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Abstract

In this retrospective study, the safety record of an industrial equipment

manufacturing facility is analyzed between two years (1999 and 2000) to determine the

positive effect of an ergonomics program implementation.

Ergonomics-related musculoskeletal disorders are the most prevalent type of illness

reported in industry today. In 1998, MSDs affected nearly 1 million employees

nationwide and cost an estimated $45-$55 billion per year in workers' compensation.

Due to these alarming statistics, many companies are moving toward implementing

controls and programs in the work place to reduce worker exposure to ergonomics

hazards. The facility in this study implemented an ergonomics program in January of

2000 and as a result, noticed a significant reduction in ergonomics incidents that year as

compared to the previous year.

Using the equations established by OSHA, the incident, frequency, and severity rates

are compared from one year (pre- ergonomics program implementation) to the next (post-

ergonomics program) in order to determine significant difference between the means

utilizing paired comparison statistical t-tests. Also, safety incidents directly attributable

to ergonomics hazards and workers' compensation costs are compared between the two

years for a significant difference determination. Based on the results of these metrics, the

effect of the ergonomics program can be validated.

Statistical t-tests were completed on 13 data sets from each year. Of these, the OSHA

incident rate, OSHA ergo-related incident rate, workers' compensation costs, total

number of ergo-related incidents, total number of OSHA recordable incidents, and total
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number of illnesses were considered to have a significant difference between 1999 and

2000 (2000<1999 data). The hours worked and number of employees per month for each

year also demonstrated a significant difference (2000>1999). The Wilcoxon Signed-

Rank test was also performed on nonparametric data such as total number of strains,

sprains, and tendonitis cases per year. From this study however, the only data

demonstrating a significant difference between years was the total number of sprain

illnesses.

Therefore, using these overall positive results it can be assumed that the ergonomics

program did contribute significantly to the reduction of ergonomics and safety related

illnesses in the manufacturing facility used in this study.



Preface

For several years past to present, the author of this study became heavily involved

with the field of ergonomics in various manufacturing environments. She enjoys

working with production employees, listening to their ideas, and being able to train and

educate them on ways, to improve their job from a physical standpoint. From this

experience, she became more and more interested in studying the true effect of

implementing ergonomics processes into a factory in order to promote this culture

throughout other companies/industries as well. Ergonomics is not only good for the

employees, but also good economics for any company. This retrospective study will

demonstrate the positive effects that may be accomplished by implementing an

ergonomics program in a manufacturing environment. It also recommends guidelines for

setting up the program for any company that may be just starting to develop core business

processes, such as the one featured in this study.

Chapter one presents the introduction and problem statement, which truly

demonstrates a global perspective on the frequency and severity of work-related

musculoskeletal disorders throughout the nation. The overall purpose and objective of

the study is also presented, along with the hypothesis. An overview of background

information from the manufacturing facility used in this study is also provided.

Chapter two presents a detailed literature review on the three most common MSDs

present at the manufacturing facility in this study and the risk factors associated with

each. Chapter three focuses on the methods utilized in this study in order to verify the
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hypothesis. The OSHA equations used throughout industry to measure safety

performance are presented, along with the other metrics that will be utilized in this study.

Chapter four analyzes the findings and results achieved firom the facility in 1999 and

2000. Statistical t-tests are performed on all metrics to determine significant differences

between the means of each year. A comparison is also made between the results of the

facility and the results experienced by other facilities with the same industrial

classification code. Also, workers' compensation costs are examined in detail. In

conclusion to the chapter, a discussion is presented to summarize all findings from the

analysis.

Chapter five discusses the validity of the data used in this research, a summary and

conclusion, and possible agendas for future research.

Chapter six presents a recommended outline of steps to implement an ergonomics

program. Each element of the program is then reviewed in detail.
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Chapter 1

Introduction and Objectives

1. Introduction

Musculoskeletal disorders are the most prevalent type of work-related illness facing

the United States today. In 1998, work-related MSDs (that is sprains, strains, tears, CTS,

and tendonitis) alone affected nearly 1 million employees around the-nation (Bureau of

Labor Statistics, 2000). MDSs not only affect the employee's ability to perform their

otherwise normal job functions, but also affect their personal livelihood. At-home

activities previously enjoyed by the employee such as gardening, sporting activities,

sewing, or playing a musical instrument, may no longer be possible due to these

debilitating conditions. Normal day-to-day activity may also become quite cumbersome.

Picking up a child, buttoning clothes, or simply combing one's hair, for example can now

present themselves as challenging tasks. One of the scariest aspects of MSDs is that

even after resorting to surgeries that are available, the condition may persist, especially if

any activity that caused the illness is continued.

Women are at higher risk of developing MSDs, especially carpal tunnel syndrome. In

1998, 70% of the carpal tunnel eases were females. Also, 57% of tendonitis cases were

females (Bureau of Labor Statistics, 2000). More and more women are entering the work

place as parts assemblers, office workers, cashiers, and nurses for example, all of which

can involve tasks such as lifting, awkward postures, and repetitive motions.



approximately $15 to $20 billion per year, with total annual costs (direct and indirect) as

high as $45 to $54 billion (Jeffress, 2000). A few of the indirect costs associated with

MSDs are: lost work days due to surgery or extreme work restrictions, loss of

productivity (overtime) due to restricted work activity or increased muscle fatigue,

training replacement workers for jobs previously held by employees with an MSD, and

the redesign and evaluation of the work station that caused the MSD. It has been

estimated that for every $1 spent on an MSD related workers' compensation claim, an

additional estimated $4 is spent for that claim in indirect costs (Jeffress, 2000).

Between 1995 and 1999, roughly 22% of all sprains, strains, and tear cases resulted in

3-5 days lost from work, with the median number of days away from work being 6 days.

However, 16% of all MSD cases resulted in 31 days lost or more, due to sprains, strains,

or tears (Bureau of Labor Statistics, 1999). This illustrates one of the main problems

with MSD management in industry today: what affects one employee in a certain manner

may not affect another employee in the same manner, and what one employee may be

able to withstand after an MSD surgery, another may not ever be able to accomplish. For

carpal tunnel cases between 1995 and 1999,43% of all cases resulted in 31 days lost or

more, with the median number of days away from work being 24 days. For cases

involving tendonitis between the above dates, 19% of all cases resulted in 31 days lost or

more as well, with the median number of days away from work at 10 days (Bureau of

Labor Statistics, 1999). Given the above statistics, the problem with work-related MSDs

is quite clear. Figures 1.1-1.3 illustrate the relationship associated with lost workdays

and MSD cases.



Chemical bums

Cut, lacerations

Bruises, contusions

hieatbums

Sprains, strains, tears

Multiple Injuries

Tendonitis

Amputations

Fractures

Carpal Tunnel Syndrome

118

119

124

10 15 20

Median days away from work

25 30

Figure 1.1: Median days away from work due to nonfatal occupational injury or illness
by nature, 1998
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From Bureau of Labor Statistics, U.S. Department of Labor, Survey of Occupational
Injuries and Illnesses, 2000.
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In 1996-1997 the average total incurred costs per claim for strains and sprains was

$8,760, for carpal tunnel syndrome costs were $13,263, and for tendonitis costs were

$9,112. The median cost per claim for all types of injuries and illnesses was $10,000

(NCCl, 1996-1997). Therefore, costs associated with MSDs are generally above average

from all other injury and illness types in industry. But, these are just averages. A

$150,000 or $250,000 workers' compensation claim is not all that unusual in industry

today. Some companies report workers' compensation claims within the range of $2,000-

$3,000 per employee and over half of that is attributed to MSDs. The construction

industry ranks the highest in terms of average cost per claim at nearly $14,000 and a

close second is the manufacturing industry at an average of $10,000 per claim (NCCl,

1996-1997).

These are noteworthy costs to the employer. For example, if a manufacturer pays

$500,000 in workers' compensation premium and makes a 5% profit off of the sales of

their product, they must sell an additional $10,000,000 in goods to pay for their workers'

compensation costs (Lovested, 1998).

Also, OSHA is continuing to cite companies for obvious ergonomic-related hazards in

the workplace. These citations usually result iii fines that the company must pay and

cannot legally deduct from their business/corporate income taxes as a cost of doing

business.

In order to control cost, some companies turn to training programs, such as lifting

basics, or hand tool ergonomics. Another method might be the implementation of a job

rotation schedule in the factory. If properly organized, job rotation schedules can reduce



exposure to workers in highly repetitive jobs, by rotating them to non-repetitive jobs

every couple of hours or as needed. These are certainly viable methods, but fail to

address the root of the actual problem: the ergonomic hazards related to the job need to

be designed out of the job to prevent any worker from being exposed to a potential MSD.

This can only be accomplished by the company's commitment to establishing an

ergonomics program. In general, the ergonomics program will encompass: methods in

which the company intends to identify MSD hazards in the work place, how they will

attempt to control these hazards, and how they Will continually refine and support the

control method used for the hazard until the hazard has been ultimately eliminated from

the job. The ergonomics process is a continuous improvement process, in that it must be

refined and yet further refined until the desired results are achieved (the ultimate goal

should be "zero" MSDs in the work place).

OSHA refers to many companies that have had success with implementation of

ergonomics programs. They reference Sysco Food Services of Houston has reduced

MSD injuries by 25% and workers' compensation costs by more than 45% after only 1

year of implementing the program. Another example. Ultra Tool and Plastics of New

York implemented an ergonomics program that cut back injuries by 70% and reduced

lost workdays by 80% (Dear, 1995).

The need for establishing an effective ergonomics program is clear. With nearly 1

million MSD cases per year in American industry and annual workers' compensation cost

of $45 to $54 billion, companies simply cannot afford to ignore the problem.



3. Purpose and Objective

The purpose of this retrospective study is to demonstrate the positive effects of an

ergonomics program implementation based on the comparison of illness rates and

workers' compensation costs from a manufacturing facility both before and after the

implementation. This study will present the ergonomics-related problems as they were

before and after the ergonomics program was implemented. Statistical analysis will be

performed on this data to determine significant difference between the means. Also,

workers' compensation claims paid for MSDs both pre- and post- ergonomics program

will be analyzed. The objective of this study is to demonstrate the overall positive result

an ergonomics program can produce in terms of cost, illness reduction, product quality

improvements, and increased employee job satisfaction.

4. Background

The manufacturing facility used in this study is located in East Tennessee and

employees over 500 workers, operating on three full shifts, 24 hours per day, 5 days per

week. The average number of employees fluctuates from month to month, with a

minimum of 272 employees to a maximum of 605 employees since 1999. The average

number of hours worked per month also fluctuates from month to month with a minimum

of 44,715 hours to a maximum of 110,523 hours (Table 1.1). This plant began

manufacturing product in January of 1998 and is still in full operation. The employees

consist of approximately 422 males and 96 females.



Table 1.1: Average number of hours worked and average number of employees by month
at manufacturing facility, 1999-2000

1999

Month Avg. Number Hours Avg. Number
Employees

January 58832 272

February 60700 280

March 62824 290

April 66136 296

May 69928 348

June 90640 398

July 86500 398

August 79995 398

September 84531 477

October 86000 491

November 88445 501

December 44715 363

2000

Month

/

Avg. Number Hours Avg. Number
Employees

January 105409 480

February 92470 512

March 94972 521

April 105583 579

May 105373 592

June 98655 554

July 110523 605

August 106012 592

September 101810 574

October 97007 550

November 90836 518

December 89288 518
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This facility manufactures skid steer loading equipment, SIC code 3531,

"Manufacturing of Industrial and Commercial Machinery, Construction Machinery and

Equipment" (NAICS, 1997). The major processes used at this facility are as follows:

CNC laser machines, CNC plasma cutting machines, press brake or forming machines,

folding machines, punch press machines, manual MIG welders, robotic MIG welders,

grinding and sanding, shot blasting machines, and general assembly line work. Basic

sub-processes to these jobs involve: operating overhead hoist systems, maneuvering

material handling carts, lifting, carrying, and lowering objects, using hand tools of

various types, manipulating parts into and out of fixtures, dies, and jigs, and standing for

most of the shift. The average cycle time per skid steer machine is approximately 15

minutes.

