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ABSTRACT

To address work-related musculoskeletal disorders (WMSDs; e.g., carpal tunnel
syndrome), some companies utilize job rotation, systematically rotating workers
through different jobs within a workday. Prior research suggests that while job rotation
may decrease WMSD risk for some workers, other workers may see their risk increase.
There is a lack of evidence from actual worksites that utilize job rotation on the impact
on WMSD risk for all workers involved in job rotation. The objective was to compare
WMSD risk for job rotation schemes to jobs not involved in job rotation. Workers from
U.S. manufacturing companies involved in rotation schemes with four jobs (N = 42)
that rotate within a workday were evaluated for WMSD risk factors for the hand/wrist,
shoulder and low back at each job. WMSD risk was determined for each worker and
each rotation scheme utilizing validated fatigue failure tools (DUET for hand/wrist,
LiFFT for low back, The Shoulder Tool (TST) for shoulders) and estimated WMSD risk
for each job in the rotation scheme assuming the job was performed for the whole
workday (not involved in rotation). Job rotation resulted in increases in DUET risk
probabilities of approximately 10% compared to not rotating for the right (p<0.0002)
and left (p<0.0002) hand/wrist, and an approximate 6% increase in LiFFT and TST risk
probabilities compared to not rotating (LiFFT: p<0.0002; right shoulder: p = 0.0004;
left shoulder: p = 0.0028). Job rotation also resulted in 3 or 4 of the jobs in rotation
schemes increasing in risk for 67% of the schemes for DUET, 43% of the schemes for
LiFFT, and approximately 50% of the schemes for TST. The results demonstrated job
rotation resulted in modest (6% to 10%) but significant increases in WMSD risk across
multiple body regions compared to working in jobs that don’t rotate. Additionally,
rotating workers through four-job rotation schemes resulted in the majority of jobs in
these schemes increasing upper extremity risk compared to not rotating. The decision
to rotate or not may in part depend on the WMSD risk levels for jobs being considered
for inclusion in the rotation schemes. Inclusion of jobs that have elevated risk (e.g.,
moderate or high risk) may decrease the risk for those workers who otherwise would
work the full workday in those jobs, but will likely increase the risk to workers in jobs
that have lower risk.
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INTRODUCTION

Work-related musculoskeletal disorders (WMSDs; e.g., tendinitis, low back
pain) have long imposed a burden on the working population, resulting in lost
time from work and elevated costs. The proportion of WMSD cases involving
days away from work in the U.S. ranged from 27.7% to 34.7% between 2000
and 2022 (AFL-CIO, 2025). Conservative estimates of the annual economic
burden (direct plus indirect costs) for low back pain in the United States
ranged from $19.6 to $118.8 billion (Dagenais et al., 2008), whereas upper
extremity WMSDs such as carpal tunnel syndrome alone was estimated to
cost (direct plus indirect) approximately $240 million in 2007 (Bhattacharya,
2014).

In response, some companies utilize job rotation, or rotating workers
through different jobs or workstations within a given time period (e.g., work
shift), to increase the variety of tasks and presumably reduce the risk of
WMSDs. The practice of job rotation is not new, and in fact has been
described in personnel management literature as a method to motivate and
increase skills of employees in addition to other benefits such as productivity
improvement, improved worker retention, morale building, and the ability to
enhance career development (Farrant, 1987, Cheraskin and Campion, 1996,
Gittleman et al., 1998).

From a WMSD prevention and control perspective early guidance by
the U.S. Occupational Safety and Health Administration (OSHA, 1993)
indicated that implementation of engineering controls is the preferred method
of control, whereas administrative controls such as job rotation should
be used cautiously and designed such that the same muscle-tendon groups
are not used in the different jobs in the rotation. Furthermore, the U.S.
National Institute for Occupational Safety and Health (NIOSH) identifies
administrative controls, such as job rotation, to be less effective than and a
lower priority than engineering controls (NIOSH, 2024).

For manufacturing companies in the U.S., it appears that the use
of job rotation is quite prevalent. A survey on job rotation practices
found that 42.7% of manufacturing companies utilized job rotation, with
top perceived benefits of increased employee skill, and decreased injury
incidence/symptoms (Jorgensen et al., 2005). This survey also found that
companies had been using job rotation for several years (median 5.0 yrs)
and the most common rotation practice was rotating to another job every 2
hours (i.e., rotate through four jobs within an entire work shift).

