention programme with respect to the prevalence of arm, shoulder and neck symptoms, exposure to risk factors, and sick leave in a population of computer workers.
In this chapter, the main results of the different studies are summarized and interpreted
in light of the three research questions that were posed in the General Introduction.
Strengths and weaknesses of the performed studies are discussed and final conclusions
are drawn. Recommendations for occupational health practitioners and recommendations for further research are given at the end of this chapter.

Summary of the main findings
Is the RSI QuickScan questionnaire reliable, consistent and valid?
The results show that, firstly, the RSI QuickScan questionnaire, which aims to identify
the presumed risk factors for neck, shoulder, and arm symptoms in a population of
computer workers, is a measurement tool with acceptable internal consistency, reliability
and concurrent validity (chapter 2). Secondly, the RSI QuickScan questionnaire proved to
be a moderately valid instrument to collect data on the prevalence of arm, shoulder and
neck symptoms, and a valid instrument to collect data on the absence of these symptoms
(chapter 3). Thirdly, high scores on 9 out of 13 scales, including previous symptoms, were
significantly related to arm, shoulder and neck symptoms at follow-up, which provides
support for the predictive validity of the RSI QuickScan questionnaire (chapter 4).
Is the RSI QuickScan intervention programme (cost-) effective in reducing the
prevalence of arm, shoulder and neck symptoms, exposure to risk factors, and sick
leave in a population of computer workers?
The effectiveness of the RSI QuickScan intervention programme in this study was limited.
However, some significant positive effects were found, i.e. an increase in number of
workers that had received education and a decrease in exposure to adverse postures and
movements. With regard to symptoms and sick leave, only small and non-significant
effects were found (chapter 5).
Because of this, the RSI QuickScan intervention programme did not prove to be costeffective from the societal and companies’ perspectives. Therefore, this study did not
provide a financial reason for implementing this intervention. However, with a relatively
small investment, the programme did increase the number of workers who had received
education on healthy computer use and who improved their work posture and movement
(chapter 6).
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The RSI QuickScan questionnaire
Are we asking the right questions?
The RSI QuickScan questionnaire contains questions on assumed physical and psychosocial risk factors. In 2003, the questions in the questionnaire were constructed or selected
on the basis of an analysis of the literature on arm, shoulder and neck symptoms and
discussions with experts in the field. Since then, various longitudinal studies have been
performed [1-4]. Whilst considerable research exists on potential health risks associated with computer work, based on studies with objective measures of computer use, the
debate is still ongoing regarding the strength of the evidence to support the hypothesis
that computer work is an occupational risk factor for arm, shoulder and neck symptoms
[1-3]. The question remains whether the different risk factors in the RSI QuickScan questionnaire are indeed linked to a higher risk of arm, shoulder and neck symptoms.
In the following paragraph, the results of this thesis with regard to the risk factors
are summarized, the current state of scientific evidence on the hypothesized relationship between several specific risk factors and symptoms is presented, and the associated
possible pathophysiological pathways are discussed. Furthermore, the question of
whether all scales should still be part of this questionnaire or whether some should be
removed is discussed.

Education on healthy computer work
The scale ‘information’ did not predict arm, shoulder and neck symptoms at any of
the investigated time lags in our longitudinal study. Although, education on healthy
computer work has been advocated as a prevention method for reducing the incidence
and severity of arm, shoulder and neck symptoms [5, 6], the effectiveness of education
is debatable [7]. However, it should be recognized that for organisations, this question
on education is also important for another reason. Informing employees on healthy
computer use and the risks involved with computer work is a requirement by law in the
Netherlands. Providing organisations with information on the number of workers that
have received education, gives them valuable information on whether their organisation is in compliance with Dutch occupational health law. This may be another reason
why ergonomic training is common within many occupational settings. There is some
support for effectiveness of education. A study by Bohr [7] showed that workers who
received education reported less pain/discomfort and psychosocial work stress following
the intervention than those who did not receive education. In two studies by Amick et
al. [8] and Robertson et al. [9], a combination of office ergonomics training and a highly
adjustable chair showed the best results. When computer workers successfully implement
their knowledge of computer workstation ergonomics and work technique this may result
in a decrease of musculoskeletal loading. For example, often a computer worker will rest
171
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his/her hand on or just above the mouse, during which the muscles remain activated,
for instance, whilst viewing the computer screen or doing something else [3]. When this
extended wrist posture is sustained for a long time it is assumed to be a risk factor for
developing musculoskeletal symptoms in the arm and hand [10]. Education on healthy
computer work may inform computer workers of this risk and teach them to relax the
hand by placing it on the desk, when they are not operating the mouse. This may lead to
a behavioural change, which may result in less static load and more micro breaks for the
upper extremity. In turn, this may prevent muscle damage and, subsequently, prevent
muscle disorders. Although, in our study, lack of education on computer work and health
did not predict future arm, shoulder and neck symptoms, the reviewed studies did find
positive effects [5-9]. Furthermore this question provides the management with valuable
information on whether their organisation is in compliance with Dutch occupational
health law. Because of the aforementioned, it is suggested that this question should
remain to be part of the RSI QuickScan questionnaire.

Duration of computer work
The scale ‘work hours’ did not predict arm, shoulder and neck symptoms at any of the
investigated time lags in our longitudinal study. However, the hypothesized relationship
between the (self-reported) duration of computer work and arm, shoulder and neck
symptoms has been supported in several investigations [3, 11-15]. A recent review by
IJmker et al. [3] provided only moderate evidence for an association between the duration of mouse use and the incidence of hand–arm symptoms. Nevertheless, the duration
of computer work may well be a risk factor [4], since the low number of currently available high-quality studies prevents drawing a firm conclusion. The “Cinderella hypothesis”
provides a possible explanation why prolonged, low level muscle activity as a result of
computer work over a longer duration of time may cause symptoms. Because of the
aforementioned, it is suggested that this question should remain to be part of the questionnaire.
Work posture and movement
The scale ‘work posture and movement’ did predict arm, shoulder and neck symptoms
at all investigated time lags in our longitudinal study. Furthermore, several other studies
have shown poor work posture and movement to be a possible risk factor for arm,
shoulder and neck symptoms [12, 16-20] . Sustained awkward postures, such as increased
wrist extension [21] or working with forearm pronation during use of a conventional
mouse and keyboard [22], are among the most consistently observed risk factors for arm,
shoulder and neck symptoms. Mouse use [1, 3, 23] and extreme wrist postures, e.g. ulnar
deviation greater than 20º [12] are assumed to be risk factors. Wrist extension increases
the fluid pressure in the carpal tunnel 10-fold and wrist flexion increases it 8-fold [24, 25]
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and this may result in median nerve compression at the wrist and, subsequently, carpal
tunnel syndrome [26]. Pronation is a posture that may cause increased forearm muscle
loads and elevated tissue pressures [22]. Postural invariance is a risk factor for musculoskeletal disorders [27]. Poor work posture and movement may entail sustained muscle
activity which results in homeostatic disturbances in muscle tissue and may cause an
accumulation of metabolites, stimulating nociceptors [28]. According to the nitric oxide/
oxygen ratio hypothesis presented by Eriksen [29], prolonged head-down neck flexion
at work may cause neck myalgia when low-level contractions in the trapezius muscle
are combined with sympathetic vasoconstriction. Because of the aforementioned, it is
suggested that this question should remain to be part of the questionnaire.

Work environment factors
The scale ‘work environment factors’ did predict arm, shoulder and neck symptoms
at two (6 and 18 months) of the four investigated time lags in our longitudinal study.
However, it did not yield significant results at the other two time lags (12 and 24 months).
Substandard work environment factors (e.g. poor lighting, temperature and acoustic
conditions) can elevate stress [30]. As environmental stressors, the physical features and
properties of the office can influence physiological processes and limit performance [30].
In a study by Korhonen et al. [31], data were collected using questionnaires, containing
questions on physical work environment (lighting conditions, temperature, quality of the
air, size of the working room, and acoustic conditions in the work environment). Results
from their study showed that a poor physical work environment increased the risk of
neck pain. Evans and Johnson [27] found that participants were less likely to make ergonomic, postural adjustments in their computer work station while working under noisy,
relative to quiet, conditions. Rocha et al. [32] performed a study on risk factors for musculoskeletal symptoms among call center operators of a bank. Their results showed that
inadequate thermal comfort is associated with an increased risk (OR 3.06, 95%CI:1.098.62) for neck/shoulder symptoms. As an effect modifier, substandard work environment
factors may increase muscle tension and may continuously activate certain muscle fibers.
This may result in low-intensity loading due to continuous firing of low threshold motor
units. Because of the aforementioned, it is suggested that this question should remain to
be part of the questionnaire.
Visual strain and visual discomfort
The scale ‘eyesight’ did predict arm, shoulder and neck symptoms at all investigated time
lags in our longitudinal study. Furthermore, results from a study by Woods [33] showed
high prevalence rates of self-reported musculoskeletal pain/discomfort and visual strain
symptoms among data processors. Although relatively few studies have investigated
visual strain, it has been linked to musculoskeletal symptoms [34]. In an intervention
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study by Aarås et al. [35], the effects of visual strain and visual discomfort were investigated. The ergonomic serial interventions consisted of a new lighting system, new
workplaces and finally an optometric examination and corrections if needed. The two
intervention groups reported significant improvement of the lighting conditions, as well
as of the visual conditions and significantly reduced visual discomfort and glare. Two
years after the intervention, a significant reduction of shoulder pain was reported in the
intervention groups, parallel with a significant reduction in static trapezius load, while no
such reduction was found in the control group. The questionnaire was found to be a reliable and consistent instrument for easily assessing eye complaints in office work. Visual
strain and visual discomfort may increase muscle tension and may continuously activate
certain muscle fibers [35]. Furthermore, poor eyesight may lead to poor posture, such as
an anteroposition of the head and/or elevated shoulders over longer periods of time. This
may result in low-intensity loading due to continuous firing of low threshold motor units.
Because of the aforementioned, I suggest that a scale on visual strain and visual discomfort should remain to be part of the questionnaire. However, since the current scale
consist of merely one question and provides limited information on visual strain and
visual discomfort, it is suggested to replace the current scale with the newly developed
and more extensive questionnaire on eye-complaints by Steenstra et al. [36].

