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1 | General Introduction

Neck-shoulder pain related to computer jobs is an increasing problem in the industriali-

zed western society. In the Netherlands, the prevalence of self-reported neck-shoulder 

pain at the workplace is 23.4%, which is rather comparable to the European mean pre-

valence of 22.8%1.  

Pain is defined by the International Association for the Study of Pain (IASP) as “an un-

pleasant sensory and emotional experience, associated with actual or potential tissue 

damage, or described in terms of such damage”2. This definition implies that pain may 

exist even when no physical substrate can be demonstrated. Moreover, the IASP defini-

tion states that pain is a subjective experience. The World Health Organization defines 

that disorders are work-related when the work activities and work conditions signifi-

cantly contribute to their development or exacerbation but are not the sole determinant 

of causation3. 

The aetiology of work-related neck-shoulder pain related to computerwork is multi-

factorial with a physiological, psychosocial and individual component4-6. Physiological 

components include factors like cervical spine posture, range of movement, sitting dura-

tion, and frequency of breaks etcetera7 8. Psychosocial components include the personal 

perception of factors such as stress at the workplace, low social support and job control, 

and high time pressure9. Gender, age, and domestic (work) load are among the indivi-

dual factors10. It is known that neck-shoulder complaints are more prevalent in female 

workers than in male workers11. This is among other reasons due to the fact that the 

trapezius muscle is especially susceptible for emotional stimuli (such as stress) caused 

by psychosocial factors, which in general are more prominent in women12. Moreover, the 

chance of having neck pain is twice as large in persons older than 30 years6. 

Apart from the personal suffering, neck-shoulder pain related to computerwork consti-

tute a frequent contributor to the ever increasing financial strain on society13. Increased 

health care consumption, loss of productivity, and inability to (return to) work make 

the problem of occupational musculoskeletal disorders costly. Computer-related jobs 

are among one of the ten fastest growing jobs in the period 2000-201014. Due to this 
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expected increase in computer-related jobs, the costs which are associated with neck-

shoulder disability are likely to increase. 

In the Netherlands, work-related complaints in the neck and shoulder are commonly 

treated with medications (e.g. muscle relaxants), ergonomic interventions and/or phy-

siotherapy15. Ergonomic interventions involve adjustment of workstations and/or (re-) 

design of work organization, tasks and techniques16. The physiotherapies applied span a 

wide spectrum such as manipulation, mobilization, and massage but all therapies strive 

for proper use of the trapezius muscle17.  Whereas these interventions achieve beneficial 

effects in some subjects, in many disabilities remain. In a cohort of subjects of working 

age consulting primary care for non-specific back or neck pain, pain and disability re- 

curred or continued at 5 years follow up in about half of the population18.  

One element contributing to this limited effectiveness might be the fact that many inter-

ventions are predominantly focusing on somatic components of pain whereas cognitive-

behavioural models also emphasize the important contribution of psychological variables 

to pain experience and behaviour19 20. Treatment, based on these models, aims to change 

both the individual’s view of pain as well as his/her way in coping with the pain. One 

such cognitive-behavioural model is the fear-avoidance model developed by Vlaeyen et 

al. (1995)21. It assumes that an individual with acute musculoskeletal pain will tend to 

reduce or avoid physical activity because he/she fears that these activities will increase 

the pain and suffering. Avoidance behaviour occurs in anticipation and expectation on 

pain; instead of a response to it22. As a result, subjects no longer perform their feared ac-

tivities which lead to a detriment in physical condition (i.e. muscle activation, strength, 

mobility). In turn, the pain experienced by the individual becomes more severe and thus 

reinforces fear and further avoidance behaviour completing the fear-avoidance circle. 

Psychological consequences may include depression, social isolation and/or loss of self-

esteem. Confrontation with fearful activities is considered to be an adaptive response, 

in which the individual returns to normal activity and thus achieves recovery. 

Another cognitive-behavioural model is the avoidance-endurance model. This model as-

sumes that subgroups of subjects exist who use a variety of (mal-)adaptive coping stra-

tegies. Besides avoidance coping, the avoidance-endurance model postulates another 

maladaptive coping profile namely endurance coping23 24. Similar to the fear-avoidance 
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model, avoidance behaviour is considered to be a maladaptive strategie to cope with 

musculoskelatal complaints, and confrontation is considered to be adaptive strategy. In 

contrast to avoidance coping, a subgroup of subjects suffering from musculoskeletal pain 

deliberately attempts to suppress their pain by positive self-talk and continuation of 

their activities they have started. As a consequence, these subjects risk extreme overuse 

of the painful region. 

From a psychological point of view, maladaptive cognitions are activated quite early 

on in the process of musculoskeletal pain and are found to play a major role in the 

transition towards chronic pain25. Consequently, cognitive-behavioural interventions ar-

ranged in the work setting while people are still working might be valuable. However, to 

date studies examining the role of cognitive-behavioural models in well-functioning (still 

working), i.e. “non-patient” populations are lacking. Instead, the cognitive-behavioural  

models have been validated mainly in clinical populations suffering from low back pain 

with high levels of pain intensity and disability26. Yet, there are some preliminary indi-

cations that these models could be applied in subjects with neck-shoulder pain who are 

still functioning at the workplace. George et al. (2001)27 explored fear-avoidance beliefs 

in subjects with non-traumatic work-related complaints and showed that these beliefs 

are comparable between cervical spine and lumbar spine pain. Fritz et al. (2001)28 con-

firmed these findings and demonstrated fear-avoidance beliefs to be present in patients 

with work-related musculoskeletal pain. 

Another element contributing to the limited effectiveness of conservative treatment in 

neck-shoulder pain might be the fact that treatment is not specific enough due to a lack 

of individual tailorization and continuation at the workplace. Most treatments are provi-

ded on a weekly basis with a maximum duration of about 30-60 minutes. Subjects might 

not receive a sufficient amount of feedback to be able to change their maladaptive pain-

related behaviour. It is known that increased practice and experience are associated 

with better acquisition of a (motor) skill (i.e. muscle relaxation)29. It is suggested that 

a more intensive training approach, i.e. continuous training, further improves outcome. 

Given the strain currently placed on the health care system, more intensive hands-

on treatment is highly improbable. Theoretically, if a particular process (e.g. muscle  

relaxation) can be measured and used as feedback30, then subjects can learn to volunta-

rily control this process29 without the regular interference of a therapist. 
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A portable biofeedback system which can be used during normal daily activities, like 

work, can make the treatment more intensive without the continuous attendance of the 

therapist. One such a feedback device is the Cinderella-based31 myofeedback system 

which has been proven to be  a clinically effective device32-34. According to the Cinderella 

hypothesis31, insufficient relaxation of the upper trapezius muscle contributes to the 

persistence of neck-shoulder pain. As the contraction levels are quite low, subjects are 

not very aware of a lack of relaxation. The ambulatory training based on this principle 

consists of continuous measurement of surface electromyography (sEMG) of the trape-

zius muscle. The ambulatory device provides an auditory and vibratory feedback when  

muscle relaxation is insufficient and thereby assists subjects to learn the (motor) skill 

which is needed to avoid that feedback and learn to relax their muscle. 

A disadvantage of the myofeedback treatment (MT) is the fact that subjects have to 

travel to the clinic for counselling sessions. Travel distances might be large, especially 

when the clinic is a regional facility. Large travel times and associated productivity loss 

might be costly for the subjects and/or the company. Prior to the counselling session 

sEMG data are not available for the therapists but need to be downloaded manually from 

the system when the subject is at the clinic. As a consequence, therapists can not pre-

pare the counselling sessions optimal. In order to optimize these disadvantages, MT has 

been extended. The extension of MT is a result of advanced development(s) in the area 

of information and communication technology (ICT). As such, the ambulant myofeedback 

system is equipped with a (secured) wireless connection over which sEMG signals can be 

send to a secured server which is accessible by the myofeedback therapist at any place 

and at any time. The fact that the medical data of the individual is remotely accessible 

for the therapist implies that the conservative in vivo visits between the individual and 

therapist can be replaced by remote consultations, which can be as simple as using 

the telephone or as complex as using real-time web-based videoconferencing. Conse-

quently, remotely supervised myofeedback treatment (RSMT) is believed to increase the 

efficiency of care and to save costs because travel-times are reduced. In addition, the 

effectiveness of care is hypothesized to increase because the professionals can prepare 

the counselling sessions more optimal. 

However, as teletreatment such as RSMT is a very new treatment concept in healthcare 

in general and work-related neck-shoulder pain in specific, it is important to examine 

which factors are relevant in the acceptance of these types of interventions by potential 
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end-users, i.e. therapists and subjects with neck-shoulder pain35. Acceptance of informa-

tion technology is defined as “an individual’s psychological state with regard to his or her 

voluntary or intended use of a particular technology”35. A prominent line of behavioural 

research, useful to understanding usage of information technology, draws on intention-

based models that focus on the behavioural intentions of subjects to predict use36. 

According to these models, the best predictor for human behaviour (i.e acceptance of 

RSMT) is the intention to do so. One of these models is the social-psychological orien-

ted Attitude - social Support - self Efficacy model (ASE)37. The intention for adhering 

to RSMT is seen as being directly affected by three main determinants: attitude, social 

support and self-efficacy. Subjects with a positive attitude, high levels of self-efficacy of  

succeeding in providing (therapist) and receiving (client) the intervention and high social 

support are more likely to adhere to RSMT.  

Of particular interest in the development of RSMT in health care is the emphasis on 

evidence-based medicine38. According to the ideals of evidence-based medicine, clinical 

practice should be “proven” by scientific evidence; preferably by a meta-analysis of ran-

domized controlled trials. Given the broad spectrum of possible effects of RSMT (quality, 

access, and costs), appropriate effect evaluation pose challenges to traditional metho-

dology38. The far-reaching consequences of telemedicine not only makes it difficult to 

evaluate its effects, but also presents challenges for RSMT implementation39. In spite of 

the promising benefits, the development of telemedicine services is immature39  and a lot 

of all telemedicine initiatives do not survive after the research stage40 41.  

Outline of thesis

Neck-shoulder pain related to computerwork, particularly in elderly female workers, is a 

major medical and economic problem. A lot of subjects still experience complaints even 

after treatment. 

The aim of the present thesis is to contribute to more effective and more efficient  

treatment of neck-shoulder pain related to computer work. Two different approaches 

have been followed. In the first part of this thesis, the focus was on obtaining a better 

understanding of the role of cognitive behavioural factors in subjects who are still wor-

king despite their neck-schoulder pain. More specific, in Chapter 2 the role of the cogni-

tive-behavioural oriented “fear-avoidance model” in the maintenance of neck-shoulder 
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pain disability is examined. The role of the fear-avoidance model is generally accepted 

in clinical musculoskeletal pain rehabilitation, especially in low back pain. Little re-

search has been conducted to the role of fear-avoidance beliefs in subjects suffering 

from neck-shoulder pain related to computer work, who are still functioning at work. In 

literature coping strategies other than avoidance as postulated in the “fear-avoidance 

model” are described, suggesting the existence of subgroups of musculoskeletal pain 

sufferers. Subgroups of neck-shoulder pain workers using different coping strategies to 

deal with their complaints are examined in Chapter 3. 

In the second part of the current thesis a new concept for treatment has been inves-

tigated. Earlier experiences have shown that a very intensive myofeedback treatment 

might be successful in the treatment of neck-shoulder pain. It was considered that this 

treatment could be more effective and more efficient when remote consultation would 

be feasible. As this concerns a new approach on treatment, its viability with respect to 

the susceptibility of the end-users (both subjects with neck-shoulder pain and professio-

nals) (Chapter 4) as well as the proper research methodology (Chapter 5) is investigated 

before a pilot (Chapter 6) could be carried out on the feasibility and changes in clinical 

outcomes. Chapter 7 describes the determinants that influence the successful implemen-

tation of these remote treatment concepts. 

Finally, Chapter 8 presents a general discussion on how to progress toward new  

approaches for effective treatment for subjects with neck-shoulder pain who are still 

working. 
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2 | Fear-avoidance model 

Abstract

This study explores the fear-avoidance model in a sample of women with neck- 

shoulder pain related to computerwork who were still functioning at the workplace. 

Exploring this model in this population could produce starting points for new treat-

ment approaches in occupational health. Fifty-eight women with work-related neck-

shoulder pain and 45 healthy controls were included. Differences in components of 

the fear-avoidance model between cases and controls were computed using t-tests. In 

addition, correlations were calculated and structural equation modeling (SEM) techni-

ques were performed to investigate the fear-avoidance model in the case group.  

In line with the fear-avoidance model, cases had lower performance levels and felt 

significantly more disabled compared to their controls but showed, in contrast to the 

model, significantly lower levels of catastrophizing thoughts. Of the fear-avoidance 

beliefs measures, all correlations were significant, except between catastrophizing 

and fear of movement. Fear-avoidance beliefs about work seem to play an important 

role in disability levels of work-related neck-shoulder pain patients as illustrated by 

the high(est) association with disabilities. The results of the present study also sho-

wed that the original fear-avoidance model proposed in subjects with work-related 

neck-shoulder pain who are still functioning at the workplace could only be confirmed 

by one of the three fit indices. Interestingly, adding an extra path between fear-avoi-

dance beliefs and disability in the original model approached good model fit as shown 

by all three fit indices. In line with the fear-avoidance model, the current results 

addressed the importance of pain-related fear in subjects with neck-shoulder pain  

disability related to computerwork. Interestingly, and not in accordance with the fear-

avoidance model, fear-avoidance beliefs directly influence disability levels in the cur-

rent sample; regardless of lower levels of performance that is, physical impairment. 

Introduction

Neck-shoulder pain is frequently reported among workers with repetitive and/or 

static manual tasks such as computer work. For instance, data from the European 

Foundation for the Improvement of Living and Working Conditions, obtained in 15 
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European countries, showed that 25% of the workers reported work-related neck-

shoulder pain1. The complaints mainly occur within the older population of female 

computer workers2 3 4. In the Netherlands, management of these disorders at the 

workplace, that commonly takes place before absenteeism occurs, generally consists 

of ergonomic interventions. These are mainly concentrated on improving work envi-

ronment and/or work techniques and include workplace redesign, postural instruc-

tions and education on how to (re-)organize work tasks. In occupational health, the 

basic philosophy underlying these interventions is the model of functional capacity 

and functional demands5. This model assumes that the individual workload should not 

exceed a person’s capacities. However, despite these early interventions the com-

plaints are often persistent and develop into chronic work-related neck-shoulder pain. 

In contrast to the ergonomic interventions provided at the workplace, subjects with 

chronic complaints often receive treatment in clinical settings mainly based on cog-

nitive-behavioural models. One such model is the fear-avoidance model developed 

by Vlaeyen et al. (1995)6 which offers a framework conceptualizing the process of 

developing chronic musculoskeletal pain. Avoidance and confrontation are postula-

ted as two extreme responses to painful experiences. Avoidance is considered as a 

maladaptive response, characterized by the avoidance of activities, resulting in poor 

behavioural performance, increased disability, and a subsequent reinforcement of 

catastrophic thoughts, completing the fear-avoidance circle. This is especially the 

case in subjects who interpret pain as threatening (pain catastrophizing) and exhibit 

“fear of movement” (kinesiophobia)7 8. In contrast, confrontation is considered as 

an adaptive response, in which the individual returns to normal activity, and thus  

achieves complete recovery. 

The fear-avoidance model has been widely investigated, and is accepted to explain 

the development of chronic low back pain9 10. There are some indications, that the 

model may be valid in subjects with (work-related) neck-shoulder pain, but this re-

search is scarce. For example, George et al. (2001)11 found no significant difference 

in fear-avoidance beliefs between cervical spine patients and patients with lumbar 

spine pain. Fritz et al. (2001)12 found that fear-avoidance beliefs seem to be present 

in patients with work-related as well as in non-work-related musculoskeletal pain. In 

addition, recent literature13 reports comparable levels of fear-avoidance beliefs in pa-

tients with sub-acute and chronic low back pain suggesting that these beliefs already 
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appear at an early stage and contribute to the transition from acute to chronic low 

back pain.

Further exploration of this model in people with neck-shoulder complaints related to 

computerwork is considered worthwhile, because this could result in starting points 

for new effective approaches for treatment in occupational health. Therefore, the ob-

jective of the present study was to investigate the fear-avoidance model in employees 

with neck-shoulder pain related to computer work, who are still working. 

Methods

Subjects

Three hundred and ten female workers, performing computer work predominantly, 

were contacted by telephone and one hundred and seventy volunteered to participa-

te. Of these, 49 did not meet the inclusion criteria and were therefore excluded from 

participation. Of the 121 employees who met the inclusion criteria, 18 dropped out 

because of lack of time, family circumstances or because they were tired of all the 

medical visits they already have had to make due to their pain. Finally, 103 subjects 

completed the study.

Female workers, between 40 and 62 years of age, were included if they worked for 

a minimum of 20 hours a week, mainly doing computer work. Subjects were included 

on their response of a questionnaire, which was derived from the Nordic Question-

naire and contained questions about work and health14. Based on their self-reported 

existence of neck-shoulder pain related to work, two subgroups were created; cases 

and controls. Subjects were included in the case group if they had experienced com-

plaints in the neck-shoulder region related to computerwork for more than 30 days 

during the previous 12 months. Subjects were excluded from the case group when 

they experienced complaints for more than 30 days in more than three parts of the 

body because otherwise the role of neck-shoulder complaints in perceived disabilities 

would be unclear. Subjects were included in the control group if they had experienced 

complaints in the neck-shoulder region for less than 7 days during the previous 12 

months, and excluded if they had experienced complaints for more than 30 days du-

ring the previous 12 months in any other part of the body. The reliability and validity 

of the Nordic questionniare has been proven to be acceptable15.
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Procedures and measures

The study was approved by the Medical Ethics Committee of the Roessingh Rehabilita-

tion Centre. All subjects gave their written informed consent before participating in 

this cross-sectional study. 

Besides some information on demographic variables, information was gathered with 

respect to the different components of the fear-avoidance model: pain intensity, ca-

tastrophizing, pain-related fear (kinesiophobia, fear-avoidance beliefs about physical 

activity and work), behavioural performance and disability. 

Pain intensity: The level of pain intensity at the time of the experiment was measured 

using a 10-point numerical rating scale with written anchors at the two extremes: “no 

pain” and “the worst pain ever experienced”. A lower score was associated with less 

pain intensity. 

Catastrophizing (CSQ-CA): The subscale “catastrophizing” of the Dutch version of the 

Coping Strategies Questionnaire was used16 17. This subscale was found to be reliable 

and internally consistent3 16.

Kinesiophobia (TSK): The Dutch version of the Tampa Scale for Kinesiophobia18 was used 

to measure fear of movement in subjects with work-related neck-shoulder pain. The 

TSK is a 17-item 4-point Likert scale questionnaire which measures fear of (re)injury 

due to movement. Vlaeyen et al. (1995)6 found the Dutch TSK to be reliable and valid. 

An adapted version of the TSK (mTSK) was used for individuals with no pain19. The 

phrasing of this scale was slightly different from that of the TSK for subjects with pain 

because of the more “suggestive” character of the questions, but the same norms 

were applicable. 

Fear-Avoidance Beliefs Questionnaire (FABQ): The Dutch version of the FABQ was 

used20. The FABQ is a 16-item 7-point measure aimed at quantifying a person’s be-

liefs about how work and physical activity affect pain, and whether they believed 

that it should be avoided21. In addition to a total FABQ score, two sub-scales within 

the FABQ were also used; a 4-item scale measuring fear-avoidance beliefs (FABQ-PA) 

about physical activity, and a 7-item scale assessing fear-avoidance beliefs about work 
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(FABQ-W). A modified version of the FABQ (mFABQ) was used for individuals with no 

pain. The mFABQ was constructed using four of the five items from the subscale that 

assesses fear-avoidance beliefs about physical activity22.

Behavioral performance (MVC): The level of behavioral performance was assessed 

with a static maximal shoulder elevation test. Shoulder elevation is the most impor-

tant function of the trapezius muscle. This test was chosen because it is expected that 

the performance of this muscle is affected by neck-shoulder complaints, and consi-

dered to provoke fear for subjects with work-related neck-shoulder pain. The sub-

ject was asked to perform one maximal voluntary contraction (MVC) of the trapezius 

muscle. Only one MVC test was performed in the present study because avoidance, 

characterized by the fear-avoidance model, is expected to diminish with repeated 

exposures, thus resulting in better performance. To ensure a straight, upright sitting 

posture and to avoid lateral flexion, the subject was seated in a chair with a straight 

back. A maximum of standardization was pursued by using a chair that was adjustable 

in height. The height was adjusted so that the subject’s feet had no contact with the 

floor, in order to ensure that the applied force was derived from the trapezius muscle 

and not from the legs. The subjects were instructed to look straight ahead. Two Bofor 

dynamometers were fixed to the wall and placed on the lateral edge of each acro-

mion. The subject was instructed to build up the force over five seconds, then to keep 

up the pressure for about two seconds, and then to lower the force to zero. Direct 

continuous feedback was given about the level of force on a computer screen. 

Neck Disability Index (NDI): A Dutch translation of the NDI was used23. The NDI is a 

10-item 6-point scale measuring difficulty in performing daily activities. Its reliability 

and validity was proven to be satisfactory23 24 25.

Analysis

Descriptives

All data were analyzed in SPSS Version 11.5 (SPSS, Inc., Chicago, IL, USA). Differences 

in demographic variables and components of the fear-avoidance model between cases 

and controls were investigated with a t-test when normally distributed. To test the 

relationships between the components of the fear-avoidance model, Pearson’s cor-
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relations among pain intensity, TSK, FABQ-W, FABQ-PA, MVC and NDI were calculated 

for the cases. 

Model estimation

A confirmatory path analysis of the fear-avoidance model was performed with struc-

tural equation modeling (SEM) software (EQS 6.1). Path diagrams are fundamental 

to SEM because they make it possible to diagram the hypothesized set of relation-

ships. The path diagram for the fear-avoidance model is shown in Figure 2.1. The 

measured variables, also called indicators are represented by rectangles. Factors 

have two or more indicators, also called latent variables, and these are presented 

by circles. The relationships between variables are indicated by lines, and a line 

with one arrow represents a hypothesized direct relationship between two variables. 

In the first step of the SEM analysis relationships between pain intensity, catastro-

phizing (CSQ-CA), the latent variable pain-related fear with three indicators (FABQ-W, 

FABQ-PA and TSK), the performance (MVC) and the disabilities (NDI) were assessed by 

calculating path coefficients. Catastrophizing (CA), pain intensity, and disability (NDI) 

were included in SEM without error variances, because these variances are unknown 

for this kind of study population (non-clinical subjects with neck-shoulder pain). To 

achieve covariances between the variables that are of comparable sizes the MVC was 

multiplied by 0.1 in the analyses. The path coefficient between FABQ-PA and fear-

avoidance was fixed at 1.00 in order to set the scale for the measurement of the 

latent factor “fear-avoidance”26. 

In the second step of the SEM analysis the adequacy of the fear-avoidance model in 

cases with neck-shoulder complaints related to computerwork was tested using robust 

maximum likelihood estimation, a technique for small sample sizes and/or non-normal 

distributed data27. Model fit was evaluated on the basis of three parameters: 1) the 

Yuan Bentler, p values >0.05 indicates good fit of the fear-avoidance model28 29; 2) 

the root mean square error of approximation (RMSEA) indicating good model fit when  

< 0.0630; and 3) the comparative fit index (CFI). CFI values greater than 0.95 are often 

indicative of good-fitting models31. For small sample sizes the Yuan-Bentler statistic is 

recommended. RMSEA and CFI are considered to be less sensitive to sample size than 

others27. In the third step of the SEM analysis it was tested whether modifications such 

as adding extra paths improve the goodness-of-fit of the hypothesized model27. 
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Results

Descriptives

The sample consisted of 58 cases and 45 controls. The demographic and occupational 

variables are presented in Table 2.1. The mean duration of the complaints experien-

ced by subjects in the case group was 66 months (range 2-204, SD=61.4). The mean 

pain intensity score in the case group was 2.7 (range 0-8, SD=2.4).

Table 2.1 Demographic and occupational characteristics of the study population: mean and SD (n=103)

The two groups were comparable with regard to age, height, weight and number of 

working hours per week, since no significant differences were found.

The mean scores for the (scales of the) questionnaires and performance test, and the 

results of the statistical tests to indicate differences between cases and controls, are 

presented in Table 2.2. 

Table 2.2 Mean scores and standard deviations for cases and controls on catastrophizing (CSQ-CA), kinesiop-

hobia (TSK),  fear-avoidance beliefs (mFABQ, FABQ-PA, FABQ-W), performance (MVC) and disability (NDI) 

(n=103). (m)= modified version used for the control group.

Case (n=58) Control (n=45) 

Age (yrs) 49.34 (5.02) 51.11 (4.84) 

Height (cm) 168.28 (6.16) 169.20 (6.59) 

Weight (kg) 73.35 (14.67) 71.48 (9.24) 

Work (h/wk) 29.28 (8.24) 30.29 (8.39) 

Workhistory (months) 112.93 (15.23) 121.44 (18.31) 

Case (n=58) 

mean (SD)

Control (n=45) 

mean (SD)
t-test 

sig.

