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III. ELDGENTS OF AN ERGONOMICS MANAGEMENT m:m

A. QCRRSIIE ANALYSIS (Submltced with NIQSH Comments to CSEa daced

B. HAZARD PREVENTION AND CONTROL'

3ackzzounc : : |

The goal of "hazard prevention and control™ is to eliminmace, .raduce,
or contrel the presence of ergonemic hazards. Ergonomic hazards may
be idencified as a resulc of performing a worksite analysis——che
details of which were discussed in the previcus sac:zcn, Part A.

J

By definizionm, "ergouonic hazard" is a recent term chosen to refar to
a set of work-relatesd risk factors cthat .are associated with ths
development of musculoskaletal disordars. Risk factors commenly
associated with ergonmomic hazards include: (1) repetitiveness, (2)
Zorce/mechanical stress, (3) awkward or szatic posture, (&)
vibration, and'(S) work organizacicnal/stress factors (Armstrong ec
al. 1986; armde 1987].% In general, ergenomic hazards are present
whenever tne work demands of 2 job exceed the capacity of those
workers perZorming the jobs. Moreovar, excessive work demands can
arisa from poorly designed work processes, tools, and/or work
stations [Putz-Anderson 1988]. :

. There are many'po:antial ergonsmic selutions or intarventions for
each of the risk factors listad. Table 1 provides sxamples of
Telatively sizple single=fix solutions that have been recommended by
various ergonomic experts for each risk factor [Grandjean 1988; Konz
1979]. To be effactive, an ergonomic intervention should serve to
reduce the source of the physical sctress (i1.e., reduce the ergonomic
hazard) associated. with a particular risk factor. The theory is that
by reducing hazard levals, thers will be similar reducticms in

illness and injury races.

In some casas, proposed argonoqichin:arvgntidhs are simple and
consistant with common sense. At cthe majority of worksites, however,
whera ergonomic hazards have been ideuntifled, a more comprehensive
approach is required chan can be provided by any of the single—fix
solutions, some of which are lisced in Table 1. Today, with che
complexitiss of the mechanized work environment, ergememic solutions
oftan serve as ths interfice between the "person, machine, and work
enviromment, ” reflecting the izportance of a systsms approach o
hazard prevention [McCormick and Sandsrs 1982], .

IThis list of risk facters for work-relaced musculoskelectal discrders is not
intended to be all inclusive.

/
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'NICSH concinues t©o support a three—tier hierarchy of concrols as an
incervencion scrategy for controlling ergonomic hazards. This

position was outlined in the "Ergomomics Program Management
Guidelines for Meatpacking Plants" [0SHA 1$90]. The approaches
identified ‘in that document anlude the following steps in order of
preference:

. , A
Engineering or ergonomic design changes to tools, handles,
equipment, workstations, work mechods, or other aspeccs of the
workplace, often called engineering controls.

Changes in work practices or organizational and managemenc
policies, sometimes called administrative controls.

Use of persenal procectivécequipment.

discuséion of each of these approaches follows:

ineerd

-The preferred methed for control and prevention of work-related
musculoskaletal disorders is to design the job to match the
physiolecgical, anatomical, and psychological characteristics and
capabilities of the worker. In other words, safe work is
achieved as a nartural résult of the design of the job, the work
station and tools; it is independent of speczf;c workez
capabilities or work technlques

Although the focus of this section is on hazard control, the
concept of prevention 1s best exsmplified when the workplace,
tools, work station, and wotk process are designed from the
beginning to accommodate the capabilicy and capacities of the
workers. Unlike che majoricy of occupational hazards, however,
sources of ergonomic stress are usually hidden or embedded within
the job as specialized pattsrns of movement or tool usage. The
result is chat argonomic hazards ars often difficult to predict
or anticlpata during the inltial design scage.

"Ergonom;cs is the discipline that strives to develop and assemble
information on people’s capacities and capabilities for use in
designing jobs, products, workplaces and equipment. ‘'The goal of
ergonomics Is to establish chrough job design, a "best fic”
between the human and imposed job conditions to snsure and
enhance worker health, safery, comfort, and productivicy.

A number of reference works containing ergomemic guidelines for
the design of various workplaces have been compiled by Van Cott
and Kincaid [1973], Konz [1979], Woodson [1981], Easmman Kodak

' [1983; 1986], Putz-Anderson [1988}, Tichauer [1991], Chaffin and
Andersson [1991], and Mital and Kilbom (1992], among others.
These strategies apply both to the design of new jobs and the

2 ' .



contrel of hazards in existing jobs. In general, the selection
of a design for limiting musculoskeletal stress will depend eon
existing technology, resources, and employee acceptance; howaver,
numerous studies indicate that designing or redesigning taols,
workstations or jobs in accordance with ergonemic guidelines can
be effactive in limicing worker exposurs to ergonomic hazards
(Table 2). :

Other studies have examined the effectiveness of engineering
changes on the incidence rate of musculoskelecal discrders
associated with specific job tasks. In a comparison of three
appreaches to low back injury control, Snook et al. [1978]
concluded that werker selection, and training in lifting
technique were ineffective, and that designing jobs to fit the
capabilicies of werkers could reduce low back injuries due to
lifeing by two-thirds. Westgaard and Aaras [1984; 1983)
introduced adjustable work stations and fixcures, and ‘
countarbalanced tools in a cablemaking company, and found that
turnover and absentaeism due to musculoskeletal complaints were
reduced by 2/3 over an eight-year period. Companies that have
adopted plant- or corporate—wide ergoncmics programs consisting
of worker training, union-management participative teams, and job
analysis and redesign programs, have reportad decreases in
musculoskeletal Injury incidence rates and turmover, and
increased productivity [McKenzie et al. 1985; Rigdon 1592; Lutz
et al, 1987; Geras et al., (unpublished); LaBar 1992; Echard et
al. 1987]. These and ocher studies degcribing the effect of
various hazard control approaches on musculoskelatal incidence

rates are summarized in Table 3.