Furniture
The scale ‘furniture’ predicted arm, shoulder and neck symptoms at one (12 months)
of the four investigated time lags in our longitudinal study. It did not yield significant
results at the other three time lags (6, 18 and 24 months). Results from the validation
study showed that this scale had a very poor internal consistency. A study by Nelson
and Silverstein [37] found that improved chair comfort was associated with a reduction
in neck/shoulder/back symptoms. Although several laboratory studies have shown the
impact of chair design [38] surprisingly, little evidence exists as to whether office ergonomic interventions significantly reduce musculoskeletal injury incidence [8]. However,
poorly designed furniture may prevent workers from assuming a correct work posture
and inhibit healthy movement. Poor office furniture may, consequently, facilitate workers
to adopt harmful work posture and movement. Therefore, the same pathophysiological
hypotheses apply as for poor posture and movement. Since the predictive validity of
this scale is limited to only the 12 month time lag and because this scale on furniture
previously also has shown to have a very poor internal consistency, it seems advisable to
remove the current scale on furniture from the questionnaire. However, the poor results
on the predictive validity might be explained by the high standard of office furniture
in the study population and may be representative of the situation in the Netherlands,
leaving little contrast between ergonomically ‘poor’ and ‘good’ furniture. Because of the
aforementioned, it should be investigated whether there remains room for improvement
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of furniture in the typical Dutch work situation. If so, it is suggested to construct an
improved scale on furniture, with sufficient internal consistency, to replace the current
scale on furniture. If not so, it is suggested to remove the scale on furniture from the
questionnaire.

Workstation physical attributes
The scale ‘computer workstation physical attributes’ did not predict arm, shoulder and
neck symptoms at any of the investigated time lags in our longitudinal study. Results
from the validation study showed that this scale had a very poor internal consistency.
However, a study by Straker et al. [39], comparing a traditional computer mouse and a
vertical computer mouse in uninjured office workers, showed that discomfort tended to
be slightly lower for some workers during vertical mouse use. Two studies by Aarås et al.
[17, 18] showed that a more neutral position of the forearm and wrist/hand when using
Anir mouse reduced significantly the pain in the neck, shoulder, forearm and wrist/hand
for computer workers having pain in these areas. The pain reduction lasted for at least 2.5
years. Rempel et al. [21] evaluated the effects of a trackball on upper body pain severity
and incident musculoskeletal disorders and found both positive effects and no effects for
a trackball compared to a conventional mouse. Two randomised controlled intervention
studies have shown that the use of a split, gabled keyboard can reduce or prevent hand
and arm pain and musculoskeletal disorders among computer users [40]:
1) Tittaranonda et al. [41] provided evidence that keyboard users may experience
a reduction in hand pain after several months of use of some alternative geometry
keyboards, and 2) Moore and Swanson [42] showed that fixed-split ergonomic keyboards
reduce the incidence of new neck symptoms among an asymptomatic population after
extended use. The incidence of underarm and hand symptoms was also lower, but this
effect was not statically significant. McLoone and colleagues [43] stated that research
has shown that fixed-split, ergonomic keyboards lessen the pain and functional status
in symptomatic individuals as well as reduce the likelihood of developing musculoskeletal disorders in asymptomatic typists over extended use. A review by Fagarasanu and
Kumar [44] on carpal tunnel syndrome (CTS) due to keyboarding and mouse tasks,
concluded that there is a strong evidence of a causal relation between keyboarding and
pointing devices on the one hand and CTS occurrence on the other. The prevalence of
CTS in the adult general population in the Netherlands is estimated at 0.6% in men and
9.2% in women [45]. The onset of arm, shoulder and neck symptoms may be explained
by the same pathophysiological pathways as described for posture and movement, but
this remains controversial. The scale on computer workstation physical attributes did
not predict arm, shoulder and neck symptoms at any of the investigated time lags in our
longitudinal study and previously has shown to have a very poor internal consistency.
A systematic review by Brewer et al. [46] on intervention studies among computer users
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concluded that the use of an alternative mouse can prevent musculoskeletal disorders.
While results from several studies suggest that the use of an alternative computer mouse
[17, 18, 39, 40] and keyboard [40-44] may be beneficial, these studies do not provide
conclusive evidence that the interventions would result in the primary prevention of
arm, shoulder and neck symptoms in a working population. Most of the positive effects
are found in symptomatic workers [17, 18, 41, 43]. Therefore, it is suggested to remove
the scale on computer workstation physical attributes from the risk profile and only
to present this scale to workers with symptoms, thus using this scale in the secondary
prevention of symptoms. Furthermore, it is suggested to construct an improved scale on
computer workstation physical attributes, with sufficient internal consistency, to replace
the current scale on computer workstation physical attributes.

Work tasks
The scale ‘work tasks’ did predict arm, shoulder and neck symptoms at all of the investigated time lags in our longitudinal study. Harkness et al. [47] found that monotonous
work was a strong risk factor for new onset of shoulder pain. Moreover, it has been generally accepted that a posture involving static muscle work increases the risk of developing
symptoms [48]. There is evidence that switching tasks coincides with variation of posture
[49]. Monotonous work tasks, such as typing for most of the day, are common for office
workers [50]. An example of an office worker with monotonous work tasks, and who’s
case was presented in the introduction chapter [51], is the legal secretary Kristina, who
typed for six or seven hours a day. There is evidence that low-intensity loading can result
in arm, shoulder and neck symptoms, provided that the loading takes place over a longer
period of time [52-55] Therefore, when organising computer work it is important to allow
for variation with other work tasks, thereby avoiding working with the computer during
all the work time [56]. Because of the aforementioned, it is suggested that the question on
monotonous work tasks should remain in the questionnaire.
Decision authority
The scale ‘job decision latitude’ did predict arm, shoulder and neck symptoms at three (6,
12 and 18 months) of the four investigated time lags in our study. Since the construction
of the RSI QuickScan questionnaire, some longitudinal studies on the effect of workrelated psychosocial factors on neck and upper extremity symptoms have been published.
These studies show that high work demands or little control at work are related to these
symptoms. However, this relationship is neither very strong nor very specific [57]. A
systematic review on psychosocial risk factors for neck pain found some evidence for a
positive relation between neck pain and low decision authority [58]. A prospective cohort
study also found indications that low decision authority is a risk factor for neck pain [59].
Psychosocial stressors are not only associated with psychosomatic complaints and health
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indicators, but also with musculoskeletal problems, both acute and chronic [60]. As an
effect modifier, psychosocial workplace characteristics, such as high mental load and job
demands, may increase muscle tension and continuously activate certain muscle fibers.
This may result in low-intensity loading due to continuous firing of low threshold motor
units. Because of the above, it is suggested that the scale on low decision authority should
remain in the questionnaire.

Psychosocial work conditions
The scale ‘work relations with management and colleagues’ did predict arm, shoulder
and neck symptoms at two (6 and 12 months) of the four investigated time lags in our
longitudinal study. However, it did not yield significant results at the other two time lags
(18 and 24 months). Several studies on adverse psychosocial work conditions have generally found an increased risk for musculoskeletal problems [58, 60, 61]. Crawford and
colleagues [56] observed that, although psychosocial factors were found to be implicated
in the aetiology of all types of musculoskeletal disorders, they appear to have more of an
impact in the neck and shoulder region. As an effect modifier, adverse psychosocial work
conditions, may increase muscle tension and continuously activate certain muscle fibers.
This may result in low-intensity loading due to continuous firing of low threshold motor
units. Although our own results only showed positive results on two of the four time lags,
several other studies did find more consistent results. Because of the aforementioned, it is
suggested that this scale should remain in the questionnaire.
Work pace and load
The scale ‘work pace and load’ did predict arm, shoulder and neck symptoms at two (6
and 12 months) of the four investigated time lags in our longitudinal study. However, it
did not yield significant results at the other two time lags (18 and 24 months). Results
from a review by Griffiths, Mackey and Adamson [62] showed that, in response to
workload, deadlines and performance monitoring pressures, many professional workers
are encouraged to perform long hours of computer work with high mental demands.
Furthermore, their results showed that work at a hectic work pace and with inadequate
work breaks is a risk factors for work-related musculoskeletal symptoms [62]. In a review
by Bongers et al. [63], an association between at least one work-related psychosocial
factor and adverse upper extremity symptoms or signs was found in the large majority of
the reviewed studies. High perceived job stress was consistently associated with all upper
extremity problems. Unfortunately, drawing firm conclusions on the role of these factors
in the aetiology of upper extremity problems was not possible due to the cross-sectional
nature of most studies. The objective of a study by Hughes et al. [64] was to quantify the
effects of mental workload and time pressure on perceived workload and physiological
responses of the distal upper extremity. Their result showed that increased time pressure
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increased muscle activation, key strike force and wrist deviations; and increased mental
workload increased key strike force. Moreover, mental workload and time pressure mediated physical risk factors during typing to increase the risk for work-related distal upper
extremity disorders. As an effect modifier, adverse psychosocial work conditions, may
increase muscle tension and continuously activate certain muscle fibers. This may result
in low-intensity loading due to continuous firing of low threshold motor units. Because
of the aforementioned, it is suggested that the questions on work pace and load should
remain in the questionnaire.

