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Abstract 

Background:  The Goldilocks Work Principle expresses that productive work should be designed to promote work-
ers’ health. We recently showed that it is feasible to develop and implement modifications to productive work that 
change physical behaviors (i.e. sitting, standing and being active) in a direction that may promote health among 
industrial workers. Therefore, the aim of the present study is to conduct a cluster randomised controlled trial investi-
gating health effects of implementing the Goldilocks Work intervention among industrial workers.

Methods:  Our implementation plan consists of educating work teams, organizing implementation meetings, and 
providing feedback to workers. Three meetings with a preselected local workplace group will be scheduled. The first 
meeting educates the group to use a planning tool by which work can be planned to have ‘just right’ physical behav-
iors. The second and third meetings will focus on supporting implementation of the tool in daily work. An expected 
28 clusters of work teams across two participating production sites will be randomized to either intervention or con-
trol group. Data collection will consist of 1) questionnaires regarding work and musculoskeletal health, 2) wearable 
sensor measurements of the physical behavior, and 3) assessment of general health indicators, including BMI, blood 
pressure, and fat percentage. The primary outcome is musculoskeletal health, measured by low back pain intensity, 
and secondary outcomes are 1) physical behaviors at work, 2) accumulated time in long bouts of sitting, standing, 
and being active and 3) perceived fatigue and energy during work. Furthermore, implementation and cost of the 
intervention will be evaluated based on questionnaires and data from the planning tool completed by the workers.

Discussion:  This study will evaluate the effectiveness and implementation of a 12 - weeks Goldilocks Work interven-
tion with the aim of improving musculoskeletal health among industrial workers. The cluster randomized controlled 
study design and the evaluation of the implementation, results and costs of the intervention will make it capable of 
contributing with valuable evidence of how productive work may be designed to promote industrial workers’ health.

Trial registration:  Clinical trial registration was assigned 10–09-2021 (ISRCTN80969503). https://​doi.​org/​10.​1186/​
ISRCT​N8096​9503
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Introduction
Background and rationale
Industrial workers have an increased risk for poor mus-
culoskeletal health [1] and shortened working life expec-
tancy [2]. This has been explained by their high physical 
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work demands, shown to be associated with increased 
risk of musculoskeletal pain [1, 3] sickness absence due 
to pain [4, 5], and early drop-out from work [2]. Accord-
ingly, a common approach to prevent musculoskeletal 
pain and fatigue among industrial workers has been to 
reduce their physical work demands [6, 7]. Despite these 
efforts, the 2018 round of the Danish Work Environment 
and Health Study showed that most industrial workers 
experience pain several days each week, and feel fatigued 
during work [8]. Pain and fatigue have been associated 
with reduced work ability [5, 9] and increased sickness 
absence [5, 10, 11], representing a large economic bur-
den for organizations and society [12]. Furthermore, the 
current demographic projections of an aging European 
workforce is likely to increase the burden [13, 14]. There-
fore, health promoting initiatives targeting workers with 
physically demanding jobs are highly warranted.

The Goldilocks Work Principle proposes that occu-
pational physical activity can be designed to comprise 
a ‘just-right’ balance of physical behaviors, including 
intense periods, alternating with recovery, that can pro-
mote workers’ health and fitness [15]. In prior research 
we found that industrial workers stand for a large por-
tion of the workday, have little variation in their physical 
behaviors, limited time for recovery, and limited time at 
an intensity which would promote cardiovascular fit-
ness[16]. Accordingly, increasing their time spent sitting 
(to support recovery), their time being active, and their 
frequency of alternations between these behaviors could 
promote their musculoskeletal health [7, 15, 17]. If some 
of the active work time could be performed at a high 
intensity it might additionally benefit workers’ cardiores-
piratory fitness [6].