However, despite the popularity and perceived benefits of job rotation,
questions remain regarding the effectiveness of job rotation and its impact
on workers in an effort to control/reduce WMSD risk. A review of the job
rotation literature by Padula et al. (2017) indicated some studies observed
improvements in job satisfaction as a result of job rotation, however, there
was weak evidence for the effectiveness of job rotation when implemented
in manufacturing industries to prevent or control WMSDs. Padula et al.
(2017) further concluded that almost all studies reviewed found an increase in
exposure to physical load doing job rotation. Consistent with the conclusions
from Padula et al. (2017) two studies that simulated variations in WMSD
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risk across jobs included in a job rotation scheme found workers originally
in lower risk jobs saw their risk increase whereas workers in higher risk jobs
saw their risk decrease as a result of job rotation, and inclusion of jobs with
higher risk elevated the risk even more to those workers that were originally
in lower risk jobs (Frazer et al., 2003; Mehdizadeh et al., 2020).

Although most studies reviewed by Padula et al. (2017) indicated increased
exposure due to job rotation, it is unclear of the impact on WMSD risk across
multiple body regions as these studies typically measured exposure (not risk)
using metrics such as posture or perceived exertion levels. Furthermore, when
WMSD risk assessment methods were used, they were typically limited to one
body region (e.g., OCRA for hand/wrist) and not multiple body regions. If the
objective of job rotation is to vary exposure in an effort to balance WMSD
risk across different body regions by rotating through different jobs, then
it is important to understand the risk level of the different body regions in
each of the jobs considered for inclusion in the job rotation scheme, as well
as the overall job rotation scheme. Furthermore, as echoed by Rasmussen
(2017) these assessments need to be measured by valid, objective, and reliable
methods.

While prior research has found a general increase in exposure to workers
involved in job rotation compared to not rotating, we do not have a clear
understanding of the WMSD risk across multiple body regions in current
job rotation schemes. As such, there were two objectives of this research:
using validated WMSD risk assessment tools, 1) quantify the WMSD risk
across multiple body regions in current job rotation schemes, and 2) compare
the overall WMSD risk from job rotation to the WMSD risk of jobs in the
rotation schemes assuming they were not part of the rotation scheme.

METHODS

Manufacturing companies that utilized job rotation participated in this
research, where WMSD risk factor exposure and subsequent WMSD risk was
quantified using validated WMSD risk assessment methods for each of the
jobs in the job rotation schemes. Probability of high-risk for WMSDs for each
job rotation scheme was determined and compared to the probability of high-
risk for each job in the rotation scheme assuming each job was performed
for the entire work shift, ultimately determining the number of workers that
may be at increased or decreased overall risk while working in a job rotation
scheme.

The job rotation schemes analysed in this study were a subset of a
larger study which assessed the impact of current job rotation schemes
in manufacturing in the U.S. on WMSD risk, body part discomfort, and
psychosocial outcomes. The current study focused on four-job rotation
schemes, which comprised 51.2% (42 of 82) of all rotation schemes
evaluated, consistent with observations that rotating approximately every 2
hours was the most common rotation pattern (Jorgensen et al., 2005; Padula
et al., 2017). Various four-job rotation patterns were observed across the
participating companies. The most common four-job rotation patterns are
shown in Figure 1, consisting of a four-job cell/line with four workers rotating
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through all four jobs (Figure 1a), a work cell/line where workers rotate
sequentially to adjacent jobs/workstations (Figure 1b), and a work cell/line
where workers rotate non-sequentially to jobs/workstations (Figure 1c¢).

Four manufacturing companies from the Midwest U.S. participated in
the study. The first company was an automotive assembly plant (24
participants, rotated at set times), the second company was a surgical
instrument manufacturing facility (§ participants, batch driven rotation), the
third company was an endoscopy device assembly facility (5 participants, 2-
hour rotations), the fourth company was a piping manufacturing company
(8 participants, rotated at set times, approximately every 2 hours).
Demographic and experience characteristics of the participants are shown
in Table 1.
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Figure 1: Various four-job rotation patterns evaluated: (a) a worker rotates sequentially
through all jobs in a fourjob work cell; (b) a worker rotates sequentially through
four jobs in a cell/line with more than four jobs; (c) a worker rotates non-sequentially
through four jobs in a cell/line with more than four jobs.

