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The present study analyzed the health benefits data of

employees in a southwestern United States manufacturing

plant. The data consisted of the prevalence rates of

headaches, muscle injuries, upper respiratory complaints,

and colds/flu for baseline (1985) and intervention levels

(1986-1988) for five high-risk jobs. The prevalence rates

of headaches and muscle injuries decreased significantly (p

< .001) from baseline levels for all five job groups.

Comparisons with a nontreatment group revealed significant

decreases (p < .05) for three of the five job groups. The

findings support the efficacy of the ergonomic

interventions. A health surveillance system is recommended

for early detection and prevention of cumulative trauma

disorders.
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CHAPTER I

INTRODUCTION

Organizations can be viewed as open systems, importing

inputs (energy and information) from the environment,

transforming inputs into outputs of goods and services, and

finally exporting these back into the environment,

resulting in feedback on the overall process (Cascio,

1987). By its very nature, the systems approach denotes an

interdependency or interaction of components or parts. It

is necessary to effectively manage and link each of these

components if there is to be a healthy organization. Thus,

the traditional areas of study of industrial/organizational

psychology can best be viewed as components of the

organizational system (French & Bell, 1984). From this

point of view, the roles and duties of the psychologist

within an organization must be intimately linked with those

of other specialists to achieve the best worker-work match

(Dunnette, 1983).

The systems design approach includes selection,

training, equipment design, work design, and the rules and

operating procedures of the job (Chapanis, 1983). One area

where systems design and psychology are meeting with

success is in the area of human factors engineering, or

1
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ergonomics, as it is known today (Chapanis, 1983). The

psychologist has many roles to play in a system using human

factors engineering to improve the quality of work life of

its employees. One such role is in helping the

organization to evaluate the effectiveness of its health

and safety programs.

The case study presented concerns the efforts of an

organization to curtail work-related injuries by the use of

ergonomic interventions. The present study's purpose was

to analyze the data gathered by this organization to

evaluate the results of these interventions, in order to

provide recommendations for implementing an ongoing

surveillance system for detecting and preventing worker

injuries. The following section will focus on defining the

nature of these work-related injuries.

Cumulative Trauma Disorders

One of the leading problems challenging human factors

specialists and industry professionals today is in the area

of worker injury caused by the nature of the work itself.

These injuries are known as Cumulative Trauma Disorders

(among other names), and they are characterized by damage

to the soft tissues of the body. The tissue damage may be

caused, aggravated, or precipitated by repeated exertions

or movements of the body. Risk factors include

repetitive/forceful exertions especially in combination
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with awkward body postures, vibration, mechanical stress,

and temperature extremes (Armstrong, 1988; Armstrong,

Radwin, Hansen, & Kennedy, 1986). The exact causal nature

of individual cases of cumulative trauma disorder may be

difficult to determine. A World Health Organization report

(1985) described work-related disorders as multi-factorial

in nature with the work environment and the performance of

work contributing significantly as some of the factors.

The data pointing to the prevalence and severity of

cumulative trauma disorders in industry is compelling.

Mital, Aghazadeh, and Karwowski (1986) found that one third

of all over-exertion injuries they evaluated were directly

or indirectly caused by the manual handling of materials,

with the manual lifting of materials responsible for most

of the serious injuries. They found these injuries to lead

to partial or total disability and carried direct and

indirect costs of about 100 billion dollars annually.

Kroeme (1985) reports similar findings indicating that

over-exertion injuries comprise one-fourth of all

compensable injuries in the U.S. These injuries cost

workers' compensation insurance companies 4.6 billion

dollars annually. Louis' (1987) cites findings indicating

that cumulative trauma disorders of the upper extremity

account for 90 million days per year of medically

restricted activities, 16 million lost work days per year,

WOW
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and 33 percent of all disabling industrial injuries. In a

review of current studies, Armstrong (1988) notes that

cumulative trauma disorders are related to the intensity of

the work. Their origin is biomechanical and physiological

in nature, and they take weeks, months, and even years to

develop and to recover from.

Because of the insidious nature of these injuries, the

symptoms are often poorly localized and nonspecific. In

other words, the worker may only be aware of experiencing

pain and may not be relating it specifically to certain

body areas or the job. While cumulative trauma disorders

may have both occupational and nonoccupational causes,

certain work activities and industries have high rates of

work related disorders. Armstrong (1988) notes the

following industries as identifying or reporting work

related disorders of the upper limb as a major cause of

lost work and worker's compensation claims: aerospace,

agriculture, automotive, clerical, data/word processing,

electronics, food processing, garment, glassware,

manufacturing, metal forming, the performing arts, and

plastics molding. Armstrong et al. (1986) provide a table

of identified risk factors with accompanying references. A

partial listing includes: (a) repetitive exertions; (b)

awkward body postures affecting the shoulder (elbow above

mid-torso, repetitive reaching down and behind), the
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forearm (inward or outward rotation with a bent wrist), the

wrist (palmar flexion, ulnar or radial deviation), the hand

(pinching vs. power grip); (c) mechanical stress

concentrations (over the base of the palm, on the sides or

palmar surface of the fingers); (d) vibration; and (e)

extreme temperatures and (f) inappropriate gloves. Awkward

working postures are also frequently associated with

reports of transient local muscle fatigue and low back

pain.

Keyserling, Punnett, and Fine (1988) note that awkward

work postures can be caused by three major elements. These

are poor work station layout, design attributes of the

tools and equipment used in the job, and by the worker's

using incorrect work methods. For example, a poor work

station layout requires the worker to bend forward while

standing or reaching for a tool needed for a manual

operation. Floor level ejection chutes on an injection

molding machine require the worker to stoop to retrieve

parts; this is one example of poorly designed equipment

from the worker's point of view. Finally, an example of

incorrect work methods involves a worker's spine twisting

during manual lifting or materials transfer operations,

instead of moving his or her feet in a side-stepping

motion.
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Another consideration in the incidence of cumulative

trauma disorders is the worker's cardiovascular capacity to

perform strenuous work for prolonged periods of time. The

National Institute for Occupational Safety and Health

(NIOSH), in preparing its guide for manual lifting,

conducted research to identify primary factors limiting the

average worker's ability to perform various types of

lifting. The Work Practices Guide for Manual Lifting

(NIOSH, 1981) used strength and endurance factors to

categorize work into three categories of lifting:

infrequent lifting, occasional high-frequency lifting and

continuous high-frequency lifting. Infrequent lifting is

occasional or continuous lifting occurring less than once

every three minutes. The aspects limiting the worker's

ability to perform this type of work are in his ability to

tolerate the areas of the person's musculo-skeletal

strength and the stress to his or her back caused by the

work load. Occasional high-frequency lifting consists of

manual lifting one or more times every three minutes for up

to one hour. Limiting factors here are in the areas of

psychophysical stress and muscle fatigue. Continuous high-

frequency lifting consists of manual lifting one or more

times every three minutes for eight hours. The features

limiting the performance of this type of work involve

cardiovascular capacity and metabolic endurance.
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The NIOSH guidelines set allowable and maximum

permissible limits for manual lifting work. The allowable

limits (APL) involve work forces that place up to 770

pounds of compression on the lower back and involve less

than 3.5 kcal/min of energy expenditures. Using

anthropometric data, NIOSH indicates that at least 75

percent of women and over 99 percent of men can perform

this level of work. The maximum permissible limits (MPL)

describe work forces that exceed 1,430 pounds of

compression on the lower back and whose task requirements

exceed 5 kcal/min of energy expenditure. Only 25 percent

of men and less than one percent of women have muscle

strengths capable of performing this work. At this level

of work, the probability that musculo-skeletal injury will

occur and be of a serious nature drastically increases. In

view of the stress loads on the workers' bodies and the

accompanying energy expenditures, it is easier to see why

the intensity of the work may contribute to the incidence

of cumulative trauma disorders.

Comparing the effects of fatigue and cumulative trauma

disorders, Armstrong (1988) suggests that both appear to

have the same general, associated causes. He notes that a

factor in differential diagnosis is that the worker will

usually experience recovery from fatigue within minutes,

hours, or in extreme cases days, after the cessation or
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reduction of work. Armstrong concludes that fatigue

symptoms extending beyond the previous day may be an

indication that the fatigue may be due to more than the

efforts of an "honest day's work" (p. 3).

A Search for Solutions

The problem of finding the best worker-work match and

the designing of the job for optimal productivity have long

been a concern for managers and psychologists (Hale, 1984).

Frederic Taylor, in his well-known 1890 study of industrial

workers, conducted comprehensive time and motion studies to

determine the "one best way" of performing manual tasks.

He determined that optimal productivity could be achieved

through the careful selection and training of workers, and

the use of tools specifically designed to meet the task

requirements. Taylor (1929) also advocated piece-rate

methods of compensation with bonuses for above average

production.

In the early 1900's Frank and Lillian Gilbreth used

photographs to study the work of bricklayers in order to

determine optimal work methods. They found that fatigue

and wasted motion could be decreased and productivity

increased by planning the equipment and materials layout of

the job with the worker's movement in mind. For example,

the bricklayers first sorted the bricks by "good" or "bad."

After this, they stacked the bricks with the best side
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facing out, and used an adjustable scaffold to deliver the

bricks at a comfortable height (Gilbreth, 1911). One

innovation among Gilbreth's techniques was the use of still

photographs to analyze the manner in which the worker

performed work tasks. The photographic analysis of the job

allowed the Gilbreths to analyze the job systematically, in

order to identify awkward postures and inefficient motions,

and recommend corrections (Chaffin & Andersson, 1984).

While time and motion studies continued to develop

from World War I through the fifties, further efforts to

take into account the work postures and the work loads

experienced by the worker did not continue at nearly the

same pace. Surprisingly, it was not until the last twenty

years that work analysis systems began to seriously take

note of the effects of the job on the worker as a means of

designing safe and productive jobs and developing adequate

training programs for worker safety. This oversight may

have been due to the lack of adequate computation and

analysis technology available prior to the advent of high-

speed digital computers in the 1960's (Chaffin & Andersson,

1984). As with so many other areas, the computer allowed

for the manipulation of previously unwieldy computations

and thus aided in the creation of models and algorithms

that have become the basis of occupational biomechanics

today.
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Longitudinal studies focusing on pre-employment

screening of workers for their capacity to physically

perform the job began to appear in the late 1970's.

Chaffin and Herrin (1976) reported two such studies. The

first involved workers in 100 jobs in five different plants

with significant manual materials handling as part of the

job. Chaffin and Herrin strength tested all workers and

evaluated them for a history of low back pain injury. The

researchers found that jobs requiring high strength

performance have an incidence rate of back injury eight

times higher than jobs requiring a low strength capacity.

They also determined that employees with a higher strength

capacity were three times less prone to acquire back

injuries than their weaker peers.

The second study evaluated 900 jobs in six different

plants (Chaffin & Herrin, 1976). All new hires and

transfers were assessed for strength capabilities and

medical histories. Data on supervisory performance

evaluations and medical incident data were kept over time.

Again, the stronger workers were three times less prone to

become injured than their weaker peers.

Keyserling, Herrin, and Chaffin (1980) conducted a

validation study involving workers in the rubber industry.

Keyserling et al. tested all the subjects' strength and

biomechanically analyzed the jobs they would be entering.
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The control group was hired based on the results of a

routine pre-employment medical examination and without

regard to the findings of the strength tests. The members

of the experimental group were hired based on the results

of their strength tests. The researchers followed the

plant medical records for one year to determine the number

of times each group's members visited the plant medical

department, and to identify their frequency of musculo-

skeletal complaints. After one year, the data suggested

that the control group had three times more medical

incidents than the experimental group. Also, all

complaints of musculo-skeletal disorders were confined to

the control group.

