
Background: Chronic musculoskeletal pain is prevalent among laboratory technicians and 
work-related stress may aggravate the problem. 

Objectives: This study investigated the effect of a multifaceted worksite intervention on pain 
and stress among laboratory technicians with chronic musculoskeletal pain using individually 
tailored physical and cognitive elements.

Study Design: This trial uses a single-blind randomized controlled design with allocation 
concealment in a 2-armed parallel group format among laboratory technicians. The trial 
“Implementation of physical exercise at the Workplace (IRMA09) – Laboratory technicians“ 
was registered at ClinicalTrials.gov prior to participant enrolment.

Setting: The study was conducted at the head division of a large private pharmaceutical 
company’s research and development department in Denmark. The study duration was March 
2014 (baseline) to July 2014 (follow-up).

Methods: Participants (n = 112) were allocated to receive either physical, cognitive, and 
mindfulness group-based training (PCMT group) or a reference group (REF) for 10 weeks at the 
worksite. PCMT consisted of 4 major elements: 1) resistance training individually tailored to the 
pain affected area, 2) motor control training, 3) mindfulness, and 4) cognitive and behavioral 
therapy/education. Participants of the REF group were encouraged to follow ongoing company 
health initiatives. The predefined primary outcome measure was pain intensity (VAS scale 0 – 
10) in average of the regions: neck, shoulder, lower and upper back, elbow, and hand at 10 
week follow-up. The secondary outcome measure was stress assessed by Cohen´s perceived 
stress questionnaire. In addition, an explorative dose-response analysis was performed on the 
adherence to PCMT with pain and stress, respectively, as outcome measures. 

Results: A significant (P < 0.0001) treatment by time interaction in pain intensity was observed 
with a between-group difference at follow-up of -1.0 (95%CI: -1.4 to -0.6). No significant 
effect on stress was observed (treatment by time P = 0.16). Exploratory analyses for each body 
region separately showed significant pain reductions of the neck, shoulders, upper back and 
lower back, as well as a tendency for hand pain. 

Within the PCMT group, general linear models adjusted for age, baseline pain, and stress levels 
showed significant associations for the change in pain with the number of physical-cognitive 
training sessions per week (-0.60 [95%CI -0.95 to -0.25]) and the number of mindfulness 
sessions (0.15 [95%CI 0.02 to 0.18]). No such associations were found with the change in stress 
as outcome. 

Limitations: Limitations of behavioral interventions include the inability to blind participants 
to which intervention they receive. Self-reported outcomes are a limitation as they may be 
influenced by placebo effects and outcome expectations.
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Conclusions: We observed significant reductions in chronic musculoskeletal pain following a 10-week individually adjusted 
multifaceted intervention with physical training emphasizing dynamic joint mobility and mindfulness coupled with fear-avoidance 
and de-catastrophizing behavioral therapy compared to a reference group encouraged to follow on-going company health 
initiatives. A higher dose of physical-cognitive training appears to facilitate pain reduction, whereas a higher dose of mindfulness 
appears to increase pain. Hence, combining physical training with mindfulness may not be an optimal strategy for pain reduction.

Trial registration: NCT02047669
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and social risk factors for pain development or chronic-
ity. Designing combined multifactorial intervention 
treatments aiming at reducing chronic pain should take 
this into account as stress has been observed to influence 
emotional, physical, cognitive, and behavioral wellbe-
ing. A biopsychosocial intervention strategy aimed at 
reducing musculoskeletal pain by acknowledging work 
stress as a potential factor in pain rehabilitation seems 
appropriate as psychosomatic research shows an isomor-
phic, consequence, and precursor stress-pain relationship 
(20). Therefore, one attractive multifactorial strategy to 
decrease the occurrence and intensity of musculoskeletal 
pain is to perform individual screenings and subsequent-
ly apply a combination of on-site physical and cognitive 
training personalized in such a way that the worker is 
offered targeted treatment in the area most needed, 
while simultaneously adjusting it to fit the individual’s 
comfort level and limiting daily work task interference 
at the job site. 

The aim of this study is to investigate the effect 
of a multifaceted worksite intervention – with individu-
ally tailored physical and cognitive elements – on pain 
intensity and stress level among laboratory technicians 
with chronic musculoskeletal pain. 

Methods

Study Design
This trial uses a single-blind randomized controlled 

design with allocation concealment in a 2-armed par-
allel group format among laboratory technicians at a 
large private pharmaceutical company in Denmark. The 
participants were allocated to receive either physical/
mindfulness group-based training (PCMT group) or 
encouragements to follow on-going company health 
initiatives (REF group) for 10 weeks at the worksite. The 
study duration was March 2014 (baseline) to July 2014 
(follow-up). 