The ergonomics program was implemented in January of 2000. Prior to that,

ergonomics was a reactive initiative, in that after an employee sustained an MSD,

controls were put into place to eliminate the ergonomic-related hazards of the job.

Unfortunately, production engineers generally considered ergonomics as an after-thought

in the first years of operation, as production demands were placed as highest priority in

order to begin shipping product and generating profit. This can be well understood, but

cost money in the long run.

In January of 2000, senior management made the commitment to develop and support

an ergonomics program to address issues regarding increases in MSDs throughout the

factory. This commitment led to the formation of an ergonomics team that outlined the

program and began identifying ergonomic-related hazards in the factory. All employees
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in this factory actively participate in the ergonomics program and many have been

recipients of ergonomic improvements within their jobs. These improvements are not

limited to production workers, but include office personnel as well.

5. Nomenclature

MSDs Musculoskeletal disorders

CTS Carpal tunnel syndrome

OSHA Occupational Safety and Health Administration

SIC Standard Industrial Classification

CNC Computer numerical controlled

Repetitive Motion that is repeated in time greater than 50% of one cycle, or a
work cycle time of 30 seconds or less (Putz-Anderson, 1988).

12



Chapter 2

Literature Review

1. Introduction

Though occupational hazards were realized to have an effect on the development of

musculoskeletal disorders in the begirming of the 18"^ century, the impact of occupational

hazards on MSDs was not considered in scientific study until the 1970's. Since then,

more than six thousand scientific articles relating to ergonomics in the workplace have

been published. However, the extent to which occupational hazards effect the

development of MSDs is still a major debate today (Bernard, 1997).

This review will provide information on MSDs, in particular the most prevalent types

reported at the manufacturing facility of this study (specifically those dealing with backs,

wrists, and elbows), and the work-related risk factors that have been associated with

them.

2. Risk Factor Overview

The general categories for risk factors associated with the development of MSDs are:

biomechanical, psychosocial, morphological, and genetic. The biomechanical factors are

considered "predictable factors" (in that some of them may be measured in terms of

exposure level and possibly controlled by engineering means) and are as follows:

repetitive movement, forceful exertion, exposure to vibration, sustained awkward

postures, or exposure to cold temperatures. Psychosocial factors can also be predicted to

13



some degree by use of employee surveys or interviews (Kumar, 2001). Examples of

morphological and genetic factors are age (Guo et al. 1995), gender (Hales et al. 1994),

smoking preference (Finkelstein 1995), physical activity level (Nirschl 1993), strength

(Chaffin 1973), and medical predisposition such as diabetes, pregnancy, and heart

disease. The overall relationship between these factors and how they interact together as

risk variables for the development of an MSB is not fully understood and quite complex.

An interaction theory presented by Kumar (2001) is presented in Figure 2.1. This figure

demonstrates the possible interactions between risk variables and how they may produce

the final outcome of an illness. Each of the factors reviewed above will be discussed in

detail as they pertain to the most common disorders seen at the manufacturing facility in

this study, given the studies that are currently available.

3. Back Illnesses

Low back disorders are generally the most common ergonomics-related illnesses in

industry today. In 1998, nearly 56% of all occupational illnesses consisting of strains,

sprains, and tears were related to the back (Figure 2.2). Lifetime prevalence of low back

pain in industrialized countries has been estimated at 70% of the population in general

(Andersson, 1981). Approximately 90% of back disorder cases are said to spontaneously

recover and resume regular activity within a month, however (Bigos, 1994).

An employee may or may not first experience back pain in the workplace, but may

assume the two are related and that workplace hazards are the cause. The employee may

have developed the condition out of course of employment and the condition may be

14
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directly related to the physical demands of his/her job, or the employee's regular job

duties may have merely aggravated a pre-existing condition. If the condition is pre

existing, it may have arose out of previous employment with another company (whether

the job duties were similar or not) or they could be due to non-workplace factors as

mentioned above. Therefore the relationship between workplace hazards and the

development of back disorders may be apparent in some cases, but not in others (Bernard,

1997).

In general, there are three severity categories of low back disorders: low back pain,

impairment, and disability. Low back pain refers to either chronic or acute pain

throughout the lower back region. This is considered the least severe form of a low back

disorder. Impairment generally refers to the inability to perform normal physical

activities, and disability relates to restricted duty prescribed by a physician or requires

time away from work.

Disability is deemed the most severe form of a back disorder. In general, chronic

disability generates the largest portion of costs for low back injuries (Hazard, 1994).

The most common medical diagnosis for a back disorder, however is "non-specific

symptoms" and in most cases a specific cause of the back disorder cannot be determined

objectively.

A review of literature suggests that there are three major work-related risk factors that

can be attributed to the development of a low back disorder: lifting improperly or

frequent lifting, repetitive twisting movements (awkward postures), and whole body

17



vibration exposure (Kumar, 1999). Table 2.1 reviews the causal relationships between

work-related risk factors and the development of back disorders.

There are also many factors that may cause low back pain and disorders aside from

workplace hazards. Examples are age, gender, physical fimess level, and cigarette

smoking (Hales, 1996). The age range at highest risk for the development of a low back

disorder is between 35-55 and lost workdays typically increase with age. By the age of

35, most people have experienced some form of back pain (Chaffm, 1979). Men also

tend to experience lower back disorders more often than women. For men, the age group

at highest risk is approximately 40 and for women, between 50-60 (Marras, 2000).

It has also been shown that pychosocial factors can be a significant contributor (Garg

and Moore, 1992).

Table 2.2 summarizes the number of studies that have been done on the relationship of

each morphological, genetic, or personal factor and the strength of association with the

development of low back disorders.

4. Wrist Strains (Tendonitis and Tenosynovitis)

In 1998, disorders of the wrist totaled around 8.6% of all sprains, strains, tears, and

tendonitis cases (Bureau of Labor Statistics, 2000). In a study conducted by Ranney et al.

(1995), it was found that out of 146 female workers in five different industries (garment

and automotive trim sewing, electronic assembly, metal parts assembly, supermarket

cashiering, and packaging), 22 employees (or roughly 15%) were diagnosed as having

wrist tendonitis or tenosynovitis. Also, the highest prevalence per industry found in this

18



Table 2.1: Evidence for causal relationship between physical work factors and
musculoskeletal disorders (Bernard, 1997).

Risk factor Strong Evidence Evidence

Lifting X

Awkward posture X

Whole body vibration X

Table 2.2: Personal risk factor associated with low back pain (Marras, 1995).

Personal risk factors Total no. of studies Percentage of studies
flnding relationship

Age 31 35

Gender 24 8

Previous History 8 87

Intelligence/ education 10 40

Number of year
experience/seniority

7 14

Marital status 4 25

Household

income/unemployment
6 66

Exercise/recreational activity 10 30

Smoking 9 44
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study was with metal fabricators (at 25%). In 1989, the direct costs associated with upper

extremity-related MSDs was $563 million (Hales, 1996).

Wrist tendonitis generally involves compression of the median nerve, which runs

through the carpal tunnel area of the wrist. The tendons cross the radiocarpal joint and

become inflamed due to response from the impinged nerve. The most common form of

wrist tendonitis is De Quervain's tendonitis, which is due to the entrapment of the tendons

of the extensor pollicis brevis and abductor pollicis longus (Greico et al., 1998). Pain is

usually felt on the radial aspect of the wrist.

Some of the epidemiological studies that have been accomplished are listed in Table

2.3. This table shows the risk ratios in various types of industry as they pertain to the

development of disorders of the wrist. The industries at highest risk, based on the

studies presented, are the manufacturing industry in general and the meat processing

industry specifically. The studies also revealed relationships between wrist disorder

development and work seniority, number of objects handled (precision tasks),

repetitiveness, wrist posture, and contact force.

Repetition, force, and awkward postures are considered to have a strong influence on

the development of wrist illnesses based on the epidemiological studies listed. All

studies that reviewed repetition, force, and posture as risk factors had positive RR

estimates (with the majority of the studies showing statistical significance). However, in

a study done by Armstong et al. (1987) repetition was combined with contact force, and a

higher PR was obtained than when repetition and force were examined separately and

individual PRs were added together. This suggests that perhaps a combination of risk
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Table 2.3: Selected studies of wrist tendonitis (Grieco et al., 1998).

Study design RR, OR, or PRR Authors

Sausage makers** 24* Kurppa et al. (1991)

Meatcutters** 14* Kurppa et al. (1991)

Meat-packers** 38* Kurppa et al. (1991)

Industrial-high force and
repetition***

17* Armstrong et al. (1987)

Industrial-high force and
low repetition***

5.5 Armstrong et al. (1987)

Industrial-high repetition
and low force***

3.3 Armstrong et al. (1987)

Assembly line
packers***

7.1* Luopajarvii et al. (1979)

Manufacturing
workers***

5.4* McCormack et al. (1990)

Assembly line
packers***

3.9* McCormack et al. (1990)

Scissors makers*** 1.4 Kuorinka and Koskinen

(1979)

Automotive workers*** 2.5* Bystrom et al. (1995)

*p<.05
** Cohort

***Cross-sectional

RR (Relative Risks), OR (Odds Ratio), PRR (Prevalence Rate Ratios)
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factors show a stronger relationship on the development of wrist disorders, than when

each factor exists alone (Bernard, 1997).

Other non-work risk factors that show a significant influence on the development of

wrist disorders are: gender and age (Bystrom et al., 1995). It has been shown that men

are more prone to De Quervain's tendonitis than women but women are more susceptible

to wrist tendonitis in general (Armstrong, 1987). McCormack's study (1990) suggests

that age is not a significant factor, but years on the job was inversely related (incident

rates were higher if employee spent less than 3 years on the job).

5. Elbow strains and tendonitis/epicondylitis

Epicondylitis is a considerably rare disorder, in that it affects only 1 to 5% of the

general population. Approximately one out of 100 people per year are affected based on

Allander's study involving a Swedish based population, and the group with most

prevalence are women aged 42 to 46 years old (1974). Actually, there are fewer studies

addressing elbow MSDs than any other MSD (Bemard, 1997). The study accomplished

by Rarmey (1995) showed that of 146 female employees in various industries, 15% were

diagnosed with lateral epicondylitis and roughly 6.8% were diagnosed with medial

epicondylitis. The industry with the greatest number of lateral epicondylitis incidents

was the sewing industry.

The muscles and tendons that allow for flexion and extension of the wrist, as well as

grasping with the hand, begin at the inner and outer areas of the elbow. Repeated

grasping, gripping or twisting of objects can irritate these muscles and tendons. The
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inflammation response that occurs in the elbow is usually diagnosed as epicondylitis.

Inflammation along the inner area of the elbow is referred to as medial epicondylitis and

inflammation along the outer area of the elbow is referred to as lateral epicondylitis

(Cicecotti, 1998).

Table 2.4 demonstrates the relationships between various industry, risk factors, and

elbow disorder incident rates based on several epidemiological studies. From this data it

can be shown that work-related risk factors do have an impact on the development of

elbow disorders. It has also been shown that the meat processing industry, in particular

has a significantly high incident rate (6.7) of elbow disorders (Kurppa et al., 1991).

Although other studies based on particular industries have not shown significant incident

rates for elbow disorders, it is probable that repetitive, forceful movements can cause

contraction of the muscle-tendon units that are attached in the elbow (Grieco et al., 1998).