Problem-solving Using an Ergonomics Approach

While it is important to assess whether the worker is

capable of physically performing the required job demands,

the previously cited studies also show that it is

equally important that the specific tools, work methods,

and the work site be conducive to safe, productive work.

Thus, it is important that human factors interactions be

taken into consideration to gain the maximum benefit of

able workers (Kroeme, 1985). Habes and Putz-Anderson

(1985) report that, during their work as members of the

NIOSH Applied Psychology and Ergonomics Branch, 20

ergonomic evaluations of hazardous work conditions were



12

requested and completed over an eight year period. Of the

20 requests, 18 involved cumulative trauma disorders,

manual materials handling, and low back injuries as the

chief health complaints. Their article may serve as a

model for problem solving using an ergonomics approach.

The first step in the problem solving process is to

identify the potential hazards and their health effects.

Such data can help select the jobs for ergonomic analysis

and establish a baseline for evaluating improvements from

subsequent interventions. Habes and Putz-Anderson (1985)

suggest that this data can be derived from medical records,

a semi-structured oral interview, or medical screening.

Payroll and departmental personnel records can be used to

identify jobs or departments with high rates of turnover

and absenteeism. These data are then analyzed to discover

the total number of cumulative trauma disorders reported,

the dates and jobs associated with each incidence, and the

number of workers on the same job. Once analyzed, the data

should provide a clearer picture of affected jobs and

prevalence information.

The next step in this process involves the ergonomic

job analysis to determine the relationship between work

patterns and worker injuries. The NIOSH investigators

typically confine their ergonomic analysis to four major

areas: work methods, work station design, worker posture,
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and handle and tool design. In order to accomplish a

thorough analysis, the worker is videotaped and

photographed while performing the work. This information

is then evaluated to determine (a) the tasks and task

cycles involved in the job, (b) the speed, intensity, and

pace the worker must maintain to meet production or quality

standards, and (c) the frequency and type of repetitive arm

and hand movements in a given work cycle. Finally, the

forces on the worker required by the job are measured or

estimated.

The third step in the problem-solving process involves

the development of recommendations for interventions.

Habes and Putz-Anderson (1985) emphasize that the goal of

ergonomics "is to make the job fit the person, not the

person fit the job" (p. 55). In reviewing the results of

their previous investigations, they found that high-risk

jobs had high rates of manual repetition with deviated

wrist postures. The latter typically involve excessive

wrist flexion and extension, reaching overhead, pinch

gripping and use of wrist or arm torque. Intervention in

these types of cases centers upon a redesign of the tools,

postures, or work layout. An example of tool redesign

might consist of a worker using a pneumatic wrench that

forces the worker's wrist into an exaggerated handshake

position for hours at a time (ulnar deviation of the
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wrist). Possible solutions may include moving the work

surface so that the wrist is kept in a neutral position or

redesigning the handgrip of the tool so that the wrist is

in a neutral position. One example of work station

redesign is a work layout that forces the worker to reach

too far to operate controls. In this case a solution might

involve a total repositioning of the machine controls, so

that they are within comfortable reach of most employees

and the work posture consists of the arms and wrists in a

more neutral position.

The final stage of the process is the establishment of

data collection procedures to ascertain the efficacy of the

interventions over time. The NIOSH group suggests injury

rate, lost work days rate, and reduction in the rate of

musculo-skeletal injuries as three possible criteria for

measuring the intervention's success. Because of the

insidious nature of cumulative trauma disorders, it is not

enough to monitor the chronic and acute effects of worker

exposure to hazardous or potentially hazardous work

conditions. In order for industry to monitor the

effectiveness of ergonomics intervention adequately, data

collection should focus on a search for patterns consistent

with the early stages of work-related diseases (Besserman,

1987; Silverstein, 1985). In this way, management and

professional staff are attacking job-related health
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problems from a preventative standpoint rather than looking

for solutions after the workers are injured.

Evaluation Strategies and Techniques

Follow-up is necessary once any kind of intervention

occurs to determine its effects on the conditions it was

meant to correct. Evaluation systems of ergonomics

programs, should focus on the extent of changes carried out

in the work practices, the work postures, etc. Also, the

effects of the ergonomic program on the rate of reported

employee injuries must be followed closely (Silverstein,

1985). Because work conditions may sometimes change over

time, a complete evaluation program should also focus on

variables to determine if the needs have changed since the

original assessments. Finally, evaluation strategies

should be focused toward early identification of

potentially disabling injuries and evaluation of

potentially hazardous work practices so that any long term

effects may be curtailed and prevented.

Although these strategies may appear to be

common sense, in reality they are often not carried out.

Vojtechy and Schmitz (1986), in a survey of 124

occupational health professionals from diverse companies

and national corporations, found that only 51 percent of

individuals surveyed responded affirmatively to the

question: "Is evaluation used to demonstrate your [health
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and safety] program's effectiveness?". Of the 20

businesses and industries evaluated by Habes and Putz-

Anderson (1985), a 1.5 year follow-up revealed that only

13 of 20 had actually carried out measures to enact the

NIOSH recommendations. Of these 13, only two companies

were able to present any quantifiable data illustrating the

effectiveness of the implemented recommendations.

Some of the factors affecting whether evaluations will

occur include the monetary and manpower commitments made by

top management. These commitments are necessary to carry

out the data collection and analysis necessary for

quantifiable results. After allocating these resources,

the focus should then move to evaluating the areas where

interventions have occurred and measurements made to assess

the degree of change. As a general rule, program

evaluations will need to focus on three general areas.

These areas are: data to measure changes in work

practices, data to measure changes in worker awareness of

work hazards in their work area, and data to measure the

effect of these changes on the workers' exposure to risk,

injury, or ill effects to health (Vojtechy & Schmitz,

1986).

The NIOSH Work Practices Guide for Manual-Lifting

(1981) contains a three step program for evaluating work

practices. The first part entails the training of plant
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managers and supervisors. Training includes the changes,

the reasons, and what to look for in observing and training

employees. This group is then subdivided into teams of

instructors and enlisted to train employees in assigned

areas. After completing the second step, the team of

instructors, the plant physician, and the safety director

conduct plant tours at regular intervals to observe actual

work practices and to answer questions from the employees.

The systematic observation of work practices can be

supplemented by photographing and videotaping worker

behaviors for analysis, and the results used to provide

feedback to the employees.

Keyserling, Punnet, and Fine (1988) describe work

conditions that a supervisory team could use to evaluate

work practices for hazardous body postures. These

conditions include: work benches and parts' bins that are

within the operator's reach limits, manually handled

objects not stored on the floor (use of conveyers, lift

tables, benches, and hoists is recommended), keeping

horizontal reach distances within easy access of the

operator, and observation for any movements resulting in

the axial twisting of the spine. This type of information

is especially useful in a checklist form so that uniform

surveys can be conducted.
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Measuring the changes in worker awareness of potential

work hazards can be done in various ways. Vojtechy and

Schmitz (1986) advocate the use of written or oral

questionnaires. NIOSH (1981) discusses the use of informal

"questions and answers" during the plant tours by the team

of trainers. Storm (1980) notes that the plant medical

team, specifically the nurse practitioner or occupational

nurse, should help injured workers to review safe work

practices that could be used to prevent injuries. He also

suggests that occupational nursing staff should be given

more time to effectively handle duties of preventative

health awareness activities for all the staff. While the

above examples cannot approximate all the various

techniques developed to assess training success, these

examples can provide an initial picture of how some groups

are applying the developed technologies.

Before looking at techniques for evaluating a

program's efficacy in reducing worker injuries and ill-

health effects, it is necessary to discuss the concept of

the health surveillance system. Silverstein (1985) defines

the health surveillance system as, "the on-going,

systematic, collection, analysis and interpretation of

health data essential to the planning, implementation,

evaluation of programs geared towards the prevention and

control of work-related disorders" (p. 5). Well-designed
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health surveillance systems are advocated for use by

industry (Armstrong, 1988; Habes & Putz-Anderson, 1985;

Monson, 1980; Silverstein, 1985), and at the state, county

and local government level (Graitcer, 1988).

Health surveillance data are generally divided into

two main types. Passive data are data already collected by

the facility or industry and incidentally used for a

control program. Examples of common workers' injury

reports include Occupational Health and Safety

Administration (OSHA) 200 logs, worker's compensation

reports, plant medical records and personal benefits

insurance records (Monson, 1980; Silverstein, 1985).

Active data is specifically designed and actively seeks to

gather data for a control program. Examples include

localized posture discomfort questionnaires, detailed

symptoms questionnaires, and screening exams by medical

personnel (Monson, 1980; Silverstein, 1985).

Using either passive or active data incurs a certain

cost for the user. Passive data is less expensive to use,

because it is already gathered by some part of the

organization. One of the costs of using passive

surveillance data is that it will generally not be in the

best form for program evaluation. Some examples might

include plant medical data that provide reports for groups

of workers rather than for individuals. Another example
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might consist of personal benefits data (health insurance

usage) where the doctors report their diagnoses as general

symptoms' groups rather than as particular disorders,

making the incidence of particular disorders difficult to

track. While active surveillance data can be gathered in a

tailored format for analysis utility, it is also more

costly to gather in terms of man-hour costs and material

costs. Examples of these costs may include the time to

develop or research appropriate questionnaires, the time

and manpower needed to administer the questionnaire, and

the means to print or purchase more questionnaires.

Fine, Silverstein, Armstrong, Anderson, and Sugano

(1986) reviewed the efficacy of different sources of

passive surveillance data for their ability to detect

incidences of cumulative trauma disorders in the workplace.

Their findings suggest that the workers' medical personal

benefits records are more sensitive indicators for

detection of trends in the rate of injury of the wrist,

elbow, lower back, and cumulative trauma disorders than the

information found in worker's compensation reports or OSHA

200 logs. Plant medical records are the best general

indicators for detection in all categories except for the

incidence of lower back injuries; medical personal benefits

records are the best indicators for this category.

Armstrong et al. (1986) note that data documenting worker
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health complaints and medical visits can be coupled with

worker's compensation claims to determine if cumulative

trauma disorders are under control.

Noting the efficacy of questionnaires, Silverstein

(1985) reports that postural discomfort surveys and contour

mapping surveys (both "show me where it hurts" types of

instruments) are useful for pre- and post-intervention

evaluations to determine worker discomfort at the specific

time of the survey. Detailed symptoms questionnaires are

useful for identifying early cases of work-related

disorders and high risk jobs (Fine et al. 1986; Habes &

Putz-Anderson, 1985; Silverstein, 1985). An interesting,

but yet unexplained phenomenon, is that workers appear to

be more willing to admit a wider variety of symptoms when

administered a questionnaire than they do while at the

doctor's office during periodic health screenings (Fine et

al., 1986; Silverstein, 1985).

Techniques for evaluating an intervention's effects on

the rate of employee injuries center on a comparison of the

ratio between injury rates in two or more groups (Monson,

1980). The methods of deriving the data for these ratios,

as well as the methods for analyzing the data, come from

the field of occupational epidemiology. Occupational

epidemiology, a branch of the field of epidemiology, is

defined as: the science which investigates the causes and
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controls of epidemic diseases in the workplace ("epidemic,"

here denotes widespread or prevalent). Monson (1980)

states, "the basic measure underlying epidemiologic data is

the rate: the quantity or degree of a thing measured per

unit of something else" (p. 29). An example of this might

be the number of cases of an injury per workers in the

workgroup where the injuries occurred. As such, the

simplest data might be in the form of a table listing

different work areas and the corresponding number of

worker's compensation claims per area (Silverstein, 1985).

Silverstein (1985) and Monson (1980) both describe two

main types of ratios for use in evaluating the impact of

workplace interventions on the rate of worker injuries.

The first ratio is the incidence rate and is defined as:

number of new cases of an injury/unit population/unit time.

For example, there are 100 workers and 10 develop arthritis

in the next 10 years; the incidence rate would equal

,10:100/10 years or 1:100/year.

