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Abstract: Objectives: This study aimed to determine
the effects of participatory workplace improvement
(PWI)-based provision of ergonomic training and ergo-
nomic action checklists (ACLs) to on-site managers on
workplace improvement activities for low back pain
(LBP). Methods: A randomized controlled trial (RCT)
was conducted at a manufacturing company in Japan.
Teams entered in the study were randomly assigned to a
control and an intervention group. A total of three inter-
ventional training sessions on methods of ergonomics
were provided to on-site managers in the intervention
group, with 1-month intervals between sessions. Ergo-
nomic ACLs were provided at the same time. After com-
pletion of the training sessions, each team then provided
a report of improvements each month for the next 10
months. Two people in charge of safety and health
chose two major objectives of the implemented activities
from the five categories. The reported number of im-
provements was analyzed using a Poisson regression
model. Results: In the intervention group, although the
incident rate ratio (IRR) of PWIs in countermeasures for
the LBP category was significantly elevated after the
training sessions, the IRR of improvements decreased
over time during the 10-month follow-up period. No sig-
nificant difference was observed in the IRR of total PWIs
in either the control or intervention group. Conclusions:
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PWI-based provision of ergonomic training sessions and
ergonomics ACLs to on-site managers was shown to be
effective for workplace improvement activities targeted at
LBP. However, because the effects decrease over time,
efforts should be made to maintain the effects through
regular interventions.
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Introduction

Musculoskeletal disorders are major issues at worksites
in the manufacturing industry. Of these, low back pain ac-
counts for approximately 62% of occupational diseases in
Japan and is the most common condition among diseases
attributable to work”. In Europe and the US, low back
pain is the major cause of presenteeism, leading to re-
duced work efficiency and labor productivity””.

Participatory ergonomics (PE) is a widely used meas-
ure for musculoskeletal disorders at the workplace, in-
cluding low back pain®”. PE is defined as “the involve-
ment of people in planning and controlling a significant
amount of their own work activities, with sufficient
knowledge and power to influence both processes and
outcomes in order to achieve desirable goals”” and “prac-
tical ergonomics with participation of the necessary actors
in problem solving”.” Various interventions exist, via
combinations of participants ( workers, managers, in-
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Fig. 1. Flowchart of enrolment and study design.

house technical staff, external experts), specific efforts
(trainings, group consultations, identification of problems
and development of solutions), and changes in the work-
place (introduction of tools and instruments, change of
workplace, review of work processes)’”.

Among PE improvement activities, training sessions
account for approximately 73% of all activities. Among
participants, 53% are workers and 24% are workplace
leaders”. The length of sessions varies from 2 h to 100 h.
They include diverse items such as a general outline of er-
gonomics (e.g., identification of mechanisms of diseases,
risk factors and hazards, and methods for reduction), pro-
motion of problem-solving skills and teamwork, and dis-
semination of an awareness of ergonomics”. Regarding
training sessions for on-site managers, managers often
bring back their new knowledge to the workplace and im-
plement improvements in worker activities”.

A number of effects of PE have been reported, includ-
ing decreased musculoskeletal symptoms and industrial
accidents, reduced work injury-related expenditure, and
fewer days of absence™”'”. However, the results of ran-
domized controlled trials (RCTs) have shown no effect on
the prevalence of low back pain or neck pain'”, no de-
crease in pain intensity'”, and no prophylactic effects on
musculoskeletal disorders**”. The value of PE is thus
controversial.

Action checklists (ACLs) are supporting tools which
enable workers to tackle workplace improvement on-
site®*”. A number of studies have reported successful
workplace improvements using ACLs**”. Although ergo-
nomic ACLs have been developed at worksites and util-
ized as a PE tool, they have not been evaluated in con-
trolled trials. Moreover, the effects of integrated interven-
tions of ergonomic training sessions and ACLs have not
yet been reported.

The aim of this study was to determine the effects of

participatory ergonomic training for low back pain using
ergonomics ACLs on improvements in activity at work-
place units.

Study Population and Methods

Study design

The study setting was the production department of a
factory of a Japanese manufacturing company. The study
was conducted as a unit-based randomized controlled trial
which investigated participatory workplace improvement
(PWI) targeted at workers’ low back pain by evaluating
the effect of participatory ergonomic intervention using
action checklists. Fig. 1 shows a flow chart of the study.

