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CHAPTER 1

The earliest forms of office work that have been documented in the literature consisted of 

pressing characters onto a clay tablet with a stylus of wood or cane. In later times, a lot 

of office work was performed by monks, which mainly consisted of copying books and 

documents by writing. Today’s forms of office work originate from the industrial revolution 

in the beginning of the 19th century, when business correspondence greatly increased. At 

this time, the organization of office work changed from allowing workers to perform many 

tasks to restricting workers to performing only a few, constantly recurring, routine tasks 

(labour division), aiming to increase productivity. With the coming of the typewriter (1873), 

these routine tasks for example included typing documents that were already drafted. A 

peak in the occurrence of physical symptoms among office workers, whose main task was 

typing documents, was observed (1).

Since the introduction of the personal computer, which made its entry into the office 

work environment in 1981, it has become impossible to imagine today’s office work without 

the use of computers. The fact that in 2005 for half of the Dutch working population their 

main daily work tasks are performed using a computer (2), implies that today this involves 

around four million people in The Netherlands alone (Based on CBS 2012, (3)). Comparable 

to the situation at the beginning of the 19th century, performing computer tasks can be 

monotonous and productivity expectations are high. 

Among today’s office workers, non-specific physical symptoms, mostly located in 

the neck and upper extremities, are a common health problem. In the literature, different 

terms are used to indicate these symptoms, such as musculoskeletal disorders (MSDs), 

repetitive strain injury (RSI), cumulative trauma disorders (CTD), and work-related neck and 

upper extremity (WRNUE) symptoms. Twelve-month prevalence of symptoms in the neck, 

shoulder, hand/wrist, and elbow/lower arm among computer workers are reported to be 

55%, 38%, 21%, and 15%, respectively (4). As a result of increasing computer usage, the 

absolute numbers are expected to grow. Besides the personal burden of these symptoms, 

workers’ productivity decreases, and sick-leave and medical consumption increase (5;6). 

This results in high costs for employers and society (2). Up to date, preventive interventions 

regarding office ergonomics, a combination of office ergonomics and ergonomics training, 

and computer use and computer break patterns have been examined, revealing some 

positive effects (7-9). However, based on a systematic review that combined results from 

former systematic reviews on this topic, Andersen and colleagues (10) concluded that no 

effective interventions that can reduce the occurrence of work-related neck and upper 

extremity symptoms have been documented. Knowledge about the underlying injury 

mechanisms, which are still unclear, might help developing interventions that can help 

preventing future pain symptoms among this group of workers.

Epidemiological studies have identified several independent risk factors for developing 

work-related neck and upper extremity symptoms from a wide range of factors including 

computer-task related factors, individual factors, and psychosocial factors (11-13). 

Regarding computer-task related factors, such as work pace and computer use patterns, 

it is not very clear whether the association is causal (10) and in some studies no association 

with work-related symptoms was indicated (14;15). There is no clear evidence regarding 
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the pathways through which indentified risk factors can result in neck and upper extremity 

symptoms. The most accepted theory is that these risk factors affect the physical demands 

of the job and the internal biomechanical loading of tissues during computer use, which 

in turn may lead to tissue injury via overexertion. Internal biomechanical loading refers to 

a worker’s upper extremity physical exposures such as forces, muscle activity, postures, 

velocities and accelerations. However, while some studies have shown associations 

between force (16) or posture (17) and neck and upper extremity symptoms, other studies 

have reported no association (10), and the overall evidence for associations between 

physical exposures and neck and upper extremity symptoms is limited. Assumingly, work-

related neck and upper extremity symptoms are the result of a combination of computer-

task related, individual, and work-related psychosocial factors. Since office work mostly 

consists of performing a computer task while performing cognitively demanding and/or 

stressful tasks at the same time, it might be of value to have a better understanding via 

which injury mechanism(s) psychosocial stressors at work1 may contribute to neck and 

upper extremity symptoms. 

Figure 1. Two pathways that may play a role in work-related neck and upper extremity symptom 

development.