Adnminiscracive Controls

Administrative concrols can be defined as policies or work
practices used to preavent or control expcsure to ergonomic
stresgors that can result in work-related injury or diseasa.
Examples of administrative controls include the following [OSHA

1990]:
¢ Work Practices

— Providing frequent rest breaks to offsec undus fatigue in
Jjobs requiring heavy labor or high performance/production
rates

— Lipiting overtimes work and| periodically rotating workers
to less stressful jobs.

i

— Varying work tasks or broadening job responsibilities to
offset boradom and sustain worksr motivacion.



Training workers to use work methods chat improve posturs and
reduce stress and scrain on the exrtremities

Worker placement evaluaticn

Work Practices

Although engineering controls are the preferred method of
ergonomic hazard cencrol, there are work situations where
medification in work practices may be used as a temporary
substicute for engineering controls. Such circumsctances,
however, should continue to be regarded as potentially
hazardous, because the source of the ergonomic hazard remains.
Any level of protection afforded by "wark practices” is a
funcecion of human intervention, that is always subject to the
weakmesses inherent in human oversight and control accivicies.
. The nistory of such failures is well documented in the
occupational safety and healch literatura.

Work practices refer to modificarions in job rules and
procedures that are usually under the control of management or
administrators. For example, in office settings where the
physical environment {lighting, furniture, and VDT equipment)
may already be highly refined and stacte—oi-the-art, changes in
work organization and attantion to psychosocial factors
provida more potential for reducing ergonomic stresscrs
{Kilbem 1988). Furthermors, administracive controls such as
worker rotation, additional rest breaks, and slowing of
production rates may be the only methed of hazard control
available in situations where work tasks are highly wvariable,
there are no fixed workstations, or there are no tsols
invelved in the work (e.g., grocery ordar selectors, workers
in certain types of assembly jobs, sign language
interprecers). .

The effectiveness of work practice contrels has been examined
by a number of researchers. Omne investigation cf keyboard
operators found that operators whc were providad short but
frequent rest breaks weres mors productive than operators
receiving only the traditional mid-morning, mid-aftermoon and
lunch breaks [Swansen et al. 1989]. In a series of four
studies of 72 workars performing an overhead assambly task,
workers were given control over the duratiom of their work
cyclas by iniclating a one-minute work pause when needed.
Such self-pacing served to minimize local shoulder and arm
fatigue, resulting in more consiscent levals of performance
cver the course of the study peried [Putz-Andarson and

Galinsky 1993].

At a plant employing 124 photographic film rollers, decreasing
total work time from 333 to 330 minutes per day, and
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increasing the number of rest breaks from three to six,
resulted in a reduction in cervicobrachial disorder and low
back complaints [Izani ec al. 1973]. An electromyegraphic
study of five jobs where job rotation had been introduced
concluded that jeb rotation may be more useful for rsducin
stress associated wich heavy dynamic tasks than for raducing
static muscular lcad in "light" work situations {Jonsson
1988a].

b. ra : Worker-E=x e

InscTuctional programs aimed at reducing illnesses and
injuries are also frequently promoted as readily available and
an economical approach to the control of workplace injury.
Training programs range from fundamental insctruccion on the
proper usa of tools and macerials, to imstructiocms on
emergency proceduras and use of protective devices. More
comprehensive training programs are being developed to prepars
the worker tc participate in a broader range of worksite
safety and health activities. These programs are addressed in
Section III1.E. of this document. :

Because the effectiveness of training programs is difficulc oo
evaluacte, the success of many of the training programs has
been difficult to establish. Some authors have attributed
significant reductions in low back disabilicy and losz time
injuries ro worker training programs [Glover 1976&; Bergquist-
Ullman and Larsson 1977]. Other studles indicace thart well-
planned training programs can have small but significanc
effects on lifting behavior [Chaffin et al. 1986; Varymen and

Kononen 1991].

c. Worke lacament Eva

Worker placement avaluation has also been promoted as a meched
for controlling the risk of overexertion Injuries and
musculoskeletal disorders. The emphasis bere is on matching
workers to potentially high-risk jobs, L.e., identifying
workers with physical characteristics that will enable them o
satisfy job demands that may be excessive te other workers.
Worker selection or hiring based solely on physical capacities
is generally illegal, as a result of the U.S. Federal
Rehabilitation Act of 1973 (29 USC? §791 et seq.) and the
recent Americans with Disabilitieg Act of 1990 (42 USC §12101
et seq.). However, once a worker L1s offered a job, he or she
can be tested to determine his or her capabilities as a

prelude to job placement.

