
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20

Applied Occupational and Environmental Hygiene

ISSN: 1047-322X (Print) 1521-0898 (Online) Journal homepage: https://www.tandfonline.com/loi/uaoh20

Ergonomic Intervention: A Case Study in a Mass
Production Environment

Cheryl Fairfield Estill & Leslie A. MacDonald

To cite this article: Cheryl Fairfield Estill & Leslie A. MacDonald (2002) Ergonomic Intervention: A
Case Study in a Mass Production Environment, Applied Occupational and Environmental Hygiene,
17:8, 521-527, DOI: 10.1080/10473220290035804

To link to this article:  https://doi.org/10.1080/10473220290035804

Published online: 30 Nov 2010.

Submit your article to this journal 

Article views: 49

View related articles 

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20
https://www.tandfonline.com/loi/uaoh20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10473220290035804
https://doi.org/10.1080/10473220290035804
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10473220290035804
https://www.tandfonline.com/doi/mlt/10.1080/10473220290035804
https://www.tandfonline.com/doi/citedby/10.1080/10473220290035804#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/10473220290035804#tabModule


Applied Occupational and Environmental Hygiene
Volume 17(8): 521–527, 2002
1047-322X/02 $12.00 + .00
DOI: 10.1080/1047322029003580 4

Case Studies

Ergonomic Intervention: A Case Study in a Mass
Production Environment

Dawn Tharr, Column Editor

Reported by Cheryl Fair� eld Estill and Leslie
A. MacDonald

Household appliance manufacturing
involves manually intensive parts as-
sembly performed at a � xed work pace
that is governed by assembly line speed.
The U.S. Bureau of Labor Statistics re-
ported that the household appliance in-
dustry was the twelfth highest for mus-
culoskeletal disorders (MSDs), with 268
cases per 10,000 workers.(1) Likewise,
the Australian domestic appliance in-
dustry was one of the six highest in-
dustries for risk of repetitive trauma
syndromes. (2) Kaplan and Knutson(3)

found that women employed in the
household appliance industry in Wiscon-
sin incurred 80 percent of the incidence
of repeated trauma injuries for that indus-
try. While the speci� c details of assem-
bly and subassembly operations differ
among appliance manufacturers, they
consist of similar task elements such as
parts handling and positioning; wiring;
and fastening with power driven screws,
rivets, or snap-on parts. Assembly work-
ers typically perform the same task (work
cycle) every two minutes or less, depend-
ing on the facility and product. Although
production workers are often permitted
to engage in job rotation on a voluntary
basis, job rotation in the industry was
generally found to be rare by the Na-
tional Institute for Occupational Safety
and Health (NIOSH) researchers. In ad-
dition, unadjustable workstation features
and poor layout have been found to result
in worker exposure to physical stressors
in the household appliance industry.(4;5)

Few studies have examined the cost
of musculoskeletal injuries, or the cost
savings from production changes to pre-
vent them. Riel and Imbeau(6) sug-

gest a system of determining insurance-
related, work-related, and perturbation-
related (lost time, absenteeism, job re-
assignments, etc.) costs. These costs are
assigned to departments or processes
for more accurate decision making.
Hensley(7) and Alexander(8) have similar
suggestions; they recommend collecting
the following data: employment history
for the job, including worker’s compen-
sation and medical expenses, work-hour
savings from the new process, supervi-
sor’s time dealing with a high turnover
job, and product quality costs from less
skilled workers. Oxenburgh(9) proposed
a system to determine the payback period
for an intervention, based on cost data
in four areas: productive hours worked,
wage and salary costs, turnover and
training costs, and productivity losses.
Oxenburgh reported that, using his
method, most ergonomic interventions
had a payback period of less than one
year (frequently six months).

This case study examined the use of
estimated future costs associated with
upper limb musculoskeletal disorders in
the procurement justi� cation for equip-
ment to mechanize a manual task with
high physical upper extremity stressors.
In addition, the effect of the new mech-
anized operation on workers’ exposure
to physical stressors and musculoskele-
tal symptom prevalence was examined.
Workers’ assessments of the mechanized
task were obtained to provide informa-
tion about possible unintended conse-
quences of the process change, and to
serve as a proxy measure for the likely
long-term adoption of this change.

