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Participatory Ergonomics in a
Red Meat Packing Plant
Part II: (ase Studies

Three ergonom ics-related case studies are presentedto demonstrate the problem-solving

method used by two participatoryergonom icstea ms.Theproblem-solvinqmethod was adapted

from principlesrelated toqualityman ag ement (e.g., participation, structure, ascientific app roach,

and decisionbyconsensus) .Thefirst twostepsof theproblem-sol ving method we re related to

identificationand eval uation ofthe problem; the latter th reesteps wererel ated to solution

development, implementation,and evaluation.The problem evaluation processincl uded the

col lect ion ofbackground,exposure,and effectsdata. Solution development following eva luation

of the problem startedwithabrai nstormingsession,then discussion toselect interventionsby

con sen sus.The format for presentingtheca se studieswas intended to be con ciseand visual

withtheintent ofeffectively documenting theteams' prob lem-solvnq processes.

Keywords: case studies, job analysis, meat packing plants, participatory ergonomics,

problem-solving process, Strain Index
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D
uring 1992-1993 a red meat packing
plant participated in a National Institute
for Occup ationa l Safety and Health
(N IOS H )-sponsored demonstration pro ­

ject. The methods and results for the entire proje ct
were published as part ofa N IOSH documcur.! ' !
The project had two major compo nents . The first
involved working with two ergon omics teams in
a slaughte ring and processing plant. This article
describe s the problem -solving proce ss used by
the se teams and its app lication to three jobs. A
description of each team's activitie s and feedback
from team members is presented clscwhcre .P!
The ot her component invo lved describing th e
histo rical development and imple mentation of
the corporation's ergonomics program and pre ­
sented information related to evaluating this pro­
gram's effect iveness acro ss the corporation as a
who le as well as in the slaug htering and process­
ing plant mentioned aboye.13,4 )

In this project both teams were charged with
analyzing targeted job s in thei r departments;
identifying the so urces of the problems; and

T his project was supported by N IOSH cooperative agr eement U60/CCU50S74 1-0 1.

devel oping, reco mmending, and implement ing
appropriate interventions. There is no ideal or
co nsens us meth od for approaching the evalua­
tion of such problem jobs. T he cases presented
in this article demonstrate the appli cation of the
method used by the se two ergon omics teams to
accomplish their goals.

METHODS

This project invo lved wo rking with two ergo ­
nomics teams, one in the Kill Department

and another in the C ut Department, at a pork
slaughtering and processing plant . T he Kill
Department ergonomics team consisted of three
production workers, a superviso r, an industrial
engineer assigned to the Kill Department, the
co rporate ergon omics coordinato r, and the inves­
tigat ors. The C ut Dep artment ergon omics team
was similar to the Kill Department's team except
that the C ut Department had two production
workers instead of three . The manager of indus­
trial en gineering, the maintenance engineer, and
the mo st senior industrial en gineer of the depart­
ment also often atte nded the teams' meetings.

The project started with a meeting at the plant,
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the purpose of wh ich was to clarify the sco pe and purpose of th e
project from all perspectives-the mana gem ent, the union, and the
investigators . T his was followed by an 8-hour training session to r
the ergonomics team members. The training cur riculum, deli vered
by the investigators, includ ed an overview of the de mo nstration

proj ect; the epidemiology, etio logy, and development of low-back

pain and upper extremity disorders; and an approach to solving

ergonomics-related problems, including part icipato ry problem­

solving techniques. T he audience included production workers, super­

visors , maintenance personnel, eng ineers, and management per­

so nnel. There was no spe cific assessme nt of training effectiveness.

During 1993 the investigato rs met with the two teams on five

occa sions to address the targeted jobs in their departments. Both

teams occasionally met on their own. Since the plant was in the
mid st o f a major ren ovation proje ct , the ind ustr ial enginee ring

members of each team often met with th e renovation project

con sulting firm to discuss incorporation and implementat ion of
their teams' recommendations . Since the members of both teams
had worked together prior to thi s project and team dynami cs were
not co nsidered problematic, little time was requi red tor team ­
bu ilding act ivities,

The Problem-SolvingProcess
The problem-so lving process applied to the targeted jobs du ring
the demonstration project was developed and reco mmended by
the investigators. It was, to a large extent, adapted from problem­
so lving principles and processes related to total quality manage­
ment .I;·XI The major principles underlying the process include
part icipa tio n, stru cture, a scientific approach, and decis ion by con­
sensus. The process invo lved five phases: problem identification,
problem evaluat ion, solutio n development, solut ion implementa ­
tio n, and solution evaluat ion .

ProblemIdentification
To a large extent, the problem jobs had been identified via the
plant 's previous ergonomics committee activities, using such tools
as the corporation's safc ry and ergonomics surveys (pro pri­
eta ry).1

1
•3 ) T he targeted jobs represe nted those associated with a

large nu m ber of injuri es, one or mo re parti cularly severe inju ries,
or rela tively high workers' co mpensat ion expenses. In add ition,
thev were problems tor which the company had no solutio ns.

ProblemEvaluation
T he problem evaluation process was stru ctured and emphasized a
scientific approach to data collection and analysis. Following a
structured method was co nsidered important since so me people
have a tendency to jump immed iately to solut io n brainstorming or
even implementation witho ut full understanding of the job and
task requirements or a clear definit ion of the job 's problems. In
this pro ject the select ed method involved the fo llowing steps: data
co llection, data analysis, and assessment of the problcm(s). Data
clements used to describe the job were grouped into background
data, exposure data, and effects data .

Backgro und data include d a brief (o ne sentence ) statement o f
the purpose of the job, a summary of the associa ted tasks, the
weights o r sizes of objects lifted or handled , and a descript ion of
the jo b's work organizatio n (num ber ofexposed workers, job rota­
tio n, locatio n o n the line, ctc.).

