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Effectiveness of job rotation for preventing
work-related musculoskeletal diseases:
a cluster randomised controlled trial
Maria Luiza Caires Comper,1,2 Jack Tigh Dennerlein,3,4 Gabriela dos
Santos Evangelista,2 Patricia Rodrigues da Silva,5 Rosimeire Simprini Padula1,5

ABSTRACT
Objective Job rotation is an organisational strategy
widely used on assembly lines in manufacturing
industries to mitigate workers’ exposure so as to prevent
musculoskeletal disorders. This study aimed to evaluate
the effectiveness of job rotation for reducing working
hours lost due to sick leave resulting from
musculoskeletal diseases.
Methods The design consisted of a 1-year cluster
randomised controlled trial with a blinded assessor.
Production sectors of the textile industry were
randomised to intervention and control groups. Both
groups received ergonomic training. The intervention
group performed a job rotation programme. The primary
outcome measure was number of working hours lost due
to sick leave as a result of musculoskeletal disease (ICD-
10). The secondary outcome measures were
musculoskeletal symptoms (Yes/No), risk factors for
musculoskeletal diseases (0–10), psychosocial factors
and fatigue (0–100), general health (0–100), and
productivity (0–10). All secondary outcomes were
measured at baseline and 12-month follow-up.
Results At the 12-month follow-up, both groups
showed an increase in the number of working hours lost
due to sick leave for musculoskeletal disease. There was
no significant difference between the job rotation
intervention group (mean deviation −5.6 hours, 95% CI
−25.0 to 13.8) at the 12-month follow-up and the
control group. There were no significant differences
between groups for the secondary outcomes (p>0.05).
Conclusions The job rotation programme was not
effective in reducing the number of working hours lost
due to sick leave, decreasing the prevalence of
musculoskeletal symptoms, or improving perception of
musculoskeletal pain and workplace risk factors,
psychosocial risk factors and productivity.
Trial registration number NCT01979731.

INTRODUCTION
Job rotation is an organisational ergonomic strategy
used widely on assembly lines in manufacturing
industries.1 It is defined as rotation of workers
between jobs or tasks with different exposure levels
and occupational demands.2 Job rotation has been
used as an administrative practice to train workers
for new jobs so that they can acquire additional
abilities at work, increase performance and auton-
omy, and improve organisational flexibility.3 Several
studies also recommend job rotation as an effective

intervention for mitigating physical and mental
exposure, increasing satisfaction at work,4 and
reducing monotony and boredom,5 thereby pre-
venting musculoskeletal disorders and reducing
absenteeism.6 7

Despite the potential benefits of job rotation for
reducing exposure and preventing musculoskeletal
disorders, as widely propagated among industrial
managers and described in the literature, two
recent systematic reviews reported weak evidence
for job rotation effectiveness and indicated that it
increases exposure.8 9 Only the study of Padula
et al8 focused on the concept of job rotation pro-
posed for manufacturing industries. It demon-
strated that few studies have evaluated the benefit
of job rotation to musculoskeletal health in indus-
trial environments. In addition, the studies included
in that review had poor or fair methodological
quality and the majority used a cross-sectional
design.
The inappropriate designs used to assess the out-

comes related to job rotation effects make it diffi-
cult to establish proper parameters for organisation
and implementation of a job rotation programme

What this paper adds

▸ This study is the first randomised controlled
trial performed to evaluate job rotation
effectiveness in preventing and controlling
work-related musculoskeletal diseases.

▸ Job rotation was not more effective for the
intervention group compared with the control
group in reducing the number of working hours
lost due to sick leave for musculoskeletal
disease.

▸ These results challenge the concept that job
rotation is a good organisational strategy for
preventing and controlling musculoskeletal
complaints, particularly in work settings where
exposure levels cannot be reduced because of
the characteristics of the job or through
physical measures.

▸ We recommend that care should be taken in
translating these results to all manufacturing
industries. It is necessary to consider the
specifics of the job, settings, and organisation
preferences and necessities.
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( JRP). In the absence of this evidence, the most appropriate
approach is to use the systematisation of studies.10 To meet
these goals, job rotation implementation in a manufacturing
industry must include: acceptance and involvement of managers
and workers; assessment of the job characteristics (demands,
biomechanical exposure levels, autonomy) and the production
method; choosing the number of employees per task; and defin-
ition of criteria and parameters that will be used to generate a
job rotation schedule.1 11 12 Training all workers according to
their competences before implementing job rotation is also
important.8

Therefore, a high-quality methodological study designed to
examine all recommendations reported for implementing JRPs
should be performed to answer the question: what is the effect
of job rotation in preventing musculoskeletal disorders among
industrial workers?