(2-tailed)

CSQ-CA 9.14 (8.63) 13.78 (9.53) 2.586 .011* 

(m)TSK 31.78 (7.21) 32.42 (6.631) 0.467 .641 

(m)FABQ 10.88 (6.23) 10.40 (5.98) -0.394 .694 

FABQ-W 14.67 (8.71) -- -- --

FABQ-PA 10.14 (6.13) -- -- --

MVC 169.87 (92,34) 206.33 (79.27) 2.097 .004* 

NDI 9.45 (5.55) 2.40 (2.36) 8.706 .000* 

*p<0.05
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All parameters, except for NDI and CSQ-CA, were normally distributed. In line with 

the fear-avoidance model, cases reported significant higher levels of NDI (t=8.71,  

p=0.00) and significant lower levels of MVC (t=2.10, p=0.00) compared to the controls. 

Remarkable, significant lower levels of catastrophizing (CSQ-CA) were found in the 

case group (t=2.59, p=0.01).

Correlation coefficients between the components of the fear-avoidance model in the 

case group are presented in Table 2.3. All relationships between the variables were in 

the hypothesized direction. All relationships in the fear-avoidance model were signi-

ficant, except the relationship between catastrophizing and pain-related fear. The hi-

ghest correlation was found between FABQ-W and disabilities (NDI) (r=0.455, p=0.00).

Table 2.3 Pearson’s correlation coefficients (r) for pain-intensity in the neck, catastrophizing (CSQ-CA), 

kinesiophobia (TSK), fear-avoidance beliefs about physical activity (FABQ-PA) and work (FABQ-W), perfor-

mance (MVC) and disability (NDI) in the case group (n=58).

In the control group, none of the associations as postulated in the fear-avoidance  

model was found to be significant, except for CSQ-CA and MVC (r=-0.303, p=0.05).

Model estimation

The fear-avoidance model with significant parameter estimates in standardized (and 

unstandardized) form is presented in Figure 2.1. All of the path coefficients between 

the measured variables and factors in the model are significant, except the path  

between catastrophizing and fear-avoidance. Pain intensity was predictive of cata-

strophic thoughts (standardized coefficient = 0.35), and higher levels of pain-related 

fear lead to lowered levels of performance (standardized coefficient = -0.47).

NDI CSQ-CA TSK FABQ-W FABQ-PA MVC

NDI -- -- -- -- -- --

CSQ-CA .358** -- -- -- -- -- 

TSK .272* .213 -- -- -- -- 

FABQ-W .455** .270* .402* -- -- -- 

FABQ-PA .233 -.038 .460** .362 -- -- 

MVC -.354** -.152 -.368** -.358** -.186 -- 

Pain intensity .441** .360** .290* .204 .181 -.205 

* p<0.05, **p<0.01 



Chapter 2   Fear-avoidance model | 35

Figure 2.1 Results of the SEM analyses of the fear-avoidance model (Vlaeyen et al., 1995) for cases (n=58); 

standardized (unstandardized) path coefficients between pain-intensity in the neck, catastrophizing (CSQ-

CA), kinesiophobia (TSK), fear-avoidance beliefs about physical activity (FABQ-PA) and work (FABQ-W), per-

formance (MVC) and disability (NDI). * p<0.05

Lowered levels of performance lead to higher levels of disability (standardized coef-

ficient = -0.40). Disability was predictive of pain intensity (standardized coefficient = 

0.43). Only one of the three goodness-of-fit indices, the Yuan-Bentler Chi-square test 

(χ2=18.887, df=13, p=0.13), indicated good fit of the fear-avoidance model. Poor fit 

was indicated by the root-mean square error of approximation (RMSEA=0.132, 90% CI 

0.05–0.205) and the comparative fit index (CFI=0.835). 

Post-hoc model modifications were performed in an attempt to achieve a better fit. 

Interestingly, on the basis of the Lagrane Multiplier Test one path was added, namely 

between fear-avoidance and disabilities indicating that higher levels of fear-avoidan-

ce beliefs lead directly to higher levels of disability (χ2=24.647, df=1, p=0.00). When 

adding the direct path between fear-avoidance disability, the chi-square decreases 

(but remains non-significant as it should) and now all indicators approach good fit 

as shown by the Yuan-Bentler Chi-square test (χ2=13.18, df=13, p=0.36), the lowered  

RMSEA (0.069, 90% CI 0.00–0.160) and the higher CFI (0.958) indices. Another  

remarkable result is that when a direct path between fear-avoidance beliefs and disa-

bilities is added, the relationship between MVC and NDI losses significance.

MVC

      Fear-
 avoidance

TSK

FABQ-PA

FABQ-W

Pain Intensity

CSQ-CA

NDI

.71*
(1.40)

.59
(1.00)

.65*
(1.59)

-.47*
(-1.22)

-.40*
(-.23)

.43*
(.19)

.35*
(1.22)

.19 ns
(.08)
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Discussion 

The present study investigated the fear-avoidance model in a sample of subjects 

with neck-shoulder complaints related to computerwork, who were still functioning at 

the workplace. Exploring the fear-avoidance model in this population could result in  

starting points for new approaches to treatment in occupational health. 

The results of the present study showed that the original fear-avoidance model pro-

posed in subjects with work-related neck-shoulder pain who are still functioning at 

the workplace could only be confirmed by one of the three fit indices. Interestingly,  

adding an extra path between fear-avoidance beliefs and disability in the original 

model lead to good model fit as indicated by all three goodness of fit indices. 

In line with the fear-avoidance model, the current results support the maladaptive 

role of pain-related fear in disability6 21 32. Remarkably and not in accordance with 

the fear-avoidance model, when a direct path between fear-avoidance beliefs and 

disabilities was added to the model, the significant association between performance 

and disability disappeared. In other words, fear-avoidance beliefs directly influence 

disability levels; regardless of lower levels of performance i.e. physical impairment in 

the current sample. A hypothetical explanation for this finding could be that the po-

pulation included in the present study applied other avoidance strategies to deal with 

their pain than behavioural focused avoidance. A possible avoidance strategy applied 

could be “cognitive emotional avoidance” as illustrated by the direct path between 

fear-avoidance beliefs and disability. Despite their neck-shoulder complaints, subjects 

included in the present study might have been continuing their work in order to avoid 

aversive (emotional) consequences such as work loss, conflicts and negative evalua-

tion of colleagues. In literature, numerous studies have already addressed the nega-

tive consequences of subjects’ attempts to control or avoid emotions and thoughts in 

ways that are unsuccessful leading to, distress, frustration and hypervigilance33 34 35. 

As illustrated by the highest (significant) correlation, of all the fear-avoidance measu-

res applied in the present study (TSK, FABQ-PA, FABQ-W) fear-avoidance beliefs about 

work (FABQ-W) appeared to be the most relevant in work-related neck-shoulder pain 

disability. In contrast to kinesiophobia, as postulated in the fear-avoidance model, 

fear-avoidance beliefs about work could be regarded as a different construct. The 
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questions in the FABQ-W do not directly refer to fear of “physical activity/movement” 

but are applicable to fear regarding “work conditions” in general (for example item 

7: “my pain increases because of my work”). Future research is necessary to target 

the specific maladaptive cognitions, among is which work-related fear, and related 

avoidance behavior of subjects with neck-shoulder complaints related to computer-

work. As illustrated by the range of the average levels of fear-avoidance beliefs,  

there are subjects with higher levels of fear-avoidance beliefs. Clinical implications of 

these findings must be viewed as tentative but would suggest that in the occupational  

treatment of neck-shoulder pain subjects who report elevated levels of maladaptive 

cognitions and fear, cognitive-behavioural techniques could be of beneficial value.

 

The significantly lower levels of catastrophizing in the case group compared to the 

control group (mean 13.78) are interesting and surprising. In clinical low back pain 

literature, the mean scores on the catastrophizing subscale of the Coping Strategies 

Questionnaire (CSQ-CA) varied from 8.4 till 15.6 among different pain patient sam-

ples36. This indicates that the average level (mean score of 9.14) found in our case 

group is in the lower part of this range. This is probably due to the fact that the sub-

jects were rather mildly disabled. Moreover, as neck-shoulder complaints due to com-

puter work are not related to a traumatic experience, but develop gradually, the role 

of catastrophizing in fear-avoidance might be less likely to occur6 10 32. It is difficult 

to explain the elevated levels of catastrophic thoughts (mean score of 13.78) found 

in the control group. In answering the questions concerning the coping strategies that 

they usually apply when they experience pain, controls might have referred to more 

acute and general painful experiences, not particularly involving neck-shoulder pain. 

In acute pain, these levels of catastrophizing thoughts could be beneficial as it might 

prevent from further tissue damage. 

There are some limitations in the present study that should be taken into considera-

tion. First, the small sample size reduces the power of the current study. We tried 

to overcome this by applying SEM statistics that are suitable for small samples and 

non-normal distributed data. Second, the fear-avoidance questionnaires (TSK, FABQ) 

used in our study to assess fear-avoidance beliefs could be less appropriate for sub-

jects with work-related neck-shoulder pain, because they were originally designed for 
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subjects with low back pain. Irrespective of the specific instructions they were given, 

subjects could have had trouble relating questions referring to “back pain” to their 

neck-shoulder pain11. However, these questionnaires have been used in studies focu-

sing on pain syndromes other than low back pain7  11 12, without experiencing that they 

are less suited. On the same note, selecting people who are still working despite their 

complaints may have under-represented the target population in the fear-avoidance 

model. Most studies investigating the fear-avoidance model recruited patient samples 

from pain units or rehabilitation centers, and these patients were often on sick-leave 

and help-seeking. Therefore, it is difficult to compare our data with data obtained 

from these studies. Population-bias (“healthy worker effect”) might be another ex-

planation related to this point. Due to the selection criteria, our sample consisted 

of older subjects who were still working despite their rather chronic neck-shoulder 

complaints (average duration of 66 months) and their relatively high age (mean age 

49 years). Because of these limitations, we recommend to replicate the present study 

in subjects with higher levels of fear-avoidance beliefs and disability, both working 

and on sick leave. 

In conclusion, in line with the fear-avoidance model the results of the present study 

addressed the importance of pain-related fear in subjects with neck-shoulder pain 

disability related to computerwork. For occupational health, this could mean that 

a treatment aimed at increasing a subject’s performance (for example by means of 

ergonomic interventions) might not immediately result in reduced disability unless 

the underlying maladaptive cognitions and emotions are dealt with. Interestingly, the 

goodness of fit of the fear-avoidance model could be increased by adding a direct path 

between fear-avoidance and disability. Adding this extra path resulted in the lack of 

significance between performance and disabilities. Therefore, we hypothesized that 

subjects who are still working despite their complaints apply more “cognitive emo-

tional focused avoidance” strategies in order to deal with their pain instead of beha- 

vioural focused avoidance strategies. Further research should be aimed at investiga-

ting these different avoidance strategies.
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Abstract

Work-related neck-shoulder pain due to computerwork is an increasing problem in the 

industrialized countries, particular in elderly female workers. As illustrated by dif-

ferential treatment responses, subgroups of patients are believed to exist suggesting    

that there is probably not one treatment that fits all. It is known from literature that 

subjects differ on coping strategies and, related to this, show different behaviour to 

deal with and/or adjust to their pain. If subgroups of pain subjects can be discerned 

based on these coping strategies, treatments could be tailored to their specific needs 

which might further improve its effectiveness. The aim of the present study was to 

explore the assumption that clusters of subjects with work-related neck-shoulder pain 

could be differentiated based on the coping strategies they apply. It was subsequently 

examined whether these subgroups differed with respect to fear avoidance beliefs, 

disabilities and physical performance. A sample of 58 female workers with neck-shoul-

der pain related to computerwork was included. In addition to the Coping Strategies 

Questionnaire (CSQ), subjects completed the Fear-Avoidance Beliefs Questionnaire 

Work-subscale (FABQ-W) and Neck Disability Index (NDI), and performed a shoulder-

elevation test (MVC). The coping strategies used were analyzed using principal com-

ponent factor analysis of the CSQ items. Factor scores were subsequently subjected to 

k-means cluster analysis to identify subgroups which differed on pain coping profile. 

The findings suggested three factorially distinct subscales of the CSQ; “distraction”, 

“suppression and ignorance”, and “catastrophizing and worrying”. Three clusters of 

coping profiles could be differentiated labeled “worried suppressors”, “suppressors” 

and “minimized copers”, which tended to differ on FABQ-W, NDI and MVC and seem to 

have theoretical meaning. 

Introduction  

Upper extremity musculoskeletal complaints represent a common occupational pro-

blem, particularly among office workers. The prevalence of work-related neck-shoul-

der pain in Europe is 22.8%1. The population of computer workers mostly at risk for 

neck-shoulder pain is the elderly population2, especially females3. These complaints 
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are associated with individual’s suffering and enormous costs. For the Netherlands, 

the total costs of upper extremity disorders are estimated at 2.1 billion euros per 

year4. Due to the expected increase in computer-related jobs and aging of the working 

population, the prevalence of neck-shoulder pain related to computer work and the 

financial burden on society is expected to increase as well5 6. 

The aetiology of work-related neck-shoulder pain is multifactorial with a somatic, 

psychological and individual component7 and is complicated in terms of preven- 

tion and treatment8. As a consequence, many treatment modalities are used in daily 

practice to treat these subjects. Examples of common interventions are medications, 

physical therapy, and ergonomic adjustments9. Much of the existing treatment moda-

lities focus on the somatic aspects of pain. Although all of these interventions can be 

effective in some subjects, in a considerable part of the subjects the pain persists 

even after treatment10. 

Despite commonalities in the somatic aspects of neck-shoulder pain, it is suggested 

that subjects not necessary share the same psychological characteristics. More spe-

cific, cognitive-behavioural literature suggests that subjects may differ on the way 

they belief and think about their pain11 12 13. In psychology, the beliefs and thoughts 

of subjects about their pain are called cognitions. In relation to pain experience this 

means that subjects employ different (un)conscious cognitive strategies and show dif-

ferences in associated pain-related behaviour to modify their pain experience. Based 

on these differences, subgroups of pain subjects are discerned in literature11. 

Interestingly, within the avoidance-endurance model14 15 a distinction is made between 

subjects who show avoidant behaviour related to catastrophic thoughts and fear of 

movement (corresponding to the fear-avoidance model16), and subjects who persist in 

activity and (physically) overload dependent on denial or suppressive thoughts. 

Possible discrimination between subgroups of neck-shoulder pain subjects might add 

to the knowledge base on differences in treatment responses. Moreover, the effec-

tiveness of treatment of neck-shoulder pain is expected to increase if subgroups of 

patients could be identified and treatment could be tailored to subgroup-specific 

pain-related mechanisms9 17. 

The objective of the present study was to investigate whether subgroups of subjects 

with work-related neck-shoulder pain could be differentiated based on the coping 

strategies they use in dealing with their pain. A statistical procedure, such as cluster 
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analysis, is a possible way to classify subjects who display similar patterns of response 

to the coping strategies assessment instrument into different groups. One way to 

validate the meaning of the classification is to demonstrate that subjects with dis-

tinct coping profiles respond different on diverse and theoretically valuable outcome 

measures. In line with the avoidance-endurance model14, differences between the 

clusters in fear avoidance beliefs, disability and physical performance outcomes were 

examined. Since no instruments are available to assess the use of pain coping strate-

gies at the workplace, an instrument generally accepted to assess coping strategies in 

clinical pain patients is used: the Coping Strategies Questionnaire (CSQ)18. 

Methods

Subjects

Subjects were recruited by telephone for participation and included based on the 

Nordic Questionnaire, which concerned questions about work and health19. Subjects, 

aged between 40 and 62 years, were included if they experienced complaints in the 

neck-shoulder region due to computerwork for more than 30 days during the last 12 

months and worked for minimal 20 hours a week, performing predominantly compu-

terwork. In order to exclude subjects with generalized pain syndromes (such as fibro-

myalgia and arthrosis), subjects were excluded when they experienced complaints 

for more than 30 days in more than three body parts. Of the 76 included subjects, 18 

participants dropped out because of lack of time, family circumstances or being tired 

of all medical visits they already have had due to their pain. Finally, 58 subjects with 

neck-shoulder pain related to computerwork completed the study. 

Procedures and measures

The study was approved by the Medical Ethics Committee of the Roessingh Rehabili-

tation Centre. All subjects gave their written informed consent before participating 

in this cross-sectional study. Besides some demographic variables and historical pain-

related data (duration of pain, intensity of pain), information regarding coping strate-

gies, fear about work, behavioural performance, and disability was obtained.  

Coping Strategies Questionnaire (CSQ): The Dutch version of the Coping Strategies 

Questionnaire (CPV) was used to assess the extent to which subjects reported the use 
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of coping strategies when they felt pain and consists of 44 items20. The main difference 

between the original CSQ18 and the Dutch adaptation was the number of items of the 

behavioural coping subscale (2 for the CPV, and 6 for the CSQ), and the use of a dif-

ferent answering format. Subjects marked 10 cm visual analogue scales with the end 

points defined in the same way as on the original 7-point Likert-type scale, as “never 

do” and “always do that”. At the end of the questionnaire, subjects were asked to make 

two ratings of the overall effectiveness (pain control and ability to decrease pain). 

Fear-Avoidance Beliefs Questionnaire – subscale work (FABQ-W): Fear-avoidance be-

liefs were assessed using the Dutch language version of the 7-item 7-point FABQ-work 

subscale that aims at identifying beliefs concerning the influence of work on pain21. 

Fear-avoidance beliefs about work are believed to be relevant in subjects with work-

related neck-shoulder pain22. The FABQ has proven to be psychometrically sound23 24.

Behavioural performance (MVC): The level of behavioural performance was assessed 

with a static maximal shoulder elevation test. Shoulder elevation is the most impor-

tant function of the trapezius muscle. This test was chosen because it is expected 

that the performance of this muscle is affected by neck-shoulder complaints, and 

considered to provoke fear in subjects with work-related neck-shoulder pain. The 

subject was asked to perform three maximal voluntary contractions (MVC) of the tra-

pezius muscle. Only the first MVC test was used as the test result in the present study 

because avoidance, a central concept in by the fear-avoidance model, is expected to 

diminish with repeated exposures, thus resulting in better performance. To ensure a 

straight, upright sitting posture and to avoid lateral flexion, the subject was seated 

in a chair with a straight back. A maximum of standardization was pursued by using a 

chair that was adjustable in height. The height was adjusted so that the subject’s feet 

had no contact with the floor, in order to ensure that the applied force was derived 

from the trapezius muscle and not from the legs. Subjects were instructed to look 

straight ahead. Two Bofor dynamometers were fixed to the wall and placed on the 

lateral edge of each acromion. The subject was instructed to build up the force over 

five seconds, then to keep up the pressure for about two seconds, and then to lower 

the force to zero. Direct continuous feedback was given about the level of force on a 

computer screen. 
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Neck Disability Index (NDI): A Dutch translation of the NDI was used25. The NDI is a 

10-item 6-point scale measuring difficulty in performing daily activities. Its reliability 

and validity was shown to be satisfactory25 26 27.

Analysis

The CSQ scales (i.e. coping strategies) have varied in terms of composite variables 

across samples. For instance, the 8-factor structure of the CSQ20 that was originally 

developed to assess coping strategies in low back pain patients, yielded factors that 

could not be replicated and/or appeared to be uninterpretable in a whiplash sam-

ple28. Instead of the 8-factor solution, the 5-factor solution was the most interpreta-

ble28. The variability in findings in factor-solution is probably caused by differences 

in pain problems, pain chronicity, age and/or education across samples28. To examine 

specific coping strategies in new samples, component analysis of the individual CSQ 

items is recommended29. In line with this recommendation, the first part of the data 

analysis consisted of the identification of the scales (i.e. coping strategies) of the 

Dutch version of the CSQ by means of an item-based principal component analysis 

(PCA). Intercorrelations among the 44 items were computed and then the factors 

were extracted, using principal component analysis. Factors with eigenvalues greater 

than one are typically retained in the factor structure whereas factors with eigen-

values less than one are not. Because this approach can lead to retention of more or  

fewer factors than is necessary or desirable, examination of a scree plot30 is a secon-

dary method for determining the optimal number of factors31. Both indices were used 

in making determinations about the factor structure. The extracted factors were rota-

ted to obtain a simple structure using the Varimax procedure. An item was included in 

a factor if it (1) correlated with the factor at a level of 0.32 or larger, and (2) it had a 

loading lower than 0.32 on any other factor32. To determine the reliability of each of 

the factors identified in our sample, Cronbach’s alphas were computed. A Cronbach’s 

alpha between 0.70 and 0.95 was considered to be sufficient. 

In the second part of the data analysis, the assumption was tested that clusters of 

subjects could be differentiated by a combination of the identified coping strategies, 

i.e. the factors of the Dutch version of the CSQ. Therefore, K-means cluster analysis 

was conducted to identify the clusters. K-means cluster analysis is a clustering tech-
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nique that is based on the maximization of the difference between within-cluster and 

between-cluster variance. The number of clusters was set at 3 a priori based on the 

coping profiles discerned in the avoidance-endurance model, namely fear-avoidance 

coping, endurance coping and adaptive coping33. Kruskall-Wallis tests were conducted 

to investigate differences between the three clusters with respect to demographic 

and occupational variables, pain intensity, disabilities (NDI), performance (MVC) and 

fear-avoidance beliefs about work (FABQ-W). Bonferroni corrections of the p levels 

were applied in case of multiple comparisons. The chosen level of significance was 

p<0.05 in all analyses. All statistical analyses were conducted using SPSS (SPSS Inc. 

Headquarters, Chicago, IL, USA).

Results

The sample consisted of 58 cases. Demographic and occupational variables are presen-

ted in Table 3.I. The mean duration of the pain complaints experienced by participants 

was 66 months (range 2-204, SD=61.4). The mean pain intensity score in the sample 

was 2.7 (range 0-8, SD=2.4). Of the participants 12% was living alone, 4.9% was living 

single with children, 45.6% was living with another adult, and 37.9% was living with 

another adult and children.

 

Table 3.1 Demographic variables of the study sample (n=58)

The PCA resulted in nine factors with eigenvalues greater than 1. However, analysis of 

the scree plot revealed a clear 3-factor structure. The 3-factor solution also proved 

to be more interpretable and internally consistent compared to the other solutions, 

including the 5 and 8 factorial solution. 

The loadings of individual items on the principal components are presented in Table 3.2. 

With a cut-off point of 0.32 for inclusion of an item, 13 of the 44 items did not met 

the before mentioned criteria. All factor loadings were onto the principal component 

Sample (n=58) 

Age (yrs) 49.3 (5.0) 

Height (cm) 168.3 (6.2) 

Weight (kg) 73.4 (14.7) 

Working hours (h/wk) 29.3 (8.2) 

Work history (months) 112.9 (15.2) 
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at a level of 0.35 or greater. The principal component analysis, with a three factor 

structure as shown, accounted for 44.0% of the variance in questionnaire responses. 

Table 3.2 The Varimax 3-factor solution of the 44 items of the Dutch version of the CSQ (n=58). Loadings 

under 0.32 were replaced by --.

Factor loadings 
Factor  Component measures: When I feel pain… 

1 2 3

1  Distraction 

I think of people I enjoy doing things with .82 -- --
I think of things I enjoy doing .78 -- --
I try to be around other people .75 -- --
I do something I enjoy, such as watching TV or listening to 
music 

.71 -- --
I try to think of something pleasant .70 -- --
I do something active, like household chores or projects .68 -- --
I don’t think of it as pain but rather a dull or warm feeling .62 -- --
I read .62 -- --
I leave the house and do something, such as going to the 
movies or shopping 

.57 -- --
I tell myself I can overcome pain .56 -- --
I imagine that the pain is outside of my body .38 -- --
I have faith in doctors that someday there will be a cure for 
my pain 

.36 -- --
I rely on my faith in God .36 -- --
I try not to think of it as my body, but rather as something 
separate from me 

.35 -- --

2 Suppression and ignorance 

I just go on as if nothing happened -- .85 --
Although it hurts, I just keep on going -- .84 --
I ignore it -- .75 --
I pretend it’s not here -- .75 --
I tell myself I can’t let the pain stand in the way of what I 
have to do 

-- .70 --
I don’t pay any attention to the pain -- .64 --
I tell myself to be brave and carry on despite the pain -- .63 --
I don’t think about the pain -- .59 --
No matter how bed it gets, I know I can handle it -- .51 --

3 Catastrophizing and Worrying  

It’s awful and I feel that it overwhelms me -- -- .74 
I feel I can’t stand it anymore -- -- .73 
I feel like I can’t go on -- -- .70 
I worry all the time about whether it will end -- -- .64 
It is terrible and I feel it’s never going to get any better -- -- .55
I feel my life isn’t worth living -- -- .46 
I try to think years ahead, what everything will be like after 
I’ve gotten rid of the pain 

-- -- .41 

I pray to God it won’t last long -- -- .36 
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The first factor accounted for 17.8% of the total variance in scores on the CSQ items. 

As shown by the items described in Table 3.2, individuals with high scores on the first 

factor use a wide variety of distracting activities that serve to take their mind away 

from the pain. These activities include cognitive escape (“when I have pain I think 

of people I enjoy doing things with”) and/or behavioural escape (“when I have pain I 

leave the house and do something”). This factor was labeled “distraction”. 