Expo sur e data represented descriptors of the forces or move­
ments to whi ch the workers were exposed . One component was a
sum mary of the job 's temporal characterist ics. This included da ta
o n th e production rate (pieces per worker per ho ur), standard
times (allowed wo rker-minutes per piece per worker, job load , and

calculated cycle time ), observed times (cycle time, duration of
exerti on pel: cycle, pe rcentage of time of exertion per cycle, and
frequency of exer tion ], and durat ion of taskts) per day (ho urs).
Another component was a summary of motion- and exertion­
related informat ion . This included a Therblig description of th e

tasks and an estimation of required intensit ies of exertion using a

five-point scale.19,IO) Associated bod y postures were qu alitatively

described . T he jobs were also characterized according to their

Strai n Index (51) score. '!" T he Strain Index is a semiq ua ntitative

expos ure assessment method ology that, based on prel iminary vali­

datio n, ide ntities whe ther jobs place workers at increased risk of

developing distal upper extremity disorders (elbow, fo rearm, wrist ,

and hand ). According to the preliminary validat ion data, jobs wit h

a Strain Index score below 5 placed workers at minimal to no
increased risk of distal upper extremity disorders, while jobs with

sco res gre ater than 5 Were assoc iated with significantly increased
risk of distal up per extremity disordcrs .t!'" SI score range s of <5,
5-30, 3 1-60, and >60 were associated with incidence rate s of 2,
77, 106, and 130, respectively (defined as th e number of distal
upper extremity disorders per 100 workers per year ).' 10)

Effects data represented informat ion that reflected th e potential
effects of th e exposures o n th e workers. Recordable injuries and
illnesses were ascertained by review of the Occupational Safety
and He alth Administration (O SH A) 200 logs for the years 1988
th rou gh 1992 (data prior to 1988 was no t availab le). Disorders
were clustered into three categories according to ana to mical bod y
part: the dist al upper ext remity, the sho ulder, and the lower back.
Days restricted or lost, if any, wer e noted . Incidence and severity
rate s tor each body part were calculated . The incidence rate s were
defin ed as th e number of disorders per 100 workers per year.
Severity rates wer e defined as number of days lost or restricted per
100 wor kers per year. Some of the ergonomics team mem bers had
performed so me of the target jobs and co uld offer insight s int o
where the y developed so reness or discomfort. Turnover was also
used as an indicato r of a potential expo sure effec t and , by consen­
sus o f the committee, was considered a useful indicator of prob­
lem s associated with the job. A third source o f effects data was
wo rker teed back. Me mbers of the ergonomics teams interviewed
wor kers who cur rent ly or recently performed the targeted jobs.
T he interviews foll owed a consistent and structu red format by
using a worker feedback survey (Append ix) . This surv ey incorpo­
rated so me background info rmation on the worker's affected bod y
part, perceived problems with the job, and any recommended
so lut ions or changes fo r the job. Once the data was colle cted, the
teams reviewed and discussed the findings and determ ined the
parts of the job that wer e of most concern.

Solution Development
So lutions were developed to so lve the identified problems. A
bra instorming technique was used to ascertain idea s, regardless o f
feasibility, practicality, or o ther such concerns . Once a list was co m ­
pleted , the gro up used informal discussion to modify, delete, and
prioritize the listed ideas. Event ually, the group reached co nsen ­
sus o n the most de sirable and reasonable intervent io ns. No formal
process, such as voting, was necessary for eithe r tea m. O ne partic­
ular so lut ion, redu cing line speed , was not economically feasib le in
thi s plant.

Solution Implementation
Investigation and implementation of the recommended solutio ns
was primari ly the respon sibility ofthe industrial engi neer to r the area.
The enginee r initiated and tracked th e corpo rate intervention cval­
nation fo rm , cont acted product manu facturers to obtain eq uipment,
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arranged simulatio ns, and coordinated communications with
supervisio n, maintenance, the renovation consulting firm, and others.
The engineer reported on the progress ofeach job at each meeting.

Solution Evaluation
Given the time frame of thi s project, th ere was limited opportu ­
nity fo r the investigators to work with th e teams to evaluate the
prop osed interventions . T he ergono mics team s, however, plan to
reevaluate all of the interventions by repeating the worker feed­

back survey approximately 3 months postinterve ntion and tracking

injuries and illnesses indefinitely. T he 3-month time interval was

selected to minimize the potential tor the Hawthorne effect (i.e.,

it was believed that any placebo effects related to making any
change would have largely dissipated by then ).

Two of the case stud ies had tri als that invo lved the usc of new

o r modified tools. The third case study simulated a new wo rk
method . The limited information o n solution evaluation report ed
for these case stud ies is based o n observatio ns and wo rker feedback
from th ese trials and simu lation .

RESULTS

The analyses of three targeted jobs are presented as case studies. In

reality, each case study was an illustrated outline that attemp ted

to communicate the team 's work concisely. They were intention­

ally brief and pictorial to acco mmodate their targeted audience.

T he format was modified somewhat for presentatio n in this pub­

licat ion. T he case stu dies are titled acco rding to conven tional plan t

nomenclature : Pulling LeafLard , Snatching Gu ts, and Pulling Ribs.

Pulling Leaf Lard

Background Data

The purpose o f thi s job was to remove leaf lard from the inner
aspect o f the abdominal cavity because it improves the quality of
exposure of the ribs, and the leaf lard is useful for rendering.