The aim of this study was to investigate the effectiveness of
job rotation in reducing working hours lost due to sick leave for
musculoskeletal diseases among industrial manufacturing
workers. The hypothesis was that job rotation could reduce the
exposure generated by specific tasks, leading to a decrease in the
number of working hours lost due to sick leave resulting from
musculoskeletal disease. In addition, it could decrease the preva-
lence of musculoskeletal symptoms, improve workers’ percep-
tion of the reduction in risk factors that lead to musculoskeletal
diseases, and increase productivity.

METHODS
Design, setting and participants
This was a prospectively registered (at ClinicalTrials.Gov
(NCT01979731), 3 November 2013) cluster randomised con-
trolled trial (RCT) with a blinded assessor. The procedures and
consent form were approved by the research ethics committee
of Universidade Cidade de São Paulo. The study was conducted
at a large Brazilian textile factory with 10 production sectors
(n=1897 workers). Four production sectors (finishing socks,
finishing underwear, sewing socks and sewing underwear) met
the eligibility criteria and were included in the study (n=581).
The eligibility criteria were that the workers were arranged in a
manufacturing cellular and serial layout with jobs or tasks with
different biomechanical demands and levels of risk for musculo-
skeletal disorders. Sewing production sectors were characterised
by: prolonged sitting; repetitive movements of the wrists, hands
and fingers; and static muscular overload on the spine and
shoulders. Finishing production sectors were characterised by:
prolonged standing; material-handling tasks; small displace-
ments between workstations; and repetitive movements of the
shoulders, wrists and hands. These workers had never per-
formed job rotation.

The detailed methods of the study have been published as a
study protocol.13 The only change in method, which occurred
after the start of the trial, was the follow-up interval for second-
ary outcomes. The interval of 3 months (baseline, 3, 6, 9,
12 months) was changed to baseline and 12-month follow-up
because managers would not allow evaluation of the secondary
outcomes every 3 months as described in the research protocol,
because of the time spent answering the questionnaires at
baseline.

Description of intervention and control groups
Both workers’ groups received ergonomic training, which was
carried out by a physiotherapist/ergonomist with 10 years of
experience. The training was conducted on a single day over
4 hours and consisted of lectures on physical, organisational,

cognitive and psychosocial risk factors (posture demands, move-
ments, furniture, workplace, tools, rest break and micro-break,
learning, engagement, responsibility, concentration, environ-
mental factors) and the importance of physical exercise for
maintaining health.14 The ergonomic training was used as a
sham intervention and is considered an educative strategy, which
showed insufficient evidence of effectiveness of health training
for reducing symptoms, illness and injury when delivered as a
standalone intervention.15

JRP (intervention group)
Procedure to create and implement the JRP
The JRP consisted of the following four phases.
Phase 1: overview of tasks ( June 2013 – September 2013)

Meetings between the physiotherapist/ergonomist and pro-
duction managers were organised to explain the study proposal
and procedures, as well to define the production sectors that
met the eligibility criteria. Managers then explained the general
characteristics of each task, production targets, operation
process (technical, equipment and tools, autonomy and pace of
work) and the level of training required.
Phase 2: ergonomic analysis (October 2013 – November 2013)

Ergonomic analysis for each task was performed by the
ergonomist, who visited the workplace to interview workers
and conduct a worksite observation. First, he observed the main
demand, work posture, movements of each body region (ampli-
tude and frequency) and work cycles. He then collected infor-
mation on productivity, autonomy, job organisation, job
planning, production instructions, skills of workers, materials
and equipment used.

The exposure levels were classified using two observational
methods: quick exposure check (QEC)16 17 and rapid entire
body assessment (REBA).18 QEC includes 16 questions about
posture and movements performed by the spine and upper
limbs, as well as other risk factors (amount of weight handled;
how long it takes to perform a task; manual force; visual
demands; vibration and level of hand force exerted; work
pacing; and stress). This score results from combining answers
given by the evaluator and the worker.16 17 REBA assesses bio-
mechanical exposure, mainly body posture, and incorporates
variables such as weight and quality of the handle of the
handled object. Both methods classify the task as low, moderate,
high or very high exposure level.18 Task complexity was cate-
gorised as easy or difficult on the basis of cognitive demands
and learning time.19

Phase 3: definition of job rotation schedule (December 2013 –

January 2014)
All information obtained in the earlier phases was used to

define a job rotation schedule proposed to modify occupational
exposure.