The second factor accounted for 15.3% of the variance. Individuals with high scores  

on this factor try to suppress feelings of pain by self-statements (“when I feel pain I 

tell myself to be brave and carry on despite the pain”) and ignorance in order to con-

tinue their activities despite the pain (“although it hurts, I just keep on going”). The 

nomenclature of this second factor is “suppression and ignoring” of pain sensations. 

The third factor accounted for 10.9% of the variance. Individuals with high scores on 

this factor report worrying thoughts (“when I have pain I worry all the time about 

whether it will end”), and signs of catastrophic thoughts (“when I have pain it’s terri-

ble and I feel it’s never going to get any better”). The third factor is named “worrying 

and catastrophizing”.

The internal-consistency of the factors of the CPV in the current sample was investi-

gated. As illustrated in Table 3.3 the subscales were sufficiently reliable (Cronbach’s 

α=0.74-0.87).   

Table 3.3  Alpha coefficients and mean ratings for the 3 principal components of the Dutch version of the 

CSQ  identified in subjects with neck-shoulder pain related to computerwork (n=58)

As illustrated by the mean scores in Table 3.3, subjects used coping strategies of 

“suppression and ignorance of sensations” and “distraction” most often in coping with 

their neck-shoulder pain related to computerwork.

Principal components Number of items Alpha ( ) coefficient Mean rating (SD) 

Distraction 14 .87 3.8 (1.9) 

Suppression and 

ignoring sensations 
9 .84 5.8 (2.0) 

Catastrophizing and 

worrying 
8 .74 1.5 (1.3) 
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Principal components Number of items Alpha ( ) coefficient Mean rating (SD) 

Distraction 14 .87 3.8 (1.9) 

Suppression and 

ignoring sensations 
9 .84 5.8 (2.0) 

Catastrophizing and 

worrying 
8 .74 1.5 (1.3) 

For each cluster the mean scores and standard deviations on the empirically derived 

subscales of the CSQ are presented in Figure 3.1 as well as the significant differences 

(p<0.05, marked by an asterisk) between the clusters for each subscale. The 3-clus-

ter solution produced groups of reasonable size. Distraction coping was equally used 

by all participants and is not discriminating among the clusters. Subjects in cluster 

1 (n=20, 35% of the total sample) are characterized by significantly higher levels of 

“catastrophizing and worrying” (p=0.00) compared to the other two clusters and high 

levels of “suppression and ignorance”. Therefore, the coping profile in cluster 1 is 

labeled “worried suppression”. Subjects in cluster 2, labeled “suppressors” (n=25, 

43% of the total sample) are characterized by “suppression and ignorance” coping. In 

contrast to cluster 1, subjects in cluster 2 do not use “catastrophizing and worrying” 

strategies in dealing with their pain. In cluster 3 (n=13, 22% of the total sample),  

subjects reported significantly lower levels of “suppression and ignorance” and mo-

derate levels of “catastrophizing and worrying” and “distraction” compared to the 

other two clusters. Therefore, the nomenclature of this coping profile is “minimized 

coping”. 

Figure 3.1  Results of the K-means clusteranalysis (n=58) p<0.05*
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As shown in Table 3.4, the clusters did not differ in age, pain history and working hours 

a week. As illustrated by the high standard deviations, the inter-individual variability 

was large demanding large differences between groups in order to find significant dif-

ferences. Nevertheless, subjects in cluster 1 tended to report the highest level of pain 

intensity compared to the other clusters. Interestingly, subjects in cluster 2 tended to 

work the most hours per week. 

Table 3.4 Mean scores of the subgroups  on age, pain intensity, pain history, working hours, disabilities (NDI), 

performance (MVC) and fear-avoidance beliefs about work (FABQ-W) (n=58)

Table 3.4 shows on average, lower levels of disability (NDI) for subjects in cluster 2 

and higher levels of behavioural performance (MVC) scores for subjects in cluster 2 

and cluster 3, whereas higher levels of fear-avoidance beliefs (FABQ-W) were found 

for subjects in cluster 1. However, none of these absolute differences appeared to be 

significant. 

Discussion 

The aim of the present study was to explore the assumption that clusters of subjects 

with work-related neck-shoulder pain could be differentiated based on the coping 

strategies they apply. If so, it was subsequently examined whether these subgroups 

differed with respect to fear avoidance beliefs, disabilities and physical performance. 

Coping strategies were measured by means of the Dutch version of the Coping Strate-

gies Questionnaire (CSQ)20. In the current sample, the CSQ was found to contain three 

coping strategies which were labeled “distraction”, “suppression and ignorance” and 

“catastrophizing and worrying”. Based on these coping strategies, three clusters of 

Cluster 1 (n=20) 

Worried Suppression 

Cluster 2 (n=25) 

Suppression 

Cluster 3 (n=13) 

Minimized Coping 

Age 48.6 (4.7) 50.2 (5.3) 48.9 (5.3) 

Pain intensity 3.4 (2.8) 2.0 (2.0) 2.7 (1.9) 

Pain history (months) 65.6 (61.6) 76.2 (66.6) 42.4 (45.3) 

Work (hrs/wk) 28.3 (7.7) 30.5 (8.2) 28.4 (9.4) 

NDI 11.0 (6.3) 8.2 (4.1) 9.5 (6.4) 

MVC 153.8 (72.1) 177.0 (94.0) 181.4 (88.0) 

FABQ-W 16.1 (8.0) 13.5 (7.4) 14.8 (12.0) 
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coping profiles could be discerned within the current sample of female workers. Each 

of the three profiles was characterized by a specific combination of the 3 CSQ coping 

strategies identified. 

The coping strategies used by subjects with neck-shoulder pain due to computerwork 

show resemblances with those identified in a clinical whiplash sample studied by 

Swartzman et al. (1994)28. In line with their analysis, our coping strategy “distraction” 

suggests that cognitive distraction (i.e diverting attention) and behavioural distraction 

(i.e increasing activity) appear to comprise one coping strategy rather than 2 coping 

strategies. Moreover, the coping strategy “catastrophizing and worrying” like it was 

identified in our study contained all 6 items from the corresponding “catastrophizing” 

subscale and our coping strategy “suppression and ignorance” contained 4 of their 8-

item “ignoring sensations” scale28. These three coping strategies accounted for 44% of 

the variance in our sample, which is rather comparable to 48% found by Swartzman et 

al. (1994)28. However, further research is needed in larger sample sizes as well as to 

investigate differences and/or similarities in patterns of coping between clinical and 

non-clinical samples of subjects with non-specific neck-shoulder pain. 

As mentioned before, three clusters of coping profiles are discerned in the current 

sample. Theoretical relationships among the a priori coping profiles and at least two 

of the identified clusters can be drawn. 

One of the clusters (cluster 1 worried suppression, 35% of the total sample) was made 

up of subjects who used catastrophic and worrying thoughts about their pain along 

with suppression coping. In line with the fear-avoidance model, they tended to show 

lowered levels of behavioural performance and reported higher levels of fear-avoi-

dance beliefs about work, pain intensity and disability. It could be hypothesized that 

subjects in this cluster catastrophize about what further adversity their pain might 

lead to but actively avoid these aversive consequences (e.g. work loss, conflicts at 

work) of their pain22. They use “suppression and ignorance” coping to do so. Despite 

their attempts to “solve” their “feared” pain problem their complaints persist. These 

repetitive failed attempts to decrease their problem (of pain) could lead to frustra-

tion, a negative focus on self or even negative mood34 35. In the avoidance-endurance 

model, a subgroup of suppressive copers with a negative mood has been identified 
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previously14 36. The hypothesized negative mood can not be verified in cluster 1 of our 

sample as no mood scales have been included but it is worth mentioning that the or-

iginal CSQ catastrophizing subscale20, similar to the one emerged in the present study, 

is better conceptualized as an index of psychological distress and found to be highly 

related to measures of negative mood37 38.

The largest subgroup of subjects with neck-shoulder pain (cluster 2 suppression, 43% 

of the total sample) identified in this study consisted of individuals that reported high 

levels of “suppression and ignorance” coping. Subjects in this subgroup reported using 

“catastrophizing and worrying” significantly less often compared to subjects in the 

aforementioned subgroup (cluster 1). Instead, they predominantly use encouraging 

self-statements in order to deal with their pain and try to ignore the pain by denying 

pain-related sensations. In low painful conditions, suppression and ignorance might be 

an adaptive strategy in order to cope with the pain as it allows continuing “normal” 

(physical) functioning. However, subjects who extremely suppress and ignore their 

pain even in high painful conditions might risk (task) persistence and/or (physical) 

over-exertion. Indeed, subjects in cluster 2 tended to report the longest working 

hours per week compared to the other clusters, and higher performance levels com-

pared to cluster 1. It should be mentioned that none of these differences was found 

to be significant; perhaps as a function of the small sizes of the clusters and the 

high standard deviations. The suppression coping profile (cluster 2) is hypothesized 

to correspond with the “minimizing thought” profile as postulated in the avoidance-

endurance model14. 

Subjects in cluster 3 (minimizing coping, 22% of the total sample) reported low to mo-

derate scores on each of the coping strategies. Therefore, this subgroup was specula-

ted to correspond with the adaptive copers as postulated in both the fear-avoidance39 

as well as the avoidance-endurance model14. Contrary to this speculation, they did not 

report the lowest level of disability, fear-avoidance beliefs and pain intensity compa-

red to the other clusters. Interestingly, subjects in this cluster tended to report the 

shortest pain history compared to the other subjects. In combination with their mild 

levels of disability, their strategies for coping with pain might not be very outspoken 

yet. However, their mean pain duration was 42 months, which is still rather chronic. 

This might indicate the existence of a subgroup of subjects with neck-shoulder pain 

due to computerwork without outspoken coping behaviour. Subjects in cluster 3 might 



Chapter 3   Coping profiles | 57

therefore be comparable to subjects classified as “average” by the Multidimensional 

Pain Inventory40.

An interesting finding of the present study is the fact that the use of “distraction” 

coping did not differ significantly between the three clusters. However, in literature it 

is known that distractors, that are experienced by subjects to be interesting and plea-

sant, are associated with higher levels of perceived control and ability to decrease 

pain41 42. In other words, the (mal-)adaptiveness of distraction coping is influenced by 

motivational and emotional states of subjects. Although similar levels of distraction 

coping were found among the clusters, the (mal-)adaptiveness of distraction coping 

might be different. Based on the hypothesized negative mood of subjects belonging 

to the “worried suppression”, one might expect distraction coping to be less adap-

tive compared to the other clusters. In future research, motivational and emotional 

scales are recommended to be included in classifying subjects based on their coping 

profiles.

Some limitations of this study need to be mentioned. First, the small sample size 

could have affected the power. Second, formal principal components analysis and 

cluster analysis are exploratory statistical tools to generate a classification solution. 

Based on theoretical assumptions one has to a-priori “define” the number of clusters, 

so we did not “discover” three clusters of coping profiles by cluster analytic tools43. 

Nevertheless, the subgroups classified do have clinical and theoretical face-validity. 

Third, although the CSQ-scales appear to be useful, they need to be evaluated in com-

parison to other pain-relevant instruments. Related to this, despite the fact that the 

CSQ is generally accepted and assesses the use of coping with pain in daily life (e.g. 

“I tell myself I can’t let the pain stand in the way of what I have to do” , “I feel like I 

can’t go on”), it does not explicate the manner in which individuals cope with pain at 

work. Further examination of the coping strategies identified and their implications 

for coping with pain at work is needed. Fourth, due to the cross-sectional study design 

no conclusions can be drawn about the (mal-)adaptiveness of the coping profiles iden-

tified. Therefore, prospective studies need to be conducted to further explore the 

effectiveness of the three coping profiles on pain experience and disability. Fifth, the 

present study included a non-clinical, i.e. working sample, sample with neck-shoulder 
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pain whereas the majority of literature on cognitive-behavioural models is focused 

on subjects with clinical low-back pain. Nevertheless, indications exists that (part 

of) these models are applicable to other types of musculoskeletal pain problems44 45, 

including work-related46 and neck-shoulder pain22 47. Extending existing literature on 

pain coping and associated subgroups to a working population could help to design 

new treatment modalities for both management of pain and prevention of getting 

sick-listed due to the pain. 

In conclusion, the present study suggests the existence of subgroups of coping profiles 

in a population of subjects with neck-shoulder pain related computerwork, who are 

still functioning at the workplace. These subgroups also tended to differ on cognitive 

(fear-avoidance beliefs) as well as behavioural (working hours, performance) factors. 

Knowledge about the existence of subgroups sharing particular thoughts and beliefs 

about their pain, coping strategies and pain-related behaviour might help to tailor 

treatment to their specific needs and/or pain-related working mechanisms. Thereby, 

the effectiveness of treatment in neck-shoulder pain could be increased. Although 

statistical tools are useful instruments to obtain insight in subgroup-unique charac-

teristics, the clinical utility of statistical instruments for therapists to objectively 

classify subjects in daily practice is very limited. In order to be of clinical utility, the 

development of easy-to-use screening measure(s) most associated with subgroup cha-

racteristics should be among the future research priorities. 
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Abstract 

Remotely supervised myofeedback treatment (RSMT) is considered to be a potentially 

valuable alternative to the conventional myofeedback treatment, as it might increase 

the efficiency of care. This study was aimed at examining the receptiveness of poten-

tial end-users (patients and professionals) with respect to RSMT. By doing so, protocols 

of RSMT can be developed which fit to the needs of end-users and enhance treat-

ment adherence. For both end-user groups, questionnaires were developed focusing 

on two components of the Attitude - social Support – self-Efficacy (ASE) model. Fifteen  

patients with neck-shoulder complaints previously treated with conventional myo-

feedback and 21 professionals participated in the present study. Results showed po-

sitive attitudes toward RSMT in 53% of the patients, and 67% of them were willing to 

participate in RSMT. Of the 21 professionals included in the study, 43% reported a po-

sitive attitude. In addition, 40% of the patients and 100% of the professionals believed 

their self-efficacy level to be sufficient for RSMT. In addition to remote consultations, 

40% percent of the patients suggested that the optimal frequency of structural in 

vivo contact with their therapist would be once per two weeks, which is less frequent 

compared to the weekly in vivo contacts in the conventional myofeedback treatment. 

Professionals emphasized the importance of non-verbal communication and physical 

interaction (as in in vivo contact) in remote treatment concepts. 

Introduction

As neck-shoulder complaints are related to high costs for healthcare and society, 

there is an urgent need for well-developed and efficient treatment programs for these 

complaints. A relatively new treatment is the myofeedback treatment based on the 

Cinderella-hypothesis of Hägg1. This hypothesis states that insufficient relaxation of 

the neck-shoulder muscles contributes to the chronification of neck-shoulder pain. 

As the muscle contraction levels are quite low, subjects are not very aware of a lack 

of relaxation. The ambulatory training based on this principle consists of continuous 

measurement of surface ElectroMyoGraphy (sEMG) of the trapezius muscle, and pro-

viding feedback when insufficient muscle relaxation occurs in a certain time frame. A 
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garment is equipped with dry sEMG electrodes and connected to a storage and proces-

sing unit (Figure 4.1). Within this unit, raw sEMG data are processed into percentage 

of relaxation time and the unit provides auditory and vibratory feedback when relaxa-

tion time is not sufficient2. 

Effect studies in work-related musculoskeletal disorders (WMSD) and whiplash (WAD) 

patients showed clinically relevant decreases in pain intensity and disability in the 

neck and shoulder regions after four weeks of myofeedback treatment2 3.

In the protocol for conventional myofeed-

back treatment, subjects wear the system 

for four weeks during daily activities and 

they continuously receive feedback from 

the system when their muscle relaxa-

tion is insufficient. This system permits 

patients to receive intense treatment in 

their own environment. These are consi-

dered major advantages compared to the 

intramural therapy. Each week when the 

subject is visited by the therapist, the  

system is connected with the computer to 

download the sEMG data. These data  are 

then discussed, guided by an activity diary 

which the subject fills out manually every day the system is worn. This is experienced 

as a disadvantage of the conventional myofeedback treatment. The visits are relati-

vely short – about thirty minutes. However, the travel time from the patient’s home 

to the clinic is time consuming. This time consumption is costly and limits the geo-

graphical area in which patients can be treated. Moreover, the professionals have no 

time to prepare the data interpretation of the sEMG in combination with the activity 

diary which could affect the effectiveness of treatment. Therefore, the myofeedback 

system was recently designed to automatically download the sEMG data on a secured 

server, which is remotely accessible for the myofeedback therapist (Figure 4.2). This 

creates the possibility to replace the weekly visits between professionals and patients 

by a remote consult, called remotely supervised myofeedback training (RSMT). It is 

likely that this will increase the efficiency of care.

Figure 4.1 The myofeedback harness with dry sEMG 

electrodes
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Figure 4.2 Remotely Supervised Myofeedback Treatment (RSMT)

It is hypothesized that remote treatment is technically possible, but the main ques-

tion is whether or not patients and professionals are receptive to it?

In literature, different models exist that postulate determinants of an individual’s 

receptiveness toward new treatments. One of these models is the social-psychological 

oriented Attitude - Social support - self Efficacy model (ASE)4 that originated from 

Fishbein and Ajzen’s theory of reasoned action5 and Bandura’s social cognitive theory6. 

According to this theory, the best predictor of human behaviour is the intention to 

do so. Likewise, in the ASE model “intention to treatment receptiveness” is conside-

red to be a mediator of “actual treatment receptiveness”. The intention for future  

treatment adherence is seen as being directly affected by three main determinants: 

attitude, social support and self-efficacy. Subjects with a positive attitude toward the 

new treatment, high levels of self-efficacy of succeeding in the new treatment, and 

high social support are likely to adhere to the new treatment. 

Insight in the determinants of the ASE model would provide valuable information on 

how people can be stimulated to perform desired behaviour, for instance, with regard 

to RSMT. As stated by Berg (1999)7 the involvement of end-users in the early stages 

of developing treatment is recommended, as their interesting and useful views are 

believed to be important for successful implementation. 
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Within this framework, the objective of the current study was to explore the attitude 

and self-efficacy of both patients as well as professionals with regard to the remote 

myofeedback treatment. Social support is kept outside the scope of the present study, 

as it was hypothesized that it would be hard for subjects to estimate the perceived 

support from significant others on a treatment that has not fully been developed yet. 

Moreover, according to the Diffusion of Innovations Theory8, positive social support 

will be experienced when the innovative treatment is perceived by the patient to be 

positive and effective. 

Methods 

Patient population

Twenty-two subjects with musculoskeletal disorders in the neck-shoulder region of 

varying origin (WMSD, n=18 and WAD, n=4) were approached for participation in this 

study. Subjects were recruited from an existing database of patients who recently 

participated in the conventional myofeedback treatment (between 6 and 12 months 

posttreatment). It was assumed that selecting subjects who actually underwent con-

ventional myofeedback treatment had quite good understandings of the procedures 

when providing the myofeedback remotely. 

Subjects were eligible for participation if they were females between 18 and 65 years 

of age, with chronic neck-shoulder complaints (>6 months), and a stable medical 

condition reflected in an absence of large fluctuations in pain and/or disability. In 

addition, subjects were excluded when they had insufficient understanding of the 

Dutch language.

Professional population 

Professionals were recruited from the pain division of a local rehabilitation centre. 

Among these professionals, both direct providers of the conventional myofeedback 

treatment (n=4) as well as professionals with the authorization to refer patients to the 

myofeedback treatment (n=17) were approached. All professionals were acquainted 

with the principles and protocol of the conventional myofeedback treatment. 

Measurements

Two questionnaires were developed: one for the patients and one for the professio-
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nals. The questions were similar in origin, but they were specified to the target group, 

i.e. patients and professionals. The ASE model formed the theoretical background of 

the questionnaire. In the ASE-model, three determinants for intention of treatment 

adherence are postulated. The questionnaire developed focused on two of the three 

determinants of the ASE model, namely attitude and self-efficacy. Self-efficacy can 

be defined as one’s judgments of their capabilities to organize and execute courses 

of action required to attain designated types of performances6. Within this context, 

patients’ self-efficacy is the degree to which patients expect themselves to be capa-

ble of applying the relaxation skills and/or exercises provided by their myofeedback 

therapist during future remote consultation(s). A professionals’ self-efficacy is the 

degree to which myofeedback therapists consider themselves capable of communi-

cate the relaxation skills and/or exercises to their patients via ICT. The self-efficacy 

questions are aimed at providing insight in the optimum frequency of communication 

and preferred mode for remote consultation. For the professionals, the attitude ques-

tions were asked to all professionals, both the therapists providing the conventional 

myofeedback (n=4) and the direct referring professionals (n=17). The self-efficacy 

questions were asked solely to the myofeedback therapists (n=4), as those are the 

ones who need to provide the RSMT. The questions including (abbreviated) answering 

methodology are presented in Appendix 4.1 and 4.2.

Analysis

Results of the open questions were analyzed and presented in a mainly qualitative way. 

Questions measured at an ordinal scale were described using frequency distributions.

 

Results

Twenty-two questionnaires were sent to 18 WMSD and four WAD patients. Fifteen 

questionnaires were filled out and returned (response rate 68%). The mean age of 

the patients was 53.8 years (range 43-58). In addition, 26 questionnaires were sent to 

professionals working within the field of pain rehabilitation. Of these 26 questionnai-

res, 21 were returned (response rate 81%). Among the responding professionals were 

physiotherapists, social workers, psychologists, occupational therapists, rehabilita-

tion doctors, and vocational investigators. The mean age of the professionals was 39.6 

years (range 25-54). Fifty-three percent of the respondents were male. 
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Patient population

Attitude

In total, 53% of the patients with neck-shoulder pain were “positive” (40%) to “very 

positive” (13%) about the myofeedback treatment following the conventional approach 

(see Table 4.1). Twenty-seven percent of the patients had a “negative” to “very ne-

gative” attitude towards the conventional myofeedback treatment. This “negative” 

attitude was largely related to experienced technical failures and low usability of the 

system during the conventional myofeedback treatment.

Table 4.1 Patients’ attitude toward conventional (MT) and remote myofeedback (RSMT) (n=15)

As shown Table 4.1, an equal amount of patients with a positive attitude toward the 

conventional myofeedback treatment also reported a positive attitude toward the 

RSMT. So, 53% of the patients had a “positive” attitude toward remote treatment of 

their neck-shoulder complaints. Similar to the conventional myofeedback, 27% of the 

patients reported a “negative” to “very negative” attitude towards the RSMT. Twenty 

percent of the patients had a “neutral” attitude towards it, indicating that they did 

not prefer this type of treatment but also did not have an aversion toward it. 

As presented in Figure 4.3, 67% of all patients were willing to participate in RSMT.

Interestingly, more patients were willing to undergo the RSMT (67%) than the ones who 

reported a “positive” to “very positive” attitude towards it (53%; see Table 4.1). 

This difference was hypothesized to be related to the geographical distance between 

patient and therapist: subjects who lived at a longer distance from their therapist 

are probably more favorable to report willingness to undergo RSMT. Data inspection 

revealed no difference in the distance from the therapist and the time needed to 

commute to receive care between these additional patients (range 15-134 km, range 

18-100 min) (14% increase) and the other 53% of the patients (range 0-115 km, range 

5-78 min) who reported a positive attitude toward the conventional myofeedback.

Attitude of 

patients 
Very positive Positive Neutral Negative Very negative 

MT 13 % 40 % 20 % 20 % 7 % 

RSMT 0 % 53 % 20 % 20 % 7 % 
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Figure 4.3 The intention of patients with respect to participation in remotely supervised myofeedback 

treatment (RSMT) (n=15).

Twenty percent of the patients reported that they did not have a clear opinion about 

participating in a RSMT, whereas 13% is not willing to participate. No specific argu-

ments were mentioned. Patients reported that a reduced travel time, for either the 

patient herself or the therapist, was one of the major advantages of the RSMT com-

pared to the conventional treatment. In addition, some patients assumed the remote 

treatment to be more effective because of its potentially high treatment intensity as 

muscle relaxation patterns can be viewed by their therapists continuously. 

Self-efficacy

Despite the limitation concerning the lack of in vivo contact in RSMT, 40% of the 

patients believed they could still learn the required skills of the myofeedback princi-

ples remotely, and 20% reported doubt. Thirty-three percent of the subjects reported 

that they would not be capable of learning the instructions provided in the RSMT.  

In addition, 7% did not have any opinion with regard to their self-efficacy levels, 

which might indicate that they have difficulty in imagine the concept of remote myo-

feedback. Lack of in vivo contact was believed to make the contact less personal, 

resulting in lower treatment compliance. 

With regard to the frequency of contact with the professional, a minority (13%) of the 

patients believed structural in vivo contact would not be necessary with the RSMT. 

Forty percent of the patients suggested that the optimal frequency of structural in 
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vivo contact with their professional would be once per two weeks (Figure 4.4), which 

is less frequent compared to the conventional myofeedback treatment during which 

the therapists and patients meet each week. 

Figure 4.4 The percentage of preferred frequency of structural in vivo contact with the myofeedback the-

rapist in remotely supervised myofeedback treatment (RSMT) of patients (n=15).

Patients were also asked for the frequency of other forms of contact. Patients re-

ported that this could be valuable, in particular when their myofeedback therapist 

thought it to be necessary and in the early stages of the treatment. 

The preferred communication mode of learning the myofeedback skills in RSMT is 

email and/or telephone (80%) above other types of communication modes such as chat 

and short message services (SMS), which made up the other 20%.