We previously tested the feasibility of redesigning 
and implementing work tasks based on the Goldilocks 
Work Principle among a group of industrial workers in 
Denmark [16]. Through a participatory process, work-
ers redesigned their work tasks with the intention of 
moving towards a ‘just right’ physical behavior. We set 
a pragmatic goal for this redesign to be, 1) an even bal-
ance of physical behaviors (i.e., equal amounts of time 
spent sitting, standing or active), 2) alternations between 
sitting, standing and active work tasks taking place 
about once every hour, and 3) performing high intensity 
work tasks for at least ten minutes every workday [16]. 
We showed that this intervention resulted in modest 
changes in physical behaviors towards the intended ‘just 
right’ goals. Intriguingly, workers reported lower levels 
of pain and fatigue after a ‘just right’ workday than after 
a usual workday. In order to investigate the effectiveness 
of ‘just right’ physical behavior to promote musculoskel-
etal health among industrial workers, interventions need 
to be tested on a larger sample using a controlled trial 

design whilst also monitoring the fidelity of the interven-
tion program and the behavioral changes it introduces.

This protocol describes a cluster randomized con-
trolled trial with the primary objective to evaluate the 
effectiveness of promoting musculoskeletal health by 
implementing changes that will move workers towards 
‘just right’ physical behavior according to the Goldilocks 
Work Principle. A secondary objective is to determine 
intervention effects on behaviors measured using wear-
able sensors, in terms of ‘just right’ proportions and fre-
quency of alternations between sitting, standing and 
active behavior during work. Finally, a third objective is 
to evaluate the implementation of the intervention pro-
gram, including quality of the program delivery, adher-
ence to the protocol, costs, and the extent to which the 
intervention was realized.

Trial design
The Goldilocks Work intervention will use two paral-
lel groups, with an allocation ratio of 1:1. Work teams 
consisting of 1–7 workers, as already organized at the 
workplace, will be randomly allocated to either an ‘inter-
vention group’ receiving the intervention, or a ‘control 
group’ performing work as usual.

Methods: participants, intervention and outcomes
Study setting
A large industrial organization in Denmark was recruited 
for this study. Contacts and enrolment of the work-
place was accomplished in collaboration with an advi-
sory group comprising professionals from employer and 
employee organizations. The organization was selected 
because it has a large number of employees (> 200), has 
several production sites where workers primarily per-
forms manual work tasks, and is motivated to participate 
in the project. At present (i.e., at submission), we have 
developed the Goldilocks Work intervention, and are 
conducting the implementation in the organization.

Eligibility criteria
Inclusion criteria for participants in the recruited organi-
zation is employment for ≥ 20 h weekly. Exclusion crite-
ria are; 1) only working night shifts, 2) known at baseline 
to not be employed during the entire intervention period, 
and 3) pregnancy.

Development of the goldilocks work intervention
The intervention was developed in accordance with the 
four-step procedure recommended for the Goldilocks 
Work Principle (Fig.  1) [7]. We involved stakeholders 
from the participating organization as well as a refer-
ence group consisting of professionals within industry 
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to participate in the development, as recommended by 
Wells et al. [18].

Step 1 and 2
To address steps 1 and 2, we used information from the 
feasibility study [16] and the Danish PHysical ACTivity 
cohort with Objective measurements (DPhacto), con-
taining measurements of physical behaviors [19]. Based 
on this information, we found that work among indus-
trial workers typically consists of a large proportion of 
standing work, few alternations between sitting, standing 
and active work tasks, and limited time with high inten-
sity [16, 19]. Furthermore, these workers typically exhibit 
a low fitness level, a high BMI (> 25 kg/cm2), and report 
pain in neck, shoulder, and lower back [19]. Based on our 
dialogue with stakeholders at the workplace, we found 
that among the workers in the present study, musculo-
skeletal health was the main concern. Specifically, neck, 
shoulder, and low back pain were identified as an issue 
for many workers at the participating organization.