Study sample

The organization was a factory which manufactures
construction machinery and equipment. The production
department of the factory consists of an assembly section
(assembling machines), a welding section (welding ma-
chines), a component section (processing detailed compo-
nents of machines), and a building section (manufactur-
ing/maintenance of jigs used for machine operation).
Among these, the assembling, welding, and component
sections, all of which involve heavy work (work carrying
a certain physical burden), were selected. The selected
sections were staffed by 51 teams. Each team had a team
leader and 5 to 20 workers, and each worker in a section
had a similar workload regardless of the team they be-
longed to.

The organization had been holding participatory work-
place improvement (PWI) activity sessions held by small
groups of workplace units such as teams. Supported by
the management and lead by team leaders, various efforts
involving all workers had been made to improve product
quality and work efficiency, as well as workplace safety
and health. PWI activities were conducted at least bi-
weekly (for 30 min to 1 h at each session) under the lead-
ership of team leaders, in which the team members par-
ticipated. Although the organization did not know the
content or number of separate improvements, an outline
of activities was regularly reported to the management of
the organization.

Randomization

Simple randomization was performed using computer-
generated random numbers which were used to randomly
assigned teams to one of the two groups. The protocol of
the study was approved by the Ethics Committee of the
University of Occupational and Environmental Health,
Japan (No. H26-119).

Intervention program (3 months: 13 h in total)
Team leaders (participants) in the intervention group
were trained in “Methods of ergonomic assessment and
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improvement” and “Preparation and utilization of ergo-
nomic ACL.” The lecturer was an expert in ergonomics.
A total of three training sessions were given at monthly
intervals from December 2014 to February 2015 (1st ses-
sion, 6.5 h; 2nd session, 3.5 h; 3rd session, 3 h). This was
the first training in ergonomics held for the organization.

The training session consisted of lectures and hands-on
practice. After lectures on “Work posture and work-
related musculoskeletal disorders (WMSD),” “Mecha-
nism of developing WMSD,” “Principles of motion econ-
omy and viewpoints on improvement,” “Characteristics
of PWI activities and procedures,” and “Basic policy of
work improvement,” groups of about five people each
were formed and the group members worked together on
“Sampling ergonomic issues and consideration of meas-
ures for improvement” using “pictures and videos of ac-
tual work settings.” Furthermore, ACLs were explained at
the first training session, and after the first and second
training sessions, the lecturer requested the participants to
introduce ACLs to their section members at PWI; revise
an ACL to conform with actual conditions of the site; and
report with photos on improvements they had achieved at
their workplace.

After the 3rd training session, the lecturer organized
the ACL-related information collected from each section,
and prepared a revised version of the ergonomics ACL
for the organization (hereafter “ergonomics ACL”). Simi-
larly, a “Photobook of favorable cases of improvement”
(hereafter “photobook’) was prepared using pictures and
descriptions of workplaces before and after improvements
that were submitted from the sites. The photobook and
the ergonomics ACL were distributed to the participants.
Details of the three training sessions are provided in the
Appendix.

After the three training sessions, the lecturer recom-
mended that the participants conduct PWI activities using
ergonomics ACLs and photobooks and then asked them
to report the results of the monthly team PWI activities.

Control group

The control group team was requested to make
monthly reports of the improvement in PWI activities im-
plemented as part of their regular work.

Data collection and outcomes

To determine any bias between the two groups, the
number of teams, workers in the control and intervention
groups, as well as workers’ basic personal information
were investigated before the intervention. Workers’ basic
information included job title, employment status, age,
sex, years of work, presence/absence of night shifts (day-
time/night time double shifts), and education.

After three training sessions, the teams in the interven-
tion group and the control group reported improvements
through PWI activities (introduction of jigs, review of
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work procedures, facility/supply changes, etc.). The re-
port was created monthly for ten months from the end of
the training and included the name of the team, the month
of execution, and the contents of each improvement.