Professional population

Attitude

Forty-three percent of all professionals familiar with myofeedback treatment repor-

ted a positive attitude toward the RSMT (Figure 4.5). According to the professio-

nals, the major advantages of the RSMT were the reduced travel times and ability 

to treat several patients simultaneously. Healthcare was considered to become more  

accessible for patients, because professionals believed the threshold for consulting 

the therapist to be lower when communication media other than in vivo contact (for 

example email) could be applied.
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Figure 4.5 The attitude of professionals (acquainted with conventional myofeedback) toward remotely su-

pervised myofeedback treatment (RSMT) (n=21)

 

Self-efficacy

The expectations toward self-efficacy of providing the RSMT was assumed to be mainly 

dependent on the mode and frequency of communication. All four myofeedback the-

rapists felt they would be able to provide the RSMT on condition that the technical 

feasibility of the system has been proven to be reliable. Similar to patients, profes-

sionals reported the possible lack of in vivo contact to be a major disadvantage of 

the RSMT. In vivo contact is considered to be stimulating for patients, and enhances 

treatment compliance. Inherently, professionals assume that there is an increased risk 

of drop-outs, and they stated that non-verbal communication, which occurs during in 

vivo consultations, provides important clinical input for the myofeedback therapist.  

Similar to patients, the majority (three out of four) myofeedback therapists preferred 

telephone, and to a lesser extent, email contact above SMS and chat. One therapist 

believed that chat could be valuable in remote consultations. 

In addition to the mode of communication, the frequency of contact between patient 

and professional is considered to be very important. Professionals believed that in 

RSMT the frequency and the intensity of the communication could easily be adapted to 

individual needs; two out of the four myofeedback therapists preferred to have in vivo 

contact at least once per two weeks; two preferred to have in vivo contact with the 

patient at the start and end of the treatment. The number of in vivo contacts could 

be reduced by alternating it with remote consultations. However, the total numbers 

of contacts are preferred to be comparable to the frequency of contact in the weekly 
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conventional myofeedback treatment. Finally, the lack of current computer skills and 

facilities at the professionals’ workplace was considered to be problematic.  

Discussion 

Remotely supervised myofeedback training (RSMT) is suggested to be a valuable al-

ternative to the conventional myofeedback treatment because it has the potential to 

increase the efficiency and effectiveness of care. In the present explorative study the 

ASE model4 served as framework to investigate the receptiveness of both patients and 

professionals towards RSMT. The study sample consisted of 15 neck-shoulder pain pa-

tients previously treated with conventional myofeedback, 17 therapists familiar with 

and four therapists actually providing the conventional myofeedback. This sample was 

chosen because it had actually experienced the myofeedback treatment and is expec-

ted to understand the (future) procedures of providing it remotely (RSMT). 

Results showed positive attitudes towards RSMT in 53% of the patients, and 67% of 

them were willing to participate in future RSMT. Of the 21 professionals included in the 

present study, 43% reported a positive attitude. In addition, 40% of the patients and 

100% of the professionals believed their self-efficacy level to be sufficient for RSMT. 

Counter to our expectations, several patients reported to intent to participate in 

remote myofeedback, although they did not report a positive attitude toward the con-

ventional myofeedback. A possible explanation for this finding is that these patients 

assume an improvement of technical reliability of the remote myofeedback system 

compared to the conventional myofeedback system. Another explanation might be 

the fact that they prefer remote consultations above the in vivo contacts because 

of its time-saving character which is the major difference between the conventional 

myofeedback and RSMT.

Professionals emphasized the importance of non-verbal communication and physical 

interaction (in vivo contact) in remote treatment concepts. In literature, non-verbal 

communication was found to be important in shaping and defining relationships be-

tween patients and professionals9. In turn, affective behavior was positively associa-

ted with patients’ satisfaction10 11. It is yet to be determined, whether the content of 

communication patterns in a remote communication mode allowing non-verbal com-

munication, differs from in vivo consultation, and how these affect the therapeutic 
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relationship. The therapeutic relationship, which a professional builds with the pa-

tient, is considered to be a cornerstone of treatment compliance12. Therefore, besides 

a communication mode allowing non-verbal communication, other factors might need 

to be applied to RSMT to increase patients’ compliance. It is suggested that patients’ 

decisions to modify or discontinue therapy can be reduced by committing themselves 

to attain specific treatment goals13. By formulating goal intentions, people translate 

their noncommittal desires into binding goals. This so-called “theory of Implementa-

tion Intention” principles to bridge the gap between treatment intentions (“I intend 

to achieve x”) and actual adherence to the treatment (actual behaviour).

In order to add non-verbal communication in remote consultations, videoconferencing 

is recommended. However, further research should be aimed at getting insight in the 

optimal communication mode for myofeedback teleconsultations by taking into ac-

count the clinical communication context. This context will differ across specialty 

settings in terms of the scope of issues and the duration of relationships between 

patients and providers14. Communication differs in “richness” with face-to-face com-

munication being richest, while other communication tools capable of sending fewer 

cues (voice, gestures, chat) or providing feedback slower (voice-mail, e-mail) are 

“leaner”14. Therefore, the appropriate mode is dependent on the task that needs to 

be performed14. In the course of the four-week RSMT there is a high chance that the 

task c.q the function of the (tele-)consultation changes. For example, the amount of 

instructions of the myofeedback therapist is expected to be larger in the initial phase 

of the RSMT. 

Despite the fact that only two of the three determinants of the ASE-model, atti-

tude and expectations towards self-efficacy, were addressed in the present study,  

the results revealed some interesting “end-user views”. 

A limitation of the present study was the relatively small sample size. Therefore, the 

results need to be interpreted with caution. Despite this limitation, the present study 

revealed some important recommendations which are likely to contribute to increased 

adherence of (future) remote myofeedback treatment. First, as the negative attitu-

des about the conventional myofeedback treatment were primarily due to technical 

failures of the myofeedback system, instruction sessions and well-organized technical 

support should be part of the RSMT. Second, non-verbal communication and physical 
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interaction are considered to be essential and are therefore recommended to remain 

part of the RSMT protocol. 
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Questionnaire patients Answering format 

Attitude 

1 What is your attitude towards RSMT? 

 very positive 

 positive 

 neutral 

 negative 

 very negative 

2 What are the potential advantages and disadvantages of 

RSMT? 

…………………………………………………… 

…………………………………………………… 

3 What are possible solutions to solve these problems? …………………………………………………… 

…………………………………………………… 

4 Would you be interested in participation?  yes 

 no 

 neutral 

 no opinion 

Self-efficacy 

5 Do you think that you can learn the required skills during 

RSMT? 

 yes 

 no 

 not sure 

6 Frequency of personal (in vivo) contact between expert 

professional and patient 

…………………………………………………… 

…………………………………………………… 

7 Incidence of other forms of contact between professional 

and patient 

…………………………………………………… 

…………………………………………………… 

8 Which forms of contact between professional and patient 

are preferred 

 chat 

 email 

 telephone 

 sms 

 other 

Appendix 4.1 Questionnaire for the patients
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Appendix 4.2 Questionnaire for the professionals

Questionnaire professionals Answering format 

Attitude 

1 What is your attitude towards RSMT? 

 very positive 

 positive 

 neutral 

 negative 

 very negative 

2 What are the potential advantages and disadvantages of 

RSMT? 

…………………………………………………… 

…………………………………………………… 

3 What are possible solutions to solve these problems? …………………………………………………… 

…………………………………………………… 

Self-efficacy 

4 Do you think that you will be able to provide RSMT?  yes 

 no 

 not sure 

5 Frequency of personal (in vivo) contact between expert 

professional and patient 

…………………………………………………… 

…………………………………………………… 

6 Incidence of other forms of contact between professional 

and patient 

…………………………………………………… 

…………………………………………………… 

7 Which forms of contact between professional and patient 

are preferred 

 chat 

 email 

 telephone 

 sms 

 other 

8 Requirements for optimal compliance …………………………………………………… 

…………………………………………………… 





CHAPTER 5

A systematic review 

of the methodology of 

telemedicine evaluation 

in patients with postural 

and movement disorders

M.H.A. Huis in ’t Veld 1  

H. van Dijk 1 

H.J. Hermens 1,2  

M.M.R. Vollenbroek-Hutten 1

1  Roessingh Research and Development, 

Enschede, The Netherlands

2  Faculty of Electrical Engineering, 

Mathematics and Computer Science, 

University of Twente, 

Enschede, The Netherlands

Journal of Telemedicine and Telecare

12(6): 289-297, 2006





Chapter 5   Methodology telemedicine evaluation | 83

5 | Methodology telemedicine evaluation

Abstract

We reviewed the methodology used in telemedicine research concerning patients with 

postural and movement disorders. Literature searches were performed using various 

computerized databases through to October 2005. Twenty-two studies met the crite-

ria for review. Two broad models of telemedicine delivery were represented in the 

literature: (i) telemedicine between healthcare professionals at each telemedicine 

site (n=16) and (ii) telemedicine between healthcare professionals and a patient at a 

remote site (n=6). Disparate research methodologies were used to investigate these 

two models. Most studies were limited to investigating the technical feasibility and 

acceptability of a telemedicine service rather than focusing on the overall effect of 

introducing the telemedicine service in routine healthcare. Nonetheless, it is pos-

sible to conclude that telemedicine is acceptable for both patients and professionals 

when used in rehabilitation. Since the two models of telemedicine evaluation tend 

to explore different outcomes (diagnostic accuracy versus health status), it is recom-

mended that separate methodologies should be used. In contrast to evaluations of 

telemedicine model (ii), randomized controlled trials appear to be less valuable for 

telemedicine model (i).

Introduction

In general, two broad models of telemedicine delivery can be discerned in telemedi-

cine: (i) between healthcare professionals at each telemedicine site and (ii) between 

healthcare professionals and a patient at a remote site. For example, a rural general 

practitioner may consult a remote expert (i) or patients at home may be supported by 

a physiotherapist at a distance (ii).

Despite much development work, the implementation of telemedicine in routine  

healthcare is scarce1-5. This may be due, among other things, to a lack of well designed 

methodologies for telemedicine research. In clinical and pharmaceutical research, 

the Food and Drug Administration has developed a three-staged model of drug evalu-

ation for increased scientific evidence. The stages of this model moves from animal 

(preclinical) studies, to pharmacokinetic studies in individuals (phase 1), to studies in 
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diseased individuals (phase 2), to comparisons against standard therapy for diseased 

individuals (phase 3)6. 

We have conducted a systematic review to describe the quality of the research me-

thodology used in the field of telemedicine for patients with postural and movement 

disorders. The present review focused on telemedicine evaluation studies concerning 

patients in the field of rehabilitation.

Methods

Computerized literature searches were performed using the Medline, Cinahl and  

Cochrane databases through to October 2005. The keywords (all fields) are shown in 

Table 5.1. In addition to this literature search, the references of relevant publications 

(also reviews) were carefully checked and a manual search was conducted using the  

online version of the Journal of Telemedicine and Telecare (March 1996 - October 2005).

Table 5.1 Search strategy

Selection criteria

The present review included articles which examined the benefits of telemedicine 

delivery between healthcare professionals at each telemedicine site and between  

healthcare professionals and patients at a remote site. 

The following inclusion criteria were applied:

•	 studies concerning patients with postural and movement disorders

•	 telemedicine research related to consulting, assessment, conferencing, monito- 

	 ring or treatment

•	 English, French, German and Dutch articles.

The following were excluded:

•	 studies concerning radiology

•	 studies regarding telemedicine for emergency care or minor accidents

Step Search term 

1
telemed$ (all fields) OR telehealth$ (all fields) OR telecare$ (all fields) OR 

telerehabilitation$  

2
teleconsultat$ (all fields) OR telemonitor$ (all fields) OR teleconference$ (all fields)  OR  

teletreatment$ (all fields) 

3 1 AND 2 
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•	 studies regarding educational or administrational purposes (e.g. electronic patient  

	 records)

•	 studies mainly aimed at the technical specifications of telecommunications

•	 studies primarily focusing on economic analysis of telemedicine interventions

•	 articles that were duplicates of other published studies.

Initial screening of the articles was based on the content of the abstracts. Two re-

viewers read all abstracts independently. When an abstract did not give sufficient 

information about the study, the full-text article was obtained for further review. 

Full-text articles were then evaluated independently by the reviewers, who reached 

a consensus about whether or not the article should be included. When disagreement 

persisted, the third independent reviewer made the final decision. From a practical 

point of view, articles were not blinded for authors and journals.

Methodology assessment

Since there are no widely agreed quality criteria for assessing telemedicine evaluation 

studies, a list was developed based on a recently published criteria list7 (see Appendix 

5.1). This list included items developed by the Cochrane Collaboration for observa-

tional studies and randomized clinical trials, and was completed using the framework 

for assessing validity described by Altman et al. (2001)8  and Van Tulder et al. (2000)9. 

The list was divided into five parts: research question, study design, intervention, 

outcome measures and statistics.

Two important modifications were made in the “intervention” part and one modi-

fication was made in the “outcome measures” part. In these parts differences are 

believed to exist between the two models of telemedicine delivery. The modifications 

are described below:

•	 the “intervention” part was extended by items relating to the description of the  

	 experimental group, control group and professionals.

•	 the “intervention” part was extended by adding items concerning time period and  

	 usage of telemedicine intervention since they provide information about the ma- 

	 turity of the application and the possibility of novelty effects.

•	 the “outcome measures” part was subdivided in patient-, professional- and tech- 

	 nical-related outcomes.
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Two reviewers independently scored the methodology of the included studies. To de-

termine the methodological quality of the study, each item was graded. If (adequate) 

information was available the item was rated positive (+). If information was not ade-

quate the item was rated negative (-). Items concerning partially presented information 

were rated partially (+/-). The item was rated (x) when the item was not applicable.

Results

The Medline, Cochrane and Cinahl search collected 613 citations of which 549 non-

duplicates were selected by reference checking. Selection revealed 188 abstracts to 

be screened, of which 60 abstracts were included for full-text consideration. Some 

journals were not available in The Netherlands. In order to receive the article, the 

majority of the authors were approached by email. Eventually, 45 full-text articles 

were retrieved. Twenty-eight articles were excluded additionally due to our inclu-

sion and exclusion criteria. Final consensus was found without needing to consult the 

third reviewer. Five additional articles were included based on the manual literature 

search. They underwent the same process for determining inclusion and exclusion.  

Thus, in total, 22 articles were included in the final review.

General study characteristics

The main characteristics of the 22 articles included in the present review are presen-

ted in Table 5.2 (a+b). The study population mainly concerned patients with a variety 

of orthopaedic10-17 and musculoskeletal problems18-20, stroke21-24, spinal cord injury25 26 

rheumatology27 28, traumatic brain injury29, upper extremity disorders surgery30  and 

hip replacement31.

In 16 of the 22 studies, the telemedicine intervention concerned professional-profes-

sional telemedicine delivery (i). All these studies concerned videoconferencing and 

were aimed at diagnosing the patients and/or discussing the management plans. In 

six of the 22 studies, the telemedicine intervention concerned telemedicine delivery 

between a professional and the patient (ii) and were aimed at monitoring and/or 

training15 22 24 25 29 31.

The scores of the methodological quality of the articles are presented in Table 5.3.
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Table 5.2a General characteristics of the studies included in the present review (n=22)
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Table 5.2b General characteristics of the studies included in the present review (n=22)
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Table 5.3 The methodological quality of the studies included (n=22)
T
e
le

m
e
d

ic
in

e
 t

y
p

e
 

R
e
se

a
rc

h
 

q
u

e
st

io
n

S
tu

d
y
 d

e
si

g
n

 
T

e
le

m
e
d

ic
in

e
 i
n

te
rv

e
n

ti
o

n
 

O
u

tc
o

m
e
 m

e
a
su

re
s 

S
ta

ti
st

ic
s 

(1
) 

p
ro

fe
ss

io
n

a
l-

p
ro

fe
ss

io
n

a
l 

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

A
b

b
o

u
d

 e
t 

a
l.

3
0

+
+

/-
+

/-
-

-
+

+
+

/-
-

-
-*

 
-

+
+

-
-

+
-

+
-

+
+

B
u

u
rk

e
e
t 

a
l.

2
3

 
+

+
/-

+
-

-
+

X
+

/-
+

-
X

-
+

+
-

+
+

-
X

-
-

-

C
o

rc
o

ra
n

 e
t 

a
l.

1
0

+
/-

+
+

/-
-

-
+

+
+

/-
+

+
/-

+
/-

*
 

-
+

+
-

-
+

/-
+

+
-

-
-

E
n

g
b

e
rs

 e
t 

a
l.

2
0

+
/-

-
-

-
-

+
X

+
/-

+
-

X
-

+
+

-
-

+
+

X
-

-
-

S
a
v
a
rd

 e
t 

a
l.

1
8

-
+

/-
-

-
-

+
X

+
/-

-
+

/-
X

-
+

-
-

-
-

-
X

-
-

-

V
u

o
li

o
 e

t 
a
l.

1
6

+
/-

+
+

+
+

+
+

+
-

+
/-

+
/-

-
+

+
+

^
+

-
-

+
-

-
-

W
ib

o
rg

 e
t 

a
l.

2
1

+
/-

+
+

/-
-

+
+

+
/-

+
-

+
+

+
/-

+
+

-
+

/-
+

/-
+

-
-

-
+

B
a
ru

ff
a
ld

i 
e
t 

a
l.

1
1

-
+

/-
-

-
-

+
-

+
-

-
-

+
/-

+
+

-
-

+
/-

+
+

-
+

-

D
a
v
is

 e
t 

a
l.

2
7

-
+

/-
-

-
-

+
X

+
-

+
/-

X
-

-
+

-
-

-
-

X
-

-
-

L
e
m

a
ir

e
 e

t 
a
l.

1
9

-
+

/-
-

-
-

+
X

+
-

+
/-

X
-

+
+

-
+

+
+

X
-

+
+

G
ra

h
a
m

e
t 

a
l.

2
8

+
/-

+
-

-
-

+
+

+
/-

-
+

/-
+

/-
*
 

+
/-

+
+

-
-

+
/-

+
+

-
-

-

H
a
u

k
ip

u
ro

 e
t 

a
l.

1
4

+
/-

+
+

+
-

+
+

+
-

+
/-

+
/-

-
+

+
-^

+
/-

+
/-

+
+

-
+

+

P
a
tt

e
rs

o
n

 e
t 

a
l.

2
6

+
/-

+
-

-
-

+
X

+
-

+
X

-
-

+
+

+
-

-
X

-
-

-

A
a
rn

io
 e

t 
a
l.

1
3

+
/-

+
/-

-
-

-
+

+
+

-
+

/-
+

/-
*
 

-
+

+
-

+
+

+
+

-
+

-

C
o

u
tu

ri
e
r 

e
t 

a
l.

1
2

+
/-

+
-

-
-

+
+

+
-

+
/-

+
/-

*
 

-
+

-
-

+
/-

+
/-

+
+

-
+

+

L
a
m

b
re

ch
t

e
t 

a
l.

1
7

-
+

-
-

-
+

X
+

+
+

/-
X

+
/-

+
+

-
-

-
+

X
-

-
-

(2
) 

p
ro

fe
ss

io
n

a
l-

p
a
ti

e
n

t
1

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

S
h

a
rm

a
 e

t 
a
l.

3
1

+
+

/-
-

-
+

+
X

+
-

+
/-

X
-

+
+

+
+

-
+

+
-

+
+

L
a
i 
e
t 

a
l.

2
4

+
+

/-
+

-
-

+
X

+
-

+
X

-
+

+
-

+
-

-
X

-
+

+

F
o
rd

u
ce

y
 e

t 
a
l.

2
9

+
/-

+
-

-
-

+
X

+
/-

-
+

X
-

+
+

-
+

-
-

X
-

-
-

K
ie

fe
r 

e
t 

a
l.

2
2

+
/-

+
/-

+
-

-
+

X
+

+
+

X
-

+
+

-
+

-
+

X
-

+
-

R
u

ss
e
ll

e
t 

a
l.

1
5

+
/-

+
+

+
-

+
+

+
/-

-
+

+
-

+
+

-
+

-
-

+
-

+
+

P
h

il
ip

s 
e
t 

a
l.

2
5

*
 s

im
ila

r 
ca

se
s 

an
d
 c

o
n
tr

o
ls

 

+
/-

+
-

-
-

+
X

+
/-

-
+

X
+

/-
+

+
-

-
-

+
X

-
+

-

^
 T

h
e 

st
u
d
y 

o
f 

V
u
o
lio

 e
t 

a
l.
 (

2
0
0
3
) 

is
 a

 f
o
llo

w
-u

p
 o

f 
th

e 
st

u
d
y 

o
f 

H
au

ki
p
u
ro

 e
t 

al
. 

(2
0
0
0
) 

 



90 | Chapter 5   Methodology telemedicine evaluation

Research question: Seventeen of the 22 included studies clearly described the re-

search question and five did not11 17-19 27.

Hypothesis:  Few of the research questions were supported by hypotheses, although 

in most studies an idea was presented about the possible effects of the telemedicine 

intervention.

Source population:  In 11 studies, the source population was well defined in a way 

that background information was provided about the population from which the inclu-

ded patients were drawn10 12 14-17 21 25 26 28 29.

In- and exclusion criteria:  Only six studies explicitly specified inclusion and exclu-

sion criteria for selecting their patients14-16 22-24. Among these, three of the six studies  

concerned telemedicine delivery between professionals and patients15 22 24. Because 

this model of telemedicine delivery focuses on patients’ functional improvement, 

defining sharp in- and exclusion criteria for patients is important. However, in tele-

medicine delivery between professionals, the focus is often on diagnosing the patient 

and the definition of criteria that influence the diagnostic skills of professionals might 

be valuable.

Participation rates: The majority (n=19) of the included studies did not record par-

ticipation rates, only three studies did16 21 31. Participation rates provide information 

about the willingness of subjects to undergo health care delivery by telemedicine.

Study design: 

(i) All 16 studies evaluating telemedicine delivery between professionals studies were 

cross-sectional studies, except one case-study26. In six of these 15 studies, only a te-

lemedicine group was included in the evaluation17-20 23 27.

In five of the 16 studies, subjects served both as case and as control because they 

underwent both the conventional as well as the telemedicine intervention10 12 13 28 30. 

A separate control group was included besides a telemedicine group in the remaining 

four studies11 14 16 21.

(ii) Of the six studies concerning telemedicine delivery between professionals and 
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patients, only one study included a separate control group and conducted a randomi-

zed clinical trial, including pre- and post-test measurements15. In the remaining five 

studies only a telemedicine group was included22 24 25 29 31, of which one was a case 

study29. In two of these studies, pre- and post-test measurements were conducted22 24. 

Methodologically, only studies with pre-post test measurements can reach conclu- 

sions about the “functional improvement” of patients. In addition, randomized cli-

nical trials can reach conclusions about differences in “functional improvement” be-

tween the groups.

Intervention and participants: The majority of the included studies described the 

equipment, setting and procedures. The maximum number of consultations was 41017. 

The time span of the telemedicine intervention varied from six weeks26  to two years17. 

Sample sizes varied from one26 29 to 41017.

Only seven out of all studies provided some information about the study population 

other than the general characteristics (e.g. number, gender and age) such as clinical 

scores, computer experience and social status15 21 22 24-26 29. Among these, five of the se-

ven studies were aimed at telemedicine delivery between a professional and a patient  

(ii) for which a clear description of the population is especially important15 22 24 25 29.

Besides the location and specialization of the professional, few studies explicitly 

described the educational qualifications and/or diagnostic skills of the professionals 

involved11 17 21 25 28. Describing these characteristics is especially relevant in the eva-

luation of diagnostic capabilities under different conditions in telemedicine interven-

tions between professionals (i).

Outcome measures: All studies included technical feasibility measures such as the du-

ration of the contact, the quantity of data, the quality of image or sound. However, no 

standardized methods were used. Another commonly used outcome measure among all 

the studies was the satisfaction with the telemedicine delivery for both patients and 

professionals. Satisfaction was measured by means of self-constructed questionnaires 

and, to a lesser extent, by conducting semi-structured interviews. No standardized sa-

tisfaction questionnaires were found. Outcome measures differed for the two models 

of telemedicine delivery:
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(i) In telemedicine delivery between professionals, the most frequently reported  

outcome measures are opinions about the diagnostic process and the accuracy of the  

diagnosis (agreement). Two different designs were used to compare the  

telemedicine delivery with conventional delivery. In the first design, the opinions  

from the professional using the telemedicine intervention and another professional  

using the conventional treatment were compared28. In this study, the same patients 

underwent the telemedicine and the conventional treatment.

In the second design, the observations of the professional about the telemedicine  

intervention were compared with observations of the same professional when  

providing the conventional treatment10 30. In these studies, patients underwent  

both the conventional as well as the telemedicine intervention. One study23 investiga-

ted the learning process of professionals in expert consultation, which is considered 

to be an important effect in telemedicine delivery between professionals.

(ii) In five of the six studies concerning telemedicine delivery between professio-

nals and patients, standardized clinical measurements were used15 22 24 29 31. Out- 

comes consisted of physical measurements15 22 24, standardized functional tests15,  

and standardized clinical questionnaires and/or rating scales24 29 31.