Step 3
To address step 3, we established three goals to reach; 1) 
a ‘just right’ composition of physical behaviors (i.e., sit-
ting, standing and active behavior) during work; 2) a ‘just 
right’ frequency of alternations between work tasks per-
formed sitting, standing or active, and; 3) a ‘just right’ 
occurrence of periods with high intensity. Based on a col-
laborative process with the workplace, consisting of talks 
and discussions with workers, management, work envi-
ronment representatives, staff representatives and health 
and safety representatives and with consideration to the 
context at this specific workplace, we formulated the fol-
lowing explicit ‘just right’ goals:

The ‘just right’ composition of physical behaviors: To get 
a specific estimate of the ‘just right’ composition of sit-
ting, standing and active work we analysed data among 
industrial workers in the DPhacto cohort [19] to identify 
the composition associated with the best self-rated over-
all health, defined as the average composition of the 5% 
most ‘healthy’ workers [20]. This composition consisted 
in 65% sitting, 28% standing, 7% active, and was selected 

to represent ‘just right’ in the planned intervention. The 
composition is close to the recommendations of 60% 
sitting, 30% standing and 10% active by the European 
Agency for Safety and Health at Work [21], and for com-
municative purposes at the workplace, we used this com-
position of 60%/30%/10%. Everyone in the collaborative 
process agreed that this composition was a feasible and 
relevant goal to aim for.

The ‘just right’ alternations between sitting, standing 
and active work tasks: To determine the ‘just right’ fre-
quency of alternations, we discussed the feasibility of 
alternating between work tasks during productive work 
with workers and management at the workplace. The 
current evidence supporting physical variation to have 
a protective effect against development of musculoskel-
etal disorders in working life is not conclusive [22–24]. 
In our previous study, we observed that workers alter-
nated once during usual work and three times during 
modified work between sitting, standing and active work 
tasks. This increase in alternations may have contributed 
to the observed reduction in pain and fatigue following 
modified work [16]. Discussions with workers and man-
agement at the current workplace revealed limitations 
in the options for alternating between tasks. At first, we 
suggested that workers should change task every 30 min, 
with the intention of limiting pain following prolonged 
periods of standing [25, 26]. However, management 
expressed concerns about negative effects on produc-
tivity, i.e., that passing on work tasks from one worker 
to another would occupy a substantial part of the work 
time. Further, when facing a change every 30 min, work-
ers expressed concerns about never experiencing the 
satisfaction of completing a work task. Eventually, these 
discussions resulted in an agreement that changing work 
tasks every 60  min would be feasible without compro-
mising productivity or affecting workers’ perceptions, 
while still being a relevant goal to aim for.

The ‘just right’ periods with high intensity: Even small 
amounts of high intensity physical activity can have ben-
eficial health effects [27]. However, explicitly aiming for 
more time at a high intensity physical activity among 
industrial workers may neither be feasible nor beneficial, 

Fig. 1  The four procedural steps recommended for developing Goldilocks Work interventions, adapted from Holtermann et al. [7]
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if it, for example, occurs without sufficient time for 
recovery. When discussing opportunities to perform high 
intensity physical activity as a part of productive work 
with the participating workplace, we identified several 
challenges. The most important challenges were, 1) con-
cern by management and health & safety representative 
about an increased risk of accidents during production as 
a consequence of performing work with high intensity; 2) 
struggles by workers and work environment representa-
tives to find a way to safely introduce periods with high 
intensity in their current work tasks; 3) concern by the 
staff representatives about resistance from workers to 
work with high intensity, since some workers might per-
ceive that as an attempt by management to increase their 
productivity; 4) concern by the health & safety represent-
ative and management that implementing high intensity 
work tasks would counteract their current safety focus to 
stay safe by ‘never rushing’. During our discussions, we 
made extensive efforts to accommodate all these chal-
lenges in the intervention. Despite our efforts, we were 
unable to come up with satisfying solutions, and did not 
reach any agreement of a feasible and potential benefi-
cial goal to aim for. Consequently, we decided to omit the 
goal of including periods with high intensity in the ‘just 
right’ work design from the current intervention.