Job rotation was alternated between exposure levels: low,
moderate and high. A job rotation schedule with an interval of
2 hours was adopted. This interval was a consensus between
studies2 19 26 and is compatible with the premise of lactic acid
reduction.20

The workers were gradually allocated to the tasks incorpo-
rated in the job rotation schedule and were coached by their
supervisors until they reached an adequate performance. Two
months of training was established as the time required for
workers to be able to satisfactorily perform these specific tasks.
Phase 4: implementation of job rotation (February 2014—
February 2015)

Finally, implementation of the job rotation schedule occurred
in the fourth phase (February 2014—February 2015). One of
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the researchers monitored the fourth phase daily during the first
2 months. Monitoring was accomplished through interviews
with workers and supervisors to evaluate whether (1) job rota-
tion was being implemented as proposed by the team, (2) the
company’s target was being achieved, and (3) problems related
to job rotation had occurred.

Sample size calculation
The study was designed to detect differences between the
groups of a 10% reduction in the number of working hours lost
due to sick leave for musculoskeletal disease (M code of
International Classification of Diseases: ICD-10).21 The total
working hours lost due to sick leave (ICD-10) in 3 months for
all workers in the whole workplace was ∼1100 (on average
360 hours per month and ∼81 hours per week). A statistical
power of 80%, an α of 5%, and a possible sample loss of up to
15% were also considered. Therefore, a total of 232 partici-
pants was required.

Randomisation
Randomisation for clustering was performed at the group level
(production sectors). An independent researcher who was not
involved in recruitment and assessment used computer-
generated randomisation (http://www.randomizer.org) to assign
participation to intervention and control groups. All workers
were allowed to participate in the study, and those who agreed
signed a consent form before entering the study.

Outcome measures
The unit of randomisation was by cluster, although all outcomes
were evaluated and statistically analysed at an individual level.

Primary outcome
The increase in cost caused by absence due to musculoskeletal
disease is a major problem for organisations.22 23 This was the
reason the primary outcome measure was chosen as absence
from work due to sick leave, assessed by the number of working
hours lost from musculoskeletal disease. We considered only
sick leave certificates classified with the M code, which includes
diseases (signs, symptoms, abnormal findings, symptoms, injur-
ies) of the musculoskeletal system and connective tissue, from
ICD-10.21 Registration of workers with sick leave certificates
was completed daily by the human resources sector and
included information on the reasons for the medical certificate
and the number of days lost. All information was obtained by
electronic report, extracted monthly by a person unaware of the
study or group participants. Then, average working hours lost
for each individual and per group (intervention and control)
every 3 months was calculated for analysis at baseline, 3, 6, 9
and 12 months. These data were collected between February
2014 and March 2015. The baseline data refer to the months of
November and December of 2013 and January of 2014.

Secondary outcomes
The secondary outcome measures evaluated were: musculoskel-
etal symptoms; workers’ perception of risk factors for the occur-
rence of musculoskeletal pain; fatigue and psychosocial factors;
general health; productivity. These outcome measures may indi-
cate the effect of the intervention ( job rotation) on workers’
exposure to risk factors for musculoskeletal diseases.

The Nordic Musculoskeletal Questionnaire was used to assess
musculoskeletal symptoms (pain, tingling and numbness). The
workers answered ‘yes’ or ‘no’ for prevalence of musculoskeletal
symptoms, experienced during the previous 12 months, by areas

of the body (neck, shoulders, elbows, hands, upper back, lower
back, hips, knees and feet).24

The Job Factors Questionnaire was used to assess workers’
perceptions as influenced by exposure factors on the occurrence
of musculoskeletal diseases, and contained a descriptive list of
15 job risk factors.25 26 Each factor was classified on a scale of 0
to 10, 0 meaning ‘no problem’ and 10 ‘very problematic.’25 A
total score was obtained by adding the scores of the 15 job risk
factors. Higher scores indicated greater risk of developing mus-
culoskeletal diseases.