Uniced States Code



The success of any placement program (s dependent on obtaining
accurate information on acrual job demands as well as wicth the
accuracy of measurements of worker capacities as they relate
to the key job-demands. A person’s capacity for physical work
is almost never a single value; it is determined by several
factors including che intensicy of the effort; the time of
continuous efforc; the frequency of repeating the efforc; the
presence of environmental or mental stressors, such as heac,
humidity, and cize pressure; and individual characteristics
such as age, fitness, and skill level [Rodgers 1988].

To be valid, work capacity tests must be specific to each job
of c¢oncern. Furthermore, it must be demonstraced that noct
only does a worker require the capacity to do che wark, buc
that people without that capacity cannot do che jaob. For
example, it is generally accepted that muscular strength is an
appropriate job-related criteria for manual macterials handling
work. However, it is frequently difficult o measure the
strength capacities of the worker that most closely reflecc
those key sctrength requirements of the job. Moreover, a
worker’s maximum strength may have little relatiomshi» to his
or her abilicy to exert effort frequently or for long
duracions. Finally, chere are many workplace situacions where
the job demands change.

In some manufacturing operations, products may fraquently
change, certain seascms may add environmental stresses, and
overtime may change the effort requiremencs. Thus, the
assessment of job demands will not be so accurate thac it can
be relied upon to predict a worker’s success or failure on the
job in all sicuations [Rodgers 1988].

There 1s some epidemiological support for the idea that
strength testing could be a useful means of raducing back
injury rates. In studies where the appropriate measurements
have been made, a higher incidence of back injuries and back
pain was found in those jobs demanding high exertion in
relation to the worker’'s own maxinmal isometric screngch
(Keyserling et al. 1978; 1980]. However, to date, there are
noe valid methods for identifying "high risk people," i.e.,
accuracely predicting whether healthy workers are suscepctible
to musculoskeletal injury from jobs requiring manual lifting
and other forms of exertion. Although the use of X-rays,
muscle strength tests, tests of physical fitness or
flexibility, or other means have been promotad as scra2ening
procedures in the past, thus far nome have proved successful
(Putz-Anderson 1988]).

The American Occupational Medical Association concluded that
many of these tasts should not be used as screening
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procedures, but rather as special diagnostic procedures
available to the physician on appropriate indications for
study [Rochstein 1984]. '

In summary, an advantage of adminiscracive conerols is ehat
they can usually be implemented quickly and easily without the
need Co purchase or modify equipment. Because administracive
controls, however, fail to eliminate the source of the hazard,
they should bte considered temporary solutions for centrolling
exposure until more permanent engineering contzols can be
implemented.

Personal Protective Zgquipment

NIOSH continues to suppert OSHA in recommending personal
precactive equipment (PPE) as the least prefarred intervention
stratagy for controlling ergonomic hazards [QSHA 1990]. PPE
seldom provides complete protection from exposure to a
significant hazard; rathar it seeks to reduce the exposure to a
level that 1s accepcable [Moran and Ronk 1387],

Traditionally, PPE has afforded pretection tao the worker by
providing a barrier between the worker and the hazard souzce.
Examples of PPE chat operate om this principle include
respirators, ear plugs, vibration-attenuacing gleves, protective
eye wear, chemical aprons, safety shoes and thermal procective
cloching. Because braces, wrist splints, back belts, and similar
devices do not provide a barrier between the worker and the
ergonomic¢ hazard, they cannot be considerad PPE. Furthermore,
most devices (such as braces and splints) that are purported to
reduce biomechanical stress on the musculoskeletal system have
questionable value. Indeed, there is little research evidence to
demonstrata that these devices limit the risk of injury.

Although other examples may exist, the only cbvious example of
ergonomic PPE that could be idencified is vibrationm-attenuacing
gloves. Depending on their composition and construction, gloves
have been shown to be effective at absorbing much of the
vibraction emergy that would otherwise be transmittad to the hand
(Goel and Rim 1987]. However, potential users should be
cautioned that gloves generally interfere with grip strength and
manual dexctaericy, thereby increasing the effort raquirad for
manual tasks [Mital and Kilbom 1992).

NIQSH has racently revised the lifting equation to resduce and
prevent back injuries (Waters at al. 1991]. This equation is an
update of the original equation provided in the Work Praccices
Guide for Manual Lifting [NICSH 198l]. The new equation
addresses jobs that require twisting motions and for which the
horizontal and vertical positions of the load and the



hand/container coupling can be defined. It re-emphasizes che use
of engineering methods in preference to adm;nls::a:zve procedures
for control lifring hazards.

NICSH will prepare a position scactement on the use of back belts
to reduce and prevenc low back injuries. This scatement will be
sent to OSHA in the near future.

Conclusion

Prevencting ¢r reducing ergonomic hazards is frequencly difficulc for
a number of reasons. In some cases, several factors combine to
create a hazard. Overlapping problems can include high production
demands, faulcty work metheds, awkward work station layouts, and ill-
fitting tools [Putz-Anderson 1988). Therefore, improvementcs
addressing one factor may not eliminate the overall risk. Also,
intervencions effective in one situacion may be ineffecrive in other
sectings. Most control plans involve compromise and trade-offs to
arrive at the most appropriace solution. The solutions will
Typically require a series of adjustment or ficting trials to ensure
effectiveness and worker adoption. In the final analysis, most
ergonomic solutions to work-related musculoskeletal disorders are
more often affected through incremental and cumulative improvements
in the workplace than from a single, major workplace modificacion.