Step 4
We designed a general planning tool (i.e., a modifica-
tion that could likely be implemented, step 4 in Fig. 1) 
in Excel (Microsoft Office Professional Plus 2016) with 
the purpose of providing workers with a specific instru-
ment by which they could organize their work tasks. 
The purpose of this tool is to have workers modify their 
jobs towards the ‘just right’ physical behavior. To make 
the tool implementable and applicable for workers, it 

will be tailored to their work context. Prior to the inter-
vention, a member from our research team will involve 
the work environment representatives to identify all 
relevant work tasks, and then have them determine 
the typical physical behavior for each task as either sit-
ting, standing or active. To ensure that the tool prop-
erly reflects the work context at any time, work tasks 
can be added or modified (e.g. by changing their prede-
fined physical behavior) during the intervention, based 
on feedback from workers and the local workplace 
group. At any time, the planning tool includes the exist-
ing work tasks, so that workers can select them from 
a drop-down list, and plan their working day. In the 
present study, the planning tool partitions the work-
day into six blocks of approximately one hour each. 
The objective for each work team of 1 to 7 workers is 
to rearrange and swap work tasks in production on a 
given day until everyone has the best possible ‘Goldi-
locks index’. The ‘Goldilocks index’ will be generated 
by the general tool, ranging between 0 and 100 (where 
100 is the best score possible) and based on how close 
the plan is to being ‘just right’. To guide the workers, 
the ‘Goldilocks index’ is color-coded: red if the index 
is < 50 points, yellow if the index is 50–79, or green if 
the index is ≥ 80.

We summarized the decisions made in the 4-step 
process in a program logic (Fig.  2). The program logic 
is a visual representation of the intended changes in 
the intervention program and activities, how they are 
expected to change physical work behavior, and how that 
will, eventually, improve the health-related goal [28]. The 
program logic was used as a simple illustration to share 
with stakeholders [28] and to guide the planning of the 
intervention, deciding when to do what, and with whom 
(Fig. 3).

Fig. 2  Illustration of the program logic for the intervention developed in collaboration with stakeholders from the participating organization as a 
result of the 4-step model of the Goldilocks Work Principle.
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Implementation plan for the goldilocks work intervention
Because the intervention is conducted at the workplace, 
fidelity towards the implementation of the intervention 
program is crucial when assessing its effectiveness [29]. 
Fidelity is defined as the degree to which an intervention 
is implemented as prescribed in the original protocol, or 
as intended by the program developers [30]. Thus, the 
intervention program must be implemented with fidelity 
in order for the desired behavior changes to happen and 
eventually result in the expected health outcome, as visu-
alized in the program logic (Fig. 2) [31].

We selected four strategies to successfully implement 
the intervention program (Table 1). The main considera-
tions when selecting these strategies were the required 
time resources, the feasibility of conducting the strate-
gies, and previous experience from within the local work-
place group regarding implementation of new initiatives 
in the organization. Additionally, as a part of the develop-
ment of the planning tool, we defined four key variables 
that were monitored by the planning tool and fed back to 
the workers during the intervention (Table  1, audit and 
feedback strategy). These variables were chosen based on 
the assumption that they would reveal relevant informa-
tion about fidelity, such as adherence and actual use of 
the planning tool [30, 31]. The four variables are; 1) the 
extent to which workers make work plans using the plan-
ning tool; 2) the amount of time workers use to fill out 
the planning tool; 3) the amount of red, yellow and green 
workdays that workers plan, and; 4) the extent to which 
workers can adhere to their plan.

Prior to the intervention, we will form a local work-
place group at each production site consisting of work 
environment representatives, and representatives from 
management, staff and the health & safety department. 
In organizing this group we will involve stakeholders 
with the intention of making the process participatory 
[18], and support implementation fidelity. During the 

intervention, we will schedule one educational meet-
ing and two implementation meetings inviting the local 
workplace group to participate (Fig. 3).

The first meeting (i.e., ‘train local workplace group’, 
Fig.  3) consists of a researcher training/educating the 
local workplace group to use the tool for planning work 
tasks. The local workplace group and the researchers 
then arrange how, when and who should train the work-
ers to use the tool.