Upper extremity musculoskeletal disorders 
account for 20 – 30% of all health ailments in 
the general working population (1-3). This is 

also problematic among laboratory technicians where 
typical daily work tasks include pipetting and preparing 
vial samples for analysis with subsequent computer 
processing. These activities result in extended periods 
of time spent in static postures, displaying sustained 
low force muscular contractions as well as repetitive 
precision movements requiring a high degree of motor 
control and concentration. Prevention or rehabilitation 
of neck and shoulder pain has been the focus of 
many workplace interventions, e.g., interventions 
with ergonomic changes (4) or physical exercise (5-8). 
Progressive resistance training – as a single element 
intervention strategy – has been successful and a 
clinically sound approach to counter work-related 
pain and tenderness from static and/or repetitive work 
(9-12). High-intensity resistance training, relying on 
principles of progressive overload, successfully reduced 
the incidence of non-chronic musculoskeletal pain of 
the upper extremity in occupational groups similar to 
laboratory technicians (13). However, when dealing 
with populations suffering from chronic (lasting more 
than 3 months) musculoskeletal pain in conjunction 
with psycho-physiological symptoms of stress-related 
pain and soreness, biopsychosocial interventions 
involving multifaceted comprehensive modalities may 
prove to be a more viable solution to reduce work- and 
stress-related musculoskeletal pain and discomfort. 

Pain is a multifaceted combination of biological, 
psychological, and social factors integrated in a brain 
neuromatrix that feeds the outcome of pain perception 
in the individual (14-18). In a prospective cohort study 
among office workers without neck pain, stress approxi-
mately doubled the risk of future pain (19). Therefore, 
the pain and stress link should be taken into account as 
stress and work interactions are part of the psychological 
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Ethics
Ethical approval has been obtained from The Danish 

National Committee on Biomedical Research Ethics (the 
local ethical committee of Frederiksberg and Copen-
hagen; H-3-2010-062) as part of the research program 
“Implementation of physical exercise at the workplace 
(IRMA).” The trial “Implementation of physical exercise 
at the Workplace (IRMA09) – Laboratory technicians” 
was registered in the ClinicalTrials.gov registry prior 
to participant enrolment. Criteria of the revised Con-
solidated Standards of Reporting Trials (CONSORT) 2010 
statement for reporting randomized trials have been 
followed (21). All experimental conditions conformed 
to The Declaration of Helsinki.

Participant Recruitment and Study Flow
A screening questionnaire on musculoskeletal pain 

and perceived level of stress was sent out to 752 labora-
tory technicians in a division of a large pharmaceutical 
company in Denmark. Inclusion criteria were being 
female and suffering from chronic musculoskeletal pain 
in one or more of the following regions: low back, up-
per back, neck, shoulder, elbow, or hand. In the present 
study we defined chronic pain as fulfilling all of the 3 
following criteria in at least one of the 6 body regions: 
1) the pain should have lasted at least 3 months, 2) pain 
intensity of ≥ 3 (0 – 10 Visual Analogue Scale [VAS]) dur-
ing the last week, and 3) pain frequency of ≥ 3 days 
during the last week (22). Life-threatening disease and 
pregnancy were considered contraindications to the 
physical testing and training and we therefore excluded 
such participants. All participants who met the inclusion 
criteria, were willing to participate in the trial, and did 
not meet exclusion criteria were subsequently invited 
for a clinical examination by a physical therapist (n = 
184). 

We did not exclude participants due to disease un-
less contraindications for all elements of the interven-
tion existed. Instead, participants with typical exclusion 
criteria, e.g., hypertension, were allowed to participate 
in the less strenuous part of the intervention if their 
own doctor cleared them. All participants were in-
formed about the purpose and content of the study and 
provided their written informed consent to participate. 

After the clinical examination, randomization was 
performed among eligible participants (n = 112) who 
immediately thereafter received an email with their 
respective group allocation. Randomization was per-
formed in SAS by allocating each participant a random 
number, sorting ascending, and merging with a con-

secutive list of group PCMT, REF, PCMT, REF, etc. Fig. 
1 shows the participant flow through the study. Table 
1 shows baseline characteristics of the 2 groups after 
group allocation.