The second most commonly used ratio is the prevalence

rate. This ratio is used in comparisons between the

presence of disease in two or more groups. It is defined

as: number of cases of existing injury/population unit.

For example, in a population of 100 workers aged 55, five

percent has arthritis. The prevalence rate would equal

5/100 or 5 cases per 100 workers.

- . -- - ., '. . . k ;,. 4
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Incidence and prevalence rates are related in that, if

the incidence rate goes up, the prevalence rate will also

increase. If the rate of "cure" for an injury increases,

then the prevalence rate will decrease. Conversely, if the

onset and duration of the injuries increase, then the

prevalence rate will also increase (Monson, 1980).

Both Monson (1980) and Silverstein (1985) express that

rates of different types are not comparable and should

never be compared one to the other. The rate ratio is

recommended for comparing different types of rates. The

rate ratio gives a relative measure of the two rates being

compared and is computed as follows:

Rate Ratio for comparing two Prevalence Rates (PR)

PR in group 1/PR in group 2

Rate Ratio for comparing two Incidence Rates (IR)

IR for group 1/IR for group 2

Another ratio comparison of interest in this study is

the excess count method. This ratio is based on the

assumption that one can never eliminate all accidents or

injuries from the workplace, but must instead decrease the

rate from an established baseline (Silverstein, 1985). The

excess count method provides the computations necessary to

derive an expected number of injury cases per man-hours of

exposure on the job. It is based on the baseline rate and

standardized per 100 worker years of job exposure for
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comparison across groups. Using the excess count method,

one can determine the increase or decrease in observed

cases of injuries based on the initial rates before

interventions. This is computed as follows:

Expected Cases = baseline rate X job hours/200,000.

The expected cases are then subtracted from the number of

cases observed in actuality. This yields the excess cases.

In the above equation the value "job hours" is derived by

multiplying the number of employees in a job times the

number of hours they work in one year. For example, the

job hours for 10 workers working 40 hours per week would

equal 20,000 job hours (10 X 40 hours per week X 50 weeks

per year). The number "200,000" in this equation

represents the average number of hours worked by 100

employees in a year (100 X 40 hours per week X 50 weeks per

year). A complete listing of the formulas for these

equations can be found in Appendix B.

It is clear from the preceeding research citations

that ergonomic interventions and pre-employment testing can

help an industry to reduce the risk and incidence of

cumulative trauma disorders in the workplace. Also,

because of the potentially disabling nature of cumulative

trauma disorders, conducting ongoing evaluations is

imperative in order to detect and prevent dangerous work

conditions. Ongoing evaluations can also prevent workers

, ,+, m, 15"j ., , I ", , , 'i, 4, , - k .- ".., k , - , - . - I ' 1, 1-1 .
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falling back into patterns of hazardous work practices.

Unfortunately, it is unlikely that any intervention will

eliminate all risks to workers, or that all injuries in the

workplace can be completely prevented. As such, a crucial

role of the psychologist in these industries is to help

create surveillance systems to monitor variables identified

with the potential incidence of cumulative trauma

disorders. A psychologist functioning within the systems

design approach can act as a catalyst to bring together the

other industrial professionals. He can help them

coordinate their unique expertise in establishing the best

system to meet the company's needs.

The next section will present the background of the

present study. The company in this case study has carried

out ergonomic interventions and pre-employment strength

testing since 1986. Despite the interventions' success in

reducing workers' compensation injuries, the company has

made few attempts to establish a health surveillance system

aimed at detecting and preventing cumulative trauma

disorders. The purpose of the present study is to analyze

passive surveillance data from the company in order to (a)

demonstrate the interventions' success, and (b) identify

for company management potential variables that will be

useful in detecting the early development of cumulative

trauma disorders. Following a discussion of the data

"Wow. MOWN I III
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analysis, recommendations will be reviewed for establishing

a health surveillance system at this company.

The management staff of the company in the case study,

in giving permission for the researcher to report and use

the following information and data, have requested that the

researcher refrain from identifying the company in any way.

This request has been dutifully followed.

A Case Study of Ergonomic Interventions in a Southwestern

Manufacturing Plant

In 1985, a major manufacturer of rubber fittings

located in the southwestern United States, discovered that

workman's compensation claims had reached an alarming 20

percent rate at their plant. An investigation showed that

the majority of these claims centered on five jobs at the

plant. The resulting decrease in productivity and the

concurrent increase in insurance premiums and potential

litigation spurred the company management to seek creative

solutions to the dramatic problems facing them.

After initial approval from corporate headquarters,

the management of the company decided to hire consultants

to analyze its problems and to propose solutions. These

consultants specialized in biomechanical job analysis and

ergonomic interventions. The consultants began work in

early 1986 and by April of that year, were ready to begin

carrying out the programs agreed upon by management. These

- -'I., - -- - 1 A 4, 4
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initial programs were focused in the areas of (a) redesign

of work stations and jobs identified as high-risk for

worker injury, (b) implementation of an employee screening

program based on work force norms and job analysis, (c)

implementation of a pre-employment screening program based

on work simulation and derived from the same data used to

screen incumbent workers, and (d) the transfer of all

employees found unable to do their current job due to

increased risk of serious injury.

By the end of summer 1986, the current work force

stabilized along the program guidelines. In early 1987,

management initiated a company safety committee to review

all on-the-job accidents and injuries. In November, 1987,

corporate headquarters initiated a cost containment program

for the employees' group medical insurance. One result of

this effort was that workers with repeated complaints of a

similar physical or etiological basis were seen by a nurse

practitioner and interviewed to determine preventive

courses of action. In April, 1988, all supervisors and

management staff received in-service training from the

consultants in the areas of stress management and

biomechanics. The purpose of this was to train this group

as instructors for the general work force on safe

(ergonomically sound) work practices and to increase their

awareness as supervisors and managers of how their demands
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could contribute to the stress their employees felt on the

job. The in-service also focused on the effects of stress

on worker-machine interactions and the increased potential

for injury.

In April, 1989, the company's personnel department

noted that there has been only one worker's compensation

claim since the initiation of the ergonomic interventions.

This claim was filed in June, 1987 by a custodial worker

who slipped and fell, hurting his back.

Company management has been happy with the overall

reduction in worker injuries. At present, it is planning to

begin similar programs with its warehouse personnel where

injuries have begun to increase. However, there are no

plans for the further evaluation of the ergonomic

interventions beyond a review of worker's compensation

claims.

Preliminary Analysis. Following are the five job

categories reporting excessive injuries in 1985, along with

the typically reported injury: (a) Mold Changer, back

injury; (b) Extruder Operator, shoulder; (c) Press

Operator, back injuries and wrist pain; (d) General Worker,

back injuries; and (e) Clerical Staff, back and shoulder

injuries, wrist pain.

Preliminary analysis by the consultants focused on the

above five jobs. These employees were videotaped at work
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and polaroid pictures taken for postural analysis following

procedures suggested by Habes and Putz-Anderson (1985) and

Armstrong et al. (1986). Analysis of the videotapes helped

to determine how the worker completed the job and to

identify the individual task components that made up the

job. After workers were videotaped and photographed, they

were interviewed to ascertain how they felt about their

workload and job and to give suggestions for improving

either.

The photographs were analyzed using the 2D Strength

Prediction Model. This model is based on an algorithm

described in the textbook, Occupational Biomechanics

(Chaffin & Andersson, 1984). This model is the result of

20 years of research at the Center for Ergonomics,

University of Michigan, Ann Arbor. The model results

correlate with average population static strengths (r =

0.80) (Chaffin & Andersson, 1984). It is operationalized

by a computer software product developed by the Center for

Ergonomics and is most applicable in the analysis of the

"slow movements" used in heavy, manual materials handling

tasks. Use of this software helped to identify potentially

injurious work postures and work loads as recommended by

NIOSH (1981) and Keyserling, Punnett, and Fine (1988).

In order to identify the workers who had been able to

perform the job safely across time without injury, the
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consultants examined plant personnel records, health

records, and supervisory evaluations. They also

interviewed the supervisors to define task duties, to give

verbal evaluations of their workers, and to describe the

problems they perceived, as well as potential solutions.

The consultants also consulted the plant engineers in order

to get information on the physical characteristics of the

job, the work station, and the work loads. This

information was used to formulate recommendations regarding

the work station layout, work methods, and the work

environment. Following are the initial findings for each

job group.

1. Mold Changer. Hazards: hazardous (heat)

temperature due to inadequate ventilation; job requires

high cardio-vascular endurance--fatigue is highly likely;

worker's shoulders at high-risk for injury because of

extreme work-forces. Recommendations: cool work area,

increase employees' rest periods, provide mechanical

assistance with materials handling.

2. Extruder Operator. Hazards: hazardous work

postures and high strength requirements expose the worker

to unnecessary risks. Recommendations: redesign job and

tools used.

3. Press Operator. Hazards: employees pounding

metal molds with hand to loosen rubber from mold; employees
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twisting while reaching. Recommendations: change method

used to loosen rubber from molds and train employees not to

twist back but take extra steps.

4. General Worker. Hazards: analysis shows that the

strength requirements and cardiovascular demands for this

job are very high; the potential for back injury is also

increased due to the stressors from lifting materials from

the floor. Recommendations: minimize lifting of materials

from the floor; test all employees for this job for

physical capacity to perform the job.

5. Clerical Staff. Hazards: work station forces

hazardous body postures due to level and location of work

in relation to worker's body. Recommendations: redesign

work station.

Using the technical experts at the company, the

consultants were able to conduct a thorough biomechanical

analysis of the target jobs. The results of this analysis

led the consultants to design and propose ergonomic

interventions to correct the biomechanical and

environmental hazards identified for each job. With

management working on bringing about the recommendations,

the consultants were ready to begin the design of the

screening programs for each of the jobs.

The Screening Programs. The consultants designed the

two-phase screening process in order to determine the job-
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readiness of the individual worker, both in general terms

and in specific task related terms. First, the individual

was tested using a Polyposture Isometric Strength Testing

Unit (PISTU) in order to obtain data about the worker's

functional strength capacity and bio-mechanics in

accomplishing test tasks. The next phase entailed a

complete cardio-pulmonary endurance examination which was

designed to detect the overall aerobic fitness of the

worker to perform strenuous work for prolonged periods of

time.

Strength testing. The strength testing was conducted

with work simulations based on the ergonomic job analysis,

work postures as defined by the polaroids of workers, and

work loads as determined from the 2D Strength Model and

engineering specifications (see Chaffin & Andersson, 1984;

Chaffin & Herrin, 1977; Keyserling, Herrin, & Chaffin,

1980; Kroeme, 1985; Mital, Aghzadeh, & Karwowski, 1986;

NIOSH, 1981; Pytel & Kamon, 1981 for review of pertinent

research concerning strength testing and work simulations).

The test tasks represented work postures and work loads

that presented the most frequent and severe work

requirements found in the identified job groups. They

produced loading on muscle groups of the lower and upper

limbs and trunk of the body, similar to those found on the

job. Following are the five tasks used in the screening.
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Task 1 simulated a standing push similar to that done by

the mold changer, the press operator and the clerical

staff. Task 2 simulated a squatting pull from the extruder

operator's position required to tighten the lower bolts of

the extruder to change the diameter of the plastic tubing

being produced. Task 3 simulated a squatting pull from the

extruder operator's position required to loosen the upper

bolts of the extruder to change the diameter of the plastic

tubing being produced. Task 4 simulated a standing pull

similar to that done by the mold changer, the press

operator and the clerical staff. Task 5 simulated a

stooping lift similar to that done by the general worker

and the clerical staff.

