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Abstract Objective: To investigate the effects of ambulant myofeedback training includ-
ing ergonomic counselling (Mfb) and ergonomic counselling alone (EC), on work-related
neck-shoulder pain and disability. Methods: Seventy-nine female computer workers reporting
neck-shoulder complaints were randomly assigned to Mfb or EC and received four weeks of
intervention. Pain intensity in neck, shoulders, and upper back, and pain disability, were mea-
sured at baseline, immediately after intervention, and at three and six months follow-up. Results:
Pain intensity and disability had significantly decreased immediately after four weeks Mfb or
EC, and the effects remained at follow up. No differences were observed between the Mfb and
EC group for outcome and subjects in both intervention groups showed comparable chances for
improvement in pain intensity and disability. Conclusions: Pain intensity and disability signif-
icantly reduced after both interventions and this effect remained at follow-up. No differences
were observed between the two intervention groups.

Keywords Work-related neck-shoulder complaints - Myofeedback training - Neck-shoulder
region

G. E. Voerman (<) - M. M. R. Vollenbroek-Hutten - H. J. Hermens
Roessingh Research and Development, P.O. Box 310, 7500 AH Enschede, The Netherlands
e-mail: g.voerman@rrd.nl

L. Sandsjo - P. Larsman - R. Kadefors
National Institute for Working Life, Goteborg, Sweden

L. Sandsjo
Chalmers University of Technology, Géteborg, Sweden

P. Larsman
Department of Psychology, Goteborg University, Goteborg, Sweden

H. J. Hermens
Faculty of Electrical Engineering, Mathematics and Computer Science, University of Twente, Enschede,
The Netherlands

@ Springer



138 J Occup Rehabil (2007) 17:137-152

Introduction

Work-related musculoskeletal complaints in the upper extremity are common among workers
in Western industrialised countries. In the Netherlands, about 15% of the working population
report complaints in the neck, shoulders and arms [1] defined as pain, numbness, or tingling,
resulting in loss of productivity, sick-leave or even disability. In 1998, about 8% of all Dutch
employees were absent from work due to work-related musculoskeletal complaints, and 2% of
the employee population was absent from work for more than four weeks [2]. These complaints
impose a substantial economic burden in compensation costs, lost wages, and productivity. Apart
from the individual suffering, the financial costs within member states of the European Union
associated with musculoskeletal complaints are high [3].

Work-related musculoskeletal complaints are multifactorial in origin and involve biomechan-
ical, psychosocial, and individual components [4—6]. As a consequence different intervention
approaches exist. Most often interventions address alterations of the physical work environment
by adjustments of the work station and/or education about working posture according to er-
gonomic principles [7-10]. There are several studies reporting on the effectiveness of ergonomic
approaches [11, 12] and it is commonly accepted that properly designed work stations are pre-
requisites for healthy working. However, in spite of attention to ergonomics musculoskeletal
complaints remain a considerable problem [13—15] and this is the rationale for the search for
innovative interventions.

A relatively new intervention approach addressing neck-shoulder complaints is myofeedback
training based on the Cinderella-hypothesis [16]. The Cinderella-hypothesis is one of the most
influential hypotheses explaining the process of development and persistence of pain in low
intensity jobs [17] like computer work, and states that lack of sufficient muscle relaxation is a
crucial factor in this process. Continuous muscle activity, even at low intensity levels, may result
in homeostatic disturbances of the activated motor units due to affected blood flow and removal
of metabolites [17]. Several studies have found an association between absence of moments of
complete muscle rest and myalgia, especially for the commonly affected descending part of the
trapezius muscle (e.g. [18-20]). Warning subjects when their muscle relaxation is insufficient
could thus contribute to recovery, and this is the rationale for the Cinderella-based myofeedback
training. This approach is different from traditional myofeedback training in which feedback
is provided when muscle activity exceeds a certain level thereby aiming at decreasing muscle
activation (e.g. [21, 22]). As the Cinderella-hypothesis suggests however that muscle relaxation
is more relevant than muscle activation, a myofeedback-based intervention aiming at increasing
muscle relaxation may be more beneficial.