Blinding
All assessors (including statistical data processors) 

were kept blinded to which group the participants had 
been allocated. An ID number was given to the partici-
pants and coupled with their email initials, which was 
kept separate from the random numbers table provid-
ing the allocation. The participants were instructed 
not to reveal their particular intervention treatment at 
any point and only the physical trainer and mindful-
ness coach had knowledge of the participant alloca-
tion. The physical trainer and mindfulness coach were 
recruited as external consultants and were not at any 
point involved with other parts of the study. Blinding 
of the instructors and participants was not possible.

Intervention
The experimental intervention treatment (group 

PCMT) consisted of 4 major elements: 1) individualized 
motor control training, 2) individualized resistance 
training specific to the pain affected area 3) cognitive 
and behavioral modification education emphasizing 
individual specific concerns about pain and movement, 
and 4) general mindfulness. In short, the physical ele-
ments consisted of elastic resistance band exercises 
targeting the shoulder girdle and arm/hand, which 
previously has been shown to relieve musculoskeletal 
pain symptoms (7,23,24), together with isolated and 
integrated slow and precise dynamic joint mobility ex-
ercises focusing on improving fine motor control skills 
(25-28). The psychological components of the interven-
tion were guided mindfulness sessions, consisting of 
meditation and body scans, together with gentle yoga 
techniques and encouragement to practice at home. 
Physical training was coupled with cognitive and be-
havioral modification education focusing on pain 
de-catastrophizing (29-32) and fear-avoidance beliefs 
(33-37). Additionally, the psychological elements also 
involved pain management education and information 
also grouped in the physical training sessions. Based on 
the screening questionnaire replies, each participant 
was informed about her own stress score relative to av-
erage values and as to which body regions fulfilled the 
criteria for chronic pain. The physical training instructor 
also received the information about body regions with 
chronic pain for each individual. The purpose of this 
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Fig. 1. Participant flow through the study.
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was to allow individual tailoring of the exercises 
and making the physical and cognitive programs 
more meaningful and relevant for the individual. 
The conceptual model for this intervention was 
that work may cause stress and musculoskeletal 
pain, but physical training and mindfulness can 
improve pain and stress, respectively (38), and 
thereby also have an indirect effect on stress and 
pain, respectively, as they are mutually influenced 
as recently suggested (39) (Fig. 2). 

The REF group received a single email after 
randomization with encouragement to par-
ticipate in the company’s on-going health initia-
tives, e.g., weekly elastic band group training 
sessions (only available in some departments) 
and was encouraged to continue to take “active 
breaks” whenever needed. As this is part of the 
existing and currently on-going program at the 
company it can be considered “usual care.” No 
new interventions were added in this group. 

Fig .2. Conceptual model of  the stress-pain relationship.

Table 1. Baseline characteristics of  the 2 groups. *P < 0.05. Participants in the 2 groups were not significantly different at baseline.

Group PCMT mean (SD) Group REF mean (SD)

Baseline characteristics

  Age, years 45.5 (9.0) 47.6 (8.2)

  Height (cm) 163.4 (7.2) 164.1 (6.8)

  Weight (kg) 65.5 (14.3) 65.8 (11.4)

  Body Mass Index, kg.m-2 24.5 (3.4) 24.1 (4.2)

  Smokers (percentage) 11 9

  Seniority (years) 20.2 (10.3) 22.4 (9.7)

  Working hours per week 35.6 (7.4) 37.9 (2.3)

Average pain intensity of  all regions 2.9 (1.5) 2.6 (1.4)

Regional pain intensity

  Neck 3.5 (2.7) 3.5 (2.6)

  Upper back 2.7 (2.8) 2.4 (2.7)

  Lower back 3.7 (2.6) 3.1 (3.1)

  Shoulder 4.0 (2.5) 4.0 (2.5)

  Elbow 1.6 (2.3) 1.4 (2.7)

  Hand 1.9 (2.5) 1.3 (2.3)

Pain duration by region > 3 months (percentage)

  Neck 62.5 67.9

  Upper back 48.2 48.2

  Lower back 66.1 55.4

  Shoulder 62.5 67.9

  Elbow 28.6 17.9

  Hand 37.5 23.2

Stress score (0-40) 15.5 (7.0) 13.9 (5.9)

Jay et al (40) has previously described the intervention in 
detail.

Intervention Organization at the Work Site
Participants in the PCMT group could participate in su-

pervised physical training sessions of 20- minute duration on 
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Monday, Tuesday, Thursday, and Friday. Three different 
time slots were available during each day to allow flex-
ibility in relation to working schedules. Guided mindful-
ness sessions were made available once per week at 2 
different times during the day each lasting 50 minutes. 
The schedule has previously been described elsewhere 
by Jay et al (40).