T here are three tasks assoc iated wit h thi s job: (1) pu lling leaf
lards, (2) tr imming bellies with a Whizard kn ife, and (3) removing
the kidneys. In terms of work organization, the three tasks are
arranged seq uentially. The first worker in the line removes kidneys,
the next three pullleaflards, and the final worker uses the Whizard
knife to trim the bellies. There are five workers wh o advance o ne
workstation ever y 15 minutes.

Exposure Data

Tempora l ch aracteristics for pulling leaf lard s was assessed from
several perspectives. Production data, based on the line speed,
predicted 12.5 seco nds per hog (two leaf lards per hog ); 18.75
seco nds per worker per leaf lard ; and nine leaf lards per minute.
Formal time and motion ana lyses, available from the ind ustrial
engineers, predicted a standard time of 0.2133 minutes per hog,
88% job load , and 12% recovery. Observations from a videotape
revealed that the task cycle time was 6 .7 seco nds per leaflard , the
duration of hand exertio n averaged 3.0 seco nds , the duration of
exertion per cycle (expressed as a pe rcentage o f th e task cycle time )
was 45 %, and the exertions pe r minute was 18 (two exertions per
leaf lard ). T he duration of the work shift was 9 .5 hours, but any
one worker spent 5.7 hours pulling leaf lard per day.

A de scription of the moti ons and exertions for one task cycle
for pulling leaf lards started with the workers grasping the lower
end of the leaf lard wit h one hand (Figure I ). It was necessary to
grasp the lead lard forceful ly with a tightly closed fist bec ause of
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Figure 1.The lower endoftheleaflard isgrasped forcefully with atightly dosed
fistto tear it loose from the belly.The worker wears a cotton mesh glove to
improve thecoefficient offriction between theskin ofthe hand andthe leaf
lard.Stressestothefingernails andtheback ofthedistalinterphalangealjoints
aresignificant. Most workers have lostparts offingernails; onehadulcers on
the back ofthefinger joints.

the low coefficient of friction (they also wore co tton mesh gloves

th at often fill with fat ). They then supinated the forearm and

pulled upward to initi ate the tear (Figure 2). Two hands were usu ­

ally used to regrasp and pu ll upward to remove the leaf lard

(Figure 3 ). Whe n torn free, th e leaflard was merely dropped into

a chute below. Using the 51 method, the intensity of the hand

exer tions was rated Hard , the hand and wrist postures were rated

Fair, and the speed of work was rated Fair. The 51 score for this

task was 27.0, indicating that workers were at increased risk for dis­
tal upper extremity disorders (Table I ).

Figure 2.The maneuver used totearthetissue involves supination oftheforearm
andanupward pull,combined withaforceful grasp.Afterthe lower endistorn
free,theworkergrasps againwithtwohands topullupward therest oftheway.

E ffects Data

Musculoskeletal morbidity, deri ved fro m the OSHA 200 log, is
sum ma rized in Tables II and III. Morbidity other th an in the
musculoskeletal system included o ne worker with dermatitis of
the left hand (restricted for 3 days); two workers with strained
lower extremities (o ne was away from work for 147 days; the
other 2 days): and seven workers with lacerations or burns,
primarily affecting the right hand , that were assoc iated wit h



None of the workers provided feedback related to recommended

improve ments.

TABLE III. Average Incidence and Severity Rates for
Musculoskeletal Morbidity (1988-1992)

Body Part Incidence Rate Severity Rate

Distal uppe r extremity 24 436

Shoulder 0 0

Lower back 12 440

Note:Therewere no recorded shoulder condit ions during thi s period.
Incidence ratesreflect the number of disorders per 100workers per year.
Severity rates reflect the number of days lost or restricted per 100workers

per year.

represe nte d 100% turnover even' vcar. Worker feedback sur­
vey data were available from seven' in'divid uals (Tables IV and V).

TABLE II. Musculoskeletal Morbidity Related to Pulling
Leaflard (1988-1992)

I;; restricted days . Evaluation of turnover data revealed th at
10 indiv idu als filled these 5 position s in th e last 2 years. This

2

5
1

5
4

6

o
5

Neck

Shoulders 1 1 3

Elbow s 1 0 0

Forearms 0 1 4

Wrists 2 0 2

Hands 0 0 6

Up per back

Lower back

TABLE V. Tabulated Responses for Perceived Problems
fromthe Worker Feedback Surveys

Solutio n Development

The solut ion brainstorming session identifi ed several possible solu­
tion s, including the following.
• Use of an automatic leaflard puller (a recognized product)
• Use of a leaf lard starter and/or ro ller (a recognized product)
• Use of a vacuum with a cutting nozzle
• Cutting the lower end of the leaf lard with a knife, then pull ­
ing manu ally
• Start ing at the to p of the leaf lard , then pulling down
• Cutti ng th e leaf lard in the midd le, then pulling the halves out
• Injecting air behind the leaf lard to loosen it, then pull ing it o ut
• free zing the leaf lard , then breaking it o ut
• Use of a hand -held skinner to remo ve the leaf lard

BodyPart Right Left Bilateral Total

TABLE IV. Tabulated Responses for Affected Body Parts
from the Worker Feedback Surveys

The Team's Assessment

Based on this data, the team co ncluded that ( 1) it was dimw it to
grasp the leaf lard because of its size, consis tency, and slipperiness;
(2) the tigh t and forceful grasp created hig h compression and shear
forces on fingers and fingernails when grasping; and (3) pulling up
th e leaf lard str essed th e hands, wrists, and low back.

Days Days
Restricted LostCondit ion

Figure 3.Nearcompletion ofthetask,theworker'shands areatapproximately
head height.The shoulders areflexed toalmost 90'. The tissue iseasiertotear
during thisphase ofthetask.