The second and third meeting (i.e., ‘meeting with local 
workplace group’ 1 & 2, Fig.  3) focus on the use of the 
tool for work planning. During these meetings, research-
ers will feed information about the implementation 
and the fidelity back to the local workplace group [29]. 
Researchers will present and discuss the four key varia-
bles in the planning tool as well as inputs from the work-
ers (verbally or via e-mail). Based on this information, the 
local workplace group will determine relevant initiatives 
to support implementation of the intervention. (Table 1, 
organize implementation team meetings).

Outcomes
Primary outcome measure
The primary outcome measure for the trial will be the dif-
ference between intervention and control groups in the 
change of low back pain intensity from baseline to follow 
up (12 weeks). We chose low back pain as an overall rep-
resentation for musculoskeletal health (Fig.  2.), since it 
has a pronounced influence on both work ability [9], sick 
leave [10], and since it occurs in many pain patterns [35]. 
Pain intensity will be measured repeatedly on a numeric 
scale (NRS, 0–10). A question will be sent to the partici-
pants in a text message at the end of the workday for five 
consecutive workdays at baseline (week 1) and five con-
secutive workdays at follow up (week 12), asking them to 
rate their low back pain intensity.

Fig. 3  Timeline of the 12-week intervention period.
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Secondary outcome measures
Secondary outcomes include:

•	 Difference between intervention and control group 
in the change in physical behavior composition (i.e., 
sitting, standing and active), measured using acceler-
ometry for five workdays at baseline and five work-
days at follow up.

•	 Difference between intervention and control group 
in the change in accumulated time in bouts of sitting, 
standing and active, measured using accelerometry 
for five workdays at baseline and five workdays at fol-
low up. Bout length will be defined as either short 
(< 5 min), medium (5-30 min), or long (> 30 min).

•	 Differences between intervention and control group 
in the change in perceived fatigue and energy level, 
perceived physical exertion, and self-rated produc-
tivity measured using a numeric scale from 0–10 for 
five workdays at baseline and five workdays at follow 
up.

•	 Adherence to the intervention program measured 
through participation rates at planned meetings, and 
records of planned and conducted activities during 
the intervention.

•	 Use of the planning tool measured through the num-
ber of completed planning tool schedules.

•	 Quality of the program delivery measured using 
questionnaires following training and implementa-
tion meetings with the local workplace group.

•	 Cost-effectiveness of the intervention, i.e. the ratio of 
incremental cost and incremental change in low back 
pain intensity.

Participant timeline
The schedule of enrolment, intervention and assessment 
is presented in Table  2. Together with the organization, 
we found suitable and interested production sites. Within 
these participating production sites we will randomize 
clusters (i.e., teams of workers), to either intervention or 
control. Subsequently, workers within each cluster will 
be invited to participate, assessed for eligibility, and fol-
lowed during the intervention period. Non-participants, 
loss to follow up, the extent of lost data and the amount 
of data used for final analysis will be reported.

Sample size
Previously, we have experienced a participation rate 
among eligible industrial workers of 84%, followed by a 
response rate of 87% of those participating [37]. At pre-
sent, management in the participating organization has 
estimated that 110 workers will be eligible for the pre-
sent study. Based on our previous experience, we assume 

that 80% will be willing to participate in our study (i.e., 
88 workers) and that 20% will be lost to follow up. Thus, 
assuming that 70 participants, organized in clusters with 
an average size of n = 4 (range n = 2 to n = 7), will com-
plete the study, we may estimate the detectable effect size 
in a cluster randomized controlled design as follows:

In our previous feasibility study among industrial 
workers [16], we found that low back pain intensity was, 
on average, 3.7 points (on a 0–10 scale) with a total vari-
ance between workers of 10.6. This total variance will be 
reduced with repeated measurements over days in each 
subject. Within-subject (between-days) variance was 1.6, 
or 15% of the total variance (between-subject and within-
subject) of low back pain. If we repeat measurements for 
5  days, the within-subject variance will be reduced to 
0.3, resulting in an estimated total variance of 9.3. Based 
on this, we can – given the sample size stated above, i.e. 
n = 70 – expect to be able to detect a 1.5 point difference 
between groups in low back pain intensity, at a signifi-
cance level of 0.05, a power of 0.80, and a cluster size of 4 
(the average size).