Table 1: Characteristics of participating companies (products), number and
demographics of participants (age and experience on current job), and
job rotation schedule.

Company Products Participants Mean (sd) Rotation Timing
Age/Experience

Automotive 22 Male, 2 Female 34.3 (13.1)/5.1 Set time

assembly (3.8) yrs

Surgical 3 Male, 2 Female  47.0 (2.7)/2.1 (0.9) Batch driven

instruments yrs

Endoscopy devices 0 Male, 5 Female  56.4 (8.9)/7.2 (3.8) ~2 hr rotations
yrs

Piping 4 Male, 4 Female  35.0 (10.9)/8.9 ~2 hr rotations

manufacturing (12.3) yrs
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Upon arrival at the participating company employees who worked in job
rotation schemes were recruited to voluntarily participate in this study. Study
objectives and procedures were described to those who agreed to participate,
and informed consent was obtained utilizing forms approved by institutional
review boards from the respective universities (i.e., Wichita State University,
University of Cincinnati). After completion of the informed consent process,
demographic information was obtained from the participants, which
included age, gender, and years of experience in current job.

Prior to collection of input data for the WMSD risk assessment methods
all tasks were documented for all jobs in the job rotation scheme, through
observation of workers performing the jobs, interviews with the workers/su-
pervisors, and/or standard operating procedures. Thus, a complete list of
tasks for all four jobs in the job rotation scheme was developed. Upon
determination of the tasks in each of the four jobs of each rotation scheme,
exposure data necessary for inputs into upper extremity and low back fatigue
failure WMSD risk assessment tools were then collected. These fatigue
failure WMSD risk assessment tools consisted of the Distal Upper Extremity
Tool (DUET; Gallagher et al., 2018) for the hand/wrist, The Shoulder Tool
(TST; Bani Hani et al., 2020) for the shoulders, and the Lifting Fatigue
Failure Tool (LiFFT; Gallagher et al., 2017) for the low back. These risk
assessment methods utilize material fatigue failure theory to estimate the
cumulative damage to tissues that accrues over a workday and can evaluate
exposures associated with multiple tasks such as in job rotation (Gallagher
and Schall, 2020). Each of these methods has been validated against
multiple WMSD outcomes in epidemiology studies. The output for DUET
is an overall probability (0%-100%) of a distal upper extremity outcome
(e.g., carpal tunnel syndrome). Similarly, the output for TST is an overall
probability (0% to 100%) of an adverse shoulder outcome (e.g., bicipital
tendinitis). Finally, the output for LiFFT is an overall probability (0%-100%)
that the collective manual handling tasks is a high-risk job for low back
injury.

Exposure data for each task involving a grip exertion were collected to
allow assessment of the right and left hand/wrist using DUET. Inputs into
DUET included the repetitions per day and the perceived grip exertion
intensity using OMNI-RES scores (Table 2). To obtain the OMNI-RES
scores workers were instructed to perform maximum exertions on pinch
grip and/or power grip dynamometers and were then asked to relate the
maximum grip perceptions as a 10 on the OMNI-RES scale, and tasks
with very little grip exertion as a zero. Subsequently, a chart of OMNI-
RES scores and interpretations were shown to the worker and they were
asked to provide an OMNI-RES score for each task involving a grip exertion.
The repetitions for each task were determined based on units produced per
hour.
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Table 2: OMNI-RES scores and intensity interpretations.

OMNI-RES Score Intensity Interpretation
0 Very easy

1

2 Easy

3

4 Somewhat easy
5

6 Somewhat hard
7

8 Hard

9

10 Very hard

For each task that involved a use of the shoulder, input data into TST
included the type of task (i.e., handling load, horizontal push/pull, vertical
push/pull), horizontal distance from the shoulder to the load, the weight of
the load or push/pull force, and repetitions per day. The horizontal distance
was obtained using a tape measure to measure the horizontal distance from
the acromion process to the mid-point between the hands. The weight of the
load was measured using an on-site industrial scale whereas push/pull forces
were measured using a handheld push/pull dynamometer, and the repetitions
for each task were determined based on units produced per hour.