Year

Distal upper ext rem ity d isorders
1988 Cum ulati ve trauma syndrome (right wrist) 13 18

Cum ulat ive trauma syndrome and epicon- 8 0
dylitis (both wri sts and lateral elbows)

1989 None rep orted 0 0
1990 Tendonitis (rig ht elb ow and w rist) 0 0
199 1 Flexor tenosynovitis (bot h hand s) 0 23
1992 Discomfort (left wrist) 0 47

Discomfort (left hand) 0 0

Exposure Factor Rating Multiplier

Inte nsit y of exertion 3 6.0
% Exertion per cycle 3 1.5
Exert ions per minute 4 2.0
Posture 3 1.5
Speed of work 3 1.0
Du ration of task per day 4 1.0

Stra in Index Score 27.0

TABLE I. Strain IndexRatings, Multipliers, and Score for
the Pulling Leaf Lard Task

1990
1991
1992

Low-back disorders
1988 None reported
1989 Disc syndrome

Lumbago
None reported
Strain
None reporte d

o
o
o
o
4
o

o
106

o
o
o
o

Employee Responses

Gripping t he leaf lard
Breaking th e leaf lard free

Pulling the leaf lard

Tearin g the leaf lard
Rolling t he leaf lard

Total

5
2
1

1

1
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The team felt that only the first two options were likely to be

effective and feasible , Th e industrial engineers were familiar with
bo th pieces of equ ipment. The auto mated leaf lard puller was con­
sidered a less favorable alterna tive tor this plant becau se of its size
and cost plus con cern about efficiency and quality. The leaf lard
starter was a powered hand tool combined with a hoist. The tool
and its hoses were suspended by the chain component of the hoist,

thu s elimin ating the need for the worker to support the weight of

the tool. Th e tool hand le allowed tor power grasp with one hand.

The worker placed the tool at the bottom edge of the leaf lard in
a position for its jaws to close on the tissue. Activat ion of the tool's

trigger closed the jaws and initiated upward movement of the
entire tool on the hoist , thus eliminatin g lifting forces to tear
out the leaflard . T he worker's hand passively tollowed the motion

of the tool. The hoist' s upward movement stopped at a specified
height, approximately shoulder height tor most workers, where
the leafl ard would be torn tree. The jaws then opened and the leaf

lard dropped into the chute below.
The plant had previou sly tried a single leaf lard start er to tear

loose the leaf lard for each side of the hog. Th is did not work well
because the tool's cycle time could not keep up with the line speed.
The team recommended tr ying two units-one tor right sides and

one lor left sides.

Sol ution Implementa tion

Two leaf lard starte r units were obtained for trial in August 1993.
A cylinde r malfunction delayed the trial unti l September 1993.
Both units were scheduled for final insta llation by the end of the

1993.

Solution Eval uation

Solution evaluation was limited to the trial in September 1993.
Worker feedbackand acceptance of the leaflard start ers were favor ­
able. Th ere were no evident adverse impacts on quality or produc­
tivity. T he solut ion appeared to reduce biorn cch anical stresses on
the workers. For the low back and sho ulders, the hoist eliminated
the upward pull by the workers. For the distal upper extremity, the
inten sity of effort to operate the leaf lard starter was light (rating =

I ). Given the relatively slower speed of the hoist compared with
the workers' pulling motions, the percentage exerti on per cycle
increased to the 50- 74% range (rating = 4 ). Since the hand exert­
ed effort on the tool only once per leaf lard , the exerti ons per
minute decreased to 9 (rating = 3). Hand/wrist posture improved
to good because ofa more favorable power grip (rating = 2). Speed
of wor k stayed fair (rating = 3). T he du ration per day stayed in the
4- 8 hou rs range (rating = 4 ). T he SI score fo r the revised work
method was 3.0- a score not considered to place workers at
increased risk of developin g a distal upper extremity disorder.
Follow-up morb idity data was not available.

Snatching Guts

Background Data

T he purpose of this job was to remove the inte rnal organs ( "isce~a)

from the hog's bod y cavities. T here was one task: ren~ove the VIS­

cera , then set them on the aside conveyor. In terms of work orga­
nization, three workers pe rfo rmed this job without rotation.

Exposure Data
In ter ms of temp oral characte ristics, production data revealed a
rate of 74 2 hogs per hour, 24 7 sets of hog viscera per worke r per
hour, and 14.6 seconds per set of hog viscera. Observed times
from the videotape revealed a task cycle time of 13.3 seconds per
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hog. The percentage duration of exertion was 30% for the guts

hand and 100%tor the knife hand. There were 4.5 exertions per

minute (once per set of viscera ). The duration of task per day was
9.5 hours.

In terms of motions and exerti on s, the task involved the follow­
ing steps.

• Grasp and wrap bung aro und one hand (Figure 4)
• Apply traction to the bung and cut the periton eal tissue to free
the rectum

• Grasp near the stomach (Figure 5)
• Cut the diaphragm to tree remaining viscera

• Cut the laryngeal tissue (Figure 6)
• Hold, turn , and carry the viscera to the pan (Figure 7)

Figure 4.A thebeginning ofthe work cyde.theGut Snatcherreachesup towrap
the bung around the hand, then pulls downtofree the rectum fromthe
abdominal wall.

The set of viscera weighed approximatel y 26 pounds. T he esti­
mated intensity of exertions were very hard fo r the guts hand and
light for the knife hand. Hand and wrist postures were rated good
and speed ofwork was fair. The SI score was 30.4 for the guts hand
and 13.5 for the knife hand (Table VI). Even though the cxc r­
tional patte rns of the hand s were different, brief fo rce fu l effort
with the guts hand compared with prolon ged light effort with the

Figure 5.After freeing the rectum, theworkergraspsthevisceranearthestomach
with the left handand continuesto cutwiththe right.