The effect on low back pain intensity from redesigning 
physical behaviors at work is unknown. In our feasibility 
study, we found a mean difference of 1.1 in low back pain 
intensity between usual and redesigned workdays [16]. 
However, we cannot draw any firm conclusion about 
the expected effect size from that study due to the dif-
ference in study design, the limited sample size (n = 14) 
and, hence, the large uncertainty in data. Nevertheless, 
reducing low back pain intensity by 1.5 is likely to be a 
meaningful clinical and work-related change [38]. There-
fore, we find it meaningful to conduct the present study 
despite its uncertainties.

Methods: assignment of interventions
First, workers will be asked by a researcher if they wish 
to participate in the study. Workers agreeing will then 
sign an informed consent, and workers declining will be 
counted as non-participants. After signing the informed 
consent, workers will complete a physical assessment and 
following that, they will be verbally informed about their 
group allocation. This is necessary because we need to 
plan training activities with the work teams and the local 
workplace group. Additionally, we need to prepare the 
planning tool to comply with the specific work tasks of 
the work teams allocated to the intervention.

Due to the nature of the intervention, it is not possi-
ble to blind the workers to their allocation. Addition-
ally, during enrolment, blinding of the assessors is not 
possible. However, the main outcome, musculoskeletal 
health, is measured through questionnaires sent out via 
text messages, and thus, is not affected by our inability 
to blind the assessors during enrolment. Furthermore, all 
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secondary outcomes are collected with either wearable 
sensors or questionnaires, and will not be biased by lack 
of assessor blinding.

Clusters (i.e. teams) will be randomly allocated to the 
intervention and control groups in a 1:1 ratio. The teams 
will be allocated using SAS version 9.4 and the function 
RANUNI, which returns a number generated from a uni-
form distribution on the interval (0, 1) [39]. The rand-
omization process will be performed separately for each 
production site, i.e., the randomization will be stratified. 
Clusters within a production site receiving values in the 
lower half of numbers drawn at that site will be assigned 

to the intervention, and clusters with values in the upper 
half will be controls. A data manager not otherwise 
involved in conducting the intervention will generate the 
allocation sequence for each production site.

Intervention and control workers will be present at all 
included production sites. This allocation procedure was 
chosen to reduce the risk of bias due to changes in con-
textual factors (e.g., change in management, structural 
changes, or supply chain challenges) during the inter-
vention period, which have been shown to occur quite 
often [40]. Furthermore, it may also reduce potential bias 
from contextual differences that may exist between sites, 

Table 2  Schedule of enrolment, intervention, and assessments (cf. Chan et. al., [36])

STUDY PERIOD

Allocation Enrolment Post-allocation Close-out
TIMEPOINT W0 W1-2 W3-6 W7-10 W11-12
ENROLMENT:
Eligibility screen X
Informed consent X
Randomization X
Allocation X
INTERVENTION:
Intervention
Intervention deliverables X X X
Control
ASSESSMENT:
Participant characteristics X
Anthropometric 
measurements

X X

Primary outcome
Musculoskeletal health X X
Secondary outcome
Composition of physical 
behaviors during work

X X

Accumulated bouts of sitting, 
standing and active X X

Productivity X X
Fatigue and energy level X X
Economic evaluation
Costs X X X X
Sick leave absence X X
Productivity X X
Implementation outcomes
Adherence X X X X
Actual use of planning tool X X X
Quality X X X X
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such as differences in work tasks, restrictions in produc-
tion complicating work planning, or how machines are 
operated.