The study completed by Bernard (1997) summarized over 20 epidemiological studies

related to physical risk factors and elbow MSDs. Their findings were as follows: there is

insufficient evidence to uphold an association between repetitive work or awkward

postures and epicondylitis, there is evidence for an association between forceful exertions

and epicondylitis, and there is strong evidence to support an association between a

combination of risk factors and epicondylitis. Table 2.4 also supports these conclusions.
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Table 2.4: Epidemiologic studies addressing risk factors for elbow tendonitis (Hales, 1996).

Investigator (year) Risk Factor OR/RR

Roto (1984) High force and posture 7

Dimbert (1987) Blue-versus white collar

jobs
0.7

Kopf(1988) Repetition, Force 2.7

Ohlsson (1989) Repetition 1.9

McCormack (1990) Repetition 1.5

Burt(1990) Repetition 2.8*

Kurppa (1991) High Force 6

Viikkari-Juntura (1991) High force 1

Moore (1994) Repetition, force 5.5*

Baron (1991) Repetition 2.3

Chiang (1993) Low force/low repetition 1

Chiang (1993) High force or high
repetition

1.7

Chiang (1993) High force/high
repetition

5.3*

Anderson (1993) Repetition 1.7

Hoekstra (1994) Posture 4*

Oladfsdottir (1995) Repetitive movements 2.1

*p<.05
RR (Relative Risks), OR (Odds Ratio)
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Chapter 3

Methodology

1. Introduction

In order to establish common records involving safety incidents throughout general

industry, OSHA established recording and reporting requirements in the form of the "200

log." This is a form which prompts for all information about the incident, including how

it occurred and whether it should be classified as an "injury" or an "illness." Illnesses are

generally considered to be ergonomics-related. The classification of the injury or illness

is established on the form as well. Medical-only incidents, for example minor abrasions

or lacerations, are considered as "first-aid." Incidents that are more serious are coded as

"recordable incidents." Examples of "recordable incidents" are incidents that involve

stitches, physical therapy appointments, prescription medications, or positive x-rays. The

term "recordable incident" is further divided into "lost-workday cases" which are cases

that involve restrictive duties imposed on the employee by the physician, or "lost-time

cases" which are cases that involve days away from work, prescribed by the physician.

The four classifications are recorded on the log and companies use the data to

determine "case incident rates", "case frequency rates", and "case severity rates." These

rates are calculated based on total number of hours and an average of 100 employees per

month using equations 3.1, 3.2, and 3.3.
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I=Nx 200000

h

(eq. 3.1)

where

1= case incident rate per 100 employees
N= number of incidents per month
h= number of hours worked per month

F= N X 200000

h

(eq. 3.2)

where

F= case frequency rate per 100 employees
N= number of incidents per month

number of hours worked per month

S=Nx 200000

h

(eq. 3.3)

where

S= case severity rate per 100 employees
N= number of days away jfrom work or restricted work activity
h= number of hours worked per month
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By using this consistent method, companies are able to benchmark others in similar types

of industry (by SIC code for example) to compare performance of their safety record on a

global scale. The safety performance of the manufacturing facility in this study was

compared to the overall safety performance of industries with the same SIC code.

2. Design

This study was a retrospective study, in that the data used had already been collected

from the manufacturing facility from two previous years (1999 and 2000). The data is

initially collected by the employee's direct supervisor and maintained by the Human

Resources Department at the facility.

In this study, the researcher used the rates described above to compare the safety

performance record of the manufacturing facility from one year (1999) to another year

(2000). The intervention variable from one year to the next was the implementation of

the ergonomics program. •

The manufacturing facility also uses an "Accident Investigation Form" to record all

safety incidents involving employees. Using this form, along with the OSHA 200 log,

data may be analyzed further. In this study the ergonomics-related illnesses were

examined also by the type of illness and the body part affected. Another point of interest

was investigating the number of ergonomics-related illness that were considered

"recordable incidents" as defined above and how these contributed to the total number of

recordable incidents by month. This will determine how the intervention variable

produced either a positive or negative effect on the data from one year to the next. A
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comparison was also made between the Bureau of Labor statistics data and the data

gathered from the manufacturing facility in order to check data alignment for correlation

purposes.

3. Population

The population used in this study consisted of all employees working at the

manufacturing facility that experienced either a first aid injury or illness or an OSHA

recordable injury or illness. This included departments such as office personnel,

maintenance, assembly technicians, fabrication technicians, paint technicians, and

shipping personnel. There were a total of 92 injuries and illnesses at the manufacturing

facility for the two years studied. However, this is not indicative of the actual number of

individuals sustaining injury, as some employees may be exposed to more than one injury

or illness throughout their course of employment.

4. Management of Data

The Human Resources Department at the facility maintains the data that was used for

this study. The OSHA 200 logs, as well as the Accident Investigation Forms are kept in

binders for each year in a locked file. The researcher entered the information into the

computer, with no names or identifying numbers, such as Social Security numbers or

employee identification numbers for confidentiality purposes.
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5. Data Collection and Analysis

The data sets were entered into a spreadsheet in order to determine overall trends at

the facility and also to assist with processing statistical tests utilizing the JMP statistical

software package (Version 3.2.1).

To determine significant difference between the two years used in this study, a paired

comparison one-tailed t-test was used. This test uses a comparison of differences

between one year to the next against a suspected mean value of zero. The t-test then

generates a level of significance greater or less than the selected alpha (in this study the

researcher used an alpha value of 0.05). The null hypothesis of this test was that there

were no differences between the mean of each year's results and the altemate hypothesis

was that there was a difference. The one-tailed t-test lends further information about

which data set is significantly greater than the next data set (in this case, year 2000 data

was less than year 1999 data). If the p-value is less than the alpha value, the difference

between the years is considered to be significant. However, one of the conditions of the

parametric t-test is that the data are distributed normally. To test for normality, the

Shapiro-Wilkes test was utilized. The null hypothesis of this test is that the data are not

distributed normally. Therefore, if a data set is analyzed and determined to have a p-

value greater than the selected alpha value (0.05 in this study), then it can be assumed

that the data are distributed normally. On the other hand, if the p-value is less than the

alpha value, there is not enough evidence to reject the null hypothesis, and therefore

normality may not be assumed. When this occurs, a nonparametric test may need to be

utilized in order to get a better estimate of statistical significance.
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In this study, several of the data sets (OSHA frequency and severity rates and total

number of sprain injuries) did not meet the normality assumption criteria, thus the

Wilcoxon Signed-Rank test was utilized. This non-parametric test also checks for

significant difference between the means, but does not require the data to be distributed

normally.
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Chapter 4

Results

1. Injury and Illness Trends of Manufacturing Facility in 1999

In 1999, the ergonomics program did not exist in the manufacturing facility, as stated

in chapter one. As shown in Table 4.1, the top three types of injury in the facility were

strains, tendonitis, and bums. Ergonomics-related illnesses are generally considered to be

strains, sprains, tears, tendonitis, and carpal tunnel syndrome. Theerfore in 1999, 59% of

all injuries and illnesses were ergonomics-related. The top two injury types at the facility

in 1999 were also strains and tendonitis. Based on this data, it should be assumed that

most of the hazards associated with this plant are ergonomics-related and can therefore be

somewhat controlled by proactive measures. This is due to the fact that incidents

involving ergonomics hazards are not merely accidents, they are generally developed

over a period of time.

The top three body parts injured in 1999 were backs, fingers, and wrists as shown in

Table 4.2. The body parts typically associated with ergonomics-related illnesses are

backs, wrists, shoulders, elbows, arms, hands, necks, and fingers.

Hence, the top three body parts injured in 1999 were typically correlated with

ergonomic hazards as well. This is further evidence that ergonomie hazards were the

most prevalent seen at the manufacturing facility in 1999.
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Table 4.1: Most common injury and illness types commonly seen at the manufacturing
facility

1999

Type of Injury Percent of Total

(%)
Strains 27

Tendonitis 17

Bums 13

Sprains 11

Lacerations 11

Contusions 9

Fractures 8

Carpal Tunnel Syndrome 4
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Table 4.2: Most common body parts injured at the manufacturing facility

1999

Body Part Injured Percent of Total

(%)
Abdomen 3

Ankle 1

Arm 5

Back 19

Elbow 8

Eye 12

Face 3

Finger 13

Foot 3

Hand 4

Head 1

Knee 1

Leg 3

Neck 4

Shoulder 6

Wrist 14
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To further understand the most common ergonomics-related illnesses seen at the

facility in 1999, Figure 4.1 demonstrates the body part affected per illness type. In the

situation of a strain illness, the top three body parts affected (in order of highest

occurrence) were backs, shoulders, and necks. These could correlate to ergonomic

hazards dealing with lifting and overhead work. In the case of sprains, the most prevalent

body parts affected were backs and wrists. This could be associated with ergonomic

hazards such as awkward postures accompanied with contact force and once again,

lifting. Tendonitis generally affected wrists. Once more, this may be related to the

ergonomic hazard of awkward postures accompanied with contact force and repetition.

2. Injury and Illness Trends of Manufacturing Facility in 2000

In the year 2000, an ergonomics program was implemented at the manufacturing

facility. This program will be flirther outlined in chapter six. As shown in Table 4.3, the

top three types of injury in the facility were strains, lacerations, and contusions. The only

ergonomics-related illness of the top three listed was strains, which made up

approximately 34% of all incidents in 2000. Therefore, when compared with 1999,

ergonomics-related illnesses were reduced by 25% in 2000.

The top three body parts injured in 2000 were (in order of highest occurrence):

fingers, wrists, and backs (Table 4.4). However, the top three MSD related body parts

injured were: wrists, backs, and elbows. Figure 4.2 further demonstrates the nature of the

MSD by body part affected for 2000.
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Table 4.3: Injury and illness types commonly seen at the manufacturing facility

2000

Type of Injury Percent of Total

(%)

Strains 34

Lacerations 21

Contusions 16

Bums 14

Tendonitis 7

Fractures 4

Sprains 3

Carpal Tunnel Syndrome 1
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Table 4.4: Most common body parts injured at the manufacturing facility

2000

Body Part Injured Percent of Total

(%)
Abdomen 9

Arm 7

Back 9

Elbow 9

Eye 9

Face 4

Finger 14

Foot 3

Hand 9

Head 4

Knee 3

Neck 1

Shoulder 6

Wrist 13
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By comparing year 1999 to year 2000, it is easy to realize the reductions made with

back, wrists, hands, and neck disorders. Figure 4.3 shows the relationship of 1999 to

2000 in terms of number of MSDs.

3. Comparison of 1999 to 2000 by Nature of Illness

Backs were the most prevalent body part injured in both 1999 and 2000 at the

manufacturing facility in this study. In 1999, backs totaled approximately 52% of all

sprains, strains, and tears, and in 2000 this number was reduced to approximately 27%.

The highest workers' compensation claim for a back in 1999 was around $80,000 (direct

costs) and this claim is still open. This is quite typieal of an ergonomics-related back

claim in industry. Using the $1 to $4 ratio of direct to indirect costs mentioned in chapter

one, this claim has cost the company an estimated $320,000 and is still climbing.

Therefore, reducing the number of back illnesses in an industrial facility by 13% is quite

significant in terms of monetary value to the company.

The manufacturing facility had a total of 9 wrist disorders reported in 1999

(approximately 20% of ergo-related disorders) and a total of 8 in 2000 (or 25%). The

majority of the disorders in 1999 were wrist tendonitis/De Quervain's syndrome and in

2000, wrist strains. Typically, wrist strains are classified as "first aid" incidents as they

generally require a wrist brace or sling and over the counter medication. Wrist tendonitis

and/or De Quervain's syndrome is usually classified as a "recordable" incident because

they typically require physical therapy prescriptions or cortisone injections. The

manufacturing facility in this study
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reduced the number of wrist tendonitis/De Quervain's syndrome incidents by 57% in

2000.