Table VI. Strain Index Ratings, Multipliers, and Scores for
Both Hands for Snatching Guts

Figure 6.The abdominal andthoracic viscera arenow free.The worker isholding
the viscera withthe lefthandwhile completing the cutthrough the laryngeal
areawiththe right(viscera weight:approximately 26pounds).

Exposure Factor

Guts hand
Intensityof exertion
% Exertion per cycle
Exertions per minute
Posture
Speed of work
Duration of taskper day

Strain Index Score

Knife hand
Intensityof exertion
% Exertion per cycle
Exertions per minute
Posture
Speed of work
Duration of task per day

Strain Inde x Score

Rating

4
3
3
2
3
5

1
5
5
2
3
5

Multipli@r

9.0
1.5
1.5
1.0
1.0
1.5

3004

1.0
3.0

3.0
1.0
1.0
1.5

13.5

knife hand , the 51 scores suggested that both hand s were at
increased risk for dev eloping a dist al upper ext remity disorder,
but the risk was high er for the guts hand than the knife hand .

Figure 7.The worker hascarried andliftedtheviscera to place themintoa pan
located opposite the carcass.The pansareapproximately at kneeheight.

Effects Data

The mu sculoskele ta l mor bidity data fro m the OS HA 200 logs arc
presented in Tables VII and VIII. In terms of turnover, eight indi ­
vid uals filled three positions in the last 2 years. T his rep resented
133% turnover per year. Results of th e worker feedback survey,
based on interviews of fCJUr wo rkers, arc in Tables IX and X.

Based on this info rmation , th e tea m identified the following
problems with thi s jo b .
• Handling the viscera req uire d forcefu l grasping of a slippe ry
amorphous object
• Liftin g and carry ing the viscera with o ne hand req uired signifi­
cant strength
• T he pan was located behind the worker
• It was neces sary to lift the viscera into th e pan

Sol ution Developmen t

Th e industrial eng ineers had been wo rking on a proposed solut ion

prior to the ergonomics team 's review of this jo b . T he team agreed
with the proposed intervention . As a result , there was no so lution
brainstor ming for this targeted job.

TABLE VII. Musculoskeletal Morbidity Related to Snatching
Guts forYears (1988-1992)
Year Condition Days Restricted Days Lost

Distal upper ext rem ity d isorders
1988 CTS(left) 2 1
1989 CTS(bilate ral) 25 71
1990 None rep orted 0 0
1991 CTS (bilate ral) 53 13
1992 None rep o rted 0 0

Shoulder disorders
1988 None reported 0 0
1989 None rep orted 0 0
1990 Rotator cuff (right shoulde r) 52 8
1991 Pain (right shoulder) 0 0

Strain (left sho ulder) 0 24
1992 None reported 0 0

Not e:Ther e we re no recorded low back problem s d uring th is period .

The renovated design invo lved breaking th e gut sna tching job
into three serial tasks somewhat analogous to th e method used in
plants pro cessing beef T he first worker, standing on an adj ustable
platform so he or she co uld work ncar chest height , wo uld free the
bung and abdominal orga ns . T he seco nd, stan ding at a lower level
to work nca r chest height, wo uld cut the diaphragm to free the
tho racic orga ns. T he th ird , standing at the lowest level, would

TABLE VIII. Average Incidence and Severity Ratesfor
Snatching Guts (1988-1992)
Body Part Incidence Rate Severity Rate

Upper extrem ity 20 1100
Shoulder 20 560
Lower back 0 0
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Solution Implementation

The revised layout is scheduled for installation as part of the reno­
vation project.

perform the final cut to free the entire viscera from the laryngeal
area. The viscera would fall passively into a pan riding on a con­
veyor below the carcass. This new design and layout eliminated all
forceful grasping and lifting and placed the workers in a more effi­
cient position relative to their work .

Exposure Data

For temporal characteristics, production data predicted 765 hogs
per hour, 765 bellies per worker per hour (two bellies per hog and
two workers), and 4.76 seconds per rib . The standard time was
0.0794 minu tes per rib per worker with 98.9% job load and l.l%
recovery. The observed cycle time was 4.6 seconds per rib, and the
observed duration ofexertion with the hands was 0.75 seconds. T he
percentage duration ofexertion was 16%, and the exertions per min­
ute was 26 (two per rib). The duration of the job was 9.5 hours per
shift, with approximately 5.7 hours spent pulling ribs per day.

The average weight of one rib was 3.13 pounds . The average
length of one rib was 15 inches . A description of the motions and
exertions revealed the following sequence : grasp the knife; reach
forward to begin cut ; pull the knife to cut; grasp the cut rib; lift,
turn, and place the rib on the aside conveyor.

The knife was held with two hands. Its design required that the
workers extend and abduct their thumbs to place them on the han­
dle (Figure 8). The th umbs pressed against the upper part of the
handle to provide torque to oppose torque created by the knife
blade (cut ting through the meat below the little fingers ). The fo r­
ward reach required some trunk and shou lder flexion (Figure 9).
After the cut the workers grasped the end of the rib with a pinch
grasp with the forearm supinated (Figure 10), then lifted it to

approxim ately head height, reached forward, turned the rib over,
and placed it into a trough on the aside conveyo r (Figure 11). The
estimated intensities of exertion for pulling, grasping, and lifting
were "somewhat hard ." The hand and wrist posture was rated bad
(thum bs abd ucted for pulling and pinch grasp for grasping the
rib) . The speed of work was rated fair, The SI score for this task
was 18 .0 (Table XI), thus predicti ng that workers were at increased
risk of distal upper extremity disorders.

on the aside conveyor and (2) packing the ribs. Three workers
rotated between these two tasks every 15-30 minutes . Two work­
ers pulled ribs (using a special knife tha t requires two hands) while
the third packed the ribs (mater ials hand ling ). The team focused
on the pulling ribs task.