Anonymized improvement results containing the team
name only were sent to two persons in charge of the
safety and health staff (experts with 20 years’ experience
each at the production site). A reported improvement was
determined to be an improvement, regardless of the de-
gree of improvement, when the two persons in charge of
safety and health staff judged it to be an improvement in
its category. The contents of improvements were classi-
fied into the following five categories based on previous
PWI improvement reports: 1) countermeasures for low
back pain; 2) reduction of localized physical load (ex-
cluding low back); 3) improved safety (described using
the five Japanese terms [5Ss] of Sort (Seiri), Set In Order
(Seiton), Shine (Seiso), Standardize (Seiketsu), Sustain
(Shitsuke); 4) improved work efficiency; and 5) improved
quality and others. The two people in charge of safety and
health reviewed the reported contents of improvements
individually, and chose two major objectives of each im-
provement from the five categories above. When the two
people in charge of safety and health chose different
items, they discussed the items to reach a concensus. The
concluded results were sent back to the first author, the
team names were deanonymized, and the data were re-
classified into the control and intervention groups with
blinds.

Statistical analysis

Incidence was defined as the occurrence of an improve-
ment reported at each workplace. The number of im-
provements in the five categories reported from each team
was analyzed. Results were analyzed based on the
intention-to-treat (ITT) principle. Incident rate ratios
(IRR) of improvement activities were estimated by a mul-
tilevel Poisson regression model, including the logarithm
of the number of teams as offset since the improvement
activities were based on teams.

The linear trend was assessed by treating the number of
months (1 to 10) as a continuous variable in Poisson re-
gression model. In addition, the chronological effect of
the intervention for improvement activities was also ex-
amined. STATA14 was used for statistical analysis.

Results

Randomization and subjects

A total of 51 teams were randomized, with 28 teams
assigned to the control group and 23 to the intervention
group. The number of participating workers in the PWI
was 315 in the control group and 301 in the intervention
group. During the 10-month follow-up period, each team
reported the contents of improvements monthly, even
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Table 1. Baseline information

Control group  Intervention group

Variable (n=28) (n=23)

Type of manufacturing

Assembly section 9 5

Welding section 11 9

Component section 8 9
Characteristics of workers
Workers, no. 315 301
Occupational title, %

Group manager 9.2 9.3

On-site manager (Team leader) 16.4 16.6

Worker 74.4 74.1
Employment, %

Permanent 98.4 99

Temporary 1.6 1
Men, % 98.4 99
Age, range (mean), year 20-64 (36.5) 19-65 (35.4)
Employed work, range (mean), year 1-48 (13.7) 1-50 (12.9)
Work shift, %

Only daytime 41.3 35.8

Day and night time 58.7 64.2
Educational level, %

Undergraduate from a technical college 86.9 90

Graduate of a technical college or higher 13.1 10

when there was no improvement to report.

Characteristics of workers participating in the PWI ac-
tivities

Table 1 shows the characteristics of the teams and
workers in the control and intervention groups. Although
there was a minor deviation in the number of teams in the
assembling section, there was no difference between the
control and intervention groups in number of workers, job
title, employment status, sex, age, years of work, pres-
ence/absence of night shifts (daytime/night time double
shifts), or education.

Total number of improvements in the control and inter-
vention groups

During the 10-month follow-up period after the train-
ing sessions, the total number of improvements (multiple
choice) was 663 in the control group and 467 in the inter-
vention group, with an IRR of improvements of 1.15
(95% confidence interval [CI], 0.66-2.01; p=0.623) and
no significant difference between the two groups. There
were 53 improvements in countermeasures for low back
pain in the control group and 96 in the intervention group,
showing an IRR of improvements of 2.33 (95% CI, 1.13-

4.80; p=0.022) showing significant improvement in the
intervention group. On the other hand, there were 43 re-
ports of improvements aimed at a reduction in localized
physical load (excluding low back) in the control group
and 73 in the intervention group, with an IRR of improve-
ments of 2.17 (95% CI, 0.87-5.38; p=0.095). Regarding
the number of reports of improvements in other fields, for
safety there were 432 in the control group and 305 in the
intervention group, with an IRR of improvements of 1.24
(95% (1, 0.72-2.14; p=0.435); for work efficiency, there
were 252 in the control group and 222 in the intervention
group, with an IRR of improvements of 0.88 (95% CI,
0.44-1.77; p=0.728); for quality and others, there were
208 in the control group and 259 in the intervention
group, with an IRR of improvements of 1.21 (95% CI,
0.52-2.83; p=0.659). Accordingly, there were no signifi-
cant differences between the two groups in these four
categories (Table 2).