Following are the minimum strength requirements for

each of the five job groups. Norms for the groups have

been revised quarterly since the summer of 1986. The

latest norms are: (a) Mold Changer--push 90 lbs., pull 90

lbs.; (b) Extruder Operator--pull 75 lbs. (two tasks at

different heights); (c) General Worker--lift 60 lbs.; (d)

Clerical Staff--lift 40 lbs., push/pull 22 lbs.; and (e)

Press Operator--push 22 lbs. These minimum requirements

represent the minimal strength capacities, at the specific

tasks, needed to do the work safely. In establishing these

minimum requirements, the company has in effect, determined

bona fide occupational qualifications (BFOQ) that can be
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used as hiring criteria in personnel selection as defined

in the Uniform Guidelines on Employee Selection Procedures

(1978).

Cardio-Pulmonary Endurance Testing. The tests

included cardio-pulmonary endurance screening in order to

determine the individual's ability to sustain work in the

five to eight kcal per minute range. This was done using

three different methods. Overall endurance was tested

using a treadmill. Upper- and lower-body endurance was

determined using ergometers specifically designed for

those body areas. Upper body endurance was tested using

the Upper Body Ergometer. This device looks like a padded

chair with bicycle-like pedals at slightly higher than

chest level. The worker sits in the chair and pedals at a

measured rate while cardio-pulmonary vital signs are taken.

The individual may stop the test at any time, but early

cessation is taken as a sign of lower endurance abilities.

A Kinetron is used to measure the lower-body

endurance. This device looks like a chair with a 90 degree

back angle and a platform at foot level. On this platform

are two pedals which the individual pushes with his feet at

a measured rate. The methods used by the consultants to

determine the aerobic fitness levels necessary to perform

the job can be found in Astrand and Rodahl (1970).
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Implementation of the Screening Programs

The consultants tested all of the incumbent employees

in the identified five positions and compared their results

to the minimum strength and endurance levels for their

particular job. Based on these criteria, any incumbent

employee found unable to meet the minimum requirements

determined as necessary to perform the work without

increased risk for serious injury was offered the choice of

transferring to another job which they had the physical

capacity to perform. This personnel action was permissible

under the Uniform Guidelines (1978) because of the BFOQ's

established for entry into these particular five jobs.

Because each worker's test results were compared to

the minimums for all five jobs, personnel staff at the

company were able to give the incumbents several choices.

With the aid of the consultants, the results were reviewed

and explained to each employee individually. Employees not

meeting the minimum qualifications were told that they

would have to transfer to a job they could physically

perform safely. They were then shown the jobs for which

they qualified.

For those employees wishing to remain in the job for

which they were not qualified, management had prepared

another alternative. These employees were told that they

would have to transfer because of the increased risk for

f -44
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injury at their present job. If the employees wanted to,

they could enter a retraining program at company expense

to increase their physical capacities, apply for retesting,

and regain their former job by meeting the qualifications.

The options given to incumbents were similar to those

reported by Keyserling et al. (1980). While the company

did not make exact figures available, it appears that very

few workers sought to try to regain their former positions.

The great majority preferred to transfer to jobs for which

they were more suited physically.

Since the summer of 1986, all applicants to these five

positions have been tested according to the same methods

used with the incumbents. Their results were analyzed and

compared to the minimums for each of the five positions.

If the applicants did not meet the qualifications for the

position for which they applied, they were shown the

positions for which they met the minimums and encouraged to

reapply for these. For applicants who preferred to

continue seeking their original job choice, they were also

given the option of entering the retraining program and

being tested at a future date (on their own time and

expense). The retraining program consists of an aerobic

and anaerobic exercise program developed by consultants for

the company.
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Health and Safety Programs by Management. Company

management has initiated several programs to create a safer

working environment for its employees. The first program

began during the first quarter of 1987 with the formation

of a plant safety committee. The committee's members

consist of the personnel manager, the plant manager, the

supervisors from each job area, and a member from each job

position at the plant. They meet monthly to review all

accidents from the prior month and to discuss issues

relevant to each job category. The committee reviews all

its actions on a quarterly and yearly basis, and the

results are sent to corporate headquarters. Examples of

issues and decisions made by the committee include the

alteration of scheduled break times to accommodate the

workers in a particular job and discussions about reducing

high noise levels.

In November, 1987, corporate headquarters initiated a

cost-containment program via the employees' group medical

insurance program. While most of the measures relate to

administrative policies, one salient feature of this

program is the inclusion of a nurse practitioner to provide

services for employees. When employees come to the

doctor's office with physical complaints for which they

have previously presented themselves, the nurse

practitioner counsels them on preventative practices.
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In April, 1988, the consultants provided in-service

training to all supervisors and plant managers. The

training consisted of preparing work simulations using

actual work materials to increase this staff's awareness of

the work forces experienced by their employees on a daily

basis. Each of these staff members participated in each

simulation. EMG electrodes were attached to the body parts

receiving the largest part of the force load to increase

awareness of how proper body-mechanics and work postures

could aid in reducing the risk of injury for the employees.

After the staff had participated in this exercise, the.

consultants reviewed unsafe work practices to be aware of

and how to correct them. They were also shown how to

instruct their workers in safe work practices. As a final

note, the consultants discussed with the group the

relationship between employee stress and the increased risk

of injury. The staff then discussed how their behavior

could act to alleviate or add to employee stress. A

follow-up to this training is not planned.

To date, company management is satisfied with the

drastic reduction in workers' compensation claims from

their prohibitively high levels in 1985. In spite of

management's continued efforts to add to the original

ergonomic interventions since 1986 (safety committee,

etc.), there was very little effort made toward evaluating
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the impact of these interventions on the physical wellness

of the workers. As Barth and Hunt (1980) have stated,

workers' compensation creates little incentive for

improving health at the workplace, or to create strategies

to prevent long, latent diseases. Cumulative trauma

disorders are created over time. By the time insurance

claims are being filed by workers, the damage from

cumulative trauma disorders has already occurred and has

become well entrenched. In order to take a more proactive

approach toward worker safety, other data besides worker's

compensation claims need to be examined.

Purpose

The purpose of the present study was twofold: (a) to

evaluate the impact of the ergonomic interventions on the

physical wellness of the workers in the five high-risk jobs

in the case study, and (b) to identify potential variables

for use in detecting the early development of cumulative

trauma disorders. In order to do this, group medical

insurance data was obtained from the company for the period

1/01/85 to 12/31/88, and categorized by usage by the

members of the five job groups. Because of the general

categories by which the insurance carrier reported the

physicians' diagnoses, it was not possible to follow

individual workers over time. Nevertheless, the data were

in a format such that a comparison between work groups

could be made.
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Hypotheses

It was hypothesized that:

(1) A comparison of worker health complaints by job

group would reveal a higher incidence of health complaints

in 1985 (baseline: before interventions) than from 1986 to

1988 (post-intervention).

(2) The prevalence rates of worker health complaints

in the five job categories would show significant

reductions as compared to a lower-risk job category; for

this comparison, medical insurance data for supervisory and

management staff was used for the low-risk job category.

Finally, using the excess count method as described by

Silverstein (1985), it was hypothesized that:

(3) A comparison of expected cases, based on 1985

prevalence rates of health complaints, to the number of

cases actually recorded for 1986, 1987, and 1988 would show

a significant difference.



CHAPTER II

METHOD

The data for this study consisted of Employee Group

Medical Insurance summaries, by quarter, for the years 1985

through 1988. The summaries were provided to the personnel

branch of the company in the case study by the insurance

carrier in this form. The summaries were divided into

seven categories of physician's diagnosis (headache, upper

respiratory complaints, cold/flu, muscle injuries, muscle

strains, muscle spasms and muscle pain) and listed the four

highest usage categories by quarter per job group. The

data were requested from the personnel department by the

researcher. While the absolute reliability of the

summaries could not be determined, it was assumed to be as

good a representative count of presenting health complaints

by job group, as the insurance carrier could provide. The

data were used in the original form provided by the

personnel department, and were not scored or weighted in

any manner, as this was not required for the computations

necessary to this study.

In preparing the material for the case study, the

researcher had access to the original videotapes and

polaroids used for the job analysis. He was also able to

41
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review the job specifications as provided to the

consultants by the plant engineers and personnel staff.

The consultants provided a tour of the testing facilities,

as well as opportunity for the researcher to experience the

testing apparatus.

Subjects

The subjects in this study are employees in five job

categories (see Table 1), of the company in the study.

Affiliation by job groups was determined by payroll status

during two time periods--1985, and 1986 through 1988. This

status was provided to the researcher by the personnel

department. All employees work an average of 40 hours per

week except for the General Worker category whose members

work an average of 50 hours per week. Total membership by

job category is listed in Table 1.

Table 1

Number of Workers in High-Risk Job Categories 1985 - 1988

Job Category 1985 1986-1988

Press Operator 40 48

Mold Changers 32 40

Extruder Operator 16 22

General Worker 54 72

Clerical 7 9

Supervisor/Manager (Control) 26 30
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Measures

The data for this study consisted of Group Medical

Insurance data as provided by the insurance carrier to the

prsonnel department. The data were in the form of

quarterly usage by job group and consisted of the number of

cases per job group seen per category of physician's

diagnoses. Below are the seven main categories used by the

insurance carrier for the quarterly reports to the

company's personnel department along with presenting

symptoms or definitions as provided by the physician

consultant:

(1) Headache: increased blood pressure, increased

stress at neck muscles (limited range of motion), reports

of eye problems, poor neck posture, sinusitis, bone changes

in cervical vertebrae (by X-ray);

(2) Upper Respiratory: asthma, bronchitis, sinus

infection, pneumonia, etc., origin via bacteria or foreign

particles;

(3) Cold/Flu: viral in origin;

(4) Muscle Iniury: when the muscle has been taken to

the limits of its maximum abilities or physiological work

capacity. May or may not produce a spasm;

(5) Muscle Strain: continued action beyond the stress

point that results in an immediate spasm with limitations

in the mobility of the segment;
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(6) Muscle Pain: is produced during both of the above

injuries and can remain for an indefinite period of time; and

(7) Muscle Spasm: contracted state of a muscle that

may appear after a stress or strain (may also occur after

prolonged bad body posture or an extended period of "mental

stress"). It causes restriction in range of motion unless

it involves only a small portion of the muscle. In this

instance it is called a "trigger point" and does not cause

restriction in range of motion.

The criteria chosen for this study were (a) the rate

ratios of the seven insurance report categories per job

group (when compared with the low-risk group), (b) the

prevalence rates of health complaints per job group, and

(c) the difference between expected cases and excess cases

per insurance report category per job group.

These criteria were selected for several reasons.

First, review of the literature supports their usage for

analyzing health benefits data (Monson, 1980; Silverstein,

1985). Second, due to the slow onset of cumulative

trauma disorders, it is more likely that early detection of

worker injuries will appear in medical records than other

report forms or compensation claims (Armstrong, 1988;

Armstrong et al., 1986; Fine et al., 1986; Keyserling et

al., 1980; Silverstein, 1985). Finally, limitations in the

data preclude analysis by individual membership in the job

k-womopm-
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groups at this time, thus excluding the use of incident

rates.

Limitations of the Data

In reviewing the form of the quarterly reports

received by the personnel department, it was discovered

that the present report forms contain various limitations

that would affect thorough analysis. First, while the

reports contained information regarding usage per job

category, individuals were not identified across time. As

such, it was difficult to ascertain if the same individual

was presenting for muscle pain, or if it was various

individuals across time. Second, the insurance carrier

reported only the top four categories of usage per quarter.

This limited the amount of follow-up and analysis that

could be given if all categories were reported. As such,

the data in the present form could best be used to

determine general indicators of potential problems rather

than as a means to identify and prevent health problems for

specific individuals.

Procedures

Selection bias was prevented by using external

criteria for determination of membership by individuals

into job categories. Assignment into job groups was

determined by payroll records kept by the company. For

jobs in which turnover occurred throughout the year,
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average membership was estimated by using the closing

figures for that year, due to the limited data the

personnel group could provide.