Co-interventions
Participants of both groups were recommended 

to continue their usual physical activities alongside the 
intervention. Furthermore, the company’s own health 
and safety professionals were available to provide 
ergonomic education in accordance with the standard 
company policy, which consisted of ergonomic worksite 
observations by trained professionals and subsequent 
individualized recommendations on changing task-
specific positions and adjusting ergonomic aids to fit 
each department structure. Each individual department 
management was responsible for prioritizing and uti-
lizing the option of ergonomic support in accordance 
with company policy.

Primary Outcome
A questionnaire with drawings of the upper ex-

tremity from the Nordic questionnaire (41), together 
with a horizontally oriented modified VAS scale (42) 
was used to identify changes between groups in pre- 
and post-intervention musculoskeletal pain and repre-
sents the primary outcome of this trial. For reference, 
a change in pain intensity of 1 on a scale of 0 to 10 is 
considered the minimal relevant difference in patients 
with chronic musculoskeletal pain, and a change of 2 is 
considered to be moderately clinically meaningful (43). 

Secondary Outcomes
Our secondary outcome of perceived stress was 

measured by Cohen’s perceived stress questionnaire 
(scale 0 – 40) at baseline and follow-up. Further, an ex-
plorative dose-response analysis was performed on the 
adherence to physical training and mindfulness training 
with pain and stress, respectively, as outcome measures. 

Adverse Events
During the intervention all instructors were asked 

to collect information regarding any adverse events of 
the training during each training session. Furthermore, 
the training instructors were available to provide indi-
vidual email support and guidance to the participants if 
deemed necessary.

Sample Size
A priori power analysis based on previous measure-

ments reveals that 27 participants of each group for 
95% power, type I error probability of 5%, SD of 1.5 and 
a minimal relevant difference in pain intensity of 1.5 is 
sufficient to test the null-hypothesis of equality (alpha 
= 0.05, beta = 0.05). Given an estimated 10% dropout 
rate, we aimed at recruiting at least 30 participants for 
each group.

Statistical Analysis
We performed all statistical analyses in accordance 

with the intention-to-treat principle by including all 
participants in the analysis regardless of actual par-
ticipation or dropout. Missing values were not imputed 
but handled by the statistical software. Pain and stress 
between-group differences at follow-up were deter-
mined by a linear mixed model using Proc Mixed of the 
SAS statistical software, version 9.2 (SAS institute, Cary, 
NC, USA). Fixed factors were group, time, and group 
by time interaction. Analyses of pain and stress were 
controlled for pain and stress at baseline, respectively. 

Within the PCMT group, general linear models 
were used to determine the dose-response association 
between the change in the outcome variables and the 
number of physical-cognitive training sessions per week 
(range 0 – 3) and the total number of mindfulness ses-
sions (range 0 – 8). Analyses were adjusted for age and 
baseline pain and stress levels. 

Results are reported as least square means (95% 
CI). We accepted P-values less than 0.05 as statistically 
significant. Baseline and descriptive results are reported 
as mean (SD) and between-group differences as least 
square means (95%CI).

Results

PCMT adherence were 2.1 (0.9) times per week for 
physical training and 3.8 (2.4) times total for mindful-
ness during the intervention period, which corresponds 
to 70% and 47.5% of the intended sessions, respectively. 

No adverse events were reported during the in-
tervention. Three people of each group were lost to 
follow-up (Fig. 1). Two participants changed jobs and 
the remaining 4 participants dropped out with no rea-
son given.

A significant (P < 0.0001) group by time interaction 
in pain intensity (average of all included regions) was 
observed with a between group difference at follow-up 
of -1.0 (95%CI: -1.4 to -0.6). No significant (group by 
time P = 0.16) effect on stress was observed. 
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Within-group pain reductions of the PCMT and REF 
groups were were 52% [-1.5 (95%CI: -1.8 to -1.1) and 
15% [-0.3 (95%CI: -0.7 to 0.0)], respectively. For stress, 
the within-group changes were 17% [-2.5 (95%CI: -3.8 
to -1.2)] and 8% [-1.2 (-2.5 to 0.2)] for PCMT and REF 
groups, respectively (Table 2). 

Subsequently, an explorative analysis was per-
formed on changes in pain for each of the 6 body re-
gions. For neck, upper back, lower back, and shoulder 
pain significant between group changes in pain were 
observed of -1.3 (-2.0 to -0.6), -1.1 (-1.7 to -0.5), -1.5 (-2.2 
to -0.8) and -1.6 (-2.3 to -0.9) (all 4 regions P = 0.05), 
respectively  (Table 3).