Figure 8.Theworkeruses a special knifeto pullribs.Thedesignof the knife
requiresthat the worker's thumbs be placed up onthe handleto overcome
mechanical disadvantages.

\

,

2

1
1
1

TotalEmployee Responses

TABLE IX. Worker Feedback Data on Affected Body Parts
for Snatching Guts
Body Part Right Left Bilateral Total

Neck 1

Shoulders 0 4 0 4
Elbows 0 1 0 1
Forea rms 0 0 0 0
Wrists 0 1 3 4
Hands 0 0 4 4
Upper back 0
Lower back 2

Perceived problems
Inadequate room
Difficult to pull bungsout correctly

TABLE X. Worker Feedback Data on Perceived Problems
and Recommended Improvements for Snatching Guts

Recommended improvements
Open the H-bone
More room
Pull bungsout correctly
Develop a newmethod

Solut ion Evaluation

A simulation of the proposed solution worked well; however, one
major obstacle was subseq uently uncovered-the United States
Department of Agriculture (USDA). The USDA was concerned
about the possibility of contamination of the viscera by debris
falling from the workers' shoes. In addition, the viscera must stay
with the carcass through the inspection process . Both obstacles
were eventua lly overcome, and the plant ultimately received
USDA approva l to proceed with the renovation .

Based on observations of the simulation and feedback from
workers who participated in the simulation, the proposed solution
appeared to reduce the biomechanical stresses to the workers.
Since the viscera were no longer handled manually, the biomech­
anical stresses to the low back, the shou lders, and the guts hand
related to lifting and carrying the viscera were eliminated. Since the
simulation did not mimic actual prod uction speed, it was not pos­
sible to estimate reliably the effects of the solution on the knife
hand for the three new positions . Overa ll, the team felt that the
knife hand stresses would also decrease. Follow-up morbidity data
was not available.

Pulling Ribs

Backg ro und Data

The purpose of this job was to remove ribs from the belly. There
were two tasks related to this job : (1) pulling ribs and setting them

Effects Data
The muscu loskeletal morbidity data from the OSHA 200 logs
are summarized in Tables XII and XIII. In addition, one team
member had performed this job and experienced bilateral radial
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Figure9.Thedistalendofthebelliesareheld inplace byaspike conveyor.The
worker reachestothefarendofthebelly tostartthecut.The knife slidesunder
the ribs.

Figure I1.To setthe ribs ontheaside conveyorproperly, theymust be turned
over.As a result, theworker pronates theforearm justprior toplacement.Note
that theaside conveyor iselevated andaway from theworker, thus requiring
shoulder andtrunk flexion to reach it.

TABLE XII. Musculoskeletal Morbidity Related to Pulling
Ribs (1988-1992)

align th e bell ies by sight alone . As a result, so me bell ies cam e to the
pullers with the ribs imp aled by th e spikes on the co nveyor.

o
o
o
o
o

a
a
o
o
o

o
o
a
o
o

3.0
1.0
3.0
2.0
1.0
1.0

18.0

Multiplier

a
o
a
7
a

o
o
7
o

11

o
a

42
31
o

Days Restricted Days Lost

2
2
S
4
3
4

Rating

Condition

Intensity of exer tion
% Exertion per cycle
Exertions per minute
Postu re
Speed of work
Duration of task per day

Strain Index Score

Exposure Factor

TABLE XI. Strain Index Ratings, Multipliers, and Score
forPulling Ribs

Year

Distal upper ext rem ity disorders
1988 Possibl e as
1989 None reported
1990 CTS (right)
1991 None reported
1992 Tenosynovitis (left fifth finger)

Shoulder disorders
1988 None reported
1989 None reported
1990 Strain (rig ht sho ulder)
1991 Strain (left AC joint)
1992 None reported

Low-back disorders
1988 None reported
1989 None reported
1990 None reported
1991 Strain
1992 None reported

• T he current technique of setting the ribs aside requi red use of
pinch grasp co mbined with poor mechani cal adva ntage (held at
the end of th e rib ) and forea rm pronation .

Figure 10.The workerusesa pinchgraspcombinedwithforearm supination to
getthe ribs.

wr ist sor eness (suggestive of DeQucrvain 's ten osynovitis). This job
was associated with 68 restricted days in the last 12 months and
total med ical cos ts for 1993 (year-to -date) was $2400 . Regard ing
tur nover, 10 individu als filled th ese 3 positions within the last 12
months. Th is was 333 % turnover per year . Workers on the team
sta ted that people often pos ted into this job for higher pay. Wor ker
feedback is summarized in Tables XIV and XV.

Based on th e availab le information , the team co nclude d th e
fo llowi ng .
• The tloor stand was irregular beca use the ends of th e existing
mat s d id no t match .
• T he existin g conveyor des igns co ntri buted to the d iffi cul ty of
the pulling task.
• The ribs were put into t he ro ller with their long axis parallel to
the axis of the ro ller dr um . T hey might be flattened bett er (thus
easier to cut ) if ro lled the othe r way. (T his occ urred just prio r to
rib pulling . T he ro ller is visible in most of th e figures to the lett o f
the worker ).
• The existing knife placed the user at a mech an ical disadvantage ,
especially regard ing the thumbs (loaded and extende d ).
• T he existing syste m requ ired the spike conveyor operator to
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TABLE XIII.Average Incidence and Severity Rates for
Pulling Ribs (1988-1992)

• T he aside conveyor was located up and away from the wor ker,
thus requi ring an extended forwa rd reach, trunk flexion , and lift­

ing to approxi mately shoulder heigh t.