In order to minimize observer bias, health benefits

data were retained in their original form. As such,

assignment of usage rates per insurance category were

predetermined and should reflect actual usage by job

category as much as could possibly be determined.

Inspection of the raw data revealed that the

frequencies for the muscle injury, muscle strain, and

muscle spasm categories were negligible for all job

categories for each year, 1985 through 1988. Therefore,

these categories were collapsed into the muscle pain

category and reported under the group diagnostic category

of muscle injuries. This was felt to be appropriate

because of the similar nature of these health complaints in

terms of muscle trauma and the interrelatedness of basic

symptoms.

In order to test the first hypothesis, the prevalence

rates of health complaints per job category were computed.

This was done using the Prevalence Rate ratio for each job

category including the supervisor/manager category. In

order to demonstrate a reduction over time in prevalence

rates, the rates for each job category were graphed on a

time line marked as rate versus time (years). The yearly

IIANII, P 1111)"q-
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prevalence rate was computed by taking the data for each

quarter of that year and adding them. The prevalence rates

were multiplied by 100 to get rates per 100 workers for

easier comparison across groups when graphed.

To examine the second hypothesis, the data was divided

in two sets. The first data set represented all data for

1985 and determined the pre-treatment baseline. The second

data set consisted of the average number of cases per

insurance category for the years 1986 through 1988, and

represented post-intervention data. Prevalence Rates were

then computed per health complaint for each job category

and compared to the corresponding prevalence rates for the

supervisor/manager (low-risk) job category in a 2 X 2 Chi-

Square test of stability. This resulted in four sets of 2

X 2 Chi-Squares for each of the five high-risk job groups.

Chi-Square values and the rate ratio were computed for each

2 X 2 matrix. Formulas used to compute these values are

located in Appendix B.

It was decided to combine the 1986 through 1988

prevalence data for several reasons. First, the raw data

represents cases of health complaints per work group which

may or may not have occurred due to work related causes.

As such, variability of prevalence rates over time may be

due to chance fluctuations or non-work related causes.

Second, because of the pooled nature of the raw data,
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individuals cannot be followed over time. Changes in group

membership attributable to turnover, or transfer to a less

strenuous job, may also have contributed to the variability

in prevalence rates. In order to reduce the probability of

capitalizing on chance, the average rate between 1986 and

1988 was computed, and used as the best, unbiased predictor

of prevalence rates for these years (Hayes, 1981). It was

also felt that the use of the mean would be a conservative

estimate of any real effects from the interventions.

The third hypothesis examined the comparison between

the expected number of cases per year, based on the

baseline rates of health complaints, and the actual number

of cases recorded per year for each job group. The

expected number of cases were computed using the Excess

Count Method. Expected and excess cases were computed by

year for each insurance category and for each job group.

The resulting values of excess cases were analyzed using a

Chi-Square test for goodness of fit.

The Chi-Square test was chosen for several reasons.

First, the necessary assumptions about the theoretical

shape of the population distribution (of cases per job

group) would not meet all those necessary for using

parametric techniques. These assumptions about the

population distribution include linearity, a normal

distribution, and equality of variances. Second, the data
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did meet the assumptions needed for using the Chi-Square

test. These included unbiased selection of subjects,

independence of observations and mutually exclusive

categories of the independent variable. Finally, the use

of Chi-Squares for the analysis of epidemiologic data is

supported in the literature (Monson, 1980).



CHAPTER III

RESULTS

In order to test each hypothesis, prevalence rates

were computed for all pairs of health complaints by job

group. The resulting ratios formed the basis for all

subsequent statistical analysis, and were standardized per

100 workers to enable a comparison across groups. These

ratios expressed the number of existing cases per worker.

The equations used to perform all the computations for this

study are included in Appendix B.

To test the first hypothesis, prevalence rates for

each health category were graphed by job group and the

results visually inspected for a general downward trend in

rates over time. To test the second hypothesis, rate

ratios were computed between the supervisor/manager low-

risk control group and each of the high-risk groups.

Prevalence rates for each health category were categorized

as baseline rates (1985) or intervention rates (1986-1988),

and placed in a 2 X 2 chi-square for comparison of baseline

and intervention rates between each of the high-risk

positions and the supervisor/manager group. Chi-square

values were then computed in a test of stability of the

derived rate ratios.

50



51

In order to test the third hypothesis, a chi-square

goodness of fit test was computed for each position. The

yearly prevalence rates for each health category were

analyzed using the expected cases value as the expected

frequency for each cell in the 1 X 3 matrix. The expected

cases values were based on the 1985 prevalence rates.

Hypothesis 1

The first hypothesis indicated that a comparison of

health complaints by job group would reveal a higher

incidence of health complaints in 1985 than from 1986

through 1988. It was hypothesized that a graph of

prevalence rates for each health category by job group

would reveal a downward trend over time.

Prevalence rates of headaches, upper respiratory

complaints, colds and flu, and muscle injuries were

computed for each of the six job categories. In order to

illustrate the hypothesized reduction in rates over time,

the prevalence rates of each health complaint were graphed

per job category using cases per 100 workers for easier

comparison across groups. The results are depicted in

Figures 1 through 4.

Figure 1 shows the prevalence rates of headaches per

100 workers for each of the six job categories. In Figure

1, the prevalence rates for headaches declined for all job

categories with the exception of the mold changer group.
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The prevalence of headaches appears to be rising over the

last two years (1987 and 1988) among mold changers.

Figure 2 shows the prevalence rates of muscle injuries

per 100 workers for each of the six job categories. The

prevalence rates of muscle injuries in Figure 2 present a

mixed picture. The prevalence of muscle injuries in the

press operator and mold changer groups declined from 1985

rates. The extruder operator and supervisor/manager work

groups also show declines in prevalence rates, but only

after sizable increases from 1985 levels have occurred.

The graphs for the general worker and clerical work groups

both show declines in rates of muscle injuries in 1986 and

1987, with subsequent increases in 1988 for both groups.

Figure 3 presents the prevalence rates of upper

respiratory complaints per 100 workers for each of the six

job categories. The prevalence rates of upper respiratory

complaints show fluctuation for three of the six job

groups. The extruder operator, clerical and supervisor/

manager positions appear to report more cases of upper

respiratory complaints than the other three job groups.

The mold changer and general worker categories show

declines in rates from 1985 levels.

In Figure 4, the prevalence rates of colds/flu per 100

workers are graphed for all job groups. The prevalence

rates of colds and flu show great variability from year to
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year for all job categories. Only the supervisor/manager

group demonstrates a steady decline in rates from 1985

through 1988. Both the press operator and clerical

positions experienced increases in prevalence rates of

colds/flu in 1986, with steady declines thereafter.

Hypothesis 2

It was hypothesized that the prevalence rates of

health complaints in the five high-risk job categories

would show significant reductions as compared with a lower-

risk job group. The supervisor/manager job group was

chosen as the low-risk group for this comparison.

Rate ratios were computed for each paired combination

of high-risk job category (press operator, mold changer,

extruder operator, general worker, and clerical) with the

designated low-risk job category (supervisor/management),

for each health complaint. The derived values are listed

in Table 2.

The lower the value of the rate ratio, the greater the

reduction in prevalence rates from baseline levels to

intervention levels for the high-risk category, as compared

with the change in rates for the supervisor/manager position.

The value of the rate ratio approaches 1.00 as the change

in rates for both groups becomes more similar.
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Table 2

Rate Ratios of High-Risk Positions with Supervisor/Manager

Position per Health Category

Health Category

Position Headache Upper Colds/flu Muscle
Respiratory Injury

Press Operator .06 1.00 2.51 .66

Mold Changer 2.19 ---- 2.46 .36

Extruder Operator .88 .21 1.03 1.44

General Worker .48 .18 1.42 .84

Clerical .33 1.00 5.33 .55

For example, prevalence rates of headaches for the mold

changer position increased at over twice the rate as changes

in rates for the supervisor/manager position from 1986 to

1988 (rate ratio = 2.19). This is graphically depicted in

Figure 1. Prevalence rates of headaches for the mold

changer position are at zero per 100 workers for 1985 and

1986. In 1987 and 1988, the prevalence rates increased

sharply as compared to previous levels. For the

supervisor/manager position, prevalence rates of headaches

rose from approximately 35 cases per 100 workers in 1985 to

77 cases per 100 workers in 1986. By 1988, the prevalence

rate of headaches has fallen to about four cases per 100
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workers. The rate ratio of 2.19 gives the direction for the

change in rate (as compared with the supervisor/manager group)

and the relative magnitude of the difference between the two

groups' changes in rate.

In order to help assess the intervention's effects in

reducing health complaints in the high-risk job categories,

a chi-square test of stability was used to compare 1985

prevalence rates (baseline) and the average prevalence rates

for 1986 through 1988 (intervention), between the high-risk

positions and the supervisor/manager position. The analysis

of these 2 X 2 chi-square values (one degree of freedom) is

reported in Table 3.

Of the 20 comparisons made, chi-square values could

not be computed for two due to prevalence rate values of

zero for both group's baseline values. Of the remaining 18

comparisons, four produced nonsignificant chi-square values

at the required probability level. Significant effects

were noted for the remaining 14 comparisons; 57 percent

were in the hypothesized direction as determined by the

rate ratios (see Table 2). Monson (1980) notes that the p-

values derived from a chi-square test of stability indicate

the likelihood of the obtained rate ratio occurring by

chance alone. The formulas used to compute the chi-square

test of stability are included in Appendix B. .mb8
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Table 3

Chi-Square Values for 2 X 2 Comparisons of Baseline and

Intervention Prevalence Rates Between High-Risk Positions

and Supervisor/Manager Position

Health Category

Position Headache Upper Colds/flu Muscle
Respiratory Injury

Press Operator 46.78*** ---- 9.01* 4.39*

Mold Changer 10.42** 25.00*** 4.90* 23.27***

Extruder Operator .31 14.38*** .01 7.11**

General Worker 10.37** 14.93*** .97 .90

Clerical 28.78*** ---- 43.22*** 8.60**

*p < .05; **p < .01; ***p < .001

Hypothesis 3

The number of expected cases was computed for each

health complaint, per job category, in order to assess the

significance of changes in rates over time, as compared

with 1985 baseline levels. It was hypothesized that a

comparison of expected cases, to the actual cases recorded

from 1986 through 1988 would show a significant decrease

for the high-risk categories.

In order to test this hypothesis, a 1 X 3 chi-square

was computed for each of the job positions by health
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category. The expected cases (derived using 1985 rates)

were used as the expected frequency and a chi-square test

for goodness of fit calculated. The obtained chi-square

values (two degrees of freedom) are listed in Table 4.

Table 4

Chi-Square Values from Goodness of Fit Test for Expected

Cases Versus Actual Cases (1986, 1987, and 1988) for all

Positions

Health Category

Position Headache Upper Colds/flu Muscle
Respiratory Injury

Press Operator 136.17*** ---- 57.33*** 27.12***

Mold Changer ---- 22.50*** 5.26 114.16***

Extruder Operator 7.05* 11.41** 22.82*** 97.59***

General Worker 132.82*** 33.84*** 63.23*** 22.83***

Clerical 83.73*** ---- ---- 17.73***

Supervisor/Manager 22.30*** ---- 17.97*** 13.93***

*2 < .05; **p < .01; ***P < .001

Chi-square values could not be computed for five of the

goodness of fit tests because of expected cases equaling zero.

Of the remaining 19 tests, 18 of the obtained chi-square

values were significant at or below the p < .05 level. The

rate ratios presented in Table 2 were used to determine the
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direction of change for this chi-square test. Visual

inspection of the graphs of prevalence rates in Figures 1-4

corroborates the direction of changes in prevalence rates as

indicated by the rate ratios.