Statistics: Data analysis contained descriptive statistics without any power calcu-

lations. In five of the 16 studies aimed at telemedicine delivery between professio-

nals, non-parametric statistical tests were used to examine differences in satisfaction 

outcomes12 14 19 21. This might be due to the satisfaction questionnaires used which 

often comprises nominal or ordinal levels. In one study agreement in diagnosis and 

management plans between observations was tested parametrically30. Three out of 

four studies aimed at telemedicine delivery between professionals and patients, used 

parametric statistical tests to examine differences in patients’ health15 24 31.

Discussion

The main objective of the present systematic review was to summarize the methodo-

logy of telemedicine evaluation studies concerning patients with postural and move-

ment disorders. Based on this, some recommendations can be made for optimizing the 

methodology in telemedicine evaluation.

The present review summarized the results of 22 studies that evaluated the effect of 
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telemedicine interventions for patients with postural and movement disorders. Two 

broad models of telemedicine delivery were represented in literature; (i) 16 studies 

describing healthcare professionals at each telemedicine site and (ii) six studies des-

cribing healthcare professionals and patients at a remote site. Outcome measures 

were predominantly related to acceptability (technical feasibility and satisfaction) of 

the telemedicine delivery. All included studies suggest that telemedicine is acceptable 

for patients and professionals. However, a clear definition of the concept of feasibility 

and satisfaction, and about the way it should be measured, is lacking. Therefore, we 

recommend to develop standardized and validated measurements.

Acceptability of the telemedicine intervention is an important pre-requisite for suc-

cessful implementation. It has often been suggested that care, which is less satis-

factory to the users, is also less effective, because dissatisfaction is associated with 

non-compliance32. However, evaluating satisfaction alone is not sufficient to lead to 

implementation of telemedicine delivery in routine healthcare. For that purpose, 

evaluations of telemedicine interventions should have a broader scope as suggested 

by DeChant et al. (1996)2. According to his staged approach, telemedicine assessment 

should address the technical feasibility of, and satisfaction with, the telemedicine 

service in the first stages of assessment, but in the later stages it should also examine 

the “overall effect” of introducing them into a healthcare delivery system2. There-

fore, we strongly recommend formulating theoretical frameworks about the effects 

of telemedicine delivery because they are lacking currently and may differ between 

the two models of telemedicine delivery. We hypothesize that telemedicine delivery 

between professionals as a result of shared (diagnostic) decision making primarily 

contributes to increased efficiency, by avoiding unnecessary referrals for instance, 

whereas effectiveness of health care is primarily increased by telemedicine services 

between professionals and patients as a result of increased treatment intensity in the 

patients’ own environment. 

Another finding of the present study is that the different models of telemedicine 

delivery need to utilize different research methodologies. In studies concerning tele-

medicine delivery between professionals (model i), the majority of applications serve 

as a tool for facilitating the diagnostic process remotely and research is aimed at 
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examining the diagnostic validity of the telemedicine service. Two common outcome 

measures to quantify the diagnostic validity of a telemedicine application are sensi-

tivity and specificity33. Together, sensitivity and specificity indicate the accuracy of 

the diagnostic tool. Investigating the diagnostic accuracy implies the comparison of 

the experimental condition with the “gold standard” (concurrent validity). In other 

words, the diagnosis as found by the standard test must be compared to the diagnosis 

found by the experimental test. 

Besides diagnostic accuracy, the learning effect among professionals is an important 

outcome measure of telemedicine services because telemedicine applications aimed 

at professional-professional communication may also serve as a tool for discussing the 

treatment plan. In addition to the examination of the diagnostic accuracy, the content 

of the consultation and/or the learning effect (professionals’ opinions, number of un-

necessary referrals) should be investigated. The learning effect for professionals in 

expert-consultation was addressed in one study included in the present review23.

In studies concerning professional-patient communication (model ii), the focus of the 

evaluation is on the patients’ health status. Therefore, the evaluation of this type 

of telemedicine service is not very different from that of a new pharmaceutical drug 

or treatment procedure. Instead of freely admitting patients (as a prognostic cohort 

group), we recommend that patients should be randomly assigned to teletreatment 

and conventional treatment in a RCT.  In addition, changes in health status within both 

groups can only be determined by performing pre and post test measurements.

In summary, the evaluation of the effects of telemedicine interventions is still in its 

early stages of development as illustrated by the emphasis on technical feasibility 

and acceptability. As suggested by DeChant et al. (1996)2 research should also focus 

on other effects as well. The development of explanatory frameworks for the two 

models of telemedicine delivery, contribute in addressing other effects which need 

to be investigated34. In addition, the quality of the research methodology utilized in 

the majority of the studies need to be optimized dependent on the model of the te-

lemedicine delivery service. Whereas RCTs can be applied in evaluating the effects of 

telemedicine services aimed at professional-patient communication (model ii), they 

are less relevant in telemedicine services aimed at professional-professional com-
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munication (model i). Here, methodological designs for investigating sensitivity and 

specificity of the diagnostic test should be applied.
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Appendix 5.1 The methodological criteria for scoring telemedicine evaluation studies

Methodological criteria Judgement 

1 Research question is well stated? Yes: the aim of the study is clearly described, 

hypothesis are formed 

Partially: the aim of the study is clearly described, 

but a hypothesis and/or statement is absent 

No: the aim of the study was not clearly described 

Patient selection 

2 Is the source population well identifed? Yes: Additional characteristics (i.e. gender 

distribution, age, other sociodemographic variables) 

of the study population are presented  

Partially: Only number and type of patients are 

presented, no additional characteristics 

No: There is no presentation of the characteristics of 

the study population 

3 Are appropriate in- and exclusion 

criteria defined? 

Yes: Specification of the in- and exclusion criteria are 

presented and the definitions of the criteria are clear 

Partially: There is an attempt to present the in- and 

exclusion criteria, but the definitions are unclear 

No: There is no presentation of the in- and exclusion 

criteria 

4 Was there randomization? Yes: Randomization sequence is used 

No: No random assignment sequence is used, or its 

inadequate (such as using birth date) 

5 Is participation rate reported and 

appropriate?

Yes: Particpation rate is reported 

No: Participation rate is not reported 

6 Are all subjects representative of the 

same underlying population? 

Yes: All study groups are clearly from the same 

population base, background information provided 

Partially: The population base is very similar for the 

different study groups, or there are more than two 

groups and at least two are clearly from the same 

population 

No: The study groups are not from the same 

population base 

7 Is baseline comparability of various 

groups reported? 

Yes: Some form of comparability mentioned (age, 

gender, other variables i.e. computer skills) 

No: Comparability is not mentioned 

Not applicable: The study does not contain two 

different groups, i.e. cases and controls are the same 
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Methodological criteria Judgement 

Telemedicine intervention 

8 Is there an explicit description of the 

telemedicine intervention? (new added) 

Yes: Explicit description of the telemedicine 

intervention suitable for replication (e.g. procedures, 

setting, equipment, involved persons) is provided or 

authors refer to another study with full description 

Partially: There is an attempt to described the 

intervention but unsuitable for replication. 

No: No description of the telemedicine intervention is 

provided

9 Are additional intervention/telemedicine 

effects mentioned (new added) 

Yes: Additional effects are mentioned (e.g. learning 

effect of professionals in expert-consultation, 

alterations in client-professional relationship) 

No: Additional effects are not mentioned 

10 Is there an explicit description of the 

experimental group? (new added) 

Yes: Explicit description of the experimental group 

(age, gender, number, type of patient, 

sociodemographic information) 

Partially: There is an attempt to describe the 

experimental group but one of the items mentioned 

above is missing 

No: No description of the experimental group is 

provided

11 Is there an explicit description of the 

control group? (new added) 

Yes: Explicit description of the control group (age, 

gender, number, type of patient, sociodemographic 

information) 

Partially: There is an attempt to describe the control 

group but one of the items mentioned above is 

missing 

No: No description of the control group is provided 

Not applicable: The study does not include two or 

more different groups 

12 Is there an explicit description of the 

involved professionals? (new added) 

Yes: Besides a description of the professional (s) 

involved additional information (e.g. qualification, 

computer skills) is provided 

Partially: A short description of the professional(s) 

involved is provided 

No: No information about the professional(s) involved 

is provided 

13 Is usage of the telemedicine application 

mentioned? (new added) 

Yes: Usage (e.g. number of consultations) is 

mentioned 

No: Usage is not mentioned 

14 Was the time period of the telemedicine 

intervention mentioned? (new added) 

Yes: The time period was mentioned 

No: The time period was not mentioned 

15 Was there a follow-up? (short or long 

term) 

Yes: Follow-up period and outcome presented 

Partially: Follow-up outcome presented but follow-up 

period is lacking 

No: No follow-up period or outcome presented 
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Methodological criteria Judgement 

Outcome measures 

16 Are patient outcome measures well 

defined and valid? (new added) 

Yes: A clear operational definition of the outcome 

(type of measure and instrument) was provided (e.g. 

literature reference, full-text questionnaire including 

scoring format) 

Partially: There is an attempt at providing a clear 

operational definition of the outcome, but is not clear 

enough to allow study replication (e.g. topics 

mentioned but full-text items are lacking) 

No: There is no presentation of the patient’s outcome 

definition 

17 Are professional outcome measures well 

defined and valid? (new added) 

Yes: A clear operational definition of the outcome 

(type of measure and instrument) was provided (e.g. 

literature reference, full-text questionnaire including 

scoring format) 

Partially: There is an attempt at providing a clear 

operational definition of the outcome, but is not clear 

enough to allow study replication (e.g. topics 

mentioned but full-text items are lacking) 

No: There is no presentation of the patient’s outcome 

definition 

18 Are professional outcome measures well 

defined and valid? (new added) 

Yes: Technical outcome measures provided (both 

subjective as objective) 

No: There is no presentation of technical outcome 

definition 

19 Are the same data used for all 

members? 

Yes: The timing and method of outcome assessment  

in both groups is equal for all important outcome 

assessments 

No: The timing and method of outcome assessment 

in both groups is not equal for all important outcome 

assessments 

Statistics 

20 Does sample size provide adequate 

statistical power? 

Yes: Power statistics mentioned 

No: No power statistics mentioned 

21 Were point estimates and measures of 

variability presented for the primary 

outcomes? 

Yes: Point estimates and measures of variability are 

both presented. With point estimates we mean: 

standard deviations, ranges, 95% confidence 

intervals etcetera. 

No: No point estimates and measures of variability 

are presented.  

22 Is there control for statistical 

significance? 

Yes: Statistical tests were applied for significance 

No: No statistical tests were applied for significance 
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6 | Evaluation remotely supervised myofeedback

Abstract

Remotely supervised myofeedback treatment (RSMT) is a relatively new intervention 

aiming at reducing neck-shoulder pain and disabilities. Subjects are equipped with a 

garment which can be worn under the clothes during daily work. Dry surface electro-

des incorporated in this garment measure muscle activation (sEMG) of the trapezius 

muscle. The garment is connected to an ambulant device which provides feedback to 

the subject when muscle relaxation is insufficient. sEMG data is also send to a secured 

server that is accessible by therapists for remote counseling purposes. In concordance 

with the evaluation stages of DeChant, RSMT was evaluated on technical feasibility, 

user satisfaction, and changes in clinical outcomes. In addition, subjects were asked 

about their willingness to pay (WTP). The study population consisted of ten female 

workers suffering from neck-shoulder pain related to computerwork. Results show 

that in 78% of the remote counseling sessions sufficient amounts of data were availa-

ble at the server for the therapist to make an assessment of muscle tension needed for 

the remote counseling sessions. Subjects were highly satisfied about the usefulness 

and ease of use of the remote counseling. However, they were less satisfied with the 

technical functioning of the myofeedback system. Eighty percent of the subjects re-

ported a reduction in pain intensity and disability directly after RSMT. Subjects were 

willing to contribute a maximum of 200 euro for RSMT. Based on this study, it can be 

concluded that RSMT is technically feasible and induces changes in clinical outcomes.  

However, further technical improvements and research into the clinical effectiveness 

is needed before this treatment can go into real deployment. 

Introduction

The prevalence of work-related neck-shoulder pain among computer workers is high, 

particularly in females1. Despite the various conservative interventions such as phy-

siotherapy and ergonomic adjustments at the workplace, neck-shoulder pain persist 

in a majority of computer workers. The development and introduction of new inter-

ventions is therefore desirable. 

A new intervention addressing neck-shoulder pain is myofeedback treatment (MT). 
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MT uses a system enabling continuous recording of upper trapezius muscle activation 

patterns (surface electromyography, sEMG) by means of dry surface electrodes which 

are incorporated in a garment that can be worn under the clothes in normal daily life. 

The garment is connected to a signal processing and feedback unit which vibrates and 

creates a soft sound in case of insufficient muscle relaxation. MT has shown to be be-

neficial in reducing pain intensity and disability in neck-shoulder complaints2 3.

An inefficient property of the current MT is the fact that the therapist has to manually 

download the sEMG data from the system making weekly in vivo counseling visits with the 

patients necessary. For this reason, MT was further developed into a remotely supervised 

myofeedback treatment (RSMT) in which sEMG data are remotely accessible. Thereby, 

conservative weekly in vivo visits can be replaced by remote (e-)counseling sessions.

RSMT is hypothesized to positively affect multiple aspects of healthcare simul-

taneously. First, the quality of care might be improved. Because training can 

be provided ambulatory, it is applied with high intensity in the subjects own en-

vironment, which facilitates the generalization of learning into a variety of work 

tasks and activities of daily living. Second, since the data are available on a ser-

ver at anytime and anywhere, myofeedback therapists are highly flexible in the 

preparation and conduction of counseling sessions. Consequently, the accessi-

bility of care might be improved because the geographical area in which subjects 

can be treated is unlimited. Third, costs might be saved because remote coun-

seling is less time-consuming as a result of reduced travel times for the patient. 

However, appropriate evaluation of RSMT is challenging because effect-outcomes 

are dependent on the (im)maturity of the technology. Technical failure in immature  

applications is likely to occur and could affect the true clinical effectiveness and ac-

cessibility of the service4 5. DeChant et al. (1996)5 proposed a framework for teleme-

dicine evaluation in which the type of assessment is tailored to the development life 

cycle of the technology. This so-called Staged Approach differentiates between tele-

medicine evaluation at application (stage 1-2) and global levels (stage 3-4). In each 

stage, the effect of the intervention on endpoints within the following domains is stu-

died: quality, accessibility, and costs of care. A stage 1-2 evaluation, which should be 

considered the starting point of evaluation, aims at proving the technical efficacy and 

evaluating the primary objectives of the service in domains of access, quality or cost 

and is performed in the present study. Because some parts of the equipment applied 
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in RSMT were still in the prototype phase, the endpoints of evaluation were narrowly 

defined on an application level5. The objective of the present study was to examine 

RSMT on technical efficacy for clinical use (including accessibility of data and overall 

satisfaction), the changes in clinical outcome (pain intensity and disability), and the 

patients willingness to pay (WTP) for RSMT.  

Methods

Study design and subjects

Subjects were recruited by means of local contact persons and by a publication in a 

national newspaper. The myofeedback therapist approached candidates by telephone 

to inform them about the treatment in more detail. Volunteers received a screening 

questionnaire, which was an adapted version of the Nordic Questionnaire6, and was 

used to check the in- and exclusion criteria described elsewhere7 8. The study was  

approved by the Medical Ethical Committee. All participants gave their informed con-

sent prior to participation in RSMT. 

Intervention: RSMT was provided by two myofeedback therapists, who collaborated 

during the study to ensure that they would provide the RSMT as identical as possible. 

A technician, specialized in RSMT, assisted the myofeedback therapists in case of 

technical problems. The RSMT infrastructure consists of a Body Area Network (BAN), 

a wireless communication platform, and a back-end server (Figure 6.1). The BAN con-

stitutes of the garment, the processing and feedback unit, and the PDA (Qteq9090) 

on which subjects could view their muscle activation and relaxation patterns for both 

sides of the trapezius muscle. 

 

Subjects received four weeks of RSMT during which they noted their activities and 

pain intensity in a diary. The treatment protocol used during these four weeks has 

been described in detail elsewhere7 8. Weekly counseling sessions of approximately 30 

minutes with the myofeedback therapist took place (by telephone) in which workers 

were taught about personal work style in relation to muscle tension and techniques to 

manage stressors at work and at home that may affect their musculoskeletal health. 

Measurements were taken at the baseline (T0), immediately after four weeks of RSMT 

(T1), and at one month follow-up (T2). 
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Figure 6.1 Schematic overview of remotely supervised myofeedback treatment (RSMT)9

Technical efficacy for clinical use: The evaluation of the technical efficacy consisted 

of logging technical failures of the system, the number of hours of sEMG data that 

was available at the server, and the manual actions of the patients on the PDA. For 

clinical use, a minimum of eight hours of data per patient per week is required to be 

available at the server for the therapist to be able to provide relevant counseling. The 

data should consist of datablocks of at least 15 minutes duration as this is considered 

an acceptable time span for activities to be analyzed and interpreted.  

User satisfaction: Since no standardized and validated satisfaction measures were 

available, a questionnaire was developed based on the Technology Acceptance Model 

(TAM)10 that comprised Likert-type items (1 = totally disagree, 7 = totally agree) to 

assess the subjects opinion on the perceived usefulness, and ease of use of the myo-

feedback system, and the remote counseling sessions in RSMT. In the current study, 

the  measurement at T1 is used as an indicator of satisfaction as well as the difference 

between the user’s expectations (T0) and experiences (T1).

Clinical effectiveness: Subjects were asked to rate the averaged pain experienced and 

the level of disability during the preceding week (at T0, T1, and T2). Pain intensity 
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in the neck, shoulder (left and right) and upper back was scored on a 10-point Likert 

scale, ranging from 0 (no pain) to 10 (worst pain ever experienced). The level of self-

reported disability was assessed with the Neck Disability Index (NDI)11 12 which is a 

10-item self-reporting instrument, with a numerical rating scale (6-point).

Willingness to pay (WTP): A payment card technique was used to assess the willing-

ness to pay for receiving the four-week RSMT as described in the patient information 

brochure. Subjects had to score the amount of money they were willing to pay on a 

voluntary basis as well as the maximum amount RSMT was worth. The amount on the 

payment card ranged from 0 to >250 euros. Subjects were told that the RSMT had to be 

paid for of their own pockets, rather than by a third party such as a health insurance 

company. WTP was assessed prior to the onset of RSMT (T0). 

Analysis

The total duration (in hours) of sEMG data available at the server was automatically 

collected between consecutive counseling sessions, and the percentage useful data-

blocks (>15 minutes duration) was extracted.  

Regarding user satisfaction, the median satisfaction scores after RSMT (T1) and diffe-

rence (∆) scores between T1 and T0 were calculated. A negative ∆ median score is de-

fined as disappointment, whereas a positive median ∆ score is defined as satisfaction. 

On a group level, the overall effect of RSMT over time, i.e. the three measures (T0, T1 

and T2), on pain intensity in three body regions (neck, shoulder(s) and upper back) and 

neck pain disability was analyzed using a dependent non-parametric test for repeated 

measures (Friedman). Differences in pain intensity and disability scores before (T0) 

and after RSMT (T1) were compared using a paired non-parametric test (Wilcoxon). 

For the pain intensity in the neck region and disability level, an additional evaluation 

investigated the percentage of subjects with a clinical relevant improvement between 

T0 and T1, and T0 and T2. A change of five points on a maximum sum score of  50 (10%) 

is considered to be clinically meaningful for the NDI13. Likewise, a clinical relevant 

change of ≥10% of the maximum sum score of 10, i.e. a change of one point, was used 

as a clinical relevant difference in pain intensity7. SPSS 11.5 was used for statistical 

testing. Alpha was set at 0.05 for statistical significance.
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Hours sEMG per week available at server for myofeedback therapist 

RSMT Median Range 

Week 1 14.6 0.3 – 55.1 

Week 2 15.4 4.6 – 64.6 

Week 3 14.0 2.6 – 40.2 

Week 4 9.2 0.0 – 36.7 

Results

Eighteen subjects were approached for participation. Two subjects were excluded 

because of too short duration of complaints. Of the sixteen subjects which were 

included, five refrained from participation because of a self-reported reduction in 

neck-shoulder complaints since inclusion, lack of time, or family circumstances. Du-

ring RSMT, one subject dropped out because of technical inconveniences with the 

BAN (connectivity problems). In total, 10 subjects completed the RSMT. The mean 

age was 38.1 years (range 22-51), mean height was 172.2 cm (range 164-187), and 

mean weight was 68.4 kg (range 59-84). On average, they worked 36.1 hours per week 

(range 25-40). The mean pain duration was 78.4 months (range 10-300). 

One of the 10 subjects reported complaints in the neck only, two reported complaints in 

neck and shoulder, and seven reported complaints in the neck, shoulder and upper back. 

Technical efficacy for clinical use: The median amount of hours of sEMG data that were 

available lay between 9.2 and 15.4 hours per week (Table 6.1). In 97.6% of the total 

amount of data available at the server (695 hrs), datablocks were larger than 15 minutes 

(total 678 hrs in current study). In 31 out of 40 remote counseling sessions (=78%) a suf-

ficient amount of data (sEMG > 8 hours per week) were available at the secured server. 

Table  6.1 The amount of sEMG data (hours per week) at the server available for remote counseling 

The technical problems encountered during the study period predominantly concerned 

the BAN, especially the bluetooth connection between the processing unit and the 

PDA. In 21.5% (range 7-44) of the n=555 manual start ups (= about 3 times a week per 

person), the BAN stopped functioning for other reasons than a manual stop such as 

power shortages, lock up of software, and loss of connectivity. Subjects complained 

about the relatively short battery life time of both the PDA (about 4 hours at maxi-

mum) and the processing and feedback unit (about 8 hours at maximum). 
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Hours sEMG per week available at server for myofeedback therapist 

RSMT Median Range 

Week 1 14.6 0.3 – 55.1 

Week 2 15.4 4.6 – 64.6 

Week 3 14.0 2.6 – 40.2 

Week 4 9.2 0.0 – 36.7 

User satisfaction: The items presented in Table 6.2 will be discussed consecutively. 

Subjects were least satisfied about the technical functioning of the myofeedback 

system (median = 3.5 at T1). However, they were highly satisfied with the limited 

effort it took to use the myofeedback system during treatment (median = 6.0 at T1). 

Subjects were able to follow the instruction remotely (median = 6.5 at T1). According 

to the subjects, the remote consultation was believed to save time (median = 6.5 at 

T1). They were satisfied about the usefulness of the myofeedback system in reducing 

their neck-shoulder pain (median = 5.0 at T1). In addition, after RSMT the remote 

counseling sessions were thought (median = 6.0 at T1) to be more effective than they 

anticipated on prior to RSMT, at T0. 

Table 6.2 Median satisfaction scores after RSMT (T1) and difference between experiences and expectations 

(∆ T1-T0)  (n=10)

Median (range) 

T1

Median (range) 

difference  (T1-T0) 

Perceived ease of use

The myofeedback system functions without any 

(technical) failures 
3.5 (5) - 1.0 (4) 

Using the myofeedback takes little effort 6.0 (6) - 0.5 (9) 

Instructions and advices of my therapists during 

remote consultations can be followed as easily and 

well as if in vivo 

4.5 (6) 4.5 (4) 

Remote consultations are  less  time consuming 

compared to in vivo consultations 
6.5 (3) 0 (3) 

Perceived usefulness

With the help of the myofeedback system the pain 

in my neck-shoulder region is reduced 
7.0 (1) - 1.5 (7) 

Remote counseling sessions are as effective as in 

vivo counseling would have been 
6.0 (3) 4.5 (2) 
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Clinical effectiveness: Figure 6.2 shows box plots of the pain intensity scores for the 

neck, shoulder(s) and upper back at T0, T1, and T2 at a group level. At T0, the highest 

median pain intensity score was found for the neck (6.0). A tendency for overall effect 

for RSMT on pain intensity in the neck over the three measures (T0, T1, T2) was found 

(χ2=4.8, p=0.09). Additionally, a remarkable decrease in the median level of pain was 

reported at T1 for the neck and shoulder(s) compared to baseline (T0); from 6.0 to 2.5 

for the neck, and from 4.5 to 3.0 for the shoulder(s). The decrease was significant for 

the neck (p=0.015) and close to significant for the shoulder(s) (p=0.057). Pain inten-

sity scores of the upper back did not change significantly (p=0.611). 

Figure 6.2 Box plots of pain intensity scores for neck, shoulder(s) and upper back before RSMT (T0), directly 

after RSMT (T1) and at four weeks follow up (T2) (n=10)

At the individual level, eight out of 10 subjects reported a clinically relevant decrease 

in pain intensity in the neck (T1). Compared to baseline (T0), one subject reported an 

equal amount of pain intensity and one subject deteriorated on pain intensity after 

RSMT (T1). At follow-up (T2) the clinically relevant positive effect remained in five 

out of these eight (63%) subjects. Of the two subjects who did not report a decrease 

in pain intensity after RSMT (T1), one further deteriorated at follow up (T2) and one 

had equal pain intensity she reported at baseline (T0). 
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Figure 6.3 Box plots concerning the Neck Disability Index score before RSMT (T0), after RSMT (T1) and at 

four weeks follow up (T2).  