In summary, NICSH contlnues to support a threae-tier hierarchy of
control (i.e., engineering controls, administracive controls, and
PPE) for controlling ergonomic hazards. The effectiveness of any
type of hazard control or prevention program (s dependent omn
management commitment and employee participation. Regular
monitoring, positive reinforcement, and feedback are necessary co
ensure that control policies and procedures are not circumvented for
convenience, schedula, or production. :

HEALTH SURVEILLANCZ (Submitted with HIOSH Comments to OSHA dated
2/1/93)

MEDICAL MAMAGEMPNT (Submitted wich NIOSH Comments to QOSHA darted
2/1/93)

TRAINING AND EDUCATION

The successful implementation of the worksite analysis, hazard
control, health surveillance, and medical management e¢lements of the
ergonomics management program requires the active and informed
involvement of all members of the organization. This applies noc
only to those employees directly at risk, but also to those whose job



responsibilities may influence the ergonomic risks of others (e.g.
supervisors, managers, engineers, and purchasing agencs). It is,
therafore, essencial that all risk-related individuals be equipped
with the necessary knowledge, skills and incencives to effectively
support and participate in the ergonomics management program.
Indeed, the absence of this training may itself be viewed as a risk
factor, affecting che well-being of the individual worker and the
funcetioning of the organization [Blackburm and Sage 1992).

Training, when used as part of an overall ergonomics managemsnt
program, has been shown to effectively enhance worker awareness cof
ergonomic risks [Liker et al. 1990] and protective behaviors [St-
Vincent et al. 1989]. A summary of relevant research is presentad in
Table 4. It should be noted that successful training programs aze
not intended to be used in isclation or in lieu of engineering,
administracive, and PPE controls (as identified ia Seccion II11.3.).
Rather training programs are intended to enhance the capacitcy to
effectively recognize workplace hazards and te¢ understand and apply
appropriate countrol sctrategles. It must also be emphasized that even
the most effective training program does net insure that skills and
practices learmed in the rraining environment will be enacted and
sustained in the weriplace. A host of factors including the level of
organizarional commitment, supervisory support, availabilicy of
needed resources and equipment, performance feedback, motivational
incentives, opportunity for practice, and workplace norms influence
the effectiveness of workplace safety practices independencly of the
quality of training (Goldstein 1375; Campbell 1988; Baldwin and Ford
1988]. For this reasom, the training program must be seen as but one
element in the organization’'s overall ergonomics management program.

Txa Mode

The planning, execution, and evaluation of ergonomic training should
follow che model presentsd in the OSHA veluntary training guidelines
{OSHA 1992] which consists of the following steps:

1) Dectermining If training is needed
2) Identifying training needs

3) ldentifying goals and objectives
4) Devaloping learning activities

5) Conducting the training

6) Evaluating program effectiveness

7) Improving the program

A general description of how these steps should be implemencad in an
ergonomics training program is provided below.

1. Determining {f Training is Needed

Any worksite requiring an ergonomics management program (as
determined by the worksite analysis and medical survey described in

9
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Section II) should be raquired to provide its employees with the
training necessary to develcp the knowledge and skills to
effectively implement the program. Consisctent with the approach
specified for ergzonomic training in related documents [OSHA 1990;
NOHSC 1992; Cal/OSHA 1992] training should be provided at cwe
levels: '

a) General awareness Craining for all individuals affected by the
ergonomics management program. This may include, in addition
to employees directly at risk, supervisors, managers,
engineers, purchasing agents, and safety and health commictee
members whose job responsibilities are related te risk
recognicion and cencrol.

b) Job/risk-specific training for those individuals and
their supervisors employed in high risk jobs as
identified by the worksits analysis and medical survey
daca.

Baseline training at boch levels should be provided to all
amployees during the implementation phase of the argonomics
management program, or at the time of hire for mew employees.

Identifying Training Needs
a) General Awareness Training

A mumber of general awareness courses regarding the nature and
control of ergonemic hazards are currently available chrough
federal (s.g., NIOSH, OSHA Training Inscitute), universicy
(a.g., continuing education programs at 12 of tha 14 NIOSH-
funded Educational Resource Centers), and labor organizations
(e.g., Workplace Healch Fund). Model courss contents have
also been proposed by Rohmert and Laurig {1977] and Smith and
Smith [1984]. At a minimm, all fadividuals receiving general
awareness training should be sufficiently informed as to be
able to:

1) Describe the general nacture, symptoms, and types of
work-related musculosksletal disorders

2) Describe the risk factors associarted with work-related
musculoskaletal disorders

3) Describe the prevencion and conctrol scrategies for abating
ergonomic hazards

4) Describe the organization’s procedures and policies

rtegarding che reporting of work-related musculoskelecal
disorders

10



5) Describe the organization’'s procedures and policies for
reporting perceived ergonomic risks

§) Describe the membership, struccture, and general operation
of the organization’'s ergonomic management program

7) Regulations, standards, etc. regarding ergonomic hazards
b) Job/Risk-Specific Training

In addition to the awareness training described above,
addicional Job/risk specific craining should be provided to
those employees and their supervisors who are at risk from
ergonomic hazards as identified in the worksite analysis and
medical survey. The content of this training will be dictated
by the findings of the worksite and health surveillance
activities. MNevertheless, at a minimum, the training should
enazle the employees to demonstrate an understanding of the:

1) Specific tasks or operations assoclated with their jobs
wiiich pose ergonomic risks (results of worksite analysis)

2) Proper use of toecls, devices, and equipment provided to
control identified risks

3) Proper engineering, work practice, and administrative
controls available tc reduce {dentified risks

4) Procedures for recommending job redesign or control
strategies for reducing risk ‘

Idencifying Training Objectives

Following a decermination of the training needs, performance
objectives should be specified. Objectives should be clear,
directly observable, measurable, and action-orientad. The
objectives should describe exactly vhat the trainee should know
and be able to do following training (Gagne and Briggs 197%] and
specify the conditions under which these behaviors should be
performed (Smith and Delahaye 1987; Komaki et al. 1980]. Because
of the variabilicy of ergonomic hazards and related controls
across job operations and worksites, training objectives will be
situationally specific. Objectives will be identified by the
medical surveillance, worksite analysis, and hazard control
components of the program.

Developing Lesarning Activities

The mode or method of training should be tailored to the
individual worksite and job/task. Size of the organization and

11



available resources, worker demographics, the nature of the work
. being performed, and ocher factors will influence the ctype of
learning activicies most appropriate. Regardless of the strategy
employed, allowance should be made for active rehearsal of the
trained skills and behaviors, performance feedback both during
training and on-the-job, and remedial or additiomal instruction
when initial training fails to provide ctrainees with skills and
knowledge stated in the course objectives.

Conducting the Training

The training should be conducted at a language and educational
level compatible with backgrounds of the individuals to be
trained. Individuals should ba provided with an overview of the
materials te be learmed as the goals and objectives of the
training. This will allow the trainees to dectermine if they have
received adequate instruction relacive to organizaciomal
expectations. Even materials that are well.learmed during
training will have to be periodically refreshed. The question
here is when or how often should retraining be provided following
the initial baseline training to ensure maintenance of the
knowledge and skills specified in the goals and objectives. TFrom
an empirical perspective, the question is unanswerable in a
generic sense. Few systematic field studies of training
techniques and retention rates have been conducted to date, and
those that are available, vary along important dimensions,
Rubinsky and Smith [1971], for an example, report that the
posicive effects of training on the safe use of grinders using 2
simulated accident technique began teo diminish afrter only four
weeks. The safe donning of self-contained, salf-rescuer
respirators showed a degradation of skills three months following
training [Vaught et al. 1988], A 30 te 45 minute slide
presentation on the proper use of equipment and tools,
housekeeping and general safecy procedures Increased safe work
behaviors ameng vehicle maintenance workers, relative to baseline
levels, for up to 45 weeks after training vhen supervisory
feedback was provided 2-3 times a week [Komaki et al. 1980]. The
ratantion ratas of learned behaviors vary as a function of a
multitude of content (a.g., complexity and nature of the task),
trainee (s.g., motivation, aptituds), instructional design
(conditions of practice, sequencing of materials) and
envirommental/organizactional (e.g., corrective fsedback,
reinforcement) variables [Kyllonen and Alluisi 1987; Fendrich et
al. 1988].

At a minimum, refresher training (both awareness and Job/risk
specific) should be provided annually to maintain employeae
mocivation, to reaffirm organizationmal commitment, and to allow a
forum for employee feedback, all factors which have been shown to
greatly affect the transfer of training [Baldwin and Ford 1988;
Campbell 1988]. In addition, targeted training should be

12



delivered on an "as needed"” basis when the medical surveillance
data or worksita analysis of an exxstlng or modlfled job indicats
a training need.

REERY

Evaluating the Program | Co J

A plan for evaluating the effectiveness of the :faining should be

developed at the same time that the course objectives and content

are formulated. The evaluation should focus on the skills and
knowledge specified in the training objectives and provide -
informaction on the extent to which the training brought attendees
to the dasired level of’proficiency. The evaluation should occcur
at two levels (Cole etz al. 1984]. The first, a formative
evaluation, is conducted concurrently wich, or immediately afcer, .
training to assess the clarity, organizaticn, and
comprehensibility of the instruction. This is to assure ‘that
individuals are learning what chey should be learning. Surveys,
focus groups, interviews, self-assessmenc tests, and behavioral
demonstrations are common mechods for formative evaluation.
Informacion learned here should be used to refine the :ralﬁlng
program. . o

The second type of evaluation is a summative evaluation which is
conducted following the recurn to work to decermine if individuals
are actually practicing whac they have learned. On-the- -job
performance, worksite analysis (Section III.A.), and illness and
injury daca (Section I1I.C.) may be used for this purpose. 1If the
formative evaluation indicates that learning occurred, but the
sumnative evaluation indicates nc change 1n organizational
performance, this may indicate that the :rainxng was not relevant
to the actual job/task, or that other aspects “of the overall
ergonomics management program (e.g. supervisory support,
availability of rescurces, and perceived management commitment)
may be deficient. o !

Improving thetrrpgram

If the evaluations parformed above indicate that the training did .

not meet objectives, review of the training program, along with
the other elements of the ergonomlcs management program, should be
p-rformad and revisions made.