As for elbow MSDs, the manufacturing facility in this study bad a total of 6

disorders in 1999 and 5 disorders reported in 2000.

4. Analysis of Illnesses and Injury Trends at Manufacturing Facility

In 1999, the manufacturing facility in this study bad a total of 80 illnesses and

injuries. In 2000, this number was reduced by 14%. Of the total illnesses and injuries in

1999, 49 were ergonomics-related illnesses and in 2000 these were reduced to 37 cases.

As stated in previous chapters, the ergonomics program did not exist in 1999 but was

fully implemented in 2000 and was the only initiative undertaken by the company to

address safety and ergonomics-related issues. Also in the year 2000, the number of hours

worked per month and the average number of employees per month was greater,

presenting even more of a challenge in terms of keeping safety incidents to an absolute

minimum. Therefore, it is reasonable to assume any changes made within the realm of

safety or ergonomics between 1999 and 2000 were somewhat if not completely related to

the implementation of the ergonomics program.

As shown in Figure 4.4, the OSHA recordable incident, severity, and jfrequency rates

(calculated using equations 3.1, 3.2, and 3.3) at the manufacturing facility were quite

different in 2000 than in 1999. The incident and frequency rates were dramatically
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decreased and the severity rate decreased by 4%. The total reduction in the OSHA

recordable incident rates from 1999 to 2000 was 72%.

A statistical t-test was performed on this data using a null hypothesis of no difference

between the means versus and alternate hypothesis of "year 2000 results were less than

year 1999 results" (one-tailed test). The results of all analysis are presented in Table 4.5.

As shown in the table, most data from 1999 and 2000 were statistically significant (67%)

and tested positive under the normality assumption (p>.05). From these results, it can be

assumed that the implementation of the ergonomics program had a very strong influence

on the reduction of recordable illnesses and injuries in 2000. Statistical t-tests were also

completed using the number of employees per month and number of hours worked per

month data. The differences between year 1999 and year 2000 for this data also proved

to be significant (2000>1999).

The number of ergonomics-related recordable incidents were also tested for statistical

difference between the means for the years 1999 and 2000. As shown in Table 4.6, this

analysis also proved a statistically significant difference between 1999 and 2000 (2000

mean data< 1999 data) and also the distributions met the normality assumption criteria.

Figure 4.5 illustrates the decline in the number of ergonomics-related OSHA recordable

incidents from 1999 to 2000.

In order to test the difference between individual ergonomics-related disorders,

strains, sprains, and tendonitis were also considered separately. The results are also

presented in Table 4.6. As shown in the table, tendonitis cases were the only disorder

that showed a statistically significant reduction from 1999 to 2000 and the distribution
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Table 4.5: Statistical difference between means tests for manufacturing facility safety
results

Test Group Significance (one-tailed)
Year 2000 < Year 1999

p-value (normality)

OSHA Recordable

Incident Rates, 1999 &
2000

.00015* .9692

OSHA Frequency Rates,
1999 & 2000

.078*** .0021

OSHA Severity Rates,
1999 & 2000

.500*** .0251

Total Number of OSHA

Recordable Incidents,
1999 & 2000

0.0003* .6729

Total Number of Hours

Worked by Month, 1999
&2000

0.00** .7332

Total Number of

Employees by Month,
1999 & 2000

0.00** .3655

*p>.05
** Year 2000>Year 1999

***Non-Parametric Wilcoxon Signed-Rank Test
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Table 4.6: Statistical difference between means test for manufacturing facility
ergonomics-related safety results

Test Group Significance (one-tailed)
Year 2000 < Year 1999

p-value (normality)

Total Number of .00085* .5153

Ergonomics-Related
OSHA Recordable

Incidents, 1999 & 2000
Ergonomics-Related
OSHA Recordable

.0002* .9578

Incident Rates, 1999 &
2000

Total Number of Strains, .3074* .4087

1999 & 2000

Total Number of Sprains, .031** .0012

1999 & 2000

Total Number of .0475* .1695

Tendonitis Cases, 1999 &
2000

Total Number of .0374* .7812

Illnesses, 1999 & 2000
*p>.05
**Non-Parametric Wilcoxon Signed-Rank Test
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was considered normal. Sprain cases did not meet the normality assumption, but were

determined to be statistically significant using the nonparametric Wilcoxon Signed-Rank

test. Strains did not pass the normality assumption and the t-test showed no difference

between the means from 1999 to 2000.

Given the statistical analysis performed, it can be assumed that the ergonomics

program implementation had a very strong effect on reducing the safety and ergonomics-

related incidents from 1999 to 2000. Out of the 12 data analysis performed, 75% showed

statistical difference between the means and also met the assumption of normality.

5. Comparison of Manufacturing Facility Results to Industry by SIC Code

The Bureau of Labor Statistics estimates that the total nonfatal injury and illness

incident rate for the top-level SIC code (353) corresponding with the manufacturing facility

in this study (construction and related machinery) is 14.1 per 100 employees in 1998 (which

is the most current data available). The manufacturing facility in this study had a cumulative

incident rate of 15.8 in 1999 and of 4.5 in the year 2000. Therefore, the manufacturing

facility was well below the industry average in the year 2000 and 12% above the average in

1999. In terms of OSHA frequency rates, the BLS average was 3.7. The manufacturing

facility in this study had an OSHA frequency rate of 1.65 in 1999 and 0.35 in 2000.

6. Workers' Compensation Costs

The workers'compensation costs for this facility were compared from the year 1999 to

the year 2000 using a one-tailed t-test to once again determine statistical significance
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between the means. The results are presented in Table 4.7. The data from the year 2000

proved to be significantly less than in 1999, and the distribution also passed the normality

assumption. The distribution of this data is also illustrated in Figure 4.6. The average

estimated cost per claim in this facility for back disorders in 1999 was $75,000 and in

2000, $26,000.

According to the BLS, the average cost per back claim in 1998 was $19,746. When

the cost of medical inflation is considered (prior to 1998) the manufacturing facility

appears to be just at the industry average for back compensation costs in the year 2000.

Figures 4.7 and 4.8 illustrate the average cost per claim by nature of injury and by body

part for 1997-1998 from the Bureau of Labor Statistics. Figure 4.9 presents the cost per

claim at the manufacturing facility by nature of injury in 1999 and 2000. As compared

with the BLS information, this manufacturing facility is not quite aligned with the

industry averages. The ergonomics-related illnesses are the greatest cost to the company,

totaling nearly 72% of the total compensation paid in 1999 and 50% of the total paid in

2000. These are only the direct costs associated with MSDs. This data demonstrates the

absolute necessity to control ergonomics-related hazards in the workplace whenever

possible.
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Table 4.7: Statistical difference between means test for workers' compensation costs at
manufacturing facility

Test Group Significance (one-tailed)
Year 2000 < Year 1999

p-value (normality)

Workers' Compensation
Costs, 1999 & 2000

.044* .6011

'=p>.05

10,000 1999

20009,000

8,000

7,000

6,000

5,000

4,000

3.000
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Figure 4.6: Average workers' compensation claim costs at manufacturing facility

49



Sprain/Strain

Other Trauma

MSD

Laceration

Inflammation

Fracture

Contusion

Carpal Tunnel

Burn

Amputation

8,993

9,389

9,256

8,721

12,692

13,554

! 8,328

11,944

10,575

16,468

Average Claim Costs (thousands)

Figure 4.7: Average total incurred costs per claim by nature of injury, 1997-1998
From Bureau of Labor Statistics, 1999.
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51



Tendonitis
$19,800

$11,500

n 1999

EI2000

Strain
$94,350

Sprain
$3,500

I $1,000

$126,000

Total Claim Costs ($)
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7. Discussion

The results of this retrospective study from the manufacturing facility are quite clear:

an impressive reduction in safety and ergonomic-related incidents were achieved from

the year 1999 to the year 2000. Given the background of this facility, as stated in chapter

one, data prior to 1999 was unavailable but would have been beneficial to use in this

study in order to examine additional data points. From the t-tests performed on all data,

the reduction proved to be significant in every category except the OSHA frequency rates

and severity rates and total number of strains. The OSHA severity rate is calculated

using equation 3.3, which requires the number of days away from work as the

independent variable. Therefore, the severity rate is certainly important, but does not

contribute to the actual number of safety incidents. The severity rate is a measure of how

well a company performs with returning individuals to work if a lost time injury or illness

has occurred. For instance, if two different companies had the same employee undergo

carpal tunnel surgery, one company may have the individual back to work in 14 days and

the other in 2 days. This is largely based upon the company's willingness to allow for

light duty work restrictions. Certainly it is in the company's best interest to provide this

type of work, given the indirect costs associated with days away from work as discussed

previously, as well as the re-conditioning of the employee into the work environment.

Therefore, it can be assumed that the facility in this study did no better in 2000 than in

1999 with returning employees to work after sustaining lost time injuries.

OSHA frequency rates represent the number of lost time incidents over a period of

time, using equation 3.2. In this study, the difference between 1999 and 2000 were not
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considered significant, so it can also be assumed the company did not improve from 1999

to 2000 with the number of lost time case occurrences.

The number of strains actually increased from 1999 to 2000, therefore significance

was not shown, but the overall number of MSD related incidents decreased significantly.

The number of employees per month and number of hours worked per month also

showed significance, which fiirther emphasizes the incredible improvement this facility

realized in the year 2000. With more employees working and more hours worked per

month, it would be assumed that the likelihood of injuries would be greater, but not in

this case. The only intervention variable between 1999 and 2000 was the deployment of

the ergonomics program and the results achieved by this implementing this program are

astounding.
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Chapter 5

Conclusions

1. Validity of Data

The hypothesis tested in this retrospective study was that the implementation of an

ergonomics program reduces injuries and illnesses as well as worker's compensation

costs in a manufacturing facility. Given the general positive results obtained from 12

separate statistical t-test analysis on data collected at the facility, and the fact that the

implementation of an ergonomics program was the only intervention variable observed at

the facility from 1999 to 2000, the hypothesis is very favorable. However, there are

certain possible variables that could have affected the results in 1999, which should be

discussed further.

In 1999, the plant was still in a "start-up" mode, that is still forming necessary core

processes to run the business, finalizing design difficulties, hiring new manufacturing

employees, and resolving process flow issues within the factory. Possible issues that

could have affected the number of injuries and illnesses at the facility were: inappropriate

methods, improper tools, lack of training, hiring personnel not accustomed to heavy

industrial manufacturing work or environment, and overtime work hours. Unfortunately,

these are issues not uncommon to a newly started manufacturing facility and are quite

difficult to control, due to production demands and time constraints. Overtime

requirements limit the employees' ability to utilize recovery time for their bodies, and
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therefore may put them at higher risk for strain-type injuries. However, the key

ingredient that was missing in 1999 was lack of ergonomics or safety initiative. If this

initiative would have been present, tools such as job rotation, stretching (warm-up

exercise) classes, and training could have been utilized and would have certainly made a

difference.

Still yet, in the year 2000, the same problems the facility faced in 1999 were not

completely resolved. Production demands increased each month and more and more

employees were hired. This company is located in a very rural area of Tennessee and

therefore finding skilled laborers, such as welders, becomes somewhat of a task. Many

additional employees were hired with no manufacturing background thus the challenge of

keeping safety incidents to a minimum still had a definite presence. Although overtime

hours were minimized somewhat, two new work shifts were added to the schedule, which

lacked engineering personnel for support functions. Hence, the year 2000 still faced

some of the familiar challenges of 1999, along with several new challenges.