Work-related stressors include a variety of stressors such as time pressure, high mental 

processing, performing multiple tasks at the same time, low social support from co-

workers or supervisors, high efforts and low reward, low decision authority, and high 

overcommitment (e.g. 13;18-20). Time pressure, mental processing, and multi-tasking 

represent demands that are related to the job itself. Effort and reward represent a worker’s 

experience to demands from the job and to what extent a worker feels distressed by this 

typical experience. Overcommitment can be perceived as personality trait and is defined 

as excessive work-related commitment and a high need for approval (21). Associations 

between the aforementioned work-related stressors and neck and upper extremity 

symptoms have been indicated (12;13;22;23). Two pathways that could lead to work-

related neck and upper extremity symptoms may play a role, as indicated in figure 1. 

First, a worker’s physical exposure may be affected indirectly in response to these 

stressors through altered computer use patterns (24) such as increased work pace, 

and increased total computer use duration, reduced break durations and altered break 

1 The terms “work-related stressors” and “workplace stressors” are both used to indicated this type of factors 

throughout the present thesis.
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distribution across a workday (e.g. 13;25-31). These changed computer use patterns might 

influence (mainly the temporal aspects, such as frequency and duration, of) a worker’s 

postural dynamics and muscle activity, as well as forces applied to the keyboard and 

computer mouse (Figure 1, pathway 1). For example Wang and colleagues (32) found that 

typing at a higher pace compared to a worker’s comfortable pace resulted in increased 

muscle activity in the neck, shoulder, and forearm muscles. Furthermore, it was shown 

that higher levels of overcommitment coincided with more adverse work patterns, such 

as having less breaks and working trough pain (23). Also, high supervisor support, high 

decision authority, and high skill discretion (Job Content Questionnaire, (18)) decreased a 

worker’s time spent on computer-based tasks and duration of mouse use, and coincided 

with more optimal placement of the computer monitor (33). Long computer use duration 

and/or having few (short) computer breaks per workday could increase the time that a 

worker adopts a relatively static posture, as a result of the constrained nature of computer 

use. In case this concerns adverse non-neutral postures, entrapment of nerves or blood 

vessels could occur. Via mechanical friction nerves could get irritated, causing swelling 

and internal pressure, resulting in pain. Entrapped blood vessels can reduce blood flow 

to the muscles. Waste materials could accumulate and nutrient/oxygen supply could be 

reduced, resulting in local problems in the muscle that may lead to pain (34). 

Second, a worker’s physical exposure may be affected directly by work-related 

stressors without alterations in computer use patterns (Figure 1, pathway 2). It has been 

indicated that median and static muscle activity increase with high mental demands and 

that very short periods of muscle relaxation (“gaps”) decrease (35;36). The finding that 

median muscle activity increases with high mental demands is supported by findings of 

others also (37-40). Furthermore, it was found that force exertions on the computer mouse 

(click and grip forces) increased with high mental pressure (41). These direct influences 

of work-related stressors on workers’ physical exposures can result from increased 

general arousal or can be due to more specific psychogenic mechanisms, such as co-

contraction. Co-contraction is a motor adaptation strategy that can occur, for example, 

when a person has to perform a precise movement at a high pace, such as tapping a 

key. To have a successful movement and hit the target, kinematic variability needs to be 

constrained, which can be achieved by increasing joint stiffness through co-contraction of 

agonist and antagonist muscles around a joint (42). This adaptation strategy has also been 

observed when a person has to perform a (fine) motor task while performing a cognitive 

demanding task. An explanation for this finding could be given by the neuromotor noise 

theory (43). This theory states that co-contraction is a way to deal with increased noise in 

the neuromotor system, originating from the high mental load. This noise results in larger 

kinematic variability during task performance, which needs to be suppressed to meet 

task demands. The Cinderella hypothesis (44), which is based on the “size principle” (45), 

assumes that motor units are recruited sequentially with small motor units recruited first 

and that sustained muscle activity could lead to over-use of (mainly) these small motor 

units, resulting in tissue damage.
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So far, indications concerning possible injury mechanisms of work-related stressors 

(pathways 1 and 2; indirectly via computer use patterns (1) and directly (2), Figure 1) are 

either based on effects of simulated work-related stressors in a laboratory setting, or 

on self-reported computer use patterns from the field. Data from objectively measured 

physical exposures and computer use patterns in a natural field setting are currently 

lacking. It might be questioned whether the results from controlled laboratory settings 

would be the same in a field setting, which includes many additional degrees of freedom. 