For the press operator position, significant reductions

in the prevalence rates of headaches and muscle injuries

were found, as compared to expected cases. The prevalence

rates of colds/flu showed significant increases as compared

to expected cases.

Significant decreases were noted in the rates of muscle

injuries for the mold changer position as compared with

baseline levels. The prevalence rates of upper respiratory

complaints also showed significant decreases as compared to

1985 baseline levels. The increases in rate for colds/flu

occurred above the p < .05 level.

The extruder operator category showed significant

decreases for all health categories with one exception.

The prevalence rates of colds/flu increased significantly

as compared to expected cases.

For the general worker position, the prevalence rates

for all health categories decreased significantly. This was

also seen for the clerical position where headaches and

muscle injuries decreased significantly from 1986 through

1988 as compared with expected cases.
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Surprisingly, the prevalence rates of headaches and

muscle injuries increased significantly, as compared to

expected cases, for the supervisor/manager position.

Conversely, the rate of colds/flu decreased significantly

for this position.

Summary

In order to best summarize the findings, the

observations from the graphs and the results from the two

chi-square tests are listed in a table for each position.

"Yes" is recorded if the results supported the hypothesis

and a "No" is recorded if the results failed to support

the hypothesis.

Table 5 summarizes the results of the three hypotheses'

tests for the press operator position. The findings for the

Table 5

Results of the Hypothesis Tests for the Press Operator

Position

Health Category

Hypothesis Headache Upper Colds/flu Muscle
Test Respiratory Injury

Line Graph Yes No Yes Yes

Rate Ratios Yes No No Yes

Test of Fit Yes --- No Yes
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headache and the muscle injury categories were in the

predicted direction (decrease in rates from 1985 levels).

The findings for the colds/ flu categories were not in the

predicted direction. The chi-square goodness of fit test

could not be computed for the upper respiratory complaints

category (see Table 4).

Table 6 summarizes the findings for the mold changer

position. The results for the muscle injury category were

in the hypothesized direction. The findings for the

colds/flu and the headache categories failed to support the

hypothesis. The chi-square goodness of fit test could not

be completed for the headache category. The findings for

the upper respiratory complaint category were in the

hypothesized direction.

Table 6

Results of the Hypothesis Tests for the Mold Changer

Position

Health Category

Hypothesis Headache Upper Colds/flu Muscle
Test Respiratory Injury

Line Graph No Yes No Yes

Rate Ratios No --- No Yes

Test of Fit --- Yes No Yes
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The findings for the extruder operator position (Table

7) showed that the results for the headache category

supported the hypotheses. Findings for the other

categories were mixed except for the colds/flu category.

The results of the latter failed to support the hypotheses.

Table 7

Results of the Hypothesis Tests for the Extruder Operator

Position

Health Category

Hypothesis Headache Upper Colds/flu Muscle
Test Respiratory Injury

Line Graph Yes No No Yes

Rate Ratios Yes Yes No No

Test of Fit Yes Yes No Yes

The overall findings for the general worker position

(Table 8) supported the three hypotheses for all categories

with two exceptions. Graphic portrayal of prevalence rates

for the colds/flu and muscle injury categories did not show

steady decreases from 1985 through 1988. Also, the results

from the comparison with the low-risk group were not in the

hypothesized direction.
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Table 8

Results of the Hypothesis Tests for the General Worker

Position

Health Category

Hypothesis Headache Upper Colds/flu Muscle
Test Respiratory Injury

Line Graph Yes Yes No No

Rate Ratios Yes Yes No Yes

Test of Fit Yes Yes Yes Yes

The findings for the clerical position (Table 9)

indicate that the results in the headache category supported

the hypotheses. Findings for the other three categories were

mixed.

Table 9

Results of the Hypothesis Tests for the Clerical Position

Health Category

Hypothesis Headache Upper Colds/flu Muscle
Test Respiratory Injury

Line Graph

Rate Ratios

Test of Fit

Yes

Yes

Yes

No

No

Yes

No

No

Yes

Yes
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While many of the individual tests resulted in

significant findings, a large proportion of the results gave

mixed indications of support and of failure to reject the

null hypothesis. In the following section these findings

are interpreted and their implications discussed.



CHAPTER IV

DISCUSSION

In order to evaluate the effects of the ergonomic

interventions on worker health, three hypotheses were

formulated and tested. These hypotheses asked basic

questions concerning the rate of change in prevalence rates

over time for the high-risk positions. Hypothesis 1--Will

a graphic representation of prevalence rates from 1985

through 1988 show a reduction over time for the high-risk

positions? Hypothesis 2--Will the postulated reduction in

rates from baseline levels to intervention levels be

greater for the treatment groups (high-risk positions) than

for a nontreatment group (supervisor/manager group)?

Hypothesis 3--Will the postulated reduction in rates

(during the intervention period) be significantly different

than the rates expected (expected cases based on 1985

rates) had the intervention shown no effect? Most of the

analyses supported these hypotheses especially in the areas

of headaches and muscle injuries.

In order to answer these questions, the prevalence

rates for each health category reported by the company's

insurance carrier, were graphed by job group. Chi-square

tests of stability and goodness of fit were also computed

68
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to evaluate the last two hypotheses, respectively. Tables

5 through 9 summarize the results of these tests. In order

to analyze the findings, the results for each job category

were examined separately.

Press Operator. The findings for the press operator

position (see Table 5) present an overall reduction in

prevalence rates for headaches and muscle injuries from

1985 pre-intervention levels. The graph of prevalence

rates for colds/flu (see Figure 4) and upper respiratory

complaints (see Figure 3), may explain why no reductions

were found for these health categories using the chi-square

tests.

The graph of prevalence rates for colds/flu is shown

on Figure 4. Visual inspection reveals that the press

operator position experienced a sizable increase in rates

for 1986 before declining below 1985 levels over the next

two years. Conversely, the supervisor/manager position had

a steady decline in prevalence rates of colds/flu from 1985

levels. The increase in 1986 prevalence rates of colds/flu

for the press operator position appeared to be enough to

produce a rate ratio indicating greater reductions in rate

for the supervisor/management position, and also show no

reductions from 1985 levels on the goodness of fit test.

In Figure 3, the prevalence rates of upper respiratory

complaints for the press operator position showed little
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variation from the 1985 rate of zero. It was surmised that

either upper respiratory complaints were rare for this

position during 1985 through 1988 or these workers were less

likely to go to the doctor for upper respiratory complaints.

The chi-square goodness of fit test was not completed for

either group because of an expected frequency of zero for

upper respiratory complaints.

There is insufficient data to determine if the

increase in the 1986 prevalence rate of colds/flu for the

press operator position was attributable to job-related

factors or to random fluctuations in rates. What is

evident, is that few press operators have presented

themselves to the physician with complaints of colds/flu or

upper respiratory complaints. The ergonomic interventions

appear to have been successful in reducing the prevalence

rates of headaches and muscle injuries for this position.

Mold Changer. Significant reductions in the

prevalence rates of muscle injuries were noted for the mold

changer position. The reductions in the prevalence rates

of muscle injuries were significant, both as compared with

the low-risk group, and as compared with the expected cases

based on the 1985 rates. These findings support the

hypothesis that the ergonomic interventions were successful

in reducing the prevalence rates of muscle injuries for the

mold changers.
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The prevalence rates of headaches for the mold changer

group, on the other hand, have increased significantly from

baseline levels. While these increases may not be wholly

job related, closer inspection is warranted because of the

high physical loads on the body required by the job

performed by these workers.

For the mold changer group, the prevalence rates of

upper respiratory complaints decreased significantly as

compared with baseline expected rates and as compared with

the low-risk, control group. A rate ratio could not be

computed due to zero values for the treatment period (1986-

1988). As such, the direction of the computed chi-square

tests was determined by visual inspection of Figure 3.

The change in rate of colds/flu for the mold changer

position appeared to have been due to chance variations

(see Table 4). Due to the hot environment in which these

employees work, it was assumed that ambient temperature

changes, especially in the winter, might put this position

at higher risk for colds/flu or upper respiratory

complaints than individuals who worked in a less extreme

environment. This assumption could not be supported based

on the present evidence.

Extruder Operator. The extruder operator position had

a significant reduction in prevalence rates for all health

categories except for colds/flu as compared with 1985

4-AV
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expected frequencies. This was also true for the rates of

headaches and upper respiratory complaints as compared with

changes in rate for the supervisor/manager position. It

would appear that the drastic increases in prevalence rates

of muscle injuries in 1986 (see Figure 2) affected the

comparison with the change in rates of the

supervisor/manager position. As such, the rate ratio (see

Table 2) indicated that the change in rate from baseline

levels to intervention levels showed a greater reduction

for the supervisor/manager position.

The prevalence rate of colds/flu increased

significantly for the extruder operator position. This was

true both in terms of 1985 expected cases and when compared

with the changes in rate for the low-risk group. It is

difficult to analyze the reasons for the high rates in 1985

and 1988 with the present data. Probable causes could

include random fluctuation in flu rates or the presence

of a few highly susceptible individuals in 1985 and 1988

who were not present in 1986 or 1987. If the data were

available for individuals, other factors such as a large

number of school-aged dependents in the home of affected

individuals could be explored. Altogether, the ergonomic

interventions appear to have been successful in reducing

health complaints.
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General Worker. The general worker category had the

most uniform results among the five high-risk positions.

The prevalence rates for headaches and upper respiratory

complaints were shown to have significantly decreased as

compared with 1985 baseline levels, and as compared with

the low-risk group.

The prevalence rates of colds/flu, and of muscle

injuries decreased significantly as compared with the 1985

levels. When compared with the low-risk control group, the

change in rates for the colds/flu health category was found

to be in the opposite direction as that hypothesized by the

researcher. As such, the workers in this position appear

to be reporting higher incidents of colds/flu than the

workers in the supervisor/manager position.

The prevalence rates of muscle injuries decreased more

among workers in the general worker category than for

supervisor/managers. Perusal of Figure 2 indicates that

the 1988 prevalence rate of muscle injuries is remarkably

similar to the rate in 1985 for the general worker

category. The prevalence rate has also shown an increase

from 1987 levels. Because of the high risk for back

injuries with this position, a closer inspection is

warranted to discover if multiple general workers are

presenting to the physicians with complaints of muscle

injuries, or if it is the same individuals from previous
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years. It may be that the injured individuals are

teminating and the rate only appears to be decreasing.

Whichever may be true, because of the high risk for back

injuries involved with this job, further investigation is

called for.

Clerical. The prevalence rates of headaches and

muscle injuries decreased significantly from 1985 levels

for the clerical position. These decreases were also

significant when compared with the rate changes for the

supervisor/manager position. As with the general worker

group, the prevalence of muscle injuries increased from

1987 to 1988 (see Figure 2) for clerical workers. While

this is far below the prevalence rates recorded in 1985, 33

cases per 100 workers may still be too high a rate to be

acceptable. Inspection of Figure 1 presents a similar

picture for headaches. Although the prevalence rate of

headaches has decreased since 1985, the 1988 levels are

higher for the clerical position than for the other

positions.

The prevalence rates of upper respiratory complaints

and colds/flu fluctuated from 1985 through 1988 for the

clerical position. Goodness of fit tests could not be

conducted for these rates because of expected frequencies

of zero for both health categories. When compared with the

low-risk job group, the change in rates for colds/flu did

MAWA
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not decrease as much or as sharply (see Tables 2 and 3).

The sizable increases in rate of colds/flu for 1986 and

1987 (see Figure 4) for the clerical position appeared to

be one factor in these results. On the other hand, the

fluctuations in rate of upper respiratory complaints for

the clerical position were similar to the changes in rate

of upper respiratory complaints for the supervisor/ manager

position (see Table 2). As noted for reductions in the

prevalence rates of colds/flu for the general worker

position, a rate ratio of 1.00 implies a reduction from

1985 levels of upper respiratory complaints for the

clerical position.