The manufacturing facility in this study was only able to produce two years (24

months or data points) of data for this study. It would have certainly been beneficial to

have several years of data prior to the ergonomics program implementation in order to

demonstrate the overall effect the program had on the reduction of illnesses. However,

even using two years of data, a significant difference between the means was

demonstrated in most cases.
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2. Summary

When the safety and ergonomics program was implemented in January of 2000, a new

culture began to form at this facility. Employees became involved with making

improvements to their jobs and also participated in teams to resolve safety and

ergonomics issues within their respective departments. The employees realized that

management had made a commitment to improve their health and safety in the workplace

and embraced that effort. A sense of pride was developed throughout the factory in

maintaining an excellent safety record and that is exactly what was achieved as a result.

This kind of culture is what drives an organization to produce positive change and

ultimately reduce costs through a more consistent, healthier work force.

3. Future Research Possibilities

For future research, it would be of interest to utilize factories that have been in

existence for long periods of time, and analyze the data from one period to the next to

determine the effect of an ergonomics program implementation. Also, it would be of

interest to look at different types of industry and compare how much reduction in

illnesses was experienced according to industry type. Another idea for study would be to

look at specific jobs within a facility and compare illness rates from one period to the

another, using an ergonomics improvement project as the intervention variable. This

would also inform the ergonomics team if the improvement project truly had a positive

effect on the employees or not. Once again, in order to accomplish studies of these

magnitudes, a factory would need to have many years of data collected.
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Chapter 6

Recommendations

1. Overview

Given the results from 1999, senior management at the manufacturing facility decided

to support an ergonomics program implementation to potentially reduce safety incidents

and workers' compensation costs in 2000. This effort began in January of 2000. A full-

time safety and ergonomics coordinator was employed as well as a staff of two

ergonomics technicians.

Based on the results of this retrospective study, it would appear that implementing an

ergonomics program is a good business decision for any company, especially one in a

"start-up" capacity. Ultimately, the results desired by senior management were achieved

by supporting the implementation. Therefore, based upon this study the recommendation

for manufacturing facilities in general is to implement an ergonomics program as outlined

below (adapted from the manufacturing facility in this study), in order to reduce safety

and ergonomics-related incidents and thus better control costs. The benefits obtained

from the program and the potential for huge cost reduction through reduced workers'

compensation costs far outweigh the costs associated with devoting resources into the

program implementation.
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2. Develop a Written Program

The first step to any ergonomics program should be to put the program in written form

in order to sell the program to management. This documentation will serve as a general

guide for senior management to better understand the direction the program is headed and

further define roles, responsibilities, and resources required. The program should also

establish results-based realistic goals. Basically, every ergonomics program should

address eight major issues. These are; management commitment and support, employee

involvement, problem identification, job studies and evaluation, methods of controlling

ergonomic hazards, training and education of the work force, medical management, and

program administration. Each of these elements should be detailed in written form and

presented to management for review and approval. Appendix A provides an example of

a written ergonomics program adapted from the manufacturing facility in this study.

3. Establishing Management Commitment and Support

One of the most important aspects of an ergonomics program is first obtaining

management commitment and then sustaining that commitment. Management must play

an active part in the ergonomics program to the extent that every employee understands

that results are expected, not merely desired. Any new program in industry has a top-

down effect. That is, the commitment and support are provided at the highest level and

the strength of that commitment is passed down through the hierarchy of employees.

Senior management ultimately provides the foundation of the program. If the foundation
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is faulty (lacks commitment and involvement), the other necessary building blocks of the

program are sure to fail.

One way to keep management actively involved is to update them monthly or perhaps

quarterly on the metrics of the program, such as results versus consumed resourees. One

very powerful tool is to compare the safety record of previous months (before the

ergonomics program had been implemented) to the months following the

implementation. Also, being able to show a reduction in MSD cases and thus workers'

compensation costs is a very effective measure. However, one of the most successful

ways to win over management are testimonials from the employees themselves, who are

benefiting from the program. It is very powerful to hear an employee speak of pains they

were used to experiencing as a "just a part of the job" and then speak of how ergonomics

intervention took away the discomfort they were experiencing not only on the job, but at

home as well. Pictures of how the job was done before and how the job has changed due

to ergonomie fixes are also good methods of communieation to management. Projects

that are particularly appealing are those that produce a large effect on an employee's well

being, but were completed using very little money. Fortunately, many ergonomics

projects are based on common sense and require very little capital to achieve. With

metrics such as these in place and well eommunicated to management, the ergonomics

program is sure to suceeed.
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4. Training and Education

The next essential component of an ergonomics program is the training of all

employees in the organization whom the program may effect. This includes, but is not

limited to:

production supervisors and managers, production employees, video display terminal

operators, manufacturing engineers, product design engineers, senior management, and

the ergonomics program administrators and managers. Each of these groups would

obviously require varying degrees of training. For instance, production supervisors,

managers, and production employees should be trained on basic ergonomics principles

such as the risk factors associated with the development of various MSDs, the signs and

symptoms associated with MSDs, and the procedure to use in order to report MSDs.

Production employees should be trained further on maintaining natural postures

whenever possible and which postures are more conducive to developing an MSD. They

should also be trained on simple fixes they may be able to incorporate into their jobs to

reduce fatigue, such as taking micro-breaks for stretching exercises or shifting their

weight from one foot to the other if standing for long periods.

Manufacturing and product design engineers should be more focused on the

ergonomic-controls area of training but be trained on risk factors as well. Product design

engineers need to be included in the ergonomics program because they have the ability to

fix the potential ergonomic hazard before it is introduced onto the production floor. If

they are able to identify areas within the product assembly that may be difficult to reach

or produce awkward postures for employees, they may have the opportunity to design
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that area differently, thus reducing or eliminating the hazard completely. Figure 5.1 is an

illustration of the powerful effect design engineers may have in terms of cost reduction

by including ergonomics at the initial concept phase of the product.

Video display terminal operators should be trained specific to their jobs. In other

words, training that involves how to set up a computer workstation appropriately to

reduce the specific risk factors they are exposed to. Another good training session for

VDT operators is an upper-body stretching or exercise course.

Senior management should receive a general overview of risk factors, types of MSDs

(minimize the types reviewed based on what is tj'pically seen at the facility), and costs

associated with each MSD.

Each group should also be advised of their roles and responsibilities in the ergonomics

program. Examples of roles and responsibilities are how to respond to employees that

have ergonomics requests or complaints, procedures for accessing a health care provide

for an employee that has reported a suspected MSD, and how to support the

organization's ergonomic program efforts.

Obviously, the members of the ergonomics team should receive the most extensive

training. This would include MSD problem solving methods such as how to perform a

job task analysis, evaluate the results, and use ergonomic design principles to solve the

problem in order to minimize exposure to the risk factor in question. Members of this

team should (whenever feasible) attend ergonomics conferences, off-site training

sessions, and college courses to improve their skill level and keep up to date on advances

within this field. Interacting with other ergonomics professionals is also very
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valuable in terms of sharing ideas, success stories, or benchmarking one program

against another.

Senior management should be trained first, followed by the orders of hierarchy of the

organization. Production employees should be trained last. Once again, a new program

only thrives Using a top-down approach, and thus training should begin at the uppermost

level of management in order for the program to gain leverage with employees.

5. Problem Identification

There are various methods to ascertain which jobs may be "problem" jobs, in other

words, those jobs containing ergonomic hazards. However, there are only two basic

categories: proactive initiatives ("before the fact") and reactive initiatives ("after the

fact").

Unfortunately, reactive initiatives are most commonly used. These include:

reviewing the company's OSHA 200 log (Appendix B) and accident investigation form

(Appendix C) for specific jobs with a recurrence of an MSD, reviewing the company's

first aid cases for MSDs that did not become severe enough to be logged as ah OSHA

recordable but may still be an active, distribution of an employee pain and discomfort

survey (Appendix D), and comparing MSD rates by department or supervisor. These are

some of the tools that will enable the ergonomics team to pinpoint where most of the

MSDs are occurring in the organization, locate pattems amongst particular job types,

(welder, assemblers, etc) and recognize any high frequency MSD reporting or

ergonomics complaints based on supervisor or department. Reactive tools should be used
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only as an assessment of the current situation (pre-ergonomics program implementation)

and not as a method to control exposure to MSD hazards whenever possible. However,

many ergonomics projects are completed (and ftinded) due to an employee developing

carpal tuimel syndrome on a particular job, or a back surgery for example. The

ergonomics team attempts to control the hazard only after an employee has obtained an

MSD. This type of effort is counterproductive, because not only has an employee already

suffered a debilitating condition and thus the company accumulated workers'

compensation costs, but also the message it sends to the production employees can be

quite damaging to the program. The message that it may send is that someone must

sustain injury before the job is fixed. Obviously, this type of reaction could be

detrimental to the newly formed ergonomics program. Therefore whenever possible,

proactive tools should be utilized.

Proactive initiatives are those such as employee suggestion forms (Appendix E) and

walkthrough risk factor audits (Appendix F). These types of tools are designed to find

the injury before it happens. Employee suggestion forms are good tools, but the

ergonomics team will need to evaluate the job before relying on the suggestion.

Ergonomics audits are also an excellent tool to observe jobs and identify any risk factors

present. This is a good tool to determine whether jobs are high-risk/low-risk (based on

the number of hazards identified) and thus prioritize the team's ergonomics project list.
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6. Job Studies and Evaluation

After jobs have been identified as having MSD risk factors and have been prioritized

in terms of risk, job studies and evaluation must take place to determine what causal

factors are attributing to the risk and what control methods must be implemented. There

are many tools that can be used to perform a job study to analyze MSD risk factors.

Examples of these are; work station checklists (Appendix G), utilization of the

lifting/lowering, pushing/pulling or carrying equations (NIOSH, 1993) to analyze specific

tasks, or video taping the job in order to determine the degree of repetitiveness (as a

percent of cycle time for example) or other factors. Sometimes, a basic observation of

the job will lead to the underlying cause of risk, such as the simple work station checklist.

For more complex situations however, where the cause of risk is not readily apparent,

both identification and quantification are required, along with the skilled ability to

evaluate and interpret the results. If a member of the ergonomics team does not have this

skill level, an outside consultant should be hired.

The ergonomics program documentation should identify who will be responsible for

performing the job studies. Trained production employees may be able to accomplish the

ergonomics observational checklists, but the ergonomics team should handle the more

complex situations, as they are assumed to have more extensive training and skill in an

ergonomics evaluation.

Jobs that have been found to have risk in a routine ergonomics audit should not be the

only jobs studied. Jobs that employees have submitted suggestions for improvement or

jobs in which employees are complaining of discomfort should also certainly be studied.
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When performing a job study, the employee performing the study should always

inform the job operator of what kind of study is being accomplished, the intention of the

study, and also inform that the physical job elements are being studied, not the operator

performing the job. Also, after the study is complete, the results should be reviewed with

the operator and any suggestions they may have to improve the,job taken into

consideration.

7. Methods of Controlling Ergonomic Hazards

There are three way to control ergonomics hazards: engineering controls,

administrative controls, or a combination of the two.

Engineering controls are generally the most effective, in that they have the best chance

of eliminating the hazard completely. Many engineering controls require several

revisions, that is the project may start as a simplistic change in method but after the

operator uses the new method, a better method is discovered, and so on. The main point

is, with each refinement the hazard gets more and more diminished, until it no longer

exists. Engineering controls will directly remove or minimize the problem by modifying

or eliminating the exposure to the risk factor.

Administrative controls should only be used if engineering controls cannot be

implemented in a timely fashion. These controls rely on the employees to take action

every time they do the job, which cannot always be counted on. Examples of

administrative controls are training on lifting properly, job rotation schedules, or addition

of certain personal protective equipment (vibration-reducing gloves, etc).
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Based upon the results of the job study, recommendations for modifications to the job

should be made by the ergonomics team. These recommendations should be presented to

manufacturing engineers, production employees, and possibly maintenance personnel (if

an equipment installation or moving is required) for input. Depending upon the make-up

of the ergonomics team, many of the project implementations or modifications may be

entirely accomplished by the team themselves. When recommendations to modify a job

are made, the ergonomics team should ensure the changes happen in a timely manner. A

project timeline should be established and shown to all involved parties.