Examples of improvement cases
® A handle was installed to improve working posture
® A delivery form was changed so that parts can be
taken out at waist height
® Guide pins were created so that parts can be attached
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Table 2. Category of improvement in each group during 10 months

Number of Improvements

Control group  Intervention group IRR* 95%CI p value

(n=28) (n=23)

Total improvement 663* 467" 1.15  0.66 201 0.623
Low back pain measures 53 96 233 113 480 0.022
Local pain measures except for the waist 43 73 2.17 087 538 0.095
Safety measures 432 305 1.24 072 214 0435
Improvement in production efficiency 252 222 0.88 044 1.77 0.728
Quality improvement and others 259 208 121 052 2383 0.659

* Incident rate ratio.

# Due to duplicate application, the number of total improvements does not match the sum of each item.
The number of workers in the contorl group is 315 and the number of workers in the intervention group is 301.

Table 3. Time trend for improvements in low back pain

Intervention group (n=23)

Control group (n=28)

IRR* 95%CI p value IRR* 95%CI p value
1-3 months reference reference
4-6 months 0.44 0.22  0.89 0.021 0.52 0.26 1.05 0.068
7-10 months 0.46 0.24  0.90 0.023 0.59 032 1.09 0.090
trend 0.90 0.81 0.99 0.034 0.92 0.84 1.02 0.101

* Incident rate ratio.

The number of workers in the intervention group is 301 and the number of workers in the contorl

group is 315.

while maintaining a reasonable posture

® Process organization was conducted to allow a con-
troller box to be installed while maintaining a comfortable
posture

® A suspension hanger was installed to allow jigs to be
easily exchanged

® The height of an on-site work desk was changed

Time-course effects of improvements in countermeasures
for low back pain between the intervention and control
groups

Regarding trimonthly changes in the number of im-
provements in countermeasures for low back pain during
the follow-up period, and using the number of improve-
ments 1 to 3 months after the intervention (training ses-
sions) as reference, the IRR of improvements during the
period from the 4" through to the 6" month was 0.44
(95% CI, 0.22-0.89; p=0.021), and 0.46 (95% CI, 0.24-
0.90; p=0.023) from the 7" through to the 10" month,
with both showing significant reductions. Regarding the
trend during the entire follow-up period, the IRR of im-
provements was 0.90 (95% CI, 0.81-0.99; p=0.034),
showing a significant reduction (Table 3). These results
confirmed that the effects of interventions decrease over
time.

Discussion

The PE workplace improvement activities used in this
study resulted in significantly increased improvements in
countermeasures for low back pain in the intervention
group, with an IRR of improvements of 2.33 (95% CI,
1.13-4.80; p=0.022). This was likely prompted by efforts
to improve the workplace as a countermeasure for low
back pain through the provision of ergonomic training
and ergonomics ACLs (including the photobook of favor-
able cases of improvements) to on-site managers, com-
bined with PWI activities in the intervention group. Ergo-
nomic interventions at workplace units appear to impact
workers’ health by changing the awareness of workers, as
well as by changing the culture, work procedures, and fa-
cilities/supplies of the workplace. Effects such as reduced
musculoskeletal system symptoms and industrial acci-
dents have been reported®'”, and our present results sug-
gest a prior step in the effects on workplace improvement
activities.

Advantages of the implementation process of this pro-
gram were that the participation rate of employees in the
target division was high, and that management agreement
and the support of the entire workplace was obtained. Re-
tirement of employees and the absence of organizational
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restructuring and merger were also considered advanta-
geous. These advantages are believed to incorporate im-
portant factors for advancing the health improvement of
the employees by intervention at the tissue level™.

In this study, although the IRR of improvements in
countermeasures for low back pain was elevated in the in-
tervention group, the effect was greatest at 1 to 3 months
after the third training session (intervention program) and
then decreased over time. This suggests that organizations
which implement PWI activities need to repeat training
sessions using similar ergonomic intervention programs
to maintain the effect of countermeasures for low back
pain.

