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Abstract. This paper gives an overview of a participatory ergonomic intervention aimed at reducing low back pain cases in the
dispatch department of a catalogue and e-commerce retail company. Based on the findings of the ergonomic analysis and de-
sign committee, the company's own employees redesigned the assembly line's layout. As a result of these changes two job
tasks that involved manual material handling of boxes, identified by the revised NIOSH equation as posing an increased risk
for lifting-related low back pain, were totally eliminated, and the employees responsible for moving boxes from the end of the
assembly line to pallets on the ground were given more control over their jobs, and these jobs were also enriched with a new,
less heavy task. These results demonstrate that participatory ergonomic interventions are a viable and effective strategy to re-
duce the exposure to work-related physical and psychosocial risk factors for low back pain.
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1. Introduction

In spite of the extensive amount of information on
the physiopathology, epidemiology and risk model of
work-related musculoskeletal disorders (WMSD)
accumulated in the last 20 years, they continue to be
a major cause of lost time at work, lost productivity,
workers’ disability, compensation claims and health
care costs, imposing a heavy burden on workers,
workplaces and society at large [21,27,29]. In Brazil,
according to data from the Social Welfare Ministry,
WMSD represented 52.8% of all occupational dis-
eases registered in 2001, 55.3% in 2002 and 50.1% in
2003 [9].

Low back pain (LBP) represents one of the most
common forms of WMSD, accounting for more than

24% of all work-related musculoskeletal disorders
[7,35]. Several factors that are important in LBP eti-
ology are related with the workplace and as much as
30% of all LBP can be attributed to occupational ex-
posures. The following physical occupational risk
factors have been associated with the development of
LBP: heavy physical work, bending and twisting,
manual handling of objects or people and whole-body
vibration [18,20,37].

In addition to the separate effects of each of these
physical occupational risk factors, experimental evi-
dence and biomechanical theory suggest that they
may interact, producing a higher risk of LBP when
combined. Biomechanical theory also predicts that
local low-back muscle fatigue resulting from job-
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related physical effort may increase the risk of LBP
associated with lifting [23,26,28,31,38].

Psychosocial factors at work have also been impli-
cated in the development of LBP. Work-related psy-
chosocial factors refer to the perceptions or beliefs
that workers have about the way their work environ-
ment is organized [11,19]. Factors such as job dissat-
isfaction, monotony of work, limited job control, and
lack of social support are the most commonly identi-
fied potential risk factors associated with the occur-
rence of LBP [5,8,19].

In order to prevent occupational LBP, ergonomic
interventions are frequently implemented at the
workplace to reduce biomechanical and psychosocial
load. However, the findings of a recent systematic
review showed that the implementation of physical
and organizational ergonomic interventions alone
were not effective to prevent LBP [24]. It has been
hypothesized that this lack of effects might be due to
the inadequate implementation of ergonomic meas-
ures (i.e., compliance, satisfaction and experience)
[6], therefore, the use of participatory ergonomics
(PE), as a strategy to implement ergonomic measures,
has been recommended by the National Institute of
Occupational Safety and Health (NIOSH) and the
European Agency for Safety and Health at Work
(EASHW) as an important method for controlling
WMSD and initiating an ergonomic program [4].

PE, an increasingly utilized method of improving
ergonomic aspects of work and workplaces, consists
in the workers' active involvement in the process to
identify risk factors in the workplace, and to select
the most appropriate solutions for these risks, sup-
ported by their supervisors and managers, in order to
improve their working conditions [16,17,22]. PE has
been claimed to add some advantages to the tradi-
tional ergonomic intervention, including enhanced
intervention efficacy, added problem solving capabil-
ity (essential for effective assessment of the multifac-
torial risks associated with WMSD), as well as better
communication among workplace parties and better
acceptance of change by the workforce (as a result of
their increased ownership of workplace changes)
[3.13].

The participatory approach has already been used
to reduce physical work demands and to prevent
WMSD in several studies, presenting promising re-
sults [2,13-15,30,33]. Therefore, the purpose of this
study was to present a participatory ergonomic inter-
vention developed in the dispatch department of a
Brazilian catalogue and e-commerce retail company,
and its effectiveness in reducing exposure to work-

related physical and psychosocial risk factors for
LBP.