Once the ergonomic improvements have been made to the job, the ergonomics team

should follow-up with the operators after several weeks of utilizing the new method.

This time is necessary to give the operator a chance to get accustomed to the new method

and be able to truly evaluate the physical benefits. Sometimes when ergonomic

improvements are implemented to reduce a certain risk factor in a job, other risk factors

get introduced to the job unintentionally. Unfortunately, it is not always possible to

identify this before proceeding with the new method and the only way to realize a new

risk factor has been introduced is by following-up with the employee or performing

another job study.

All ergonomics projects should be heavily documented. One of the best ways to

document an improvement project is to video the job before the improvement was made

(focusing in on the ergonomic hazards) and then after the improvement was made. Or,

the use of digital photos can be powerful communication tools when doing a presentation
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to management or production employees. Examples of ergonomics project

documentation from the manufacturing facility in this study are shown in Appendix H.

8. Employee Involvement

Keeping production employees involved is another key ingredient to the ergonomics

program. By keeping employees involved, more creative ideas can develop in terms of

how to control risk factors in the workplace. If employees are trained and actively

involved with the program, they will begin to recognize risk factors more easily and feel

encouraged to figure out possible ergonomics solutions for the job. Production

employees are, in fact, the people doing the job everyday, so it stands to reason that they

may have the best ideas for improving the job. Also, if employees are involved in the

solution to the problem, they are more likely to "buy in" to the ergonomic modification to

their job. The ergonomics program should outline if production employees will be

directly involved in the process (for example, a certain amount of hours required in the

work week out of a set amount of employees), or indirectly involved (for example being

involved with job studies as they are being done). However, production employees must

be involved to a great degree for the ergonomics program to become successful.

9. Medical Management

The medical management aspect of the ergonomics program is one of the most

important elements to consider. Medical management includes encouraging employees

to report work-related MSDs as soon as possible since this promotes early diagnosis and
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treatment. It is important to begin with early treatment of MSDs due to the fact that

employees may be continually aggravating the condition both at work and at home and

therefore making the situation much worse. If treatments such as physical therapy or

cortisone injections are begun, along with restricted work.activity, the condition may

disappear or at least be reduced in severity. If MSDs go untreated, they may require

surgery such as carpal tuiuiel release. When an employee reports an MSD, a job study

should immediately follow to determine what is causing the problem. This is a reactive

effort, but certainly necessary to prevent further occurrence. It is also necessary to

validate the work-relatedness component. Many times, employees may have hobbies at

home or other activity (such as sports activities) that may be the source of the MSD. The

ergonomics team should review any findings supporting or otherwise from the job study

with the treating physician as soon as possible. This will allow the physician to get a

better picture of what kind of activity the employee was involved in that may or may not

have caused the MSD.

An active relationship must be developed with all company physicians. This includes

both general practitioners and orthopedic surgeons. A medical panel should be

developed (the requirements vary fi-om state to state) which consists of three general

practitioners and at least 2 orthopedic surgeons. The members of the panel should be

invited to tour the factory at least on a yearly basis and the ergonomics team should take

the time to explain the various manufacturing process requirements. Also, the

ergonomics team should point out any ergonomics improvement projects that have been

accomplished at the facility. Whenever the ergonomics team cannot readily determine
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the cause of a reported MSD, the company physician may be invited to study the job as

well. All members of the physician's panel should be well informed that the company

has light duty job assignments available at any time in order to accommodate an injured

employee. This not only helps the company to minimize OSHA severity ratings (eq. 2.2)

but also is better for the employee. The longer an employee stays away from work, the

harder it is for them to readjust both physically and mentally upon returning.

As soon as an employee reports a suspected MSD and sees the company physician, the

physician should be contacted immediately by the ergonomics team. The physician

should provide a prognosis and severity level of the MSD and estimate whether or not the

MSD may require surgery. The physician should also establish clear work restrictions for

the employee.

Once the work restrictions have been established, the ergonomics team should

communicate this information with the employee's supervisor and ensure that the job that

is available for them meets all restrictions posed by the physician. The ergonomics team

should monitor the employee regularly to ensure they are working within their

restrictions and not exposing themselves to any additional hazards.

10. Program Administration

Once the ergonomics program has been introduced to employees, it must be

continuously monitored for its effectiveness. Activities associated with the program

administration may include: establishing program goals, developing the written program,

measuring progress, reviewing results with other groups, and program auditing.
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Goals should be established at the onset of the program. The ergonomics team should

measure where the company currently stands in terms of OSHA incident, severity, and

frequency rates and workers' compensation costs, where the company would like to go,

and how long it will take the company to get there. Program goals can include any

measurable activity pertaining to safety and ergonomics, for instance, completing a

certain number of projects per quarter.

Periodically, the program should be monitored to ensure its effectiveness. The goals

that have been established can be used to audit the program's progress. The results of

audit should be reviewed with management so they understand the status of the program

and any problems that may need to be addressed. All ergonomics projects should be kept

on file along with a detailed description of cost, MSD risk factors that were eliminated,

an estimate of workers' compensation costs that were potentially avoided, and any

supporting testimonials from production employees. These projects should always be

reviewed with management and production employees, as they are key components of the

program itself.
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Ergonomics Policy

Purpose

This document Is intended for ail John Deere Commercial Worksite Products (JDCWP)
employees. It describes the processes and principles for controlling work-related
musculoskeletal disorders (WMSDs). The JDCWP Ergonomics Team is responsible for
implementing the process. The JDCWP management staff fully supports and is committed
to the JDCWP Ergonomics Program.

Scope

JDCWP employees exposed to ergonomic stressors risk acute injuries, subchronic
illnesses, and chronic illnesses. Exposure to these stressors can lead to debilitating
WMSDs; therefore, these stressors should be reduced and eliminated whenever
possible.

Risk factor analysis can be used to redesign jobs and reduce the risks of WMSDs.
These risk factors include repetitive motion; fixed or awkward postures; forceful exertion;
prolonged contact with vibrating tools and equipment; and contacting temperature
extremes. There are other risk factors that can contribute to WMSDs. These factors include

psychosociai and individual characteristics.

Risk factors alone cannot be used to indicate that a hazard exists. To identify WMSD
hazards, risk factor identification must be combined with other information such as data
on illness and injury trends, and employee complaints of discomfort.

Once a WMSD progresses from mild symptoms to pain and disability, it is very difficult to
treat with success. Early recognition and prompt treatment of employee symptoms
are criticai to prevent invasive, complicated, and costiy medical procedures and
treatments.

Employee and management involvement is criticai to the success of any efforts to
prevent and reduce WMSDs. The elimination or reduction of risk factors directly affects
the methods that workers use to do their jobs. If the JDCWP Ergonomics Team
recommend solutions that workers and management do not accept or support, the
changes will have little positive effect.

Goals

The primary goal of the JDCWP Ergonomics Program is to minimize the impact of
WMSDs on JDCWP employees. The secondary goal is to reduce the severity of WMSDs
through early medical management and job hazard minimization or reduction when
possible. Additional goals of the program are to:
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•  Promote continual improvement of the control of workplace risk factors
•  Ensure management leadership and employee involvement in controlling exposures

to risk factors

•  Ensure the employees are informed about WMSDs and the factors that can cause or
aggravate them

•  Enhance productivity by improving the ergonomic design of the workplace.

Specific Goals: The JDCWP Ergonomics Team's overall goal is to have zero
WMSDs. Reductions of at least half will be seen each year due to the ergonomics
projects and employee awareness developed throughout the factory. The team will
accomplish at least 35 ergonomics improvement projects per year, and will communicate
these with management and the work force on a quarterly basis.

Terminology

Abduction: Movement of a limb away from the body's midline axis, such as elevating
the elbow or raising the arm to the side.

Active Health Surveillance: The systematic collection, anaiysis, and interpretation of
data obtained through a group administered Job Requirements and Physical Demands
Survey to determine the scope of potential or actual WMSDs in one or more work
groups.

Administrative Control: Any procedure that significantly limits daily exposure by control
or manipulation of the work schedule or manner in which work is performed.
Administrative controls include but are not limited to job rotation, use of rest breaks or
alternative tasks, job enlargement to increase task variability, redesign of work methods,
and adjustment of work pace or number of repetitions.

Advocate: An individual who supports the injured empioyee in an unbiased fashion in
order to aid them through all aspects of their care to recovery.

Anthropometry: The study of the physicai dimensions of people, including size,
breadth, girth, distance between anatomical points, and joint range of motion.

Assembly Line: A job where employees perform essentially the same tasks in the same
sequence throughout the day.

Awkward Posture: A deviation from the neutral position of any particular joint.
Examples include extreme flexing, extending, bending or rotating parts of the body;
reaching behind the trunk; holding arms above the shoulders, etc.

Back: The trunk of the body from below the neck (cervical spine) to the tailbone
(sacrum). The back inciudes the upper and lower back. The neck is considered an
upper extremity for the purposes of this glossary.
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Biomechanics: The application of mechanical principles, such as levers and forces, to
the analysis of body-part structure and movement.

Case Manager: An individual who becomes familiar with Injured employees and aids
them in receiving prompt quality care whiie simuitaneously coordinating appropriate
dissemination of information to the employer. Case management processes assures the
employee will complete treatment to the point of maximal medical improvement and
assist their return to work activities in an effective and safe manner.

Center of Gravity: The center of mass of an object that determines its symmetry and
ease of handiing.

Contact Stress: A type of trauma inflicted by direct contact of various body parts with
workpieces, tools, or work surfaces. Mechanical stress generated on tendons and
nerves can lead to WMSDs.

Continuous Work: Work activities that are sustained and uninterrupted, e.g., in
dynamic work, the sustained pattern of work without rest or iight effort breaks.
Continuous work, especialiy when the work is demanding, resuits in earlier fatigue than
does intermittent work.

Customer: Any individuai for whom we provide a service.

Cycle: A time interval during which a regularly occurring sequence of events is
completed. A cycle can be the time to complete a job with many tasks or the time to
produce one unit.

Disability: Inability to pursue an occupation because of physicai or mentai impairment.

Discomfort Prevalence Ratio: The percentage of employees reporting discomfort in a
particular body part. For WMSDs, discomfort should be persistent and associated with
the ergonomic risk factors.

Dynamics: The biomechanical aspects of the human body in motion.

Engineering Controls: Physicai changes to work stations, equipment, materials,
facilities, or any other relevant aspect of the work environment that reduce or prevent
exposures to ergonomic risk factors.

Ergonomics: The field of study that seeks to fit the job to the person, rather than the
person to the job. The evaluation and design of workplaces, environments, jobs, tasks,
equipment, and processes in relationship to human capabilities and interactions in the
workplace achieve this.

Extension: The straightening of a joint whereby the angle between adjacerit bones
usually increases. Exceptions are extension of the feet and wrists.
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Fatigue: The reduction in performance ability caused by a period of excessive activity
followed by inadequate recovery time. Muscle fatigue is accompanied by a buildup of
lactic acid in the working muscles.

Fixed Postures: Prolonged muscle contraction without movement. Examples include
stringing wire overhead and prolonged gripping of a hand tool.

Fiexion: The bending of a joint whereby the angle between adjacent bones usually
decreases.

Force: The mechanical effort to accomplish a specific movement or exertion. Force
may be either external (a force applied, voluntarily or involuntarily, to the surface of the
body) or internal (tension within muscles, tendons, and ligaments).