Within the PCMT group, general linear models 
adjusted for age, and baseline pain and stress levels 
showed significant associations for the change in pain 
with the number of physical-cognitive training sessions 
per week (-0.60 [95% CI: -0.95 to -0.25]) and the num-
ber of mindfulness sessions (0.15 [95% CI: 0.02 to 0.18]). 
That is, a higher number of physical training sessions 
were associated with reduced pain, whereas a higher 
number of mindfulness sessions were associated with 

increased pain. No such associations were found with 
the change in stress as outcome. 

Discussion

This randomized controlled trial showed positive 
effects on self-reported musculoskeletal pain intensity 
following 10 weeks of combined physical training and 
mindfulness with cognitive behavioral therapy and 
pain management/education at the worksite. The inter-
vention did not reduce stress significantly as measured 
by Cohen’s perceived stress questionnaire. Finally, the 
dose-response analysis showed a contrasting effect of 
physical training and mindfulness on pain with physical-
cognitive training, reducing pain 0.60 points for each 
physical training session per week (range 0 – 3) and 
mindfulness sessions increasing pain 0.15 per mindful-
ness session (range 0 – 8). Thus, the difference between 
performing 0 and 3 physical-cognitive training sessions 
per week corresponds to a pain reduction of 1.8 and 
the difference between 0 and 8 mindfulness sessions 
corresponds to a pain increase of 1.2.

Difference from baseline to follow-up

Outcome measure
Within group 

(PCMT)
Within group 

(REF)

Between group difference at 
follow-up

(PCMT vs. REF)
P-value (group by time)

Pain intensity (0-10) -1.5 (-1.8 to -1.1) -0.3 (-0.7 to 0.0) -1.0 (-1.4 to -0.6) < 0.0001

Stress (0-40) -2.5 (-3.8 to -1.2) -1.2 (-2.5 to 0.2) -1.1 (-2.4 to 0.3) 0.16

Difference from baseline to follow-up

Regional pain 
intensity

Within group 
(PCMT)

Within group 
(REF)

Between group difference at 
follow-up (PCMT vs. REF)

P-value (group by time)

Neck -1.5 (-2.2 to -0.9) -0.2 (-0.8 to 0.6) -1.3 (-2.0 to -0.6) 0.0051

Upper back -1.5 (-2.1 to -0.9) -0.3 (-0.9 to 0.3) -1.1 (-1.7 to -0.5) 0.0072

Lower back -1.7 (-2.4 to -1.0) -0.1 (-0.7 to 0.6) -1.5 (-2.2 to -0.8) 0.0007

Shoulder -2.2 (-2.9 to -1.6) -0.6 (-1.2 to 0.1) -1.6 (-2.3 to -0.9) 0.0007

Elbow -0.9 (-1.3 to -0.4) -0.6 (-1.1 to -0.2) -0.1 (-0.6 to 0.3) ns

Hand -1,0 (-1.5 to -0.4) -0.3 (-0.8 to 0.3) -0.5 (-0.5 to 0.1) ns

Table 2. Changes in pain intensity (primary outcome; average of  neck, upper and lower back, shoulder, elbow, and hand) and 
perceived stress (secondary outcome) from baseline to 10-week follow-up. Differences for each group are shown separately on the left, 
and contrasts between groups on the right. The P-value shown is for the group by time interaction. Values are least square  means 
(95%CI).

Table 3. Results of  explorative analysis on pain of  the specified regions. Changes in pain intensity for each region of  neck, upper and 
lower back, shoulder, elbow, and hand from baseline to 10-week follow-up are shown. Differences for each group are shown separately 
on the left, and contrasts between groups on the right. The P-value shown is for the group by time interaction. Values are least square 
means (95%CI). ns = non-significant.
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Musculoskeletal Pain
Our results showed a significant reduction in mus-