The IRR of improvements in the reduction of localized
physical load (excluding low back) was 2.17 (95% CI
0.87-5.38, p=0.095). Although not statistically significant
and showing a tendency only, potency is expected to in-
crease with a greater sample number. The PE training ses-
sions in this study focused on the assessment and preven-
tion of musculoskeletal disorders in the trunk, especially
low back pain, and included work posture and WMSD,
and the mechanism of developing WMSD. Therefore, sig-
nificant results may not have been achieved in the reduc-
tion of localized physical load excluding low back pain. If
a reduction in localized physical load other than low back
pain should be included in the target, the training sessions
and ergonomics ACLs should be revised to include more
related items.

There was no significant difference between the control
and intervention groups in the IRR of total improvements,
and no significant differences in the IRR of improve-
ments in improved safety, improved work efficiency, or
improved quality and others during the 10-month follow-
up period after the interventions. In the sections subjected
to the study, PWI activities had already been conducted,
and efforts had been made to improve safety and work ef-
ficiency, as well as the quality of products. These back-
ground factors may have been reflected in the results.

Characteristics of the intervention program

The intervention program in this study provided ergo-
nomic training sessions and ergonomics ACLs to on-site
managers. This program, together with the preexisting
PWTI activities, brought about the outcomes of PE. The
training sessions in the present study were held three
times and the total length of the sessions was 13 h. To en-
hance learning, the training sessions included group ac-
tivities, as well as pictures and videos of actual worksites
to attract participant’s interest. The training was divided
into three sessions, with 1-month intervals between ses-
sions. At the 2nd and 3rd training sessions, cases of im-
provement at each workplace were reported as homework
assignments from the previous session and as a means of
reviewing the previous training. These efforts may have
helped increase improvements aimed at countering low

back pain and were closely similar to those used in inter-
vention methods against back pain in other fields, such as
improving the motivation of participants to learn about
countering back pain®.

In addition, the use of ACLs may have contributed to
the results through the development of tools suitable for
the participants’ own workplaces, and the provision of
opportunities to use the tools at their workplace immedi-
ately after training sessions.

Compared with various other PEs reported to date, the
present intervention program, which consisted of 13 h of
training sessions and ACLs, is practical and convenient.
PWTI activities have been introduced to many enterprises
in Japan, and the ergonomic intervention program for on-
site managers in this study may become widespread in
Japanese workplaces.

Study strengths

This study is the first RCT to determine the effects of
ergonomic training sessions and ergonomics ACLs di-
rected at on-site managers as key persons at workplaces
on improvement activities at enterprises in which PWI ac-
tivities have already been established.

An important characteristic and strength of our study
was that the observation (follow-up) period after the inter-
ventions was set at 10 months, during which each team
reported both qualitative and quantitative improvements
every month. The two people in charge of safety and
health had very substantial experience at production sites
and were blinded in their assessment of the content of
each improvement, affirming the objectivity of the re-
sults.

As the results show, there was no significant difference
in the IRR of improvements of the entire workplace, nor
in the IRR of improvements in reduction of localized
physical load (excluding low back), improved safety, im-
proved work efficiency, or improved quality and others,
except countermeasures for low back pain. We speculate
that these findings reflect the daily impact of team-based
work improvement activities.

The significant improvement observed in activities for
low back pain demonstrates that the provision of training
sessions and ergonomics ACLs to on-site managers may
alter the quality of team (small group unit)-based work-
place improvement activities, to a certain degree at least,
and this result is significant.

Limitations

A weakness of this study is that only improved results
were subjected to analysis. Some improvements may not
have been implemented due to issues such as cost, time,
and labor, and these were not included in the results. The
ideas for methods of improvement raised at the ergo-
nomic training sessions included items that were difficult
to solve at the workplace unit level and were time-
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consuming to complete, such as the introduction of or
changes to facilities and machinery, as well as revisions
of manufacturing processes. However, since the duration
of the follow-up period was 10 months, major improve-
ments and revisions beyond the workplace unit might not
have been included. We consider that this study focuses
on improvements that can be implemented within a work-
place unit.

Since our study workplace was accustomed to PWI, the
nature of our workplace might have amplified the effects
of training sessions and ergonomics ACLs, even though
the scope of the intervention program was limited to on-
site managers. It is not clear whether the same results
would be obtained if the same intervention program were
implemented for organizations in which PWI activities
were not conducted.