Intervention and Costs
While production was 250 units

per day at the pre-intervention assess-

ment, future production estimates were
450 units per day in anticipation of a fa-
vorable market for this new appliance.
This increase in production was expected
to result in a production bottleneck at the
bellows task.

To ease this bottleneck, and to re-
duce workers’ exposure to manual stres-
sors associated with the task, the � rm
sought to purchase specialized equip-
ment to mechanize installation of the
bellows. This assembly line was too new
(less than 6 months in operation) for the
engineer to retrieve information on in-
jury or employment history associated
with this assembly task as directed by
researchers.(6¡9) There were no turnover
rates or workers’ compensation claims
yet associated with this task.

The cost of the bellows machine was
$198,000. It was estimated that the ma-
chine would provide 66.24 seconds per
unit of labor savings. For 450 units, the
labor savings were valued at $52,000 per
year, for a four-year payback. The � rm
required a payback period of two to three
years for new equipment purchases.
Thus, cost justi� cations involving la-
bor savings alone were not adequate to
obtain purchase approval.

Further cost justi� cation for the
equipment expenditure was sought by
the engineer, based on the cost associated
with the workers’ future musculoskele-
tal injury risk. The engineer at the plant
who was responsible for the project per-
formed the procurement justi� cation. An
estimated 18 workers were determined
by the engineer to be required to work
in the production cell at the targeted
production rate (450 units/day). Since
the engineer knew the job had physi-
cal stressors, he assumed that those fac-
tors were similar to those reported in
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Silverstein et al.(10) Therefore, each wor-
ker was estimated to have a 10.9 percent
chance of developing tendinitis, and a 5.6
percent chance of developing carpal tun-
nel syndrome, with a cost of $10,000 for
each case.(11) The injury costs were pro-
jected by the plant engineer to provide
an additional future savings of $29,700
per year, for a total savings of $81,700
per year when combined with labor sav-
ings (2- to 4-year payback). There were
some problems with the plant engineer’s
justi� cation. Due to the exposure condi-
tions present in the manual bellows oper-
ation, he assumed that the health risks for
workers were similar to those reported
by Silverstein,(10) and he did not account
for the occurrence of job rotation, which
would have reduced the total task time
per worker to only 1/10 of each day.

Background
This study was conducted at a house-

hold laundry equipment assembly plant
located in the central United States. The
study focused on a task involving the
installation of a bellows, a distinct job
task within a production cell of a “hor-
izontal axis” washing machine assem-
bly line. Data collection for the pre-
intervention assessment was performed
in March1997. New specialty equipment
was installed in October 1997, and a
post-intervention survey was conducted
in August 1999.

Work Organization
Unlike conventional assembly lines,

work on this washing machine line
was organized according to a cellular,
or team-based, approach to production.
Hourly job rotation among workstations
in the production cell was mandated by
company policy. Workers assigned to the
bellows production cell were tasked with
building the washer tub subassembly.

During the pre-intervention assess-
ment, 13 workers rotated every hour onto
13 workstations (see Table I) in the bel-
lows cell. Each worker in the bellows cell
spent one hour assigned to the bellows
task every other day (Table I, Job #22),
representing eight percent of his or her

total work time. Cycle time for all pro-
duction cell tasks was 105 seconds, and
production volume was 250 washing ma-
chine units per day. Employment was
eight hours per day with one shift in
operation.

The bellows is a � exible rubber gas-
ket that is attached to the front tub shell
to keep water from leaking through the
door of the washing machine unit. At the
pre-intervention assessment, the bellows
was attached to the tub manually. Man-
ual assembly required the worker to lift
the front shell of the plastic tub onto a
rotating � xture, attach the bellows to the
tub, and then position the spring around
the tub assembly (see Figure 1). Attach-
ing the bellows required workers to use
a sustained pinch grip to position and
align the rubber bellows around the rim
of the tub opening, and to repeatedly
push the bellows over fastener tabs with
their � ngertips.

Seven months after the pre-interven-
tion assessment, specialty equipment
was introduced into production to mech-
anize the bellows installation. The rede-
signed bellows task required the worker
to load the tuband bellows gasket into the
machine, press activation buttons, and
then unload the assembly (see Figure 2).