Physical exposures measured during computer use in the field have been shown to be 

different from those measured in the laboratory (46). Factors such as workstation set-up 

(47;48) and working technique (49) may provide additional sources of variability that may 

alter or eliminate the association between physical exposures and computer activities in 

a field setting. Therefore, there is a need for measurements of physical exposures during 

computer use in natural field settings. Physical exposure assessment using self-report 

can be imprecise (50). Direct measurements of physical exposures (electromyography, 

video analyses and motion caption systems) are believed to be the most accurate (51;52). 

However, these measurements are challenging when used in a natural field setting. First, 

to allow a worker to move freely without measurement devices constraining movements or 

preventing participants from leaving their workstations, unobtrusive, wireless equipment 

needs to be used. Also, the measurement devices may not alter workstation set-up and 

must be light and practical to allow for easy set-up and transfer between participant’s 

offices. Last, since physical exposure data have large intra-individual variability (53), 

the systems need to be able to store or transmit data for at least two hours. Supported 

by the introduction of wireless logger systems, systems that are appropriate for direct 

measurements in the field, have recently been developed and tested (54-56).

Although assessing workers’ physical exposures during computer work in the field 

is possible, examining the association between these exposures and neck and upper 

extremity symptoms is difficult. Since measures of physical exposure have a large intra-

individual variance and are strongly dependent on the time of measurements (57-60), the 

association needs to be examined in large, preferably longitudinal, cohorts. However, direct 

measurements of physical exposures are, besides unpractical to use in field settings, time 

consuming and costly. As a result large datasets including these data are currently lacking. 

A solution for this problem might be the use of physical exposure predictions. Prediction 

models of physical exposures can be based on self-reported questionnaires, expert 

observations, and/or software-recordings of computer use, data that is often available in 

large (longitudinal) cohorts, and then linked to data on neck and upper extremity symptoms 

occurrence. In this way the association between physical exposures and symptoms can be 

studied in large longitudinal cohorts (61).



12

CHAPTER 1

Aims of the thesis

The scope of this thesis includes the role of work-related stressors in the aetiology of 

work-related neck and upper extremity symptoms in office workers (Figure 2). Furthermore, 

exposure assessment methods for field studies and future opportunities for more practical 

and less-expensive assessment methods are presented.

The main aims of the present thesis were to:

1) Assess office workers’ physical exposures during computer use in a realistic work 

setting (Chapter 3).

2) Examine the effects of a variety of work-related stressors on office workers’ 

physical exposures in the neck and upper extremities during computer work, and 

whether these exposures were (partly) affected via altered computer use patterns 

(Chapters 2, 4, 5, and 6).

3) Examine methods to predict physical exposures among office workers in the field, 

to facilitate less expensive and less time-consuming data collection (Chapter 7).

4) Examine the effects of high levels of predicted neck-shoulder and arm-wrist-

hand exposures during computer use in relation to work-related neck and upper 

extremity symptoms in a large cohort of office workers (Chapter 8).

Figure 2. Hypothesized pathways by which work-related stressors (directly or via computer use and 

computer break patterns) may affect computer workers’ physical exposures and consequently the 

occurrence of neck and upper extremity symptoms.

Outline of the thesis

In Chapter 2, we reported on a literature study including meta-analyses that were performed 

to get an overview of the evidence in the literature supporting or contradicting our hypothesis 

that work-related stressors increase neck and upper extremity muscle activity during 

computer work. From this literature study we observed that results from field studies were 

lacking. Because results from laboratory settings might not be generalizable to a realistic 

work setting, we conclude that field studies on this topic are needed. In Chapter 3, we 
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describe exposure measurement techniques appropriate for a realistic field situation, and 

how exposures during computer use in the field differ between the different components of 

computer use (i.e. keyboard use, mouse use, and idle activities). Chapters 4 and 5 present 

the differences in neck-shoulder and arm-wrist-hand exposures during computer use in 

the field between workers with high compared to low work-related stressors (reward and 

overcommitment). Chapter 6 describes a study on the association between office workers’ 

level of work-related stressors and their computer usage and computer break patterns. 

In Chapter 7, the development and quality of exposure prediction models are presented. 

Using these models, field measured physical exposures during computer use were linked 

to a large (longitudinal) epidemiological dataset on work-related neck and upper extremity 

symptoms, facilitating examination of the relation between physical exposures and work-

related neck and upper extremity symptoms, which is the topic of Chapter 8. Finally, 

Chapter 9 presents a general discussion of the findings of Chapters 2-8, as well as final 

conclusions, suggestions for future research, and practical implications. 
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