The Cinderella-based myofeedback system [23] consists of a harness incorporating dry sur-
face electrodes and a feedback unit. The system is ambulant and subjects can wear the harness
under their clothes during working days. The harness is connected to a feedback unit worn at the
waist which provides feedback by means of vibration and a soft sound when muscle relaxation is
insufficient. A feasibility study using this equipment for four weeks in a group reporting work-
related neck-shoulder complaints resulted in significantly decreased levels of pain intensity and
also changed muscle activation patterns. These effects were still at hand four weeks after the
myofeedback training ended [23]. However, as the study did not contain a control group and
only investigated the lasting effects of the intervention for a short follow-up period (4 weeks),
further research is needed.

As proper ergonomics are indispensable for healthy working, the myofeedback training is
preferably applied in combination with an intervention approach aimed at improving ergonomics.
Thus, the present study aimed at investigating the immediate and lasting effects of Cinderella-
based myofeedback training including ergonomic counselling, compared to ergonomic

@ Springer



J Occup Rehabil (2007) 17:137-152 139

counselling alone, on pain intensity and disability in females with work-related neck-shoulder
complaints. As interventions focusing on multiple factors have shown to be related to decreased
incidence of complaints [24] it was hypothesised that 4-weeks myofeedback training including
ergonomic counselling would be more effective in reducing pain intensity and disability than
the intervention based on ergonomic counselling alone.

Methods and materials

Design and subjects

A randomized controlled trial was performed to assess the effect of 4-weeks Cinderella-based
myofeedback training combined with ergonomic counselling (together referred to as Mfb),
compared to ergonomic counselling alone (EC), on pain intensity and disability. Measurements
were performed prior to intervention but before randomisation (Baseline), immediately after
four weeks of intervention (T0), and at three (T3) and six (T6) months after the intervention.

Participants were recruited in Sweden (area of Goéteborg) and the Netherlands (area of En-
schede) between March 2003 and June 2005. Computer workers like job counselors (Sweden)
and (medical) secretaries (Sweden and the Netherlands) were approached by telephone and
announcements, and volunteers were subsequently sent a screening questionnaire [25] which
was developed within the EU-funded NEW project (Neuromuscular assessment in the Elderly
Worker) [26]. Subjects eligible for participation were symptomatic female computer workers,
predominantly over the age of 45 as the prevalence of complaints is especially high in this age
category [27], working for at least 20 hours a week, and reporting perpetuating work-related mus-
culoskeletal complaints in the neck and/or shoulder region for at least 30 days during the last year.

Subjects were excluded when they reported pain in more than 3 body regions, when they
suffered from severe arthrosis or joint disorders, when they were using muscle relaxants, or
when reporting other complaints in the upper extremity not related to (computer) work.

Power calculation, based on the results of Hermens and Hutten [23], indicated that at least 35
subjects should be included in each intervention group (estimated proportion of subjects showing
an effect on pain intensity was set at 0.6 in the Mfb group and 0.2 in the EC group; 1—-8 = 0.90;
a = .05). Block randomization was used to assign subjects to either Mfb or EC: When a new
group of subjects started the intervention, half of them were assigned to Mftb and half of them
were assigned to EC. The study was approved by the local Medical Ethics Committees and all
participants gave their informed consent prior to participation.

Interventions

The interventions were provided by three different therapists: One physiotherapist in Sweden and
two health scientists in the Netherlands. They were thoroughly trained and practiced together
prior to the start of the study to ensure that they would provide as identical interventions as
possible. The character of the intervention made blinding of the therapists and the subjects to
the intervention impractical. To prevent from information bias, subjects were informed that the
aim of the current study was to compare the effects of two interventions and that there was no
evidence favouring one of these interventions.