Recovery time
The scale ‘recovery time’ did predict arm, shoulder and neck symptoms at all investigated
time lags in our longitudinal study. In a study by Sluiter et al. [65], results from six studies
on work demands were assessed through validated scales. Strong associations between
work demands and need for recovery were found in different occupations. The prospective data showed the prognostic value of need for recovery in relation to subjective health
complaints and duration of future sickness absence. Sluiter and colleagues concluded
that the hypothesised role for work-related fatigue as a link in the causal string of events,
that is assumed to exist between repeated adverse work demands and the development of
work-related stress reactions, (psychological) overload and, eventually, health problems,
was confirmed. The pathophysiology of need for recovery in relation to arm, shoulder
and neck symptoms is consistent with previously proposed pathophysiological pathways.
Because of the aforementioned, it is suggested that the scale recovery time should remain
in the questionnaire.
Arm, shoulder and neck symptoms
The scale ‘arm, shoulder and neck symptoms’ did predict arm, shoulder and neck symptoms at all investigated time lags in our longitudinal study. Previous arm, shoulder and
neck symptoms have shown to be good predictors of future symptoms [66-69]. Since
the scale on previous symptoms is a significant predictor of recurrent symptoms, it can
be suggested that musculoskeletal symptoms are persistent or recurrent [66]. Results
from a study by Descatha et al. [67] showed that positive answers to a self-administered
questionnaire were associated with a higher prevalence and incidence of upper extremity
musculoskeletal disorders three years later in a population exposed to highly repetitive
work. Descatha and colleagues recommended that workers who are highly exposed to
repetitive movements should be followed closely in surveillance programmes and to pay
special attention to those who report symptoms. Muscle activity can ultimately result in
a stimulation of nociceptors. Nociceptor activation may, subsequently, lead to further
increased muscle activity. Furthermore, the pain resulting from nociceptor activity can
cause increased sympathetic activity leading to decreased blood circulation and increased
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levels of muscle activity. In addition, in the long run a reduction of the pain threshold and
an increase of pain sensitivity can develop [28, 55]. Because of the aforementioned, it is
suggested that the questions on work-related arm, shoulder and neck symptoms should
remain in the questionnaire.

Are we asking the right questions?
As noted above, there is no conclusive evidence that computer work or exposure to the
risk factors included in the RSI QuickScan questionnaire are an occupational risk factors
for arm, shoulder and neck symptoms. However, also recent research indicates that the
risk factors in the RSI QuickScan questionnaire may play a role in the onset of arm,
shoulder and neck symptoms, partly because there is (moderate) evidence for these risk
factors or there is a pathophysiological and etiological plausibility that these factors play
a role in the development of arm, shoulder and neck symptoms. Therefore, it is suggested
to maintain the current content of the questionnaire except for the three changes to the
questionnaire that have been suggested in the previous paragraphs. Firstly, to replace
the current scale on visual strain and visual discomfort with the newly developed eyecomplaint questionnaire by Steenstra et al. [36]. Secondly, if there appears to be room for
improvement in furniture, to construct an improved scale on furniture with sufficient
internal consistency, to replace the current scale on furniture. Thirdly, to remove the scale
on computer workstation physical attributes from the risk profile and only to present this
scale to workers with symptoms. Furthermore, this scale needs to be improved so that is
has sufficient internal consistency.

Determining the optimal cut-off points
The aim of the RSI QuickScan questionnaire is to identify risk factors for arm, shoulder
and neck symptoms in a population of computer workers on both an individual and a
group level. Since the cause of arm, shoulder and neck symptoms can vary from mainly
physical, to psychosocial and personal factors, or a combination of all of these, the
questionnaire consists of several topics on work and office ergonomics. For each of these
topics, it is important to set a cut-off value that will correctly detect as many computer
workers as possible with a high risk for arm, shoulder and neck symptoms or symptoms
(true positives). Simultaneously, it is important to avoid labelling workers with a low
risk for arm, shoulder and neck symptoms or symptoms as positive for the test (false
positives). In its current form, cut-off points were determined prior to obtaining information on the predictive validity. A score of 30% or less of the maximum on a scale was
classified as a low risk, colour coded ‘green’. A score of 31% to 60% of the maximum on
a scale was classified as a medium risk, colour coded ‘amber’. A score of 61% or more
of the maximum on a scale was classified as a high risk, colour coded ‘red’. The optimal
cut-off points may vary for the different factors in the RSI QuickScan questionnaire.
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From a preventive point of view a high sensitivity (i.e. picking up everyone with a high
risk or symptoms) would be preferable, especially if the interventions have no or limited
side effects. Determining the optimal cut-off points of each of the scales could improve
the quality of the questionnaire. In theory, the optimal cut-off point for arm, shoulder
and neck symptoms is achieved with 100% sensitivity, when all respondents who are
suffering from serious symptoms are correctly identified by the questionnaire, and with
100% specificity, when all respondents who are not suffering from serious symptoms are
also correctly identified. In practice, obtaining perfect sensitivity and specificity in the
identification of arm, shoulder and neck symptoms, solely with a questionnaire, will not
be feasible. Further research to determine the optimal cut-off points of each of the scales
by calculating optimal sensitivity and specificity is recommended.

Usability
Response rate
Besides the clinimetric properties of a questionnaire, usability aspects also play an
important role. The RSI QuickScan questionnaire is a self-administered internet-based
questionnaire. There are many advantages of online surveys, i.e. that the respondents can
fill out the questionnaire at a time and place that suites them best. However, there are
also some pitfalls that need to be taken into account. Nielsen and Norman [70] state that,
“Studies of user behaviour on the Web find a low tolerance for difficult designs or slow
sites. People don’t want to wait. And they don’t want to learn how to use a home page.
There’s no such thing as a training class or a manual for a Web site. People have to be able
to grasp the functioning of the site immediately after scanning the home page for a few
seconds at most.” Thus, when a site is not ‘user-friendly’, respondents will leave the site
before they have completed the questionnaire. Even though response representativeness
is more important than response rate in survey research, response rate is important if it
bears on representativeness [71]. The response rates of the RSI QuickScan questionnaire
had a very large variation, ranging from 24% to 97%, depending on the participating
organisation. In order to obtain maximal response rates, special attention was given to
the usability design of the RSI QuickScan site. This was done by making the navigation
easy to understand and quickly to use. To keep respondents motivated to complete the
questionnaire, instant and clear feedback on their results was provided. This resulted in
a very limited number, approximately 1%, of incomplete questionnaires, after one initial
and two reminder e-mails.
Length of the questionnaire
Other important characteristics of a questionnaire are the number of questions it
contains, the questionnaire length and the total amount of time needed to complete the
questionnaire. In general, a questionnaire should be as concise as possible, because this
180

General discussion

will enhance the overall response rate [72, 73]. The low number of incomplete questionnaires suggests that respondents did not find the list too long. The RSI QuickScan
questionnaire is usually filled in during work hours. On average, it takes approximately
15 minutes to complete the questionnaire. From an employer’s perspective, when the
respondent is filling in the questionnaire during work hours, the shorter the questionnaire, the less time is lost. A couple of minutes extra needed to fill in a questionnaire may
not seem much, but questionnaires are often used for large groups and it can mean many
hours of lost productivity to an employer. Therefore, scales that have not been proven to
be of sufficient quality should be improved or removed.
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Effectiveness of the RSI QuickScan intervention
programme
In case of negative results, one should distinguish between programme and theory failure.
The way to do this is to study all steps in the intervention process [74]. Rychetnik and
colleagues [75] state that the evaluation of evidence must distinguish between the fidelity
of the evaluation process in detecting the success or failure of the implementation of an
intervention, and the success or failure of the intervention itself. Moreover, if an intervention is unsuccessful, then the evidence should help to determine whether the intervention
was inherently faulty (that is, failure of intervention concept or theory), or just badly
delivered (failure of implementation). Even if the rationale behind the intervention is
valid, a theory failure may still occur when the dose of the intervention is insufficient.
For example, a one hour training session on healthy computer use can provide workers
with information on good posture and work technique. In theory, this may lead to less
low-intensity loading and fewer symptoms, subsequently. However, in order to achieve
a behavioural change with regard to work posture and work technique that will remain
over a longer period of time, a longer duration of the training or repeating the training
session at certain time intervals, may be needed. Therefore, even if the rationale behind
the intervention may be correct, if the dose of the intervention is flawed, then it may be
overly optimistic to expect that a relatively modest intervention is enough to catalyze a
series of events that could build on each other and lead to significant improvements in
the outcome measures.
To assess if a programme or a theory failure, or a combination of both has taken place,
the intervention should be evaluated in two ways. Firstly, by evaluating the outcome of
the intervention. The results of this evaluation have been described in chapters 5 and 6.
Secondly, by evaluating the implementation process. In this process, the factors that
impeded or facilitated the process are defined [76].
It is worth noting that the design of our study does not allow conclusions on the effectiveness of single interventions. However, it does allow conclusions on the effectiveness of
interventions in combination with the RSI QuickScan questionnaire.