Supervisor/Manager. The supervisor/manager positions

were chosen as a comparison group based on their less

frequent exposure to the potential hazards faced by the

high-risk job groups. It was assumed that decreases in

prevalence rates of the health categories for these workers

would be attributable to chance fluctuations and to off-

the-job variables than for the high-risk groups.

Significant decreases in rate for the high-risk job groups

as compared with the changes in rate for these workers

would therefore be an indication of successful intervention

effects. In order to better analyze the meaning of the

rate ratios from these comparisons, a chi-square goodness

of fit test was computed for this position also.
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By computing the goodness of fit tests for this

position, an indication of the relative measure of changes

in prevalence rates from 1985 levels to 1988 levels was

derived (see Table 4). The prevalence rates of headaches

rose significantly as compared to baseline levels for the

supervisor/manager position. The prevalence rate of muscle

injuries also rose from baseline levels, but not as

sharply.

Because of these increases, reductions in the

prevalence rates of headaches and muscle injuries for the

high-risk job groups would tend to be magnified when

compared with the change in rate for the supervisor/manager

position. Likewise, increases in the prevalence rates of

these health categories for the high-risk job groups would

have to be larger than the increases for supervisor/

managers in order to be detected as significant.

The opposite holds true for the colds/flu category.

The prevalence rates of colds/flu have decreased

significantly from 1985 levels for the supervisor/manager

position. Reductions in prevalence rates of colds/flu for

the high-risk positions would have to be larger to be

detected as a significant decrease. These factors were

addressed by consulting the graphs of prevalence rates and

Table 4 when attempting to interpret the rate ratios.

uz
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There is still the question of why the prevalence

rates of headaches and muscle injuries have increased for

this job group. In order to satisfactorily explore this

question, it would be necessary to have information on the

individuals in this job group and to look at their medical

histories on a case by case basis. In this way, the

affected individuals could be identified and the factors

associated with their injuries sorted out.

An example of an associated factor might involve

supervisors of high-risk positions with high turnover, who

find themselves performing their subordinate's jobs on a

frequent basis, thus increasing their risk exposure. It

may be that several members of this job group have

increased their physical activities off the job and are

injured while engaging in recreational sports. One is left

with conjecture at best, unless the injured individuals can

be identified and interviewed.

Limitations of the Present Study

The results indicate that the ergonomic interventions

were successful in reducing the prevalence rates of muscle

injuries and headaches for the high-risk positions. The

results also indicate that there may be workers getting

injured on the job. This appears to be true for the mold

changer position, the general worker position, and the

clerical position. The results also indicate that the
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supervisor/manager position may also be at risk for on-the-

job injuries.

Because the insurance carrier reports pooled data to

the personnel office, there can be no follow-up of the

individuals in suspect job groups. The grouped data also

prevents the identification of new cases of injuries and

masks the recurrent complaints from individuals. Finally,

because the data is grouped, there is no way to identify

how many workers are terminating from employment because of

injuries from the work. At best, the grouped data serves

as indicators of whether injury rates are increasing or

decreasing, relative to one group or in relation to another

group.

The reported diagnosis of health complaints prevents

the discrimination of job related injuries from more

mundane health complaints. For example, knowing that the

rate of headaches is associated with eye strain (clerical),

or neck problems (mold changer), is more helpful than

following the rates of a category that includes a large

variety of ailments pooled under one diagnostic category.

Neither does the present data give an index for the

severity of the injury or to what extent the worker has

become incapacitated. It may be that the rates of severe

injuries have increased, while the overall prevalence rate

for a type of injury has decreased.



79

Another limitation to the present study involved the

lack of support data from the organization. Demographic

factors regarding the workers were unavailable for this

study. Variables of interest would have been the age and

gender of the workers, the length of tenure with the

organization, and the length of tenure at their present

position. These factors would have helped in determining

if higher prevalence rates were associated with older

workers, with specific genders, or with the length of time

on the job. Data involving the behavior of the workers on

the job was also unavailable. Specifically, it would have

been helpful to know about the turnover and absenteeism

rates for the individuals in each position. This data

could have served as indicators for the severity of

injuries. Productivity figures would have also been helpful

in reporting to management the impact of employee health

problems on the organization's economic well-being.

Methodological problems associated with this study

centered on the limited data available to make inferences

from the obtained results. Foremost among these were the

limitations associated with the health benefits data.

Another source of error variance involved the data's

inclusion of all health complaints reported by the workers

in this study. There was no means of discriminating whether

injuries had occurred on or off the job. The lack of
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support data from the organization prevented the

stratification of workers by demographic and work-related

variables in order to assess their effects as sources of

variance in the increase and decrease of prevalence rates.

Finally, the analytic techniques used in this study were

limited by the nature of the present data (pooled data, new

cases not discriminated from recurrent problems, etc.). As

such, only the most basic tools of occupational

epidemiology could be used.

These factors affected enumeration of the findings

from this study as well as limited their generalizability.

More importantly, these factors seriously affect the

utility of the data an organization gathers for a health

surveillance system. As such, these factors were

enumerated in detail in order to best represent the quality

and type of data needed to conduct a successful health

surveillance system.

Recommendations for Designing the Health Surveillance

System

Silverstein (1985) defines. the health surveillance

system as, "the on-going, systematic, collection, analysis

and interpretation of health data essential to the

planning, implementation, evaluation of programs geared

towards the prevention and control of work-related

disorders" (p. 5). One of the purposes of the present
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study was to evaluate the effects of the ergonomic

interventions implemented by the company in the case study.

The other purpose was to assess the company's health

insurance data as a source of health surveillance

information and to make recommendations for the

implementation of a health surveillance system. The

following discussion focuses on the types of data to

collect, the nature of the data collection procedures, the

analysis and interpretation of the collected data, and

suggestions for on-going program evaluation and health

promotion in the work place.

Characteristics of the Data. By necessity, the data

should be able to identify and follow individuals, both

over time, and across jobs. This information should be

capable of being stratified by age, gender, and tenure on

the job. The research in this study supports the use of

the headache and muscle injury health categories as

indicators of work-related health problems for this

company. The use of the upper respiratory complaint health

category was only moderately supported as an indicator,

while the high degree of error variance involved in the

interpretation of the colds/flu category does not support

its use as an indicator at this time.

Following are recommendations for the adaptation of

the present data for health surveillance purposes: (a) The
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data should discriminate between the recurrent health

problems of individuals and the onset of new injuries; (b)

The data for headaches would be more useful if it included

subcategories describing the cause or potential source of

the headaches (for example, eyestrain, neck problems,

trauma to the upper back, etc.); (c) The muscle injury

category should yield information regarding the body area

that has been injured; and (d) Information should be coded

describing the activity reported by the worker as being

performed when he or she first felt pain or discomfort.

In order to better utilize the data from the upper

respiratory complaint category, it is recommended that the

company conduct work area surveys for the positions

identified as having relatively higher rates of this

complaint. This should be done in order to determine

potential sources of noxious fumes and upper respiratory

irritants. In this way, the reporting of subcategories of

upper respiratory complaints could be associated with job-

related variables, and would be better sources for the

surveillance of potential health problems.

Data Collection Methods. Passive data are data that

are already collected by the facility and used incidentally

for a control program. The main benefit of using passive

data is that some other part of the organization is already

collecting the information. This saves the labor and
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monetary costs of setting up an entirely new system and

providing the personnel to run and administer it. With

only the limited information available, it appears that the

basic system of health benefits' data collection used by

the company can be successfully utilized with minor

alterations.

First, the company's personnel staff should meet with

the appropriate personnel from the insurance carrier to

determine if the insurance company's existing data coding

procedures can be used or modified to meet the new

informational needs of the company. If there are no

current methods that can be used or modified, then

alternative methods or sources may have to be explored for

feasibility. Second, the personnel from both organizations

should establish the lines of communication for collecting

and relaying the collected information. While it is not

necessary that the company store all the worker's

individual data, the company should have ready access to it

within prescribed time frames. Third, the nature of the

routine reports by the insurance carrier to the company

should be specified as to frequency, content, and updating.

The company should also prescribe methods of disseminating

this information to its staff and workers.

It is also recommended that the company implement data

collection procedures for active surveillance data.



84

Postural discomfort surveys could be conducted periodically

to assess worker's physical complaints on a plant-wide or

job-specific basis. Following the reports from the

insurance carrier, these surveys could be conducted daily

or weekly among the identified high-rate positions to

assess the nature of the worker's health complaints. These

"show me where it hurts" type questionnaires could also be

administered after changes in the work station, work

methods, or work tools have been carried out, in order to

assess if a new job analysis is needed.

Regarding the company's present status, the current

research suggests that postural discomfort surveys, or

"show me where it hurts" questionnaires are needed to

clarify the elevated prevalence rate of headaches and

muscle injuries for the general worker, clerical and

supervisor/manager positions. The analysis of the data

from these questionnaires would be enhanced by the

inclusion of demographic and work data as previously

described.

Data Analysis and Interpretation. The basic analysis

of the health benefits data should be conducted using

occupational epidemiology methods. While a full

description of these methods is beyond the scope of this

paper, the analysis techniques used in this study may serve

as a very basic example. The preliminary analysis of
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questionnaire and survey data can be done using statistical

methods, ranging from the basic comparison of frequency

counts to the more advanced correlation and regression

methods.

The basic indicators of impending work-related health

problems are the increased incidence rate of new health

problems among workers, a rise in the prevalence rates of a

health complaint identified as being associated with the

job, or a disproportionate rate ratio between affected and

unaffected workers. Once these indicators have been

identified, company personnel must begin to gather the

auxiliary data needed for interpretation.

The individuals in the affected work groups should

first be scrutinized using the health data to determine the

nature and duration of the health complaints. Second,

demographic and work-related data for the affected

individuals should be correlated with the incidence of

these employee's health complaints. Typical questions to

be asked at this stage may include: (a) are these injuries

resulting in absenteeism or turnover? (b) are the injuries

related to age or gender? (c) are these predominantly new

injuries, or are they recurrent problems? and (d) is there

an association between the length of tenure on the job and

the rate of injuries?
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The affected workers should be interviewed to

ascertain information on the variables related to the

health complaints. These variables may be categorized

along the lines of time, work tasks, work methods, and the

environment. Time factors may include time of day, day of

the week, or seasonal variations (winter cold, summer

heat). Areas of work tasks to explore include the rate of

work, work-station layout, and the work activities being

done. Work methods refer to the tools used to perform

the job, the body posture when performing the work, the

manner in which the work is completed, as well as the

frequency and type of repetitive exertions in a task cycle.

Environmental factors to consider include temperature

extremes, ambient noise levels, vibration, floor materials,

and the presence of noxious chemicals.

If the work methods change, or the tools change, the

job may need to be reanalyzed ergonomically. If this is

the case, the videotaping could focus on filming the

unaffected workers and then the affected workers (providing

they are able to perform the job) for comparative analysis.

Also, work stations may need to be remeasured if the

physical characteristics of the newest workers deviate

highly from the incumbents for whom the station was

originally designed. The focus of the efforts should aim

to discover what aspects of the job or environment are

contributing to the development of the reported injuries.
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Program Evaluation and Quality of Work-Life. The

health surveillance system can provide the quantifiable

data needed to know if the interventions started by a

company are having the desired effects. Once the data have

been analyzed and interpreted, interventions can be

designed to address the specific needs identified through

the analysis. There is one other factor to be considered

in evaluating whether the interventions have been

successful. This factor considers the issue of the quality

of work-life of the workers involved in the high-risk jobs.

one way of increasing the likelihood that the issues

of quality of work-life are addressed is to involve the

workers in the process of program evaluation and problem-

solving. It stands to reason that if the work is

physically harming the workers, then the workers are

probably aware of this and discussing it among themselves

both on and off the job. It is to the company's advantage

to channel these discussions into a positive format and to

give employees more opportunities to try to turn their

suggestions into positive actions. These statements are

neither new nor untried in today's organizational climate

(Rosen, 1986). What is of interest, is that little of the

literature reviewed for this study mentioned these factors

in discussions.
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Following are several suggestions for the company in

the case study to follow in order to increase employee

participation and ownership in the company's efforts to

reduce work-related injuries. The suggestions use the

company's present efforts as springboards for change.