TABLE I
Pre-intervention bellows cell job descriptions (in order of rotation)

Job number Description

22 Manual bellows installation; attach bellows and spring to front
tub shell

23b Install 11 or 12 screws to attach front and rear shells
19 Use press to install ball bearing and shaft seal into drive hub
20 Install vanes inside stainless steel drum assembly and apply grease
23a Install 11 or 12 screws to attach front and rear shells
24 Place weights “A” and “B” on front shell
26 Secure counterweights to front shell and tighten lock nuts
27 Attach motor to tub assembly; attach drive pulley to drive shaft and

attach belt
28 Weigh and attach weight “D” to rear shell; assemble bolts to rear

shell; secure drive pulley to spider shaft
29 Use manipulator to move the tub assembly into the cabinet; attach

� ve fasteners to console
30 Attach control mounting bracket to cabinet; put spring retainers

into cabinet
25 Put weight “C” on front shell and weigh weight “B”
21 Inspect bellows collar and repair � ash

During the post-intervention assessment,
seven workers rotated every hour onto
seven workstations (see Table II). Each
worker in the bellows cell spent one
hour assigned to the bellows task ev-
ery day, representing 14 percent of his
or her total work time. Compared to
the pre-intervention period, cycle time

FIGURE 1
Manual bellows installation.
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FIGURE 2
Employee operating the automatic bellows installation machine.

was reduced by more than one-third, to
33 seconds, and production volume was
increased more than threefold to 800
washing machine units per day. To meet
production targets, work hours were in-
creased to 10 hours per day during week-
days, and 8 hours on Saturdays, for one
work shift. A local labor shortage pre-
vented the implementation of a second
shift to help meet production targets.

The dramatic changes in production
capacity during the study period are sum-
marized in Table III. The original 13
job tasks within the bellows cell before
mechanization were divided into 31 job
tasks that were redistributed among a
total of three production cells. During
the post-intervention assessment, each

TABLE II
Post-intervention bellows cell job descriptions (in order of rotation)

Job numberA Description

22 Automatic bellows machine operator
21 Inspect bellows and tub shell; assist bellows operator;

stock parts; � ll in for other employees during breaks
20a Transfer drum assembly; install three vanes in drum
18 Insert gasket into channel of rear shell
19a Install ball bearings into drive hub using bearing press
19b Place rear tub shell onto � xture and apply grease with

manual grease gun
20b Inspect drum assemblies and place onto rear shell;

move assembly to slate track

AThe job numbers correspond to the similar jobs from the pre-intervention
survey.

worker assigned to the bellows cell ro-
tated among fewer job tasks, and per-
formed each job twice as often.

Similar changes in job content oc-
curred throughout the entire assembly
line during the study period. About half
of the workers who were no longer
working on the bellows cell at the
post-intervention assessment were still
employed on the assembly line. Only
one worker from the original bel-
lows cell was remaining at the post-
intervention assessment (the least senior
worker from the pre-intervention assess-
ment became the most senior). These
production changes occurred slowly
but steadily over the 29-month study
period.(12)

The mechanized bellows installation
was faster than manual assembly by
66 seconds per unit (62%). Despite the
increased task ef� ciency of the mech-
anized operation, manual bellows in-
stallation was still required after equip-
ment installation to ensure an adequate
supply of tub subassemblies, due to the
large increase in production volume.
Figure 3 shows a worker attaching the
bellows manually while also operat-
ing the machine, completing one man-
ual installation for every eight com-
pleted by the machine. As such, the high
pinch forces required for manual instal-
lation were not eliminated at the post-
intervention assessment, but total expo-
sure time to the manual operation was
reduced.

Methods
Subjects

At the pre-intervention assessment,
all 15 eligible workers participated in
the study (13 assembly operators and
2 � oaters, who were not assigned to a
particular workstation but � lled in as
needed). At the post-intervention assess-
ment, 8 of 9 eligible workers participated
(6 operators and 2 � oaters). One worker
participated in both surveys. In addition,
a short questionnaire was completed at
the post-intervention assessment by 17
former and current workers from the bel-
lows cell. Demographics are presented in
Table IV.