Y
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Table 1

EXAMPLES OF ERGONOMIC INTEZRVENTIONS

1

4

Repeci:iveness
Use mechanical aids
Enlarge work content by adding more diverse activicies
Automate certain tasks
Rotate workers
Increase rest allowances
Spread work uniformly across workshift
Restructure jobs

Force/Mechanical Stress

Decrease the weight of tools/containers and parts
Increase the friction becween handles and the hand
Optimize size and shape of handles

Ioprove mechanical advantage

Select gloves to minimize effects on performance
Balance hand-held toels and containers
Use torque control devices

Optimize pace [

Enlarge cormers and edges

Use pads and cushiomns

L e D0 O AN TR

Pesture

Locate work to reduce awkward postures
Alter positicn of tool

" Move the part closer to the worker

' Move the worker to reduce awkward postures
Select tool design for work staciom

[ 2 M v w g ]

Select. tools with minimum vibration } ~

Select process to minimize surfaca and adga finishing

Use mechanical assiscts

Use isclation fer tools that operate above resonance point
Provide damping for tools that operate at resonance point
Adjust tool speed to aveld resonance

.

me Ao oew

-l4



Psychosocial Strasses

Enlarge workers’ task duties

Allow more worker control over patterm of work
Provide micro work pauses

Minimize paced work

Eliminace blind electronic monitoring

® A0 o

15
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SELECT STUDIES DEMOMSTRATING EFFECTIVENESS OF EMGINEERIKG CONTROLS FOR REDULCING EXPOSURE 10

TABLE 2

ERGONONIC RISK FACTORS

VARGET PROBL EN/
shoy POPULAT 108 RISK FACTOR CONTROL MEASIME efrer
Hiller, Ranschoff and Surgeons (beyonet forceps) Muscle faligue during forceps

Tichauer [1971)

Armstrong, Kreutiberg

use, frequent errors while
passing instruments

Redesigned forceps (increasse
surface erca)

Reduced muscle tension (determined by
EMG, fewer passing errors)

and Foulke [1982)

Knowl ton and Gilbert

Poultry cutters (knives)

Exceasiva muscle force during
poultry cutting tasks

Redesigned knife (reoriented
blade, enlarged handle, provided
steup for hand)

Reduced grip force during use,
reduced forearm muscle fatigue

11983]

Habea (1984)

Carpenters (hommers)

Auto workars

Muscle fatigue, wrist devistion
during huamering

fBent hamper handle, decreased
handle diameter

Less strength decrement after use,
reduced ulnar wrist deviation

-Gosl and Rim [1987)

Kinors (pnewmatic cﬁlppon)

8ack fatigue during embossing
taske

Provided cut out in die (reduce
reach distance)

Reduced back muscle fatigue as
determined by EMG

Wick (1987])

fiand-erm vibration

Provided padded gloves

Reduced vibration transmitted to the

Little (1987)

Machine operstors in a sandal
plant

Film notchars

Pinch grips, wrist deviation,
high repetition rates,
static loading of Legs and back

Provided adjusteble chair and
bench-mounted armrests, angled
prese, provided parts bins

hand by 23.5 - 45.5X

Reduced wrist deviation, compressive
force on L5/81 disc (trom 85 to 1}
lbs)

Johnson [1988])

the palm of the hand imposed by

Ulnar deviation, high
repetition retes, prensure In

notching tool

Redesigned notching tool
(extended, widened and bent
handles, reduced squeezing force)

Reduced force from 12-15 1o 10 lbs,
climinated ulnar wrist deviation,
increased productivity by 15X

Fallows and Frelvalds

Power hand tool usere

Gardenars {(rakea)

Muscle fatigue, cacessive grip
force

Adiled vinyl sleeve and brace to
hand! e

llcdlced'urip force as determined by
ENG

(196891

Andersson (1990)

Blisters, muscle fatigue

Provided foam cover for handle

Reduced muscle tension and fatigue

Raddin and Oh (1991]

Power hand tool users

Trigger-operated posar hand

Hand-arm vibration

Provided vibration damplng handle

Reduced hand-transmitted vibration by

buildup as determined by EMG

61-85%

Freudenthal et al.

tool users

Excessive hand exertion and
muscle fatlgue

Entended trigger

Reduced (inger and palwar force

11991}

office workers

Statlc loading of back and
shouiders during seated taske

Provided desk with 10 degree
incline, adjusteble chair and

table

during tool operation by 7X

Reduced moment of force at L3-S1 by
29%, at C7-11 by 21%
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S!!DI

TARGET
POPHATION -

PROALEN/

CONTROI MEASIRE

RISK FACTOR

EFLECT

Hiller, Ransoholf and
lichauer [1971)

Surgeons {bayonet forceps)

Muscle fatigue during forceps

use, frequent errors while
passing instruments

Redesigned forceps (increase
surface area)

Rechiced miscle tension {determined by
EMG, fewcr pavaing errors)

Powcrs, Hedge and Hartin
11992]

Office workers

Urist deviation during typing

tasks

Provided forearm supports and a
negative slope keyboard support
syslem

Reduced wrist extension

Erleman and Wick [1992)

Assesbly workers ‘

Plnch grips, wrist deviation

Provided new ssseably finture

Etiminated pinch grips, reduced wrist
deviations by 85X, reduced cycle time
by S0%

Luttmann and Jager
11992)

\éavers

forearm miscle fatigue

Redesigned workstation (mmerous
changes)