culoskeletal pain compared with the reference group 
following the intervention. An essential part of inter-
preting these results concerns their clinical relevance. 
In that regard, congruency between studies exists when 
discussing clinically meaningful changes in pain (44). 
Changes of 1.7 points in pain intensity on a 0 – 10 scale 
have been argued by Farrar and coworkers (45) as a valid 
discrimination between patients with pain who, on the 
patient global impression of change scale, improved 
much or very much and patients who did not improve 
or worsened. Comparably, Dworkin et al (43) reviewed 
that a change in pain intensity of 2 points is moderately 
clinically meaningful and a difference of one point is 
minimally clinically relevant. However, while these num-
bers refer to individual changes in pain, research studies 
commonly report average changes of several individuals. 
Thus, the results of our study can be considered clinically 
relevant especially considering that the pain score is an 
average of 6 areas whereas only one area was required 
to meet chronic pain criteria to be included. Our results 
on pain is congruent with results of several other stud-
ies investigating musculoskeletal pain and the effects of 
physical exercise (23,24,46,47). For instance, Andersen 
et al (24) showed moderate reductions in pain, tender-
ness, and headache with as little as 2 minutes of daily 
resistance training performed at the workplace in office 
workers experiencing frequent neck and shoulder pain. 
Similarly Ahlgren et al (7) found that regular resistance 
training, endurance training, and co-ordination training 
can also alleviate musculoskeletal pain in populations 
suffering from trapezius myalgia. We have also shown 
positive effects and clinically relevant reductions in 
musculoskeletal pain in the low back and neck following 
resistance-training interventions. For instance, Jay et al 
(48) showed approximately 50% reductions in neck and 
low back pain following 8 weeks of group-based kettle-
bell training at the work site in a group of female labora-
tory technicians. Likewise, Sundstrup et al (49) showed 
a clinically relevant reduction of 1.5 points (0 – 10 scale) 
in shoulder, arm, and hand pain (average) compared to 
controls following 10 weeks of progressive resistance 
training in slaughterhouse workers. 

What separates the current study from previous 
studies is the emphasis on precise dynamic joint mobil-
ity exercises targeting the joints of the affected areas. 
The strength training element only accounted for a 
small portion of each training by focusing on one set 
of 10 repetitions without going to muscular exhaustion 

of approximately 3 – 4 exercises using elastic resistance 
bands as described elsewhere (40). Each training session 
in the current study lasted approximately 20 minutes, 
leaving ample time to perform dynamic joint mobility 
exercises focusing on precision of movement execu-
tion similar to tai chi performance (40). Considering 
the average pain rating of the investigated areas was 
relatively low at baseline, the observed reduction may 
suggest that other factors than muscular strengthening 
can assist in the modulation of pain. One suggestion 
as to the effects of precise dynamic joint mobility on 
musculoskeletal pain may be found in a change in the 
activity of nociceptive and mechano receptive afferents 
from the targeted joint and muscles in combination 
with higher order central nervous system modulation 
as described in Melzack and Wall’s Gate Control Theory 
more than 40 years ago (50). One idea suggests that 
during precise, slow, and focused dynamic joint mobil-
ity training more mechanoreceptors are activated in 
the joint capsules causing the brain to modulate the 
output of pain, as more mechano receptive afferents 
are firing and thereby minimizing the influence of noci-
ceptive input on pain interpretation in the brain. Tai chi 
has been shown to help alleviate acute low back pain 
in young men and a recent systemic review by Ye et al 
(51) showed positive effects of tai chi in pain patients 
with knee osteoarthritis. Further, Segura-Jiménez et 
al (52) found positive effects of tai chi on acute pain 
in patients suffering from fibromyalgia. The precise, 
focused, and slow dynamic joint mobility emphasized 
in the training intervention of the present study was 
inspired by tai chi movement and principles as previ-
ously described (40) and may therefore, at least partly, 
explain the significant pain reduction observed. 

