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eFaculty of Electrical Engineering, Mathematics and Computer Science, University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands

Received 2 October 2006; accepted 17 November 2007

Abstract

Aim: To explore prognostic factors for the effects of two interventions (myofeedback training in combination with ergonomic

counselling (Mfb/EC) and ergonomic counselling alone (EC)) on discomfort and disability in work-related neck–shoulder complaints.

Methods: Thirty-six females completed the interventions. Discomfort and disability were assessed at baseline, immediately after the

intervention, and at 3-month follow-up. Potential sociodemographic and psychological prognostic factors were assessed using

questionnaires. Data were analysed using multiple regression and general linear modelling.

Results: Changes in discomfort were best predicted by baseline discomfort levels. Changes in disability were predicted by baseline

disability levels, patient profile, and coping strategy ‘ignoring sensations’. A significant difference between the Mfb/EC and EC group

was found for coping strategy ‘ignoring sensations’, which appeared to be a predictor for changes in disability at 3-month follow-up in

the Mfb/EC group only.

Conclusions: Subjects with high levels of initial discomfort and disability and specific psychological patient profiles benefit most from

interventions. Myofeedback training contributes a specific quality to those who ignore pain sensations.

r 2007 Elsevier Ltd. All rights reserved.

Keywords: Work-related; Myofeedback; Prognostic factors

1. Introduction

Neck–shoulder pain is common and often long lasting.
Lifetime prevalence of neck pain in females has been
reported to be 43% (Borghouts et al., 1998). Neck pain is
especially common among the working population: For
instance, 15% of the working population in the Nether-
lands report complaints in that region (Blatter et al., 2005).
As it has large consequences for individuals, health care,

and society, there is an urgent need for adequate
intervention programs for work-related complaints.
Work-related neck–shoulder complaints are multifactor-

ial in nature (e.g. Andersen et al., 2003) and as a result
different intervention approaches have emerged. Interven-
tions often focus on adjustment of the work environment
and education of ergonomic principles (e.g. Linton and
van Tulder, 2001; Horgen et al., 2005). There is some
evidence confirming the effectiveness of these interventions
(Westgaard and Winkel, 1997; Verhagen et al., 2006)
and well-designed work stations are considered a condition
for healthy working. However, the prevalence of com-
plaints among workers remains high (Westgaard and
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Winkel, 1997), so there is a need for developing new
interventions.

A relatively new intervention approach is the myofeed-
back training based on the Cinderella hypothesis of Hägg
(1991). During this intervention (Hermens and Hutten,
2002), subjects wear a garment enabling continuous
recording of upper trapezius muscle activation patterns.
In contrast to classical feedback during which subjects
receive feedback when muscle activation is too high,
Cinderella-based myofeedback provides feedback when
relaxation is insufficient. The feedback can make subjects
aware of this insufficient relaxation and contribute to
improve time spent in relaxation, which might result in a
reduction of complaints. As interventions focusing on
multiple factors have shown to be related to a decreased
incidence of complaints (Lincoln et al., 2000), 4 weeks of
Cinderella-based myofeedback training was combined with
ergonomic counselling and showed clinically relevant
improvements in about 50% of the subjects (Hermens
and Hutten, 2002; Voerman et al., 2007). This suggests the
presence of subgroups in which the intervention is
beneficial, a common finding when evaluating the effec-
tiveness of pain programs.

Identification of prognostic factors, factors that have
predictive value regarding outcome of specific therapies,
facilitates clinical decisions concerning the choice of
interventions and the referral of subjects to appropriate
intervention programs. The search for prognostic factors
has mainly focused on low back pain programs. The
factors appear to cover the whole spectrum of the
biopsychosocial model of pain and disability of Waddell
(1998) (e.g. Elkayam et al., 1996; Hasenbring et al., 1994;
Bot et al., 2005). van der Hulst et al. (2005) classified the
factors into either sociodemographic, physical, or psycho-
logical and concluded that the prognostic value of the
physical factors is superimposed by the sociodemographic
and psychological factors when considering the effect of
multidisciplinary treatment in chronic low back pain (van
der Hulst et al., 2005). In only a few studies prognostic
factors for neck and/or shoulder pain have been investi-
gated, showing that discomfort, duration and history of
symptoms, disability, age, and well-being are related to
outcome, (Croft et al., 1996; Hoving et al., 2004). The
relation between these factors and outcome, however,
appeared to be inconsistent (Borghouts et al., 1998) and the
studies predominantly focused on prognostic factors for
the clinical course of neck pain rather than for interven-
tions. This information would however be useful for
optimizing clinical decisions regarding the allocation of
interventions.

The present study is an attempt to explore prognostic
factors for the effect of interventions for work-related
neck–shoulder complaints. Two interventions are consid-
ered in this perspective, i.e. Cinderella-based ambulant
myofeedback training combined with ergonomic counsel-
ling (Mfb/EC) and ergonomic counselling only (EC).
Outcome is defined in terms of discomfort and disability

immediately after the interventions and at 3-month follow-
up and prognostic factors for outcome were compared
between the two interventions. As literature has shown
that the physical factors have less predictive value,
only sociodemographic and psychological factors were
evaluated.

2. Methods

2.1. Design and subjects

This study was undertaken within the framework of a
randomized clinical trial to evaluate the effectiveness of
two interventions for persistent work-related neck–
shoulder complaints, i.e. Mfb/EC and EC, on discomfort
and disability. Subjects were randomly assigned to the
Mfb/EC or the EC group. Measurements were performed
prior to the intervention but before randomization (base-
line, B), immediately after 4 weeks of intervention (T0),
and after 3-month follow-up (T3). It was ensured that
measurements were performed at the same time of the day
(i.e. morning or afternoon) and at the same day of the
week.
Participants were recruited regionally in the Nether-

lands, using the NEW-study questionnaire (Sandsjö et al.,
2006), measuring sociodemographic characteristics, poten-
tial-risk factors for the development of work-related
complaints, general health, and the extent and severity of
complaints. Subjects eligible for participation were elderly
female computer workers, typically over 45 years, working
for at least 16 h a week and reporting persistent complaints
in the neck and/or shoulder region for at least 30 days
during the last year. These complaints had to be
subjectively assigned to computer work, and as such were
labeled work-related musculoskeletal complaints. Exclu-
sion was based on reporting pain in more than three body
regions for more than 30 days during the past 12 months,
severe arthrosis, joint disorders, diagnosis cancer/
tumour(s) diagnosis, or the use of muscle relaxants.
Subjects were also excluded when reporting other com-
plaints in the upper extremity not related to work.
The study was approved by the local medical ethics

committee and subjects gave their written informed consent
prior to participation.

2.2. Interventions

2.2.1. Ergonomic counselling

All subjects received 4 weeks of intervention during
which they kept a diary of activities and discomfort scores.
In this diary, they reported discomfort scores at three
different times of the day: When getting up, at lunch time,
and at the end of the day. These scores were just used to get
insight into possible structural changes in pain over the
day. During this 4-week period they were visited weekly by
a therapist. The first visit comprised an ergonomic work-
place investigation by means of the risk inventory of
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