Hyperextension of the Shoulder: Extension of the shoulder in which the upper arm is
actually behind the back; for instance, when reaching behind the back for an object.

Hyperextension of the Spine: Extension of the trunk beyond the upright position,
forming a more extreme backward arch and changing the distribution of pressure on the
spinal discs; for instance, in work done above shoulder height.

impairment: An alteration of an individual's health status. A deviation from normal in a
body part or organ system and it's functioning.

incidence Rate: The number of new WMSDs occurring during a year per 100 full-time
equivalent workers. Incidence rates are calculated as follows:
(Number of new WMSDs in problem jobs) x (200,000 hours or 100 full-time equivalent
workers) / (Work hours per year or number of full-time equivalent workers In problem
Jobs).

Job: A series of combination of tasks to reach a goal or produce an end product.
Workers may be assigned to the same organization and have the same title, but might
not do the same job if their combinations of tasks differ.

Lateral: Toward the side of the body away from the midline.

Lower Extremity: The hip, thigh, knee, leg, ankle, and/or foot.

Maintenance/inspection: Work where employees perform a variety of activities or
processes as part of their normal job duties.

Manual Material Handling: The act of pushing, pulling, carrying, holding, and lifting
objects from one location to another. The movement may be done by hand, as in lifting
objects and pushing hand trucks and carts, or with automated equipment or aids, as in
using forkiift trucks, storage and retrieval systems, or conveyors.

OSHA 200 Log: A paper or electronic record equivalent to the OSHA Form 200 used to
record occupational illnesses and injuries.
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Outcome Measure: A tool of data analysis that can be easily measured and related to
care or services, it can be used to differentiate if the care or services are beneficial to
the healing process in the injured employee.

Overtime: Time worked that exceeds the standard hours required of the employee in
one week, if more than 40 hours are worked in a 7-day period, the additional hours are
overtime hours.

Pacing: Controlling an employee's rate of movement through external means, such as a
continuous conveyor moving at a fixed speed, production pressure, peer pressure, or
pay incentives.

Passive Health Surveillance: The systematic collection, analysis, arid interpretation of
existing records and data to identify incidents and patterns of WMSDs and potential
problem job areas.

Personal Protective Equipment: Gloves, padding, or eyeglasses worn and used for
the purpose of controlling risk factors. Devices worn on or attached to the wrist or
back are not considered Personal Protective Equipment (PPE).

Potential Problem Job: A combination of tasks for which one or more employees report
a WMSD, or for which signal risk factors show a potential risk for developing a WMSD.

Problem Job: A combination of tasks for which an association can be shown between

risk factors, employee discomfort, and reported WMSDs.

Pronatlon: The action of rotating the forearm so that the hand is palm down.

Radial Deviation: Bending the wrist toward the thumb side.

Recovery Time: Work periods when task demands are light or when rest breaks are
scheduled, permitting a person to recover from heavy effort work such as prolonged
fixed postures.

Redesign: Changes to an existing workplace or to production equipment to make it
suitable for more employees; also, the re-examination of job requirements and their
patterns of occurrence. Redesign is more expensive than incorporation of ergonomic
principles in the initial design of a job.

Rest Allowances: Recovery time, including regularly scheduled work breaks, usually
provided in jobs where heavy physical work or exposure to environmental extremes
occurs. Rest allowances are built into the job standard so that productivity ratings
recognize the need for additional recovery time in these jobs.

Restricted Workday Rate: The number of restricted workdays due to WMSDs occurring
during a year per 100 full-time equivalent workers. Restricted workday rates are
calculated as follows:

83



(Number of restricted workdays due to WMSDs In problem jobs) x (200,000 hours or 100
full-time equivalent workers) / (Work hours per year or number of full-time equivalent
workers In problem Jobs) .

Risk Factors: Attributes, experiences, and exposures that increase the probability of
occurrence of WMSDs. Risk factors include repetitive, forceful, or prolonged exertions;
frequent or heavy lifting; pushing, pulling, or carrying of heavy objects; fixed or awkward
work postures; contact stress; localized or whole-body vibration; temperature extremes;
and poor lighting leading to awkward work postures. These risk factors can be
intensified by work organization characteristics, such as inadequate work-rest cycles,
excessive work pace and/or duration, unaccustomed work, lack of task variability,
machine work, and piece rate. Specific dose-response relationships between ergonomic
risk factors and WMSDs are not yet known.

Risk Factor Survey: Form used for rapid general characterization of an employee's
exposure to signal risk factors.

Routine Exposure: Approximately daily; three or more days per week.

Static Exertion: Static exertions refer to physical exertions (gripping, holding a posture)
in which the same position or posture is held throughout the exertion (also referred to as
static loading).

Severity Rate: The number of lost workdays due to WMSDs occurring in a year per 100
full-time equivalent workers. Calculate severity rate as follows:

(Number of lost workdays due to WMSDs In problem Jobs) x (200,000 hours or 100 full-
time equivalent workers) / (work hours per year or number of full-time equivalent workers
In problem Jobs).

Signai Risk Factors: An exposure level for risk factors used to recognize jobs that have
the potential to produce WMSDs. Signal risk factors are used to screen jobs that should
not require further attention from those that should be surveyed.

Supination: The action of rotating the forearm outward so that the hand is palm up.

Task: The smallest unit of work that will be used for assessing worker exposures. Each
task consists of a distinct activity or group of activities performed by an individual that
accomplished the work objective or job.

Torque (Moment): A force that produces or tends to produce rotation; quantified as the
product of the perpendicular force multiplied by its distance from the axis of rotation.

Ulnar Deviation: Bending the wrist towards the little finger side.

Upper Extremity: The hand, wrist, elbow, arm, shoulder, and/or neck.
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Vibration: The oscillatory motion of a physical body. Localized (segmental) vibration,
such as hand-arm vibration, is produced by contact with powered tools or equipment.
Whole body vibration exposure occurs while standing or seated in vibrating
environments or objects, such as trucks, heavy machinery, or while using heavy
equipment such as jackhammers.

Work Analysis: The systemic investigation of work activities to identify risk factors,
evaluate their probable causes, and develop controls to minimize or eliminate the
identified risk factors.

Work Methods: The physical methods used to perform the tasks of a Job, such as
reaching, gripping, using tools and equipment, or discarding objects.

Work Practice Controls: Changing or improving procedures commonly followed in the
workplace to minimize or eliminate ergonomic risk factors. Examples of work practice
controls include: using proper lifting techniques in manual materials handling operations;
adjusting work flow or line speed; and routine tool-sharpening and maintenance.

Work Recovery Cycles: The job pattern that defines how work is organized with
respect to lighter tasks or rest. High work/recovery ratios, measured as continuous time
on each type of activity, have higher risk potentials.

Work-Related Muscuioskeletai Disorders: Illness or injury of the muscles, tendons,
ligaments, peripheral nerves, joints, bones, and/or supporting blood vessels in either the
upper or lower extremities or back, which are associated with routine exposure to
ergonomic risk factors and which are not the result of an acute or instantaneous event.
Commonly used terms such as "cumulative trauma disorders", "repetitive motion injury",
or "repetitive trauma disorders" are included in this definition.

Workstation: An individual employee's work area, such as a desk, chair, and computer,
or an individual assembly, maintenance, or inspection station.

Responsibilities

JDCWP management staff is responsible for the health and safety of their employees.
This responsibility includes:
•  ensuring workplaces and processes do not expose employees to known WMSD risks
•  ensuring workstations, devices, tools, and equipment are properly designed and right

for the job
•  providing adequate resources to ensure a healthy and safe workplace
•  establishing, monitoring, and supporting procedures and initiatives to identify and

control recognized risk factors
•  ensuring supervisors and workers receive appropriate training on the prevention of

WMSDs.

•  Ensuring supervisors promote, support, and uphold any ergonomics improvements
made to any job
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The JDCWP Ergonomics Team is a full time team consisting of a coordinator and three
technicians, consisting of a machinist (part time), and two maintenance or fabrication
technicians (full time). Their responsibilities are to:
•  establish and identify signal risk factors that will be used to help identify problem jobs
•  Identify potential hazards for analysis
•  review the results of WMSD trends

•  advise the JDCWP management and workforce on the effectiveness of the
ergonomics program and provide results of ergonomics Improvements

•  prioritize and perform worksite analysis
•  selecting and implementing the appropriate control measures to eliminate or

minimize ergonomic risk factors
•  evaluate the effectiveness of the implemented control measures in eliminating or

minimizing risk factors within one month after the improvement has been made
Other professional disciplines are included on the team on an ad hoc basis.

Supervisors:
•  participate on the JDCWP Ergonomics Team by discussing specific ergonomic

problems relating to their areas of responsibility
•  encourage workers to promptly report signs and symptoms of suspected WMSDs to

the Occupational Safety Department.
•  assist in identifying ergonomic hazards and stressors in the workplace
•  take action to eliminate or minimize ergonomic risk factors associated with WMSDs
•  enforce the use of required measures to control ergonomic risk factors
•  attend ergonomics training when provided
•  support WMSD prevention training to employees when provided
•  inform the Ergonomics Team of plans for new or modified operations, jobs, or

procedures
•  ensure employees with signs/symptoms of WMSDs are promptly evaluated by the

Ergonomics Coordinator or authorized treating physician.
•  ensure employees participate in efforts to remove ergonomic risk factors from their

processes

•  accommodate medical restrictions for employees with WMSDs

The Occupational Safety Director/ Ergonomics Coordinator:
•  coordinates projects for the JDCWP Ergonomics Team
•  provides evaluation, medical management, and follow-up of WMSDs
•  applies the case management process to employees with WMSDs; this can Include,

but is not limited to: following up with all physicians on employee progress, inviting
physical therapists or physicians to view the job the employee is doing to ensure no
danger for re-injury or aggravation exists, and following-up with the employee on a
weekly basis

prioritizes and performs worksite analyses
assists supervisors in selecting the appropriate control measures to eliminate or
minimize ergonomic risk factors
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•  evaluates the effectiveness of the implemented controi measures in eliminating or
minimizing risk factors,

•  investigates reported or suspected WMSDs
•  assists the supervisors with modifying the workplace to accommodate medical

restrictions

•  establishes on-going surveillance process for JDCWP
•  compiles injury/iiiness data to determine WMSD incidence, severity, and restricted

workday rates in problem jobs and provides this information to the JDCWP
Ergonomics Team and the JDCWP management staff.

•  reviews the results of reported WMSDs and risk factor data for trends
•  provides training to JDCWP Ergonomics Team and committee members in the basic

concepts of Job Safety Analysis (JSAs), ergonomics, ergonomic worksite analysis
and methodology, the administration of the Job Requirement/Physical Demand
Survey, and use of assessment or rneasuring tools

•  analyzes results of worksite analyses and body pain and discomfort survey for
association among ergonomic risk factors, employee discomfort, and reported
WMSDs

•  reports results of these analyses to the to the JDCWP Ergonomics Team and the
JDCWP Management Staff

•  provides ergonomics awareness and prevention of WMSD training to supervisors
and ail JDCWP employees

•  evaluates the effectiveness of the controls in reducing employee discomfort and
WMSD incidence

•  manage and implement the JDCWP Ergonomics program
•  maintains appropriate recordkeeping and documentation
•  reviews plans for new or modified operations to ensure ergonomic design principles

have been considered

Methods and design engineers assist the JDCWP Ergonomics Team members on an as
needed basis in the design of new equipment, processes, or tools to eliminate or reduce
ergonomics hazards.

JDCWP employees:
•  participate in activities designed to anticipate, recognize, evaluate, and control

ergonomics risk factors
•  provide suggestions for improving the work environment regarding potential or actual

ergonomic risk factors
•  promptly report signs/symptoms of WMSDs to their supervisor and to the

Ergonomics Coordinator
•  attend training
•  comply with the required control measures that reduce ergonomic risk factors.