Figure 6.3 shows the boxplots of the disability scores at T0, T1, and at (T2). Based on 

the median NDI score of 13.5 at the onset of RSMT (T0) subjects were classified to be 

mildly disabled (NDI score 5-14)13. On a group level, no overall effect of RSMT on dis- 

ability over the three measures was found (χ2=4.2, p=0.12). Nevertheless, after four 

weeks of RSMT (T1) subjects reported significantly lower levels of disability scores 

(median 8.0) compared to baseline (T0) (median 13.5) (p=0.021). 

Eight out of 10 subjects reported a decrease in disability after RSMT (T1) compared to 

baseline (T0) and two out of 10 subjects reported higher levels of disability at T1. The 

improvement after RMST (T1) was clinically relevant in four out of these eight sub-

jects (50%). At follow up (T2), five out of these eight subjects still reported a decrease 

in disability level (which was clinically relevant in three out of eight subjects, 38%). 

Of the two subjects who reported elevated levels of disability after RSMT (T1), both 

reported decreased levels of disability at follow up (T2) compared to baseline (T0).

Willingness to pay: From Table 6.3 it becomes clear that subjects are willing to con-

tribute a maximum of 200 euros for a four-week period of RSMT. On a group level, the 

median amount of voluntary WTP is 75 euros. 
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Table  6.3  Willingness to pay for four-week period of remotely supervised myofeedback treatment (RSMT) (n=10)

Discussion

The present study evaluated the technical feasibility, user satisfaction and clinical 

changes after remotely supervised myofeedback treatment (RSMT). Effect evaluation 

is a critical issue in telemedicine research4 14 and designing a comprehensive evalua-

tion protocol is still challenging. Inappropriate evaluation might have aversive con-

sequences, i.e. obstruct the development and implementation of telemedicine inter-

ventions. A valuable framework for comprehensive evaluation of telemedicine systems 

is offered by a staged approach5 which differentiates evaluation at application and 

global levels. As it is a theoretical framework, it does not offer a practical guidance. 

In our perspective, the present study provides a practical illustration of an evaluation 

which is conducted within the first two stages of this approach. In line with the ite-

rative character of the staged approach, small study samples can be used to optimize 

certain aspects of the technology within a reasonable short time span5. 

With regard to the technical feasibility, the results of our study show that in a majo-

rity of RSMT sessions a sufficient amount of (sEMG) data was collected, wireless trans-

mitted to and accessible at a remote location for counseling purposes. Subjects were 

satisfied with the ease of use (efficacy to follow instructions of therapist) and the 

usefulness (advices and time saving character) of remote counseling. Nevertheless, 

subjects were less satisfied about the technical functioning, i.e. stability of the BAN 

component (i.e. Bluetooth connection, power consumption), and ease of using the myo- 

Socio-economic status WTP four-week RSMT (euro) 

Subject Income per month Household size Voluntary Maximum 

1 3500-4000 2 200 200

2 2500-3000 2 50 100

3 500-1000 1 0 0

4 2500-3000 4 0 0

5 2500-3000 2 100 140

6 > 4000 3 200 200

7 3500-3000 1 20 20

8 > 4000 2 200 200

9 > 4000 1 100 200

10 2000-2500 2 50 200
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feedback equipment. Preceding further evaluation, the equipment needs to be impro-

ved according to the end-users recommendations resulting from this evaluation.

The clinical results suggest a beneficial effect of RSMT on perceived pain intensity and 

disability in a substantial number of subjects. Eighty percent of the subjects reported 

a clinical relevant reduction in pain intensity immediately after RSMT. Accordingly, 

eighty percent of the subjects reported lower disability levels, although the decrease 

in disability was clinically relevant in fifty percent of the subjects. Compared to stu-

dies on in vivo myofeedback treatment (MT) showing a clinical relevant improvement 

in pain intensity and disability in 30-50% of the subjects2 3, our results might support 

the hypothesis that RSMT is equally or slightly more effective. At one month follow 

up, these effects diminished but a clinical relevant reduction in pain intensity and 

disability was maintained in roughly half of the sample (38-63%). 

There are possible explanations for the positive result immediately after RSMT. One 

concerns providing subjects with more detailed information on their performance. As 

a result of technological advancements in RSMT, subjects can view their muscle acti-

vation and relaxation patterns for both the left and right side of the trapezius muscle 

on the visual display of the PDA. Along with “knowledge of results” (e.g. the sound and 

vibration), this so-called “knowledge of performance” is considered to be important 

in motor skill learning and could have played a strong motivating role15. Furthermore, 

as subjects are aware that the therapist is able to view their data on the server,  

treatment compliance could have been increased in RSMT. 

Because of the small sample size included and the uncontrolled nature of the present 

study, the clinical findings need to be interpreted with caution. 

Subjects were willing to spend a maximum of 200 euro for RSMT. However, the sub-

jects included in the present study had a relatively high socio-economical status which 

might have affected their willingness to pay (WTP) and thus the generalizability of 

our findings. So, more research is needed to examine to what extent this WTP is typi-

cal for RSMT, or generalizable to effective neck-shoulder pain treatment in general.

In conclusion, RSMT was technically feasible, subjects were satisfied about the re-

mote counseling sessions and the clinical changes tended to be equally or slightly  
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better compared to myofeedback when provided in vivo. In further evaluation of RSMT, 

a more global assessment of the RSMT is recommended in which the overall impact on 

health care is examined by integrating the domains of interest (i.e. quality, access, 

and costs) by means of high-quality research designs. Maximum WTP is important in 

(future) cost-benefit analyses16. 
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7 | Telemedicine implementation

Abstract

Telemedicine implementations often remain in the pilot phase and do not succeed 

in scaling-up to robust products that are used in daily practice. We conducted a 

qualitative literature review of 45 conference papers describing telemedicine inter-

ventions in order to identify determinants that had influenced their implementation. 

The identified determinants, which would influence the future implementations of 

telemedicine interventions, can be classified into five major categories: (1) Techno-

logy, (2) Acceptance, (3) Financing, (4) Organization and (5) Policy and Legislation. 

Each category contains determinants that are relevant to different stakeholders in 

different domains. We propose a layered implementation model in which the primary 

focus on individual determinants changes throughout the development life cycle of 

the telemedicine implementation. For success, a visionary approach is required from 

the multidisciplinary stakeholders, which goes beyond tackling specific issues in a 

particular development phase. Thus the right philosophy is: “start small, think big”. 

Introduction

Two major developments are influencing the way that healthcare will be provided in 

the future. The first development is the growing number of elderly and people with 

chronic disorders and the decreasing number of healthcare professionals1 2. The se-

cond development is the increased quantity of information that patients have at their 

disposal, which is likely to change healthcare to a demand-driven process, tailored to 

the needs of the patient. Both developments will change the way that healthcare is 

provided in western societies.

Many people believe that telemedicine could be a quantitative and qualitative im-

provement for future healthcare provisioning, e.g. by improving access, reducing 

costs and raising quality3 4. However, most telemedicine initiatives do not survive the  

research phase or they become a failure in daily practice5. Berg (1999)6 showed that 

more than 75% of the telemedicine initiatives fail during the operational phase. 

Apparently, the implementation of telemedicine initiatives in regular healthcare prac-

tice is difficult. Implementation is defined as putting an actual idea or concept into 
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actual practice7. Why is this so difficult and what goes wrong? The present study was 

conducted to identify the determinants that influence the implementation of teleme-

dicine initiatives. 

Methods

Search strategy

A qualitative literature study was undertaken. The telemedicine area is very broad 

and comprises a wide range of applications. To obtain a manageable sample of tele-

medicine research, the present study was limited to the studies published after the 

Telemed 2004 conference held in London, which we consider to be representative 

of telemedicine initiatives in Europe8. The aim of the literature study was to get an 

overview of determinants influencing the success of (future) telemedicine implemen-

tations without judging the importance of the determinants. Therefore, all studies 

were included, regardless of their methodological quality. 

Assessment

Two reviewers read all studies independently. The reviewed studies were qualitatively 

analysed on determinants that influenced the future implementation of these teleme-

dicine interventions. To classify the identified determinants, we employed the know-

ledge barriers categorization of Tanriverdi and Iacono (1999)5. The generic categories 

they proposed were behavioural, economical, technical and organizational. Selection 

and classification of the determinants was based on the information obtained from 

the study and was agreed on in discussion. When disagreement persisted, a third in-

dependent reviewer made the final decision. Articles were not blinded for authors. 

The chosen data for review consisted of 45 articles, which described multiple types 

of telemedicine implementations, ranging from remote monitoring of patients to sup-

porting wearable devices and Web-based systems. 

Results

Based on the theoretical model of Tanriverdi and Iacono (1999)5, our study resulted in 

a more detailed classification of the determinants of the success of future telemedi-

cine implementations. We introduced an additional category on policy and legislation 

(see Table 7.1).
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Table 7.1 Applied category mapping

The distribution of the identified determinants is shown in Figure 7.1. It shows that 

Technology and Acceptance were the two most reported determinants in the reviewed 

papers (together 66%) while Organization, Financing and Policy and Legislation com-

prised the remaining 34%. 

Figure 7.1 Categories of identified determinants

Domains Tanriverdi and Iacono (1999)5 Domains and determinants present study 

(1) Technical Technology 

  1.1 Support 

  1.2 Training 

  1.3 Usability 

  1.4 Quality 

(2) Behavioural Acceptance 

2.1 Attitude and usability 

2.2 Evidence based medicine 

2.3 Diffusion and dissemination 

(3) Economical Financial 

  3.1 Provider and structure 

(4) Organizational Organization 

  4.1 Intramural and extramural work practices 

(5) -- Policy & Legislation 

  5.1 Legislation and policy 

  5.2 Standardization 

  5.3 Security 
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The following sections discuss the results of the literature study in more detail,  

sequentially structured by the determinant categories.

Technology 

Support: The review showed that a major issue for technological acceptance of tele-

medicine systems was the availability of support to users9-12. This includes support for 

the deployment phase as well as the support throughout the operational phase. Sup-

port should be offered at the technical level on how to install and sustain the system 

but also on how to deal with errors and problem situations. Without support, problem 

situations during the use of the system lead to de-motivation and a high probability 

of abandoning the system13.

Training: Training was also seen as an important requirement for the introduction of te-

lemedicine systems13-21. Generally, users are not familiar with these new types of system 

which often include the use of difficult equipment10 22. The review indicated that there 

is a need for training users on how to use these novel types of systems. Such training is 

needed at all levels: from the managers who interpret data, to doctors who view vital 

signs and nurses who have to administer the practical parts of the telemedicine system9.

Usability: The review indicated that the usability of the system is a major factor in 

success10 20 23. Patients should be comfortable wearing new kinds of (mobile) monito-

ring and treatment devices which do not hinder them in their daily life24 25. Suppor-

ting staff and doctors should be able to operate the devices and should have flexible  

access to services offered by the telemedicine system26-29. Currently, the information 

and the modality used are not tailored to the situation and skills of the patient and 

medical personnel.

Quality: Technical problems were a major barrier for successful implementation of 

telemedicine systems9 12 21 23 26 28 30-34. Technical problems included non-connecting or 

malfunctioning devices, power loss, and cable breakages20 23 25. There is a need for 

robust systems and their supporting infrastructures, which can scale from the pilot 

studies to a real-life operational situation. Poor technical feasibility often results in 

distrust by the users and low levels of satisfaction. 
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Acceptance

Attitude: The review showed that technology acceptance of both patients and pro-

fessionals were influenced considerably by the patients’ and professionals’ attitudes 

towards telemedicine technology. Involvement of patients and professionals in the 

requirements analysis and the design process is crucial in order to fit telemedicine 

into their daily work practices9 12 35-37. Feelings of ownership, enjoyment, self-efficacy 

and feelings of pride could be augmented by involving users in the early stages of the 

developmental process13 18 30 31 38-41. Another frequently reported aspect in relation to 

acceptance is to communicate meaningful (correct, relevant and up to date) informa-

tion and ideally personalize this information, especially for professionals. Professionals 

should be able to possess the right patient information at the right time42-45. Previous 

experience of patients and professionals with computers and associated computer 

skills should be taken into account in developing a telemedicine service as well as level 

of education and age because these aspects might influence the attitude of users10 46.

Evidence Based Medicine: Among several studies, evidence-based medicine is regar-

ded as a requirement for acceptance of a new drug or treatment, e.g. telemedicine 

intervention9 17 30 31 40 45 47 48. It is often recommended that the methodology with the 

highest quality should be employed, which is considered to be the randomized con-

trolled trial (RCT). The results of the present review show that alternative designs 

might be needed to evaluate the efficacy of telemedicine interventions and to con-

vince professionals, policy makers and insurance companies about implementation.

Diffusion and dissemination: Implementation will be easier when telemedicine ap-

plications are generic, i.e. applicable to other (unexpected) patient populations33 44. 

Another condition necessary for the diffusion and dissemination of telemedicine ini-

tiatives is creating familiarity with the intervention among the interested parties. The  

stimulating role of leading champions who are willing and motivated to experiment  

with the new technology is essential in the process of creating familiarity and enthu- 

siasm24 26. The review reveals that different stages exist in the introduction of teleme-

dicine interventions which might affect the process of diffusion. Two phases of usage 

of the telemedicine technology are common38. Initially, there is enthusiasm but there- 

after the consideration phase begins which affects the users’ motivation of working with 
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telemedicine, either positively or negatively. In addition, factors of the telemedicine 

interventions which are likely to create acceptance might be different from factors cre-

ating refusal49. It would be wise to keep this in mind during the dissemination process49. 

Financing  

Provider and structure: Costs associated with telemedicine implementation are re-

lated to: (1) investments, (2) maintenance and (3) operational costs of the new sy-

stem. In the research stages of telemedicine, these costs are funded. However, as 

soon as the projects are ended, there is a lack of continued working with the te-

lemedicine systems due to lack of financing structure9 12 13 17 26. This is difficult as 

telemedicine is a new type of healthcare delivery for which most insurance compa-

nies do not have standard tariffs10 14. Several studies have stated that comprehensive  

cost-effectiveness studies are essential in developing future financing structures45 47. 

Organization 

Intramural and extramural work practices: It became clear from the present review 

that telemedicine implementation is hampered by the fact that working protocols for 

telemedicine implementations are frequently lacking50. In addition, the introduction 

of telemedicine often influences the structure of the individual organization (intra-

mural) combined with extended collaborations with other healthcare organizations 

(extramural). For instance, telemedicine might require changes in collaboration and 

(team) roles, rights and responsibilities27 41. Furthermore, the novel working practices 

introduced by telemedicine do not always fit with existing working protocols in tradi-

tional healthcare14 23 26 42 51.

Policy and Legislation

Policy and legislation: Legislation and policy are a prerequisite for telemedicine im-

plementation11 12. The results indicate that legislation and policy for certain aspects of 

telemedicine implementations are not available. Furthermore, legislation and policy 

in its current form seems unsuitable for all aspects of novel telemedicine implemen-

tations52. The results indicate that deployment of wide-scale telemedicine implemen-

tations is hard without suiting legislation and policy36 51. In addition, conforming to 

legislation and policy implies additional development effort which increases time-to-
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market and costs compared to domains less influenced by legislation and policy51.

Standardization: Standards form a mechanism to ensure quality and uniform prac-

tice18. The results show that standards are not yet available for all aspects of teleme-

dicine51. Interoperability between telemedicine applications is important to support 

the current trend of transmural work practices and is not guaranteed without globally 

accepted standards51.

Security: Security is important in two ways; patient physical safety and patient in-

formation15 18 29 42 45. For acceptance of telemedicine implementations adequate se-

curity mechanisms have to be taken into account. These security mechanisms should 

support the crucial trust relation between healthcare providers and patients15. The 

results show that there is also need for secure information transfer and authorization 

mechanisms18.

Discussion

The aim of the present literature study was to obtain a comprehensive overview of 

the determinants which influence the success of telemedicine implementations. The 

results showed that the identified determinants can be classified into five major ca-

tegories: (1) Technology, (2) Acceptance, (3) Financing, (4) Organization and (5) Policy 

and Legislation. Each category contains determinants, which are embedded in a natio-

nal, cultural and social context. Different stakeholders from different organizations 

influence these determinants (Figure 7.2).  

An inter-organizational multidisciplinary approach, covering all five determinants, 

would be helpful in developing successful future telemedicine implementations. 

First, a core enabler of telemedicine implementations is the technology. Technical is-

sues like, robustness, scalability and quality need to be taken into account, and need 

to be an integral part of the design of any telemedicine implementation. Given the 

technical complexity and novelty of telemedicine applications, appropriate training 

of all personnel regarding the use and technical support of the telemedicine system 

is required for success. 
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Figure 7.2 Identified determinant categories and their stakeholders

With all technical applications, repetitive training to reinforce familiarity and to 

maintain skill level is recommended. In addition, it is essential to provide adequate 

system maintenance. System failures may directly affect the attitude of both profes-

sionals and patients.

Second, the acceptance of the users is required. Users (i.e. patients, healthcare pro-

viders) of a telemedicine system must be satisfied with its operation and effective-

ness. Therefore, as suggested by Berg (1999)6 users should be involved in the early 

stages of the development process. There is a lack of methodology to perform well- 

designed research on the (cost and clinical) effectiveness of telemedicine interven- 

tions53. Therefore, methodologies need to be developed in order to perform evidence 

based telemedicine. A staged approached for telemedicine evaluation is proposed by 

DeChant et al. (1996)54 in which small evaluations are followed by large comprehen-

sive evaluations. In addition, widespread dissemination of telemedicine is important 

to create awareness among stakeholders, either by impersonal channels or mass me-

dia, to motivate the introduction and usage of telemedicine55.

Third, introducing telemedicine influences the financial situation of various parties 

in the healthcare process. For example, the distribution of costs and revenues among 
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these stakeholders might be different from traditional (non-telemedicine) health-care 

financing. Costs can be related to (1) investments, (2) maintenance and (3) operatio-

nal costs of the new system. There is a need to redesign business models so that all 

participants benefit from telemedicine. Finding financial support after the research 

stage will then be easier. In addition, the way that healthcare is financed in the dif-

ferent countries varies. Therefore, similar telemedicine implementations are likely to 

require business models to be adapted to the national context.

Fourth, telemedicine influences the healthcare organization. The introduction of 

telemedicine systems not only influences the working protocols of a single institu-

tion (intramural), but might also influence the way healthcare is provided across 

the boundaries of the institutions (transmural). Furthermore, consideration is needed 

about how to improve cooperation between health and non-health stakeholders (e.g. 

technology partners). This requires  adapting the organization structure of individual 

institutes and healthcare in general. It is, however, questionable whether existing 

healthcare institutes are capable of supporting and executing all aspects of a tele-

medicine service (e.g. training, consultancy, maintenance and administration). New 

types of organizations may need to be developed which offer specific aspects needed 

to provide telemedicine services.

Finally, telemedicine implementations are subject to policy and legislation imposed 

on different levels (i.e. international, national, regional) by regulatory bodies56. This 

includes policies in the form of legislation, standardization and security. Due to the 

novelty of telemedicine, policies are mainly focused on non-ICT related aspects of 

healthcare and not tailored to the specific issues of telemedicine57 58. Commonly nee-

ded policies are related to the protection of the patient’s privacy and the patient’s 

safety. We need better methods and technologies to securely store, transfer and ac-

quire healthcare information without hampering the performance and usability of 

telemedicine. Furthermore, there is a need for standards to ensure conformance of 

telemedicine implementations at: (1) the technical level to establish interoperability 

between the telemedicine implementation parts, and (2) the organizational level to 

guarantee the quality of the telemedicine process. Systems that conform to a certain 

standard, which is certified, are more likely to be accepted by governments and pos-

sibly patients and healthcare professionals. 
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The results described in the present study need to be interpreted in the light of some 

limitations. Currently, there is no generally accepted methodology to systematically 

identify and score determinants for telemedicine implementations. However, we in-

cluded methodological information with regard to the study design of the included 

studies to give an impression of their type. Nevertheless, we acknowledge that other 

issues (such as high rates of drop-outs and low validity of the outcome measures) 

might influence the relevance of the reviewed study for our analysis. However, these 

details were not clearly provided in the reviewed studies. Therefore, the determi-

nants described in this study are the result of a qualitative analysis. Furthermore, the 

sample of reviewed studies was limited to a selection of the totality of telemedicine 

papers. 

As indicated, developing telemedicine implementations is a multidisciplinary activity 

(as shown in Figure 7.2). Therefore, it is necessary to collect domain-specific know-

ledge on the different determinants by involving domain-specific stakeholders. How- 

ever, the main challenge for telemedicine implementation is not only to address the 

domain-specific issues but also to integrate the different related domains by interor-

ganizational collaboration (business, government and healthcare). This collaboration 

is different from market collaboration since in telemedicine the participants usually 

remain relatively autonomous and must be convinced to act even though mutual in-

terests (e.g. business versus quality of care) and a legitimate authority is lacking.  

In order to cope with the multidisciplinary complexity, we propose a layered implemen-

tation model in which the primary focus on individual determinants changes throughout 

the development life cycle of the telemedicine implementation. Different determinants 

should gain focus during the maturity of the telemedicine implementation (Figure 7.3). 

However, the other determinants should not be ignored. In the prototype phase, the 

evaluation deals mainly with the technological feasibility such as the availability, qua-

lity and support of the used technology. In the small-scale pilot phase, users need to 

work with the system, which shifts the focus to acceptance. When small-scale teleme-

dicine pilots move to a larger scope, financing and organization become increasingly 

important. When the systems become an operational product, policy issues must have 

been tackled. This does not mean that when the scale of telemedicine implementations 

increases, determinant categories in lower layers are not of interest in higher layers, 
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Figure 7.3 Layered implementation model

only that the focus shifts to a specific determinant in that layer. In conclusion, tele-

medicine implementations implies a visionary approach, which goes beyond tackling 

specific issues in a particular development phase. Parallel efforts towards the next 

phases of the telemedicine life cycle can increase the probability of success: “start 

small, think big”. When gaining maturity (i.e. scaling-up) the determinants shift from 

being specific to an individual implementation to more generic problems common in 

the telemedicine domain. Therefore, efforts to solve these determinants should not 

be restricted to the individual implementations but can also benefit from interaction 

with other initiatives. As stakeholders come to share a vision of the implementation 

problem there may be mutual agreement upon directions and boundaries, which then 

become more permanent structures, surviving even after the project (funding) has 

ended59. 
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8 | General Discussion

Neck-shoulder pain related to computerwork is a major sociomedical and economic 

problem. The prevalence of neck-shoulder pain is highest in elderly female workers1 2. 

Due to the foreseen increase in computerwork related jobs and the aging of the wor-

king population3, the number of neck-shoulder pain subjects are expected to increase 

further in the upcoming years. In The Netherlands, work-related complaints in the 

neck-shoulder region are commonly treated with medications, physiotherapy and/or 

ergonomic adjustments at the workplace4. Despite these interventions roughly half of 

the subjects continue to experience elevated levels of pain intensity and disability 

after treatment5. 

There might be several explanations for the limited effectiveness of the currently 

existing interventions. Two have been addressed in more detail in the present thesis:

1) The current interventions predominantly focus on the somatic components of pain, 

whereas literature on musculoskeletal pain disorders emphasizes the important con-

tribution of cognitions and coping to pain experience and behaviour6-8. 

2) It can be speculated that treatment is not specific enough due to a lack of indi-

vidual tailoring of the treatment, and not employed intensively at the workplace 

itself. As most conservative treatments are provided with a weekly frequency and 

with a maximum duration of about 30 to 60 minutes, the translation of the learned 

skill into adaptive behaviour in daily practice is, to a large extent, left to the subject 

him/herself. A potentially interesting treatment with respect to this “translation of 

skill” problem is an ambulant biofeedback system which provides continuous feedback 

to the subject in his/her own daily environment. As an example, the myofeedback 

system developed by Hermens et al. (2002)9 has proven to be effective by reducing 

pain intensity and disability after four-weeks of myofeedback9-11. However, the myo-

feedback intervention as such requires a weekly in vivo consultation, which is very 

time consuming and costly, and therefore the intervention was further developed into 

a remotely supervised tele-treatment. 

This thesis focused on both aforementioned elements to increase the effectiveness 

of treatment for subjects with neck-shoulder pain as a result of computerwork by  
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1) obtaining better understanding of the role of cognitive-behavioural factors in the 

occurrence and the persistence of neck-shoulder pain (Chapter 2 and 3) and, 

2) by investigating the feasibility of a new and intensive treatment, namely remotely 

supervised myofeedback treatment (RSMT). Since teletreatment concepts, such as 

RSMT, are a relatively new approach in healthcare in general, and the treatment of 

neck-shoulder pain in specific, its viability with respect to the susceptibility of sub-

jects and professionals (Chapter 4), and the proper research methodology (Chapter 5) 

was investigated before a pilot study (Chapter 6) could be carried out on the technical 

feasibility and changes in clinical outcomes of RSMT. Chapter 7 described the determi-

nants that influence successful implementation of these remote treatment concepts. 

In this final chapter, the main findings of the studies are integrated and evaluated in 

the context of existing literature and the objective of the current thesis. 

The role of cognitive-behavioural factors 

In psychology, the beliefs and thoughts subjects have about their pain are called 

“cognitions”8, a term which is derived from the Latin word cognosere (“to know”). 