For each task that involved a lift of product or material input data
into LiFFT included the horizontal load moment arm, weight of the load
and repetitions per day. The horizontal load moment arm length was
obtained using a tape measure to measure the horizontal distance from the
approximate Ls/Sq intervertebral disc location (hip) to the mid-point between
the hands. The weight of the load was measured using an on-site industrial
scale, and the repetitions per day for each task were determined based on
units produced per hour.

To address the first research objective (i.e., quantify WMSD risk in current
job rotations across multiple body regions), the data for each task in all
four jobs for each rotation scheme was input into the appropriate WMSD
risk assessment method (i.e., DUET, TST, LiFFT). The output from each the
assessment methods ranges from 0% to 100%, indicating the probability
of high risk for a WMSD. Thus, the fatigue failure WMSD risk assessment
methods determined a probability of high risk for the hand/wrist, shoulder
and low back for each four-job rotation scheme. The probability values can
also be categorized into various risk categories as follows: <25% - low risk;
25%-50% - moderate risk; >50% - high risk.

To address the second research objective (i.e., compare WMSD risk from
overall job rotation schemes to jobs that do not rotate), it was necessary to
estimate the probability of high-risk values for each job in a rotation scheme
assuming each job was performed for an entire shift (i.e., not rotating). This
would allow for an understanding of the proportion of workers who would
experience an increase in risk and a decrease in risk due to rotating through
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the four-job rotation pattern as opposed to working at a particular job for
the entire work shift. To determine the entire shift WMSD risk for each of
the body regions the number of repetitions of each task at each job was
extrapolated to represent the number of repetitions that would be completed
if the job was performed for the entire shift. This was calculated to determine
the entire shift WMSD risk probabilities using DUET, TST and LiFFT.

Descriptive statistics (mean, standard deviation) were generated
contrasting the mean job rotation scheme WMSD probability values
compared to mean of the entire shift WMSD probabilities for each job
in the job rotation scheme, using DUET, TST and LiFFT. A z-test (¢=0.05)
was performed to determine if the four-job rotation schemes resulted in
more increases in individual job risk compared to decreases in individual job
WMSD risk. Finally, the number of job rotation schemes that resulted in an
increased WMSD risk for zero, one, two, three or four jobs in the rotation
scheme was quantified and assessed using a chi-square test to determine if
the WMSD risk across the jobs was evenly distributed (¢=0.05).

RESULTS

As shown in Figure 2, job rotation resulted in increased mean WMSD
risk probabilities compared to working in the jobs when not rotating for
both right and left hands (DUET), the low back (LiFFT), and the right
and left shoulders (TST). There were significant increases in mean DUET
risk probabilities of approximately 10% compared to not rotating for the
right (z = 6.0, p<0.0002) and left (z = 5.9, p<0.0002) hand/wrist, and an
approximate 6% increase in mean LiFFT and mean TST risk probabilities
compared to working in jobs for the entire shift and not rotating (LiFFT:
z = 5.8, p<0.0002; TST right shoulder: z = 3.4, p = 0.0004; TST left
shoulder: z = 2.8, p = 0.0028).
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Figure 2: Mean WMSD risk probabilities for jobs that do not rotate (work entire shift)
compared to the four-job rotation schemes for DUET (RH: right hand; LH: left hand),
LiFFT, and the shoulder tool (TST; RS: right shoulder; LS: left shoulder).