The Need for Recovery Scale (NFR) is a Likert scale based on
11 questions, each with four answers (never=0; sometimes=1;
often=2; and always=3).27 Question 4 was reverse scored. The
total scores ranged from 0 to 33 points, which was then con-
verted into a scale ranging from 0 (minimum) to 100
(maximum) points. NFR is based on the effort–recovery model
of the working day. Thus, higher NFR scores indicate a greater
perception of fatigue by workers and consequently a greater
need for recovery.28

The WHO Quality of Life Scale (WHOQOL-BREF) is a
26-item, self-reported survey. The first two items assess the
general quality of life, and the remaining 24 items were struc-
tured into four domains: social, psychological, physical and
environmental. Each domain consisted of questions scored on a
5-point Likert interval scale.28 29 Total raw scores for each
domain were transformed into scores ranging from 0 to 100. A
higher score indicated a better quality of life.30

A single item from the WHO Health and Work Performance
Questionnaire was used to measure productivity.31 Participants
were assigned a score (0–10) for their labour productivity.

Secondary outcomes were measured by a blinded evaluator at
baseline and 12-month follow-up. To test the evaluator blinding,
his opinion about the type of intervention received by each
worker was noted after follow-up.

Monitoring data
The data monitoring committee consisted of two authors from
the study (MLC and RSP) who were not involved with data col-
lection and have no conflict of interest. Randomisation of the
participants was performed after the baseline, but randomisation
was performed by cluster (production sector). The researcher
(MLC) who performed the statistical analysis received the data
encoded and was blinded to the participant’s allocation to inter-
vention groups. Statistical analysis was conducted on an
intention-to-treat basis; participants were analysed in the groups
to which they were randomly allocated. If a participant dropped
out of treatment, no additional outcomes were collected and the
missing data were not replaced.

Statistical analysis
The Shapiro-Wilk test was used to assess the normality of the
data. Descriptive statistics were used in the analysis of character-
istics of the participants. The χ2 test was used to evaluate the
blinding of the assessor by comparing the randomisation codes
and the evaluator.32 The difference between the groups and
their respective CIs was calculated using linear mixed-effects
models, taking into account the units of analysis for each partici-
pant (individual differences—repeated measures), by time and
group vs time interaction terms.33 The within-group difference
was calculated using Student’s paired t-test for dependent
samples. The difference between the groups for nominal data
was calculated using McNemar’s test. The significance level was
5%. The statistical program SPSS V.23.0 was used for all
analyses.
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RESULTS
Participant flow and loss to follow-up
A total of 10 production sectors (n=1897 workers) were
assessed, but only four (n=957 workers) were included under
the eligibility criteria. Of these, 136 workers refused to partici-
pate, and 330 were dismissed for business reasons. Therefore,
after randomisation, two production sectors (n=266 workers)
were allocated to the intervention group and two (n=225) to

the control group. Figure 1 shows enrolment, intervention allo-
cation, follow-up and data analysis of the production sectors
and participants in this trial.

At the 12-month follow-up, 123 workers had been dismissed
for business reasons, and 32 workers from the JRP did not
finish the intervention because of a decision made by the com-
pany’s management. The loss therefore to follow-up on the
primary and secondary outcome measures was 24.8% in the

Figure 1 Flow diagram of the progress through the phases of a two-group parallel-randomised trial. aLoss of workers to follow-up was due to
dismissal for business reasons. Mo, months.
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intervention group and 25.3% in the control group.
Nevertheless, the total number of participants met the require-
ment of the sample size calculation, which required 116
workers per group, or 232 workers in total.

Sociodemographic characteristics
The participants were predominantly female (77.8%) and had
worked for the company a mean of 50 months. The sociodemo-
graphic variables of the two groups at baseline are given in
table 1.

Effect of JRP on the number of working hours lost due to
sick leave for musculoskeletal disease
At the 12-month follow-up, both groups showed an increase in
the number of working hours lost due to sick leave for musculo-
skeletal disease. The increase in hours lost was greater after
6 months of programme implementation. No significant differ-
ences between the groups were observed at any follow-up. For
the within-group comparisons, the results demonstrated a sig-
nificant difference for the 6-month, 9-month and 12-month
follow-up within the intervention group. In addition, there was
a significant difference for the 9-month and 12-month
follow-up within the control group (table 2).

Effect of intervention on musculoskeletal symptoms
There was a significant reduction in symptoms only for wrists
and hands (p<0.05). Table 3 shows that the prevalence of mus-
culoskeletal symptoms (pain, tingling, numbness) had decreased
in almost all body regions (neck, shoulders, elbows, hands,
upper back, lower back, hips, knees and feet) for both groups
after 12 months.