Assessment of the implementation process of interventions
As described in the general introduction, the intervention programme starts with the
internet-based RSI QuickScan questionnaire. In case of a high risk on one or more of
the scales in the questionnaire, a tailor-made intervention programme was proposed
to the management of the organization. When the intervention was accepted by the
management, subsequently, a tailor-made intervention programme was proposed to the
participants with a high risk profile at baseline (Figure 1).
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7
Figure 1. Flowchart of the RSI QuickScan intervention programme for computer workers.

For an intervention to be effective, a successful implementation process is of vital importance. As Kompier notes [77], the success of an intervention may depend more on the
implementation process than on the intervention measure itself. Hence, it is important to
evaluate not only the interventions, but also the implementation process.

Assessment of the effectiveness of the interventions
The effectiveness of the RSI QuickScan intervention programme was limited. The RSI
QuickScan intervention programme comprises a total of 16 interventions, aimed at
reducing the risks associated with each of the factors in the RSI QuickScan. However,
only six interventions were implemented in the study presented in chapters 5 and 6:
a consultation with the occupational health physician, education on the prevention of
RSI for employees, a training session on RSI and stress, an eyesight check, an individual
workstation check, and a task analysis. Non-implemented interventions were: a training
on-the-job, a training course on assertiveness and negotiation, individual coaching, a
time management course, a training on stress management for supervisors, a course on
handling stress in the workplace, advice on initiating an RSI policy, an RSI education
session for supervisors, a computer work expert course (train the trainer), a training on
team building, team coaching, and a training on communication and co-operation. The
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majority of these non-implemented interventions have an indirect relationship with arm,
shoulder and neck symptoms or their risk factors.
The literature on the effects of interventions on arm, shoulder and neck symptoms
among computer users is extensive and several systematic reviews of the literature have
been performed, summarizing the state of the evidence. Unfortunately, these studies did
not find many effective interventions. A review by Boocock et al. [78] did not identify
one single intervention strategy that was considered effective for all types of industrial
settings. However, they did find some evidence for positive health effects after work
environment/workstation adjustments in computer workers with neck/upper extremity
conditions. There is some evidence that exercise and other multiple modifier interventions (i.e. cognitive behavioural training and education) have positive effects in workers
with neck/upper extremity conditions. Results from a study by Shiri et al. [79] suggest
that an early ergonomic intervention reduces sickness absence due to upper-extremity
or other musculoskeletal disorders. A systematic review by Brewer et al. [46] found
moderate evidence for no effect of workstation adjustments and also no effect of rest
breaks together with exercise during the breaks. However, the review did find a positive
effect of alternative pointing devices on musculoskeletal outcomes. There was insufficient
evidence to determine whether stress management training has an effect on musculoskeletal outcomes since there was only one study. Four studies in the review provided mixed
evidence of the effect of ergonomics training on musculoskeletal outcomes. There was
insufficient evidence to conclude that lighting, workstation adjustment and computer
glasses have an effect on musculoskeletal or visual outcomes with only one study. There
was a mixed level of evidence that alternative keyboards have an effect on musculoskeletal outcomes. There was mixed evidence about the effect of breaks on musculoskeletal
outcomes. A systematic review by Driessen et al. [80] on the effectiveness of physical
and organizational ergonomic interventions on low back pain and neck pain found that
ergonomic interventions are usually not effective for preventing or reducing low back
pain and neck pain among non-sick listed workers. However, the limited number of RCTs
included made it difficult to answer the broad research question and the results should
be interpreted with care. A systematic review by Verhagen et al. [81] on the secondary
prevention of work related arm, shoulder and neck symptoms found limited evidence for
the effectiveness of exercise .
Even though these five reviews did not identify a single intervention strategy with
strong evidence (i.e. consistent findings in multiple RCTs of high quality) for effectiveness, Boocock and colleagues did provide some support for a few of the implemented
interventions, such as an education on healthy computer work or an individual workstation check [78]. However, it should be noted that these positive findings were obtained in
a population of workers with symptoms and not in a general working population. There
are other promising interventions, such as exercise and alternative pointing devices, with
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some evidence for positive health effects that are currently not part of the RSI QuickScan
intervention programme.
Interventions in the RSI QuickScan intervention programme are aimed at reducing the
risks associated with each of the factors in the RSI QuickScan. However, interventions
might also be aimed at the symptoms that the risk factors are associated with and more
specifically at the locations of the symptoms. Although the RSI QuickScan questionnaire
does provide information on the location of the symptoms, this information is currently
not being used for the selection of specific interventions. Previous research shows that
different risk factors of computer work are associated to different effects; e.g. mechanical
factors and arm symptoms versus psychosocial aspects and neck/shoulder symptoms [3,
63, 82, 83]. Results from a study by Bloemsaat et al. [82] showed an increased activity of
the executive distal musculature during tapping at a higher pace, while the activity of the
postural upper limb musculature was elevated due to a memory task. A study by Laursen
et al. [83] found increased muscular activity in the neck while working with the mouse
when compared to working with the keyboard. This finding may be related to higher
visual and mental demands in association with working with the computer mouse than
working with the keyboard. In contrast, a systematic review by IJmker et al. [3] found
evidence that the duration of mouse use was more strongly and more consistently associated with the incidence of hand/arm symptoms than the duration of total computer use
and keyboard use.
Merging all symptomatic regions into one arm, shoulder and neck entity and, thus, not
using information on the location of the symptoms for the selection of specific interventions, may have attenuated the effect of the interventions.
Based on experiences in the workplace and combined with results from the literature,
the following recommendations are given, which may be beneficial to the effectiveness of
the RSI QuickScan intervention programme in the future:
• Aim interventions primarily at workers with (early) symptoms.
• Add exercise and alternative pointing devices to the intervention programme.
• Remove the training course on assertiveness and negotiation, individual coaching,
the training on team building, team coaching, and the training on communication
and co-operation, from the RSI QuickScan programme.
The last mentioned recommendation is made because these interventions are very rarely
implemented, they only have an indirect relation to arm, shoulder and neck symptoms,
and there is no evidence that they have a positive effect on arm, shoulder and neck symptoms.

Process evaluation
The limited results of our study may be explained by the partly unsuccessful implementation process of proposed interventions. To further investigate the implementation of
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the interventions and to assess the possibility of a programme failure, a process evaluation was performed. The objective of the evaluation of the implementation process was
to investigate which factors impede or facilitate an implementation of RSI interventions among a population of computer workers and give recommendations on how to
improve the implementation of interventions in the future. Unfortunately, no suitable
questionnaires were found that could be used to evaluate the factors influencing the
implementation process of ergonomic interventions in a population of computer workers.
Therefore, two questionnaires for assessing the impeding and facilitating factors on the
implementation processes were constructed; one questionnaire for the management and
one for the employees [84]. The content of the questionnaires was based on previous
studies by Fleuren et al. [85], Saksvik et al. [86], Hulscher et al. [87], and Plas and
Wensing [88]. In order to evaluate the implementation process, managers and workers
of all seven organisations that participated in the randomized controlled trial were
approached for a semi-structured interview. In total 7 managers and 12 employees were
interviewed about the factors that impeded and facilitated the implementation process of
RSI interventions.
The results showed that factors that are most frequently experienced as impeding, are
related to the organization (i.e. bureaucracy or hierarchical structure) or the individual
(i.e. experience or motivation), whereas factors related to the intervention (i.e. costs or
complexity) itself are least mentioned. The interview results also showed that employees,
in general, experienced more factors as impeding in the total implementation process
than the management. Furthermore, the impeding factors mentioned by employees and
management differed. When the intervention was declined by the management, this was
often caused by a lack of support from the higher management.
It has long been recognized that a strong commitment of the management is highly
important for a successful implementation of an intervention [89-91] and that interventions that are less flexible to apply and more time-consuming are more difficult to
implement [77, 89, 92]. Furthermore, the financial aspect of the intervention and the
presumed benefit is important when deciding to accept an intervention [89, 93, 94]. Also
in this study, these factors were shown to be important.
When a company is restructuring, as was the case with two of the participating
organisations, it will have an important influence on the outcome. For example, one
company that started a reorganisation decided against implementing the interventions
altogether. When an intervention was not accepted, the perceived cost-benefits ratio of
the intervention was more often named as impeding by the management. Compared to
the management, employees more often experienced a lack of motivation, not having
enough knowledge about the intervention, and poor expectations on the effect of the
intervention. Employees experience more complex interventions, such as a lengthy
training session, as more difficult to implement, than simple and less time-consuming
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interventions, i.e. a work place adjustment. To facilitate the implementation by workers a
participatory ergonomics approach might be a method to increase motivation, to provide
enough knowledge about the intervention and to raise expectations on the effect of the
intervention [95]. A participatory ergonomics approach enhances meaningful worker
participation in the implementation process and can be used as a strategy to improve the
implementation of interventions [96-99].
Drawing from our experiences in the RCT combined with the suggestions of others, I
would like to give some recommendations which may be beneficial to a successful implementation of ergonomic interventions in a population of computer workers in the future:
• The top management should firmly support the intervention.
• The total intervention costs should be acceptable.
• The intervention should not be complex or time-consuming.
• The whole organization should be motivated to participate in the implementation
process.
• The workers should have sufficient knowledge about the intervention.
• The implementation of interventions should not coincide with any major reorganization in the company.
This may be achieved by extensive communication about the intervention itself and the
presumed benefit of the intervention. Furthermore, the duration of implementation and
the costs of the pre-selected interventions should be acceptable for the organizations.
Organizations that are planning to restructure should be excluded prior to the implementation of interventions.
The examined evidence suggests that the limited effectiveness of the RSI QuickScan
intervention programme was the result of a programme failure and not of theory failure.