Stress
The lack of significant stress reduction in the pres-

ent study is congruent with recent findings of van Berkel 
et al (53). The study by van Berkel (53) was published 
after commencement of our trialour trial, therefore we 
could not include their experience in our study design. 
The group looked at changes in lifestyle behaviors in 
129 workers receiving mindfulness training, e-coaching, 
daily physical activity in the form of walking, and 
fruit, and compared it to a control group. At 6- and 
12- month follow-up no changes in lifestyle behaviors 
could be detected, thus concluding that the effective-
ness of a worksite mindfulness-based multi-component 
intervention could not be shown (53). While van Berkel 
et al (53) evaluated the effect of mindfulness on behav-
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ioral changes affecting the workers’ lifestyle to become 
more active, they did not evaluate the effect on stress. 
In our study we used mindfulness with the aim of re-
ducing stress, which also involved behavioral changes 
by becoming more self-aware of stressful situations, the 
effects it has on the body, and how to normalize the 
stress response. The effects of mindfulness-based stress 
reduction in relation to quality of life, mood, symptoms 
of stress, and immune parameters have previously been 
investigated in a group of cancer patients showing en-
hanced quality of life and decreased stress symptoms 
following a similar, but more intense, intervention 
protocol (54). Furthermore Carlson et al (54) showed 
positive adaptations in immune profile following the 
intervention. Although the population in the present 
study is different as we investigated the effects of 
mindfulness on generally healthy workers with pain 
symptoms, the positive effects of mindfulness-based in-
terventions towards stress have been quite thoroughly 
investigated. Several recent systemic reviews (55-57) of 
randomized controlled trials investigating mindfulness-
based stress reduction and mindfulness-based cognitive 
behavioral therapy in populations with clinical and 
non-clinical psychosomatic diagnosis concluded that 
mindfulness-based stress reduction and behavioral ther-
apy improve mental health and reduce the incidence of 
depressive relapse with medium effect sizes. However, 
the lack of rigorous designs of these studies makes 
this conclusion dubious. As Fjorback et al (57) notes 
the included review studies lack active control groups 
and long-term follow-ups. This may partly explain why 
we did not observe a significant stress reduction com-
pared with the reference group in our study. Another 
systemic review on mindfulness-based stress reduction 
(58) found, in general, that mindfulness-based stress 
reduction and cognitive therapy have efficacy as ad-
junctive interventions for anxiety symptoms in patients 
with diagnosed conditions. Additionally, mindfulness-
based stress reduction was found beneficial for general 
psychological health and stress management in those 
with other medical and psychiatric illnesses as well as 
in healthy individuals. Finally, Marchand (58) concludes 
that mindfulness stress reduction and meditation have 
a role in pain management. With 2 systemic reviews 
on the efficacy of mindfulness-based stress reduction 
both concluding that it has beneficial effects on stress 
management and coping, it is somewhat interesting 
that we could not detect a significant change in stress 
in the present study. Possible explanations may include 
the difference in measuring methods, populations, in-

tervention durations, as well as frequencies of guided 
mindfulness and it cannot be ruled out that a longer 
intervention period with mindfulness would have con-
tributed positively to a reduction in perceived stress. 
However given the results of the dose-response in the 
present study, it is likely that mindfulness may have had 
better efficacy had the participants not been suffering 
from chronic pain. In our study with generally healthy 
individuals with musculoskeletal pain, the stress level at 
baseline was relatively low. Thus, a flooring effect may 
exist where changes in stress cannot be detected. As 
another possible explanation, performing mindfulness 
together with colleagues for almost an hour during the 
workday while the job tasks pile up may not provide 
the calm atmosphere necessary for such an interven-
tion. Consequently, our study shows that an implemen-
tation at the worksite with one weekly guided mindful-
ness session lasting 50 minutes is inadequate to reduce 
the level of self-perceived stress over the course of 10 
weeks in a group of female laboratory technicians. 
Considering the results of van Berkel et al (53) who 
provided 90 minutes of weekly guided mindfulness at 
the worksite, e-coaching, and 5 x 30 minutes of weekly 
practice at home over the course of 8 weeks and still 
could not show significant effects on lifestyle behavior, 
implementing mindfulness at the worksite may not be 
a viable solution to reduce stress at work, at least not in 
the current implemented format.

Stress-Pain and Dose-Response Relationship
As the biopsychosocial model shows interdepen-

dence of biological, psychological, and social factors, 
the idea of reducing stress as a method to reduce mus-
culoskeletal pain is attractive. However, in the current 
study design, and in contrast to our expectations, we 
could not show a decrease in stress between groups. It 
is however interesting to speculate whether a successful 
reduction in stress would have additionally contributed 
to the reduction in pain. For example, if participants 
were getting stressed because of musculoskeletal pain 
(consequence stress-pain relationship), we would ex-
pect that by reducing pain, we could also reduce stress. 
This was, however, not the case. Conversely, if the par-
ticipants were experiencing pain because of stress, we 
would expect to see a decrease in pain together with a 
decrease in stress. Since we did not observe a decrease 
in stress but still found a decrease in pain, we cannot 
conclude a precursor stress-pain relationship either. 
Regardless of the lack of significant results on stress in 
the present study, the stress-pain relationship remains 
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an interesting theory that deserves to be explored in 
greater detail. This is supported by the current position 
on the multifaceted theory of pain as a complicated 
brain neuromatrix (15,16,59).

Much to our surprise, the explorative dose-response 
analysis suggested that a combination treatment with 
group-based mindfulness sessions, in addition to not 
alleviating stress, impacted the physical and cognitive 
training negatively and thereby reduced the overall 
positive effect of the PCMT intervention. 