Task-Related Symptoms and
Acceptance of Intervention

A two-page questionnaire was ad-
ministered to current and former work-
ers of the bellows installation task at
the post-intervention assessment. Infor-
mation was collected for all workers
who had performed the bellows instal-
lation using both the manual and mech-
anized methods. The questionnaire in-
cluded questions based on the following:
presence of musculoskeletal task-related
symptoms (no/yes, multiple sites); over-
all physical exertion required; and ability
to keep up with production. Additionally,
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TABLE III
Production information for bellows cell

Pre-intervention Post-intervention

Number of shifts in operation 1 1
Number of units produced 250 units/day 800 units/day
Average time for worker to 105 s/unit 33 s/unit

perform task on one unit
Number of workstations in cell 13 7
Rotation schedule Each hour Each hour
Number of workers in the 13–rotate; 2–� oaters 7–rotate; 2–� oaters

bellows cell
Schedule 8-hr work days 10-hr work days

(7:00–3:30); (6:30–5:00);
no Saturdays 8-hr Saturdays

Total number of employees 73 155
on the assembly line

these workers were asked to list three
things they liked and three they disliked
about the bellows machine. Results were
matched by participant for those who
had used both methods (n D 11). A sign
test(13) was used to determine if there was
a difference in pain or discomfort at each
body location.

Observational Assessment
An observational assessment of work-

ers performing the bellows installation

FIGURE 3
While automatic bellows machine is running, employee is putting

a spring on the bellows that he has manually attached to the tub shell.

job was conducted before and after
the new equipment was installed, in
order to characterize worker exposure
to physical stressors. During the pre-
intervention evaluation, a direct ob-
servational assessment was performed
on 3 of 15 workers. For the post-
intervention evaluation, a video record-
ing assessment was performed on 2 of 7
workers. The observational assessment
consisted of a risk factor checklist,(14)

which was completed by a contract

ergonomist during pre-intervention, and
by one of the authors during the post-
intervention assessment. Workers were
chosen for the observational assessment
by convenience; any worker available
was selected. The following exposure
conditions were recorded on the check-
list: peak back � exion, extension, twist,
and lateral deviation; peak neck � ex-
ion, extension, twist, and lateral devia-
tion; peak shoulder � exion, extension,
and abduction; forearm pronation and
supination; peak wrist � exion, exten-
sion, and radial and ulnar deviation;
hand and lateral pinch; contact stress
(with sharp surface) of the � nger, palm,
wrist, elbow, or armpit; and � nger wrap
worn.

Results
Task-Related Symptoms
and Acceptance of Intervention

The task-induced pain of the � ngers
was signi� cantly reduced when using
the mechanized bellows operation com-
pared to manual operation (sign test,
p D 0.004). Other body locations were
not statistically different (see Table V).
The use of the automatic bellows ma-
chine slightly reduced both the rela-
tive amount of time that the workers
had dif� culty keeping up with produc-
tion and the workers’ ratings of physi-
cal exertion, but neither was signi� cant
(see Table VI).

The workers who completed the
questionnaire indicated 25 things they
liked and 30 things they disliked about
the mechanized bellows operation (see
Table VII). The attribute the workers
liked most about the mechanized bel-
lows operation was that it allowed them
to perform the task with less physical
pain or injury. The following statements
were made: “It’s easy on your body;”
“Saves on wrist injuries;” “Easier on
your wrists;” and “Lets you rest your
hands.” Negative comments included
mention of the machine breaking down
often, not being able to keep up with
the current production rate, and some-
times losing its springs. None of the neg-
ative comments mentioned any physical
discomforts.
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TABLE IV
Subjects’ mean age, gender, anthropometric characteristics, and job duration

Employment (yr)

Age Height Weight Current Gender Part. rate
Subject (yr) (m) (kg) Plant job (%) (%)

Bellows cell workers at pre-intervention (n D 15)
Mean 38.7 1.77 86.6A 10.2 0.6 80 male; 20 female 100
S.D. 8.0 0.09 19.0 3.5 0.3

Bellows cell workers at post-intervention (n D 8)
Mean 34.2 1.77 91.1 4.2 1.5 88 male; 12 female 88.9
S.D. 8.0 0.06 16.8 2.7 1.6

Bellows questionnaire participants at post-intervention (n D 17)
Mean 35.6 1.71 90.7 7.2 1.7 59 male; 41 female 68.0B

S.D. 6.8 0.12 21.3 6.3 1.6

AOnly 14 participants reported their weight.
BThe denominator was combined from pre-intervention and post-intervention; others could

have been employed in the interim.