Methods: data collection, management 
and analysis

Data collection methods
Data will be collected for all workers at baseline (week 1) 
and follow up (week 12). Data from intervention workers’ 
planning tools will be collected every day from week 3 to 
12. Records of participation rates (i.e., in educational, and 
implementation team meetings, cf. Table  1), and costs 
related to the intervention (e.g., staff time and consult-
ant time) will be collected throughout the intervention 
period. All sensitive personally identifiable information 
will be collected at the workplace by the researchers. The 
information will then be transported back to the research 
center and will be uploaded on a secure drive, which is 
accessible  only to researchers physically present at the 
center. Finally, when all information has been collected, 
one single file for each participant will be stored in a 
secure place. These files will remain stored for a period 
of 3 years after completion of the study. Once the dataset 
is complete, the information uploaded to the secure drive 
will be anonymized by a data manager.

Participant characteristics and anthropometric 
measurements.
We will collect information about sociodemographic fac-
tors including age, gender, ethnicity, length of service, 
job title, and weekly work hours. Further, we will col-
lect information about smoking and alcohol consump-
tion [41]. We will measure height (Seca 213; Seca GmbH, 
Hamburg, Germany), weight (BC-418 MA body compo-
sition analyzer; Tanita, Tokyo, Japan), and calculate the 
body mass index (body weight [kg]/(body height squared 
[m2])). In addition, we will determine fat percent-
age (DC-430 SMA body composition analyzer; Tanita, 
Tokyo, Japan) and resting blood pressure (Omron M3 or 
Omron M6 Comfort; Omron Corporation, Kyoto, Japan) 
using standardized protocols.

Physical behaviors
The protocol for measuring physical behaviors will be 
similar to that used in previous studies [16, 19, 42]. An 
AX3 accelerometer (3-Axis Logging Accelerometer; 
Axivity Ltd., Newcastle upon Tyne, UK) will be mounted 
using adhesive tape (Hair-Set double-sided adhesive tape; 
3  M Company, Maplewood, MN, USA) on the worker’s 
right thigh at the most muscular part of the quadriceps 
femoris, midway on the line between the anterior infe-
rior iliac spine and the top of the patella. Workers will 

be asked to wear the accelerometer around the clock for 
five consecutive days at baseline and follow up, and will 
be instructed on how to change the adhesive tape if nec-
essary. At the end of day five, the accelerometer will be 
returned to the research team. Data will be downloaded 
using the manufacturer’s software (OMGUI, Configura-
tion and Analysis Tool). A workday will be excluded from 
further analysis if accelerometer recordings are available 
for less than 4 h. Periods > 60 min without movement will 
be regarded as non-wear time or sleep.

Physical behaviors will be exhaustively classified using 
the Acti4 software [42] into time spent sitting or lying 
(termed sitting below), standing (consisting of time spent 
standing still, or standing with slight movement), and 
active (consisting of time spent walking, running, stair 
climbing or cycling).

During all measurement days, the workers will note in 
a diary at what time they: 1) woke up, 2) arrived at work, 
3) left work, 4) went to sleep, and 5) if the accelerometer 
was detached at any time during data collection. On the 
basis of the diaries, the continuous timeline of physical 
behavior data will be partitioned into periods of, 1) work, 
2) leisure time awake, and 3) time in bed.

Planning tool
All workers in the intervention group will receive an 
e-mail immediately after baseline measurements with a 
unique link to an online folder containing the Excel plan-
ning tool. There will be a planning tool sheet every work-
day for the entire 10 weeks of the intervention (i.e., week 
3 to 12, Fig.  3). Data will be automatically stored on an 
online drive (Microsoft, One Drive, 2021). Eventual data 
containing information about the four key variables eval-
uating fidelity will be saved on the secure drive.

Questionnaires
The questionnaires consist of standard validated ques-
tions, as well as questions to describe the intervention 
process. At baseline and follow up we will collect infor-
mation about musculoskeletal health [43], general health 
[44], need for recovery [45], self-assessed physical fitness 
[46], sickness absence, psychosocial work environment 
[47] and productivity [48–50]. Questionnaires using 
a numerical scale from 0–10 will be send at the end of 
the workday, for each of the first five days and the last 
five days of the intervention on; 1) pain, 2) fatigue and 
3) energy [43]. Furthermore, customary questions will 
be used to collect information about participants’ use of 
medication and healthcare services.