Currently, the supervisors carry the brunt of the

responsibilities for training and observing the workers'

work habits on a daily basis. These efforts could be

shared with tenured employees who have been identified as

safe and able workers. Besides giving status to long-term

employees, this insures that newer workers become aware of

"the tricks of the trade" employed by safety conscious

workers.

The company safety committee is currently composed of

managers, supervisors, and employee representatives that

meet monthly to discuss safety issues. The committee's

efforts could be strengthened if meetings were periodically

focused toward addressing the problems of each specific

work area, rather than attempting to address the needs for

the company as a whole at every meeting.

Another means of increasing employee participation in

the company's safety efforts is to include work group

representatives in the safety in-services given to

supervisors and managers. In this manner, employees will

be included during discussions at these meetings, and the
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representatives can participate as instructors during the

work group's in-service training. A good example of this

company's training that could have been conducted this way,

was the 1988 training using EMG feedback to give

supervisors and managers a better idea of how work

practices and work postures affect the physical stresses

imposed by the work on the body. Training of this sort

could use videotapes and be used as a work methods clinic

for new employees or employees who have been injured on the

job. This type of training is ideally suited for

instruction by tenured employees.

Conclusion

The ergonomic interventions implemented by the company

in the case study demonstrated sizable effects in the

reduction of employee health complaints. A reduction in

prevalence rates of muscle injuries and headaches, as

compared with 1985 baseline levels, was seen for all the

high-risk job groups. The comparison between the high-risk

job groups and a lower-risk job group, in terms of changes

in rate of health complaints from 1985 baseline levels to

1986-1988 intervention levels, revealed a mixed picture.

The changes in prevalence rate of headaches and muscle

injuries for the press operator, general worker, and

clerical job groups were greater than the change in rate

for the lower-risk job group (p < .05 to p < .001).
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In contrast, the prevalence rates of headaches for the

mold changer group and of muscle injuries for the extruder

operator job group increased as compared with the change in

rate for the lower-risk group. The results for the health

category of colds/flu were indeterminate, apparently due to

contamination by confounding variables associated with the

ailment itself and to the nature of the data used for this

study. The monitoring of upper respiratory complaints was

moderately supported and recommendations were made in the

area of job relevant data acquisition, to increase the

efficacy of this category for detecting work-related health

problems.

In order for the company in the case study to better

evaluate its health and safety efforts, as well as to

increase their ability to detect and prevent cumulative

trauma disorders, a health surveillance system was

recommended and suggestions provided for its

implementation. Finally, the issue of quality of work-life

and employee participation in the company's change efforts

was discussed. Examples were provided to show how the

company could use its present programs to increase employee

participation and ownership in the company's health and

safety efforts.
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Table 10

Raw Data for the Press Operator Position

Health Category Years
1985 1986 1987 1988

Headache 40 0 2 2

Upper Respiratory 0 0 1 0

Colds/Flu 10 32 0 0

Muscle Injury 0 0 0 0

Muscle Spasm 0 0 0 0

Muscle Strain 0 6 0 0

Muscle Pain 28 19 14 12

Note. N = 40 in 1985; N = 48 in 1988.

Table 11

Raw Data for the Mold Changer Position

Health Category Years
1985 1986 1987 1988

Headache 0 0 5 7

Upper Respiratory 6 0 0 0

Colds/Flu 3 6 0 3

Muscle Injury 0 0 1 3

Muscle Spasm 0 0 0 0

Muscle Strain 6 0 0 0

Muscle Pain 44 22 9 7

Note. N = 32 in 1985; N = 40 in 1988.
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Table 12

Raw Data for the Extruder Operator Position

Health Category Years
1985 1986 1987 1988

Headache 4 8 2 1

Upper Respiratory 4 0 4 0

Colds/Flu 8 0 0 8

Muscle Injury 0 0 0 0

Muscle Spasm 0 0 2 0

Muscle Strain 0 4 0 0

Muscle Pain 4 24 9 6

Note. N = 16 in 1985; N = 22 in 1988.

Table 13

Raw Data for the General Worker Position

Health Category Years
1985 1986 1987 1988

Headache 43 28 10 10

Upper Respiratory 10 4 2 2

Colds/Flu 24 14 3 18

Muscle Injury 0 0 0 0

Muscle Spasm 4 0 2 2

Muscle Strain 0 3 0 0

Muscle Pain 22 24 19 26

Note. N = 54 in 1985; N = 72 in 1988.

vr 
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Appendix A--Continued

Table 14

Raw Data for the Clerical Position

Health Category Years
1985 1986 1987 1988

Headache 32 12 5 5

Upper Respiratory 0 0 3 2

Colds/Flu 0 7 6 0

Muscle Injury 0 0 0 0

Muscle Spasm 0 0 0 0

Muscle Strain 0 2 0 0

Muscle Pain 12 6 4 6

Note. N = 14 in 1985; N = 18 in 1988.

Table 15

Raw Data for the Supervisor/Manager Position

Health Category Years
1985 1986 1987 1988

Headache 9 23 2 12

Upper Respiratory 0 4 0 2

Colds/Flu 11 8 6 0

Muscle Injury 0 0 1 0

Muscle Spasm 1 0 0 0

Muscle Strain 2 0 0 0

Muscle Pain 4 4 16 4

Note. N = 26 in 1985; N = 30 in 1988.
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Formulas Used to Compute Epidemiological Statistics

Formula for Computation of Prevalence Rates

number of cases divided by number of employees in job group

Formula for Standardization of Prevalence Rates per 100

Workers

Prevalence Rate X 100

Formulas for Computation of Chi-Square Test of Stability and

Rate Ratios

Avg. PR (1986-1988) PR 1985 Total

High-Risk Group a b a + b

Low-Risk Group c d c + d

N

Rate Ratio = [a/(a + b)] / [c/(c + d)]

Chi-Square Computations

Expected value of "a" [E (a)] = [(a + b) X (a + c)) / N

Variance of "a" [V(a)] = [(a+c) X (b+d) X (a+b) X (c+d)] /

N2 (N-1)

Chi-Square = [a - E(a)] 2 / V(a)

PR = Prevalence Rate

Avg. PR (1986-1988) = mean PR for the years 1986-1988

-



Appendix B--Continued

Formula for Computing Expected Cases (Fe)

(PR 1985 X Job Hours) / 200,000

Job Hours = No. employees in position X weekly hours worked

X 50 weeks/year

PR = Prevalence Rate

Formula for Computing Chi-Square Goodness of Fit Test

Computed for Each Health Category by Job Group

Total Observed Cases Per Year

1986 1987 1988

Health Category a b c

Chi-Square = [(a - Fe)2] + [(b - Fe)2 ] + ((c - Fe)2 ] /Fe
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Calculations for Chi-Square Test of Stability for

High-Risk Groups vs. Low-Risk Control Group

Supervisor/
Press Operator Manager

Avg PR PR 85 Avg PR PR 85 E(a) V(a) X2  RR

HA 2.7 100.0 29.3 35.0 19.68 6.16 46.78 .06

UR 1.0 0.0 7.0 0.0 1.00 .00 --- 1.00

C/F 22.3 25.0 9.7 42.0 15.29 5.46 9.01 2.51

MI 35.3 70.0 27.7 27.0 41.46 8.65 4.39 .66

Supervisor/
Mold Changer Manager

Avg PR PR 85 Avg PR PR 85 E(a) V(a) X2  RR

HA 10.3 25.0 29.3 35.0 5.47 2.24 10.42 2.19

UR 0.0 19.0 7.0 0.0 5.12 1.05 25.0 ----

C/F 7.7 9.0 9.7 42.0 4.25 2.43 4.9 2.46

MI 35.0 156.0 27.7 27.0 48.74 8.12 23.27 .36

Extruder Supervisor/
Operator Manager

Avg PR PR 85 Avg PR PR 85 E(a) V(a) X2  RR

HA 16.7 25.0 29.3 35.0 18.10 6.27 .31 .88

UR 6.0 22.0 7.0 0.0 10.40 1.35 14.38 .21

C/F 12.0 50.0 9.7 42.0 11.83 4.39 .01 1.03

MI 68.0 25.0 27.7 27.0 60.46 7.99 7.11 1.44
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General Supervisor/
Worker Manager

Avg PR PR 85 Avg PR PR 85 E(a) V(a) X2  RR

HA 22.3 80.0 29.3 35.0 31.68 8.49 10.37 .48

UR 4.3 19.0 7.0 0.0 8.78 1.34 14.93 .18

C/F 16.0 44.0 9.7 42.0 13.80 4.96 .97 1.42

MI 35.3 46.0 27.7 27.0 38.03 8.25 .90 .84

Clerical Supervisor/
Worker Manager

Avg PR PR 85 Avg PR PR 85 E(a) V(a) X2  RR

HA 41.0 229.0 29.3 35.0 56.78 8.65 28.78 .33

UR 9.0 0.0 7.0 0.0 9.00 0.0 14.93 1.00

C/F 24.0 0.0 9.7 42.0 10.68 4.10 43.22 5.33

MI 33.0 86.0 27.7 27.0 41.58 8.57 8.60 .55

Note. HA = Headache Category; UR = Upper Respiratory

Complaints Category; C/F = Colds/Flu Category; E(a) =

Expected Value of "a"; RR = Rate Ratio; X2 = Chi-Square

Statistic; PR = Prevalence Rate; PR 85 = Prevalence Rate for

1985; AVG PR = Mean PR for the years 1986-1988.
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Calculations for Chi-Square Test for

Goodness of Fit

Number of Cases Per Year

Fe 1986 1987 1988 X2

Press Operator Position

0.0 2.0 2.0

0.0 1.0 0.0

32.0 0.0 0.0

25.0 14.0 12.0

Mold Changer Position

0.0

0.0

6.0

22.0

Ex.trud-r

8.0

0.0

0.0

28.0

General

28.0

4.0

14.0

27.0

5.0

0.0

0. 0

10.0

Onperatnr

2.0

7.0

0.0

3.0

10.0

Position

1.0

4.0 0.

0.0 8.

11.0 6.

Worker Position

10.0

2.0

3.0

21.0

0

0

0

10.0

3.0

18.0

28.0

136.17

57.33

27.52

22.50

5.26

114.16

7.05

11.41

22.82

97.59

132.82

33.84

63.23

22.83

HA

UR

C/F

MI

0.0

0.0

12.0

33.6

HA

UR

C/F

MI

0.0

7.5

3.7

62.4

HA

UR

C/F

MI

5.5

5.5

11.0

5.5

HA

UR

C/F

MI

71.7

16.7

40.0

43.2
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41.0

0.0

0.0

15.4

10.4

0.0

12.7

8.1

Number of Cases Per Year

1986 1987 1988

Clerical Position

12.0 5.0 5.0

0.0 3.0 2.0

7.0 6.0 0.0

8.0 4.0 6.0

Supervisor/Manager Position

23.0 2.0 12.0

4.0 0.0 2.0

8.0 6.0 0.0

4.0 17.0 4.0

83.73

17.73

22.30

17.97

13.93

Note. HA = Headache Category; UR = Upper Respiratory

Complaint Category; C/F = Colds/Flu Category; MI = Muscle

Injury Category; Fe = Expected Frequency based on 1985

Prevalence Rates; X2 = Chi-Square Statistic.

Fe

HA

UR

C/F

MI

HA

UR

C/F

MI

---- mummommum -
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