Figure 12.The prototypeknife increased thedistance between thecuningblade
andthesitewherethehands graspedthe knife.Thisallowed theworker tograsp
the knifewitha power grasp (eliminatingthe awkward thumbposition)and
decreased theamountofforwardreach(trunk andshoulderflexionlneeded to
beginthe cut.

• Design a new knife to eliminate awkward use of the thum b and
extended forward reach.

• Leave the pulled ribs on the bellies and install some device to
push them off
• Place the ribs in a chute next to the puller so it drop s to a
conveyor.

• Add a third worker: two pull ribs and one sets the ribs on the
conveyor (two hand s).

• Lowe r the aside con veyor (not feasible to move it closer).

Solut io n Implementation

Layou t changes (stands and conveyors ) were inco rporated into the

renovation design plans. New floo ring materia l was installed . Work
practice changes will be inco rporated into the renovation plans.
Eith er steam or hot water sinks will be installed with the renova­
tion . A revised knife handle was designed and a prototype built
(Figure 12 ). The team's recommend at ion to add another worker
to the rotation scheme was accepted . T his worker will remove
pulled ribs from the bellies thus elimin ating the asiding of the ribs

from th e pulle rs' task list. Worker rotation will continue with four
workers instead of th ree.

Total

120

487
47

Severity Rate

20

13

7

Incidence RateBody Part

Distal upper extremity
Shoulder

Lower back

TABLE XIV.Worker Feedback on Affected Body Parts
for Pulling Ribs
Body Part Right Left Bilateral Total

Neck 2
Shoulders 5 0 3 8
Elbows 3 0 0 3
Forearms 2 1 1 4
Wrists 0 2 5 7
Hands 0 0 5 5

Upper back 1

Lower back 3

EmployeeResponses

TABLE XV. Worker Feedback on Perceived Problems
and Recommended Improvements for Pulling Ribs

Solution Development

Brainstorming identified several intervention strateg ies for improv­

ing this job.

• Upgrade the flooring material.
• Design the spike conveyor for a taller worker and install
adjusta ble stands lex shorter workers.
• Consider hooking the bellies instea d of spiking them.
• Roll the ribs lengthwise.
• Use a light to consistent ly align bellies on spike conveyor.
• Install steam or hot water sinks to keep the knife blade warm
(reduces fr iction ).

Perceived probl ems
Dull knife
Pulling th e knife
Setting th e rib on the aside conveyor
Thumb pressure
Grasp ing the rib
Grasping th e knife
Bellies pu ll of the spike conveyor
Bone cuts

Recomme nde d improvements
Improve th e knife handl e
Chang e th e spike conveyor
Change floo r sta nds
Get a better knife
Lengthen th e tabl e
Lower the aside conveyor
Add a person to th e packing task
Try gloves

6
5
4
3
3
2
2
1

5
5
3
2
1

1

1
1

Solution Eva luation

No ne of the intervent ions dete rred to the renovation were avail­
able lor direct evaluation . Several wor kers used the pro to type knife
handle in an actual production situation as part of a trial. Based on
observat ion s and worke r feedback from this tr ial, the new design
cffcct ivclv addressed the major biomc chanical issues related to
pulling (awkward thumb posture tor the distal upper extrem ities
and forward reach 1':Jr the sho ulde rs and low back). However, the
dimensions of the new knife handle needed to be change d because
the end of the knife hit the co nveyor during the pull. It was under­
go ing furt he r modifications at the end of the project.

For the pulling task with the pro to type knife, the intensity of
exertion was unchanged (somewhat hard , rating = 2 ). Since the
asiding component of this task was eliminated, the percent exer­
tion per cycle decreased , bu t its rating (2) did not change. The
number of exertions per minute was redu ced by 50% to 13 (rating
= 3). T he hand and wrist posture whe n using the new knife han ­
dle was rated as good (rating = 2 ). T he speed of work was
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unchanged (rating = 3 ). Even thoug h the duration of task per day
will decrease whe n the new worker is added, the duration still fell
within the 4-8 hour per day range (rating = 4). The 51 score to r
the modi tied pu lling task was 4.5. An 51 score for the proposed

asiding task could not be reliab ly determined. Fo llow-up morbid­
itv da ta are not available .

DISCUSSION

These case studies Were pre sented wit h the intent of demonstrat­

ing one method tor ergonomics teams to approach evaluation

of problem jobs. T his part of the project invo lved working with

ergon omics teams tram two departments in the plant. It was a

demonstrati on project, not an epidemiologic or experimental

investigation . The investigators' roles with the teams were pri ­
mar ily as trainers and faci litators.

Both teams were participatory in nature wit h representatives
h'OJ11 production workers, supervision , and management. Even
tho ug h wor kers performi ng targeted jobs might not be on the
teams, th eir input was incorporated through the interviews using
the wo rker feedback surveys . The teams' targeted jobs were some
of the most difficult jobs in the plant in terms o f number, severity,
or cos t of injuries and turnover.