Overall conclusion
In this thesis, five studies were presented. The overall conclusion was that the RSI QuickScan questionnaire for computer workers was reliable, consistent and valid. However,
the RSI QuickScan intervention programme was not effective in reducing the prevalence
of arm, shoulder and neck symptoms, only partly effective in reducing exposure to risk
factors, and not effective in reducing sick leave in a population of computer workers. The
RSI QuickScan intervention programme for computer workers was not cost-effective.
These results are likely the result of a programme failure and not of theory failure.
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Recommendations for occupational health practitioners
The results of this study lead to some practical implications for the prevention of arm,
shoulder and neck symptoms among computer workers. These practical implications are
aimed at professionals in the field of occupational health care, who implement interventions in daily practice.
This study lends support to the use of the RSI QuickScan questionnaire in the assessment of risk factors and symptoms of arm, shoulder and neck in a population of
computer workers. The questionnaire can be used as a means to rapidly collect data on
the presumed risk factors for arm, shoulder and neck symptoms. It can also be used to
assess the prevalence of arm, shoulder and neck symptoms.
The RSI QuickScan intervention programme can be used to increase the level of education and to decrease the exposure to adverse postures and movements. However, this
study did not find evidence to support the claim that the RSI QuickScan intervention
programme can be used to reduce symptoms or sick leave. Nevertheless, it cannot be
ruled out that the RSI QuickScan intervention programme could be effective, especially
in the secondary prevention of arm, shoulder and neck symptoms, with a more successful
implementation of the interventions.
Professionals in the field should pay more attention to the implementation of proposed
interventions, since interventions will only be potentially effective if they are successfully implemented. However, it should be recognized that with regard to the present
effectiveness study, both prior and during the trial, extensive attention was given to the
implementation process. Furthermore, the management of participating organisations
had, prior to the start of the trial, declared their willingness to implement the necessary
interventions. Therefore, it may be difficult for other professionals to obtain better results.
Professionals should, preferably, advice evidence-based interventions. If these are not
available, it is recommended to advice interventions with promising study results or,
at least, with a sound theoretical background. Not doing so will likely result in poor
effectiveness and will, subsequently, undermine the trust in the quality of services of
the occupational health organization and primary and secondary prevention efforts in
general. Since only limited evidence on effective interventions is available, interventions
for the prevention and management of arm, shoulder and neck symptoms should preferably continue to use multifactorial approaches.
Furthermore, a substantial increase in investment by occupational health services
and other stakeholders in high-quality research is recommended. If the professionals
in the field do not have sufficient expertise to conduct methodologically sound evaluation studies, it is recommended that they should hire expertise elsewhere. Commercially
competing occupational health services should keep in mind that the main interest of
occupational health is to provide (cost-) effective interventions to their customers, so that
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the health of the workers is improved. More collaboration between occupational health
services on the development of evidence-based interventions and research into the (cost-)
effectiveness of interventions could be beneficial both from a health perspective and
economic perspective.
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Recommendations for further research
From the findings in this thesis, some recommendations for further research can be
derived:

The RSI QuickScan questionnaire
I recommend further research to determine the optimal cut-off points by calculating
optimal sensitivity and specificity for each individual risk factor, including the scale on
arm, shoulder and neck symptoms.
With regard to the risk factors, the debate is still ongoing regarding the (strength of
the) evidence to support the hypothesis that these risk factors are indeed an occupational
risk factor for arm, shoulder and neck symptoms. Therefore, I recommend further epidemiological studies with a longitudinal design, to determine whether the presumed risk
factors are, independently or in various combinations, risk factors for arm, shoulder and
neck symptoms.

Interventions
As effective interventions are largely lacking, I recommend researchers to perform
more high-quality studies evaluating interventions that are aimed at computer workers.
Studies should be primarily aimed at interventions that address the major risk factors for
arm, shoulder and neck symptoms. In 2004, a study was undertaken to prioritize future
research projects on the effectiveness of preventive measures, treatment and rehabilitation
programs for upper extremity disorders [100]. The project group composed a top three of
promising preventive measures and a top three of promising treatments and rehabilitation programs. Firstly, measures on work-rest schedules in computer or other workers,
secondly, measures regarding ergonomic tools or equipment in computer workers,
namely alternative ergonomic keyboards, mice or other pointing devices, and thirdly,
preventive measures with regard to work tasks, processes and work pressure. High quality
research on these measures is still largely lacking and I recommend further research on
these promising preventive measures. Furthermore, I recommend additional research on
the effect of exercise and posture improvement on prevention of symptoms.
Instead of starting with large scale effectiveness studies in the field, it could be advisable
to start with smaller pilot studies in a controlled environment in order to first determine
the efficacy of the intervention. Besides being more efficient, this has the advantage that
the implementation of interventions can be optimized, thereby eliminating the possibility
of a program failure. The absence of a program failure will make it possible to determine
the effect of the intervention under ideal conditions. When the intervention yields positive efficacy results in the pilot study, I recommend a follow-up with larger scale studies,
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with larger numbers of workers and organisations, to determine the effectiveness of the
intervention in the field.
Worldwide a large proportion of people work with a computer and work-related arm,
shoulder and neck symptoms occur frequently amongst computer workers. Therefore, it
is recommended that international agencies, such as the European Agency for Safety and
Health at Work, the international labour organization, the World Health Organization
(WHO) and the United States Occupational Safety and Health Administration (OSHA)
set out an international research strategy plan targeted at specific high-risk groups and
arm, shoulder and neck symptoms. Furthermore, I strongly recommend performing
economic evaluations alongside randomised controlled trials, because cost-benefit is an
important determinant of management decisions on interventions.

Implementation of the interventions
In most randomised controlled trials, the focus is primarily on the outcome measures,
while less attention is being paid to what exactly happened during the trial. This is unfortunate, since insight into the implementation of the different parts of the interventions
may yield valuable information for researchers and occupational health professionals
who are planning to implement similar interventions. I recommend researchers who are
planning to perform a randomised controlled trial to assess the various aspects of the
implementation of interventions during the whole study, instead of afterwards, which is
more common. This process evaluation during the whole trial helps to explore why the
intervention works (or not) and whether this is attributable to the level of implementation. Therefore, researchers should monitor the implementation of interventions closely
during trials.
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General introduction
Work-related arm, shoulder and neck symptoms have been known for centuries and are
still highly prevalent, especially among computer workers. The costs of these symptoms,
both from a health and economic perspective, are high. In an attempt to reduce these
costs organizations are implementing various interventions aimed at the prevention of
arm, shoulder and neck symptoms. One frequently used intervention that has recently
been developed by a large occupational health service in the Netherlands, is the RSI
QuickScan intervention programme for computer workers. Instead of using generic
strategies, which is common among occupational health services in the Netherlands,
this method establishes a risk profile of the target population by using results from the
internet-based RSI QuickScan questionnaire. Subsequently, the programme advises interventions following a decision tree based on that risk profile, which may be more effective.
This intervention programme is quite unique, as it addresses a broad spectrum of potential risk factors in computer work. The effectiveness of such an intervention programme
has not been established yet. Therefore, the objective of this thesis was to assess the
reliability, consistency and validity of the RSI QuickScan questionnaire and to assess the
(cost-) effectiveness of the RSI QuickScan intervention programme on the prevalence of
arm, shoulder and neck symptoms, exposure to risk factors, and sick leave in a population of computer workers.