Effects of JRP on the perception of musculoskeletal pain
risk factors, fatigue and psychosocial factors, and general
health
Table 4 shows the intervention effects on the four outcomes.
Three of these are related to the effects of JRP on workers’ self-
perception of the occurrence of musculoskeletal pain, fatigue
and psychosocial risk factors, and general health. The workers
had a worse perception for all outcomes. No significant differ-
ences between groups were found for any outcome. In contrast,
there was a significant difference for almost all outcomes in the
within-group comparisons. The only exception was the percep-
tion of psychosocial factors and fatigue in the intervention
group.

Effects of JRP on productivity
During the 12 months, there was a decrease in productivity,
with a significant difference for both groups in the within-group

Table 1 Sociodemographic variables of the two groups ( job
rotation and control) for all participants (n=491)

Variable
Intervention
(n=266)

Control
(n=225)

Sex
Male 72 (21.1) 30 (13.3)
Female 194 (72.9) 195 (86.7)

Age (years)* 28.4 (7.8) 32.5 (9.0)
Marital status
Single 211 (79.3) 158 (70.2)
Married 49 (18.4) 60 (26.7)

Divorced 0 (0.0) 2 (0.9)
Widowed 3 (1.1) 3 (1.3)
Not mentioned 3 (1.1) 2 (0.9)

Education status
Illiterate 12 (4.5) 17 (7.6)
Elementary degree 58 (21.8) 67 (29.8)
High school 183 (68.8) 130 (57.8)
University 11 (4.1) 8 (3.6)
Not mentioned 2 (0.8) 3 (1.3)

Length of employment
with company (months)*

49.6 (43.2) 56.9 (44.3)

Values aren (%).
*Continuous variables are presented as mean (SD).

Table 2 Intervention effects ( job rotation) on the number of working hours lost due to sick leave (mean and standard deviation) during
12-month follow-up of participants (n=491). Results of the linear mixed-effects models (MIXED). [95% CI=95% confidence interval.]

Primary outcome (working hours lost due to
sick leave per month)*

Unadjusted within-group mean differences
(baseline minus follow-up) Adjusted between-group

mean differences
(intervention minus control)Intervention (n=266)† Control (n=225)† Intervention (n=266)† Control (n=225)†

Intention-to-treat analysis
Baseline 6.7 (18.2) 11.4 (26.5)
3 months 9.0 (19.1) 11.3 (20.8) 2.3 (−0.5 to 5.0) −0.1 (−3.9 to 3.8) 2.3 (−44.2 to 48.9)
6 months 83.7 (256.6) 85.5 (254.5) 77.0‡ (45.8 to 108.1) 74.1‡ (40.4 to 108.0) 2.8 (−43.7 to 49.4)
9 months 105.3 (284.2) 123.0 (305.1) 98.6‡ (64.2 to 133.0) 111.6‡ (71.1 to 152.0) −13.0 (−59.5 to 33.5)
12 months 143.9 (329.9) 191.1 (368.6) 137.1‡ (97.2 to 177.0) 179.8‡ (131.1 to 228.5) −42.6 (−89.2 to 3.9)

Per-protocol analysis
Baseline 6.4 (19.2) 12.1 (28.9)
3 months 7.3 (15.2) 10.3 (17.3) 0.9 (−2.0 to 3.9) − 1.8 (−6.2 to 2.6) −3.0 (−6.3 to 0.3)

6 months 10.8 (29.6) 13.7 (23.7) 4.4‡ (0.4 to 8.5) −1.6 (−3.2 to 6.4) −2.8 (−8.5 to 2.7)
9 months 15.7 (37.8) 16.5 (33.0) 9.3‡ (4.1 to 14.6) 4.4 (−1.2 to 10.0) −0.76 (−8.2 to 6.6)
12 months 17.3 (40.3) 25.6 (58.6) 10.9‡ (5.5 to 16.3) 13.5‡ (5.3 to 21.7) −8.3 (−18.5 to 1.9)

Results of the linear mixed-effects models.
*The working hours lost due to sick leave for musculoskeletal disease were recorded daily and the amount per month for each individual, and this was used to calculate the mean
working hours lost for each individual and per group (intervention and control) every 3 months. Values are unadjusted mean (SD).
†The number of participants assessed at follow-up was n=487 (n=246 intervention, n=209 control) at 3 months, n=442 (n=241 and n=201) at 6 months, n=418 (n=231 and n=187) at
9 months, and n=368 (n=200 and n=168) at 12 months. The participant sample (n) was used in the per-protocol analysis.
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comparisons. However, no significant differences were found
between the groups (table 4).