W hile the problem-so lving process used by the teams was pre ­
scribed by th e investigators, it was observed th at the team mem­
bers seemed to rely primarily on subject ive feedback from workers
performing the targeted jobs and th eir own subjective assessments
of th e jobs. Quantitative ergonomics data and methods were rarely
needed by the teams. It appeared that, fo r these job s, the presenc e
of a hazard was undisputed by the team members. The injury and
illness da ta plus the worker teed back data were used to identity
the bod y parts most adversely affe cted by the jobs. Videotapes and
wo rker feedback data were used to identify task element s th at were
believed related to the affected body parts. The exposure data and
effects da ta were co mpared when identifying the root causes of the
problem (s ). So lutions were then directed at fixing these problems.
In general, both teams followed th e sequence of steps recom ­
me nded by th e investigators. There were a few circumstances,
however, when solut ions were recommended prior to completion
of data co llection and analysis. Given the limited duration of th e
project , few of the developed so lutions were fully implemented.
Evaluations of the proposed solutions were so mewhat limited and
based primarily on info rmation collected from tr ials or simulatio ns.
To date, there has been no opportunity for further follow -up ,

T hese case studies were presented as documentation of each
teams' work . They were originally abbreviated, visually intensive
su mma ries that would allow others to quickly examine th e scope
and method s of th e team's data collection , data analysis, problem
assessment, proposed solutions, and final recommendations. These
summaries were so me times used as an att achment for an appro­
priati on s request or as a reference when subseq uent changes in
process or productivity war ranted reeva luati on of th e job . As
demonstr ated in these case st udies, it appeared desirable for the
tea ms to have members who were hands-on technicians or engi­
neers and who were good at design or layo ut and could assist in
making prototypes and setting up simulations.

Even th ough the teams did not need sem iquantitative or quan­
titative exposure analyses to evaluate these jobs , the investigators
analyzed the study jobs with the 51 and presented the ana lyses
to the teams. The SI scores for the se jobs were con sistent with th e
observed mu sculoskeleta l morbidity, thus contributing additional
evide nce of th e validity o f thi s proposed method as a tool th at

predicts risk of distal upper extremity morbidity. In addi tion , the
obs ervations from these three case studies suggest that the 51sco re
may also correlate with turnover and severity rates . It is not possi­
ble to determine whether the reduced 51 sco res tor these jobs will

translate into reduced morbidity or turnover.

CONCLUSIONS

Part icipatory ergonomics teams from two departments analyzed

and proposed solutions for some of the most difficult job s in the

plant. Time constraints for the project did not allow for an oppor­

tunity to See most of the interventions through to implementa­

tio n . Solution evaluation was limited to information from trials and

simulations. The teams used a structured problem-solving method

that was, in part, derived from principles associated with quality
improvement processes. Worker s performing the targeted jobs
were invol ved in the problem-solving proce ss, even if the y were
not members of the team . O verall, the demonstration compon ent
of thi s project showed that the use of participatory ergon o mics
teams th at rely on struc ture d problem-solving methods worked
effecti vely to address mu scu loskeletal hazards in the red meat pack­
ing industry.
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ApPENDIX

Worker Feedback Survey
T he Ergonomics Committee is evaluating your job to look to r
potential imp rovements. One part of th is evaluation involves
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obtaining informa tion from the people who perform the job. This
survey helps the committee (1) identify what parts of your body
are affected, what type of symptoms you feel, how significant
these symptoms are; (2) what you see as the problems with the job;
and (3) your recommendations for improv ement. Th is initial sec­
tion is background information .

Name: _

Department _
Supervisor: _
Job Title: _

How long have you held th is job? _
Haveyou held jobs similar to th is in the past? _
If yes:How many years? Where? _

Did you have similar problems then? _
What kind? _

Haveyou had any surgery related to that problem? _
Are you right- or left-handed? Right Left _
Do you have a second job elsewhere? _
Do you participate in sports? _

The next part of the survey asks about what parts of your body
have been affected by your job, the type of symptoms you feel,
and their intensity. There are two diagrams, one for the whole
body and one for the hands, for you to indicate where these
symptoms occur.

Do you experience discomfort or strain in any part of your body
during the day or when you go home at night? If yes, please mark

the sheet below. Mark "N" for numbness or tingling. Mark "P" for

pain (add rating from scale below).

Job Efforts Requirements

Right

D
D
D
D
D
D
D
D

Left

D
D
D
D
D
D
D
D

Borg's 0-10 Category-Ratio Scale

o Nothing at All

0.5 Just Noticeable

1 Very Light

2 Moderate

3 Moderate

4 Somewhat Hard

5 Heavy

6

7 Very Hard

8

9

1a Extremely Heavy (Maximal)

Shoulders

This page is a scale, called the Borg 1O-Point Scale.The scale is used
to ind icate the effort required to perform your job just once.
It is a measure of the strength requirement of your job, not
endurance.

Indicate in the boxes below how much effort is required by
each of the bady parts listed to do your job. Remember that
this scale measures effort in terms of strength, not endurance.

Elbows

Hands

Upper Back

Wrists

Forearms

Lower Back

Legs

Enter one of these numbers in each box.

Finally, we want your opinion and ideas on what aspects of
the job contribute to these symptoms and how the job can be
changed to elim inate these problems .

Do you have any ideas or recommendat ions for improvements that
could be made to your job?

Do you think a particular operation or machine causes this
discomfort? If yes,please describe it.

o
D
D

B
B
B

I've
missed
work

because
ofthe

thepain

o
D
D
D
D

B
B
§
D

8
§

Sometimes
Ineed
to stop
working
because
ofthe
pain

o
D
D
D
D

B
D
D

8
D
D

8
§

Some, but
it doesn't
interfere

with
work

o
D
D
D
D

B
B
8
8
8
§

Rarely

o
D
D
D
D

B
B
D
D

§
D
D
D
D

Never

1.Neck

2.Shoulders
Left
Right

3. Elbows
Left
Right

4. Forearm
Left
Right

S. Wrist
Left
Right

6.Hand
Left
Right

7.Uppe r Back
8. Lower Back
9.Hips

1a.Thighs
11 .Lower Legs
12. Feet
13 . Other (list)

Pain RatingScale

a
No Pain

1

Mild
2

Moderate
3 4

Distressing Horrible
5

Excruciating
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