Quality of program delivery
Specific questions to evaluate the fidelity towards the 
intervention program will be formulated to reflect 
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program quality, and motivation towards the interven-
tion. These will be sent out to the local workplace group 
and course leaders using text messages after completion 
of all the training and implementation meetings. Further-
more, notes and records from meetings with the local 
workplace group will be used to assess fidelity regarding 
the implementation of the intervention.

Costs
Costs of conducting the intervention activities will be col-
lected. Costs include resources used by the organization 
to implement the intervention, and resources used by 
the researchers to deliver the intervention. Implementa-
tion costs for the organization will include staff time used 
by workers, work environment representatives, health 
& safety advisors and managers participating in train-
ing and implementation meetings. Time used by staff for 
other activities related to implementing the intervention 
will also be included. Costs will be estimated on basis 
of the average gross salaries of staff, including overhead. 
Costs of delivering the intervention for researchers will 
include the time used for preparing and conducting the 
training and implementation meetings, and any addi-
tional planning and meeting related to implementation of 
the intervention. Costs for researchers will be estimated 
based on their hourly fee, including overhead. Finally, 
costs related to workers’ productivity, sickness absence 
and consumption of medicine and health services (e.g., 
visits to a general practitioner or a physical therapist) will 
be collected at baseline and follow up.

Statistical methods
Primary outcome will be assessed as the difference 
between intervention and control groups in change in 
low back pain following the 12  weeks intervention. We 
will use both intention-to-treat effect estimates and per-
protocol effect estimates to assess the effectiveness of 
the intervention, as recommended when evaluating tri-
als conducted in real life settings [51]. The per-protocol 
criteria is defined as work teams (clusters) who com-
pletes ≥ 60% of the available planning tools. Based on the 
distribution of data, parametric or non-parametric test 
will be performed.

The secondary outcomes include data of different 
types, i.e. categorical, continuous and compositional 
data. For all data types, descriptive statistics relevant to 
the variable will be applied. The statistical analysis used 
to assess differences between intervention and control 
groups will also be adapted to the type and distribution 
of the data. Specifically, changes in the physical behavior 
composition (i.e. sitting, standing, and active behavior), 
will be analyzed using CoDA metrics.

A detailed analysis plan describing comparison and test 
of changes in the intervention and control groups will be 
completed before initiating the analysis and will be avail-
able upon reasonable request.

Discussion
This protocol describes a 12-weeks Goldilocks Work 
intervention among industrial workers. The primary 
hypothesis is that implementing a ‘just right’ physical 
behavior among workers will lead to improved musculo-
skeletal health.

Strengths and limitations
The 4-step procedure and participatory approach that 
guided the development of the program logic and the 
intervention is a strength of this protocol. The cluster 
randomized controlled design with randomization per-
formed at each production site is a strength because it 
reduces potential bias. The planning tool adapted to the 
workers’ context is a strength because it offers an easy-
to-use and practical approach for their own planning of 
work tasks to change behavior. The approach of feeding 
back information from the planning tool to the workers is 
also a strength that can improve the likelihood that work-
ers’ behavior is changed [34]. Furthermore, the infor-
mation collected about the implementation process is 
a strength because it may inform details about who did 
what when, and explain why things turned out as they 
did.

A limitation is that participants are not blinded to 
their allocation; this can increase the risk of selection 
bias. However, workers will not receive knowledge of 
their allocation until after  they completed their eligibil-
ity screen and health check. Another limitation is the 
short duration of the study (i.e., 12 weeks), since it may 
take longer to effectively implement changes in physical 
behavior and thus effectively improve musculoskeletal 
health. However, even if the intervention is not effec-
tive, the workers and the workplace will gain valuable 
knowledge about their work context, the current physical 
behavior, and which changes that may improve workers’ 
health on the long term.
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