According to the cognitive-behavioural approach6 7, cognitions are believed to in- 

fluence a person’s behaviour and vice versa. In relation to pain, this means that sub-

jects employ (un-)conscious cognitive strategies and show pain-related behaviour to 

modify their pain experience. Little is known about the role of (mal-)adaptive cogni-

tions in a working sample of subjects with neck-shoulder pain. 

The results of the present study (Chapter 2) show that perceived neck-shoulder pain 

and associated disability are indeed not solely determined by the somatic compo-

nent (pathology), but also by the way subjects think and believe about their pain. 

A direct relationship between fear-avoidance beliefs, in particular about work, and 

neck-shoulder pain disability was found. This finding is in line with the literature 

which state that pain-related fear has a strong predictive power on perceived disa-

bilities, as is postulated in the fear-avoidance model12-15. The fear-avoidance model 

suggests that an individual with musculoskeletal pain will tend to reduce or avoid the 

physical activity because he/she fears that these activities will increase the pain and 

suffering. However, in our study not fear-avoidance beliefs about physical activity but 

fear-avoidance beliefs about work showed the strongest correlation with perceived 

disability (Chapter 2). In order to measure the nature and amount of fear-avoidance 
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beliefs in the current sample, the Fear-Avoidance Beliefs Questionnaire (FABQ)16 and 

the Tampa Scale for Kinesiophobia (TSK)17 were used. The FABQ-work subscale was 

highest correlated with the level of perceived disability. However, the FABQ-work 

subscale is quite a generic scale and does not provide sufficient information on what 

exactly the subjects fear in relation to their work. It could be the actual physical 

activity of the painful trapezius muscle that induces fear, but also conflicts with the 

supervisor, low social support from co-workers, tight deadlines, or the (future) aver-

sive consequences of their pain, such as loss of income and social exclusion when sick 

listed. The understanding of fear constructs in work-related neck-shoulder pain would 

greatly benefit from further refinement, e.g. content distinction, of important fear 

constructs in work-related neck-shoulder pain.

Whereas in Chapter 2 the path of the fear-avoidance model was explored, it was also 

hypothesized that other cognitive-behavioural paths can be important in the develop-

ment and maintenance of musculoskeletal pain. The results of Chapter 3 show that 

three main coping strategies are used by subjects with neck-shoulder pain, and that 

subjects can be clustered into three coping profiles, based on these coping strategies. 

In two subgroups, subjects reported to predominantly use “distraction” along with 

“suppression and ignorance” strategies to cope with their pain. One of these two 

subgroups, the so-called “worried suppressors”, might perceive the pain to be threa-

tening as illustrated by their use of “worrying and catastrophizing” strategies. “Cata-

strophizing” is an element of the fear-avoidance circle in which subjects will end up in 

a vicious circle of fear-avoidance behaviour14 18. In correspondence with the fear-avoi-

dance model, this subgroup tended to report the highest level of fear-avoidance beliefs 

levels. It would therefore be interesting to replicate the study conducted in Chapter 

2 in this subgroup. This subgroup together with the subgroup using “distraction” along 

with “suppression coping” in the absence of “catastropizhing and worrying coping”, 

seem to have some validity because they show resemblances to the subgroups which 

are discerned in the avoidance-endurance model12 (Chapter 3). Additionally, in clinical 

care settings therapists have the ability to empirically classify subjects in line with 

the avoidance-endurance principles, and start tailoring treatment to these principles.  

Although the avoidance-endurance model is appealing, it is essentially descriptive, 

and still lacks scientifically support19. In order to further assess the face validity of the  
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coping profiles discerned, it would be interesting to examine the agreement in the 

results of our statistical classification to the empirical classification provided by  

therapists. 

The present thesis merely focused on pain-related cognitions and coping which are 

found to be important factors in the occurrence and persistence of neck-shoulder 

pain. However, there are other factors which might also be interesting to take into 

account when classifying subjects. For subjects who are still functioning at the work-

place, it would be especially relevant to include the individual’s work stress percep-

tions such as job demands, job control, and support20 since these are well-known risk 

factors in neck-shoulder pain21 22. Social support (among which could be from co-wor-

kers or supervisors) also appears to influence the way subjects cope with their pain. 

For instance, lack of perceived support from others is shown to stimulate worrying 

and/or avoidance of fearful activities (for instance physical and social activities), and 

has a maladaptive impact on functional disability and pain23 24.  

An interesting finding, which was not in line with the hypothesis, was the improve-

ment of our structural equation model by allowing fear to directly predict disability 

(Chapter 2). In contrast to the assumptions of the fear-avoidance model, this fin-

ding seems to indicate that elevated levels of fear-avoidance beliefs are not directly 

associated with decreased levels of maximum voluntary contraction (MVC) during a 

shoulder elevation task of the painful trapezius muscle. Also in contrast to our ex-

pectations, no significant differences in MVC could be detected between the three 

subgroups (Chapter 3). As a result of these findings (Chapter 2 and 3), the behavioural 

avoidance concept could not be supported. Therefore, one could speculate that pa-

thways other than behavioural avoidance described in the fear-avoidance model exist 

in neck-shoulder pain. In line with this reasoning, when compared to “catastrophizing 

and worrying” strategies which were previously linked to behavioural avoidance, our 

results show that subjects used “distraction” (e.g. when I feel pain I leave the house 

and do something) and “suppression and ignorance” coping (e.g. when I have pain I 

just go on as if nothing happened) more often (Chapter 3). In contrast to behavioural 

avoidance, distraction and suppression coping are more likely to be related to beha-

vioural per-sistence. Likewise, previous research has shown that some patients with 
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chronic pain, especially work-related upper extremity pain, tend to persist rather 

than escape or avoid physical activity19. Yet, more research needs to be performed 

on the identification of these behavioural strategies and their relation to the coping 

profiles. 

One difficulty in our studies that might have influenced the lack of support for the 

behavioural avoidance concept was the operationalization of behavioural avoidance 

as the maximum voluntary contraction (MVC) of the trapezius muscle (Chapter 2 and 

3). In relation to the assumptions of the fear-avoidance model, the threat expectancy 

of shoulder elevation during the MVC task might not have been specific enough and 

may therefore not have approximated the threat subjects perceive during their com-

puter related activities. Literature suggests that fear-avoidance beliefs are event 

and/or movement-specific and that pain expectancies are not generic for all physical 

activities25. So, future research should be aimed at further establishing the construct 

of fear in subjects with neck-shoulder pain and identifying the overt pain-related  

behavioural avoidance in daily life but also at the workplace. 

When considering all abovementioned aspects in relation to treatment, it is recom-

mended to tailor treatment to the needs of subjects with neck-shoulder pain related 

to computerwork, especially by taking into account the influence of maladaptive cog-

nitions and the strategies to cope with the pain. Extending existing literature on pain 

coping and associated pain-related behaviour to a working population, as was done 

in the present thesis, could help to design new effective treatment modalities at the 

workplace for the management of pain but, perhaps even more important, the pre-

vention of prolonged pain and all its aversive consequences.  

The role of remotely supervised treatment 

As remotely supervised myofeedback treatment (RSMT) is a relatively new concept in 

the provision of treatment in neck-shoulder pain, the susceptibility of both profes-

sionals and patients for remote treatment in daily practice was investigated. Both 

patients and healthcare professionals were found to have a positive attitude towards 

intended usage (Chapter 4). An interesting point, related to the self-efficacy in using 

remote concepts, was raised by the professionals. As remote treatment changes the 

way the therapist and the patient communicate, these concepts are feared to become 
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a new barrier in an already complex professional-patient relationship, e.g. is feared 

to lead to depersonalization, and could thereby affect the health outcomes of pa-

tients26. In relation to the self-efficacy to appropriately deliver RSMT, professionals 

indeed stressed the importance of non-verbal communication and physical interaction 

(Chapter 4). The professional-patient relationship is defined in literature as “one of 

the most complex interpersonal relations, in that it involves individuals who are not 

on the same level, it has not been sought by both individuals, it is emotionally loaded 

and it requires close mutual co-operation towards a shared goal”27. The extent to 

which the absence of non-verbal communication and physical interaction could affect 

the patient-professional relationship is still unclear. For instance, a previous study 

concluded that professionals had a tendency to express less empathy in remote con-

sultations compared with face-to-face consultations28. Contrastingly, the remote com-

munication mode has the ability to empower (ask more questions) patients in their 

attitude to the professional, who in turn used more verbal cues to gain confirmation 

that the message which was sent was clear29. Based upon literature and the results of 

Chapter 4, it was chosen to apply a hybrid (remote and in vivo) consultation set-up in 

the introduction of RSMT (Chapter 6). In future research, alterations in the content 

of the communication and the affective elements in the professional-patient inter-

action in RSMT are recommended to be investigated compared to usual care and/or  

non-remote myofeedback treatment.  

The results indicate that RSMT show equal or slightly better changes in pain intensity 

and disability in subjects with neck-shoulder related to computer work compared to 

myofeedback treatment provided in vivo (Chapter 6). However, it needs to be remar-

ked that the initial pain intensity scores (median of 6.0) found at baseline in our study 

are higher compared to the initial pain intensity scores (mean below 4) reported in 

previous studies investigating myofeedback9 11. This could have affected the potential 

for improvement and treatment effect.

Several explanations can be put forward to explain the additional positive outcome of 

RSMT. An important factor may be that, during treatment, subjects are aware that the 

therapist is able to view their data on the secured server at anytime and anyplace. 

This notion could have increased their treatment compliance. An increase of the in-

tensity of the treatment, as a result of increased treatment compliance, is likely to 
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be associated with improved learning and better health outcomes30. Other favorable 

components of RSMT could be the feedback provided to the subject. First, the display 

of the PDA provided subjects with visual feedback on the amount of muscle activation 

and relaxation. Literature shows that visual feedback is dominant over other types 

of feedback (tactile, auditory) and increases learning31. Second, the vibrating signal 

which is coupled with insufficient levels of muscle relaxation in traditional myofeed-

back treatment is thought to be a rather negative reinforcement for the patient. The 

possibility to actually view the level of muscle relaxation on the visual display of the 

PDA in RSMT adds feedback on success, i.e. sufficient muscle relaxation, a form of 

positive reinforcement. Compared to negative reinforcement, positive reinforcement 

is often associated with increased learning and greater learning effects32. Third, along 

with knowledge of “results” (e.g. sound and vibration) subjects are provided with 

knowledge of “performance” by view-ing their muscle activation and relaxation pat-

terns on the visual display of the PDA. Knowledge of performance is considered impor-

tant in the acquisition of a skill30, i.e. relaxation of the trapezius muscle.

Despite the positive clinical outcome of RSMT in a considerable part of the study 

population, there is a subgroup that did not report a reduction in pain intensity and 

disability after four weeks of treatment. Prior research suggests that myofeedback 

training is especially effective in subjects who ignore and suppress pain-related sen-

sations in dealing with their neck-shoulder pain33. Therefore, RSMT is hypothesized to 

be especially effective in two of the three subgroups discerned in Chapter 3, i.e. the 

subjects who reported elevated levels of suppression and ignorance. Another poten-

tial way to increase the effectiveness of RSMT is the provision of subgroup-tailored 

feedback. It was shown (Chapter 3) that one of the subgroups, i.e. “worried sup-

pressors”, feels threatened by the pain. This subgroup is speculated to benefit more 

from positive reinforcement (“rewarding” appropriate behaviour), whereas negative 

reinforcement, i.e. feedback about their failure, might further increase the level of 

pain-related fear when “punished” for maladaptive pain-related behaviour34 35. 

The determinants which influence the successful implementation of RSMT can be clas-

sified into five major domains namely acceptance, technology, organization, finan-

cing, and policy and legislation (Chapter 7). Results show that one of the determinants 
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within the acceptance domain is the scientific evidence about the effectiveness of 

remote treatment concepts (Chapter 7). Nevertheless, Chapter 5 revealed that the fo-

cus of effect-evaluation of remote treatment concepts is still on technical feasibility 

and user satisfaction, and to a lesser extent on the clinical effectiveness. Therefore, 

together with measures on technical feasibility and user satisfaction relevant clinical 

outcome measures were included in the effect evaluation of RSMT (Chapter 6). An 

added benefit was that these results could be compared to the results of non-remote 

myofeedback treatment in a historical-cohort9 11.

In the evaluation of the technical feasibility and changes in clinical outcome of RSMT, 

a staged approach methodology for telemedicine evaluation36 is applied (Chapter 6). 

According to DeChant et al. (1996)36, telemedicine research in later stages may pro-

fit from small scale testing and “hands-on experience” of potential end-users in the 

developmental stage37. This comprehensive approach emphasizes the importance of 

adjusting the study design to the (im)maturity of the technology. The benefit of small 

scale testing is that valuable end-user input is obtained that can result in product 

refinement within a reasonable period of time38. This corresponds very well with the 

iterative character of the sociotechnical approach of Berg (1999)39. 

Likewise, the results of our small scale evaluation of RSMT (Chapter 6) provide useful 

indicators for likely problems during implementation. The results show that RSMT is 

technically feasible but refinements are needed, particularly in the body area net-

work, before further deployment and effect-evaluation should take place. Only when 

the technology has been proven to be “ready for clinical use”, conducting a randomi-

zed control trial on a large scale is recommended and the working mechanisms of the 

RSMT in neck-shoulder pain subjects, which are still working, can be more usefully and 

fundamentally investigated by measuring alterations in cognitive-behavioural factors. 

Besides the challenge of assessing the multidimensional spectrum of possible effects 

of remote treatment concepts, effect evaluation of telemedicine interventions also 

poses other challenges on traditional effect evaluation. For instance, in conducting an 

RCT one has to keep in mind the selection of a valid control intervention (e.g. usual 

care versus non-remote myofeedback treatment?) which is dependent on the study 

objective (e.g. effectiveness of RSMT compared to what?)40. In addition, the perfor-

mance and efficacy of an immature technology compared to a control intervention 
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(e.g. usual care) can negatively influence the measured effectiveness in a way that 

is not a reflection of its true effectiveness in more mature stages of development. 

Furthermore, blinding may be difficult or impossible when the intervention is provi-

ded remotely (as in RSMT) and the control intervention is not. Finally, it may be dif-

ficult to recruit and enroll patients for reasons other than in non-remote interventions  

because of lack of access to the technology, lack of skills and intimidation or fear of 

technology40. 

In line with the methodology of DeChant et al. (1999)36 future research has to move 

to evaluating the global impact of RSMT on health care. In these evaluations, sample 

sizes should be large enough to obtain scientific evidence in all domains of interest 

(quality, access, costs). Aside from obtaining high-quality scientific evidence on the 

impact of RSMT, future implementation is believed to benefit from obtaining insight 

in the financial revenues after external sources of (project) funding are withdrawn 

(Chapter 7)41 42. The results show that it is important to have a “vision” on how RSMT 

should be provided in routine care (Chapter 7). A clear business model, which is es-

sentially a description of the way an entity or network of entities intends to benefit 

from or create added value through the application of technology43, may be a concei-

vable starting point for the definition of the endpoints for a more global assessment 

of RSMT. 

Methodological considerations

Because the prevalence of neck-shoulder pain is higher in women and increases with 

age, older female workers were included in Chapter 2 and 3 of the present thesis. 

However, the generalizability of the results on cognitive-behavioural factors in neck-

shoulder pain related to computerwork is probably limited, and the extent to which 

the results are gender-specific and age-related deserves further attention. Although 

still inconclusive, literature suggests that women rate pain more intense and male 

have more anxiety44 45. With respect to age, Cook et al. (2006)46 found a stronger  

mediating role for fear-avoidance beliefs between catastrophizing and disability for 

older (>55 years) as compared their middle-aged (41-54 years) pain patients, among 

which is the age of our study population (mean 49.5 years, SD=5).  

As a result of the in- and exclusion criteria applied in Chapter 2 and 3 (subjects had 

to work at least 20 hours a week), a healthy workers effect could have occurred. All 
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subjects were still functioning despite their complaints at a relatively high age. In ad-

dition, due to the voluntary character of the request for participation in the present 

study, typical “avoiders” as postulated in the fear-avoidance model could have been 

excluded because they avoided participation or they were already sick listed from 

work. Due to a lack of standardized diagnostic tests47, subjects were included based 

on qualitative assessment of their pain by means of questionnaires. This could have 

resulted in a rather heterogeneous study population (Chapter 2, 3, and 6). This issue 

is reflected in the fact that the mean pain intensity and disability level of subjects 

included in RSMT (Chapter 6) is much higher compared to the pain intensity and disa-

bility levels of the study population in Chapter 2 and 3. However, this heterogeneity 

could be representative of the working pain population seen in the daily practice of 

occupational health therapists. Finally, in evaluating the clinical changes in RSMT 

(Chapter 6) no non-intervention group was included which makes it hard to control 

for non-specific effects like time-effects. However, the study population contained 

subjects with a long duration of complaints (range 10-300) who received a variety of 

treatments in the past which were not sufficiently successful and any spontaneous 

recovery is thought to be unlikely.  

Conclusion

From the studies presented in this thesis it can be concluded that maladaptive cog-

nitions can play an important role in the pain experience of older highly functional 

female subjects, suffering from neck-shoulder pain related to computerwork. Cata-

strophizing and worrying, suppression and ignorance, distraction and fear-avoidance 

beliefs (about work) probably are important dimensions in sustaining pain complaints 

related to computerwork. In addition, subgroups of subjects seem to exist charac-

terized by their specific subgroup-unique coping profiles being suppression, wor-

ried suppression and minimized copers. Treatment for neck-shoulder pain could be 

more effective when these underlying cognitions and coping strategies are taken into  

account when selecting treatment. 

It was shown that remotely supported myofeedback treatment (RSMT) would be  

accepted by professionals on condition that in vivo-interaction between the professio-

nal and the patient remained a part of the treatment protocol. Small-scale evaluation 

of the RSMT appeared to show beneficial changes in clinical outcomes in a considera-
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ble part of the study population. These preliminary results suggest that an individu-

ally tailored and high-intensity treatment at the workplace potentially contributes to 

more effective treatment in neck-shoulder pain. However, the technology should be 

improved before further evaluation and deployment is considered. Future research 

should be aimed at investigating the effectiveness of RSMT on a larger scale, with 

more mature technology, while taken into account the cost-effectiveness as well. 
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Summary

Neck-shoulder pain related to computerwork has become a major sociomedical and 

economic problem because it affects a considerable part of the working population.  

In the Netherlands, subjects with these complaints are often treated with medications 

(e.g. muscle relaxants), ergonomic adjustments and/or physiotherapy. 

Whereas these interventions achieve beneficial effects in some subjects, the com-

plaints and associated disabilities remain in a considerable part of the subjects. The 

aim of the present study was to contribute to more effective and efficient treatment 

of neck-shoulder pain related to computerwork by 1) obtaining better understanding 

of the role of cognitive-behavioural factors in the occurrence and persistence of neck-

shoulder pain, and 2) investigating the feasibility of an innovative and highly-intensive 

treatment, e.g. remotely supervised myofeedback treatment. 

With respect to the first objective, literature on musculoskeletal pain disorders em-

phasizes the important contribution of cognitions to pain experience and behaviour. A 

well-known cognitive-behavioural model addressing this aspect is the fear-avoidance 

model. This model assumes that subjects who experience the pain to be highly threate-

ning tend to avoid physical activities in anticipation and expectation on pain, instead 

of a response to it. Consequently, due to a detriment in both physical and psycholo-

gical condition, the pain experienced becomes more severe which in turn reinforces 

fear. Subjects will end up in a vicious circle of pain experience and pain avoidance 

behaviour. In addition to this fear-avoiders coping profile, the avoidance-endurance 

model postulates an alternative coping profile in which subjects, irrespective of the 

level of pain, deliberately attempt to suppress or ignore the pain and continue their 

activities. To date, studies which examine the role of the different cognitive-behavi-

oural models mainly involve clinical populations and most often concern low back pain 

patients who are on sick leave. There are, however, preliminary indications that these 

models might also be valid in a population suffering from neck-shoulder pain who are 

still working. This issue is explored further in the first part of the current thesis.

With respect to the second objective, it is often speculated that current treatment 

of pain syndromes should be more intense, more individually tailored and more inte-

grated in the activities of daily living to be more effective. Most conservative treat-
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ments are provided on weekly basis with a maximum duration of about 30-60 minutes. 

Consequently, the translation of the skill, which was learned during treatment to 

accomplish adaptive behaviour, to the workplace is left to the subject him/herself. 

A portable myofeedback system, which provides continuous feedback to the subjects 

while working, has the potential to increase treatment effectiveness by creating a 

highly intensive treatment in the subject’s own daily environment. Results show that 

this treatment is effective in a considerable part of subjects with work-related neck-

shoulder pain. However, to make this treatment more effective and efficient it was 

further developed into a remotely supervised (tele-)treatment. Its viability with re-

spect to the susceptibility of subjects and professionals was investigated in the second 

part of this thesis. Also a review on the proper research methodologies for telemedi-

cine effect evaluation was performed, followed by a pilot study on the feasibility and 

changes in clinical outcomes of remotely supervised myofeedback treatment (RSMT). 

In addition, a review was carried out into the determinants that influence successful 

implementation of such remote treatment concepts. 

In Chapter 2 the role of the fear-avoidance model was investigated in a working po-

pulation of female computer workers suffering from neck-shoulder pain. In line with 

the fear-avoidance model, the results revealed a significant association between fear-

avoidance beliefs, about work (assessed with the Fear Avoidance Beliefs Questionnaire 

work subscale) in particular, and self-reported disabilities (assessed with the Neck 

Disability Index). Remarkably, and in contrast to the assumptions made in the fear-

avoidance model a direct relationship was found between fear-avoidance beliefs and 

disability, without the mediating role of affected levels of maximal voluntary contrac-

tion (MVC) of the trapezius muscle. It was concluded, that fear-avoidance beliefs play 

an important role in computerwork-related neck-shoulder pain disability, regardless 

of physical performance, i.e. physical impairment.  

 

In Chapter 3 different coping strategies, which are commonly applied by a working 

population to deal with their neck-shoulder pain, were explored (assessed with the 

Coping Strategies Questionnaire). The results showed that subjects with neck-shoul-

der pain who are still functional at the workplace used “suppression and ignorance”, 

“distraction”, and “catastrophizing and worrying” strategies to cope with their pain. 
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Three subgroup-specific coping profiles, i.e. combinations of the beforementioned 

coping strategies, could be differentiated in our study sample. The largest subgroup 

consisted of subjects using suppression and ignorance along with distraction coping 

in dealing with their pain and was therefore labeled “suppressors”. This subgroup 

might correspond with the endurance copers of the avoidance-endurance model. The 

second subgroup was made up of subjects who used catastrophizing and worrying stra-

tegies besides suppression and ignorance, and distraction. This subgroup was named 

“worried suppressors” and might show resemblances with the fear-avoiders profile as 

postulated in the fear-avoidance model. The smallest subgroup consisted of subjects 

without any outspoken coping profile, i.e. “minimized copers”. In line with our ex-

pectations and the fear-avoidance model, the worried suppressors tended to report 

the highest level of catatstrophic thoughts and showed the lowest level of maximal 

voluntary contraction (MVC). However, none of these differences reached statistical 

significance. The fact that at least two of the three subgroup-specific coping profiles 

show resemblances with profiles known from the cognitive-behavioural models sup-

ports the hypothesis that subjects can be classified in subgroups which, in turn, might 

enable to tailor treatment to the specific needs and/or pain-related working me-

chanisms. More research, however, is needed to identify the optimal method of, and 

variables to be included in, differentiating subgroups of subjects with neck-shoulder 

pain related to computerwork. 

Chapters 4, 5 and 6 elaborated on the possible acceptance and effectiveness of re-

motely supervised myofeedback treatment (RSMT). In RSMT, subjects wear a harness 

under their clothes during their daily work that continuously measures the amount of 

muscle relaxation of the trapezius muscle. When the amount of muscle relaxation is 

insufficient the ambulant feedback device, which the subject wears with him, starts 

to vibrate. This vibration serves as a sign for subjects to relax their trapezius muscle. 

In RSMT, the ambulant myofeedback system is equipped with a (secured) wireless 

connection over which the muscle relaxation data are send to a secured server which 

is accessible by the therapist at anytime at anyplace. So, the treatment is no longer 

hampered by the necessity of in vivo visits between the subject and the therapist as 

consultations can take place remotely. 
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In Chapter 4 the susceptibility of subjects with neck-shoulder pain related to com-

puterwork and healthcare professionals toward RSMT was examined by means of the 

Attitude- social Support- self Efficacy (ASE) model. The results indicated a positive 

attitude in subjects and professionals. The majority of patients reported to be willing 

to undergo RSMT. In addition, 40% of the subjects and all professionals who provide 

the non-remote myofeedback treatment believed their self-efficacy to be sufficient 

for RSMT. With respect to this self-efficacy, the importance of non-verbal communi-

cation and physical interaction was stressed in remote treatment concepts. The com-

plete absence of in vivo consultation was feared to negatively affect the therapeutic 

relationship. Based on these findings, in vivo consultation was alternated with remote 

consultation in the RSMT protocol, which was evaluated in Chapter 6.

In Chapter 5 a review on the methodology, which is used in the evaluation of teleme-

dicine interventions for postural and movement disorders, was conducted. The results 

showed that most studies are primarily focused on examining the technical feasibility 

and acceptability of the telemedicine service rather than on the overall effect of the 

introduction of the telemedicine service into routine health care. It was suggested 

that alternative methodologies, than those currently applied in traditional pharma-

ceutical research, could be valuable in the evaluation of telemedicine evaluations. 