Ergonomic counselling (EC)

Subjects received four weeks of intervention during which they kept a diary of activities and
pain intensity scores. During the four weeks period they were visited weekly by their therapist.
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The first visit comprised an ergonomic workplace investigation by means of the risk inventory
of Huppes et al. [28]. This checklist contains questions to evaluate work tasks, working hours,
work load, work station, and working methods. Based on the outcome, possible improvements
were discussed with the subject. With regard to the work station, the focus was primarily on
modifying the existing work station rather than providing new equipment. The remaining visits
were used to further discuss the ergonomic aspects, the consequences of possible ergonomic
adjustments etc., according to a manual to guarantee a uniform intervention.

Myofeedback (Mfb)

Subjects randomized to the Mfb group received Cinderella-based myofeedback training on top
of EC. A two-channel ambulant myofeedback system combined with a harness incorporating
dry surface Electromyography (SEMG) electrodes to enable a stable recording of upper trapezius
muscle activity was used. The harness was connected to a SEMG processing and storage device
(see Picture 1).

The sEMG signal was amplified (15x), band pass filtered between 30 and 250 Hz, sampled
at 512 Hz, digitized (22 bits ADC), and smooth rectified with removal of the low frequency
components. Embedded software provided the detection and calculation of muscle rest, expressed
as the sSEMG parameter Relative Rest Time, which was defined as the percentage of time in which
Root Mean Square was below a threshold (10 V) for at least 0.12 s. This threshold was based
on the noise level of the myofeedback system including mounted electrodes at the skin. Sensory
feedback by means of vibration and a soft sound was provided after each 10 s interval when
the relative duration of muscle relaxation in that particular interval was below 20%. The choice
for a 10 s interval was based on the results of Voerman et al. [29], and the 20% threshold
was chosen based on the work of Hidgg and Astrém [30]. Subjects were instructed that they
should respond to the feedback by relaxation, which could be reached by slightly depressing
the shoulders, or by sitting down quietly with the eyes closed, the hands in the lap while
breathing deeply. Another relaxation strategy subjects were instructed was to maximally elevate
the shoulders for three seconds to build up muscle tension and then to let loose this tension. This

Picture 1 Myofeedback system:
Harness and processing/storage unit 7 ‘
B

@ Springer



J Occup Rehabil (2007) 17:137-152 141

relaxation was anticipated to contribute to recovery of the Cinderella motor units. When there
was no adequate response to the feedback, i.e. relaxation, the duration of the feedback signal
progressively increased.

Immediately after Baseline, subjects assigned to the Mfb group were given the myofeedback
device and they were explained the working mechanism and background of the myofeedback
training. Subjects wore the system for four weeks, for at least eight hours a week (distributed
over two hours a day and two days a week as a minimum) while performing their regular work.
During the weekly visits the sSEMG-data from last week were scrutinized and discussed to give
the subject insight in their relaxation patterns and to identify possible situations of concern. This
procedure was facilitated by means of the diary.

Assessment of pain intensity and disability

Pain intensity in the neck, shoulder (left and right), and upper back at time of the measurement
was assessed by means of four Visual Analogue Scales [31]. Subjects were instructed to rate
their subjectively experienced level of pain intensity at that moment for each body region. The
Visual Analogue Scale consists of a 10 cm horizontal line with ‘no discomfort at all” at the left
and ‘as much discomfort as possible’ at the right endpoints of the line. Psychometric properties
of the Visual Analogue Scale have been shown to be sufficient [32—-34].

The level of subjectively experienced disability was assessed with the Pain Disability Index,
a self-rating scale that measures the impact of pain on the abilities to participate in life activities
[35]. The Pain Disability Index contains 7 items, one for each domain, i.e. (1) family and home
responsibilities, (2) recreation (hobbies, sports, and leisure time activities), (3) social activity
(participation with friends and acquaintances), (4) occupation (activities partly or directly related
to working), (5) sexual behavior (frequency and quality of sex life), (6) self care (personal
maintenance and independent daily living), and (7) life-support activity (basic life-supporting
behaviors). Answers were provided on a categorical 11-points scale with ‘not disabled’ and
‘fully disabled’ at the extremes. In a chronic pain population, psychometric properties of the
Pain Disability Index appeared to be sufficient [36].