Reduced fatigue build-up as indicaled
by EHG, iaproved quality ol product
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TABLE 3

SELECT STUDIES OF THE EFFECTIVENESS OF VARIOUS COMTROL SYRATEGIES FOR REDUCING MUSCOLN OSKEAETAL 1MJURIES

r STmny

TYPE OF WUDRK TASK

MIBUER OF

METHCD GF INTERVEMTION

e ————

UORKERS

ADDLTIONAL COMMENTS

Jonason [1988b)

Telephone assesbly,
manufacturing printed clrcuit
cards, glass blowing, mining
work

25 rotal workers
studied

Job rotation

Job ratetion in light duty
tacks not as effective as in
dynanilc heavy duty tasks

Hessured static load in
trapezius muscle with EMG

Westgsard snd Asras
[1984; 1985]

Production of cable forms

100 workers

Introduced adjustable
workstations and fintures,
counterbalenced tools

Jurnover decreased,

mscul oskeletsl sick leave
reduced by 2/3 over 8 year
period, productivity
increased

Posltive effecta of
interventions verlfied by
reductions in treperius
amscle EHG

1tanl at al. (1979)

Phorographic fiim rolling
workers

124 total )
workers In tuwo

groups

Reduced work time, increased
number of rest breaks

Reduction in cervicobrachial
disorder and low back
complaints; isproved worker
health

Post intervention
prochictivity 84X of
preintervention levels

Luops Jarvi et al.
[1982)

Food production packing tasks

200 workors

Redes igned packing machine

Decreases In neck, elbow, and
wrist pain

ot sll recommended job
changes loplenented;
workers still complain

HcKenzia er al.
[1985]

Telecomminicatians equipment
manufacturer

6600 cwployees

Redesigned handies an
pouered screudrivers and
wire wrapping gune;
instituted plant-wide
ergonamice tralning program

Incldence rate of repetitive
trouma dlsorders decreased
from 2.2 to .53 cases/200,000
work hours and lost days
reduced from 1001 to 129 in
three years

Data inadequate for
rigorous statistical
evaluation

Rigdon [Wall Street
Journal 1992)

Bokery

630 employees

Formed union-management CID
cosuftiee; work station
changes, tool modifications,
improved work practices

CTS cases dropped from 34 Lo
13 in & ycars, lost days
reduced fram 731 to 8

Union wdvocuted more
equipment o reduce manueal
materfal harcl ing

Lutz and Henaford
{19871

Manufacturer of sutures and
wourd closure products

»1000

Introduced sdjustable work
stations and fixtures,
mechanical alds to reduce
repatitive motions, job
rotation

Reduced medical visits from
76 to 28 per month

Results based on two
departments with 13
employees; company
enthusiast ic sbout
exercise program ,

Silverstain ot al.
119871

Investment casting plant

136 workers

Spacific ergonomic changes
not mentioned

Mo relatlonship between
ergonomic changes and
prevalence of hand-wrist CiDs

Ergonomlc changes did not
reduce the risk of studied
jobs

Jorgensen et al,
(19871

Airline baggage loaders

6 males

Introduced o telescopic bin
loading system

Local auscular toad on the
shoulders and low back
reduced

Measured EMG of the
trapezius and erector
spinae muscles
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SNDY

TYPE OF UDRK TASK

MMBER OF
URKERS

HETHOD OF INTERVENTION

SIMMARY GF RESAN TS

ADDITIONAL COMMENIS

Jonsson [1988bL)

Telephone asseably,
manufacturing printed circuit
cards, glass blowing, mining
work

25 total workers
studied

Job rotation

Job rotation in Light duty
tasks not ac effective as In
dynemic heavy duty tasks

Measured static load in
trapezius auscle with EHG

Geras et al.

[unpubl i shedl

fubber and plastic parte workers

87 plaente of a
national company

Introduced an ergonomics
training and intervention

program; added material

hendling equipment, work
statlon medifications to
eliainate postural stresses

Lost tima et two plants
reduced from 4.9 and
9.77200,000 hours to .9 and
2.6, respectively over 4-year
per fod

Key to success has been
increased 1raining,
awarencss of herards and
improved commnicetion
between management and
workers

LeBar (1992)

Household products manufactures

800 workers

Introduced adjustable
workstetions, improved the
gripa on hand tools,
{mproved parta organlzation
and work flow

Redsced injuries
(porticularly bock by 50%)

Company also has a {abor-
munugeawnt salety
comuiltiee that
Investigates ergonomics-
related complainta

Orgel et al. [1992)

Grocery store

23 eaployees

Redesigned checkstand to
reduce reach distances;
invtalled o height-
adjustable keyboard; trained
workers to adopt preferred
work practices

Lower rate of self-reported
neck, upper back, and
shoulder discomfort; no
change in arm, forearm, wrist
discomfort

Study lacked o control
group

Kilbom [1988]

Revieus Intervention programs in
various Industries

14 studles

Concludes that job redesipns
are most effective, but as
the physical environment
Improves, work organization
and psychasoclial tactors
become more ismportant

Echard et al. [1987)

Automobile manufacturer

Redasigned tools, fixtures,
snd work organizetion in
asseably operations

Reduced long-term upper
extremity and back
disabllities; reduced CIS
surger{es by 50X

Snook et al. [1978]