2. Background

The subject for this case study was a mid-sized
(approximately 500 employees) catalogue and e-
commerce retail company located in Blumenau, a
300,000 inhabitants town in the state of Santa Ca-
tarina, in the south region of Brazil.

In 2007 the company launched its official e-
commerce website. Joining the e-commerce website
market led the company to increase operations and
shipping volume. However, along with the increase
in operations and shipping, an increase in the fre-
quency and severity of LBP cases occurred. Con-
cerned about this increase in LBP cases and recogniz-
ing the need for improvements, management brought
in ergonomists to help in finding the source of prob-
lems and possible solutions.

3. Intervention process

The intervention was based on group work: the
employees and the ergonomists identified problems
in the workplace and developed and evaluated solu-
tions for them; while the changes were implemented
involving the ergonomists, employees, management
and technical personnel working together. The PE
intervention included the following steps:

3.1. Preparation

In this step top management appointed manage-
ment representatives for the steering committee,
which was comprised of representatives from top
management, human resources, health and safety
department and an ergonomist. Following the steer-
ing committee formation, all employees of the de-
partment were informed of the project and encour-
aged to participate. The steering committee then di-
rected the formation of the ergonomics analysis and
design committee, which included production super-
visors, production employees, maintenance personnel
and an ergonomist.

3.2. Workplace analysis

This step was divided in three stages. In the first
stage employees were interviewed to capture their
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responses to questions about musculoskeletal symp-
toms and the procedures, duration and the experi-
enced heaviness of the tasks.

In the second stage the ergonomic analysis and de-
sign committee discussed a document which summa-
rized the data obtained in the previous stage and had
information on risk factors for LBP in the dispatch
department, which had been indentified in a previous
workplace analysis made by an ergonomist.

In the third stage, the employees could include
other risk factors of LBP, and evaluated all men-
tioned risk factors according to their frequency and
severity. Based on the committee’s observation, the
two most frequent and severe risk factors were priori-
tized for improvements.

During this step the employees were informally
educated about basic ergonomics principles, risk
analysis techniques, and workstation design guide-
lines.

3.3. Solution building

Subsequently, the ergonomic analysis and design
committee held a brainstorming session, during
which the committee’s members were invited to pro-
pose, without restraint, different types of ergonomic
interventions targeting the prioritized risk factors.

Then, a discussion was held between the steering
committee and the ergonomic analysis and design
committee regarding the advantages/disadvantages of
each ergonomic intervention previously proposed,
according to a criteria list considering: relative ad-
vantage, costs, compatibility and complexity. Based
on a consensus, the most appropriate ergonomic
measures were chosen.

3.4. Solution implementation

In this stage, the improvements were implemented
into the actual workplace. To improve the implemen-
tation process, all employees were informed, moti-
vated and instructed, in an informal way, about the
ergonomic measures, in order to facilitate the accep-
tance of the changes made to the work process and
the work area.

3.5. Evaluation

This step will take place after 6 and 12 month of
the implementation of the improvements, when a
questionnaire concerning musculoskeletal symptoms
and sick leave data will be sent to the employees,

providing information about the effectiveness of the
intervention and indicating if adaptations or addi-
tional changes were necessary.

4. Results
4.1. Results of step 2 - workplace analysis

According to the workplace analysis, the two most
frequent and severe risk factor for LBP in the dis-
patch department were related with configuration of
the assembly line of the boxing and dispatch depart-
ments (Figure 1).
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Fig. 1 - Boxing and dispatch departments' assem-
bly line configuration before the intervention

As can be seen in Figure 1 both assembly lines
were separated, therefore boxes coming from the
boxing department had to be removed from the as-
sembly line to pallets in the ground. Next, these pal-
lets were moved to the dispatch department, where
the boxes were put on the assembly line to receive
their barcodes. Finally, the boxes were removed from
the assembly line to pallets in the ground again. Con-
sequently, these procedures required that employees
handled the boxes three times, without any control
over their work rhythm, since it was established by
the assembly’s line pace.
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Thus, repetitive manual material handling in awk-
ward postures (excessive reaching, bending and
twisting) was identified by the ergonomic analysis
and design committee as the most frequent and severe
risk factor for LBP in the dispatch department, fol-
lowed by low job control.