Analysis

Data inspection showed non-normal distributions for all of the variables, and data were therefore
log transformed, enabling parametric analyses. Analyses were performed both on the group as
well as the individual level.

For each subject, VAS scores for the neck, left shoulder, right shoulder, and upper back were
summed and averaged resulting in a combined neck-shoulder pain intensity score. Differences
between the two interventions, i.e. Mfb and EC, for VAS and the Pain Disability Index were
investigated using a linear mixed-model analysis technique for repeated measurements. The
following variables were included in the model as fixed factors: Time of measurement (i.e.
Baseline, TO, T3, and T6), intervention type (i.e. Mfb and EC), and study group (i.e. Sweden and
the Netherlands), including two-way interactions. The factor study group comprises variance due
to possible (socio)demographic differences as well as variance caused by the different therapists,
organizations, and job characteristics in the two countries. The factor subject was included in
the model as a random factor. Paired and independent samples ¢-tests were used for Post Hoc
analysis.

At the individual level the percentages of subjects improving and the odds for improvement in
both intervention groups were investigated. First, individual differences were calculated between
Baseline and TO, Baseline and T3, and Baseline and T6 for pain intensity in the neck-shoulder
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region (i.e. the averaged score on the VAS for neck, left and right shoulders, and upper back)
and Pain Disability Index. These differences were then dichotomized into ‘clinically relevant
improvement’ or ‘equal/deteriorated.” For the Visual Analogue Scale the cut-off point for a
clinically relevant improvement was defined at 13 mm which corresponds to the upper limit
of the confidence interval of clinically relevant changes in Visual Analogue Scale scores in
acute and non-acute pain patients as reported by Kelly in 2001 [37]. This cut-off point was also
the result of the study of Todd [34]. Cut-off points for clinically significant changes in the Pain
Disability Index scores have not been provided in literature. For a comparable measure, the Neck
Disability Index which is a 10 items scale with 6 answering options resulting in scores varying
from O to 50, the cut-off point was set at 5 which is 10% of the maximum score [38]. Using this as
a starting point, a clinically relevant change was defined as a change of >10% of the maximum
score of 70 of the Pain Disability Index, i.e. >7 units of the Pain Disability Index score.

Logistic regression analyses providing Odds Ratios were performed to investigate whether
the two intervention groups differed in terms of chances for clinically relevant improvements
in pain intensity and disability. Three different models were investigated: Model I represents
the crude Odds Ratio describing only the relationship between intervention type and odds for
improvement without adjustment for confounding factors. The factors study group and baseline
pain intensity/baseline disability were assumed potentially confounding factors. To correct for
these factors, two additional models were built as extensions of Model I: Model II incorporates
study group as confounding factor, and Model III is an extension of Model II incorporating
also the factor baseline pain intensity/baseline disability level. For Models II and III interaction
effects were additionally included in the analysis, to study effect modification, but these remained
only included when significant. —2 Log Likelihood tests were used to select the best model.
Odds Ratios including 95% Confidence Intervals were calculated and presented for each of the
models.

Statistical Package for Social Sciences 11.5 was used for statistical testing and alpha was set
at .05 for statistical significance.

Results
Subjects

Seventy-nine female computer workers with neck-shoulder complaints were included in this
study: Forty-two subjects were assigned to the Mfb group and 37 to the EC group. Mean age was
52.0 (SD 5.8 years) in the Mfb group and 50.7 (SD 5.5) years in the EC group. Mean duration
(days between Baseline and TO) of the interventions was 37 (SD 8) days for the Mfb group and
36 (SD 7) days for the EC group. Forty-one out of the 79 subjects were recruited in Sweden and
the remaining 38 in the Netherlands. The number of subjects at Baseline, TO, T3, and T6 and
the number of drop-outs are shown in Diagram 1.