TABLE V
Pain or discomfort due to bellows task only, according to workers familiar with

both methods (at post-intervention)

Number of participants indicating
pain or discomfort (n D 11)

Body location Manual Automatic p value

Finger(s)A 10 1 0.004
Hand/wrist 7 3 0.125
Elbow 2 1 1.000
Shoulder 3 1 0.500
Neck 4 2 0.500
Upper back 3 3 1.000
Lower back 3 3 1.000

AThe sign test was used to determine if there was a difference between pairs. The amount
of pain at the � ngers was signi� cantly less when participants used the mechanized bellows
operation (sign test, p D 0.004).

TABLE VI
Acceptance of intervention from bellows questionnaire collected at

post-intervention

Rating mean (S.D.)

Question Manual Automatic

How often did you have trouble keeping up 1.9 (0.94) 1.6 (0.85)
with production? (0 D never; 3 D all the time)

Rate the average overall physical effort level 3.3 (1.1) 3.0 (1.1)
that was required to perform the bellows
installation job. (0 D very light; 5 D very hard)

Observational Assessment
Physical stressors that were reduced

from the pre- to post-intervention assess-
ment (see Table VIII) include the fol-
lowing: number of pinch grips per cycle;
peak back � exion, lateral deviation, and
twist; peak neck � exion and lateral devi-
ation; and presence of � nger wrap.

Manual installation required approx-
imately 28 exertions of 2.7 kg (6.0 lbs)
(S.D. D 0.4 kg [0.8 lb], n D 10) with a
pinch grip (average of one exertion ev-
ery four seconds). A force gauge (Model
FDV50, Wagner Digital Force Gauge,
Greenwich, CT) was used by one worker
to simulate the bellows attachment, with
10 repetitions. Pinch gripping was re-
duced but not eliminated by the mecha-
nized bellows operation because workers
continued to perform the manual bellows
installation (though on a more limited ba-
sis) to ensure an adequate supply of tub
subassemblies. Pinch grips were reduced
from about one every four seconds to one
every nine seconds, and the wearing of
� nger wraps was reduced among those
workers observed.

Extreme back � exion, twisting, and
lateral deviation was reduced. All three
observed workers � exed and laterally de-
viated their backs at least 20 degrees
during each cycle at pre-intervention,
whereas neither worker � exed or lat-
erally deviated his back greater than
20 degrees during the post-intervention
assessment. Back twisting was also
reduced from two of three workers
twisting 20 degrees or more during
pre-intervention to twisting less than
20 degrees during the post-intervention
assessment. Neck � exion and lateral de-
viation were reduced for most workers
observed. Few differences were found
for the other physical stressors

Discussion
Workers’ comments about the mech-

anized bellows operation suggest that
this process change has been accepted.
The use of the machine signi� cantly
reduced the number of workers who ex-
perienced task-speci� c pain in their � n-
gers. Additionally, the comments indi-
cate that workers attributed the machine
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TABLE VII
Participant responses about the mechanized bellows operation

Number of
participants Number of

giving response responses

25 Positive responses (11 workers)
Puts the bellows on 6 7
Less physical pain or injuries (wrist, 4 6

� ngers, and hands mentioned)
Installs the spring in addition to the bellows 4 5
Faster than manual 4 4
Nice work � ow 3 3

30 Negative responses (11 workers)
Breaks down often 7 9
Can’t keep up with production 7 8
The springs sometimes come off 6 6
Other: must operate just right to avoid 4 7

breakdown; not enough soap; etc.

to reduced discomfort in their � ngers,
hands, and wrists. Other comments in-
dicate the workers’ dependence on the
machine. Pain or discomfort was still re-
ported by workers using the machine.
The workers mentioned that the machine
often breaks down, has dif� culty keep-
ing up, and sometimes loses its springs.
These comments point to a quality prob-
lem with the machine.