To date, research subjects have not been obliged to re-
port the results of PWI activities. The present intervention
study was the first occasion on which the section-based
reporting of results was required. Our requirement for
monthly reports of improvement results in both groups
may have increased the reported improvement numbers in
both groups. However, this study was an RCT, and this
factor was adequately controlled.

The intervention program used in this study combined
the provision of educational training sessions and ergo-
nomics ACLs to on-site managers. Comparison of educa-
tional training only and educational training plus ergo-
nomics ACLs has not been conducted at workplaces at
which PWI is prevalent, and future investigation is antici-
pated. The evaluation in this study was aimed at deter-
mining improvements in activity, rather than the preven-
tion of low back pain. The question of whether such inter-
vention programs are effective in preventing back pain re-
quires verification.

Conclusions

We found that the PWI-based provision of ergonomic
training and ergonomic ACLs to on-site managers can
help to promote workplace improvements for measuring
low back pain. However, because the effects of the inter-
ventions decreased over time, continuous training and
support appear necessary to maintain efficacy.
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Appendix. Training program (intervention program)

Ist program December 2014 6.5 hours

The theme of the lecture was “Methods of participatory workplace improvement
(PWI) and ergonomic assessment and utilization of the action checklist (ACL)”. The
program consisted of 2 hours of lectures and 4.5 hours of group work. At the lecture,
the following items were explained:

- Basic policy of work improvement

- Characteristics of PWI activities

- Simple procedures for implementing participatory activities

- Procedures for PWI activities (examples)

- Preparation and utilization of ACLs

- Work posture and work-related musculoskeletal disorders (WMSD) (basic)
- Mechanism of developing WMSD

- Principles of motion economy and viewpoints on improvement

In the training session, the basic ideas of ergonomic assessment and work
improvement, the PWI activities, and the procedures were first explained. Methods
of preparing ACLs were then described. Furthermore, the principles of work posture
assessments and the mechanisms of musculoskeletal disorder development were
described, and viewpoints on conducting improvements for these were explained.
Participatory group work was conducted for each item using pictures and videos to
enhance understanding of the lecture, and the lecturer provided advice and feedback
of the results.

At the end of the training session, the participants were assigned the homework of
returning to their sections and informing the team members of the content of the
training session. They were also told to collect favorable cases of ergonomic
improvements at their workplace, together with pictures to make an original
ergonomics ACL and a booklet of improvement cases with photos for the

organization to bring to the next training session.
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2nd program January 2015

3.5 hours

(Photobook of favorable cases of improvements ).

training session, then work on the following:

(continued).

cases of improvement at each workplace.

The theme of the lecture was “Collection of favorable cases and ways to prepare
ergonomics ACLs”. The program consisted of 30 minutes of lectures and 3 hours of
group work. The theme of the group work was “How to make an ergonomics ACL,”
based on learning from favorable cases at the participant’s own workplace.

In the lecture, after brief review of the content of the previous session,
presentations were given on cases of ergonomic improvement at each workplace.
After the group-based presentations were given, the favorable cases presented in

them were included in the booklet of favorable cases of the entire organization

At the end of the training session, the participants were assigned the homework of

returning to their sections and informing the team members of the content of the

- Submit favorable cases of ergonomic improvements implemented at each

workplace (team-base) to the lecturer before the next training session

- Referencing the prepared original ergonomics ACL of the organization

(template), make an original ergonomics ACL and a photobook of favorable
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3rd program February 2015 3 hours

The theme of the lecture was “Making an original ergonomics ACL of the factory
using favorable cases of each workplace, implementing trials, and revising the ACL
in addition to the photobook of favorable cases of improvements”. The program
consisted of 30 minutes of lectures and 2.5 hours of group work.

After a brief review of the content of the previous session in the lecture, sites were
inspected using the original ergonomics ACL of the organization prepared by each
team and the photobook of favorable cases of improvements, and the prepared ACL
was tested. The results of the trials were then summarized within the team and the
presentation was given to the whole group.

At the end of the training session, the original ergonomics ACL of the
organization and a photobook of favorable cases of improvements developed
through the 3-session program were provided to the participants, and a proposal
was made to use the materials to facilitate voluntary workplace improvement

activities from the ergonomic perspective at each team in the intervention group.