Drop-outs did not differ in age, weight, height, BMI, and pain intensity scores (Visual
Analogue Scale), and disability (Pain Disability Index) from those fulfilling the intervention
(p > .08).

Table 1 provides an overview of sociodemographic characteristics of the subjects in the Mfb
and EC groups. Thirty-eight subjects reported complaints in both the neck and shoulder, while
41 subjects reported complaints either in the neck or in the shoulder at the time of recruitment.
Comparison of the characteristics between the Mfb and EC groups indicated that subjects
assigned to the Mfb group reported more years within the same job compared to the EC group

(» < .05).
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Diagram 1 Flow chart subject Sweden The Netherlands

\_’_1

Baseline n=79

recruitment and randomisation

Drop-outn=5 <4— —» Drop-outn=2

T0 n=72

Drop-outn=4 4—‘ ’—b Drop-outn=2

T3 n =66

‘ ’—> Drop-outn =1

T6 n=65

Analysis at group level
Pain intensity
Baseline (geometric) mean VAS scores for each region separately were 27 mm (neck), 15 mm

(left shoulder), 14 mm (right shoulder), and 13 mm (upper back) in the Mfb group and 24, 14,
19, and 18 mm in the EC group respectively.

Table 1  Characteristics of subject population

Mfb (n = 42) EC(n = 37)

Sociodemographics
Body mass index 25.2 (3.9) 25.2 (3.7)
Side dominance % Right-handed 95% 97%
Living situation % Living alone 16.7 10.8
Working hours per week 32.8(7.8) 32.8 (8.3)
Working hours per week since (in years) 17.0 (11.4)* 12.0 (8.9)*
Complaints
Trouble in neck last year Yes 92.9 91.9
Trouble shoulders last year Yes, in both shoulders 36.6 32.4
Yes, in the right shoulder 36.6 43.2
Yes, in the left shoulder 12.2 13.5
Trouble in upper back last year Yes 66.7 48.6
Was work performance affected Yes 31.7 18.9

*Significant at the .05 level.
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Fig. 1 Box plot for averaged VAS 10
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Figure 1 shows a box plot of the VAS score in the neck-shoulder region at Baseline, TO,
T3, and T6 for the Mfb and the EC group. A clear decrease was observed at TO, T3, and
T6 compared to Baseline, although at T6 pain intensity seemed to increase slightly in both
groups.

Mixed linear modelling showed that pain intensity in the neck-shoulder region significantly
changed over time (F = 12.08, p < .01), without additional effects for the type of the interven-
tion (F = 1.54,p = 0.22), study group (F = .48, p = .49), or interaction effects (F < .87,
p > .35). Post Hoc comparisons revealed that the VAS score was significantly reduced at TO
(t=437,p < .01),T3(t =5.10,p < .01),and T6 (+ = 3.54,p < .01) compared to Baseline
but also the reduction between TO and T3 was significant (+ = 2.85,p = .01).

Disability

Figure 2 shows a box plot of the Pain Disability Index score at Baseline, TO, T3, and T6 for
the Mfb and the EC group. A comparable pattern to what was observed for pain intensity was
found, with decreased disability levels at TO, T3, and T6 compared to Baseline.

Disability levels significantly changed over time (F = 17.68,p < .01) and were significantly
different between the two study groups (i.e. Sweden and the Netherlands) (F = 5.30,p = .02).
No additional effects were found for intervention type (F = .86, p = .35) nor the interaction
terms (FF < 1.97, p > .12). Post Hoc comparisons showed that subjects in the Swedish study
group had lower Baseline values and reported reductions in disability only between Baseline
and TO (r = 2.20, p = .04) with a trend for reductions at T3 (t = 1.89, p = .07) and T6
(t = 1.81, p = .08). Subjects in the Dutch study group showed a significant decrease at TO
(t =326,p < .01), T3 (t = 3.58, p < .01), and T6 (+ = 3.51, p < .01) compared to
Baseline.
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Fig.2 Box plot for the Pain
Disability Index score at Baseline,
TO, T3, and T6 for both the Mfb and
the EC group

Analysis at the individual level
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Figure 3 gives an overview of the percentage of subjects in the Mfb and EC groups showing an
improvement in pain intensity in the neck-shoulder region. About half of the subjects showed
a clinically relevant improvement in pain intensity in the neck-shoulder region. Slightly more
subjects in the Mfb group showed improvements compared to the subjects in the EC group
immediately after the intervention period (T0) and at 6 months follow-up (T6).