4.2. Results of step 3 - solution building

Based on the results of the workplace analysis step,
during the meeting where the ergonomic interven-
tions were discussed by the steering committee and
the ergonomic analysis and design committee, it was
decided that the assembly line of the dispatch de-
partment was going to be combined with the assem-
bly line of the boxing department and the assembly
line's layout would be redesigned from a straight con-
figuration to a circular arrangement (Figure 2).
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Fig. 2 - Boxing and dispatch departments' assem-
bly line configuration after the intervention

This combination of the assembly lines eliminated
manual material handling of boxes in the end of the
boxing department’s assembly line and in the begin-
ning of the dispatch department’s assembly line, two
job tasks identified as posing an increased risk for
lifting-related low back pain. The combination of

both assembly lines also created an opportunity for
the enrichment of the dispatch department’s workers’
job, since they were relocated from the eliminated
manual material handling tasks to the barcode as-
signment task, after receiving training.

The redesign of the assembly line from a straight
configuration to a circular arrangement gave to the
employees responsible for moving boxes from the
assembly line to pallets on the ground more control
over their jobs, since the assembly line's new circular
configuration allows missed boxes to be moved to the
pallet later, reducing the influence of the boxing de-
partment's assembly line on the dispatch department's
work rhythm.

5. Discussion

As a result of the combination of the dispatch de-
partment's assembly line with the assembly line of
the previous department (responsible for boxing sold
products), two job tasks that involved manual mate-
rial handling of boxes, identified by the revised
NIOSH equation [34] as posing an increased risk for
lifting related low back pain (Lift index > 1.0) were
totally eliminated. Manual material handling involves
considerable physical work demands and is consid-
ered to be high risk for the development or exacerba-
tion of LBP symptoms; in fact numerous reviews
have shown a relationship between manual material
handling and musculoskeletal disorders in both indus-
trial and health care settings [10].

The combination of both assembly lines not only
eliminated two manual material handling tasks but
also enriched the employees’ jobs. It has been conjec-
tured that work enrichment could provide both bio-
mechanical diversity in work and the potential for
muscular recuperation while securing long-term gains
in organizational performance [36].

The redesign of the assembly line's layout, from a
straight configuration to a circular arrangement, gave
the employees responsible for moving boxes from the
assembly line to pallets on the ground more control
over their jobs. According to the work demand-
control model [32], low control over one’s job cou-
pled with high demands, increases the likelihood of
work-related health problems. In fact, in a longitudi-
nal study of hospital workers [12], it was shown that
low perceived job influence was an important predic-
tor for musculoskeletal diseases; similarly, a longitu-
dinal study of transit operators [25], showed that psy-
chosocial factors were strong predictors of back and
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neck pain independent of physical risk factor predic-
tors.

The results obtained in this case study show that
the intervention process was effective in reducing
physical and psychosocial risk factors for LBP. These
findings support the conclusion of a systematic re-
view that PE is effective for reducing workers' expo-
sure to both physical and psychosocial risk factors
[14]. Other studies, however, showed that that PE led
to statistically significant reductions in mechanical
exposures among automotive industry workers [2],
but did not lead to statistically significant reductions
in psychosocial workload [1].

6. Conclusion

The case study presented here extends the litera-
ture on efforts to reduce the burden of WMSD by
demonstrating that a PE intervention can be a viable
and effective strategy to reduce the exposure to work-
related physical and psychosocial risk factors for
LBP. Moreover, this study strengthens the impor-
tance of employee participation in the whole process
of change, since they know their workplace better
than anyone else does and this knowledge allows
them to develop a more thorough understanding of
ergonomic problems and a more diagnostic approach
to their solutions. As a result of the PE intervention,
the assembly line of the dispatch department was
combined with the assembly line of the previous de-
partment (responsible for boxing sold products) and
the assembly line's layout was redesigned from a
straight configuration to a circular arrangement. The-
se changes eliminated two job tasks that involved
manual material handling of boxes, identified by the
revised NIOSH equation as posing an increased risk
for lifting related low back pain (Lift index > 1.0) and
gave to the employees responsible for moving boxes
from the end of the assembly line to pallets on the
ground more control over their jobs, which were also
enriched with a new, less heavy task. It is expected
that these improvements decrease the number of LBP
complaints and sick leave because of back pain. The
measurement of LBP incidence and sick leave in the
dispatch department, after 6 and 12 month interven-
tion period, is a priority for future research.
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