Insurance company survoy

200 surveys

Sclection of workess;
training in Lifting
technique; design of Lifting
taska to Fit worker
capabilities

Selection and training not
effective; wmatching job
demands to worker
capabilities can reduce
injuries by 2/3

Authors also conclude that
1/3 of low back Injuries
will occur no malter what

hatard control approsch le
used

Drury snd Wick
11984}

Shos manufacturer

& work sites

Mork station redesign

Reduced postural stresse;
increased produictivity

Trunk and upper lioba wmoat
affected by changes

L




TABLE 4

SELECTED STUDIES DEMONSTRATING EFFECTIVENESS OF ERGONCMICS TRAINING

—

TASK (INDUSTRY)

STUDY CESIGN

RESULTS

Srown et al, {1992] Vasiec 74 workers Safore - After Recoras study: Trained werkers hag sig. 3
{Municipal) w/job back 6 wk. Back School Lost time, lost ime tefore-after gaing on all ]
injury history Non-equivalent cost, measures; fewer injury :
cantais medical cost, total cost | reponts than conwels i
Crgel et al. [1992] Check-out 23 workers Bafore - After; no Selt—eagornt of Ergoncmics program i
(Grocary) ' controls discomtort resuited in some decrease |
Training was part of in mecicaden . !
HGONQMIcS program requiraments and l
racovery aays !
Liker ot al. [1950] Ergonomic job 147 OSH Before - After Knowledge and Substantial gains in |
analysia wpecialists Lecture-based physical knowlecge but not skills;: |
{Varied) raining stress estmation skills | simplistic analysis mecars |
preferred |
|
Dorteh & Tromoty Assembiy by hand 18 workers Betore - After Behavior obasrvation Traineq groups had j
[1990] (Electronics) mandouts vs. reduced Taumatzng i
handauts + mavements when |
demonsratons va. compared with contrels :
controls
Genaidy et al. Lifting and carrying 21M Betore - After Psychophysical Psycnoghysical
[1988] (Packaging) worsrs w/controis sndurancas, endurancs doublad after
) 2 Physical fraining ratings of perceived training; seresived
ssssions sxerton exsricn ¢id not change
St-Vincent at a. Lifting 22 orderiies 12-18 months After Trained behavior Procecuras from maining |
[1988] (Geriatric haspital) oniy choservers . rarely yseq in honzontal |
12h classroom using a behavior grid moves: more frequently 1
training usad for verticai '
Resereid ot al. Varied £22 workers Bafore - After Seit-report of perceived | Physical fraining graup ;
[1989] (Pharmacsutical) Physical training vs. workicad, sfficiency, had higher perceived
social fatigue warkicad Sut lower faugue
acdvity - post raning ;
i
Uker ot al. [1989] Many tasioa 4 Plams: Before - After Qualitative: Bath raining Dy experts
(Awte and air 2USs changes by Worlksits obsarvatians {U.S.) and peer ar
conditioning mg.) 2 Japan srgonomics Records review superviser waining
SOmMmMitine; {Japan) contwibuted o
no corrois completion of job
: redegigns ‘
Goras ot al. Varied Unkncown # Sefore - Aflter Lost tme incidence Substantal raductons n !
(unpubiished] {Auto miig.) plant lsacen Training course + rates incidence rates after |
proactive ergonamics program was initatec J
program |
Chaffin st al. Lifing 33 materisl Befors - After Expert anatysis of Post-raining lifts were
[1988] {(Warshouse) handlers 2 4-hour training random better on 2 of § critena
- sassicns videc-taped lifts




l

AUTHORS TASK (INDUSTRY) SAMPLE §‘I'UDY DESIGN MEASURES RESULTS .
‘ ‘ z
MeKenzie ot al. [1985] Varieq 8,600 workears Betfure - Alter Rapettive moton Redyced incidencs rates ;
(Communicatcns mfg.) Training for incidence rares corraspanded with i
rgoNoMIcs task program impiementatcn .i
fores professionals §
onty as part of ergo. !
program ;
Smith & Smith Supennsicn 100 supervisors Attar anty; no Seitwepors of anftudes | Substantal sugport for
[1984] Taxtile mtg. sonols toward ergenomic 8rgonamics actvitias
: actvities
Scholay [1983] Lifting 4 F nurses Before - After Truncal sTess Training was effactve for
(Geriazric haspgitas) Handoyts » {oyteome) 3 nurses But not for a less
Feysio-feadback Task anaiysis axparisnced rursa in a
+ demonsyaton + Behavior observaton meors cemanging wara
practcs
' Qeniin et al. [1581] Litdng 48 F with Before - After Selt-eports of Negligible differances:
(Geriatric hospital) low back Finess training vs. percaption of fitness rraining resuited in
sympmms liting work, low-back greatsr perceived nees for
techrique training ve. insyfficiency, informaton ang less
sontrois and demrminataon of percaivec exerten
physical work capacity
Sncok ot ai. [1578] Lifting (Varied) 192 surveys Attar only Self-repart of insyrance | No training affects on
Training va. na reps on their mast injury incicancs
TRining recent claim
Ronmert & Laurig Varied 158 workers Sefore - Aftar Written guesticnnaire increased comelaton
[1977] (Auto mifg.) 4-cay Taining caurss; between course tme
N COMTOIS devoted to wpic and
importance rank
— - ———
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