Crude Odds Ratios (Model I) for improvement showed higher odds for clinically relevant
improvement in the Mfb group at TO and T6 compared to Baseline, while between T3 and
Baseline subjects assigned to EC were more likely to show improvements (see Table 2). However,
Odds Ratios were not significant (p > .36) also not when corrected for potential confounding
factors (p > .19). —2 Log Likelihood tests indicated that Model III, adjusting for the factors
study group and baseline pain intensity/disability level, superimposed the Models I and II ( — 2

Fig. 3 Percentage of subjects
showing improvements in averaged
VAS score of pain intensity in the
neck-shoulder region at TO, T3, and
T6 compared to Baseline for the
Mfb and EC group [without
correcting for confounding factors]

% of subjects

60

45.9

45.5

40.6

35.3

Baseline - TO

Baseline - T3

34.4

Baseline - T6
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Table 2 (Adjusted) odds ratios (95% confidence interval) for improvement in pain
intensity in the neck-shoulder region for the Mfb group compared to the EC group

Model I Model 1T Model IIT
VAS 1.56 1.59 342
Baseline-T0 (.60-4.05) (.71-4.14) (.55-21.11)
VAS .78 .78 40
Baseline-T3 (.29-2.08) (.29-2.09) (.08-1.99)
VAS 1.31 1.31 1.04
Baseline-T6 (.47-3.60) (.47-3.64) (.29-3.77)

Model I: Odds Ratio Crude.
Model II: Odds Ratio Adjusted for factor study group.
Model III: Odds Ratio Adjusted for factor study group and VAS at Baseline.

LL; p < .05). As no significant interaction effects were found (p > .08) these were excluded
from the final models as presented in Table 2.

Disability

An overview of the percentage of subjects in the Mfb and EC groups showing an improvement
in disability is provided in Fig. 4.

Immediately after the intervention period about twice as many of the subjects in the Mfb
group showed clinically relevant improvements in disability compared to the EC group. This
share of subjects increased somewhat in both groups after three months and then showed a small
decline after six months where about one third of the subjects of the EC group and half of the
Mifb group showed clinically relevant improvements in disability.

Subjects assigned to the Mfb group had higher odds for improvement in disability at TO, T3,
and T6: At T3, the odds for improvement in disability was 2.77 times higher in the Mfb group
compared to the EC group which was significant (Model I; 95% CI 1.00-7.65; p = .05). When
corrected for confounding variables, however, Odds Ratios for improvement were still higher
for the Mfb group compared to the EC group, but this was not significant (p > .057) except for
Model II for changes between Baseline and T3 (p = .04). Baseline disability levels significantly
affected Odds Ratios: Model III was generally better than the models [and II (—2LL; p < .05).

Fig. 4 Percentage of subjects 58.1
showing clinically relevant 60
improvements in Pain Disability 51.6
Index at TO, T3, and T6 compared 50 157
to Baseline for the Mfb and EC
group [without correcting for 40—
confounding factors] £
3, 30.3
S30T ]
w
k)
e 20T
10T
0 T
Baseline - TO Baseline - T3 Baseline - T6
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Table 3  (Adjusted) odds ratios (95% confidence interval) for improvement in disability the Mfb group
compared to the EC group

Model I Model 11 Model III
Pain disability index 2.70 2.72 1.48
Baseline-TO (.97-7.54)F (.971-7.60)1 (.39-5.62)
Pain disability index 2.77 2.99 1.64
Baseline-T3 (1.00-7.65)* (1.03-8.65)* (.34-7.97)
Pain disability index 2.54 2.61 1.48
Baseline-T6 (.88-6.82)F (.91-7.47) (.37-5.88)

Model I: Odds Ratio Crude.