The general idea of how mindfulness meditation 
exerts its effects is by neuroplasticity creating enhanced 
self-regulation. This process involves i) attention 
regulation, ii) body awareness, iii) emotion regulation 
(including reappraisal and exposure, extinction, and re-
consolidation), and iv) change in perspective on the self 
(60). Neuroimaging has shown neuroplastic changes in 
the anterior cingulate cortex, insula, temporo-parietal 
junction, fronto-limbic network, and default mode 
network structures all involved in cognitive and behav-
ioral modulation. For instance, Zeidan and colleagues 
(61) looked at possible brain mechanisms to support 
the modulation of pain with mindfulness meditation. 
They found that mindfulness meditation reduced pain-
related activation of the contralateral primary somato-
sensory cortex. Furthermore, meditation-induced re-
ductions in pain intensity ratings were associated with 
increased activity in the anterior cingulate cortex and 
anterior insula, areas involved in the cognitive regula-
tion of nociceptive processing (61). 

Kabat-Zinn et al (62) showed significant reductions 
in measures of present-moment pain, negative body 
image, inhibition of activity by pain, mood disturbance, 
and psychological symptomatology, including anxiety 
and depression, with a 10-week mindfulness medita-
tion program in 90 chronic pain patients compared to a 
reference group receiving a traditional treatment pro-
tocol. If mindfulness has been shown to increase body 
awareness and overall body self-regulation and that is 
the process by which mindfulness could help alleviate 
pain, it is interesting that our dose-response analysis 
showed an opposite effect – that participation in mind-
fulness sessions slightly increased pain perception for 
each session attended. A possible explanation to our 
results is that the increased body awareness made the 
participants more attentive towards what they were 
feeling – including nociceptive input. The increased 
awareness towards musculoskeletal pain during a busy 
working day as a laboratory technician may not have 

been beneficial as participants still needed to use the 
pain affected areas of their bodies while having be-
come more aware of the nociceptive signals following 
the mindfulness session. Further, our participants, while 
having chronic pain, were still working full time. The 
results may have been different if the participants had 
not had to work at all during the intervention period. 
Hence, the setting at the worksite and additional work-
related circumstances may influence the effect, or lack 
thereof, of mindfulness in pain reduction. 

Strengths and Limitations
An important strength of the present study is 

the single-blinded randomized controlled design. In 
addition, the number of participants of each group 
was approximately twice as many as required to show 
relevant changes in pain. Cross contamination can di-
minish between group-differences in workplace trials, 
and can largely be avoided by randomizing the work-
place at department level. However, this also decreases 
statistical power due to the inflation factor associated 
with clustering. In the present study only 10% of all 
employees participated (i.e., those with chronic pain 
and willing to participate), which minimizes the risk of 
cross contamination compared with all employees par-
ticipating. Furthermore, instructors ensured that only 
participants randomized to training and mindfulness 
session participated in these sessions, thereby eliminat-
ing between-group contamination. 

Limitations of behavioral interventions include the 
inability to blind participants to which intervention 
they receive. Self-reported outcomes are a limitation as 
they may be influenced by placebo effects and outcome 
expectations. Nevertheless, pain is a subjective experi-
ence, and the reference group was not a pure control 
group as they were encouraged to participate in the 
ongoing activities at the company and continue usual 
leisure time physical activities during the intervention, 
which allows for a range of variety in activity level. 
However, as the groups were not statistically different 
in key parameters at baseline, the leisure time activ-
ity can therefore be assumed to be similar during the 
intervention in the 2 groups. Finally, the intervention 
was comprised of several different elements, which 
makes it impossible to determine which part(s) of the 
intervention had the primary effect on the reduction 
in pain we observed. Therefore, we performed a post 
hoc dose-response analysis to assess the effect of the 
individual elements of intervention. 
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Conclusion

We have shown clinically relevant reductions in 
chronic musculoskeletal pain following a 10-week 
individually adjusted multifactorial intervention with 
physical training emphasizing dynamic joint mobil-
ity and mindfulness coupled with fear-avoidance and 
de-catastrophizing behavioral therapy compared to a 
reference group following on-going company health 
initiatives. 

These results suggest that work-related chronic 
musculoskeletal pain can be significantly reduced with 
physical training consisting of elastic band exercises and 
dynamic joint mobility coupled with cognitive behav-
ioral education but combining it with mindfulness may 
not be an optimal strategy, as it appears to increase 
pain perception and counter the effects of the physical 
training.
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