No statistical difference was found for
the workers’ reported ability to keep up
with production, or physical effort, when
comparing manual and mechanized bel-
lows operation. The increase in produc-
tion from the pre- to post-intervention
assessment (3.2 times greater), as well
as the continuation of manual bellows

TABLE VIII
Observational assessment comparisonA

Pre-intervention Post-intervention
Variable (3 workers) (2 workers)

Hand pinch Y, Y, Y (25/cycle) Y, Y (6/cycle)
Peak back � exion 20±–45±, 20±–45±, >45, N, N

Lateral deviation all >20± N, N
Twist <20±, >20±, >20± <20±, <20±

Peak neck � exion >45±, >45±, >45± 20±–45±, 20±–45±

Lateral deviation <20±, >20±, >20± <20±, <20±

Finger wrap Y, Y, N N, N
Contact stress—palmar Y, Y, Y N, N

AY D yes; N D no.

installation, confounds the comparison.
Job content was also reduced, as shown
by the decrease in cycle time and the
number of workstations through which
workers rotated.

The observational assessment showed
that the amount of forceful � nger pinch-
ing was reduced, and workers stopped
wearing � nger wraps. Forward � exion
of the torso was reduced during manual
bellows attachment because the height
of the workstation was raised. Although
workers used their palms to activate the
bellows machine, the surface of the but-
tons was smooth, and the force required
was low. Palmar contact stresses were
reduced at the post-intervention assess-
ment because a boomerang-shaped at-

tachment that required palmar contact
stress was eliminated.

The specialty bellows machine cost
$198,000. A labor savings of $52,235
per year was predicted, based on an
assumed production rate of 450 units
per day. Using the same cost � gures,
the 800 units per day produced a la-
bor savings of $92,839 per year. La-
bor savings alone would have been
enough to justify the bellows machine
had the true future production rate been
known.

The predicted savings of $29,700
associated with avoiding future health
costs were probably not realized by the
company. Although a decline in some
of the occupational risk factors was ob-
served, the pinch forces to manually at-
tach the bellows still remained (but at
more reasonable frequencies). Also, it
has been shown that while workers had
less pain in their � ngers from the use
of the mechanized bellows installation,
they still had pain in other body parts. On
the other hand, the addition of the mech-
anized bellows equipment is not alleged
to pose any additional physical stressors,
and is believed to have avoided some
stressors associated with the production
increase. For instance, if the machine had
not been purchased, the equivalent of 3.2
full-time employees would have been re-
quired to manually install the bellows
during the post-intervention assessment,
requiring each worker to spend about
33 percent of his or her time on this
task. This increase in the time spent by
each worker probably would have trans-
lated into additional health costs for the
company.

Some of the dif� culties of conducting
� eld-based intervention research was il-
lustrated by the unanticipated dramatic
increase in production volume that oc-
curred during the 29-month study pe-
riod. Other changes affecting the com-
parisons included the self-selection of
pre-intervention workers into other jobs,
resulting in an almost entirely new group
of workers at the post-intervention as-
sessment. These changes made it dif-
� cult to attribute reductions in physi-
cal stressors and symptoms to the new
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equipment. Shorter follow-up periods
for pre- and post-intervention compar-
isons could forestall some of the dif� -
culties encountered in this study.

Conclusion
The specialty equipment installed for

the mechanization of the bellows instal-
lation was accepted by its users, reduced
exposure to forceful pinching, and de-
creased the amount of � nger pain. The
extreme rise in production, as well as
the continued need for manual bellows
installation, made it unfeasible to de-
termine the reduction in MSDs due to
the mechanization of this task. Organi-
zational changes implemented during the
study period reduced job content and in-
creased the total time assigned to the
bellows task.

Future injury costs are dif� cult to
compute because data needed are typi-
cally unavailable. If future injury costs
are calculated to justify equipment pur-
chases, these data should be provisional.
Information on the risks and costs associ-
ated with MSDs should be compiled and
disseminated to engineers in industry for
the justi� cation of equipment.
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