Model II: Odds Ratio Adjusted for factor study group.

Model III: Odds Ratio Adjusted for factor study group and Pain Disability Index at Baseline.
*p < .05.

105 < p < .10.

As no significant interaction effects were found (p > .08) these were excluded from the final
models as presented in Table 3.

Discussion

This randomised controlled trial investigated the effects of 4-weeks ambulant myofeedback
training combined with ergonomic counselling in subjects with work-related neck-shoulder
complaints relative to ergonomic counselling alone, on pain intensity and disability. The effects
were evaluated immediately after the interventions, and at three and six months follow-up.
Mean pain intensity and disability levels significantly reduced after both interventions (i.e. Mtb
and EC). The effects were clinically relevant in a large part of the subjects: About 30-50%
of the subjects showed clinically relevant improvements in pain intensity and/or disability. No
difference was found for the effect of the intervention on outcome and after correction for
confounding factors subjects in both intervention groups did not differ with regard to chances
for clinically relevant improvements in pain intensity and disability.

Several studies have shown the beneficial effect of myofeedback training on pain reduction
[21, 39-43] although Faucett and colleagues [22] reported changes in muscle activity rather
than changes in pain intensity. The feedback approach used in these studies is different from
the Cinderella-based myofeedback approach in that the traditional feedback method provides
feedback when muscle activation is too high [21, 22, 42, 44-47], rather than when the time
the muscle has relaxed is too short [23]. Two previous studies applying the Cinderella-based
myofeedback training in subjects with work-related complaints [23] and subjects with a whiplash
associated disorder [48] reported reduced pain intensity and disability levels. Compared to these
studies, baseline pain intensity values were generally lower and the cut-off points for clinically
relevant changes were set to higher levels in the current study, but the results indicate a comparable
percentage of subjects reporting clinically significant reductions in pain intensity, i.e. between
35 and 50% of the subjects. This consistency in results adds to evidence for the effectiveness
of (Cinderella-based) myofeedback training on pain intensity and disability in musculoskeletal
neck-shoulder complaints.

In line with existing literature (e.g. [8, 10, 49, 50]) also subjects in the ergonomic counselling
group reported reduced pain intensity and disability. It was however hypothesised that a treatment
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approach including both myofeedback training and ergonomic counselling (Mfb) would be more
effective than treatment comprising only ergonomic counselling (EC) as interventions focusing
on multiple factors have shown to be related to decreased incidence of complaints [24]. In the
current study the two types of interventions did not differ in terms of outcome. This is in line with
findings of other studies (e.g. [8, 10, 51-53]) that concluded that occupational interventions have
generally comparable effects, although these studies did not include a myofeedback intervention.
Newton-John and others [43] compared myofeedback with cognitive-behavioural therapy and a
waiting list control group and found that both interventions showed favourable outcome in terms
of pain intensity and disability compared to the waiting list control group without a difference
between the two interventions.

There are possible explanations for the absence of differences between the two groups. One
concerns the presence of subgroups in which the intervention is beneficial. Results showed
that the effect is clinically relevant in about 30-50% of the subjects. Main question to be
addressed here is whether, and how, these subjects can be characterised in terms of cognitive-
behavioural characteristics and whether this characterisation can contribute to predict outcome
of the intervention. This could substantially improve the efficiency and effectiveness of the
interventions. Further, differences between the two groups may have been masked by using
rather generic outcome measures. For instance, coping and patient-rated parameters may better
represent the difference in outcome between different kinds of interventions [54]. Investigation
into the specific working mechanisms of both interventions could clarify this. Finally, initial
VAS and disability levels were low in both the Mfb and the EC group, especially in the study
group from Sweden. This results in a smaller potential for improvement (floor effect) and as a
result a smaller chance for finding differences between the Mfb and EC groups.