The impact of job rotation on whether the WMSD risk increased or
decreased compared to working in a job that doesn’t rotate are shown in
Figure 3 for the hand/wrist (DUET), Figure 4 for the shoulder (TST) and
Figure 5 for the low back (LiFFT). Chi-square tests indicated the number of
jobs that saw increases in WMSD risk were not proportionally distributed
(all p<0.005) between number of jobs that saw increases for the right
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(x%2=22.3) and left (y2=25.6) hands, right (y>=44.9) and left (¥2=23.5)
shoulders and the low back (y?=31.3). Rotating workers through four
jobs as opposed to not rotating resulted in 3 or 4 of the jobs in rotation
schemes increasing in WMSD risk for 67% of the schemes for the hand/wrist
(Figure 3), approximately 50% of the schemes for the shoulders (Figure 4),
and 43% of the schemes for the low back (Figure 5).
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Figure 3: Number of rotation schemes that resulted in increases in DUET WMSD risk
for 0 jobs, 1 job, 2 jobs, 3 jobs, or all 4 jobs.
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Figure 4: Number of rotation schemes that resulted in increases in The Shoulder Tool
WMSD risk for 0 jobs, 1 job, 2 jobs, 3 jobs, or all 4 jobs.
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Figure 5: Number of rotation schemes that resulted in increases in LiFFT WMSD risk
for 0 jobs, 1 job, 2 jobs, 3 jobs, or all 4 jobs.
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DISCUSSION

This study compared the WMSD risk for multiple body regions using
validated WMSD risk assessment methods for four-job rotation schemes and
compared to the WMSD risk when not rotating and working in those jobs an
entire shift. The two main findings are 1) the mean WMSD risk significantly
increased for the different body regions when rotating through the four jobs
within a work shift compared to not rotating those jobs, and 2) the majority
of job rotation schemes resulted in increases in WMSD risk to three or four
of the jobs in the four-job rotation scheme.

Although LiFFT (low back) and TST (shoulders) mean WMSD risk
increased as a result of job rotation the WMSD risk mean probabilities
typically remained in the low-risk category (<25%). Additionally, only 43%
and approximately 50% of the job rotation schemes resulted in increases in
risk for three or four of the jobs for the low back (LiFFT) and shoulders
(TST), respectively. Thus, the increase in WMSD risk to the low back and
shoulders may not be too much of a concern in these job rotation schemes
evaluated given the WMSD risk probabilities generally remained mainly in
the low-risk categories. This may also be reflective of the structure of the
tasks in these jobs as there typically was very little lifting or handling heavy
parts.

Concern arises, however, with the DUET probability scores (e.g.,
hand/wrist WMSD risk) when rotating. The mean DUET probabilities for
the jobs without rotation were right at or slightly above the low-risk
category (~25%) for both hands/wrists. However, including these jobs in the
four-job rotation schemes increased the mean DUET probabilities into the
moderate-risk category when rotating (25%-50%). Additionally, rotating
also increased the WMSD risk in three or four of the jobs in 67% of the
rotation schemes evaluated in this study. This increase in WMSD risk for
many workers as a result of job rotation is consistent with observations from
prior research (Padula et al., 2017, Mehdizadeh et al., 2020). Padula et al.
(2017) concluded that almost all studies they reviewed found an increase
in exposure to physical load doing job rotation, whereas Mehdizadeh et al
(2020) found through simulation that including higher risk jobs will result
increasing the risk for more of the jobs to be included in the rotation scheme.
Given that more jobs saw an increase in DUET hand/wrist probabilities due
to job rotation (67% of rotation schemes) it is possible that there were more
higher risk jobs/tasks to the hand/wrist than for the low back or shoulders.
Thus, it may be necessary to utilize control strategies to reduce the higher risk
jobs prior to including them in job rotation schemes, which would reduce the
increase in risk to other workers rotating through those jobs.

The results of this study should be viewed considering several
methodological limitations. First, the sample of job rotation schemes
evaluated was limited to four companies, however, the companies produced
diverse products. Second, this was a short-term study where only one entire
work shift was evaluated. As such, extrapolating these findings to long-term
job rotation practices should be done with caution. Finally, this study only
evaluated four-job rotation schemes rotating within a workday, and many
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other rotation patterns exist such as rotating every hour or 30 minutes, or
rotating on a daily basis (different job every day) rather than within a day.
However, as prior research has indicated the 2-hour rotation duration (or
four-job rotation scheme) is the most common.

CONCLUSION

Consistent with prior research, this study found that four-job rotation
schemes were the most common, and that job rotation typically increased
WMSD risk for workers compared to if the workers didn’t rotate and worked
in a job for an entire shift. These findings suggest that higher risk jobs should
be addressed with engineering controls to reduce the risk before they are
included in job rotation schemes.
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