Blinding
The evaluator blinding was confirmed by the percentage of
agreement between the randomisation codes and the evaluator
opinion on the intervention group (58.3%) and the control
group (50.1%) (p>0.05).

DISCUSSION
According to a recent systematic review, this study is the first
RCT to evaluate the effectiveness of job rotation for reducing
working hours lost as a result of sick leave due to musculoskel-
etal diseases in industrial workers.8 The results show that job
rotation was not effective for the intervention group compared
with the control group. In fact, even more hours were lost
during the 12 months of job rotation implementation. Job
rotation was also not effective in reducing the prevalence of
musculoskeletal symptoms, improving self-perception of muscu-
loskeletal and psychosocial factors, or increasing productivity.
Only the prevalence of musculoskeletal symptoms in wrists and

hands showed a significant improvement after job rotation
implementation.

There are several possible explanations for our findings.
First, job rotation has never been a business strategy in these
textile industries. For this reason, we believe that some
workers were not able to adapt to this proposal, which gener-
ated new responsibilities, even with all the instructions before
programme implementation about the benefits of job rotation
that the workers would receive. In addition, the inclusion of
tasks with high exposure level promoted changes in labour
demand generated by job rotation schedules, which must have
generated the feeling that musculoskeletal overload would
increase, especially for workers who had lighter work. In add-
ition, a lot of collective dismissals for business reasons have
occurred in this industry, which may have influenced workers
negatively. As psychosocial factors are important determinants
of the success of job rotation, all these issues may have con-
tributed to the reasons why job rotation was not more effect-
ive, compared with the control group, especially in reducing
the number of hours lost due to sick leave for musculoskeletal
disease.34

Table 3 Intervention effects ( job rotation) on the musculoskeletal symptoms during 12-month follow-up of participants (n=491)

Frequency, n (%)

Baseline 12-month follow-up

Region of musculoskeletal symptoms Intervention (n=266) Control (n=225) Intervention (n=266) Control (n=225) p Value

Neck 98 (36.8) 89 (39.6) 70 (26.3) 73 (32.4) 0.29
Shoulders 145 (54.5) 120 (53.3) 112 (42.1) 97 (43.1) 0.11
Upper back 120 (45.1) 94 (41.8) 77 (28.9) 83 (36.9) 0.85
Elbows 18 (6.8) 18 (8.0) 12 (4.5) 23 (10.2) 0.12
Wrists/hands 101 (38.0) 88 (39.1) 79 (29.7) 79 (35.1) 0.04†
Lower back 104 (39.1) 84 (37.3) 65 (24.4) 76 (33.8) 0.73
Hips/thighs 30 (11.3) 36 (16.0) 22 (8.3) 28 (12.4) 0.65
Knees 50 (18.8) 42 (18.7) 36 (13.5) 48 (21.3) 0.19
Ankles/feet 75 (28.2) 55 (24.4) 43 (16.2) 58 (25.8) 0.52

Results of McNemar’s test.
*The number of participants assessed at the 12-month follow-up was 368 (200 in the intervention group and 168 in the control group).
†Significant difference within groups (p<0.05). The intervention and control group showed improvement in symptoms after 12 months of intervention.

Table 4 Intervention effects ( job rotation) on the secondary outcomes (mean and standard deviation) during 12-month follow-up of
participants (n=491). Results of the linear mixed-effects models (MIXED). [95% CI=95% confidence interval.]

Unadjusted group mean (SD)
Unadjusted within-group mean difference
(baseline minus follow-up)* Adjusted between-group

mean difference
(intervention minus
control)

Baseline 12-month follow-up

Secondary outcome
Intervention
(n=266)

Control
(n=225)

Intervention
(n=266)

Control
(n=225) Intervention (n=266) Control (n=225)

Musculoskeletal pain risk
factors (0–150)

72.5 (37.9) 77.9 (36.3) 84.1 (33.1) 85.6 (33.9) 11.9† (6.2 to 17.6) 6.3† (1.0 to 11.7) 4.6 (−3.1 to 12.2)

Psychosocial factors and
fatigue (0–100)