The Process

The basic elements of the JDCWP Ergonomics Program include: .
•  identifying potential problem jobs-use the body pain and discomfort survey,

employee complaints, or as accident investigation (last resort)
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validating problem jobs-measuring
analyzing problem jobs-determining the root cause of the risk factor
impiementing control measures to reduce employee risk factors
anticipating ergonomic design needs for new or changed jobs
providing medicai case management
training and educating employees and supervisors
recordkeeping and
ensuring employee involvement in the job improvement process

identifying potential jobs: Using JSAs, suspected WMSD cases, trend anaiyses, etc.
the JDCWP Ergonomics Team lists the jobs with the potential risks for developing
WMSDs. The list of potential problem jobs is refined whenever new information becomes
available. This can also be accomplished using the body pain and discomfort survey or
employee complaints.

Trend Analysis

The Safety Department wili use a variety of data sources for trend analysis. Exampies of
these sources include but are not limited to:

• Worker's Compensation Claims data
•  OSHA 200 Logs
•  Accident investigation Forms
•  Trend analysis using JDCWP safety and ergonomics database

Proactive Measures

JDCWP management, non-supervisory personnei, engineering personnel, and others may
request the JDCWP Ergonomics Team perform an ergonomic worksite analysis for
jobs/tasks or processes they suspect may be a potential problem area for ergonomic risk
factors.

Methods engineers and design engineers coordinate with the JDCWP Ergonomics Team for
review of new products, processes, tools, equipment, or planned changes to existing
products/and production methods, to avoid ergonomic risk factors and the costs of
retrofitting. The goal is to integrate ergonomic analysis in the initial design phases, using the
best availabie technology.

Validating Problem Jobs

Potential problem jobs may be validated by the administration of the body pain and
discomfort survey. JDCWP Ergonomics Team members administer the survey; the
analysis is performed by Ergonomics Coordinator.

The Ergonomics Team presents their findings of the analyses. These analyses help
determine whether an association can be shown between risk factors, employee
discomfort, and WMSD trends.



Also, to validate problem jobs, a variety of measurement tools may be used: spring
scale measurements to calculate pull and push forces, scale to measure weights to be
lifted or lowered, and the NIOSH lifting equation.

Analyzing Problem Jobs

JDCWP Ergonomics Team members, who have been trained in the ergonomics
process, will conduct the ergonomic worksite analyses. These analyses target the risk
factors associated with the areas of the body that have been identified as having pain,
discomfort, illness, or injury. Where practical, videotaping of the job will be done to assist
in the evaluation and to compare and contrast changes in tasks and risk factors. Each
worksite analysis attempts to either match risk factors with known solutions or quantify
risk factors so solutions can be devised to reduce the risk.

When risk factors have been identified, the Ergonomics Team determines what types of
control measures are available and if they would reduce risk in each particular case.
The first person consulted is the employee doing the job, however.

Control Measures

Control measures include engineering, administrative controls, and personal protective
equipment. Engineering controls are the preferred and first-line method of control when
and where they are feasible. These measures include manipulating or changing the
design of the job, workstation, tools, or equipment used by the workers. If permanent
engineering controls cannot be immediately implemented, administrative measures to
modify or minimize the identified risk factors are put into place. Examples of these are:
training, PRE, or job rotation.

Work practice controls generally involve changing or improving procedures routinely
followed by the workers. These practices include appropriate tool selection, proper
orientation of the work, and arrangement of work surfaces.

Administrative controls consist of workplace requirements that reduce the duration,
frequency, and forcefuiness of ergonomic stressors. They may be a cost-effective and
useful adjunct to engineering and work practice controls. The disadvantage of
administrative controls is that the measures can effectively mitigate the risk factors only
when the workers' behavior is carefully regulated.

Personal protective equipment such as gloves, or padding can help control risk factors
such as temperature, vibration, or contact stress. Gloves and padding must be carefully
selected for fit, thickness, and material to be effective. The selection must also take
other safety hazards into account such as moving parts, pinch points, chemicals, etc.
This equipment is provided at no cost to the JDCWP empioyee.

Wrist splints, back braces, and other such devices are not considered personal
protective equipment and will be provided only under the direction of a qualified health
care practitioner as a therapeutic device or during implementation of engineering
controls to eliminate the problem.
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Effectiveness of Controls

After the recommended controls have been in place and are In use, they will be
reevaluated by the JDCWP Ergonomics Team to ensure no new ergonomic risk factors
are introduced in the work area. When the recommended controls have been used for 6
months, the JR/PD survey will be readministered. The results will be compared to the
initial survey. Reduced employee discomfort is a good indicator that the control
measures implemented are effective and a good measure of the effectiveness of the
Ergonomics Team in general.

Quality Performance Indicators for the Ergonomics Team

The JDCWP Ergonomics Team tracks the following quality performance indicators (at
least annually) for validated problem jobs to determine the effectiveness of the JDCWP
Ergonomics Program. They include but are not limited to:

The number of workers trained

Percentage of jobs evaluated
Percentage of recommended controls implemented
# of ergonomics projects effectively implemented
WMSD incidence rate (using the number of workers in the problem job as
denominator)
WMSD severity rate
WMSD restricted workday rate
Body pain and discomfort survey past/present results

Medical Management

Medical management reduces WMSDs through early diagnosis and treatment. The
Ergonomics Coordinator will participate in the worksite analyses and coordinate other
health care professional involvement as indicated. Each employee, in the Ergonomics
Awareness Training programs, will receive information about the importance of early
reporting, and the process of reporting. Supervisory personnel may request evaluation if
their employees report symptoms or if a significant change in production is noted and
they suspect a medical cause.

When an employee presents to the Ergonomics Team with complaints of WMSDs, the
employee is referred to the company physician, then the Ergonomics Coordinator acts
as the Case Manager and employee advocate to ensure the employee receives prompt,
quality, and cost-effective care.

The Ergonomics Coordinator or authorized treating physician may recommend that an
employee return to the same job with temporary duty restrictions during their recovery or
rehabilitation. The employee will provide the area supervisor with the written restrictions
so that they may ensure that the employee's assigned tasks comply with the restrictions,
in treating WMSDs, compliance with medical restrictions is critical to rapid recovery and
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the avoidance of permanent disability. The JDCWP Ergonomics Team members will
assist supervisors in accommodating duty restrictions as needed.

Training and Education

The Ergonomics Team will review ail WMSD training and education materials used to
promote consistency and avoid miscommunication. In the training efforts, a balance
must be achieved between providing enough information for workers to recognize early
signs of WMSDs and avoiding the promotion of placebo effects or interference with
health care providers' ability to determine the validity of the disorder.

The Ergonomics Team will provide initial and periodic awareness education to
supervisors and employees. The awareness training can take many forms including
classes, briefing updates, project documentation, videos, etc. The objective of the
training is to make all workers aware of the benefits of seeking appropriate medical care
before symptoms of WMSDs progress to chronic disability. Awareness education will
cover:

•  Description of WMSDs
•  Ergonomic risk factors associated with WMSDs
•  Recognition of signs and symptoms associated with ergonomic disorders
•  Importance of early medical intervention and reporting process
•  Information about the JDCWP Ergonomics Program

Supervisors will also be given training specific to jobs that have been identified as
potential problem areas, their responsibilities in the JDCWP Ergonomics Program, Job
Safety Analysis methods, and control methods.

Training will be appropriately documented and filed.

Employee involvement

Employees doing the work are the real experts and a vital link to effective problem
solving. The JDCWP Ergonomics Team will actively solicit employee input as much as
possible in identifying problems and selecting control measures to reduce risk.

Worksite Analysis

Worksite analysis targets the risk factors associated with employee discomfort and
recommends controls to minimize or eliminate the exposure. The JDCWP Ergonomics
Team will consult on all worksite analyses performed and in selection of the
recommendations for control measures to ensure that the solutions are not applied to
tasks that are done at a frequency or duration that does not risk WMSDs to avoid
wasting resources.
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Where a basic observational worksite analysis is determined to be inadequate, the
JDCWP Ergonomics Team , may do a more in-depth analysis which quantifies the
exposures to the extent practical. Examples of methods used in a detaiied analysis are:
Vibrometry measurements, appiication of the NIOSH Lifting Equation, Grip and Pinch
Measurements, and Posturai Analysis.
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41. CAUSAL FACT083 (Event! A comBgns Bial cantftuM b acdtfin)
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CORRECTIVE MEASURES TAKEH'(Pri>tf/rfo eamcUve acHon tor each causa/ Uetor ffriarf above)

4a. DD vai tOCUSS KOJFrr OR tUNESS
ItfTH B4PL0YSAFTBI INCnEKT AND

'  R»EW WAYS TO PREVENT A RECURISKE?
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,  1 V . Body Part
Discomfort Survey

Date 01—^3'0/

1. Department 3. Job Title UJeJrJ-ce:
3. Approximately how long have you been performing your current job?.

4. Do you gently or periodically experience pain or discomfort that you believe
may be the result of, or aggravated by your present job?

n  Yes /j^ No
(If you answered "no" to the above 'question, do not continue.)

/5. Did you first e:q3erience this pain in your present job? Yes —i-No ,)(
If "'no", please indicate the job you were in when the pain first appeared.

^£nl'C C o!! ^cx2-.
6. Do you believe this pain or discomfort is the result of. or aggravated by a

specific tool or task within your job? Yes ^

If "yes", which tool or task?

(over)
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On the following front and back bp^ pait^diagiams, make an indication ydt^
or near any body region in all the nlacea where you experience work related
discomfort. Use two numbers. .The first number tiiould reflect the intemity of
that discomfort, the second number the frequent - according to the following
scales: . "*

Intensity Frequency

1-Just Noticeable I.Seldom

2 2

3-SameDiscaniibrt 3 - Occasional

4 4

S - Moderate Discomfoit 5-Frequent

6 6

7 - Veir Uncomfoitable 7 - Almost Alnavs

S S

9-Unbearable 9 - Constant

For example, if you have some discomfort frequently in your right elbow, you
would put at 3-5 at or near the right elbow area on the diagram.

R R

Front Back
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Safety or Ergonomics
Suggestion Form

FORM MUST BE FILLED OUT COMPLETELY

DATE:

Name:

Shift:

Dept. Nome,

Description of Your Work Station:

What specific area/object does your suggestion apply too?

What is your suggestion for improving this area/object?

(USE BACK IF NECESSARY)

How do you think your suggestion will affect employees in this area?
(ex. Improve postures, improve safety, less repetition, etc)
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\^^LKiHRou(2i Survey Form
LOCATION:

COMPLETED BY;_

DEPARTMENT:

DATE:

JOB/TASK

HANO
(finger,wrist)

i//

ARM
(elbows,
slwulder)

BACK
(neck, low

lack)

OTHER
pegs, etc.)

ENVIRON

MENTAL

ii/i TOTAL

r

■f

COMMENTS:
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After working as an office manager for 4 months, she obtained a job with National

Seating Company in Vonore, Tennessee in April of 1996. There she worked as a

manufacturing engineer for 9 months assisting with QS9000 implementation and overseeing

any production issues with the press and welding areas of the factory. She then took a job as

a product design engineer for 6 months and designed seating components using solid

modeling software and the finite element method. Finally, she worked as a seat comfort

engineer and project engineer for one year. In this role, she designed methods to test comfort

levels of seats along with overseeing issues of several automotive OEMs. In the summer of

1998, she enrolled in the University of Tennessee, Knoxville Graduate School as an

Industrial Engineering student, to further pursue her career goals with human factors and
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In this role, she leads an ergonomics team of two technicians and manages the ergonomics

program at John Deere.

She was married in August of 1999 and is expecting her first child in June of 2001.
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