Methodological considerations

This study did not include a non-intervention or placebo control group (for instance randomly
administered feedback) which makes it hard to control for non-specific effects like regression to
the mean or the Hawthorne effect [55]. This effect was already described in 1933 by Mayo, and
is reported as a significant positive effect without causal basis in the theoretical motivation for
the intervention, but is related to the effect on the participants knowing themselves to be studied
in connection with the outcomes measured. An argument against such effect is that although it
might occur in connection with the intervention (i.e. at TO) it is not likely that this effect would
remain [56] after three to six months. In addition, the study population also contained subjects
with chronic complaints (i.e. duration >6 months) who received a variety of treatments in the
past, which were not successful. It is likely to expect that any non-specific effects of treatment
would already have occurred during past treatments and that this effect in the current study
would thus be small. Furthermore, results from previous studies learned that pain reduction
in myofeedback-trained subjects were higher compared to a wait-list control group [43], a no
intervention group [46], or subjects receiving a placebo [57]. Furthermore, an attention-only
group showed no changed outcome in terms of disability and pain intensity [58].

The present study included a rather specific subject population: Participants were females,
predominantly over the age of 45, still at work, and characterised by relatively low pain intensity
and disability levels. Interpretation and extrapolation of results to other populations therefore
requires caution, but as comparable effects of Cinderella-based myofeedback training have also
been shown in mixed, younger subject populations [23, 48] and in a sample of patients who
were on sick leave because of their neck-shoulder complaints [48], generalisation of findings
might be legitimate. The subjects were selected based on self-reported complaints rather than
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a clinical evaluation. In a previous study [60] with female computer users above the age of 45,
applying the same inclusion criteria as the present study, it was found that in subjects with neck-
shoulder complaints the following clinical diagnoses were most prevalent: Trapezius myalgia
(38%), tension neck syndrome (17%), and cervicalgia (17%). These diagnoses were found in
60% of the subjects reporting complaints. There were cases with supraspinatus tendinitis, frozen
shoulder, and biceps tendinitis, but these were less common. This general pattern of clinical
signs is likely to be at hand also in the present study. It could be hypothesised that myofeedback
may be particularly relevant and helpful in cases with muscular pain syndromes.

Despite extensive standardisations, the recruitment of subjects in two different study groups
(Sweden and the Netherlands) resulted in heterogeneity of the subject population with regard to
age, working hours, seniority, and working posture. To correct for this, the factor study group
was considered a confounder needed to control for during analysis. This reduced the power of
the study. An additional likely confounding factor is the compliance of the patient and therapist
to the intervention. This is an often uncontrolled and thus potentially confounding factor in
occupational intervention studies [59] and it is known that changes in knowledge and skills do
not necessarily result in a behavioural change. In the Mfb group, the compliance was partly
controlled as the number of hours the system was worn was recorded by the system itself, but
the compliance to ergonomic knowledge and skills is hard to register objectively. This definitely
is a challenge in future occupational intervention studies.

The drop-out rate in the Mfb group was higher than in the EC group (i.e. nine compared to
five), which was probably related to the myofeedback system itself. Some subjects found the
system inconvenient and disturbing in daily working activities. This may have suppressed the
effect of the intervention. Improvement of the current device in terms of usability is therefore
required to optimise the myofeedback training.

Conclusions

Four-weeks of intervention significantly reduced pain intensity and disability, and this effect
remained after three and six months follow-up. Myofeedback training combined with ergonomic
counselling is thus beneficial for female computer workers over the age of 45, reporting pain and
disability in the neck-shoulder region but no evidence was found favouring myofeedback training
combined with ergonomic counselling over ergonomic counselling alone. Future research may
aim at identifying possible subgroups of patients in which the interventions are especially
beneficial. This may enhance the efficiency and the effectiveness of the interventions. Finally,
as non-specific effects may have interfered with outcome, future studies could include a placebo
control group for more insight in the specific effects of ambulant myofeedback training combined
with ergonomic counselling.
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