38.7 (18.1) 37.3 (18.4) 39.3 (18.0) 40.2 (18.2) 1.9 (−0.6 to 4.8) 2.7† (0.1 to 5.3) −1.5 (−4.9 to 2.0)

General health (0–100)
Physical domain 64.2 (15.5) 62.3 (15.5) 58.0 (13.6) 58.2 (14.3) −7.0† (−9.7 to −4.2) −4.3† (−6.9 to −1.7) −2.2 (−5.8 to 1.4)
Psychological domain 68.7 (15.5) 67.8 (15.2) 64.5 (12.3) 63.5 (12.5) −5.1† (−7.6 to −2.6) −4.5† (−6.8 to −2.2) −0.8 (−3.4 to 3.2)
Social domain 68.4 (18.8) 66.0 (20.0) 61.7 (15.6) 60.9 (14.9) −6.7† (−9.9 to −3.4) −5.6† (−8.9 to −3.4) −1.5 (−5.9 to 2.9)
Environmental domain 50.2 (13.7) 46.3 (15.2) 46.1 (10.4) 42.2 (13.4) −4.4† (−6.9 to −1.9) −3.8† (−6.3 to −1.2) −0.7 (−3.5 to 3.3)

Productivity (0–10) 8.3 (1.6) 8.4 (1.6) 8.1 (1.7) 7.5 (2.6) −0.4† (−0.1 to −0.6) −0.9† (−1.3 to −0.6) 0.99 (−0.85 to 1.05)

Results of linear mixed-effects models.
*The number of participants assessed at 12-month follow-up was 368 (200 intervention and 168 control).
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The prevalence of musculoskeletal symptoms in the wrists
and hands was the only outcome for which job rotation showed
significant improvement. These findings agree with those of
Roquelaure et al35 and Klussmann et al.36 Roquelaure et al eval-
uated the association between occupational factors and carpal
tunnel syndrome (CTS). They concluded that workers who did
not perform job rotation had a higher chance of developing
CTS. Klussmann et al evaluated the prevalence of musculoskel-
etal symptoms in the upper extremities and the symptom-
predicting factors at visual display terminal workstations. The
results showed that the prevalence of hand/wrist symptoms was
influenced by the frequency of job rotation. In our study, this
result may be related to the fact that the wrists and hands were
exposed for less time because of greater variation in lifting, grip-
ping and repetitive tasks. In other body regions, such as neck,
shoulders and lower back, muscular contractions may have
remained static, independently of job rotation.

It is important to note that, for our study, job rotation was
planned specifically to prevent and control musculoskeletal dis-
eases.12 37 We evaluated the job characteristics, production
methods, and biomechanical and psychosocial factors, and classi-
fied exposure levels for all tasks. We created the schedule on the
basis of criteria and parameters recommended by the scientific
literature. All workers were trained so as to be 100% fit for each
task. It should also be mentioned that the JRP deployment
process has been widely accepted, management was involved,
and the JRP was agreed to by managers and most workers during
the 12 months specified in the study design. Perhaps, the positive
results of the implementation can be attributed to the ergonom-
ics programme which the company has sponsored for 10 years.
This programme includes workstation design, participatory ergo-
nomics, guidelines, adjustments and rest breaks at work. On the
other hand, despite these precautions, some tasks still had a high
risk of exposure, which may have affected our study by not dem-
onstrating the effectiveness of the JRP with respect to hours lost
because of musculoskeletal disease. Although we believe we have
carefully taken into account all theoretical aspects for implemen-
tation of job rotation, we are aware that we need to report on the
difficulties of the theory/practice of integration in our study,
since most published studies on job rotation do not detail how
they were implemented and what tools were used to assess the
risk, to ensure reproducibility of the study.

Two recent systematic reviews8 9 have already demonstrated
important findings that support job rotation ineffectiveness. The
evidence in each study was weak because of the methodological
quality, which varied between fair and poor, and non-RCT
designs. Most studies have used cross-sectional designs.8 Maybe
for this reason, the studies found conflicting (positive and nega-
tive) results for job rotation effects on musculoskeletal disor-
ders.8 9 For example, Guimarães et al12 showed a significant
reduction in the occurrence of musculoskeletal injuries, absen-
teeism, turnover, rework and spoilage for workers who had per-
formed job rotation for 3.5 years. On the other hand,
Fredriksson et al38 found that physical workload and the fre-
quency of musculoskeletal disorders increased significantly in
the group of workers who performed job rotation schedules in
a line system. Similar results were found by Balogh et al39 and
de Oliveira Sato and Coury.19