Internal consistency, test-retest reliability and concurrent validity of
the questions on risk factors
Questionnaires are widely used in risk assessments because they provide an efficient
method to gather data on large populations, in a short period of time and at low cost.
However, a disadvantage of questionnaires is that the collected data may be of limited
quality. Therefore, it is important to study whether the RSI QuickScan questionnaire
possesses the requisite clinimetric properties to validly assess risk factors. In chapter
2, the internal consistency, test-retest reliability and concurrent validity of the RSI
QuickScan questionnaire were determined. To study the internal consistency of the RSI
QuickScan questionnaire, a population of 86 computer workers was asked to fill out the
questionnaire. The internal consistency was calculated using item analysis. The test-retest
reliability (N = 86) and concurrent validity (N = 73) were analyzed by calculating the
percentage of agreement, Cohen’s Kappa, and the Ppositive and Pnegative. The concurrent validity was also tested by comparing the results from the new questionnaire with
those from the original questionnaires on which it was based, on-site expert observations,
and direct measurements. The results indicate that the RSI QuickScan questionnaire is a
measurement tool with acceptable internal consistency, reliability and concurrent validity.
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Concurrent validity of the questions on arm, shoulder and neck
symptoms
The RSI QuickScan questionnaire also contains questions on arm, shoulder and neck
symptoms, which have not previously been validated. To ascertain the clinimetric quality
of these questions, in chapter 3, the concurrent validity of questions on musculoskeletal
symptoms of the RSI QuickScan questionnaire was studied in a study population of 106
computer workers. The agreement between the answers on questions regarding the presence of arm, shoulder and neck symptoms given by workers and physical examinations
of the same workers by occupational physicians was determined. In addition, the interobserver reliability of the physical examinations was explored. The agreement between
the symptom questions of the RSI QuickScan questionnaire and physical examinations
by occupational physicians can be considered as poor to moderate. However, also the
agreement between the occupational physicians themselves can, with a few exceptions,
be considered as moderate. The results are comparable to what is generally reported in
literature. Good values of the proportion of negative agreement were observed in both
the concurrent validity study as well as the inter-observer reliability study. Therefore, it
can be concluded that the RSI QuickScan questionnaire is a moderately valid instrument
to rapidly collect data on the presence of arm, shoulder and neck symptoms, and a valid
instrument to collect data on the absence of these symptoms, in populations of computer
workers.

Predictive validity of the questionnaire
The RSI QuickScan intervention programme is based on the assumption that workers
with a high score on risk factors and symptoms in the RSI QuickScan questionnaire have
a higher risk of having arm, shoulder and neck symptoms in the future. The RSI QuickScan questionnaire has been used as a screening tool for several years, but the predictive
validity of the scales in the questionnaire has not previously been determined. Therefore,
in chapter 4, the predictive validity of the RSI QuickScan questionnaire for the future
prevalence of arm, shoulder and neck symptoms among computer workers was determined. For this prospective cohort study, with a follow-up of 24 months, 3383 workers
who regularly worked with a computer were approached. Generalized Estimating Equations (GEE) with 6, 12, 18 and 24 months time lags were used to determine whether high
exposure to risk factors and previous symptoms were related to symptoms at follow-up.
The results showed that high scores on 9 out of 13 scales, including previous symptoms,
were significantly related to arm, shoulder and neck symptoms at follow-up. These results
provide support for the predictive validity of the RSI QuickScan questionnaire.
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Effectiveness of the intervention programme
In chapter 5, the effectiveness of the RSI QuickScan intervention programme on exposure to risk factors, the prevalence of symptoms and sick leave in computer workers was
studied in a randomised controlled trial. In total, 1673 workers from 7 Dutch organisations in various branches, who regularly worked with a computer, were approached. Of
them, 1183 persons completed the baseline questionnaire. The participants were assigned
to either the intervention group (28 clusters, N=605) or the usual care group (22 clusters,
N=578) by means of cluster randomisation. At baseline and after 12 months of followup, the participants completed the RSI QuickScan questionnaire on exposure to the risk
factors and on the prevalence of arm, shoulder and neck symptoms. A tailor-made intervention programme was proposed to those departments of organizations or participants
in the intervention group with a high risk profile at baseline. Examples of implemented
interventions are an individual workstation check or a visit to the occupational physician.
The usual care group did not receive interventions based on the risk profile during the
time of the study. Analyses to estimate the effect of the intervention were done according
to the intention-to-treat principle. The primary outcome measure was the prevalence of
arm, shoulder and neck symptoms. Secondary outcome measures were the scores on risk
factors and the number of days of sick leave. Sick leave data were obtained from company
registers. Multilevel regression analyses were used to test the effectiveness. Statistically
significant effects were found as to an increase in receiving education and a decrease
in exposure to adverse postures and movements. With regard to the other risk factors,
symptoms and sick leave, only small and non-significant effects were found.

Cost-effectiveness of the intervention programme
In chapter 6 an economic evaluation of the RSI QuickScan intervention programme for
computer workers was performed, from both the societal and companies’ perspective.
The economic evaluation was conducted alongside the randomised controlled trial. To
compare costs between the intervention and usual care groups, confidence intervals for
cost differences were computed by bias-corrected and accelerated bootstrapping. In this
study, the RSI QuickScan intervention programme did not prove to be cost-effective
from both the societal and companies’ perspective. Therefore, this study does not provide
a financial reason for implementing this intervention. However, with a relatively small
investment, the programme did increase the number of workers who received information on healthy computer use and the number of workers who improved their work
posture and movement.

General discussion
In the last chapter of this thesis, the most important findings of this thesis are summarized and interpreted in light of the three research questions that were posed in the
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General Introduction. The strengths and limitations of the various studies are discussed
and final conclusions are drawn. Recommendations are made for practical application
and future research.
The evidence that the risk factors in the RSI QuickScan questionnaire play a role in the
development of symptoms and the possible pathophysiological pathways of these risk
factors, are discussed. Several suggestions to improve the RSI QuickScan questionnaire
are made. It is concluded that the RSI QuickScan questionnaire for computer workers was
reliable, consistent and valid.
The evidence regarding the effectiveness of the interventions and the implementation
process of interventions is assessed. A theory failure implicates that an intervention has
been perfectly implemented, but the theory is faulty; hence the expected results do not
occur. A programme failure implicates that the planned interventions are not delivered;
hence the expected results do not occur. The possibility that the results obtained from
the intervention studies are due to a programme and theory failure is discussed. It is
concluded that these results are likely the result of a programme failure and not of theory
failure. It is concluded that the RSI QuickScan intervention programme was not effective
in reducing the prevalence of arm, shoulder and neck symptoms, only partly effective in
reducing exposure to risk factors, and not effective in reducing sick leave in a population
of computer workers. The RSI QuickScan intervention programme for computer workers
was not cost-effective.
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Algemene introductie
Werkgerelateerde arm-, schouder- en nekklachten zijn al eeuwen bekend en komen
nog steeds veel voor, in het bijzonder bij mensen die tijdens hun werk een computer
gebruiken. De kosten van deze klachten, zowel vanuit een gezondheids als een economisch perspectief, zijn hoog. In een poging deze kosten te reduceren, implementeren
organisaties verschillende interventies die gericht zijn op de preventie van arm-,
schouder- en nekklachten. Een veelgebruikte interventie die recent is ontwikkeld door
een grote arbodienst in Nederland, is het RSI QuickScan interventieprogramma voor
beeldschermwerkers. In plaats van generieke strategieën te gebruiken, wat gebruikelijk is
bij arbodiensten in Nederland, genereert deze methode een risicoprofiel van de doelgroep met behulp van de resultaten uit de online RSI QuickScan vragenlijst. Op basis van
het risicoprofiel selecteert het programma met behulp van een beslisboom interventies.
Deze aanpak is mogelijk effectiever dan de gebruikelijke generieke aanpak. Het interventie programma is verder vrij uniek, omdat het zich richt op een breed spectrum van
mogelijke risicofactoren die verbonden zijn aan beeldschermwerk. Echter, de effectiviteit
van een dergelijk interventieprogramma is nog niet vastgesteld. Daarom is de doelstelling van dit proefschrift om de betrouwbaarheid, consistentie en validiteit van de RSI
QuickScan vragenlijst te beoordelen en de (kosten-) effectiviteit van het RSI QuickScan interventieprogramma te beoordelen op de prevalentie van arm-, schouder- en
nekklachten, de blootstelling aan risicofactoren en ziekteverzuim in een populatie van
beeldschermwerkers. Daarom is de doelstelling van dit proefschrift om de betrouwbaarheid, consistentie en validiteit van de RSI QuickScan vragenlijst te beoordelen en de
(kosten-) effectiviteit van het RSI QuickScan interventieprogramma te beoordelen op de
prevalentie van arm-, schouder- en nekklachten, de blootstelling aan risicofactoren en
ziekteverzuim in een populatie van beeldschermwerkers. Daarom heeft dit proefschrift de
volgende doelstellingen:
1. Het onderzoeken van de betrouwbaarheid, consistentie en validiteit van
de RSI QuickScan vragenlijst.
2. Het onderzoeken van de effectiviteit van het RSI QuickScan interventieprogramma op de prevalentie van arm-, schouder- en nekklachten, de blootstelling
aan risicofactoren en ziekteverzuim in een populatie van beeldschermwerkers.
3. Het onderzoeken van de kosten-effectiviteit van het RSI QuickScan interventieprogramma.

Interne consistentie, test-hertest betrouwbaarheid en de concurrente
validiteit van de vragen over risicofactoren
Vragenlijsten worden veel gebruikt voor de beoordeling van risico’s, omdat hiermee
gegevens verzameld kunnen worden over grote populaties, in een korte tijd en tegen
lage kosten. Echter, een nadeel van vragenlijsten is dat de verzamelde gegevens van
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beperkte kwaliteit kunnen zijn. Daarom is het belangrijk om te onderzoeken of de RSI
QuickScan vragenlijst de vereiste klinimetrische eigenschappen bezit om op valide
wijze risicofactoren te beoordelen. In hoofdstuk 2 is de interne consistentie, test-hertest
betrouwbaarheid en de concurrente validiteit van de RSI QuickScan vragenlijst bepaald.
Voor het onderzoek naar de interne consistentie van de RSI QuickScan vragenlijst is een
populatie van 86 beeldschermwerkers gevraagd om de vragenlijst in te vullen. De interne
consistentie werd berekend met behulp van item analyse. De test-hertest betrouwbaarheid (N = 86) en concurrente validiteit (N = 73) werden geanalyseerd door het berekenen
van het percentage van overeenkomst, Cohen’s Kappa, en de Ppositive en Pnegative. De
concurrente validiteit werd getest door het vergelijken van de resultaten van de nieuwe
vragenlijst met die van de originele vragenlijsten waarop de RSI QuickScan vragenlijst
gebaseerd is, on-site expert waarnemingen en directe metingen. De resultaten geven aan
dat de RSI QuickScan vragenlijst een meetinstrument is met een aanvaardbare interne
consistentie, betrouwbaarheid en concurrente validiteit.