The Staged Approach Evaluation of Telemedicine of DeChant is an example of such an 

alternative methodology. 

Based on this methodology, in Chapter 6, RSMT was evaluated in a small sample of wor-

kers with neck-shoulder pain related to computer work. The results showed that RSMT 

s technical feasible for clinical use, and that subjects were satisfied with the remote 

consultation sessions. After four weeks of RSMT, a considerable part of the population 

(50-80%) reported a clinical relevant reduction in pain intensity and disabilities. The 

changes in clinical outcomes induced by RSMT tended to be equally or slightly better 

compared to myofeedback provided in vivo. The methodology of DeChant appeared 

to be a useful methodology as it contains a comprehensive evaluation covering mul-

tiple endpoints, allows user input and deals with the (im)maturity of the technology. 

Thereby, RSMT can be optimized within a reasonable short time span. Chapter 6 was 

considered to be a practical illustration of this rather abstract methodology.
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In Chapter 7 the factors associated with the successful implementation of remote 

treatment concepts were identified. The results showed that these factors can be 

categorized in five major categories namely acceptance, technology, organization, 

financing and policy and legislation. It was concluded that telemedicine implemen-

tation is a difficult process as it requires a multidisciplinary, interorganizational and 

transsectorial collaboration. A layered implementation model implying a visionary ap-

proach was proposed. The basic underlying philosophy is “start small, think large”. 

As stakeholders come to share a vision of the implementation, there may be mutual 

agreement upon directions and boundaries for collaboration, which then become more 

permanent structures surviving after project (funding) has ended. 

In the final chapter (Chapter 8) the findings of the different studies, which were pre-

sented in this thesis, were integrated and discussed and recommendations for future 

research were proposed. It was concluded that maladaptive cognitions probably play 

an important role in neck-shoulder pain related to computerwork and that subgroup-

unique coping profiles can be discerned, at least in the elderly female. Although ad-

ditional research into the relation between the subgroup-unique coping profiles and 

fear-avoidance beliefs is necessary, these results indicate the importance of taking 

psychological aspects into account in the treatment of subjects with work-related 

neck-shoulder pain who are still functioning at the workplace. The different coping 

profiles could plead for more tailored treatment. By means of remotely supervised 

myofeedback treatment an individually tailored and highly intensive treatment is of-

fered to subjects with neck-shoulder pain at the workplace. A preliminary evaluation 

showed that this treatment was technically feasible and induced changes in clinical 

outcomes. 
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Samenvatting

Nek-schouder klachten als gevolg van computerwerk vormen een groot sociomedisch 

en economisch probleem, omdat het een aanzienlijk deel van de werkende populatie 

treft. In Nederland worden mensen met nek-schouderklachten veelal behandeld met 

medicatie (zoals spierverslappers), ergonomische werkplek-aanpassingen en fysio-

therapie. Hoewel deze interventies bij een gedeelte van de mensen een gunstig effect 

hebben, blijven de klachten en beperkingen bij een aanzienlijk deel van de mensen 

bestaan. Het doel van dit proefschrift is een bijdrage te leveren aan het vergroten 

van de effectiveit en efficiëntie van behandelingen voor mensen met nek-schouder 

klachten die gerelateerd zijn aan computerwerk door 1) beter begrip te krijgen van 

de rol van cognitief-gedragsmatige factoren in het ontstaan en in stand houden van 

nek-schouder klachten en 2) de haalbaarheid van een hoog-intensieve en innovatieve 

behandeling, zijnde een op-afstand gesuperviseerde myofeedback behandeling, te  

onderzoeken.

Met betrekking tot het eerste doel wordt in de literatuur benadrukt, dat cognities een 

belangrijke rol spelen bij het ontstaan en in stand houden van pijn en pijngedrag. Een 

welbekend cognitief-gedragsmatig model is het angst-vermijdings model (Nederlandse 

vertaling van het fear-avoidance model). Dit model gaat ervan uit, dat mensen die hun 

pijn als bedreigend ervaren geneigd zijn lichamelijke activiteiten te vermijden als 

anticipatie en verwachting op pijn in plaats van een respons op pijn. Door het vermij-

den van lichamelijke activiteiten verslechtert de fysieke en psychologische conditie, 

waardoor de pijn zal verergeren en angst-gevoelens worden verstrekt. Mensen belan-

den in een vicieuze cirkel van pijn en pijn-vermijdingsgedrag. Naast dit angst-ver-

mijdings profiel, wordt in het over- en onderbelastingsmodel (Nederlandse vertaling 

van het avoidance-endurance model) een alternatief coping-profiel onderscheiden, 

waarin mensen met pijn opzettelijk proberen de pijn te onderdrukken en ontkennen 

en door gaan met hun activiteiten, ongeacht de mate van pijn. De studies die de rol 

van cognitief-gedragsmatige modellen hebben onderzocht richten zich tot op heden 

voornamelijk op klinische patiëntenpopulaties met lage rugpijn en met ziekteverlof. 

Er zijn echter eerste indicaties dat deze modellen ook van toepassing kunnen zijn op 

een populatie met nek-schouder pijn die nog aan het werk is. Dit is verder onderzocht 
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in het eerste gedeelte van dit proefschrift.

Met betrekking tot het tweede doel wordt vaak gespeculeerd dat de huidige behan-

delingen van pijn onvoldoende toegespitst zijn op het individu, onvoldoende intensief 

zijn en onvoldoende worden geïntegreerd in de dagelijkse omgeving van de patient. 

De meeste conservatieve behandelingen worden op een wekelijkse basis gegeven met 

een maximum duur van ongeveer 30-60 minuten. Als gevolg daarvan wordt het leren 

toepassen van de, in de behandeling geleerde vaardigheid voor gezond gedrag op de 

werkplek voornamelijk overgelaten aan het individu zelf. Een draagbaar myofeedback 

systeem dat continue terugkoppeling geeft aan het individu terwijl deze aan het werk 

is, heeft de mogelijkheid de effectiviteit van behandelingen te vergroten, omdat 

daardoor een hoog-intensieve behandeling wordt bewerkstelligd in de dagelijkse om-

geving van het individu. Resultaten laten zien dat deze behandeling effectief is voor 

een aanzienlijk deel van de mensen met werkgerelateerde nek-schouder klachten. 

Echter, om deze behandeling nog effectiever en efficiënter te maken is deze verder 

ontwikkeld in een op-afstand gesuperviseerde behandeling. In het tweede gedeelte 

van dit proefschrift is de ontvankelijkheid ervan onder behandelaars en patiënten 

onderzocht. Ook is een literatuur-studie uitgevoerd naar adequate onderzoeks-metho-

dologieën voor effect evaluatie van zorg-op-afstand diensten (Nederlandse vertaling 

van telemedicine), gevolgd door een pilot studie omtrent de haaldbaarheid en ver-

anderingen in klinische uitkomstmaten van op-afstand gesuperviseerde myofeedback 

behandeling (RSMT). Daarnaast is een literatuur-studie uitgevoerd naar de determi-

nanten die van invloed zijn op succesvolle implementatie van dergelijke behandeling 

op-afstand concepten.

In Hoofdstuk 2 is de rol van het angst-vermijdings model onderzocht in een werkende 

populatie vrouwen met nek-schouder pijn als gevolg van computerwerk. In overeen-

stemming met dit model werd een significante relatie gevonden tussen angst-vermij-

dingsgedachten, over werk in het bijzonder (gemeten met de Fear Avoidance Beliefs 

Questionnaire subschaal-werk), en beperkingen (gemeten met de Neck Disability In-

dex). Een opmerkelijk resultaat was dat, in tegenstelling tot het model, een directe 

relatie werd gevonden tussen angst-vermijdingsgedachten en beperkingen, zonder de 

mediërende rol van beperkte maximale willekeurige contractie (MVC) van de trapezius 

spier. Er is geconcludeerd dat angst-vermijdingsgedachten een belangrijke rol spelen 
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in beperkingen als gevolg van computerwerk-gerelateerde nek-schouder klachten; on-

geacht de fysieke conditie, dat wil zeggen fysieke achteruitgang.

In Hoofdstuk 3 zijn de verschillende coping strategieën onderzocht die veelal gebruikt 

worden in een werkende populatie om, om te gaan met nek-schouderklachten (geme-

ten met de Coping Strategies Questionnaire). Resultaten lieten zien dat mensen met 

nek-schouderklachten die nog steeds werken ondanks hun klachten, proberen hun 

pijn te  “onderdrukken en ontkennen”, “afleiding” te zoeken, en “catastroferen en 

zorgen maken”. Gebaseerd op verschillende combinaties van deze coping strategieën 

konden drie coping profielen worden onderscheiden. De grootste subgroep bestond uit 

mensen die naast het “onderdrukken en ontkennen” van de pijn “afleiding” zoeken, 

ook wel “doorbijters” (Nederlandse vertaling van suppressors) genoemd. Zij lijken 

overeenkomsten te vertonen met het overbelastings-profiel in het onder- en overbe-

lastings model. Naast het onderdrukken/ontkennen en afleiding zoeken, werden de 

mensen in de tweede subgroep gekenmerkt door “catastroferen en zorgen maken”. 

Deze tweede subgroep heet “bezorgde doorbijters” (Nederlandse vertaling van wor-

ried suppressors) en vertoont mogelijk overeenkomsten met het angst-vermijdings 

profiel uit het angst-vermijdingsmodel. De kleinste subgroep bestond uit mensen zon-

der uitgesproken copingsprofiel, genaamd de minimale copers (Nederlandse vertaling 

van minimized copers). In overeenstemming met onze verwachtingen en het angst-ver-

mijdingsmodel rapporteerden de “bezorgde doorbijters” de meeste catastroferende 

gedachten en hadden ze de laagste waarde voor de maximale willekeurige contractie 

(MVC) van de trapezius spier. Deze verschillen waren echter niet significant. Het feit 

dat tenminste twee van de drie subgroup-specifieke coping profielen overeenkom-

sten lijken te vertonen met profielen die bekend zijn uit cognitief-gedragsmatige 

modellen, ondersteunen de hypothese dat mensen onderverdeeld kunnen worden in 

subgroepen, zodat behandelingen meer toegespitst kunnen worden op de specifieke 

behoefte en/of pijn-gerelateerde werkingsmechanismen. Echter, meer onderzoek is 

nodig naar de methode van, en de variabelen die geïncludeerd moeten worden in, het 

onderscheiden van subgroepen van mensen met nek-schouderklachten als gevolg van 

computerwerk.
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De Hoofdstukken 4, 5 en 6 gingen uitgebreid in op de mogelijke acceptatie en ef-

fectiviteit van op-afstand gesuperviseerde myofeedback behandeling (RSMT). In RSMT 

dragen mensen een vestje onder hun kleren dat continu de mate van spierontspanning 

van de trapezius spier meet. Wanneer de hoeveelheid spierontspanning onvoldoende 

is gaat het ambulante feedback-apparaat, dat mensen bij zich dragen, trillen. Dit 

trillen is een teken voor het individu om de trapezius spier te ontspannen. In RSMT 

is het ambulante feedback-apparaat uitgerust met een (beveiligde) draadloze ver-

binding waarover de spierontspannings-data draadloos wordt overgestuurd naar een 

beveiligde server, waarop een therapeut altijd en overal kan inloggen. Daardoor zijn 

in vivo consultaties tussen patiënt en therapeut niet langer nodig en kan op-afstand 

een behandeling plaatsvinden. 

In Hoofdstuk 4 werd aan de hand van het Attitude- social Support - self Efficacy (ASE) 

model de ontvankelijkheid voor myofeedback op afstand (RSMT) van zorgprofessio-

nals en patiënten met nek-schouder klachten onderzocht. Resultaten toonden een 

positieve attitude onder patiënten en zorgprofessionals. Het merendeel van de pa-

tiënten gaf aan een myofeedback behandeling op-afstand te willen ondergaan. Boven-

dien vonden 40% van de patiënten en alle myofeedback therapeuten hun self-efficacy  

(Engels woord voor “geloof in eigen kunnen”) voldoende voor RSMT, maar allen bena-

drukten het belang van non-verbale communicatie en fysieke interactie in behande-

ling op-afstand concepten. Men vreesde dat een volledig gebrek aan in vivo consulta-

ties een ongunstig effect zal hebben op de therapeutische relatie. Als gevolg hiervan 

is besloten in vivo consultaties af te wisselen met op-afstand consultaties in RSMT, 

zoals geëvalueerd in Hoofdstuk 6.

In Hoofdstuk 5 is de methodologie onderzocht die gebruikt wordt in de evaluatie van 

zorg-op-afstand (Nederlandse uitleg van telemedicine) interventies op het gebied van 

houdings- en bewegingsproblematiek. Resultaten lieten zien dat de meeste studies 

zich primair focussen op het onderzoeken van de technische haalbaarheid en accep-

tatie ervan en minder aandacht besteden aan het evalueren van de algehele effecten 

op de zorg. Er is gesuggereerd dat alternatieve methodologieën, anders dan degene 

die toegepast worden in traditioneel farmaceutisch onderzoek, waardevol kunnen zijn 

in de evaluatie van telemedicine interventies. De “Staged Approach Evaluation of 
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Telemedicine” van DeChant is een voorbeeld van een mogelijke alternatieve onder-

zoeksmethodologie. 

Deze methodologie werd dan ook gebruikt in Hoofdstuk 6 om de op-afstand gesupervi-

seerde myofeedback behandeling (RSMT) te evalueren in een kleine groep werkneem-

sters met nek-schouder pijn gerelateerd aan computerwerk. De resultaten lieten zien 

dat RSMT technisch haalbaar was voor klinisch gebruik, en dat men tevreden was over 

de consultaties die op-afstand, per telefoon, plaatsvonden. Na vier weken RSMT werd 

bij een aanzienlijk deel van de mensen (50-80%) een klinische relevante reductie in 

pijn intensiteit en beperkingen gevonden. De veranderingen in klinische uitkomstma-

ten na afloop van RSMT leken minstens even groot of iets beter vergeleken met my-

ofeedback behandeling in vivo. De methodologie van DeChant bleek een waardevolle 

methodologie, omdat het een veelomvattende evaluatie bewerkstelligt met meerdere 

uitkomstmaten, de input van eindgebruikers toestaat en rekening houdt met de (on-) 

volwassenheid van de technologie, waardoor RSMT in een redelijke korte tijdspanne 

kan worden geoptimaliseerd. Hoofdstuk 6 werd beschouwd als een praktische illustra-

tie van deze abstracte methodologie.

 

In Hoofdstuk 7 zijn de factoren geïndentificeerd die van invloed zijn op de succes-

volle implementatie van behandeling op afstand concepten. De resultaten lieten 

zien dat deze factoren gecategoriseerd kunnen worden in vijf categorieën namelijk  

acceptatie, technologie, financiering, organisatie en wet- en regelgeving. Er is ge-

concludeerd dat telemedicine implementatie een moeilijk proces is, omdat het een 

multidisciplinaire, multiorganisationele and transsectorale samenwerking vereist. 

Een gelaagd implementatie-model, dat een visionaire benadering impliceert, is 

voorgesteld. De onderliggende filosofie van dit model is “begin klein, denk groot”.  

Wanneer stakeholders tot een gedeelde visie omtrent de implementatie komen, kan 

dit leiden tot gezamenlijke overeenstemming over richtingen en afbakeningen, het-

geen een permanentere structuur zou kunnen geven aan de samenwerking die moge-

lijk, wanneer het project (en financiering) is beëindigd, blijft voortbestaan.

In het laatste hoofdstuk (Hoofdstuk 8) zijn de bevindingen van de verschillende stu-

dies uit dit proefschrift geïntegreerd en bediscussieerd en aanbevelingen voor ver-
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volgonderzoek gedaan. Een belangrijke conclusie was dat maladaptieve cognities 

en subgroep-specifieke coping-strategieën mogelijk een belangrijke rol spelen in 

nek-schouder klachten als gevolg van computerwerk, althans bij oudere vrouwe-

lijke werkneemsters. Hoewel aanvullend onderzoek nodig is naar de relatie tussen  

subgroep-specifieke coping profielen en angst-vermijdingsgedachten, suggereerden 

de resultaten het belang van psychologische aspecten in de behandeling van indivi-

duen met nek-schouderklachten die nog steeds werkzaam zijn ondanks deze klach-

ten. De verschillende coping profielen zouden kunnen pleiten voor meer toegespitste 

behandelingen. Door middel van op afstand gesuperviseerde myofeedback kan een 

individueel toegespitste en hoog-intensieve behandeling worden aangeboden op de 

werkplek. Een eerste evaluatie liet zien, dat deze behandeling technisch haalbaar was 

en veranderingen in klinische uitkomsten indiceerde.
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Dankwoord

Als bewegingswetenschapper wil ik graag de analogie met de sport zoeken om mijn erva-

ringen omtrent het volbrengen van dit promotieonderzoek te verwoorden. Een promotie- 

onderzoek is goed te vergelijken met een hardloopwedstrijd waar ik aan ben begonnen 

zonder te weten hoe het af te leggen parcours er precies uit zou zien en wat ik onderweg 

allemaal tegen zou kunnen komen. Gaandeweg bleek het een zeer afwisselend parcours te 

zijn dat bestond uit relatief eenvoudige maar zeker ook lastige delen. Aan de tijd (jaren 

in geval van dit promotieonderzoek) die verstreken was sinds de start kon ik afleiden hoe 

ver ik ongeveer verwijderd zou moeten zijn van de finish. Onvoorspelbare weersomstandig-

heden (ik denk aan de wateroverlast bij RRD afgelopen zomer) maakten dat ik mijn tactiek 

voor de eindsprint aan moest passen. Maar, getuige dit proefschrift is de finish uiteindelijk 

geheel volgens schema behaald. Temidden van deze “overwinningsroes” wil ik graag een 

aantal mensen bedanken.

Allereerst wil ik mijn twee “trainer-coaches”, promotor Prof. Hermie Hermens en assistent-

promotor Dr. Miriam Vollenbroek-Hutten, bedanken voor alle mogelijkheden en ruimte 

die ik van hen heb gekregen om mezelf te ontwikkelen. Hermie, naast dat je me kennis 

hebt laten maken met het feit dat wetenschap “fun” kan en mag zijn, heb je me weg-

wijs gemaakt in de wereld van de “lastige” projecten. Miriam, al tijdens mijn afstuderen 

hielp je me richting geven aan mijn onderzoek en nog steeds kan ik op je inhoudelijke 

expertise rekenen. Tijdens de dagelijkse begeleiding van het promotieonderzoek heb-

ben je betrokkenheid, gedrevenheid en de prettige samenwerking indruk op me gemaakt. 

Tevens een woord van dank aan de leden van de promotiecommissie Prof. Konstantas,  

Prof. Van der Beek, Dr. Smeets, Prof. Nieuwenhuis, Prof. IJzerman en Prof. Rietman voor de 

tijd en moeite die zij hebben genomen om dit proefschrift te lezen en te beoordelen. 

Zonder een sterk “deelnemersveld” had ik niet tot deze prestatie kunnen komen. De 

(ex)collega’s van RRD voorzagen me, naast inhoudelijke samenwerking en belangstelling, 

van een motiverende werkomgeving. Een aantal collega’s wil ik in het bijzonder bedanken. 

Hans, ik denk met veel plezier terug aan onze samenwerking in mijn eerste project en aan 

onze vele discussies over de inbedding van innovatieve zorg-telediensten in de dagelijkse 
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zorgpraktijk. Gerlienke en Laura, al sinds mijn aanstelling bij RRD heb ik veel zaken die 

spelen in het leven van een promovendus met jullie kunnen bespreken. Karlein, je expertise 

als psycholoog maar tevens als wetenschapper hebben me enorm geholpen bij de analyse en 

interpretatie van mijn onderzoeksresultaten. Bedankt ook voor de tijd die je nam om altijd 

“even” een vraag van mij te beantwoorden. Jitske, geregeld heb ik interessante artikelen 

van je doorgestuurd gekregen die van pas kwamen in mijn onderzoek. Karin, bedankt voor 

je hulp bij de statistische analyses die niet altijd even eenvoudig waren. Barbara, samen 

hebben we heel wat obstakels moeten overwinnen in het onderzoek naar de effectiviteit van 

de myofeedback behandeling op-afstand maar mede dankzij jou ben ik er in geslaagd het 

onderzoek succesvol af te ronden (ookal hebben we daarvoor zo’n beetje heel Nederland 

door moeten crossen!). Elles, ik waardeer je (vaak aanstekelijke) opgewekte houding en 

enthousiasme evenals de “stand-in” paranimf activiteiten die je op je hebt genomen. Ik wil 

jou, en Margit, hartelijk bedanken voor de organisatie van het symposium dat, gerelateerd 

aan dit promotieonderzoek, de dag voor de verdediging van dit proefschrift plaatsvindt. 

Thijs, bedankt voor het doorlezen van dit proefschrift op punten en komma’s. Jan Hindrik, 

je assistentie bij het printen (ik denk aan kruisjes en nummertjes) getuigt van een groot 

technisch inzicht. Ook een woord van dank aan de mede-auteurs Henk, Tom, Aart en Bart. 

Collega’s van het cluster beheer wil ik bedanken voor de ondersteuning tijdens de uitvoe-

ring van mijn dagelijkse werkzaamheden. Leendert, in geval van technische problemen 

tijdens metingen in het lab of ten tijde van de myofeedback op afstand heb ik altijd een 

beroep op je mogen doen. Brigitte, jij wist precies aan te voelen wanneer ik een steuntje 

in de rug kon gebruiken, bedankt! Een groep mensen zonder wie dit onderzoek nooit plaats 

had kunnen vinden zijn de patiënten die bereid waren deel te nemen aan de diverse studies.

Uiteraard mogen mijn twee “trainingsmaatjes”, de paranimfen Janine en Anke, in dit rijtje 

niet ontbreken. Fijn dat jullie op de dag van de verdediging aan mijn zijde willen staan.  

Janine, ik had me geen betere kamergenoot kunnen wensen. Ik kan altijd bij je terecht va-

riërend van computer vraagjes, correcties op mijn artikelen (zoals het schrappen van woor-

den en corrigeren van mijn Engels) tot (on-)diepzinnige gesprekken over zaken die speelden 

op dat moment. In de afgelopen jaren is een hechte band ontstaan en het feit dat je temid-

den van je zwangerschapsverlof mijn paranimf wilt zijn vind ik echt heel bijzonder. Anke, 

bedankt voor je interesse zowel binnen als buiten het werk, de leuke gesprekken onder het 

genot van een kopje thee aan je bureau, maar zeker ook je relativerende vermogen (waar 
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was deze trouwens toen we in camping-smoking een bruiloft bezochten in het noorden van 

het land?). Jullie zijn beide het afgelopen jaar eigenlijk ook een beetje gepromoveerd door 

middel van het verwerven van de bevoorrechte “moeder” titel. Ik wens jullie dan ook veel 

succes toe met die “andere promotie”! 

Een speciaal woord van dank aan mijn “sponsoren”, mijn ouders, van wie ik de belangrijkste 

eigenschappen meegekregen heb voor het voltooien van dit promotietraject. Dankzij jullie 

heb ik kunnen studeren en vier mooie jaren in Groningen kunnen doorbrengen. Ik ben blij 

dat ik op deze manier iets terug kan geven. Het is altijd fijn om weer even “thuis” te zijn en 

te weten dat er volle vertrouwen is in mijn kunnen. Pa, naast je rol als “sponsor” zorg je ge-

regeld voor goede “PR” door in alle trots over de prestaties van je dochter(s) te vertellen! 

Ook wil ik de “toeschouwers” bedanken die een belangrijke rol hebben gespeeld door 

me geregeld aan te moedigen onderweg. Laura en Carien, ik ben trots op jullie en de 

bijzondere manier waarop we met elkaar omgaan. Wim en Hermien, jullie oprech-

te belangstelling in mijn onderzoek, maar ook in mij persoonlijk, waardeer ik enorm.  

Mariël, dankzij jouw vakmanschap ziet dit boekje er geweldig uit. Dank voor alle tijd 

die je de afgelopen maanden samen met mij aan dit boekje hebt geschonken. We zul-

len de afhaal-maaltijden op zondagavond nog gaan missen! Zonder iedereen bij naam te 

noemen wil ik alle vriendinnen en vrienden bedanken voor hun interesse, kaartjes, tele-

foontjes, sms-jes, zaterdagmiddag-gesprekken bij Stromboli, etentjes, vakanties en an-

dere gezellige momenten die voor de nodige afleiding en ontspanning hebben gezorgd. 

Tenslotte wil ik mijn “pacer”, Wilfried, bedanken. Je weet me op de goede momenten te 

stimuleren en te motiveren maar durft op andere momenten ook mijn gedrevenheid en  

enthousiasme naar niveau van realiteit terug te brengen. Een “pacer” die, zoals jij, de hele 

wedstrijd met me uit heeft gelopen en voortdurend een ondersteunde rol heeft weten te 

vervullen is echt heel bijzonder. Jij bent bijzonder! Lieve Wilfried, bedankt voor alles maar 

dan ook alles.

Iedereen die ik nog vergeten mocht zijn nodig ik van harte uit om bij mij langs te komen 

voor een persoonlijk bedankje!
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