Our study had several methodological strengths: cluster RCT
study design and its statistical power; recruitment of a large
population, as well as the inclusion of workers involved in
diverse tasks with different workloads; randomisation by pro-
duction sector, which minimises possible contamination
between workers from the intervention and control groups; use

of standardised questionnaires to measure study outcomes; and
blinding of the assessor. As a result, our study findings can be
generalised to work settings with characteristics similar to those
of this study (ie, manufacturing industries with production
layouts organised into lines or cells, with a rhythm that is not
determined by machines, and which allow switching between
tasks with different biomechanical demands and levels of risk
for musculoskeletal pain and disorders).

In fact, on the basis of the results of this study, it can be con-
cluded that there is no advantage in using the JRP to decrease
working hours lost due to musculoskeletal symptoms or disease
or to prevent and control musculoskeletal disorders. These
results challenge the concept that job rotation is a good organ-
isational strategy for preventing and controlling musculoskeletal
disorders, particularly in work settings in which exposure levels
cannot be reduced because of the characteristics of the job or
through physical measures.4 However, translating these results
to all manufacturing industries requires care, with a need to
consider the specifics of the job, settings, and organisation pre-
ferences and necessities. In practice, it is up to managers and
occupational health professionals who provide occupational
health services in different companies to decide about the use of
job rotation. At the end of this study, we informed the textile
industry of our results; although no evidence emerged of job
rotation effectiveness, the managers decided to continue with
job rotation, even after being informed of the results. They
understand that the results of this intervention were positive in
many aspects, including development of workers with multitask-
ing skills, reduction of monotony and boredom, and good
acceptance of labour inspection organs.

We recommend future studies be conducted in other compan-
ies, especially in industries that already have a culture of job
rotation established. Descriptive studies that report on potential
strategies for companies to implement job rotation are equally
relevant and should be pursued, even before new RCTs. We
defend this premise because we have learnt a great deal from
this study and have confronted job rotation theory within the
challenges of implementing this intervention. Companies see job
rotation as an organisational strategy of production and are con-
cerned about overexposure of workers. The results of this study
compel us to reflect on earlier findings showing that allocation
of workers to tasks at different levels of exposure may increase,
rather than reduce, exposure to risk factors. In this way, it is
necessary to attain a broad knowledge of the risks involved in
the tasks, and, to do this, we must assess the analytical tools we
have for occupational exposure. It is also important to improve
the accuracy of methods for assessing physical and mental
exposure of workers, in order to allow more accurate identifica-
tion of exposure variation, for the creation of job rotation sche-
dules. Practical implications of this study reveal the need for
careful implementation of a JRP in industrial settings.

Limitation
A limitation of this study resulted from changes in the trial
design that were beyond our control. Managers did not allow
follow-up for secondary outcomes every 3 months, as described
in the research project, because of the time that would be spent
by workers in answering the questionnaires. Therefore, data for
secondary outcomes were collected only at baseline and after
the 12-month intervention. Managers also did not allow two of
the tasks included in the intervention group (n=32 employees)
to continue in the study, as the workers boycotted the rotation,
causing a negative effect on productivity. However, all statistical
analysis was conducted on an intention-to-treat basis. This
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ensures that non-compliance, protocol deviations, withdrawal,
and anything that happens after randomisation may influence
the results, resulting in an overoptimistic estimate of the efficacy
of an intervention.40

Another limitation was the considerable loss to follow-up
rates on secondary outcomes found after 12 months.
Unfortunately, loss to follow-up is a common problem in pre-
vention studies,41 particularly in industrial settings where deter-
minations of organisations may affect the conduction of a
study.10 However, our loss to follow-up rates was <30%, which
did not affect our ability to draw firm conclusions.42 Besides,
the total number of participants exceeded the number of partici-
pants defined by sample-size calculation.

In the original proposal published in the clinical trial registra-
tion and study protocols, it was indicated that the cost-
effectiveness of interventions would be calculated according to
the cost-effectiveness incremental. During the study, however, it
was not possible to have access to all related direct or indirect
costs of the proposed intervention.

CONCLUSION
After 12 months, the results of this large cluster RCT showed
that job rotation was not effective in reducing the number of
working hours lost due to sick leave for musculoskeletal disease.
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