Concurrente validiteit van de vragen over arm-, schouder- en nekklachten
De RSI QuickScan vragenlijst bevat ook vragen over arm-, schouder- en nekklachten.
Deze vragen zijn nog niet eerder gevalideerd. Om de klinimetrische eigenschappen
van deze vragen vast te stellen is, in hoofdstuk 3, de concurrente validiteit van deze
vragen onderzocht in een studiepopulatie van 106 beeldschermwerkers. De mate van
overeenkomst is bepaald tussen de antwoorden op vragen over de aanwezigheid van
arm-, schouder- en nekklachten die door werknemers zijn gegeven en het lichamelijk
onderzoek van dezelfde werknemers door twee bedrijfsartsen. Daarnaast werd de interbeoordelaarsbetrouwbaarheid van het lichamelijk onderzoek verkend. De overeenkomst
tussen de vragen betreffende arm-, schouder- en nekklachten in de RSI QuickScan
vragenlijst en het lichamelijk onderzoek door bedrijfsartsen kan worden beschouwd
als matig. Echter, ook de overeenkomst tussen de twee bedrijfsartsen zelf kan, op een
paar uitzonderingen na, als matig worden beschouwd. De resultaten komen overeen
met wat over het algemeen in de literatuur gerapporteerd wordt. Goede waarden van de
proportie van negatieve overeenkomst werden waargenomen in zowel het concurrente
validiteitsonderzoek als in het interbeoordelaarsbetrouwbaarheidsonderzoek. Daarom
kan geconcludeerd worden dat de RSI QuickScan vragenlijst beperkt valide is om snel
gegevens te verzamelen over de aanwezigheid van arm-, schouder- en nekklachten en een
valide instrument is om gegevens te verzamelen over de afwezigheid van deze klachten in
populaties van beeldschermwerkers.

Predictieve validiteit van de vragenlijst
Het RSI QuickScan interventieprogramma is gebaseerd op de veronderstelling dat
werknemers met een hoge score op risicofactoren en symptomen in de RSI QuickScan
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vragenlijst in de toekomst een hoger risico hebben op arm-, schouder- en nekklachten.
De RSI QuickScan vragenlijst is reeds meerdere jaren in gebruik als een screening instrument, maar de predictieve validiteit van de schalen in de vragenlijst is nog niet eerder
vastgesteld. Daarom is in hoofdstuk 4, de predictieve validiteit van de RSI QuickScan
vragenlijst voor de toekomstige prevalentie van arm-, schouder- en nekklachten bij beeldschermwerkers bepaald. Voor deze prospectieve cohort studie met een follow-up van 24
maanden, werden 3383 werknemers benaderd die regelmatig met de computer werkten.
Generalized Estimating Equations (GEE) met 6, 12, 18 en 24 maanden tijdsvertragingen
werden gebruikt om te bepalen of een hoge blootstelling aan risicofactoren en eerdere
klachten gerelateerd zijn aan klachten bij follow-up. De resultaten tonen aan dat hoge
scores op 9 van de 13 schalen, met inbegrip van eerdere klachten, sterk gerelateerd zijn
aan arm-, schouder- en nekklachten bij follow-up. Deze resultaten bieden ondersteuning
voor de predictieve validiteit van de RSI QuickScan vragenlijst.

Effectiviteit van het interventieprogramma
In hoofdstuk 5 is de effectiviteit van het RSI QuickScan interventieprogramma voor de
blootstelling aan risicofactoren, de prevalentie van klachten en ziekteverzuim bij beeldschermwerkers onderzocht in een gerandomiseerd en gecontroleerd onderzoek. In totaal
werden 1.673 werknemers uit zeven Nederlandse organisaties in diverse branches, die
regelmatig met een computer werkten, benaderd. Van hen voltooide 1.183 personen
de baseline vragenlijst. De deelnemers werden door middel van cluster randomisatie
toegewezen aan de interventiegroep (28 clusters, N = 605) of de controlegroep (22
clusters, N = 578). Bij aanvang en na 12 maanden follow-up, vulden de deelnemers de
RSI QuickScan vragenlijst in over de blootstelling aan de risicofactoren en de prevalentie
van arm-, schouder- en nekklachten. Een op maat gemaakt interventieprogramma werd
voorgesteld aan de afdelingen van de organisaties of aan de deelnemers in de interventiegroep met een hoog risicoprofiel op baseline. Voorbeelden van uitgevoerde interventies
zijn een individueel werkplekonderzoek of een bezoek aan de bedrijfsarts. De controlegroep heeft geen interventies ontvangen die gebaseerd zijn op het risicoprofiel tijdens de
studie. Analyses om het effect van de interventie te schatten werden uitgevoerd volgens
het intention-to-treat principe. De primaire uitkomstmaat was de prevalentie van arm-,
schouder- en nekklachten. Secundaire uitkomstmaten waren de scores op de risicofactoren en het aantal dagen ziekteverzuim. Ziekteverzuim gegevens werden verkregen uit
de bedrijfsregisters. Multilevel regressie-analyses werden gebruikt om de effectiviteit te
onderzoeken. Statistisch significante effecten werden gevonden met betrekking tot een
toename in het ontvangen van voorlichting en een daling in de blootstelling aan ongunstige houdingen en bewegingen op het werk. Met betrekking tot de andere risicofactoren,
klachten en ziekteverzuim, werden slechts kleine en niet-significante effecten gevonden.
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Kosten-effectiviteit van het interventieprogramma
In hoofdstuk 6 is een economische evaluatie van het RSI QuickScan interventieprogramma voor beeldschermwerkers uitgevoerd, zowel vanuit een maatschappelijk- als
een bedrijfsperspectief. De economische evaluatie werd uitgevoerd naast het gerandomiseerde en gecontroleerde onderzoek (hoofdstuk 5). Om de kosten tussen de interventie- en
de controlegroep te vergelijken, zijn de betrouwbaarheidsintervallen voor de schattingen
van de verschillen in kosten berekend door middel van bias gecorrigeerde en versnelde
bootstrapping. In dit onderzoek is het RSI QuickScan interventieprogramma, vanuit
zowel een maatschappelijk- als een bedrijfsperspectief, niet kosten-effectief gebleken.
Daarom biedt dit onderzoek geen financiële reden voor de uitvoering van dit interventieprogramma. Echter, voor een relatief kleine investering biedt het programma
een toename in het aantal werknemers dat informatie heeft ontvangen over gezond
computergebruik en een toename van werknemers die hun werkhouding en werktechniek hebben verbeterd.

Algemene bespreking
In het laatste hoofdstuk van dit proefschrift worden de belangrijkste bevindingen van
dit proefschrift samengevat en geïnterpreteerd in het licht van de drie onderzoeksvragen
die zijn gesteld in de algemene inleiding. De sterke punten en de beperkingen van de
verschillende studies worden besproken en de definitieve conclusies worden getrokken.
Verder worden aanbevelingen gedaan voor de praktische toepassing en toekomstig
onderzoek. Het bewijs dat de risicofactoren in de RSI QuickScan vragenlijst een rol
spelen in de ontwikkeling van de klachten en de mogelijke pathofysiologische paden
van deze risicofactoren worden besproken. Een aantal suggesties om de RSI QuickScan
vragenlijst te verbeteren worden gedaan. Geconcludeerd wordt dat de RSI QuickScan
vragenlijst voor beeldschermwerkers betrouwbaar, consistent en valide is. De gegevens
over de effectiviteit van de interventies en het implementatieproces van interventies
worden beoordeeld, onder andere door te kijken naar de mate van theoriefalen en
programmafalen. Theoriefalen impliceert dat een interventie perfect is uitgevoerd, maar
dat de achterliggende theorie niet klopt en daarom doen de verwachte resultaten zich niet
voor. Programmafalen impliceert dat de geplande interventies niet worden uitgevoerd
waardoor de verwachtte resultaten zich niet voor doen. Geconcludeerd wordt dat het
niet vinden van significante effecten waarschijnlijk het gevolg is van programmafalen
en niet van theoriefalen. Geconcludeerd wordt dat het RSI QuickScan interventieprogramma niet effectief is in het verminderen van de prevalentie van arm-, schouder- en
nekklachten, slechts ten dele effectief is in het verminderen van de blootstelling aan
risicofactoren en niet effectief is in het verminderen van ziekteverzuim in een populatie
van beeldschermwerkers. Het RSI QuickScan interventieprogramma voor beeldschermwerkers was niet kosten-effectief.
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Dankwoord
Na het schrijven van het proefschrift rest het dankwoord en heb ik veel om dankbaar
voor te zijn.
Blij verrast was ik toen Jaap van Dieën mij vroeg of ik geïnteresseerd was om mijn onderzoek naar de RSI QuickScan, dat ik in het kader van de postdoctorale beroepopleiding
Ergonomie bij arbeid had uitgevoerd, wilde voortzetten in het kader van een promotie
onderzoek. Dat wilde ik wel en met de steun van mijn gezin, de Vrije Universiteit, Arbo
Unie en de Stichting Arbo Unie Nederland ben ik in 2004 gestart met het opzetten van
het onderzoek. Bij de totstandkoming van dit proefschrift zijn veel mensen betrokken.
Ik wil graag de volgende mensen en organisaties in het bijzonder bedanken voor hun
bijdrage:

Bedrijven en deelnemers aan de verschillende onderzoeken
de deelnemende organisaties en hun vele werknemers. Zonder hun medewerking, geen data

en dus ook geen onderzoek.

Begeleidingscommissie
mijn “All Stars” begeleidingscommissie, die in het begin bestond uit Jaap van Dieën, Paulien

Bongers, Marco Hoozemans en Allard van der Beek. Halverwege heeft Pauline zich
helaas wegens andere drukke bezigheden teruggetrokken en heeft Birgitte Blatter haar
plaats ingenomen. Ik had mij geen betere begeleidingscommissie kunnen wensen. Wekelijks heb ik overleg gehad met Jaap en Marco. Daarnaast zijn we regelmatig met de hele
begeleidingscommissie bijeen geweest, wanneer er belangrijke keuzes gemaakt moesten
worden. Ik heb veel geleerd van de discussies die we daar hebben gevoerd, maar belangrijker nog is dat ik tijdens het hele project de steun van alle begeleiders heb ervaren.

Promotoren
Jaap, sommige wetenschappers weten veel van weinig, maar jij weet veel van veel. Als
initiator van dit project, samen met Paulien en als eerste promotor heb je een zeer
belangrijke bijdrage geleverd aan de start en het verdere succes van dit project. Ik heb
onze overleggen niet alleen als inspirerend, maar ook als zeer gezellig ervaren. Daarnaast
waardeer ik ook dat je begrip hebt getoond voor het feit dat mijn werk bij Arbo Unie
soms moeilijk te combineren was met het promotieonderzoek.
Allard, hoewel je een verdieping lager bij het VUmc zat, was je voor mijn gevoel nooit ver
weg. Je kennis over het beoordelen van blootstelingen en de arbeidsepidemiologie was
een belangrijke aanwinst voor dit project. De suggesties die ik mocht ontvangen op de
diverse conceptversies van artikelen waren niet alleen helder, maar ook zeer systematisch
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uitgevoerd. Een voorbeeld dat ik probeer na te streven, wanneer ik nu zelf stukken van
anderen lees.

Co-promotoren
Marco, van alle begeleiders heb ik met jou als co-promotor en ‘hands-on’ begeleider het
meest intensief contact gehad. Ik heb heel fijn met je samengewerkt en veel van je geleerd.
Ik kon altijd bij je binnenlopen en dat heb ik ook veel gedaan. Jouw hulp bij alle grote èn
kleine zaken is een belangrijke succesfactor geweest voor het slagen van dit project, al zal
je dat, bescheiden als je bent, waarschijnlijk ontkennen. Jouw uitspraak: ‘Het gaat om wat
je kunt en niet om wat je bent’, heeft mij moed gegeven en zal ik niet snel vergeten. We
houden contact!
Birgitte, ook wij hebben vanaf het allereerste begin veel contact gehad. Jouw grote
ervaring met het opzetten en uitvoeren van dit soort veldonderzoeken was onmisbaar.
Daarnaast hebben we altijd heel fijn samengewerkt en ik hoop dat er andere projecten
zullen volgen.

Promotiecommissie
Leden van de leescommissie (prof. dr. F.J.H. van Dijk, prof. dr. M.P. de Looze, prof. dr. IJ.
Kant, prof. dr. S. Taimela en dr. K.B. Veiersted), hartelijk dank voor de beoordeling van
het manuscript. Voor de aanwezigheid bij mijn verdediging wil ik graag prof. dr. ir. PM.
Bongers, prof. dr. F.J.H. van Dijk, dr. B. Visser, prof. dr. S. Taimela en dr. K.B. Veiersted,
bedanken. I would like to extend a special thanks to Simo and Bo for travelling respectively from Finland and Norway, to serve on the opposition.

Arbo Unie
Arbo Unie, toen ik gevraagd werd voor dit promotieonderzoek realiseerde ik mij meteen
dat een dergelijk groot project alleen mogelijk zou zijn met de steun van mijn werkgever.
Gelukkig had Arbo Unie toen al evidence-based handelen hoog in het vaandel staan
en zagen ze direct het nut ervan in, om één van hun eigen instrumenten en interventie
programma’s wetenschappelijk te laten onderzoeken aan de Vrije Universiteit. Bij Arbo
Unie hebben Ed Moolhuizen, Jan Koopman en Dick van der Laan dit promotieproject
vanaf het eerste uur gesteund en die steun is later, ook toen het financieel minder ging,
voortgezet onder leiding van Wilma Hogers, Tjitte Wever, Jan Schreurs en Margriet
Tiemstra. Zonder deze steun en de financiële bijdrage van de Stichting Arbo Unie Nederland, zou het onderzoek niet mogelijk zijn geweest. Dank ook aan alle collegae die door
de jaren heen interesse hebben getoond voor het onderzoek.
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Universiteit en Faculteit
De Vrije Universiteit en in het bijzonder de faculteit der Bewegingswetenschappen, heeft
mij onder leiding van Peter Hollander en later Peter Beek met open armen ontvangen.
Ook wil ik Olga Jukema, Solveig Lund, het secretariaat en alle andere medewerkers in het
bijzonder bedanken voor de genoten gastvrijheid.

Anderen
Judith Heinrich, je hebt een belangrijke bijdrage geleverd aan het (kosten-) effectiviteit
onderzoek en de analyses voor het ZonMw rapport. Je systematische werkwijze is een
voorbeeld voor mij. We hebben regelmatig gezellige autoritten gemaakt om de diverse
deelnemende bedrijven in het land te bezoeken. Onze tocht naar de gemeente Dantumadeel, inclusief autopech en het bezoek aan de garage waar je werd aangesproken met
mevrouw Speklé, zal ik niet snel vergeten.
Maurits van Tulder, voor de begeleiding bij het kosten-effectiviteit en kosten-baten
onderzoek.
Dirk Knol, voor de statistische ondersteuning bij het effectiviteitonderzoek.
Judith Bosmans, voor de hulp bij de kosten-effectiviteit en kosten-baten analyses, in het
bijzonder bij het ‘bootstrappen’.
Hein Urbach, helaas veel te vroeg overleden, maar je mag niet in dit dankwoord
ontbreken. Je was een goede vriend en ik moet nog vaak aan je denken. We hebben het
over van alles gehad en ook over mijn promotieonderzoek, waar je altijd zeer enthousiast
over was. Jammer dat je er niet meer bent om het sluitstuk van dit project mee te maken,
maar in mijn gedachten ben je er zeker bij.

Paranimfen
Marcel, mijn grote broer, wat fijn dat je na mijn huwelijk ook nu weer naast mij staat bij
deze mijlpaal.
Rutger-Jan, oud huis- en clubgenoot, we hebben al heel wat mooie tijden met elkaar
beleefd en ik hoop dat er nog vele zullen volgen.

Familie en vrienden
Dank aan alle vrienden en familieleden die met enige regelmaat hebben geïnformeerd,
hoe het ervoor stond met het onderzoek en de promovendus.
Lieve ouders, hartelijk dank voor jullie aanmoediging tijdens dit project en voorgaande
studies. Jullie jarenlange vertrouwen in mij, heeft mij het zelfvertrouwen gegeven om dit
soort projecten aan te durven gaan. Het Engels dat ik leerde tijdens mijn jaar in Amerika
is mij ook nu weer van pas gekomen.
Lieve Ingmar en Eline Fleur, hoewel ik mij altijd heb voorgenomen om jullie zo min
mogelijk te laten merken van dit project, vrees ik dat ik daar niet helemaal in geslaagd
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ben. Maar weet; mijn weekenden achter de computer zijn voorbij! Nu het werk bijna
gedaan is hoop ik dat jullie net zo trots op mij zijn, als ik op jullie.
Lieve Margriet, ondanks dat het voor jou niet hoefde, heb jij mijn wens om een promotieonderzoek te doen vanaf het prilste begin tot het einde volledig gesteund. Bedankt voor alles.
Je betekent de wereld voor mij en ik had mij geen betere vrouw kunnen wensen.
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Effectiveness of an intervention programme on arm, shoulder and neck symptoms in computer workers

Work-related arm, shoulder and neck symptoms have been known for centuries and are
still highly prevalent, especially among computer workers. The costs of these symptoms,
both from a health and economic perspective, are high. In an attempt to reduce these
costs organizations are implementing various interventions aimed at the prevention of
arm, shoulder and neck symptoms. One frequently used intervention is the RSI QuickScan intervention programme for computer workers. In this dissertation, the reliability,
consistency and validity of the RSI QuickScan questionnaire and the (cost-) effectiveness
of the RSI QuickScan intervention programme are investigated. The dissertation is concluded with a general discussion of the main findings, methodological considerations and
recommendations for occupational health practitioners and future research.
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